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LYVRNRVREAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQDELVYTFGETVALGASG 300 IVIWGTLSIMRSMKSCLLLDNYMETILNPYIINVTLAAKMCSQVLCQEQGVCIRKNWNSS 360 DYLHLNPDNFAIQLEKGGKFTVRGKPTLEDLEQFSEKFYCSCYSTLSCKEKADVKDTDAV 420 DVCIADGVCIDAFLKPPMETEEPQIFYNASPSTLSATMFIVSILFLIISSVASL 474 
US 10,865,400 B2 
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FIGURE 2A 

U.S. Patent 

SEQIDNO 3 
chimp SEQIDNO 10 

LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDE PLDMSLFSFIGSPRINATGQGVTIFYVDR 60 LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSLFSFIGSPRINVTGQSVTIFYVDR 60 *********************************************** 
*** 
******** 

SEQIDNO 3 
chimp SEQIDNO 10 

LGYYPYIDSTTGVTVNGGIPOKISLQDHLDKAKKDITFYMPVDNLGMAVIDWEEWRPTWA 120 LGYYPYIDSITGVTVNGGIPOKISLQDHLDKAKKDITFYMPVDNLGMAVIDWEEWRPTWA 120 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ************************** 

SEQIDNO 3 
chimp SEQIDNO 10 

RNWKPKDVYKNRSIELVQQQNVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNHL 180 RNWKPKDVYKNRSIELVQQQNVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNHL 180 
Dec. 15 , 2020 

************************************************************ W 

SEQIDNO 3 
chimp SEQIDNO 10 

WGYYLFPDCYNHHYKKPGYNGSCFNVEIKRNDDLSWLWNESTALYPSIYLNTQQSPVAAT 240 WGYYLFPDCYNHHYKKPGYNGSCHNVEIKRNDDLSWLWNESTALYPSIYLNTQQSPVAAT 240 
******* 
************** 
**** 

********* 
******************** 

SEQIDNO 3 
chimp SEQIDNO 10 

LYVRNRVREAIRVSKIPDAKS PLPVFAYTRIVFTDOVLKFLSODELVYTFGETVALGASG 300 LYVRNRVQEAIRVSKIPDAKS PLPVEVYTRVFTDOYLKFLSODELVYTFGETVALGASG 300 
******* : ****************** 

Sheet 2 of 13 

********************************* 
SEQIDNO 3 

chimp SEQIDNO 10 

IVIWGTLSIMRSMKSCLLLDNYMETILNPYIINVTLAAKMCSQVLC EQGVCIRKNWNSS 360 IVIWGTLSIMRSMKSCLLLDNYMETILNPYIINVTLAAKMCSQVLC EQGVCIRKNWNSS 360 
******************************************** 
*************** 

SEQIDNO 3 
chimp SEQIDNO 10 

DYLHLNPDNFAIQLEKGGKFTVRGKPTLEDLEQFSEKFYCSCYSTLSCKEKADVKDT DAV 420 DYLHLNPDNFAIQLEKGGKFTVRGKPTLEADLEQFSEKFYCSCYSTLSCKEKADVKDT DAV 420 ************************************************************ 
SEQIDNO 3 chimp_SEQIDNO_10 
DVCIADGVCIDAFLKPPMETEEPQIFY- 

447 

PVCIADGVCIDAFLKPPMETEESQIFYNASPSTLSATMFIVSILFLIISSVASL 474 
US 10,865,400 B2 

********************** 
**** 
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FIGURE 2B 

U.S. Patent 

SEQIDNO 3 Rhesus SEQIDNOì 

LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSLFSFIGSPRINATGQOVTIFYVDR 60 LNFRAPPIIPNVPFLWAWNAPSEFCLGKFNEPLDMSLFTLMGSPRINITGQGVTIFYVDR 60 
******* : ********************* 

******** 
****** 
************ 

SEQIDNO 3 
RhesusSEQIDNO I 

LGYYPYIBSITGVTVNGGIPQKESLQDHLDKAKKDITFYMPVDNLGMAVIDWEEWRPTWA 120 LGYYPYIDIN TGVTVHGGIPQKVSLQDHLDKSKQDILFYMPVDNLGMAVIDWEEWRPTWA 120 
*********** 
******** 

******** 
* 

** 
********* 
************ 

SEQIDNO 3 Rhesus SEQIDNOì 

RNWKPKDVYKNRSIELVQQQNVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNHL 180 RNWKPKDVYKNRSIELVQQQNVQLSLPQATDKAKQEFEKAGKDFMLETIKLGRSLRPNHL 180 
Dec. 15 , 2020 

************************** 
** 
************* 
• 

****** 
****** 

SEQIDNO 3 
Rhesus SEQIDNO 12 

WGYYLFPDCYNHHYKKPGYNGSCENVEIKRNDDLSWLWNESTALYPSIYLNTQQSPVAAT 240 WGYYLFPDCYNHHYRKPGYNGSCEDVEIKRNDDLSWLWNESTALYPSIYLNTQQSVVVAT 240 
***** ** 

***** 

** 
*** 

** 

**** 

SEQIDNO 3 
Rhesus SEQIDNO 12 

LYVRNRVREAIRVSKIPDAKS PLPVFAYTRIVFTDQVLKFLSODELVYTFGETVALGASG 300 LYVRNRVREAIRVSKIPDAKNPLPVEYYAR AVFTDOYLKFLSREELVSTLGETVALGASG 300 
Sheet 3 of 13 

******************** 
***** 
************* 
*** 
*********** 

SEQIDNO 3 Rhesus_SEQIDNO_12_ 

IVIWGTLSIMRSMKSCLLLDNYMETILNPYIINVTLAAKMCSQVLC EQGVCIRKNWNSS 360 IVIWGSLSITRSMKSCLLLDTYMETILNPYIINVTLAAKMCSQVLCQEQGVCIRKDWNSS 360 *********** 

******** 
********** 
*********************** 

SEQIDNO 
Rhesus SEQIDNO I 

DYLHLNPDNFAIQLEKGGKFTVRGKPTLEDLEQFSEKFYCSCYSTLSCKEKADVKDT DAV 420 DYLHLNPDNFDIRLEKGGKFTVHGKPTVEDLEEFSEKFYCSCYTNLSCKEKADVKDTDA V 420 

********** 

: 

**************************** *************** 

SEQIDNO 3 Rhesus_SEQIDNO_12_ 

US 10,865,400 B2 

DVCIADGVCIDAFLKPPMETE - EPQIFY- 

447 

PVCIADGVCIDASLKPPVETEGSPPIFYNTSSSTVSTTMFIWRLEVWDQGISRIGFF 477 
*** 

************ 
**** 

* 

*** 

Petitioner Merck, Ex. 1001, p. 13



FIGURE 2C 

U.S. Patent 

SEQIDNO 3 
Cyno_SEQIDNO 14 

LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDE PLDMSLFSFIGSPRINATGOGVTIFYYDR 60 LNFRAPPIIPNVPFLWAWNAPSEFCLGKFNEPLDMSLFTLMGSPRINVTGOGVTIFY DR 60 ************************************ . ****** ************ 

SEQIDNO 3 
Cyno_SEQIDNO 14 

LGYYPYIDS TGVTVNGGIPOKISLODHLDKAKKDITFYMPVDNLGMAVIDWEEWRPTWA 120 LGYYPYIDITGVTVHGGIPQKVSLQDHLDKSKQDILFYMPVDNLGMAVIDWEEWRPTWA 120 
***** : ****** : ******** 

******** 

* 

** 
*********************** 

SEQIDNO 3 Cyno_SEQIDNO_14_ 

RNWKPKDVYKNRSIELVQQQNVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNHL 180 RNWKPKDVYKNRSIELVQQONVQLSLPQATDKAKQEFEKAGKDFMLETIKLGRSLRPNHL 180 
Dec. 15 , 2020 

************************** 
*************** 
****** 
****** 

SEQIDNO 3 
Cyno_SEQIDNO 14 

WGYYLFPDCYNHHYKKPGYNGSCENVEIKRNDDLSWLWNESTALYPSIYLNTQQSPVAAT 240 WGYYLFPDCYNHHYRKPGYNGSCEDVEIKRNDDLSWLWNESTALYPSIYLNTQQSVVVAT 240 
*********************** 
************* 
*************** 
* 

** 

SEQIDNO 3 Cyno SEQIDNO 14 

LYVRNRVREAIRVSKIPDAKSPLPVFAYTRIVFTDOVLKFLSODELVYTFGETVALGASG 300 LYVRNRVREAIRVSKIPDAKNPLPVFVYARIVFTDOYLKFLSREELVSTLGETVALGASG 300 
Sheet 4 of 13 

******************** 
***** 
* 

* 

*********** 
*** 

********** 

SEQI DNO 3 
Cyno_SEQIDNO 14 

IVIWGTLSIMRSMKSCLLLDNYMETILNPYIINUTLAAKMCSQVLC @ EQGVCIRKNWNGS 36 IVIWGSLAITRSMKCLLLDTYMETILNPYIINVILAAKMCSQVLGQEQGVCIRKDWNGSX ************** 
: 

**** 

******** 
********** 
****************** 

SEQIDNO 3 Cyno_SEQIDNO_14_ 

DYLHLNPDNFAIQLEKGGKFTVRGKPTLEDLEQFSEKFYCSCYSTLSCKEKADVKDT DAV 420 DYLHLNPDNFDIRLEKGGKFTVHGKPTVEDLEEFSEKFYCSCYTNLSCKEKADVKDT DAV 420 
********** 
* 

. 

************* 
**** 
***** 
*** 

*************** 

SEQIDNO 3 
Cyno_SEQIDNO 14 

OVCIADGVCIDAFLKPPMETE - EPQI FY --- 

447 

XVCIADGVCIDAGLKPPVETEGSPPIFYNTS & STVATTMEIVNILELIISVALY75 
************ **** *** * 

US 10,865,400 B2 

*** 

Petitioner Merck, Ex. 1001, p. 14



FIGURE 2D 

SEQIDNO 3 
bovine SEQIDNO 16 

LNFRAPPVIPNVPFLWAWNAPSEFCLG - KFDEPLDMSLFSFIGSPRINATGOOTIFYVD 59 LDFRAPPLISNTSFLWAWNAPVERCVNRRFQLPPDLRLFSVKGSPQKSATGORITLFYAD 60 
: 

: 

: * * : 

**** 

U.S. Patent 

myten om hun 

*** : 

SEQIDNO 3 
bovine SEQIDNO 16 

RLGYYPYIDS TGVTVNGGIPOKISLODHLDKAKKDITFYMPVDNLGMAVIDWEEWRPTW 119 RLGYYPHIDEKTGKTVFGGIPQLGNLKSHMEKAKNDIAYYIPNDSVGLAVIDWENWRPTW 120 
*** non **** 

kk 
** 
***** 

* 

. **** 

* 

* ***** 

***** 

SEQIDNO 3 
bovine SEQIDNO 16 

ARNWKPKDVYKNRSIELVQQQNVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNH 179 ARNWKPKDVYRDESVELVLOKNPQLSFPEASKIAKVDFETAGKS FMQETLKLGKLLRPNH 180 : : 

********** 
**** 
** 
*** 

** 

** 

** 
*** 
* 

** 
********* 

Dec. 15 , 2020 

SEQIDNO 3 bovine_SEQIDNO_16 

LWGYYLFPDCYNHHYKKPGYNGSCENVEIKRNDDLSWLWNESTALYPSIYLNT - QQSPVA 238 LWGYYLFPDCYNHNHNQPTYNGNCRDVEKRRNDDLEWLWKESTALFPSVYLNIRLKSTON 240 
*** 

************* 
. 

*** 

***** 
************* 

SEQIDNO 3 bovine_SEQIDNO_16 

ATLYVRNRVREAIRVSKIPDAKSPLPVEAYTRIVFTDQVLKFLSQDELVYTFGETVALGA 298 AALYVRNRVQEAIRLSKIASVESPLPVEYYAR VFTDGSSTYLSQGDLVNSVGEIVSLGA 300 
******** 
******* 

*** 
* 

**** 

*** 

** 

** 
**** 

Sheet 5 of 13 

SEQIDNO 3 
bovine SEQIDNO 16 

SGIVIWGTLSIMRSMKSCLLLDNYMETILNPYIINVTLAAKMCSQVLCQEQGVCIRKNWN 358 SGIIMWGSLNLSLSMQSCMNLGTYLNTTLNPYIINVTLAAKMCSQVLCHNEGVCTRKHWN 360 
: 

** 

*** 

* 

** 

* 

* 

* 

******************** 
*** 
* * 

** 

SEQIDNO 3 
bovine SEQIDNO 16 

SSDYLHLNPDNFAIQLEKGGKFTVRGKPTLEDLEQFSEKFYCSCYSTLSCKEKADVKDTD 418 SSDYLHLNPMNFAIQTGEGGKYTVPGTVTLEDLQKFSDT FYCSCYANIHCKKRVDIKNVH 420 
: *** : ** 

* 

• 

* 

- 

SEQIDNO 3 
bovine SEQIDNO 16 

AVISVCIADGVCIDAFLKP 

436 

SVNVCMAEDICIDSPVKL QPSDHSSSQEASTTTFSSISPSTTTATVSPCTPEKHSPECLK 480 
: 

* : : 

US 10,865,400 B2 

SEQIDNO 3 
bovine SEQIDNO 16 

- PMETEEPQIFY 447 VRCSEVIPNVTQKACQSVKLKNISYQSPIQNIKNOTTY 518 : 
* * 

* 

Petitioner Merck, Ex. 1001, p. 15



FIGURE 2E 

U.S. Patent 

SEQIDNO 3 Mouse SEQIDNO 20 

LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSLFSFIGSPRINATGOGVTIFYVDR 60 VDYRAAPILSNTTFLWIWNVPTERCVGNVNDPIDLSFFSLIGSPRKTATGOPVTLFYVDR 60 * * **** ** : ***** 

** 

* 

*** 
** 
** 

* . * . 

* 

** 

***** 

SEQIDNO 3 Mouse SEQIDNO 20 

LGYYPYIOS RTGVTVNGGIPQKIESLODHLDKAKKDITFYMPVDNLGMAVIDWEEWRPTWA 120 LGLYPHIDANQAEHY - GGIPQRGDYQAHLRKAKTDIEHYIPDDKLGLAIIDWEEWRPTWL 119 
: 

** 
** 
** 

***** 

* 

** 
*** 
** 

** 
* 

** 
. 

* 

********** 

Dec. 15 , 2020 

SEQIDNO 3 Mouse SEQIDNO 20 

RNWKPKDVYKNRSIELVQQQNVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNHL 180 RNWKPKDNYRNKSIELVOSTNPGLSITEATQKAIQQFEEAGRKFMEGTLHLGKFLRPNQL 179 *** 
******* 
* 

* 

****** 

****** 
** 

** 

* 

* 

. *** . **** 

* 

• 

SEQIDNO 3 Mouse SEQIDNO 20 

WGYYLFPDCYNHHYKKPGYNGSCENVEIKRNDDLSWLWNESTALYPSIYLNTQQ - SPVAA 239 WGYYLFPDCYNNKFQDPKYDGQCPAVEKKRNDNLKWLWKASTGLYPSVYLKKDLKSNRQA 239 : 
*********** 
* 

* 

* 

** 

***** 
*** 

** 
**** 
** 

* 

* 

SEQIDNO 3 Mouse SEQIDNO 20 

Sheet 6 of 13 

TLYVRNRVREAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQDELVYTFGETVALGAS 299 TLYVRYRVVEAIRVSKVGNASDPVPIFVYIREVFTDRTSEYLLEDDLVNTIGEIVALGTS 299 
***** 
** 
******* 
. * 

* 

** 
* 

***** 

* 

: 

* 

. ** 

* 

** 

***** 

SEQIDNO 3 Mouse SEQIDNO 20 

GIVIWGTLSIMRSMKSCLLLDNYMETILNPYIINVTLAAKMCSQVLC EQGVCIRKNWNS 359 GIIIWDAMSLAQRAAGCPILHKYMOTTLNPYIVNVTLAAKMCSOTLCNEKGMCSRRKESS 359 
: 

: : 

: 

** 
** 

* 

* 

* 

. ** . * 

**************** 
** 

* 

* 

* 

* 

* 

SEQIDNO 3 Mouse SEQIDNO 20 

SDYLHLNPDNFAIQLEKGGKFTVRGKPTLEDLEQFSEKFYCSCYSTLSCKEKADVKDTDA 419 DVYLHLNPSHFDIMLTETGKYEVLGNPRVGDLEYFSEHFKCSCFSRMTCKETSDVKNVQD 419 *** 
****** 
. * 

* 

* 

** 

* 

** 

*** 

* 

**** 
*** 
. 

*** 

US 10,865,400 B2 

SEQIDNO 3 Mouse SEQIDNO 20 

VOVCIADGVCIDAFLKPP- 
--METEEPQIFY- 

447 

VNVCVGDNVCIKAKVEPNPAFYLLPGKSLLFMTTLGHVLYHLPQDIFVFPRKTLVSTP 477 
** 

* 

*** 
* 

* 

. * 
. 

Petitioner Merck, Ex. 1001, p. 16



FIGURE 2F 

U.S. Patent 

SEQIDNO 3 Rat_SEQIDNO_22_ 

LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSLFSFIGSPRINATGGVTIFYYDR 60 VDYRATPVLSDTTFVWVWNVPTEACVENVTEPIDLSFFSLIGSPRKTAIGORVTLFYN DR 60 

: 

: 

** 

** 

** 
** 
* 

*** 
* 

******* 
* 

** 
** 

***** 

SEQIDNO 3 Rat SEQIDNO 22 

LGYYPYIDS TGVTVNGGIPOKISLODHLDKAKKDITFYMPVDNLGMAVIDWEEWRPTWA 120 LGNYPHIDAQQ - TEHHGGIPQKGDLTTHLVKAKEDVERYIPTDKLGLAIIDWEEWRPTWM 119 
: 

****** 

: * : * 

: 

** 
** 

** 

* 

** 
*** 
. * 

*** 
* 

********** 

SEQIDNO 3 Rat_SEQIDNO_22_ 

RNWKPKDVYKNRSIELVQQQNVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNHL 180 RNWTPKDIYRNKSIELVQAADPAINITEATVRAKAQFEGAAKEFMEGTLKLGKHIRPKHL 179 
: 

: 

* : **** : ** : ** 

Dec. 15 , 2020 

*** 
*********** 
. **** 

: ** 

: ** 

* 

* . * . 

SEQIDNO 3 Rat SEQIDNO 22 

WGYYLFPDCYNHHYKKPGYNGSCENVEIKRNDDLSWLWNESTALYPSIYLNTQQ - SPVAA 239 WGFYLFPDCYNNKFQVDNYDGQCRDVEKKRNDDLDWLWKESTGLYPSVYLKKDLKSSRKA 239 
** 
*** 

** 

. 

* 

* 

** 

*** 

****** 

*** 
**** 
** 

* 

* 

SEQIDNO 3 Rat SEQIDNO 22 

TLYVRNRVREAIRVSKIPDAKS PLPVFAYTRIVFTDOVLKFLSODELVYTFGETVALGAS 299 TLYVRYRVLESIRVSKVSDESNPVPIFVYIRE VFTDHV SEYLLEDDLVNTIGEIVAGTS 299 : 
Sheet 7 of 13 

***** 
** 
****** 
* 

* 

* 

* 

* 

* 

**** 

* 

** 
*** 
** 

* 

* 

SEQIDNO 3 Rat_SEQIDNO_22_ 

GIVIWGTLSIMRSMKSCLLLDNYMETILNPYIINVTLAAKMCSQVLC EQGVCIRKNWNS 359 GIIIWDAMSLAQRSAGCPILRQYMKTTLNPYIVNVTLAAKMCSQTLCKEKGMCSRKTESS 359 
: . * : * : * 

** : * : * : * 

**** 
. * : 

** : 

* 

***** 
*********** 

** 

* 

SEQIDNO 3 Rat SEQIDNO 22 

SDYLHLNPDNFAIQLEKGGKFTVRGKPTLEDLEQFSEKFYCSCYSTLSCKEKADVKDTDA 419 DAYLHLDPSSFSINVTEAGKYEVLGKPEVKDLEYFSEHFKCSCFSKMTCEETSDMRSIOD 419 
**** 
* 

* 

* 

** 
: 

* 

*** 
: 

*** 
*** 
* 

*** 
* 

. 

* 

. 

* 

• 

* 

. 

SEQI DNO 3 Rat_SEQIDNO_22_ 
VOVCIADGVCIDAFLKPP 
--METEEPQIFY 

447 

VNVCMGDNVCIKATLGPNSAFHLLPGKGLLLMTTLAHILHHLPHDIFVFPWKMLVSTP 477 
* * * 

. : * :: 

US 10,865,400 B2 

** 

* 

*** 

: * 

Petitioner Merck, Ex. 1001, p. 17



FIGURE 2G 

SEQIDNO 3 Rabbit SEQIDNO_24_ 

LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSLFSFIGSPRINATGQGVTIFYYDR 60 ANFRAPPVIPNVPFLWAWNAPTEFCLGKSGEPLDMSLFSLFGSPRKNKTGQGITIFYYDR 60 
U.S. Patent 

other one on one thing within mountains og han han other women are on mention on 

to the regione ** tione contact met ons 

* the mucho 

option ** tant en 

en tan 

SEQIDNO 3 
Rabbit SEQIDNO 24 

LGYYPYIDSE TGVTVNGGIPOKISLODHLDKAKKDITFYMPVDNLGMAVIDWEEWRPTWA 120 LGYYPYIDPHTGAIVHGRIPQLGPLQQHLTKLRQEILYYMPKDNVGLAVIDWEEWLPTWL 120 * . 
***** 
* 

** 

* . * 

*** 

** 

** 
* 

* 

* 

*** 
** 

******** 
*** 

SEQIDNO 3 Rabbit_SEQIDNO_24_ 

RNWKPKDVYKNRSIELVQQQNVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNHL 180 RNWKPKDIYRIKSIELVKSQHPQYNHSYATEKAKRDFEKAGKDFMEETLKLGRLLRPNHL 180 van ons on one thing went on store online dating to the 

Dec. 15 , 2020 

on line store some thing within my heart 

* nothing more mother one thing to find something more than 

SEQIDNO 3 Rabbit_SEQIDNO_24 

WGYYLFPDCYNHHYKKP - GYNGSCENVEIKRNDDLSWLWNESTALYPSIYLNTQQ --- SP 236 WGYYLFPDCYNHHYDKPNLYKGSCEDIEKKRNDDLSWLWEESTALFPSVYLTSRARSATA 240 
************** 
** 

: 

**** 
* 

*************** . ** . ** 

SEQIDNO 3 
Rabbit SEQIDNO 24 

VAATLYVRNRVREAIRVSKIPDAK SPLPVFAYTROVFTDQVLKFLSQDELVYTFGETVAL 296 LSKLYVVRNRVHEAIRVSKIPDDKS PLPNEVYTREVFTDQFQFLSHHDLVYTIGEIVAL 300 
:: 

*** The meaning ***** 

** 
***** 
*** 

*** 

Sheet 8 of 13 

SEQIDNO 3 
Rabbit SEQIDNO 24 

GASGIVIWGTLSIMRSMKSCLLLDNYMETILNPYIINVTLAAKMCSQVLCOEQGVCIRKN 356 GASGIVVWGSOSLARSMKSCLHLDNYMKTILNPYLINVTLAAKMCNQVLCOEQGVCTRKN 360 
* : 

****** 
** 

******* 
************ 
********** 
********** 
*** 

SEQIDNO 3 
Rabbit SEQIDNO 24 

WNSSDYLHLNPDNFAIQLEKGGKFTVRGKPTLEDLEQFSEKFYCSCYSTLSCKEKADVKD 416 WNPNDYLHLNPGNFAIQLGSNGTYKVDGKPTL IDLEQFSKNFQCSCYTNLNCKERTDMNN 420 
** 

******* 
****** 
* 

***** 
** 

** 

* 

*** 

*** 

* 

* 

* 

SEQIDNO 3 Rabbit_SEQIDNO_24_ 
TDAVOVCIADGVCIDAFLKPPMETEEPQ 

444 

VROVNVCAVENVCIDTNVGPQAVTYAPKEKKDVAHILSNTTSINSSTTMSLPFPRKHVSG 480 
: 

* : 

* 

** 

* 

**** 

* 

* 

US 10,865,400 B2 

SEQIDNO 3 Rabbit_SEQIDNO_24_ 

-IFY 

447 

CLLVLCMYSOYLNICYRLVAIGIQHGYYLK 510 
* 

Petitioner Merck, Ex. 1001, p. 18



FIGURE 2H 

SEQIDNO 3 GuineaPig_SEQIDNO_29 

LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDE PLDMSLFSFIGSPRINATG 50 -DKRAPPLIPNVPLLWVWNAPTEFCIGGTNQPLDMS FFSIVGTPRKNITG 49 

U.S. Patent 

**** 
***** 
** 

******* 
* 

***** . ** . 

** 
* 

** 

• 

SEQIDNO 3 GuineaPig SEQIDNO_29 

QGVTIFYVDRLGYYPYIDST TGVTVNGGIPOKISLODHLDKAKKDITFYM 100 OSITLYYYDRLGYYPYIDPHTGAIVHGGLPQLMNLQQHLRKSRQDILFYM 99 
4 

* *** with the whole * 

** 

* olen * 

** . ** 

* * 

mohen 

SEQIDNO 3 GuineaPig SEQIDNO_29 

PVDNLGMAVIDWEEWRPTWARNWKPKDVYKNRSIELVQQONVQLSLTEAT 150 PTDSVGLAVIDWEEWRPTWTRNWRPKDIYRNKSIELVKSQHPQYNHSYAV 149 : : : : : 
: * . 

* 

* 

* 

* 

************ 
*** 
*** 
* 

* 

***** 
* 

SEQIDNO 3 GuineaPig_SEQIDNO_29 

EKAKQEFEKAGKDFLVETIKLGKLLRPNHLWGYYLFPDCYNHHYKKPGYN 200 AVAKRDFERTGKAFMLETLKLGKSLRPSSLWGYYLFPDCYNTHETKPNYD 199 
Dec. 15 , 2020 

wwwww 

** 

* 

mai multe 

men * 

* 

mething out . ** 

*** 

********** 
* 

* 

SEQIDNO 3 Guinea Pig SEQIDNO_29 

GSCENVEIKRNDDLSWLWNESTALYPSIYLNTQQ - SPVAATLYVRNRVRE 249 GHCRPIELORNNDLOWLWNDSTALYPSVYLTSRVRSSQNGALYVRNRVHE 249 
* * 

. ** . ** 

************ 
* 

******** 

SEQIDNO 3 
GuineaPig SEQIDNO 29 

AIRVSKIPDAKSPLPVFAYTRIVFTDOVLKFLSQDELVYTFGETVALGAS 299 SIRVSKLMDDKNPLPIYVYIRIVFTDOOTTFLELDDLVHSVGEIVPLGVS 299 
: ***** 

Sheet 9 of 13 

*** 

* 

***** 
** 

** 

** 

SEQIDNO 3 GuineaPig SEQIDNO_29 

GIVIWGTLSIMRSMKSCLLLDNYMETILNPYIINVTLAAKMCSQVLC EQ 349 GIIIWGSLSLTRSLVSCIGLENYMKGTLLPYLINVTLAAKMCGQVLCKNQ 349 
: 

: 

: 

** 
***** 
** 

** 

*** 

** 
********** 
**** 
* 

SEOIDNO 3 
GuineaPig SEQIDNO 29 

GVCIRKNWNSSDYLHLNPDNFAIQLEKGGKFTVRGKPTLEDLEQFSEKFY 399 GICTRKDWNTNTYLHLNATNFDIELQONGKFVVHGKPSLEDLQEFSKNFH 399 
: 

: : 

** 
** 
** 

***** 
** 

*** 

* . *** 

**** 
** 

SEQIDNO 3 GuineaPig_SEQIDNO_29 
CSCYSTLSCKEKADVKDTDAVOVCIADGVCIDAFL 
-KPPMET 440 

CSCYTNVACKDRLDVHNVRSVNVCTANNICIDAVLNFPSLDDDDEPPIID 449 
**** 

** 

** * ***** 

: * 

* * 

* 

US 10,865,400 B2 

** 
. 

SEQIDNO 3 GuineaPig_SEQIDNO_29 
EEPQ 

IFY 

447 

DTSQNQDSISDITSSAPPSSHILPKDLSWCLFLLSIFSQHWKYLL 494 ** 
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FIGURE 2I 

SEQIDNO 3 
FOX 

LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSLFSFIGSPRINATGOOVTIFY DR 60 QEFRAPPFIPNVSFLWGWNAPTELCAKRFNVQLDLNLFSLIGSPLKTVVGOGIAIFYADR 60 
U.S. Patent 

mething on other sources on the most 

**** 
ma 

on the other 

** 

SEQIDNO 3 
FOX 

LGYYPYIDS ITGVTVNGGIPQKE SLQDHLDKAKKDITFYMPVDNLGMAVIDWEEWRPTWA 120 LGYYPHINKETGKHVNGGIPQL SLKKHLDKAKKDISHYIETDSMGLAVIDWDSWRPNWA 120 
***** 

****** 

* ***** 

** 

SEQIDNO 3 
FOX 

RNWKPKDVYKNRSIELVQQONVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNHL 180 RNWRPKHIYKEQSIDLAQQQHIHLNLTEVTQIAQADFEKAARCEMQETLKLGKFLRPNYL 180 
**** : * 

Dec. 15 , 2020 

*** . ** 

** 

** 

*** 

*** 

* 

**** 
. 

* 

. 

** . **** 

SEQIDNO 3 
FOX 

WGYYLFPDCYNHHYKKPGYNGSCENVEIKRNDDLSWLWNESTALYPSIYLNTQQ - SPVAA 239 WGFYLYPDCYNYNYKNPNYNGSC DIEERRNDEIDWLWRESTALFPSIYLKSKLKSSPFT 240 
** 
** 
. 

***** 
. ** . * 

***** 

*** 

************* 

SEQI DNO 3 
FOX 

TLYVRNRVREAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQDELVYTFGETVALGAS 299 ALYVRNRVLEAIRVSKVKDIKHPLPIFVYARBVFTDVELTYLTEDDLVNTIGESVSLGVS 300 
on the mother things to the mouth the other 
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SEQIDNO 3 
FOX 

GIVIWGTLSIMRSMKSCLLLDNYMETILNPYIINVTLAAKMCSQVLCOEQGVCIRKNWNS 359 GIVMWGSLNLTENVQICTELDTYIKNKLNPYIINVTLAAKMCSQVLCODEGVCIRKHWNS 360 
*** 

** . * 

** 

********************* . 
********* 

SEQIDNO 3 
FOX 

SDYLHLNPDNFAIQLEKGGKFTVRGKPTLEDLEQFSEKFYCSCYSTLSCKEKADVKDT DA NDYLHLNPVNFAIQLERSGRYTVQGKPTLEDLQOFSKKFYCACYANTHCRERVDMT DIH : 
419 420 

******* 
******* . 
* . 

. ** . ******** 

*** . **** 

** 

* . * . 

SEQIDNO 3 
FOX 

VBVCIADGVCIDAFLKPP 
----- METEEPQIFY 

447 

IKVCVGEDVCIDVYLNLVPSGHLPVWKGKYVTSSNIFSVMPPATGPPCVPGRDLNRCLKA 480 
US 10,865,400 B2 

te maken een 

SEQIDNO 3 
FOX 

RFIVEDNSKTTQTGYQSIYIKNKKQ 505 
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FIGURE 2J 

U.S. Patent 

SEQIDNO 3 
GIBBON SEQIDNO 857 

LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDE PLDMSLFSFIGSPRINATGQGVTIFYVDR 60 LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSLFSLTGSPRINVTGQSVTIFYV DR 60 

*************************************** 
****** 
************ 

SEQIDNO 3 
GIBBON SEQIDNO 857 

LGYYPYIDSTTGVTVNGGIPOKISLQDHLDKAKKDITFYMPVDNLGMAVIDWEEWRPTWA 120 LGYYPYIDSITGVTVNGGIPOKISLODHLDKAKQDITFYMPVDNLGMAVIDWEEWRPTWA 120 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* * * * * * * * * * * * * * * * * * * * * * * * * * 

SEQIDNO 3 
GIBBON SEQIDNO 857 

RNWKPKDVYKNRSIELVQQQNVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNHL 180 RNWKPKDVYKNRSIELVQQONVQLSLAEATEKAKQEFEKAGKDFMVETIKLGKLLRPNHL 180 ******************************************* : *************** 

Dec. 15 , 2020 

W 

SEQIDNO 3 
GIBBON SEQIDNO 857 

WGYYLFPDCYNHHYKKPGYNGSCENVEIKRNDDLSWLWNESTALYPSIYLNTQQSPVAAT 240 WGYYLFPDCYNHHYKKPGYNGSCHNVEIKRNDDLSWLWNESTALYPSIYLNTQQSPVAAT 240 
******* 
************** 
**** 

******** 
******************** 

SEQIDNO 3 
GIBBON SEQIDNO 857 

LYVRNRVREAIRVSKIPDAKS PLPVFAYTRIVFTDOVLKFLSODELVYTFGETVALGASG 300 LYVRNRVREAIRVSKIPDAKSPLPVEVYARIVFTDOVLKFLSRDELVYTLGETVALGASG 300 
Sheet 11 of 13 

************************** 
************** 
****** 
********** 

SEQIDNO 3 
GIBBON SEQIDNO 857 

IVIWGTLSIMRSMKSCLLLDNYMETILNPYIINVTLAAKMCSQVLC @ EQGVCIRKNWNSS 360 IVIWGSLSIVRSMKSCLLLDNYMETILNPYIINVTLAAKMCSQVLC EQGVCIRKDWNSS 360 
***** : *** : ********************************** 

********** 
**** 

SEQIDNO 3 
GIBBON SEQIDNO 857 

DYLHLNPDNFAIQLEKGGKFTVRGKPTLADLEQFSEKFYCSCYSTLSCKEKADVKDT DAV 420 DYLHLNPDNFAIQLEKGGKFTVRGKPT PODLEQFSEKFYCSCYSTLSCKEKADVKDT DAV 420 

*************************** 
******************************** 

SEQIDNO 3 
GIBBON SEQIDNO 857 

DVCIADGVCIDAFLKPPMETEEPQIFY 

447 

DVCIADGVCIDAFLKPPKETEESQIFYNASPSTLSATMFIVSILFLIISSVVSL 474 
US 10,865,400 B2 

***************** 
**** 
**** 
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FIGURE 2K 

U.S. Patent 

SEQIDNO 3 
MARMOSET SEQIDNO 859 

LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDE PLDMSLFSFIGSPRINATGOGVTIFYVDR 60 LNFRAPPIIPNVPFLWAWNAPSEFCLGKFDEPLDMSLFSLIGSPRINVTGQSVTIFYVDR 60 ************ 

********************************************* 
SEQIDNO 3 

MARMOSET SEQIDNO 859 

LGYYPYIDS ITGVTVNGGIPQKASLQDHLDKAKKDITFYMPVDNLGMAVIDWEEWRPTWA 120 LGYYPYIDPTTGAVVNGGIPOKIALQDHLDKVRKDIIFYMPVDNLGMGVIDWEEWRPTWA 120 
******** 
** 

**************** 
*** 
********** 
************ 

SEQIDNO 3 
MARMOSET SEQIDNO 859 

RNWKPKDVYKNRSIELVQQQNVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNHL 180 RNWKPKDIYKNKSIEMVQQRNVQLNLTQATDIAKQEFEKAAKDFMLETIKLGKALRPNHL 180 
: 

Dec. 15 , 2020 

******************** 
**** 
******** 
*** 

******* 
****** 

SEQIDNO 3 
MARMOSET SEQIDNO 859 

WGYYLFPDCYNHHYKKPGYNGSCENVEIKRNDDLSWLWNESTALYPSIYLNTQQSPVAAT 240 WGYYLFPDCYNHHYKKPDYNGSCINIEIKRNNDLSWLWNESTALYPSIYLNTQQSAVAAM 240 
***************** 
**** 
** 
**************************** 
*** 

SEQIDNO 3 
MARMOSET SEQIDNO 859 

LYVRNRVREAIRVSKIPDAKSPLPVFAYTREVFTDQVLKFLSQDELVYTFGETVALGASG 300 LYVRNRVOEAIRVSKTPNANSPLPVEVYAROVFTDOVLRFLSODELVYTLGETVALGASG 300 
******* : ******* 

Sheet 12 of 13 

* 

* 

****** 
* . * 

******* 
********** 
********** 

SEQIDNO 3 
MARMOSET SEQIDNO 859 

IVIWGTLSIMRSMKSCLLLDNYMETILNPYIINVTLAAKMCSQVLC EQGVCIRKNWNSS 360 IVIWGSLSIMRSMKSCLLLDTYMETVLNPYIINTTLAAKMCSQVLCOEQGVCIRKDWNSS 360 
: 

***** 
****** 
******* 
**** 
******* 
***** 
************** 
**** 

SEQIDNO 3 
MARMOSET SEQIDNO 859 

DYLHLNPDNFAIQLEKGGKFTVRGKPTLEDLEQFSEKFYCSCYSTLSCKEKADVKDT DAV 420 DYLHLNPDNFAIETEKGGKFTVRGKPTYEDLEQFSEKFYCSCYTSLSCKVKADVKDT DAV 420 ***** 

************ 
************* 
*********** 
*** 

********** 

- 

SEQIDNO 3 
MARMOSET SEQIDNO 859 

DVCIADGVCIDAFLKPPMETEEP - QIFY- 

447 

DVCIADGVCIDASLKPPKETEESSQIFYNPSSSTPSAAIFIVAILFFISCVVSL 474 
US 10,865,400 B2 

************ 
**** 
**** 
**** 
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FIGURE 2L 

U.S. Patent 

SEQIDNO 3 
ORANGUTAN SEQIDNO 861 

LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDE PLDMSLFSFIGSPRINATGQGVTIFYVDR 60 LNFRAPPIIPNMPFLWAWNAPSEFCLGKFDEPLDMSLFSLIGSPRINVTGQAVTIFYV DR 60 

********** 
********************************** 
*** 
******** 

SEQI DNO 3 

ORANGUTAN SEQIDNO 861 

LGYYPYIDSTTGVTVNGGIPOKISLQDHLDKAKKDITFYMPVDNLGMAVIDWEEWRPTWA 120 LGYYPYIDSITGVTVNGGIPOKISLODHLDKAKKDILFYMPVDNLGMAVIDWEEWRPTWA 120 
************************************ 

*********************** 

SEQIDNO 3 
ORANGUTAN SEQIDNO 861 

RNWKPKDVYKNRSIELVQQQNVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNHL 180 RNWKPKDVYKNRSIELVQQQNVQLNLTEATEKAKQEFEKAGKDFMVETIKLGKLLRPNHL 180 
Dec. 15 , 2020 

************************ 
********************************** 

SEQIDNO 3 
ORANGUTAN SEQIDNO 861 

WGYYLFPDCYNHHYKKPGYNGSCENVEIKRNDDLSWLWNESTALYPSIYLNTQQSPVAAT 240 WGYYLFPDCYNHHYKKPGYNGSCHNVEIKRNDDLSWLWNE STALYPSIYLNTQQSPVAAT 240 
******* 
************** 
**** 

****************************** 
SEQIDNO 3 

ORANGUTAN SEQIDNO 861 

LYVRNRVREAIRVSKIPDAKS PLPVFAYTRIVFTDOVLKFLSODELVYTFGETVALGASG 300 LYVRNRVREAIRVSKIPDAKSPLPVFYYARIVFTDQVLKFLSQDELVYTFGETVALGASG 300 
Sheet 13 of 13 

************************** 
******************************** 

SEQIDNO 3 
ORANGUTAN SEQIDNO 861 

IVIWGTLSIMRSMKSCLLLDNYMETILNPYIINVTLAAKMCSQVLCOEQGVCIRKNWNSS 360 IVIWGSLSIMRSMKSCLLLDNYMETILNPYIINVTLAAKMCSQVLC EQGVCIRKDWNSS 360 
***** : ************************************** 

********** 
**** 

SEQIDNO 3 
ORANGUTAN SEQIDNO 861 

DYLHLNPDNFAIQLEKGGKFTVRGKPTLADLEQFSEKFYCSCYSTLSCKEKADVKDT DAV 420 DYLHLNPDNFAIQLEKGGKFTVRGKPTLEDLEQFSEKFYCSCYSTLSCKEKADVKDT DAV 420 ************************************************************ 
SEQIDNO 3 

ORANGUTAN SEQIDNO 861 

DVCIADGVCIDAFLKPPMETEEPQIFY- 

447 

OVCIADGVCIDAFLKPPMETEESQIFYNASPSTLSATMFIWRLEVWDQGISRMGFF 476 
US 10,865,400 B2 

********************** 
**** 
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PH20 POLYPEPTIDE VARIANTS , hyaluronidase ) , and Wydase® ( bovine hyaluronidase ) ) , 
FORMULATIONS AND USES THEREOF typically as dispersing and spreading agents in combination 

with other therapeutic agents . Many of these are ovine or 
RELATED APPLICATIONS bovine forms , which can be immunogenic for treatment of 

5 humans . Improved hyaluronan - degrading enzymes , such as 
This application is a divisional of U.S. application Ser . hyaluronidases , and compositions thereof that can be used 

No. 13 / 694,731 , entitled “ PH20 POLYPEPTIDE VARI for treatment are needed . 
ANTS , FORMULATIONS AND USES THEREOF , ” and 
filed Dec. 28 , 2012 , to Ge Wei , H. Michael Shepard , Qiping SUMMARY 
Zhao and Robert James Connor , now U.S. Pat . No. 9,447 , 
401 , which claims the benefit of U.S. Provisional Applica Provided are modified PH20 polypeptides that have an 
tion Nos . 61 / 631,313 and 61 / 796,208 , filed on Dec. 30 , 2011 altered property or properties compared to the PH20 poly 
and Nov. 1 , 2012 , respectively , and each entitled “ PH20 peptide that do not have the modification ( s ) . The modifica 
POLYPEPTIDE VARIANTS , FORMULATIONS AND tions include amino acid replacement , deletion and / or inser 
USES THEREOF . ” 15 tions . Detailed structure / function of virtually each amino 

This application also is related to International PCT acid in a PH20 polypeptide is provided herein , as well as the 
Application Serial No. PCT / US2012 / 072182 , filed Dec. 28 , identification of residues and loci that contribute to altera 
2012 , entitled “ PH20 POLYPEPTIDE VARIANTS , FOR tion of a property , such as stability in particular conditions , 
MULATIONS AND USES THEREOF , ” which also claims is provided . Hence , provided are modified PH20 polypep 
priority to U.S. Provisional Application Nos . 61 / 631,313 20 tides that contain one or more amino acid replacements that 
and 61 / 796,208 . result in a PH20 polypeptide that retains activity and / or 

The subject matter of each of the above - noted applica exhibits increased or altered stability under a variety of 
tions is incorporated by reference in its entirety . conditions . Activity retained can be , for example , hyaluroni 

dase activity that is as least about 40 % or more of the PH20 
INCORPORATION BY REFERENCE OF 25 polypeptide that does not include the replacement . Exem 

SEQUENCE LISTING PROVIDED plary modifications are amino acid replacements . For pur 
ELECTRONICALLY poses herein , amino acid replacements are denoted by the 

single amino acid letter followed by the corresponding 
An electronic version of the Sequence Listing is filed amino acid position in SEQ ID NO : 3 in which the replace 

herewith , the contents of which are incorporated by refer- 30 ment occurs . Single amino acid abbreviations for amino acid 
ence in their entirety . The electronic file was created on Jul . residues are well known to a skilled artisan ( see e.g. Table 
28 , 2016 , is 3.59 megabytes in size , and titled 1 ) , and are used herein throughout the description and 
3087Bseq001.txt . A substitute Sequence Listing is filed examples . For example , replacement with P at a position 
electronically herewith , the contents of which are incorpo- corresponding to position 204 in a PH20 polypeptide with 
rated by reference in their entirety . The electronic file was 35 reference to amino acid residue positions set forth in SEQ ID 
created on Aug. 25 , 2016 , is 3.59 megabytes in size , and NO : 3 means that the replacement encompasses F204P in a 
titled 3087Bseq002.txt . PH20 polypeptide set forth in SEQ ID NO : 3 , or the same 

replacement at the corresponding position in another PH20 
FIELD OF THE INVENTION polypeptide . 

Provided are modified PH20 polypeptides that contain at 
Modified PH20 hyaluronidase polypeptides , including least one amino acid replacement in a PH20 polypeptide , 

modified polypeptides that exhibit increased stability and / or whereby the modified PH20 polypeptide exhibits increased 
increased activity , are provided . Also provided are compo- stability compared to the PH20 polypeptide not containing 
sitions and formulations and uses thereof . the amino acid replacement . Increased stability can be 

45 manifested as increased resistance to one or more protein 
BACKGROUND conditions that are denaturing to proteins . The stability of 

modified and unmodified PH20 is compared under the same 
Hyaluronan ( hyaluronic acid ; HA ) is a polypeptide that is conditions . Exemplary protein denaturation ( or denaturing , 

found in the extracellular matrix of many cells , especially in used interchangeably herein ) conditions include , but are not 
soft connective tissues . HA also is found predominantly in 50 limited to , elevated temperature greater than 30 ° C. or about 
skin , cartilage , and in synovial fluid in mammals . Hyaluro- 30 ° C. , agitation , low salt , including essentially or substan 
nan also is the main constituent of the vitreous of the eye . tially or no salt , and presence of excipients that tend to 
HA has a role in various physiological processes , such as in denature proteins . Exemplary of such excipients are antiad 
water and plasma protein homeostasis ( Laurent T C et al . herent ( s ) , binder ( s ) , coating ( s ) , filler ( s ) and diluent ( s ) , 
( 1992 ) FASEB J 6 : 2397-2404 ) . Certain diseases are asso- 55 flavor ( s ) , color ( s ) , lubricant ( s ) , glidant ( s ) , preservative ( s ) , 
ciated with expression and / or production of hyaluronan . detergent ( s ) , sorbent ( s ) and combinations thereof . 
Hyaluronan - degrading enzymes , such as hyaluronidases , are The modified PH20 polypeptide can be one in which the 
enzymes that degrade hyaluronan . By catalyzing HA deg- unmodified form thereof has at least about 68 % sequence 
radation , hyaluronan - degrading enzymes ( e.g. , hyaluroni- identity to SEQ ID NO : 3 and further contains modifications 
dases ) can be used to treat diseases or disorders associated 60 that alter stability and / or can be a PH20 polypeptide that 
with accumulation of HA or other glycosaminoglycans . includes as many as about up to 100 , 110 , 120 , 130 , 150 
Also , since HA is a major component of the interstitial amino acid differences from PH20 but retains enzymatic 
barrier , hyaluronan - degrading enzymes ( e.g. , hyaluronidase ) activity , particularly , at least about 40 % of the activity of the 
increase tissue permeability and therefore can be used to unmodified PH20 polypeptide and exhibits increased stabil 
increase the dispersion and delivery of therapeutic agents . 65 ity , such as stability under denaturing conditions . Thus , 
Various hyaluronidases have been used therapeutically ( e.g. , included are modified PH20 polypeptides that have at least 
Hydase® ( bovine testicular hyaluronidase ) , Vitraser ( ovine 68 % or about 68 % amino acid sequence identity to the 

40 
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sequence of amino acids set forth in SEQ ID NO : 3 . Included modified PH20 polypeptides that exhibit increased stability 
are modified PH20 polypeptides that have at least 70 % , in the presence of an anti - microbial effective amount of one 
75 % , 80 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 92 % , or more phenolic preservatives . An anti - microbial effective 
93 % , 94 % , 95 % , 96 % , 97 % , 98 % or 99 % amino acid amount is the total amount of one or more phenolic preser 
sequence identity to the sequence of amino acids set forth in 5 vative agents , which can be expressed as a percentage ( % ) 
SEQ ID NO : 3 . Exemplary of such modified PH20 poly- of mass concentration ( w / v ) that is or is between ( or at least 
peptides are polypeptides that contain amino acid replace- about or at about ) 0.05 % to 0.6 % , 0.1 % to 0.4 % , 0.1 % to 
ment ( s ) in a PH20 polypeptide that contains the sequence of 0.3 % , 0.15 % to 0.325 % , 0.15 % to 0.25 % , 0.1 % to 0.2 % , 
amino acid residues as set forth in any of SEQ ID NOS : 3 , 0.2 % to 0.3 % or 0.3 % to 0.4 % , inclusive . Exemplary 
7 , 10 , 12 , 14 , 24 , 32-66 , 69 , 72 , 857 , 859 , 861 , 870 or a 10 phenolic preservatives include , but are not limited to , phe 
sequence of amino acids that is at least 80 % , 85 % , 86 % , nol , metacresol ( m - cresol ) , benzyl alcohol , and a paraben , 
87 % , 88 % , 89 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , such as methylparaben propylparaben , m - cresol , phenol or 
97 % , 98 % , 99 % identical to any of SEQ ID NOS : 3 , 7 , 10 , m - cresol and phenol . Exemplary of the stability achieved by 
12 , 14 , 24 , 32-66 , 69 , 72 , 857 , 859 , 861 , or 870 . provided modified PH20 polypeptides are those that exhibit 

For example , provided herein is a modified PH20 poly- 15 at least 15 % or about 15 % of the hyaluronidase activity for 
peptide that exhibits increased stability containing an amino at least 4 hours in the presence of preservative ( s ) compared 
acid replacement in a PH20 polypeptide that confers the to the modified PH20 polypeptide in absence of preserva 
increased stability , wherein increased stability is manifested tive . Activity is compared under the same conditions except 
as increased resistance to denaturation in the presence of one for the presence of preservative ( s ) . For example , provided 

more protein denaturation conditions , stability is 20 are modified PH20 polypeptides that exhibit at least ( or at 
increased compared to the PH20 polypeptide not containing least about ) 16 % , 17 % , 18 % , 19 % , 20 % , 25 % , 30 % , 35 % , 
the amino acid replacement , and the unmodified PH20 40 % , 45 % , 50 % , 55 % , 60 % , 65 % , 65 % , 70 % , 75 % , 80 % , 
polypeptide consists of the sequence of amino acids set forth 85 % , 90 % , 95 % or more of the hyaluronidase activity in the 
in SEQ ID NO : 7 or is a C - terminal truncated fragment presence of a phenolic preservative ( s ) compared to absence 
thereof that is a soluble PH20 polypeptide or has at least 25 of the same preservative ( s ) . Thus , provided , among the 
85 % sequence identity thereto . As above , the modified PH20 modified PH20 polypeptides provided herein , are PH20 
polypeptide that exhibits increased stability exhibits polypeptides that , by virtue of amino acid replacement ( s ) , 
increased stability to a denaturation condition that is tem- are phenophilic compared to PH20 polypeptides without 
perature greater than or about 30 ° C .; agitation ; low or no a such replacement . Included are modified PH20 polypeptides 
salt ; or presence of an excipient or a denaturing agent , such 30 where the hyaluronidase activity is exhibited after at least 5 
as an antiadherent ( s ) , binder ( s ) , coating ( s ) , filler ( s ) and hours , 6 hours , 7 hours , 8 hours , 9 hours , 10 hours , 11 hours , 
diluent ( s ) , flavor ( s ) , color ( s ) , lubricant ( s ) , glidant ( s ) , preser- 12 hours , 24 hours , 2 days , 3 days , 4 days , 5 days , 6 days , 
vative ( s ) , detergent ( s ) , sorbent ( s ) or sweetener ( s ) and a 7 days , 8 days , 9 days , 10 days , 11 days , 12 days , 13 days , 
combination thereof , and in particular a preservative . In 14 days , 3 weeks , 4 weeks or more in the presence of the 
some examples of such modified PH20 polypeptides that 35 preservative ( s ) compared to the hyaluronidase activity of the 
exhibit increased stability , the denaturation condition is modified PH20 polypeptide in the absence of preservative 
temperature greater than 30 ° C. , and the modified PH20 for the same time period and under the same conditions 
polypeptide exhibits greater hyaluronidase activity at the except for the presence of preservative ( s ) . 
temperature compared to the unmodified PH20 polypeptide In examples of a modified PH20 polypeptide that exhibits 
not containing the amino acid replacement ( s ) where the 40 increased stability to a phenolic preservative , increased 
activities are compared under the same conditions . In other stability in a phenolic preservative can be exhibited under 
examples , the protein denaturation condition is the presence temperature conditions that include any temperature 
of low concentrations of salt of less than 100 mm , and the between , for example , 0 ° C. and 40 ° C. , such as between or 
modified PH20 polypeptide exhibits increased hyaluroni- about between 0 ° C. to 40 ° C. , 2 ° C. to 6 ° C. , 24 ° C. to 32 ° 
dase activity in the presence of low concentrations of salt 45 C. and 35 ° C. to 40 ° C. Exemplary polypeptides exhibit 
compared to the unmodified PH20 polypeptide not contain- increased stability at temperatures of between or about 
ing the amino acid replacement ( s ) where the activities are between 30 ° C. to 45 ° C. , 35 ° C. to 45 ° C. , 30 ° C. to 37 ° C. , 
compared under the same conditions . 35 ° C. to 37 ° C. or 37 ° C. to 42 ° C. , each inclusive . The 

In any of the above examples of a modified PH20 poly- particular modified PH20 polypeptide and conditions 
peptide that exhibits increased stability , stability can be 50 depend upon the intended formulation , conditions to which 
assessed based on a variety of parameters including the formulation will be exposed and / or intended application . 
hyaluronidase activity , solubility , aggregation and / or crys- Particular and exemplary modified PH20 polypeptides 
tallization . Stability can be assessed in the presence of a that exhibit increased stability , such as increased stability to 
denaturing condition . When stability of two or more poly- a phenolic preservative , include those that contain a single 
peptides is compared , stability is assessed under the same 55 amino acid modification , such as a replacement , and com 
conditions . In some instances , among the PH20 polypep- binations of modifications , such as at least or 2 , 3 , 4 , 5 , 6 , 7 , 
tides provided herein , the modified PH20 polypeptide exhib- 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 30 , 40 , 50 , 60 , 
its at least 120 % , 130 % , 135 % , 140 % , 145 % , 150 % , 160 % , 70 , 80 , 90 , 100 and more modifications . These include 
170 % , 180 % , 200 % , 250 % , 300 % , 350 % , 400 % , 500 % , modified PH20 polypeptides that contain one or more amino 
1500 % , 2000 % , 3000 % , 4000 % , 5000 % or more of the 60 acid replacements , where at least one replacement is at an hyaluronidase activity of the PH20 polypeptide not contain- amino acid position corresponding ( i.e. , by alignment ) to a 
ing the amino acid replacement ( s ) . position selected from among 10 , 12 , 20 , 22 , 26 , 34 , 36 , 46 , 

In any of the above examples of a modified PH20 poly- 50 , 52 , 58 , 68 , 70 , 74 , 82 , 83 , 84 , 86 , 97 , 127 , 131 , 138 , 142 , 
peptide that exhibits increased stability , denaturing condi- 143 , 144 , 166 , 169 , 174 , 193 , 195 , 196 , 204 , 205 , 206 , 213 , 
tions include the presence of excipients that denature pro- 65 219 , 234 , 237 , 238 , 240 , 249 , 261 , 267 , 277 , 279 , 291 , 309 , 
teins . Exemplary of such conditions is the presence of a 310 , 314 , 315 , 317 , 318 , 347 , 367 , 375 , 376 , 399 , 401 , 407 , 
preservative , such as a phenolic preservative . Provided are 416 , 419 , 421 , 431 , 433 , 439 , 440 , 443 or 445 with reference 
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to amino acid positions set forth in SEQ ID NO : 3 , wherein position corresponding to position 367 ; R at a position 
corresponding amino acid positions are identified by align- corresponding to position 375 ; R at a position corresponding 
ment of the PH20 polypeptide with the polypeptide set forth to position 376 ; V at a position corresponding to position 
in SEQ ID NO : 3 . Exemplary of such modifications are at 399 ; E at a position corresponding to position 401 ; A at a 
least one amino acid replacement selected from among 5 position corresponding to position 407 ; L at a position 
replacement with : glycine ( G ) at a position corresponding to corresponding to position 416 ; K at a position corresponding 
position 10 ; K at a position corresponding to position 12 ; S to position 419 ; H at a position corresponding to position 
at a position corresponding to position 20 ; T at a position 421 ; E at a position corresponding to position 431 ; T at a 
corresponding to position 22 ; M at a position corresponding position corresponding to position 433 ; V at a position 
to position 26 ; W at a position corresponding to position 34 ; 10 corresponding to position 433 ; C at a position corresponding 
N at a position corresponding to position 36 ; L at a position to position 439 ; P at a position corresponding to position 
corresponding to position 46 ; M at a position corresponding 440 ; G at a position corresponding to position 443 ; N at a 
to position 50 ; T at a position corresponding to position 52 ; position corresponding to position 445 , with reference to 
S at a position corresponding to position 52 ; C at a position amino acid residue positions set forth in SEQ ID NO : 3 . For 
corresponding to position 58 ; K at a position corresponding 15 example , the modified PH20 polypeptide can contain at least 
to position 58 ; R at a position corresponding to position 58 ; one amino acid replacement selected from among replace 
N at a position corresponding to position 58 ; Y at a position ment with : T at a position corresponding to position 52 , K 
corresponding to position 58 ; P at a position corresponding at a position corresponding to position 58 , R at a position 
to position 58 ; H at a position corresponding to position 58 ; corresponding to position 58 , P at a position corresponding 
Pat a position corresponding to position 68 ; V at a position 20 to position 68 , V at a position corresponding to position 83 , 
corresponding to position 70 ; E at a position corresponding Pat a position corresponding to position 204 , A at a position 
to position 74 ; L at a position corresponding to position 82 ; corresponding to position 261 , T at a position corresponding 
N at a position corresponding to position 82 ; V at a position to position 267 , K at a position corresponding to position 
corresponding to position 83 ; Q at a position corresponding 277 and H at a position corresponding to position 421 , with 
to position 83 ; S at a position corresponding to position 83 ; 25 reference to amino acid residue positions set forth in SEQ ID 
G at a position corresponding to position 83 ; N at a position NO : 3 . An exemplary modified PH20 polypeptide is one that 
corresponding to position 84 ; A at a position corresponding includes P ( or a conservative amino acid thereto ) at a 
to position 86 ; K at a position corresponding to position 86 ; position corresponding to position 204 in a PH20 polypep 
E at a position corresponding to position 97 ; L at a position tide with reference to amino acid residue positions set forth 
corresponding to position 97 ; R at a position corresponding 30 in SEQ ID NO : 3 . 
to position 127 ; R at a position corresponding to position Thus , provided herein are modified PH20 polypeptides 
131 ; L at a position corresponding to position 138 ; K at a that exhibit increased stability in the presence of a phenolic 
position corresponding to position 142 ; N at a position preservative containing an amino acid replacement in a 
corresponding to position 142 ; P at a position corresponding PH20 polypeptide that confers the increased stability , 
to position 142 ; S at a position corresponding to position 35 wherein stability is increased compared to the unmodified 
142 ; T at a position corresponding to position 142 ; G at a polypeptide without the amino acid replacement , and the 
position corresponding to position 143 ; K at a position unmodified PH20 polypeptide has the sequence of amino 
corresponding to position 143 ; T at a position corresponding acids set forth in SEQ ID NO : 7 or is a C - terminal truncated 
to position 144 ; Q at a position corresponding to position fragment thereof that is a soluble PH20 polypeptide or has 
166 ; T at a position corresponding to position 166 ; L at a 40 at least 85 % sequence identity thereto . For example , the 
position corresponding to position 169 ; G at a position unmodified PH20 polypeptide is a soluble PH20 polypeptide 
corresponding to position 174 ; N at a position corresponding that has the sequence of amino acids set forth in any of SEQ 
to position 174 ; Q at a position corresponding to position ID NOS : 3 or 32-66 . In particular examples , the modified 
193 ; T at a position corresponding to position 195 ; N at a PH20 polypeptide has at least 85 % sequence identity to SEQ 
position corresponding to position 195 ; E at a position 45 ID NO : 3 . In any of such examples of a modified PH20 
corresponding to position 196 ; R at a position corresponding polypeptide , the polypeptide contains 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 
to position 196 ; P at a position corresponding to position 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 
204 ; A at a position corresponding to position 205 ; E at a 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 
position corresponding to position 205 ; I at a position 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , 51 , 52 , 53 , 54 , 55 , 56 , 57 , 
corresponding to position 206 ; A at a position corresponding 50 58 , 59 , 60 , 61 , 62 , 63 , 64 , 65 , 66 , 67 , 68 , 69 , 70 , 71 , 72 , 73 , 
to position 213 ; I at a position corresponding to position 219 ; 74 , 75 or more amino acid replacements . In examples herein , 
Mat a position corresponding to position 234 ; T at a position the modified PH20 polypeptide is a human PH20 . The 
corresponding to position 237 ; H at a position corresponding modified PH20 polypeptide exhibits stability in the presence 
to position 238 ; Q at a position corresponding to position of phenolic preservatives if it exhibits at least 15 % of the 
240 ; V at a position corresponding to position 249 ; A at a 55 hyaluronidase activity in the presence of a preservative ( s ) 
position corresponding to position 261 ; K at a position for at least 4 hours compared to the hyaluronidase activity in 
corresponding to position 261 ; T at a position corresponding the absence of the phenolic preservative ( s ) , wherein the 
to position 267 ; K at a position corresponding to position activity is compared under the same conditions except for 
277 ; H at a position corresponding to position 279 ; V at a the presence of the phenolic preservative ( s ) . In any of the 
position corresponding to position 279 ; V at a position 60 above examples , the modified PH20 polypeptide is stable in 
corresponding to position 291 ; E at a position corresponding the presence of an of an anti - microbial effective amount of 
to position 309 ; Q at a position corresponding to position one or more phenolic preservatives , such as a total amount 
310 ; Y at a position corresponding to position 314 ; Y at a of one or more phenolic preservative agents as a percentage 
position corresponding to position 315 ; N at a position ( % ) of mass concentration ( w / v ) that is from or from about 
corresponding to position 317 ; W at a position correspond- 65 0.05 % to 0.6 % , 0.1 % to 0.4 % , 0.1 % to 0.3 % , 0.15 % to 
ing to position 317 ; D at a position corresponding to position 0.325 % , 0.15 % to 0.25 % , 0.1 % to 0.2 % , 0.2 % to 0.3 % or 
318 ; G at a position corresponding to position 347 ; A at a 0.3 % to 0.4 % , inclusive . The phenolic preservative can be a 

Petitioner Merck, Ex. 1001, p. 26



US 10,865,400 B2 
7 8 

phenol , metacresol ( m - cresol ) , benzyl alcohol or a paraben , corresponding to position 291 ; E at a position corresponding 
such as m - cresol , phenol , or m - cresol and phenol . The amino to position 309 ; Q at a position corresponding to position 
acid replacement can be at amino acid residue 204 , 58 , 10 , ŽIQ Yataposition corresponding to position 314 ; Yata 
12 , 20 , 22 , 26 , 34 , 36 , 46 , 50 , 52 , 68 , 70 , 74 , 82 , 83 , 84 , 86 , position corresponding to position 315 ; N at a position 
97 , 127 , 131 , 138 , 142 , 143 , 144 , 166 , 169 , 174 , 193 , 195 , 5 corresponding to position 317 ; W at a position correspond 
196 , 205 , 206 , 213 , 219 , 234 , 237 , 238 , 240 , 249 , 261 , 267 , ing to position 317 ; D at a position corresponding to position 
277 , 279 , 291 , 309 , 310 , 314 , 315 , 317 , 318 , 347 , 367 , 375 , 318 ; G at a position corresponding to position 347 ; A at a 
376 , 399 , 401 , 407 , 416 , 419 , 421 , 431 , 433 , 439 , 440 , 443 position corresponding to position 367 ; R at a position 
or 445 with reference to amino acid positions set forth in corresponding to position 375 ; R at a position corresponding 
SEQ ID NO : 3 , wherein corresponding amino acid positions 10 to position 376 ; V at a position corresponding to position 
are identified by alignment of the PH20 polypeptide with the 399 ; E at a position corresponding to position 401 ; A at a 
polypeptide set forth in SEQ ID NO : 3 . For example , the position corresponding to position 407 ; L at a position 
amino acid replacement is G at a position corresponding to corresponding to position 416 ; K at a position corresponding 
position 10 ; K at a position corresponding to position 12 ; S to position 419 ; H at a position corresponding to position 
at a position corresponding to position 20 ; T at a position 15 421 ; E at a position corresponding to position 431 ; T at a 
corresponding to position 22 ; M at a position corresponding position corresponding to position 433 ; V at a position 
to position 26 ; W at a position corresponding to position 34 ; corresponding to position 433 ; C at a position corresponding 
N at a position corresponding to position 36 ; L at a position to position 439 ; P at a position corresponding to position 
corresponding to position 46 ; M at a position corresponding 440 ; G at a position corresponding to position 443 ; or N at 
to position 50 ; T at a position corresponding to position 52 ; 20 a position corresponding to position 445 , with reference to 
S at a position corresponding to position 52 ; C at a position amino acid residue positions set forth in SEQ ID NO : 3 . In 
corresponding to position 58 ; K at a position corresponding particular , the amino acid replacement is T at a position 
to position 58 ; R at a position corresponding to position 58 ; corresponding to position 52 , K at a position corresponding 
N at a position corresponding to position 58 ; Y at a position to position 58 , R at a position corresponding to position 58 , 
corresponding to position 58 ; P at a position corresponding 25 P at a position corresponding to position 68 , V at a position 
to position 58 ; H at a position corresponding to position 58 ; corresponding to position 83 , P at a position corresponding 
Pat a position corresponding to position 68 ; V at a position to position 204 , A at a position corresponding to position 
corresponding to position 70 ; E at a position corresponding 261 , T at a position corresponding to position 267 , at a 
to position 74 ; L at a position corresponding to position 82 ; position corresponding to position 277 or H at a position 
N at a position corresponding to position 82 ; V at a position 30 corresponding to position 421 , with reference to amino acid 
corresponding to position 83 ; at a position corresponding residue positions set forth in SEQIDNO : 3 , such as replace 
to position 83 ; S at a position corresponding to position 83 ; ment with P at a position corresponding to position 204 or 
G at a position corresponding to position 83 ; N at a position R at a position corresponding to position 58. The modified 
corresponding to position 84 ; A at a position corresponding PH20 polypeptide that exhibits increased stability to phe 
to position 86 ; K at a position corresponding to position 86 ; 35 nolic preservatives can be substantially purified or isolated . 
E at a position corresponding to position 97 ; L at a position The modified PH20 polypeptide that exhibits increased 
corresponding to position 97 ; R at a position corresponding Stability to phenolic preservatives can be modified by gly 
to position 127 ; R at a position corresponding to position cosylation , sialation , albumination , farnysylation , carboxy 
131 ; L at a position corresponding to position 138 ; K at a lation , hydroxylation and phosphorylation , and generally is 
position corresponding to position 142 ; N at a position 40 glycosylated , whereby the polypeptide contains at least an 
corresponding to position 142 ; P at a position corresponding N - acetylglucosamine moiety linked to each of at least three 
to position 142 ; S at a position corresponding to position asparagine ( N ) residues , such as at amino acid residues 
142 ; T at a position corresponding to position 142 ; G at a corresponding to amino acid residues 200 , 333 and 358 of 
position corresponding to position 143 ; K at a position SEQ ID NO : 3 . The modified PH20 polypeptide that exhibits 
corresponding to position 143 ; T at a position corresponding 45 increased stability to phenolic preservatives can be conju 
to position 144 ; Q at a position corresponding to position gated to a polymer , such as PEG or dextran and / or can be 
166 ; T at a position corresponding to position 166 ; L at a conjugated to a moiety that is a multimerization domain , a 
position corresponding to position 169 ; G at a position toxina detectable label or a drug 
corresponding to position 174 ; N at a position corresponding Among modified PH20 polypeptides provided herein that 
to position 174 ; Q at a position corresponding to position 50 exhibit increased stability are those that exhibit increased 
193 ; T at a position corresponding to position 195 ; N at a hyaluronidase activity at the elevated temperature compared 
position corresponding to position 195 ; E at a position to the PH20 polypeptide not containing the amino acid 
corresponding to position 196 ; R at a position corresponding replacement ( s ) , such as at least 110 % , 120 % , 130 % , 140 % , 
to position 196 ; P at a position corresponding to position 150 % , 160 % , 170 % , 180 % , 190 % , 200 % , 300 % , 400 % , 
204 ; A at a position corresponding to position 205 ; E at a 55 500 % or more hyaluronidase activity for at least 4 hours 
position corresponding to position 205 ; I at a position compared to the PH20 polypeptide not containing the amino 
corresponding to position 206 ; A at a position corresponding acid replacement ( s ) . Also among the polypeptides are those 
to position 213 ; I at a position corresponding to position 219 ; that exhibit activity , but also typically exhibit increased 
Mat a position corresponding to position 234 ; T at a position stability or other property at elevated temperatures , such as 
corresponding to position 237 ; H at a position corresponding 60 a modified PH20 polypeptide that exhibits at least 95 % , 
to position 238 ; Q at a position corresponding to position 96 % , 97 % , 98 % , 99 % , 100 % , 110 % , 120 % , 130 % , 140 % , 
240 ; V at a position corresponding to position 249 ; A at a 150 % , 160 % , 170 % , 180 % , 190 % , 200 % , 300 % , 400 % , 
position corresponding to position 261 ; K at a position 500 % of the hyaluronidase activity for at least 4 hours at a 
corresponding to position 261 ; T at a position corresponding temperature of between or about between 32 ° C. to 37 ° C. 
to position 267 ; K at a position corresponding to position 65 compared to the hyaluronidase activity of the modified 
277 ; H at a position corresponding to position 279 ; V at a PH20 polypeptide at a temperature of between or about 
position corresponding to position 279 ; V at a position between 2 ° C. to 8 ° C. , where activity is compared under the 
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same conditions except for the differences in temperature . to position 371 ; P at a position corresponding to position 
The hyaluronidase activity can be exhibited after at least 5 374 ; À at a position corresponding to position 389 ; V at a 
hours , 6 hours , 7 hours , 8 hours , 9 hours , 10 hours , 11 hours , position corresponding to position 392 ; A at a position 
12 hours , 24 hours , 2 days , 3 days , 4 days , 5 days , 6 days , corresponding to position 395 ; H at a position corresponding 
7 days , 8 days , 9 days , 10 days , 11 days , 12 days , 13 days , 5 to position 396 ; N at a position corresponding to position 
14 days , 3 weeks , 4 weeks or more at elevated temperatures 406 ; H at a position corresponding to position 419 ; K at a 
of between or about between 32 ° C. to 37 ° C. compared to position corresponding to position 419 ; R at a position 
the hyaluronidase activity of the modified PH20 polypeptide corresponding to position 421 ; S at a position corresponding 
at a temperature between or about between 2 ° C. to 8 ° C. , to position 421 ; A at a position corresponding to position 
where activity is compared for the same time period and 10 439 ; C at a position corresponding to position 439 ; and G at 
under the same conditions except for the difference in a position corresponding to position 443 , with reference to 
temperature . Exemplary of such modified polypeptides are amino acid positions set forth in SEQ ID NO : 3 . In particular 
those that contain at least one amino acid replacement at an examples provided herein , any of such modified PH20 
amino acid position corresponding to a position selected polypeptides contain a single amino acid modification , such 
from among 1 , 11 , 12 , 14 , 20 , 26 , 29 , 34 , 50 , 58 , 70 , 82 , 83 , 15 as a replacement , and combinations of modifications , such 
84 , 86 , 87 , 140 , 142 , 143 , 147 , 152 , 166 , 167 , 172 , 174 , 178 , as at least or 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 
193 , 195 , 206 , 212 , 213 , 219 , 233 , 237 , 240 , 267 , 277 , 291 , 17 , 18 , 19 , 20 , 30 , 40 , 50 , 60 , 70 , 80 , 90 , 100 and more 
292 , 309 , 313 , 314 , 317 , 318 , 347 , 367 , 368 , 371 , 374 , 389 , modifications . The modification , such as replacement , can 
392 , 395 , 396 , 406 , 419 , 421 , 439 and 443 with reference to be in an unmodified PH20 polypeptide that has the sequence 
amino acid positions set forth in SEQ ID NO : 3 , wherein 20 of amino acids set forth in SEQ ID NO : 7 or is a C - terminal 
corresponding amino acid positions are identified by align- truncated fragment thereof that is a soluble PH20 polypep 
ment of the PH20 polypeptide with the polypeptide set forth tide , such as is set forth in any of SEQ ID NOS : 3 or 32-66 , 
in SEQ ID NO : 3 . Exemplary mutations include , for or has at least 85 % sequence identity thereto . For example , 
example , replacement with R at a position corresponding to any of such modified PH20 polypeptides has at least 85 % 
position 1 ; S at a position corresponding to position 11 ; I at 25 sequence identity to SEQ ID NO : 3 . 
a position corresponding to position 12 ; V at a position Also provided are modified PH20 polypeptides that 
corresponding to position 14 ; S at a position corresponding exhibit increased stability in low salt conditions , such as , for 
to position 20 ; M at a position corresponding to position 26 ; example , concentrations of NaCl of less than 100 mM , such 
with R at a position corresponding to position 29 ; W at a as , but not limited to concentrations of NaCl less than 90 
position corresponding to position 34 ; M at a position 30 mm , 80 mm , 70 mM , 60 mM , 50 mM , 40 mM , 30 mM , 25 
corresponding to position 50 ; K at a position corresponding mM , 20 mm , 15 mm , 10 mm , 5 mM or less . Among the 
to position 58 ; Q at a position corresponding to position 58 ; modified PH20 polypeptides are those that exhibit increased 
Q at a position corresponding to position 58 ; V at a position hyaluronidase activity lower concentrations of salt com 
corresponding to position 70 ; L at a position corresponding pared to the PH20 polypeptide not containing the amino acid 
to position 82 ; Q at a position corresponding to position 83 ; 35 replacement ( s ) . Such activity includes , for example , at least 
R at a position corresponding to position 84 ; A at a position more than 100 % , or at least 110 % , 120 % , 130 % , 140 % , 
corresponding to position 86 ; S at a position corresponding 150 % , 160 % , 170 % , 180 % , 190 % , 200 % , 300 % , 400 % , 
to position 87 ; K at a position corresponding to position 140 ; 500 % or more hyaluronidase activity compared to the PH20 
S at a position corresponding to position 142 ; T at a position polypeptide not containing the amino acid replacement ( s ) . 
corresponding to position 142 ; K at a position corresponding 40 Exemplary of such modified PH20 polypeptides are those 
to position 143 ; S at a position corresponding to position that exhibit at least 60 % of the hyaluronidase activity in low 
147 ; T at a position corresponding to position 152 ; T at a concentrations of salt , such as between or about between 10 
position corresponding to position 166 ; D at a position mM NaCl and 100 mM NaCl , inclusive ( or comparable 
corresponding to position 167 ; A at a position corresponding concentrations of other salts or mixtures of salts ) , compared 
to position 172 ; G at a position corresponding to position 45 to the hyaluronidase activity of the modified PH20 polypep 
174 ; N at a position corresponding to position 174 ; R at a tide in 150 mM NaCl , where activities are compared under 
position corresponding to position 178 ; Q at a position the same conditions except for the difference in salt con 
corresponding to position 193 ; T at a position corresponding centration . In particular examples provided herein , any of 
to position 195 ; I at a position corresponding to position 206 ; such modified PH20 polypeptides contain a single amino 
S at a position corresponding to position 212 ; À at a position 50 acid modification , such as a replacement , and combinations 
corresponding to position 213 ; I at a position corresponding of modifications , such as at least or 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 
to position 219 ; G at a position corresponding to position 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 30 , 40 , 50 , 60 , 70 , 80 , 
233 ; T at a position corresponding to position 237 ; A at a 90 , 100 and more modifications . The modification , such as 
position corresponding to position 240 ; Q at a position replacement , can be in an the unmodified PH20 polypeptide 
corresponding to position 240 ; T at a position corresponding 55 that has the sequence of amino acids set forth in SEQ ID NO : 
to position 267 ; E at a position corresponding to position 7 or is a C - terminal truncated fragment thereof that is a 
277 ; S at a position corresponding to position 291 ; H at a soluble PH20 polypeptide , such as is set forth in any of SEQ 
position corresponding to position 292 ; V at a position ID NOS : 3 or 32-66 , or has at least 85 % sequence identity 
corresponding to position 292 ; S at a position corresponding thereto . For example , any of such modified PH20 polypep 
to position 309 ; H at a position corresponding to position 60 tides has at least 85 % sequence identity to SEQ ID NO : 3 . 
313 ; S at a position corresponding to position 314 ; I at a Also provided are modified PH20 polypeptides that con 
position corresponding to position 317 ; T at a position tain at least one amino acid replacement in a PH20 poly 
corresponding to position 317 ; W at a position correspond- peptide , where the modified PH20 polypeptide exhibits 
ing to position 317 ; R at a position corresponding to position increased hyaluronidase activity compared to the PH20 
318 ; G at a position corresponding to position 347 ; A at a 65 polypeptide not containing the amino acid replacement . 
position corresponding to position 367 ; R at a position When comparing activity among polypeptides , activity is 
corresponding to position 368 ; S at a position corresponding compared under the same conditions . Among these are 

Petitioner Merck, Ex. 1001, p. 28



US 10,865,400 B2 
11 12 

polypeptides , where the unmodified PH20 exhibits at least A at a position corresponding to position 31 ; C at a position 
68 % , 70 % , 75 % , 80 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , corresponding to position 31 ; H at a position corresponding 
91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % or 99 % amino to position 31 ; I at a position corresponding to position 31 ; 
acid sequence identity to the sequence of amino acids set K at a position corresponding to position 31 ; L at a position 
forth in SEQ ID NO : 3 , or the resulting modified PH20 5 corresponding to position 31 ; P at a position corresponding 
exhibits such sequence identity to the sequence of amino to position 31 ; R at a position corresponding to position 31 ; 
acids set forth in SEQ ID NO : 3 . Exemplary of such modified S at a position corresponding to position 31 ; T at a position 
PH20 polypeptides are any that contain an amino acid corresponding to position 31 ; V at a position corresponding 
replacement ( s ) in the sequence of amino acids set forth in to position 31 ; F at a position corresponding to position 32 ; 
any of SEQ ID NOS : 3 , 7 , 10 , 12 , 14 , 24 , 32-66 , 69 , or 72 , 10 G at a position corresponding to position 32 ; H at a position 
or a sequence of amino acids that is at least 80 % , 85 % , 86 % , corresponding to position 32 ; W at a position corresponding 
87 % , 88 % , 89 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , to position 33 ; F at a position corresponding to position 37 ; 
97 % , 98 % , 99 % identical to any of SEQ ID NOS : 3 , 7 , 10 , N at a position corresponding to position 39 ; T at a position 
12 , 14 , 24 , 32-66 , 69 , or 72. The amino acid replacement ( s ) corresponding to position 39 ; R at a position corresponding 
also can be made in the sequence of amino acids set forth in 15 to position 46 ; F at a position corresponding to position 48 ; 
any of SEQ ID NOS : 857 , 859 , 861 or 870 , or a sequence H at a position corresponding to position 48 ; N at a position 
of amino acids that is at least 80 % , 85 % , 86 % , 87 % , 88 % , corresponding to position 48 ; Q at a position corresponding 
89 % , 90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , to position 52 ; K at a position corresponding to position 58 ; 
99 % identical to any of SEQ ID NOS : 857 , 859 , 861 or 870 . Q at a position corresponding to position 58 ; W at a position 
In particular , provided are modified PH20 polypeptides that 20 corresponding to position 63 ; V at a position corresponding 
contain an amino acid replacement in the sequence of amino to position 67 ; H at a position corresponding to position 68 ; 
acids set forth in SEQ ID NOS : 3 , 7 , 32-66 , 69 or 72. Among Q at a position corresponding to position 68 ; A at a position 
the modified PH20 polypeptides are those that that exhibit at corresponding to position 69 ; C at a position corresponding 
least 120 % , 130 % , 135 % , 140 % , 145 % , 150 % , 160 % , to position 69 ; F at a position corresponding to position 69 ; 
170 % , 180 % , 200 % , 250 % , 300 % , 350 % , 400 % , 500 % , 25 G at a position corresponding to position 69 ; I at a position 
1500 % , 2000 % , 3000 % , 4000 % , 5000 % or more of the corresponding to position 69 ; L at a position corresponding 
hyaluronidase activity of the PH20 polypeptide not contain- to position 69 ; M at a position corresponding to position 69 ; 
ing the amino acid replacement . Activity can be assessed at Pat a position corresponding to position 69 ; R at a position 
any temperature , in particular such activity is present when corresponding to position 69 ; W at a position corresponding 
the hyaluronidase is exposed to a temperature that is at a 30 to position 69 ; Y at a position corresponding to position 69 ; 
temperature between or about between 2 ° C. to 8 ° C. These A at a position corresponding to position 70 ; C at a position 
modified PH20 polypeptides contain at least one amino acid corresponding to position 70 ; F at a position corresponding 
replacement at an amino acid position corresponding to a to position 70 ; G at a position corresponding to position 70 ; 
position selected from among 1 , 12 , 15 , 24 , 26 , 27 , 29 , 30 , H at a position corresponding to position 70 ; K at a position 
31 , 32 , 33 , 37 , 39 , 46 , 48 , 52 , 58 , 63 , 67 , 68 , 69 , 70 , 71 , 72 , 35 corresponding to position 70 ; L at a position corresponding 
73 , 74 , 75 , 84 , 86 , 87 , 92 , 93 , 94 , 97 , 118 , 120 , 127 , 131 , to position 70 ; N at a position corresponding to position 70 ; 
135 , 141 , 142 , 147 , 148 , 150 , 151 , 152 , 155 , 156 , 163 , 164 , Pat a position corresponding to position 70 ; R at a position 
165 , 166 , 169 , 170 , 174 , 198 , 206 , 209 , 212 , 213 , 215 , 219 , corresponding to position 70 ; S at a position corresponding 
233 , 234 , 236 , 238 , 247 , 257 , 259 , 260 , 261 , 263 , 269 , 271 , to position 70 ; T at a position corresponding to position 70 ; 
272 , 276 , 277 , 278 , 282 , 291 , 293 , 305 , 308 , 309 , 310 , 313 , 40 V at a position corresponding to position 70 ; R at a position 
315 , 317 , 318 , 320 , 324 , 325 , 326 , 328 , 347 , 353 , 359 , 371 , corresponding to position 71 ; S at a position corresponding 
377 , 380 , 389 , 392 , 395 , 399 , 405 , 407 , 409 , 410 , 418 , 419 , to position 71 ; M at a position corresponding to position 72 ; 
421 , 425 , 431 , 433 , 436 , 437 , 438 , 439 , 440 , 441 , 442 , 443 , Q at a position corresponding to position 72 ; H at a position 
445 , 446 and 447 with reference to amino acid positions set corresponding to position 73 ; L at a position corresponding 
forth in SEQ ID NO : 3 , wherein corresponding amino acid 45 to position 73 ; W at a position corresponding to position 73 ; 
positions are identified by alignment of the PH20 polypep- A at a position corresponding to position 74 ; C at a position 
tide with the polypeptide set forth in SEQ ID NO : 3 . Exem- corresponding to position 74 ; G at a position corresponding 
plary modifications include at least one amino acid replace- to position 74 ; N at a position corresponding to position 74 ; 
ment selected from among replacement with : histidine ( H ) at Pat a position corresponding to position 74 ; R at a position 
a position corresponding to position 1 ; Q at a position 50 corresponding to position 74 ; S at a position corresponding 
corresponding to position 1 ; E at a position corresponding to to position 74 ; V at a position corresponding to position 74 ; 
position 12 ; T at a position corresponding to position 12 ; V Wat a position corresponding to position 74 ; F at a position 
at a position corresponding to position 15 ; E at a position corresponding to position 75 ; L at a position corresponding 
corresponding to position 24 ; H at a position corresponding to position 75 ; R at a position corresponding to position 75 ; 
to position 24 ; E at a position corresponding to position 26 ; 55 T at a position corresponding to position 75 ; G at a position 
K at a position corresponding to position 26 ; K at a position corresponding to position 84 ; R at a position corresponding 
corresponding to position 27 ; R at a position corresponding to position 84 ; A at a position corresponding to position 86 ; 
to position 27 ; E at a position corresponding to position 29 ; Cat a position corresponding to position 87 ; T at a position 
I at a position corresponding to position 29 ; L at a position corresponding to position 87 ; Y at a position corresponding 
corresponding to position 29 ; M at a position corresponding 60 to position 87 ; C at a position corresponding to position 92 ; 
to position 29 ; P at a position corresponding to position 29 ; I at a position corresponding to position 93 ; L at a position 
S at a position corresponding to position 29 ; V at a position corresponding to position 93 ; R at a position corresponding 
corresponding to position 29 ; G at a position corresponding to position 93 ; T at a position corresponding to position 93 ; 
to position 30 ; H at a position corresponding to position 30 ; R at a position corresponding to position 94 ; G at a position 
K at a position corresponding to position 30 ; M at a position 65 corresponding to position 97 ; Q at a position corresponding 
corresponding to position 30 ; R at a position corresponding to position 118 ; F at a position corresponding to position 
to position 30 ; S at a position corresponding to position 30 ; 120 ; V at a position corresponding to position 120 ; Y at a 
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position corresponding to position 120 ; H at a position 291 ; A at a position corresponding to position 293 ; C at a 
corresponding to position 127 ; N at a position corresponding position corresponding to position 293 ; F at a position 
to position 127 ; G at a position corresponding to position corresponding to position 293 ; M at a position correspond 
131 ; R at a position corresponding to position 131 ; V at a ing to position 293 ; Pat a position corresponding to position 
position corresponding to position 131 ; D at a position 5 293 ; Q at a position corresponding to position 293 ; V at a 
corresponding to position 135 ; G at a position corresponding position corresponding to position 293 ; E at a position 
to position 135 ; R at a position corresponding to position corresponding to position 305 ; G at a position corresponding 
135 , with H at a position corresponding to position 141 ; Y to position 308 ; N at a position corresponding to position 
at a position corresponding to position 141 ; R at a position 308 ; E at a position corresponding to position 309 ; L at a 
corresponding to position 142 ; R at a position corresponding 10 position corresponding to position 309 ; N at a position 
to position 147 ; V at a position corresponding to position corresponding to position 309 ; Q at a position corresponding 
147 ; K at a position corresponding to position 148 ; G at a to position 309 ; R at a position corresponding to position 
position corresponding to position 150 ; K at a position 309 ; T at a position corresponding to position 309 ; A at a 
corresponding to position 151 ; L at a position corresponding position corresponding to position 310 ; G at a position 
to position 151 ; Mat a position corresponding to position 15 corresponding to position 310 ; K at a position corresponding 
151 ; Q at a position corresponding to position 151 ; R at a to position 313 ; R at a position corresponding to position 
position corresponding to position 151 ; R at a position 313 ; H at a position corresponding to position 315 ; I at a 
corresponding to position 152 ; G at a position corresponding position corresponding to position 317 ; K at a position 
to position 155 ; K at a position corresponding to position corresponding to position 317 ; R at a position corresponding 
155 ; D at a position corresponding to position 156 ; A at a 20 to position 317 ; M at a position corresponding to position 
position corresponding to position 163 ; E at a position 318 ; H at a position corresponding to position 320 ; K at a 
corresponding to position 163 ; K at a position corresponding position corresponding to position 320 ; R at a position 
to position 163 ; R at a position corresponding to position corresponding to position 320 ; R at a position corresponding 
163 ; M at a position corresponding to position 164 ; D at a to position 324 ; A at a position corresponding to position 
position corresponding to position 165 ; N at a position 25 325 ; D at a position corresponding to position 325 ; E at a 
corresponding to position 165 ; A at a position corresponding position corresponding to position 325 ; G at a position 
to position 166 ; F at a position corresponding to position corresponding to position 325 ; H at a position corresponding 
166 ; H at a position corresponding to position 166 ; L at a to position 325 ; K at a position corresponding to position 
position corresponding to position 166 ; Q at a position 325 ; M at a position corresponding to position 325 ; N at a 
corresponding to position 166 ; R at a position corresponding 30 position corresponding to position 325 ; Q at a position 
to position 166 ; T at a position corresponding to position corresponding to position 325 ; S at a position corresponding 
166 ; Y at a position corresponding to position 166 ; L at a to position 325 ; V at a position corresponding to position 
position corresponding to position 169 ; R at a position 326 ; I at a position corresponding to position 328 ; K at a 
corresponding to position 170 ; K at a position corresponding position corresponding to position 328 ; L at a position 
to position 174 ; D at a position corresponding to position 35 corresponding to position 328 ; S at a position corresponding 
198 ; K at a position corresponding to position 206 ; L at a to position 328 ; Y at a position corresponding to position 
position corresponding to position 206 ; N at a position 328 ; G at a position corresponding to position 347 ; S at a 
corresponding to position 212 ; M at a position correspond- position corresponding to position 347 ; V at a position 
ing to position 213 ; N at a position corresponding to position corresponding to position 353 ; with T at a position corre 
213 ; M at a position corresponding to position 215 ; S at a 40 sponding to position 359 ; R at a position corresponding to 
position corresponding to position 219 ; K at a position position 371 ; P at a position corresponding to position 377 ; 
corresponding to position 233 ; R at a position corresponding T at a position corresponding to position 377 ; W at a position 
to position 233 ; M at a position corresponding to position corresponding to position 380 ; Y at a position corresponding 
234 ; R at a position corresponding to position 236 ; E at a to position 380 ; K at a position corresponding to position 
position corresponding to position 237 ; S at a position 45 389 ; M at a position corresponding to position 392 , R at a 
corresponding to position 238 ; I at a position corresponding position corresponding to position 395 ; M at a position 
to position 247 ; T at a position corresponding to position corresponding to position 399 ; T at a position corresponding 
257 ; P at a position corresponding to position 259 ; Y at a to position 399 ; W at a position corresponding to position 
position corresponding to position 260 ; K at a position 399 ; G at a position corresponding to position 405 ; D at a 
corresponding to position 261 ; N at a position corresponding 50 position corresponding to position 407 ; Q at a position 
to position 261 ; K at a position corresponding to position corresponding to position 407 ; A at a position corresponding 
263 ; R at a position corresponding to position 263 ; A at a to position 409 ; Q at a position corresponding to position 
position corresponding to position 269 ; L at a position 409 ; T at a position corresponding to position 410 ; P at a 
corresponding to position 271 ; M at a position correspond- position corresponding to position 418 ; F at a position 
ing to position 271 ; T at a position corresponding to position 55 corresponding to position 419 ; I at a position corresponding 
272 ; D at a position corresponding to position 276 ; S at a to position 419 ; K at a position corresponding to position 
position corresponding to position 276 ; Y at a position 419 ; R at a position corresponding to position 419 ; S at a 
corresponding to position 276 ; K at a position corresponding position corresponding to position 419 ; H at a position 
to position 277 ; R at a position corresponding to position corresponding to position 421 ; Kat a position corresponding 
277 ; T at a position corresponding to position 277 ; H at a 60 to position 421 ; N at a position corresponding to position 
position corresponding to position 278 ; K at a position 421 ; Q at a position corresponding to position 421 ; R at a 
corresponding to position 278 ; N at a position corresponding position corresponding to position 421 ; S at a position 
to position 278 ; R at a position corresponding to position corresponding to position 421 ; K at a position corresponding 
278 ; S at a position corresponding to position 278 ; T at a to position 425 ; A at a position corresponding to position 
position corresponding to position 278 ; Y at a position 65 431 ; H at a position corresponding to position 431 ; K at a 
corresponding to position 278 ; M at a position correspond- position corresponding to position 431 ; Q at a position 
ing to position 282 ; V at a position corresponding to position corresponding to position 431 ; R at a position corresponding 
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to position 431 ; S at a position corresponding to position fied PH20 polypeptides contain a single amino acid modi 
431 ; V at a position corresponding to position 431 ; L at a fication , such as a replacement , and combinations of modi 
position corresponding to position 433 ; R at a position fications , such as at least or 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 
corresponding to position 433 ; T at a position corresponding 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 30 , 40 , 50 , 60 , 70 , 80 , 90 , 100 
to position 433 ; V at a position corresponding to position 5 and more modifications . The modification , such as replace 
433 ; K at a position corresponding to position 436 ; I at a ment , can be in an unmodified PH20 polypeptide that has the 
position corresponding to position 437 ; M at a position sequence of amino acids set forth in SEQ ID NO : 7 or is a 
corresponding to position 437 ; T at a position corresponding C - terminal truncated fragment thereof that is a soluble PH20 
to position 438 ; V at a position corresponding to position polypeptide , such as is set forth in any of SEQ ID NOS : 3 
439 ; H at a position corresponding to position 440 ; R at a 10 or 32-66 , or has at least 85 % sequence identity thereto . For 
position corresponding to position 440 ; F at a position example , any of such modified PH20 polypeptides has at 
corresponding to position 441 ; R at a position corresponding least 85 % sequence identity to SEQ ID NO : 3 . 
to position 442 ; A at a position corresponding to position Also provided are modified PH20 polypeptides that con 
443 ; M at a position corresponding to position 443 ; M at a tain at least one amino acid replacement in the PH20 
position corresponding to position 445 ; P at a position 15 polypeptide whose sequence is set forth in SEQ ID NO : 7 , a 
corresponding to position 445 ; A at a position corresponding C - terminally truncated fragment thereof , a soluble fragment 
to position 446 ; D at a position corresponding to position thereof , or in a PH20 polypeptide that has a sequence of 
447 ; N at a position corresponding to position 447 ; and / or amino acids that is at least 91 % identical to the sequence of 
with Q at a position corresponding to position 447 , with amino acids set forth in SEQ ID NO : 7 , where at least one 
reference to amino acid positions set forth in SEQ ID NO : 3 . 20 amino replacement ( s ) is an amino acid position corre 
Among the polypeptides that exhibit increased hyaluroni- sponding to a position selected from among 1 , 2 , 3 , 4 , 5 , 6 , 

dase activity are those that exhibit at least 2.0 - fold of the 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 20 , 22 , 23 , 24 , 26 , 27 , 28 , 29 , 30 , 
hyaluronidase activity of the PH20 polypeptide not contain- 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 
ing the amino acid replacement . For example , among these 47 , 48 , 49 , 50 , 51 , 52 , 54 , 58 , 59 , 60 , 61 , 63 , 65 , 66 , 67 , 68 , 
are modified PH20 polypeptides that contain at least one 25 69 , 70 , 71 , 72 , 73 , 74 , 75 , 77 , 79 , 81 , 82 , 83 , 84 , 85 , 86 , 87 , 
amino acid replacement at an amino acid position corre- 89 , 90 , 91 , 92 , 93 , 94 , 96 , 97 , 98 , 99 , 102 , 103 , 104 , 105 , 
sponding to a position selected from among 24 , 29 , 31 , 48 , 106 , 107 , 108 , 110 , 114 , 117 , 118 , 119 , 120 , 122 , 124 , 125 , 
58 , 69 , 70 , 75 , 84 , 97 , 165 , 166 , 271 , 278 , 317 , 320 , 325 and 127 , 128 , 130 , 131 , 132 , 133 , 134 , 135 , 136 , 137 , 138 , 139 , 
326 with reference to positions set forth in SEQ ID NO : 3 , 140 , 141 , 142 , 143 , 144 , 145 , 146 , 147 , 148 , 149 , 150 , 151 , 
wherein corresponding amino acid positions are identified 30 152 , 153 , 154 , 155 , 156 , 157 , 158 , 159 , 160 , 161 , 162 , 163 , 
by alignment of the PH20 polypeptide with the polypeptide 164 , 165 , 166 , 167 , 168 , 169 , 170 , 171 , 172 , 173 , 174 , 175 , 
set forth in SEQ ID NO : 3 , such as modified PH20 polypep- 176 , 177 , 178 , 179 , 180 , 181 , 182 , 183 , 184 , 186 , 192 , 193 , 
tides that contain at least one amino acid replacement 95 , 196 , 197 , 198 , 200 , 202 , 204 , 205 , 206 , 208 , 209 , 211 , 
selected from among replacement with : E at a position 212 , 213 , 214 , 215 , 216 , 217 , 218 , 219 , 220 , 221 , 222 , 224 , 
corresponding to position 24 ; E at a position corresponding 35 226 , 230 , 231 , 232 , 233 , 234 , 235 , 236 , 237 , 238 , 239 , 240 , 
to position 29 ; V at a position corresponding to position 31 ; 242 , 245 , 247 , 248 , 251 , 253 , 255 , 256 , 257 , 258 , 259 , 260 , 
N at a position corresponding to position 48 ; K at a position 261 , 263 , 264 , 265 , 266 , 267 , 269 , 270 , 271 , 272 , 273 , 274 , 
corresponding to position 58 ; Q at a position corresponding 275 , 276 , 277 , 278 , 279 , 280 , 282 , 283 , 284 , 285 , 286 , 287 , 
to position 58 ; A at a position corresponding to position 69 ; 288 , 289 , 290 , 291 , 292 , 293 , 294 , 297 , 298 , 300 , 301 , 302 , 
F at a position corresponding to position 69 ; G at a position 40 304 , 305 , 306 , 307 , 308 , 309 , 310 , 311 , 312 , 313 , 314 , 315 , 
corresponding to position 69 ; P at a position corresponding 316 , 317 , 318 , 320 , 321 , 323 , 324 , 325 , 326 , 327 , 328 , 331 , 
to position 69 ; R at a position corresponding to position 69 ; 334 , 335 , 338 , 339 , 342 , 343 , 347 , 348 , 349 , 351 , 353 , 356 , 
A at a position corresponding to position 70 ; F at a position 357 , 358 , 359 , 360 , 361 , 367 , 368 , 369 , 371 , 373 , 374 , 375 , 
corresponding to position 70 ; G at a position corresponding 376 , 377 , 378 , 379 , 380 , 381 , 383 , 385 , 387 , 388 , 389 , 391 , 
to position 70 ; H at a position corresponding to position 70 ; 45 392 , 393 , 394 , 395 , 396 , 397 , 398 , 399 , 401 , 403 , 404 , 405 , 
H at a position corresponding to position 70 ; N at a position 406 , 407 , 409 , 410 , 411 , 412 , 413 , 414 , 415 , 416 , 417 , 418 , 
corresponding to position 70 ; R at a position corresponding 419 , 420 , 421 , 422 , 425 , 426 , 427 , 428 , 431 , 432 , 433 , 434 , 
to position 70 ; T at a position corresponding to position 70 ; 435 , 436 , 437 , 438 , 439 , 440 , 441 , 442 , 443 , 444 , 445 , 446 
V at a position corresponding to position 70 ; L at a position and 447 with reference to amino acid positions set forth in 
corresponding to position 75 ; T at a position corresponding 50 SEQ ID NO : 3 or 7 , where corresponding amino acid posi 
to position 75 ; G at a position corresponding to position 84 ; tions are identified by alignment of the PH20 polypeptide 
G at a position corresponding to position 97 ; D at a position with the polypeptide set forth in SEQ ID NO : 3 ; and provided 
corresponding to position 165 ; L at a position corresponding that if the modified PH20 polypeptide contains an amino 
to position 166 ; R at a position corresponding to position acid replacement at a position corresponding to position 13 , 
166 ; T at a position corresponding to position 166 ; L at a 55 47 , 131 , or 219 the replacement is not replacement with an 
position corresponding to position 271 ; H at a position Alanine ( A ) . Among these modified PH20 polypeptides are 
corresponding to position 278 ; R at a position corresponding those that exhibit at least 40 % of the hyaluronidase activity 
to position 278 ; K at a position corresponding to position of the PH20 polypeptide not containing the amino acid 
317 ; K at a position corresponding to position 320 ; E at a replacement , where , as in all instances herein activity is 
position corresponding to position 325 , with G at a position 60 compared under the same conditions . 
corresponding to position 325 ; K at a position corresponding Included among these polypeptides are those that contain 
to position 325 ; N at a position corresponding to position an amino acid replacement in the sequence of amino acids 
325 ; Q at a position corresponding to position 325 ; and V at set forth in any of SEQ ID NOS : 3 , 7 , 32-66 , 69 and 72 , or 
a position corresponding to position 326 ; with reference to in a sequence of amino acids that exhibits at least 91 % 
amino acid positions set forth in SEQ ID NO : 3 . 65 sequence identity to any of SEQ ID NOS : 3 , 7 , 32-66 , 69 , or 
Among any of the polypeptides provided herein that 72. In particular , the modified PH20 polypeptide contains 

exhibit increased hyaluronidase activity , any of such modi- amino acid replacements in SEQ ID NO : 3 , 7 , 32-66 , 69 , or 
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72 , which are polypeptides that are a C - terminally truncated to position 30 ; L at a position corresponding to position 30 ; 
fragment of SEQ ID NO : 7 , or a PH20 polypeptide that has Mat a position corresponding to position 30 ; R at a position 
a sequence of amino acids that is at least 91 % identical to the corresponding to position 30 ; S at a position corresponding 
sequence of amino acids set forth in SEQ ID NO : 7 . In to position 30 ; A at a position corresponding to position 31 ; 
particular , among any of such modified PH20 polypeptides 5 C at a position corresponding to position 31 ; G at a position 
provided herein are any including those in which the amino corresponding to position 31 ; H at a position corresponding 
acid replacement is an amino acid replacement set forth in to position 31 ; I at a position corresponding to position 31 ; 
Table 3 below . For example , such modified PH20 polypep- K at a position corresponding to position 31 ; L at a position 
tides include those that have at least one amino acid replace- corresponding to position 31 ; P at a position corresponding 
ment at an amino acid position corresponding to a position 10 to position 31 ; R at a position corresponding to position 31 ; 
selected from among 1 , 6 , 8 , 9 , 10 , 11 , 12 , 14 , 15 , 20 , 22 , 24 , S at a position corresponding to position 31 ; T at a position 
26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , corresponding to position 31 ; V at a position corresponding 
46 , 47 , 48 , 49 , 50 , 52 , 58 , 59 , 63 , 67 , 68 , 69 , 70 , 71 , 72 , 73 , to position 31 ; W at a position corresponding to position 31 ; 
74 , 75 , 79 , 82 , 83 , 84 , 86 , 87 , 89 , 90 , 92 , 93 , 94 , 97 , 102 , 104 , C at a position corresponding to position 32 ; F at a position 
107 , 114 , 118 , 120 , 127 , 128 , 130 , 131 , 132 , 135 , 138 , 139 , 15 corresponding to position 32 ; G at a position corresponding 
140 , 141 , 142 , 143 , 144 , 146 , 147 , 148 , 149 , 150 , 151 , 152 , to position 32 ; H at a position corresponding to position 32 ; 
155 , 156 , 158 , 160 , 162 , 163 , 164 , 165 , 166 , 167 , 169 , 170 , Wat a position corresponding to position 33 ; G at a position 
172 , 173 , 174 , 175 , 178 , 179 , 193 , 195 , 196 , 198 , 204 , 205 , corresponding to position 33 ; W at a position corresponding 
206 , 209 , 212 , 213 , 215 , 219 , 220 , 221 , 222 , 232 , 233 , 234 , to position 34 ; at a position corresponding to position 35 ; 
235 , 236 , 237 , 238 , 240 , 247 , 248 , 249 , 257 , 258 , 259 , 260 , 20 V at a position corresponding to position 35 ; H at a position 
261 , 263 , 267 , 269 , 271 , 272 , 273 , 274 , 276 , 277 , 278 , 279 , corresponding to position 36 ; N at a position corresponding 
282 , 283 , 285 , 287 , 289 , 291 , 292 , 293 , 298 , 305 , 307 , 308 , to position 36 ; F at a position corresponding to position 37 ; 
309 , 310 , 313 , 314 , 315 , 317 , 318 , 320 , 321 , 324 , 325 , 326 , Mat a position corresponding to position 37 ; Y at a position 
328 , 335 , 347 , 349 , 351 , 353 , 356 , 359 , 367 , 368 , 369 , 371 , corresponding to position 38 ; A at a position corresponding 
373 , 374 , 375 , 376 , 377 , 380 , 381 , 383 , 385 , 389 , 392 , 393 , 25 to position 39 ; L at a position corresponding to position 39 ; 
395 , 396 , 399 , 401 , 404 , 405 , 406 , 407 , 409 , 410 , 412 , 416 , N at a position corresponding to position 39 ; T at a position 
418 , 419 , 421 , 425 , 427 , 428 , 431 , 433 , 436 , 437 , 438 , 439 , corresponding to position 39 ; L at a position corresponding 
440 , 441 , 442 , 443 , 444 , 445 , 446 or 447 with reference to to position 40 ; T at a position corresponding to position 41 ; 
amino acid positions set forth in SEQ ID NO : 3 . Exemplary L at a position corresponding to position 46 ; R at a position 
of such replacements are those that contain at least one 30 corresponding to position 46 ; D at a position corresponding 
amino acid replacement selected from among replacement to position 47 ; F at a position corresponding to position 47 ; 
with : histidine ( H ) at a position corresponding to position 1 ; T at a position corresponding to position 47 ; W at a position 
A at a position corresponding to position 1 ; E at a position corresponding to position 47 , with F at a position corre 
corresponding to position 1 ; G at a position corresponding to sponding to position 48 ; H at a position corresponding to 
position 1 ; K at a position corresponding to position 1 ; Q at 35 position 48 ; K at a position corresponding to position 48 ; N 
a position corresponding to position 1 ; R at a position at a position corresponding to position 48 ; R at a position 
corresponding to position 1 ; A at a position corresponding to corresponding to position 49 ; D at a position corresponding 
position 6 ; M at a position corresponding to position 8 ; Q at to position 50 ; S at a position corresponding to position 50 ; 
a position corresponding to position 9 ; G at a position Mat a position corresponding to position 50 ; N at a position 
corresponding to position 10 ; H at a position corresponding 40 corresponding to position 52 ; Q at a position corresponding 
to position 10 ; S at a position corresponding to position 11 ; to position 52 ; R at a position corresponding to position 52 ; 
E at a position corresponding to position 12 ; I at a position S at a position corresponding to position 52 ; T at a position 
corresponding to position 12 ; K at a position corresponding corresponding to position 52 ; C at a position corresponding 
to position 12 ; T at a position corresponding to position 12 ; to position 58 ; K at a position corresponding to position 58 ; 
V at a position corresponding to position 14 ; V at a position 45 L at a position corresponding to position 58 ; P at a position 
corresponding to position 15 ; M at a position corresponding corresponding to position 58 ; Q at a position corresponding 
to position 15 ; S at a position corresponding to position 20 ; to position 58 ; R at a position corresponding to position 58 ; 
T at a position corresponding to position 22 ; E at a position H at a position corresponding to position 58 ; N at a position 
corresponding to position 24 ; H at a position corresponding corresponding to position 58 ; Y at a position corresponding 
to position 24 ; R at a position corresponding to position 24 ; 50 to position 58 ; N at a position corresponding to position 59 ; 
A at a position corresponding to position 26 ; E at a position K at a position corresponding to position 63 ; L at a position 
corresponding to position 26 ; K at a position corresponding corresponding to position 63 ; M at a position corresponding 
to position 26 ; M at a position corresponding to position 26 ; to position 63 ; R at a position corresponding to position 63 ; 
Q at a position corresponding to position 26 ; R at a position Wat a position corresponding to position 63 ; V at a position 
corresponding to position 26 ; D at a position corresponding 55 corresponding to position 67 ; H at a position corresponding 
to position 27 ; K at a position corresponding to position 27 ; to position 68 ; P at a position corresponding to position 68 ; 
R at a position corresponding to position 27 ; R at a position Q at a position corresponding to position 68 ; A at a position 
corresponding to position 28 ; E at a position corresponding corresponding to position 69 ; C at a position corresponding 
to position 29 ; I at a position corresponding to position 29 ; to position 69 ; E at a position corresponding to position 69 ; 
K at a position corresponding to position 29 ; L at a position 60 F at a position corresponding to position 69 ; G at a position 
corresponding to position 29 ; M at a position corresponding corresponding to position 69 ; I at a position corresponding 
to position 29 ; P at a position corresponding to position 29 ; to position 69 ; L at a position corresponding to position 69 ; 
R at a position corresponding to position 29 ; S at a position M at a position corresponding to position 69 ; P at a position 
corresponding to position 29 ; T at a position corresponding corresponding to position 69 ; R at a position corresponding 
to position 29 ; V at a position corresponding to position 29 ; 65 to position 69 ; T at a position corresponding to position 69 ; 
G at a position corresponding to position 30 ; H at a position W at a position corresponding to position 69 ; Y at a position 
corresponding to position 30 ; K at a position corresponding corresponding to position 69 ; A at a position corresponding 
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to position 70 ; C at a position corresponding to position 70 ; S at a position corresponding to position 93 ; T at a position 
F at a position corresponding to position 70 ; G at a position corresponding to position 93 ; D at a position corresponding 
corresponding to position 70 ; H at a position corresponding to position 94 ; Q at a position corresponding to position 94 ; 
to position 70 ; K at a position corresponding to position 70 ; R at a position corresponding to position 94 ; A at a position 
L at a position corresponding to position 70 ; N at a position 5 corresponding to position 97 ; C at an amino acid residue 
corresponding to position 70 ; P at a position corresponding corresponding to position 97 ; D at a position corresponding 
to position 70 ; R at a position corresponding to position 70 ; to position 97 ; E at a position corresponding to position 97 ; 
S at a position corresponding to position 70 ; T at a position G at a position corresponding to position 97 ; L at a position 
corresponding to position 70 ; V at a position corresponding corresponding to position 97 ; S at a position corresponding 
to position 70 ; Y at a position corresponding to position 70 ; 10 to position 97 ; S at a position corresponding to position 102 ; 
G at a position corresponding to position 71 ; N at a position T at a position corresponding to position 102 ; R at a position 
corresponding to position 71 ; R at a position corresponding corresponding to position 104 ; L at a position corresponding 
to position 71 ; S at a position corresponding to position 71 ; to position 107 ; A at a position corresponding to position 
K at a position corresponding to position 72 ; M at a position 114 ; Q at a position corresponding to position 118 ; H at a 
corresponding to position 72 ; Q at a position corresponding 15 position corresponding to position 120 ; F at a position 
to position 72 ; A at a position corresponding to position 73 ; corresponding to position 120 ; I at a position corresponding 
H at a position corresponding to position 73 ; K at a position to position 120 ; S at a position corresponding to position 
corresponding to position 73 ; L at a position corresponding 120 ; V at a position corresponding to position 120 ; Y at a 
to position 73 ; Q at a position corresponding to position 73 ; position corresponding to position 120 ; E at a position 
R at a position corresponding to position 73 ; T at a position 20 corresponding to position 127 ; H at a position corresponding 
corresponding to position 73 ; W at a position corresponding to position 127 ; N at a position corresponding to position 
to position 73 ; A at a position corresponding to position 74 ; 127 ; Q at a position corresponding to position 127 ; R at a 
C at a position corresponding to position 74 ; E at a position position corresponding to position 127 ; I at a position 
corresponding to position 74 ; F at a position corresponding corresponding to position 128 ; R at a position corresponding 
to position 74 ; G at a position corresponding to position 74 ; 25 to position 130 ; G at a position corresponding to position 
H at a position corresponding to position 74 ; K at a position 131 ; I at a position corresponding to position 131 ; M at a 
corresponding to position 74 ; L at a position corresponding position corresponding to position 131 ; Q at a position 
to position 74 ; M at a position corresponding to position 74 ; corresponding to position 131 ; R at a position corresponding 
N at a position corresponding to position 74 ; P at a position to position 131 ; V at a position corresponding to position 
corresponding to position 74 ; R at a position corresponding 30 131 ; N at a position corresponding to position 132 ; L at a 
to position 74 ; S at a position corresponding to position 74 ; position corresponding to position 132 ; D at a position 
V at a position corresponding to position 74 ; W at a position corresponding to position 135 ; G at a position corresponding 
corresponding to position 74 ; F at a position corresponding to position 135 ; R at a position corresponding to position 
to position 75 ; L at a position corresponding to position 75 ; 135 , with L at a position corresponding to position 138 ; T at 
M at position corresponding to position 75 ; R at a position 35 a position corresponding to position 139 ; K at a position 
corresponding to position 75 ; T at a position corresponding corresponding to position 140 ; H at a position corresponding 
to position 75 ; L at a position corresponding to position 79 ; to position 141 ; R at a position corresponding to position 
L at a position corresponding to position 82 ; N at a position 141 ; S at a position corresponding to position 141 ; W at a 
corresponding to position 82 ; V at a position corresponding position corresponding to position 141 ; Y at a position 
to position 83 ; Q at a position corresponding to position 83 ; 40 corresponding to position 141 ; Dat a position corresponding 
S at a position corresponding to position 83 ; G at a position to position 142 ; G at a position corresponding to position 
corresponding to position 83 ; E at a position corresponding 142 ; K at a position corresponding to position 142 ; N at a 
to position 84 ; F at a position corresponding to position 84 ; position corresponding to position 142 ; P at a position 
G at a position corresponding to position 84 ; N at a position corresponding to position 142 ; Q at a position corresponding 
corresponding to position 84 ; R at a position corresponding 45 to position 142 ; R at a position corresponding to position 
to position 84 ; A at a position corresponding to position 86 ; 142 ; S at a position corresponding to position 142 ; T at a 
H at a position corresponding to position 86 ; K at a position position corresponding to position 142 ; G at a position 
corresponding to position 86 ; N at a position corresponding corresponding to position 143 ; K at a position corresponding 
to position 86 ; S at a position corresponding to position 86 ; to position 143 ; R at a position corresponding to position 
T at a position corresponding to position 86 ; W at a position 50 144 ; T at a position corresponding to position 144 ; P at a 
corresponding to position 86 ; C at a position corresponding position corresponding to position 146 ; R at a position 
to position 87 ; G at a position corresponding to position 87 ; corresponding to position 146 ; A at a position corresponding 
L at a position corresponding to position 87 ; M at a position to position 147 ; F at a position corresponding to position 
corresponding to position 87 ; R at a position corresponding 147 ; L at a position corresponding to position 147 ; R at a 
to position 87 ; S at a position corresponding to position 87 ; 55 position corresponding to position 147 ; S at a position 
T at a position corresponding to position 87 ; V at a position corresponding to position 147 ; V at a position corresponding 
corresponding to position 87 ; Y at a position corresponding to position 147 ; H at a position corresponding to position 
to position 87 ; C at a position corresponding to position 89 ; 148 ; K at a position corresponding to position 148 ; Q at a 
A at a position corresponding to position 90 ; E at a position position corresponding to position 148 ; T at a position 
corresponding to position 90 ; H at a position corresponding 60 corresponding to position 149 ; V at a position corresponding 
to position 90 ; K at a position corresponding to position 90 ; to position 149 ; A at a position corresponding to position 
N at a position corresponding to position 90 ; R at a position 150 ; D at a position corresponding to position 150 ; G at a 
corresponding to position 90 ; C at a position corresponding position corresponding to position 150 ; N at a position 
to position 92 ; L at a position corresponding to position 92 ; corresponding to position 150 ; S at a position corresponding 
I at a position corresponding to position 93 ; L at a position 65 to position 150 ; W at a position corresponding to position 
corresponding to position 93 ; Q at a position corresponding 150 ; Y at a position corresponding to position 150 ; A at a 
to position 93 ; R at a position corresponding to position 93 ; position corresponding to position 151 ; H at a position 
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corresponding to position 151 ; K at a position corresponding 219 ; K at a position corresponding to position 219 ; S at a 
to position 151 ; L at a position corresponding to position position corresponding to position 219 ; H at a position 
151 ; M at a position corresponding to position 151 ; Q at a corresponding to position 220 ; 1 at a position corresponding 
position corresponding to position 151 ; R at a position to position 220 ; L at a position corresponding to position 
corresponding to position 151 ; S at a position corresponding 5 220 ; V at a position corresponding to position 220 ; Q at a 
to position 151 ; T at a position corresponding to position position corresponding to position 221 ; G at a position 
151 ; V at a position corresponding to position 151 ; W at a corresponding to position 222 ; F at a position corresponding 
position corresponding to position 151 ; Y at a position to position 232 ; G at a position corresponding to position 
corresponding to position 151 ; R at a position corresponding 233 ; K at a position corresponding to position 233 ; R at a 
to position 152 ; T at a position corresponding to position 10 position corresponding to position 233 ; M at a position 
152 ; W at a position corresponding to position 152 ; D at a corresponding to position 234 ; A at a position corresponding 
position corresponding to position 155 ; G at a position to position 235 ; R at a position corresponding to position 
corresponding to position 155 ; K at a position corresponding 236 ; C at a position corresponding to position 237 ; E at a 
to position 155 ; R at a position corresponding to position position corresponding to position 237 ; H at a position 
155 ; D at a position corresponding to position 156 ; Q at a 15 corresponding to position 237 ; Q at a position corresponding 
position corresponding to position 158 ; S at a position to position 237 ; T at a position corresponding to position 
corresponding to position 158 ; S at a position corresponding 237 ; E at a position corresponding to position 238 ; H at a 
to position 160 ; E at a position corresponding to position position corresponding to amino acid position 238 ; S at a 
162 ; A at a position corresponding to position 163 ; E at a position corresponding to position 238 ; A at a position 
position corresponding to position 163 ; K at a position 20 corresponding to position 240 ; Q at a position corresponding 
corresponding to position 163 ; Q at a position corresponding to position 240 ; I at a position corresponding to position 247 ; 
to position 163 ; R at a position corresponding to position A at a position corresponding to position 248 ; V at a position 
163 ; S at a position corresponding to position 163 ; M at a corresponding to position 249 ; G at a position corresponding 
position corresponding to position 164 ; V at a position to position 257 ; T at a position corresponding to position 
corresponding to position 164 ; D at a position corresponding 25 257 ; R at a position corresponding to position 257 ; N at a 
to position 165 ; F at a position corresponding to position position corresponding to position 258 ; S at a position 
165 ; N at a position corresponding to position 165 ; S at a corresponding to position 258 ; P at a position corresponding 
position corresponding to position 165 ; V at a position to position 259 ; M at a position corresponding to position 
corresponding to position 165 ; A at a position corresponding 260 ; Y at a position corresponding to position 260 ; A at a 
to position 166 ; E at a position corresponding to position 30 position corresponding to position 261 ; K at a position 
166 ; F at a position corresponding to position 166 ; H at a corresponding to position 261 ; N at a position corresponding 
position corresponding to position 166 ; L at a position to position 261 ; K at a position corresponding to position 
corresponding to position 166 ; Q at a position corresponding 263 ; R at a position corresponding to position 263 ; T at a 
to position 166 ; R at a position corresponding to position position corresponding to position 267 ; A at a position 
166 ; T at a position corresponding to position 166 ; W at a 35 corresponding to position 269 ; L at a position corresponding 
position corresponding to position 166 ; Y at a position to position 271 ; Mat a position corresponding to position 
corresponding to position 166 ; D at a position corresponding 271 ; D at a position corresponding to position 272 ; T at a 
to position 167 ; L at a position corresponding to position position corresponding to position 272 ; H at a position 
169 ; R at a position corresponding to position 170 ; A at a corresponding to position 273 ; Y at a position corresponding 
position corresponding to position 172 ; R at a position 40 to position 273 ; F at a position corresponding to position 
corresponding to position 173 ; G at a position corresponding 274 ; D at a position corresponding to position 276 ; H at a 
to position 174 ; K at a position corresponding to position position corresponding to position 276 ; M at a position 
174 ; N at a position corresponding to position 174 ; R at a corresponding to position 276 ; R at a position corresponding 
position corresponding to position 174 ; T at a position to position 276 ; S at a position corresponding to position 
corresponding to position 174 ; T at a position corresponding 45 276 ; Y at a position corresponding to position 276 ; A at a 
to position 175 ; K at a position corresponding to position position corresponding to position 277 ; E at a position 
178 ; R at a position corresponding to position 178 ; K at a corresponding to position 277 ; H at a position corresponding 
position corresponding to position 179 ; Q at a position to position 277 ; K at a position corresponding to position 
corresponding to position 193 ; T at a position corresponding 277 ; M at a position corresponding to position 277 ; N at a 
to position 195 ; N at a position corresponding to position 50 position corresponding to position 277 ; Q at a position 
195 ; with E at a position corresponding to position 196 ; R corresponding to position 277 ; R at a position corresponding 
at a position corresponding to position 196 ; with D at a to position 277 ; S at a position corresponding to position 
position corresponding to position 198 ; P at a position 277 ; T at a position corresponding to position 277 ; E at a 
corresponding to position 204 ; A at a position corresponding position corresponding to position 278 ; F at a position 
to position 205 ; E at a position corresponding to position 55 corresponding to position 278 ; G at a position corresponding 
205 ; L at a position corresponding to position 205 ; T at a to position 278 ; H at a position corresponding to position 
position corresponding to position 205 ; I at a position 278 ; K at a position corresponding to position 278 ; N at a 
corresponding to position 206 ; K at a position corresponding position corresponding to position 278 ; R at a position 
to position 206 ; L at a position corresponding to position corresponding to position 278 ; S at a position corresponding 
206 ; R at a position corresponding to position 206 ; R at a 60 to position 278 ; T at a position corresponding to position 
position corresponding to position 209 ; N at a position 278 ; Y at a position corresponding to position 278 ; H at a 
corresponding to position 212 ; S at a position corresponding position corresponding to position 279 ; M at a position 
to position 212 ; A at a position corresponding to position corresponding to position 282 ; S at a position corresponding 
213 ; M at a position corresponding to position 213 ; N at a to position 283 ; H at a position corresponding to position 
position corresponding to position 213 ; H at a position 65 285 ; T at a position corresponding to position 287 ; S at a 
corresponding to position 215 ; M at a position correspond- position corresponding to position 289 ; S at a position 
ing to position 215 ; I at a position corresponding to position corresponding to position 291 ; V at a position corresponding 
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to position 291 ; C at a position corresponding to position corresponding to position 325 ; L at a position corresponding 
292 ; F at a position corresponding to position 292 ; H at a to position 326 ; V at a position corresponding to position 
position corresponding to position 292 ; K at a position 326 ; C at a position corresponding to position 328 ; G at a 
corresponding to position 292 ; R at a position corresponding position corresponding to position 328 ; I at a position 
to position 292 ; V at a position corresponding to positions corresponding to position 328 ; K at a position corresponding 
292 ; A at a position corresponding to position 293 ; C at a to position 328 ; L at a position corresponding to position 
position corresponding to position 293 ; D at a position 328 ; S at a position corresponding to position 328 ; at a 
corresponding to position 293 ; F at a position corresponding position corresponding to position 328 ; S at a position 
to position 293 ; K at a position corresponding to position corresponding to position 335 ; A at a position corresponding 
293 ; M at a position corresponding to position 293 ; P at a 10 to position 347 ; G at a position corresponding to position 
position corresponding to position 293 ; Q at a position 347 ; S at a position corresponding to position 347 ; M at a 
corresponding to position 293 ; V at a position corresponding position corresponding to position 349 ; R at a position 
to position 293 ; Y at a position corresponding to position corresponding to position 349 ; S at a position corresponding 
293 ; G at a position corresponding to position 298 ; E at a to position 351 ; V at a position corresponding to position 
position corresponding to position 305 ; G at a position 15 353 ; with H at a position corresponding to position 356 ; S 
corresponding to position 307 ; D at a position corresponding at a position corresponding to position 356 ; E at a position 
to position 308 ; G at a position corresponding to position corresponding to position 359 ; H at a position corresponding 
308 ; K at a position corresponding to position 308 ; N at a to position 359 ; T at a position corresponding to position 
position corresponding to position 308 ; R at a position 359 ; A at a position corresponding to position 367 ; G at a 
corresponding to position 308 ; E at a position corresponding 20 position corresponding to position 367 ; K at a position 
to position 309 ; G at a position corresponding to position corresponding to position 367 ; S at a position corresponding 
309 ; H at a position corresponding to position 309 ; L at a to position 367 ; A at a position corresponding to position 
position corresponding to position 309 ; M at a position 368 ; E at a position corresponding to position 368 ; K at a 
corresponding to position 309 ; N at a position corresponding position corresponding to position 368 ; L at a position 
to position 309 ; Q at a position corresponding to position 25 corresponding to amino acid position 368 ; M at a position 
309 ; R at a position corresponding to position 309 ; S at a corresponding to amino acid position 368 ; R at a position 
position corresponding to position 309 ; T at a position corresponding to position 368 ; T at a position corresponding 
corresponding to position 309 ; V at a position corresponding to amino acid position 368 ; H at a position corresponding to 
to position 309 ; A at a position corresponding to position position 369 ; R at a position corresponding to position 369 ; 
310 ; G at a position corresponding to position 310 ; Q at a 30 F at a position corresponding to position 371 ; H at a position 
position corresponding to position 310 ; S at a position corresponding to position 371 ; K at a position corresponding 
corresponding to position 310 ; A at a position corresponding to position 371 ; L at a position corresponding to position 
to position 313 ; G at a position corresponding to position 371 ; R at a position corresponding to position 371 ; S at a 
313 ; H at a position corresponding to position 313 ; K at a position corresponding to position 371 ; M at a position 
position corresponding to position 313 ; P at a position 35 corresponding to position 373 ; H at a position corresponding 
corresponding to position 313 ; R at a position corresponding to position 374 ; P at a position corresponding to position 
to position 313 ; T at a position corresponding to position 374 ; A at a position corresponding to position 375 ; G at a 
313 ; Y at a position corresponding to position 313 ; with S at position corresponding to position 375 ; K at a position 
a position corresponding to position 314 ; Y at a position corresponding to position 375 ; R at a position corresponding 
corresponding to position 314 ; A at a position corresponding 40 to position 375 ; D at a position corresponding to position 
to position 315 ; H at a position corresponding to position 376 ; E at a position corresponding to position 376 ; Q at a 
315 ; Y at a position corresponding to position 315 ; A at a position corresponding to position 376 ; R at a position 
position corresponding to position 317 ; I at a position corresponding to position 376 ; T at a position corresponding 
corresponding to position 317 ; K at a position corresponding to position 376 ; V at a position corresponding to position 
to position 317 ; N at a position corresponding to position 45 376 ; Y at a position corresponding to position 376 ; D at a 
317 ; Q at a position corresponding to position 317 ; R at a position corresponding to position 377 ; E at a position 
position corresponding to position 317 ; S at a position corresponding to position 377 ; H at a position corresponding 
corresponding to position 317 ; T at a position corresponding to position 377 ; K at a position corresponding to position 
to position 317 ; W at a position corresponding to position 377 ; P at a position corresponding to position 377 ; R at a 
317 ; D at a position corresponding to position 318 ; H at a 50 position corresponding to position 377 ; S at a position 
position corresponding to position 318 ; K at a position corresponding to position 377 ; T at a position corresponding 
corresponding to position 318 ; M at a position correspond- to position 377 ; W at a position corresponding to position 
ing to position 318 ; R at a position corresponding to position 380 ; Y at a position corresponding to position 380 ; S at a 
318 ; H at a position corresponding to position 320 ; K at a position corresponding to position 381 ; I at a position 
position corresponding to position 320 ; R at a position 55 corresponding to position 383 ; K at a position corresponding 
corresponding to position 320 ; R at a position corresponding to position 383 ; L at a position corresponding to position 
to position 321 ; S at a position corresponding to position 383 ; S at a position corresponding to position 383 ; A at a 
321 ; N at a position corresponding to position 324 ; R at a position corresponding to position 385 ; Q at a position 
position corresponding to position 324 ; A at a position corresponding to position 385 ; V at a position corresponding 
corresponding to position 325 ; D at a position corresponding 60 to position 385 ; A at a position corresponding to position 
to position 325 ; E at a position corresponding to position 389 ; G at a position corresponding to position 389 ; L at a 
325 ; G at a position corresponding to position 325 ; H at a position corresponding to position 389 ; K at a position 
position corresponding to position 325 ; K at a position corresponding to position 389 ; Q at a position corresponding 
corresponding to position 325 ; M at a position correspond- to position 389 ; S at a position corresponding to position 
ing to position 325 ; N at a position corresponding to position 65 389 ; A at a position corresponding to position 392 ; F at a 
325 ; Q at a position corresponding to position 325 ; S at a position corresponding to position 392 ; M at a position 
position corresponding to position 325 ; V at a position corresponding to position 392 ; Q at a position corresponding 

Petitioner Merck, Ex. 1001, p. 35



US 10,865,400 B2 
25 26 

to position 392 ; R at a position corresponding to position corresponding to position 438 ; D at a position corresponding 
392 ; V at a position corresponding to position 392 ; F at a to position 438 ; E at a position corresponding to position 
position corresponding to position 393 ; M at a position 438 ; L at a position corresponding to position 438 ; N at a 
corresponding to position 393 ; A at a position corresponding position corresponding to position 438 ; T at a position 
to position 395 ; H at a position corresponding to position 5 corresponding to position 438 ; A at a position corresponding 
395 ; R at a position corresponding to position 395 ; A at a to position 439 ; C at a position corresponding to position 
position corresponding to position 396 ; H at a position 439 ; K at a position corresponding to position 439 ; P at a 
corresponding to position 396 ; Q at a position corresponding position corresponding to position 439 ; Q at a position 
to position 396 ; S at a position corresponding to position corresponding to position 439 ; T at a position corresponding 
396 ; K at a position corresponding to position 399 ; M at a 10 to position 439 ; V at a position corresponding to position 
position corresponding to position 399 ; T at a position 439 ; D at a position corresponding to position 440 ; H at a 
corresponding to position 399 ; V at a position corresponding position corresponding to position 440 ; M at a position 
to position 399 ; W at a position corresponding to position corresponding to position 440 ; P at a position corresponding 
399 ; A at a position corresponding to position 401 ; E at a to position 440 ; R at a position corresponding to position 
position corresponding to position 401 ; A at a position 15 440 ; S at a position corresponding to position 440 ; A at a 
corresponding to position 404 ; G at a position corresponding position corresponding to position 441 ; F at a position 
to position 405 ; F at a position corresponding to position corresponding to position 441 ; C at a position corresponding 
406 ; N at a position corresponding to position 406 ; A at a to position 442 ; G at a position corresponding to position 
position corresponding to position 407 ; D at a position 442 ; R at a position corresponding to position 442 ; A at a 
corresponding to position 407 ; E at a position corresponding 20 position corresponding to position 443 ; E at a position 
to position 407 ; F at a position corresponding to position corresponding to position 443 ; F at a position corresponding 
407 ; H at a position corresponding to position 407 ; Q at a to position 443 ; G at a position corresponding to position 
position corresponding to position 407 ; P at a position 443 ; M at a position corresponding to position 443 ; N at a 
corresponding to position 407 ; A at a position corresponding position corresponding to position 443 ; E at a position 
to position 409 ; Q at a position corresponding to position 25 corresponding to position 444 ; H at a position corresponding 
409 ; T at a position corresponding to position 410 ; Q at a to position 444 ; V at a position corresponding to position 
position corresponding to position 412 ; R at a position 444 ; H at a position corresponding to position 445 ; M at a 
corresponding to position 412 ; V at a position corresponding position corresponding to position 445 ; N at a position 
to position 412 ; L at a position corresponding to position corresponding to position 445 ; P at a position corresponding 
416 ; E at a position corresponding to position 418 ; L at a 30 to position 445 ; Q at a position corresponding to position 
position corresponding to position 418 ; P at a position 445 ; S at a position corresponding to position 445 ; T at a 
corresponding to position 418 ; R at a position corresponding position corresponding to position 445 ; V at a position 
to position 418 ; V at a position corresponding to position corresponding to position 445 ; W at a position correspond 
418 ; F at a position corresponding to position 419 ; H at a ing to position 445 ; A at a position corresponding to position 
position corresponding to position 419 ; I at a position 35 446 ; M at a position corresponding to position 446 ; W at a 
corresponding to position 419 ; K at a position corresponding position corresponding to position 446 ; D at a position 
to position 419 ; R at a position corresponding to position corresponding to position 447 ; E at a position corresponding 
419 ; S at a position corresponding to position 419 ; Y at a to position 447 ; G at a position corresponding to position 
position corresponding to position 419 ; A at a position 447 ; I at a position corresponding to position 447 ; N at a 
corresponding to position 421 ; H at a position corresponding 40 position corresponding to position 447 ; P at a position 
to position 421 ; K at a position corresponding to position corresponding to position 447 ; Q at a position corresponding 
421 ; N at a position corresponding to position 421 ; Q at a to position 447 ; T at a position corresponding to position 
position corresponding to position 421 ; R at a position 447 , and / or replacement with V at a position corresponding 
corresponding to position 421 ; S at a position corresponding to position 447 , each with reference to amino acid positions 
to position 421 ; G at a position corresponding to position 45 set forth in SEQ ID NO : 3 . Among these modified PH20 
425 ; K at a position corresponding to position 425 ; Q at a polypeptides are those that exhibit at least 40 % of the 
position corresponding to position 427 ; T at a position activity of the PH20 that does not contain the particular 
corresponding to position 427 ; L at a position corresponding amino acid replacement . Activity can vary between , for 
to position 428 ; A at a position corresponding to position example , 40 % to 5000 % , 40 % to 2000 % , 40 % to 1000 % , 
431 ; G at a position corresponding to position 431 ; E at a 50 40 % to 500 % , 40 % to 100 % , 80 % to 2000 % , 80 % to 600 % , 
position corresponding to position 431 ; H at a position 80 % to 200 % , 80 % to 300 % , of the hyaluronidase activity 
corresponding to position 431 ; K at a position corresponding of the PH20 polypeptide not containing the amino acid 
to position 431 ; L at a position corresponding to position replacement . Such activity includes at least 50 % , 60 % , 70 % , 
431 ; N at a position corresponding to position 431 ; Q at a 80 % , 90 % , 100 % , 120 % , 130 % , 140 % , 150 % , 160 % , 170 % , 
position corresponding to position 431 ; R at a position 55 180 % , 190 % , 200 % , 300 % , 400 % , 500 % , 600 % , 700 % , 
corresponding to position 431 ; Sat a position corresponding 800 % , 900 % , 1000 % , 2000 % , 3000 % or more of the 
to position 431 ; V at a position corresponding to position hyaluronidase activity of the PH20 polypeptide not contain 
431 ; A at a position corresponding to position 433 ; H at a ing the amino acid replacement , where , as in all instances 
position corresponding to position 433 ; I at a position herein , the activities are compared under the same condi 
corresponding to position 433 ; K at a position corresponding 60 tions . 
to position 433 ; L at a position corresponding to position In particular , provided are modified PH20 polypeptides 
433 ; R at a position corresponding to position 433 ; T at a that contain at least one amino acid replacement in a PH20 
position corresponding to position 433 ; V at a position polypeptide set forth in SEQ ID NO : 7 , a C - terminally 
corresponding to position 433 ; W at a position correspond- truncated fragment thereof , or in a PH20 polypeptide that 
ing to position 433 ; K at a position corresponding to position 65 has a sequence of amino acids that is at least 91 % identical 
436 ; I at a position corresponding to position 437 ; M at a to the sequence of amino acids set forth in SEQ ID NO : 7 or 
position corresponding to position 437 ; A at a position a corresponding truncated fragment , where : the modified 
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PH20 polypeptides exhibit less than 20 % of the hyaluroni- any of SEQ ID NOS : 3 , 7 , 32-66 , 69 , or 72. For example , the 
dase activity of the PH20 polypeptide not containing the modified PH20 polypeptide contains amino acid replace 
amino acid replacement , where activities are compared ment ( s ) in SEQ ID NOS : 3 , 7 , 32-66 , 69 , or 72 , which are 
under the same conditions ; the amino acid replacement ( s ) is polypeptides that are a C - terminally truncated fragment of 
at an amino acid position corresponding to a position 5 SEQ ID NO : 7 , or a PH20 polypeptide that has a sequence of 
selected from among 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , amino acids that is at least 91 % identical to the sequence of 
15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 25 , 27 , 33 , 34 , 35 , 36 , 37 , amino acids set forth in SEQ ID NO : 7 . In examples of such 
38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , 51 , 52 , 53 , modified PH20 polypeptides provided herein , the modified 
54 , 55 , 56 , 57 , 58 , 59 , 60 , 61 , 62 , 63 , 64 , 65 , 66 , 67 , 68 , 69 , PH20 polypeptides can exhibit similar or the same activity 
70 , 71 , 72 , 73 , 74 , 75 , 76 , 77 , 78 , 79 , 80 , 81 , 82 , 83 , 84 , 85 , 10 as the PH20 without the modification , or can exhibit 
86 , 87 , 88 , 89 , 90 , 91 , 92 , 94 , 95 , 96 , 98 , 99 , 100 , 101 , 102 , increased activity or activity that is less than 15 % , 10 % , 9 % , 
103 , 104 , 105 , 106 , 107 , 108 , 109 , 110 , 111 , 112 , 113 , 114 , 8 % , 7 % , 6 % , 5 % , 4 % , 3 % , 2 % , 1 % , 0.9 % , 0.8 % , 0.7 % , 
115 , 116 , 117 , 118 , 119 , 121 , 122 , 123 , 124 , 125 , 126 , 127 , 0.6 % , 0.5 % , 0.4 % , 0.3 % , 0.2 % , 0.1 % , 0.05 % or less of the 
128 , 129 , 130 , 131 , 132 , 133 , 134 , 135 , 136 , 137 , 138 , 139 , hyaluronidase activity of the PH20 polypeptide not contain 
143 , 144 , 145 , 149 , 150 , 152 , 153 , 154 , 155 , 156 , 157 , 158 , 15 ing the amino acid replacement . Exemplary of such modi 
159 , 161 , 163 , 164 , 165 , 166 , 167 , 168 , 169 , 170 , 171 , 172 , fied PH20 polypeptides are any set forth in Table 5 . 
173 , 174 , 175 , 176 , 178 , 179 , 180 , 181 , 182 , 183 , 184 , 185 , Among any and all of the modified PH20 polypeptides 
186 , 187 , 188 , 189 , 190 , 191 , 192 , 193 , 194 , 195 , 197 , 198 , provided herein and above , the modified PH20 polypeptide 
199 , 200 , 201 , 202 , 203 , 204 , 206 , 207 , 208 , 209 , 210 , 211 , is one that does not consist of the sequence of amino acids 
212 , 213 , 214 , 215 , 216 , 217 , 218 , 219 , 220 , 221 , 222 , 223 , 20 set forth in any of SEQ ID NOS : 3 , 6-66 , 69-72 , 856-861 , 
224 , 225 , 226 , 227 , 228 , 229 , 230 , 231 , 232 , 233 , 234 , 235 , 869 or 870. In particular , among any of the modified PH20 
236 , 238 , 239 , 240 , 241 , 242 , 243 , 244 , 245 , 246 , 247 , 248 , polypeptides provided herein above or elsewhere herein are 
249 , 250 , 251 , 252 , 253 , 254 , 255 , 256 , 257 , 258 , 260 , 261 , any that contain an amino acid replacement ( s ) in a PH20 
262 , 263 , 264 , 265 , 266 , 267 , 268 , 269 , 270 , 271 , 272 , 273 , polypeptide having the sequence of amino acids set forth 
274 , 275 , 276 , 278 , 279 , 280 , 282 , 283 , 284 , 285 , 286 , 287 , 25 any of SEQ ID NO : 3 , 7 , 69 or 72 provided that : ( i ) where 
288 , 289 , 290 , 291 , 292 , 293 , 294 , 295 , 296 , 297 , 298 , 299 , the modified PH20 polypeptide includes only a single amino 
300 , 301 , 302 , 303 , 304 , 305 , 306 , 307 , 308 , 310 , 311 , 312 , acid replacement the replacement does not corresponds to 
313 , 314 , 315 , 316 , 317 , 318 , 319 , 320 , 321 , 322 , 323 , 324 , amino acid replacements V12A , N47A , D111N , E113Q , 
325 , 326 , 327 , 331 , 333 , 334 , 335 , 336 , 337 , 338 , 339 , 340 , N131A , R176G , N2004 , N219A , E249Q , R252T , N333A or 
341 , 342 , 343 , 344 , 345 , 346 , 347 , 348 , 349 , 350 , 351 , 352 , 30 N358A , with reference to amino acid positions set forth in 
353 , 354 , 355 , 356 , 357 , 358 , 359 , 360 , 361 , 362 , 363 , 364 , SEQ ID NO : 3 ; ( ii ) where the modified PH20 polypeptide 
365 , 366 , 367 , 368 , 369 , 370 , 371 , 372 , 373 , 374 , 375 , 376 , includes only two amino acid replacements the replacements 
377 , 378 , 379 , 380 , 381 , 382 , 383 , 384 , 38 386 , 387 , 388 , do not correspond to amino acid replacements P13A / 
389 , 390 , 391 , 392 , 393 , 394 , 395 , 396 , 397 , 398 , 399 , 400 , L464W , N47A / N131A , N47A / N219A , N131A / N219A or 
401 , 402 , 403 , 404 , 405 , 406 , 408 , 410 , 411 , 412 , 413 , 414 , 35 N333A / N358A with reference to positions set forth in SEQ 
415 , 416 , 417 , 419 , 420 , 422 , 423 , 424 , 425 , 426 , 427 , 428 , ID NO : 3 ; and ( iii ) where the modified PH20 polypeptide 
429 , 430 , 431 , 432 , 434 , 437 , 438 , 439 , 440 , 441 , 442 , 443 , includes only three amino acid replacements the replace 
444 , or 447 with reference to amino acid positions set forth ments do not correspond to amino acid replacements N47A / 
in SEQ ID NO : 3 or 7 ; N131A / N219A , with reference to amino acid positions set 

corresponding amino acid positions are identified by 40 forth in SEQ ID NO : 3 . 
alignment of the PH20 polypeptide with the polypeptide set Any of the above modified PH20 polypeptides and any 
forth in SEQ ID NO : 3 ; and provided that : provided herein and described above and below can contain 

( i ) if the modified PH20 polypeptide contains an amino 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 
acid replacement at a position corresponding to posi- 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 
tion 200 , 333 , 358 or 393 the replacement is not 45 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , 51 , 
replacement with an Alanine ( A ) . 52 , 53 , 54 , 55 , 56 , 57 , 58 , 59 , 60 , 61 , 62 , 63 , 64 , 65 , 66 , 67 , 

( ii ) if the modified PH20 polypeptide contains an amino 68 , 69 , 70 , 71 , 72 , 73 , 74 , 75 , 76 , 77 , 78 , 79 , 80 , 81 , 82 , 83 , 
acid replacement at a position corresponding to posi- 84 , 85 , 86 , 87 , 88 , 89 , 90 , or more of the amino acid 
tion 111 or 249 the replacement is not replacement with replacements . The modified PH20 polypeptides can include 
an asparagine ( N ) ; 50 a signal sequence , including the native sequence or a het 

( iii ) if the modified PH20 polypeptide contains an amino erologous sequence or a modified sequence , and also include 
acid replacement at a position corresponding to posi- a mature PH20 polypeptide that lacks the signal sequence . 
tion 113 the replacement is not replacement with a Among any of the modified PH20 polypeptides provided 
glutamine ( Q ) ; herein above or described below are modified PH20 poly 

( iv ) if the modified PH20 polypeptide contains an amino 55 peptides that contain or have the sequence of amino acids set 
acid replacement at a position corresponding to posi- forth in any of SEQ ID NOS : 73-855 or a sequence of amino 
tion 176 the replacement is not replacement with a acids that exhibits at least 75 % , 80 % , 90 % , 91 % , 92 % , 93 % , 
glycine ( G ) ; and 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or more sequence identity 

( v ) if the modified PH20 polypeptide contains an amino to a sequence of amino acids set forth in any of SEQ ID 
acid replacement at a position corresponding to posi- 60 NOS : 73-855 and that contains at least one amino acid 
tion 252 the replacement is not replacement with a replacement , such as any described above or elsewhere 
threonine ( T ) . herein , with reference to positions compared to the sequence 

Exemplary of such modified PH20 polypeptides are any of amino acids set forth in SEQ ID NO : 3 . In any of the 
that contain amino acid replacement ( s ) in a PH20 polypep- examples of the modified PH20 polypeptides provided 
tide that has the sequence of amino acids set forth in any of 65 herein , the modified PH20 polypeptide does not have or 
SEQ ID NOS : 3 , 7 , 32-66 , 69 , or 72 , or in a sequence of contain the sequence of amino acids set forth in any of SEQ 
amino acids that exhibits at least 91 % sequence identity to ID NOS : 8-31 , 69-72 , 856-861 , 869 or 870 . 
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The modified PH20 polypeptides provided herein can be months , at least 11 months , at least 12 months , 13 months , 
substantially purified or isolated , can exhibit catalytic activ- 14 months , 15 months , 16 months , 17 months , 18 months , 19 
ity at neutral pH , can be secreted upon expression from cells months , 20 months , 21 months , 22 months , 23 months , 24 
and are soluble in the supernatant , and / or can include months , 25 months , 26 months , 27 months , 28 months , 29 
modified amino acids , such as a modification selected from 5 months or 30 months . Also provided are compositions in 
among glycosylation , sialation , albumination , farnysylation , which the modified PH20 polypeptide in the composition is 
carboxylation , hydroxylation , conjugation to a polymer , stable at a temperature from or from about 30 ° C. to 42 ° C. , 
such as PEGylation or conjugation to dextran , conjugation inclusive , for at least 3 days , at least 4 days , 5 days , 6 days , 
to another moiety , such as a multimerization domain , toxin , 7 days , 8 days , 9 days , 10 days , 11 days , 12 days , 13 days , 
detectable label or drug , and phosphorylation . The modified 10 14 days , 15 days , 20 days , 21 days , 22 days , 23 days , 24 
PH20 polypeptide can be glycosylated , such as by contain- days , 25 days , 26 days , 27 days , 28 days , 29 days , 30 days , 
ing at least an N - acetylglucosamine moiety linked to each of 35 days , 40 days , 45 days , 50 days , 60 days or more . The 
at least three asparagine ( N ) residues , where , for example , pharmaceutical compositions can contain a pharmaceuti 
the three asparagine residues correspond to amino acid cally acceptable excipient . 
residues 200 , 333 and 358 of SEQ ID NO : 3 . Multimeriza- 15 The conditions , formulations , components , and modified 
tion domains include Fc domains . PH20 polypeptide are chosen to achieve a desired stability . 

Also provided are nucleic acid molecules that encode any The pharmaceutical compositions can be formulated for 
of the modified PH20 polypeptides provided herein . Vectors , direct administration or can require dilution . They can be 
eukaryotic and prokaryotic , that contain the nucleic acid formulated for multiple or single dosage administration . 
molecules are provided . The vectors include expression 20 Exemplary compositions include concentrations of modified 
vectors and include mammalian vectors , including viral PH20 between or about between 0.1 ug / mL to 100 ug / mL , 
vectors . Viral vectors include adenovirus vectors , retrovirus 1 ug / mL to 50 ug / mL or 1 ug / mL to 20 ug / mL , or 10 U / mL 
vectors , vaccinia virus vectors , herpes simplex virus and to 5000 U / mL , 50 U / mL to 4000 U / mL , 100 U / mL to 2000 
cytomegalovirus vectors , and other such viral vectors . Of U / mL , 300 U / mL to 2000 U / mL , 600 U / mL to 2000 U / mL , 
interest are oncolytic vectors that accumulate in or are 25 or 100 U / mL to 1000 U / mL . Exemplary salts include NaCl 
targeted to tumors . Also provided are cells that contain the at a concentration , for example , of less than or about or 200 
nucleic acid molecules and cells that contain the vectors . mM , 180 mm , 150 mM , 140 mM , 130 mM , 120 mM , 110 
The cells can be prokaryotic or eukaryotic , particularly mM , 100 mM , 90 mm , 80 mm , 70 mM , 60 mM , 50 mM , 40 
mammalian cells , such as Chinese Hamster Ovary ( CHO ) mM , 30 mm , 25 mM , 20 mm , 15 mm , 10 mm , 5 mM or 
cells . 30 less , or between or about between 0.1 mM to 200 mM , 0.1 

Also provided herein is a modified PH20 polypeptide that mM to 100 mm , 120 mM to 200 mm , 10 mM to 50 mM , 10 
is produced by any of the provided cells . Thus , provided mM to 90 mM , 80 mM to 200 mm , 80 mM to 140 mM , 50 
herein are methods of producing a modified PH20 polypep- mM to 100 mm , 80 mM to 100 mM , 50 mM to 80 mm , 100 
tide by culturing any of the cells provided herein under mM to 140 mM or 120 mM to 140 mM . 
conditions whereby an encoded modified PH20 polypeptide 35 The pharmaceutical compositions can contain an anti 
is produced and secreted by the cell , and recovering the microbially effective amount of a preservative or mixture of 
expressed polypeptide . Also provided herein is a method of preservatives , such as one , two , three , four or more of a 
producing a modified PH20 polypeptide by introducing any phenolic preservative ( s ) , a non - phenolic preservative ( s ) or a 
of the nucleic acids provided herein or any of the vectors phenolic preservative ( s ) and a non - phenolic preservative ( s ) , 
provided herein into a cell capable of incorporating N - linked 40 such as , but not limited to , phenol , m - cresol , methylparaben , 
sugar moieties into the polypeptide , culturing the cell under benzyl alcohol , thimerosal , benzalkonium chloride , 
conditions whereby an encoded modified PH20 polypeptide 4 - chloro - 1 - butanol , chlorhexidine dihydrochloride , chlo 
is produced and secreted by the cell , and recovering the rhexidine digluconate , L - phenylalanine , EDTA , bronopol , 
expressed polypeptide . In such examples , the nucleic acid is phenylmercuric acetate , glycerol , imidurea , chlorhexidine , 
operably linked to a promoter . The cultured cell can be a 45 sodium dehydroacetate , o - cresol , p - cresol , chlorocresol , cet 
eukaryotic cell , such as a mammalian cell , for example , a rimide , benzethonium chloride , ethyl paraben , propylpara 
Chinese hamster ovary ( CHO ) cell . ben , butylparaben and any combinations thereof . Phenols 

Also provided are pharmaceutical compositions that con- include , for example , phenol , metacresol ( m - cresol ) , benzyl 
tain any of the modified PH20 polypeptides provided herein alcohol , and parabens , such as methylparaben or propylpa 
or any of the nucleic acids or vectors provided herein . The 50 raben . Anti - microbial effective concentrations of one or 
compositions can be formulated with other agents and / or more preservative agents ( as a percentage ( % ) of mass 
with other components , such as preservatives . The compo- concentration ( w / v ) ) can be between 0.05 % to 0.6 % , 0.1 % 
sitions can be formulated so that the components , particu- to 0.4 % , 0.1 % to 0.3 % , 0.15 % to 0.325 % , 0.15 % to 0.25 % , 
larly the PH20 and any other active agent , remain active or 0.1 % to 0.2 % , 0.2 % to 0.3 % or 0.3 % to 0.4 % inclusive . 
are stable under preselected conditions . In addition , as 55 Examples thereof are pharmaceutical compositions where 
described herein , the PH20 polypeptides are modified so that the preservatives are phenol , m - cresol or phenol and 
they exhibit increased stability under various conditions . For m - cresol and the amount as a % of mass concentration ( w / v ) 
example , provided are compositions in which the modified in the formulation is between or about between 0.1 % to 
PH20 polypeptide is stable ( i.e. , retains activity as described 0.25 % phenol and between or about between 0.05 % to 0.2 % 
herein ) at a temperature from or from about 2 ° C. to 8 ° C. , 60 m - cresol , is between or about between 0.10 % to 0.2 % 
inclusive , for at least 1 month or is stable at a temperature phenol and between or about between 0.6 % to 01.8 % 
from or from about 30 ° C. to 42 ° C. , inclusive , for at least m - cresol , between or about between 0.1 % to 0.15 % phenol 
3 days . Provided are compositions in which the modified and 0.8 % t 0.15 % m - cresol , is between or about between 
PH20 polypeptide in the composition is stable at a tempera- 0.10 % to 0.15 % phenol and between or about between 0.06 
ture from or from about 2 ° C. to 8 ° C. , inclusive , for at least 65 to 0.09 % m - cresol or is between or about between 0.12 % to 
2 months , 3 months , 4 months , 5 months , 6 months , 7 0.18 % phenol and between or about between 0.14 to 0.22 % 
months , at least 8 months , at least 9 months , at least 10 m - cresol . 
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The pharmaceutical compositions can contain a further Any of such pharmaceutical compositions also can be for 
therapeutically active agent . The active agent can be formu- mulated to contain salt , such as NaCl , at a concentration that 
lated in the composition or provided as a combination with is from or from about 0.1 mM to 200 mM and / or an 
the PH20 - containing composition , but in a separate compo- anti - microbial effective amount of at least one preservative 
sition for administration separately , sequentially , intermit- 5 where the composition generally contains at least one phe 
tently , simultaneously or together . Therapeutically active nolic preservative . The anti - microbial effective amount is a 
agents include , for example , an agent selected from among total amount of one or more preservative agents as a 
a chemotherapeutic agent , an analgesic agent , an anti- percentage ( % ) of mass concentration ( w / v ) that is or is 
inflammatory agent , an antimicrobial agent , an amoebicidal between 0.05 % to 0.6 % . The phenolic preservative ( s ) can be 
agent , a trichomonacidal agent , an anti - parkinson agent , an 10 a phenol , metacresol ( m - cresol ) , benzyl alcohol , or a para 
anti - malarial agent , an anticonvulsant agent , an anti - depres- ben . In any of the above examples of a pharmaceutical 
sant agent , and antiarthritics agent , an anti - fungal agent , an composition , the composition also can contain a surfactant , 
antihypertensive agent , an antipyretic agent , an anti - parasite such as a polypropylene glycol , polyethylene glycol , glyc 
agent , an antihistamine agent , an alpha - adrenergic agonist erin , sorbitol , poloxamer or polysorbate , in an amount as a 
agent , an alpha blocker agent , an anesthetic agent , a bron- 15 % of mass concentration ( w / v ) in the formulation that is at 
chial dilator agent , a biocide agent , a bactericide agent , a least or at least about 0.001 % ; a buffering agent that is a 
bacteriostat agent , a beta adrenergic blocker agent , a calcium non - metal binding agent or is a metal binding agent , such as 
channel blocker agent , a cardiovascular drug agent , a con- Tris , histidine , phosphate or citrate , wherein the concentra 
traceptive agent , a decongestant agent , a diuretic agent , a tion of the buffering agent is between or between about 1 
depressant agent , a diagnostic agent , a electrolyte agent , a 20 mM to 100 mM ; glycerin in a concentration less than 60 
hypnotic agent , a hormone agent , a hyperglycemic agent , a mM ; an antioxidant , such as cysteine , tryptophan or methio 
muscle relaxant agent , a muscle contractant agent , an oph- nine , at a concentration between or from about between 2 
thalmic agent , a parasympathomimetic agent , a psychic mM to 50 mM , inclusive ; and / or zinc at a concentration of 
energizer agent , a sedative agent , a sympathomimetic agent , between or about between 0.001 to 0.1 mg per 100 units of 
a tranquilizer agent , an urinary agent , a vaginal agent , a 25 insulin ( mg / 100 U ) . Also provided herein are closed loop 
viricide agent , a vitamin agent , a non - steroidal anti - inflam- systems , insulin pumps including continuous subcutaneous 
matory agent , an angiotensin converting enzyme inhibitor infusion insulin ( CSII ) pumps and insulin pens that contain 
agent , a polypeptide , a protein , a nucleic acid , a drug , an any of the pharmaceutical compositions . The pharmaceuti 
organic molecule and a sleep inducer . Exemplary of such cal compositions can be used in methods or uses for treating 
agents are antibodies , particularly monoclonal antibodies , an 30 diabetes , such as type 1 diabetes mellitus , type 2 diabetes 
Immune Globulin preparation , a bisphosphonate , a cytokine , mellitus or gestational diabetes . 
a chemotherapeutic agent , a coagulation factor and an insu- Other therapeutic agents in any of the pharmaceutical 
lin . Insulins include , for example , basal insulins and fast- compositions provided herein include , but are not limited to 
acting insulin , such as regular insulin , particularly recom- Adalimumabs , Agalsidase Betas , Alefacepts , Ampicillins , 
binant human insulin , and insulin analogs , such as insulin 35 Anakinras , Antipoliomyelitic Vaccines , Anti - Thymocytes , 
lispro , insulin aspart or insulin glulisine . Particular fast- Azithromycins , Becaplermins , Caspofungins , Cefazolins , 
acting insulins are those with an A chain having a sequence Cefepimes , Cefotetans , Ceftazidimes , Ceftriaxones , Cetux 
of amino acids set forth in SEQ ID NO : 862 and a B chain imabs , Cilastatins , Clavulanic Acids , Clindamycins , Darbe 
having a sequence of amino acids set forth in SEQ ID poetin Alfas , Daclizumabs , Diphtheria , Diphtheria antitox 
NO : 863 or an insulin with an A chain with a sequence of 40 ins , Diphtheria Toxoids , Efalizumabs , Epinephrines , 
amino acids set forth as amino acid residue positions 88-108 Erythropoietin Alphas , Etanercepts , Filgrastims , Flucona 
of SEQ ID NO : 864 and a B chain with a sequence of amino zoles , Follicle - Stimulating Hormones , Follitropin Alphas , 
acids set forth as amino acid residue positions 25-54 of SEQ Follitropin Betas , Fosphenytoins , Gadodiamides , Gadopen 
ID NO : 864 or an insulin analog that is selected from among tetates , Gatifloxacins , Glatiramers , GM - CSF's , Goserelins , 
an insulin having an A chain with a sequence of amino acids 45 Goserelin acetates , Granisetrons , Haemophilus Influenza 
set forth in SEQ ID NO : 862 and a B chain having a sequence B's , Haloperidols , Hepatitis vaccines , Hepatitis A Vaccines , 
of amino acids set forth in any of SEQ NOS : 865-867 . The Hepatitis B Vaccines , Ibritumomab Tiuxetans , Ibritumo 
amount of fast - acting insulin in the compositions can be mabs , Tiuxetans , Immunoglobulins , Hemophilus influenza 
empirically determined , but typically can be 10 U / mL to vaccines , Influenza Virus Vaccines , Infliximabs , Insulin lis 
1000 U / mL , 50 U / mL to 500 U / mL , 100 U / mL to 1000 50 pro , 75 % neutral protamine lispro ( NPL ) / 25 % insulin lispro , 
U / mL or 500 U / mL to 1000 U / mL , inclusive . 50 % neutral protamine Hagedorn ( NPH ) / 50 % regular insu 

In particular examples , provided herein is a pharmaceu- lin , 70 % NPH / 30 % regular insulin ; Regular insulin , NPH 
tical composition containing any of the modified PH20 insulin , Ultra insulin , Ultralente insulin , and Insulin 
polypeptides provided herein that exhibit increased stability Glargines , Interferons , Interferon alpha , Interferon Betas , 
to a phenolic preservative and an insulin , such as a fast- 55 Interferon Gammas , Interferon alpha - 2a , Interferon alpha 
acting insulin . The modified PH20 polypeptides and insulin 2 - b , Interferon Alphacon , Interferon alpha - n , Interferon 
can be provided in therapeutically effective amounts . For Betas , Interferon Beta - la's , Interferon Gammas , Interferon 
example , provided herein is a pharmaceutical composition alpha - con , Iodixanols , lohexols , lopamidols , loversols , 
that contains any of the modified PH20 polypeptides pro- Ketorolacs , Laronidases , Levofloxacins , Lidocaines , Lin 
vided herein that exhibits increased stability to a phenolic 60 ezolids , Lorazepams , Measles Vaccines , Measles virus , 
preservative in an amount that is from or from about 100 Mumps viruses , Measles - Mumps - Rubella Virus Vaccines , 
U / mL to 1000 U / mL and a fast - acting insulin in an amount Rubella vaccines , Medroxyprogesterones , Meropenems , 
that is from or from about 10 U / mL to 1000 U / mL . For Methylprednisolones , Midazolams , Morphines , Octreotides , 
example , the fast - acting insulin can be an insulin analog , Omalizumabs , Ondansetrons , Palivizumabs , Pantoprazoles , 
such as insulin lispro , insulin aspart or insulin glulisine or 65 Pegaspargases , Pegfilgrastims , Peg - Interferon Alpha - 2a's , 
other analog . Any of such pharmaceutical compositions can Peg - Interferon Alpha - 2b's , Pegvisomants , Pertussis vac 
be formulated at a pH that is from or from about 7.0 to 7.6 . cines , Piperacillins , Pneumococcal Vaccines and Pneumo 
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coccal Conjugate Vaccines , Promethazines , Reteplases , platins , Irsogladines , Ixabepilones , Ketotrexates , L - Alanos 
Somatropins , Sulbactams , Sumatriptans , Tazobactams , ines , Lanreotides , Lapatinibs , Ledoxantrones , Leuprolides , 
Tenecteplases , Tetanus Purified Toxoids , Ticarcillins , Tosi- Leuprorelins , Lexacalcitols , Liarozoles , Lobaplatins , Lom 
tumomabs , Triamcinolones , Triamcinolone Acetonides , Tri- etrexols , Lonafarnibs , Losoxantrones , Lurtotecans , Mafosf 
amcinolone hexacetonides , Vancomycins , Varicella Zoster 5 amides , Mannosulfans , Marimastats , Masoprocols , May 
immunoglobulins , Varicella vaccines , other vaccines , tansines , Mechlorethamines , Melengestrols , Melphalans , 
Alemtuzumabs , Alitretinoins , Allopurinols , Altretamines , Menogarils , Mepitiostanes , Metesinds , Metomidates , Meto 
Amifostines , Anastrozoles , Arsenics , Arsenic Trioxides , prines , Meturedepas , Miboplatins , Miproxifenes , Misonida 
Asparaginases , Bacillus Calmette - Guerin ( BCG ) vaccines , zoles , Mitindomides , Mitocarcins , Mitocromins , Mitoflax 
BCG Live , Bexarotenes , Bleomycins , Busulfans , Busulfan 10 ones , Mitogillins , Mitoguazones , Mitomalcins , Mitonafides , 
intravenous , Busulfan orals , Calusterones , Capecitabines , Mitoquidones , Mitospers , Mitozolomides , Mivobulins , Miz 
Carboplatins , Carmustines , Carmustines with Polifeprosans , oribines , Mofarotenes , Mopidamols , Mubritinibs , Mycophe 
Celecoxibs , Chlorambucils , Cisplatins , Cladribines , Cyclo- nolic Acids , Nedaplatins , Neizarabines , Nemorubicins , 
phosphamides , Cytarabines , Cytarabine liposomals , Dacar- Nitracrines , Nocodazoles , Nogalamycins , Nolatrexeds , Nor 
bazines , Dactinomycins , Daunorubicin liposomals , Dauno- 15 topixantrones , Ormaplatins , Ortataxels , Oteracils , Oxi 
rubicins , Daunomycins , Denileukin Diftitoxes , surans , Oxophenarsines , Patupilones , Peldesines , Peliomy 
Dexrazoxanes , Docetaxels , Doxorubicins , Doxorubicin cins , Pelitrexols , Pemetrexeds , Pentamustines , Peplomycins , 
liposomals , Dromostanolone propionates , Elliott's B Solu- Perfosfamides , Perifosines , Picoplatins , Pinafides , Piposul 
tions , Epirubicins , Epoetin alfas , Estramustines , Etoposides , fans , Pirfenidones , Piroxantrones , Pixantrones , Plevitrexeds , 
Etoposide phosphates , Etoposide VP - 16s , Exemestanes , 20 Plomestanes , Porfiromycins , Prednimustines , Propamidines , 
Floxuridines , Fludarabines , Fluorouracils , 5 - Fluorouracils , Prospidiums , Pumitepas , Puromycins , Pyrazofurins , Rani 
Fulvestrants , Gemcitabines , Gemtuzumabs , Ozogamicins , mustines , Riboprines , Ritrosulfans , Rogletimides , Roquin 
Gemtuzumab ozogamicins , Hydroxyureas , Idarubicins , imexs , Rufocromomycins , Sabarubicins , Safingols , 
Ifosfamides , Imatinib mesylates , Irinotecans , Letrozoles , Satraplatins , Sebriplatins , Semustines , Simtrazenes , Sizo 
Leucovorins , Levamisoles , Lomustines , CCNUs , Mechlo- 25 firans , Sobuzoxanes , Sorafenibs , Sparfosates , Sparfosic 
rethamines , Nitrogen mustards , Megestrols , Megestrol Acids , Sparsomycins , Spirogermaniums , Spiromustines , 
acetates , Melphalans , L - PAMs , Mercaptopurines , 6 - Mer- Spiroplatins , Squalamines , Streptonigrins , Streptovarycins , 
captopurines , Mesnas , Methotrexates , Methoxsalens , Mito- Sufosfamides , Sulofenurs , Tacedinalines , Talisomycins , Tal 
mycins , Mitomycin C's , Mitotanes , Mitoxantrones , Nandro- limustines , Tariquidars , Tauromustines , Tecogalans , Tega 
lones , Nandrolone Phenpropionates , Nofetumomabs , 30 furs , Teloxantrones , Temoporfins , Teroxirones , Thia 
Oprelvekins , Oxaliplatins , Oxaliplatins , Paclitaxels , Pamidronates , miprines , Tiamiprines , Tiazofurins , Tilomisoles , Tilorones , 
Pegademases , Pentostatins , Pipobromans , Plicamycins , Timcodars , Timonacics , Tirapazamines , Topixantrones , Tra 
Mithramycins , rfimers , Porfimer sod ns , Procarbazines , bected Ecteinascidin 743 , Tre ones , Triciribines , 
Quinacrines , Rasburicases , Rituximabs , Sargramostims , Trilostanes , Trimetrexates , Triplatin Tetranitrates , Triptore 
Streptozocins , Talcs , Tamoxifens , Temozolomides , Tenipo- 35 lins , Trofosfamides , Tubulozoles , Ubenimexs , Uredepas , 
sides , Testolactones , Thioguanines , 6 - Thioguanines , Trieth- Valspodars , Vapreotides , Verteporfins , Vinblastines , Vin 
ylenethiophosphoramides ( Thiotepas ) , Topotecans , desines , Vinepidines , Vinflunines , Vinformides , Vinglyci 
Toremifenes , Trastuzumabs , Tretinoins , Uracil Mustards , nates , Vinleucinols , Vinleurosines , Vinrosidines , Vintriptols , 
Valrubicins , Vinblastines , Vincristines , Vinorelbines , Zole- Vinzolidines , Vorozoles , Xanthomycin A's , Guamecyclines , 
dronates , Acivicins , Aclarubicins , Acodazoles , Acronines , 40 Zeniplatins , Zilascorbs [ 2 - H ] , Zinostatins , Zorubicins , Zos 
Adozelesins , Aldesleukins , Retinoic Acids , Alitretinoins , uquidars , Acetazolamides , Acyclovirs , Adipiodones , Alatro 
9 - Cis - Retinoic Acids , Alvocidibs , Ambazones , Ambomy- floxacins , Alfentanils , Allergenic extracts , Alpha 1 - protei 
cins , Ametantrones , Aminoglutethimides , Amsacrines , nase inhibitors , Alprostadils , Amikacins , Amino acids , 
Anaxirones , Ancitabines , Anthramycins , Apaziquones , Argi- Aminocaproic acids , Aminophyllines , Amitriptylines , Amo 
mesnas , Asperlins , Atrimustines , Azacitidines , Azetepas , 45 barbitals , Amrinones , Analgesics , Anti - poliomyelitic vac 
Azotomycins , Banoxantrones , Batabulins , Batimastats , cines , Anti - rabic serums , Anti - tetanus immunoglobulins , 
Benaxibines , Bendamustines , Benzodepas , Bicalutamides , tetanus vaccines , Antithrombin IIIs , Antivenom serums , 
Bietaserpines , Biricodars , Bisantrenes , Bisnafide Dimesy- Argatrobans , Arginines , Ascorbic acids , Atenolols , Atracu 
lates , Bizelesins , Bortezomibs , Brequinars , Bropirimines , riums , Atropines , Aurothioglucoses , Azathioprines , Aztreo 
Budotitanes , Cactinomycins , Canertinibs , Caracemides , 50 nams , Bacitracins , Baclofens , Basiliximabs , Benzoic acids , 
Carbetimers , Carboquones , Carmofurs , Carubicins , Carze- Benztropines , Betamethasones , Biotins , Bivalirudins , Botu 
lesins , Cedefingols , Cemadotins , Chlorambucils , Cioter- lism antitoxins , Bretyliums , Bumetanides , Bupivacaines , 
onels , Cirolemycins , Clanfenurs , Clofarabines , Crisnatols , Buprenorphines , Butorphanols , Calcitonins , Calcitriols , 
Decitabines , Dexniguldipines , Dexormaplatins , Dezagua- Calciums , Capreomycins , Carboprosts , Carnitines , Cefa 
nines , Diaziquones , Dibrospidiums , Dienogests , Dinalins , 55 mandoles , Cefoperazones , Cefotaximes , Cefoxitins , Cefti 
Disermolides , Dofequidars , Doxifluridines , Droloxifenes , zoximes , Cefuroximes , Chloramphenicols , Chloropro 
Duazomycins , Ecomustines , Edatrexates , Edotecarins , Eflo- caines , Chloroquines , Chlorothiazides , Chlorpromazines , 
rnithines , Elacridars , Elinafides , Elsamitrucins , Emitefurs , Chondroitinsulfuric acids , Choriogonadotropin alfas , Chro 
Enloplatins , Enpromates , Enzastaurins , Epipropidines , miums , Cidofovirs , Cimetidines , Ciprofloxacins , Cisatracu 
Eptaloprosts , Erbulozoles , Esorubicins , Etanidazoles , Eto- 60 riums , Clonidines , Codeines , Colchicines , Colistins , Colla 
glucids , Etoprines , Exisulinds , Fadrozoles , Fazarabines , gens , Corticorelin ovine triflutates , Corticotrophins , 
Fenretinides , Fluoxymesterones , Flurocitabines , Fosqui- Cosyntropins , Cyanocobalamins , Cyclosporines , Cysteines , 
dones , Fostriecins , Fotretamines , Galarubicins , Galocit- Dacliximabs , Dalfopristins , Dalteparins , Danaparoids , Dan 
abines , Geroquinols , Gimatecans , Gimeracils , Gloxazones , trolenes , Deferoxamines , Desmopressins , Dexamethasones , 
Glufosfamides , Ilmofosines , Ilomastats , Imexons , Improsul- 65 Dexmedetomidines , Dexpanthenols , Dextrans , Iron dex 
fans , Indisulams , Inproquones , Interleukins , Interleukin - 2s , trans , Diatrizoic acids , Diazepams , Diazoxides , Dicyclo 
recombinant Interleukins , Intoplicines , Iobenguanes , Ipro- mines , Digibinds , Digoxins , Dihydroergotamines , Diltiaz 
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ems , Diphenhydramines , Dipyridamoles , Dobutamines , taglandin analogs ; growth factor ; anti - neoplastics ; anti - me 
Dopamines , Doxacuriums , Doxaprams , Doxercalciferols , tabolites ; anti - viral ; amebicides and anti - protozoals ; anti 
Doxycyclines , Droperidols , Dyphyllines , Edetic acids , tuberculosis and anti - leprotic ; antitoxins and antivenins ; 
Edrophoniums , Enalaprilats , Ephedrines , Epoprostenols , antihemophilic factor , anti - inhibitor coagulant complex , 
Ergocalciferols , Ergonovines , Ertapenems , Erythromycins , 5 antithrombin III , coagulations Factor V , coagulation Factor 
Esmolols , Estradiols , Estrogenics , Ethacrynic acids , Etha- IX , plasma protein fraction , von Willebrand factor ; anti 
nolamines , Ethanols , Ethiodized oils , Etidronic acids , Eto- platelet agent a colony stimulating factor ( CSF ) ; an eryth 
midates , Famotidines , Fenoldopams , Fentanyls , Flumaze- ropoiesis stimulator ; hemostatics and albumins ; Immune 
nils , Fluoresceins , Fluphenazines , Folic acids , Fomepizoles , Globulins ; thrombin inhibitors ; anticoagulants ; a steroidal 
Fomivirsens , Fondaparinuxs , Foscarnets , Fosphenytoins , 10 anti - inflammatory drug selected from among alclometa 
Furosemides , Gadoteridols , Gadoversetamides , Ganciclo- sones , algestones , beclomethasones , betamethasones , bude 
virs , Gentamicins , Glucagons , Glucoses , Glycines , Glyco- sonides , clobetasols , clobetasones , clocortolones , clopred 
pyrrolates , Gonadorelins , Gonadotropin chorionics , Haemo- nols , corticosterones , cortisones , cortivazols , deflazacorts , 
philus B polysaccharides , Hemins , Herbals , Histamines , desonides , desoximetasones , dexamethasones , diflorasones , 
Hydralazines , Hydrocortisones , Hydromorphones , 15 diflucortolones , difluprednates , enoxolones , fluazacorts , flu 
Hydroxocobalamins , Hydroxyzines , Hyoscyamines , cloronides , flumethasones , flunisolides , fluocinolones , fluo 
Ibutilides , Imiglucerases , Indigo carmines , Indomethacins , cinonides , fluocortins , fluocortolones , fluorometholones , 
Iodides , lopromides , Iothalamic acids , Ioxaglic acids , Ioxi- fluperolones , fluprednidenes , fluprednisolones , flurandreno 
lans , Isoniazids , Isoproterenols , Japanese encephalitis vac- lides , fluticasones , formocortals , halcinonides , halobetasols , 
cines , Kanamycins , Ketamines , Labetalols , Lepirudins , 20 halometasones , halopredones , hydrocortamates , hydrocorti 
Levobupivacaines , Levothyroxines , Lincomycins , Liothy- sones , loteprednol etabonate , mazipredones , medrysones , 
ronines , Luteinizing hormones , Lyme disease vaccines , meprednisones , methylprednisolones , mometasone furoate , 
Mangafodipirs , Manthtols , Meningococcal polysaccharide paramethasones , prednicarbates , prednisolones , predni 
vaccines , Meperidines , Mepivacaines , Mesoridazines , Met- sones , prednivals , prednylidenes , rimexolones , tixocortols 
araminols , Methadones , Methocarbamols , Methohexitals , 25 and triamcinolones ; Docosanols , prostaglandins , prostaglan 
Methyldopates , Methylergonovines , Metoclopramides , din analogs , antiprostaglandins and prostaglandin precur 
Metoprolols , Metronidazoles , Minocyclines , Mivacuriums , sors ; miotics , cholinergics and anti - cholinesterase ; and anti 
Morrhuic acids , Moxifloxacins , Muromonab - CD3s , Myco- allergenics . 
phenolate mofetils , Nafcillins , Nalbuphines , Nalmefenes , The compositions and modified PH20 polypeptides can 
Naloxones , Neostigmines , Niacinamides , Nicardipines , 30 be used to treat any condition normally treated by the PH20 
Nitroglycerins , Nitroprussides , Norepinephrines , polypeptide or the therapeutically active agent . These 
Orphenadrines , Oxacillins , Oxymorphones , Oxytetracy- include , for example , conditions in which hyaluronan plays 
clines , Oxytocins , Pancuroniums , Pant ls , Pantothenic a role or is associated with the etiology of the disease due to , 
acids , Papaverines , Peginterferon alpha 2As , Penicillin Gs , for example , accumulation or overproduction of hyaluronan . 
Pentamidines , Pentazocines , Pentobarbitals , Perflutrens , 35 Hence provided are methods , uses of the compositions and 
Perphenazines , Phenobarbitals , Phentolamines , Phenyleph- modified PH20 polypeptides for treating a hyaluronan 
rines , Phenytoins , Physostigmines , Phytonadiones , Poly- associated disease or condition by administering any of the 
myxin , Pralidoximes , Prilocaines , Procainamides , Pro- modified PH20 polypeptides or compositions provided 
caines , Prochlorperazines , Progesterones , Propranolols , herein . Hyaluronan - associated diseases and conditions 
Pyridostigmine hydroxides , Pyridoxines , Quinidines , Qui- 40 include , for example , inflammatory disease and tumors or 
nupristins , Rabies immunoglobulins , Rabies vaccines , Ran- cancers , including a late - stage cancer , metastatic cancers 
itidines , Remifentanils , Riboflavins , Rifampins , Ropiv- and undifferentiated cancers , such as ovarian cancer , in situ 
acaines , Samariums , Scopolamines , Seleniums , carcinoma ( ISC ) , squamous cell carcinoma ( SCC ) , prostate 
Sermorelins , Sincalides , Somatrems , Spectinomycins , cancer , pancreatic cancer , non - small cell lung cancer , breast 
Streptokinases , Streptomycins , Succinylcholines , Sufenta- 45 cancer and colon cancer . The PH20 polypeptide can be 
nils , Sulfamethoxazoles , Tacrolimuses , Terbutalines , Teri- modified to exhibit increased half - life for such treatments . 
paratides , Testosterones , Tetanus antitoxins , Tetracaines , For example , the PH20 polypeptide can be modified with a 
Tetradecyl sulfates , Theophyllines , Thiamines , Thiethylp- polymer such as a PEG moiety for such treatments . 
erazines , Thiopentals , Thyroid stimulating hormones , Tin- Also provided are methods for increasing delivery of a 
zaparins , Tirofibans , Tobramycins , Tolazolines , Tolbuta- 50 therapeutic agent to a subject by : administering to a subject 
mides , Torsemides , Tranexamic acids , Treprostinils , any of the modified PH20 polypeptides or compositions 
Trifluoperazines , Trimethobenzamides , Trimethoprims , provided herein , and administering the therapeutic agent . 
Tromethamines , Tuberculins , Typhoid vaccines , Urofollitro- The therapeutic agent can be administered in the same 
pins , Urokinases , Valproic acids , Vasopressins , Vecuroni- composition or separately , and can be administered before or 
ums , Verapamils , voriconazoles , Warfarins , Yellow fever 55 after , simultaneously , or intermittently , with administration 
vaccines , Zidovudines , Zincs , Ziprasidone hydrochlorides , of the PH20 polypeptide ( s ) . Administration includes any 
Aclacinomycins , Actinomycins , Adriamycins , Azaserines , route , including intravenous and subcutaneous administra 
6 - Azauridines , Carzinophilins , Chromomycins , Denopter- tion , such as simultaneously with , intermittently with , or 
ins , 6 Diazo 5 Oxo - L - Norleucines , Enocitabines , Floxuri- subsequent to administration of the therapeutic agent . The 
dines , Olivomycins , Pirarubicins , Piritrexims , Pteropterins , 60 therapeutic agents include any of those set forth above , 
Tegafurs , Tubercidins , Alteplases , Arcitumomabs , bevaci- elsewhere herein and / or known to those of skill in the art . 
zumabs , Botulinum Toxin Type A's , Botulinum Toxin Type Also provided are methods for treating an excess of 
B's , Capromab Pendetides , Daclizumabs , Dornase alphas , glycosaminoglycans ; for treating a tumor ; for treating gly 
Drotrecogin alphas , Imciromab Pentetates , Iodine - 131's , an cosaminoglycan accumulation in the brain ; for treating a 
antibiotic agent ; an angiogenesis inhibitor ; anti - cataract and 65 cardiovascular disorder ; for treating an ophthalmic disorder ; 
anti - diabetic retinopathy substances ; carbonic anhydrase for treating pulmonary disease ; for increasing penetration of 
inhibitors ; mydriatics ; photodynamic therapy agents ; pros- chemotherapeutic agents into solid tumors ; for treating 
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cellulite ; for treating a proliferative disorder ; or for increas- unmodified hyaluronan - degrading enzyme . In such an 
ing bioavailability of drugs and other therapeutic agents by example , the method also can include additional steps of : d ) 
administering the modified PH20 polypeptides or composi- testing the activity of the selected or identified modified 
tions provided herein . hyaluronan - degrading enzyme in a composition containing a 

Also provided are pharmaceutical compositions for use in 5 denaturing agent and / or under a denaturing condition ; e ) 
treating a hyaluronan - associated disease or disorder ; for use testing the activity of the same selected or identified modi 
in delivering a therapeutic agent to a subject ; for treating an fied hyaluronan - degrading enzyme in the same composition 
excess of glycosaminoglycans ; for treating a tumor ; for and / or under the same conditions as d ) except absent the 
treating glycosaminoglycan accumulation in the brain ; for denaturing agent or condition ; and f ) selecting or identifying 
treating a cardiovascular disorder ; for treating an ophthalmic 10 a modified hyaluronan - degrading enzyme that exhibits 
disorder ; for treating pulmonary disease ; for increasing activity in d ) that is at least 5 % of the activity in e ) . In such 
penetration of chemotherapeutic agents into solid tumors ; an example , the activity is hyaluronidase activity . In some 
for treating cellulite ; for treating a proliferative disorder ; or examples of the methods , a modified hyaluronan - degrading 
for increasing bioavailability of drugs and other therapeutic enzyme is selected or identified if the activity in d ) is at least 
agents ; and for any other use of compositions containing 15 10 % , 15 % , 20 % , 25 % , 30 % , 35 % , 40 % , 45 % , 50 % , 55 % , 
PH20 polypeptides . 60 % , 65 % , 70 % , 75 % , 80 % , 85 % , 90 % , 95 % or more of the 

Provided herein is a method for identifying or selecting a activity in e ) , for example , a modified hyaluronan - degrading 
modified hyaluronan - degrading enzyme that exhibits stabil- enzyme is selected or identified if the activity in d ) is at least 
ity under a denaturation condition that includes the steps of : 40 % or more of the activity in e ) . 
a ) testing the activity of a modified hyaluronan - degrading 20 In any of the methods provided herein for identifying or 
enzyme in a composition containing a denaturing agent selecting a modified hyaluronan - degrading enzyme , the 
and / or under a denaturing condition ; b ) testing the activity of denaturing agent or condition is caused by temperature , 
the modified hyaluronan - degrading enzyme in the same agitation , no or low salt or the presence of an excipient . For 
composition and / or under the same conditions as a ) except example , the denaturing agent or condition is caused by 
absent the denaturing agent or condition ; and c ) selecting or 25 elevated temperature that is from or from about 30 ° C. to 42 ° 
identifying a modified hyaluronan - degrading enzyme that C. , such as greater than or greater than about 30 ° C. , 31 ° C. , 
exhibits activity in a ) that is at least 5 % of the activity in b ) . 32 ° C. , 33 ° C. , 34 ° C. , 35º C. , 36 ° C. , 37 ° C. , 38 ° C. , 390 
In such an example , the activity is hyaluronidase activity . In C. , 40 ° C. , 41 ° C. or 42 ° C. In other examples , the dena 
some examples of the methods , a modified hyaluronan- turing agent or condition is the absence of salt or low salt 
degrading enzyme is selected or identified if the activity in 30 less than 100 mM , such as low salt less than 90 mM , 80 mm , 
a ) is at least 10 % , 15 % , 20 % , 25 % , 30 % , 35 % , 40 % , 45 % , 70 mm , 60 mM , 50 mM , 40 mM , 30 mM , 25 mM , 20 mm , 
50 % , 55 % , 60 % , 65 % , 70 % , 75 % , 80 % , 85 % , 90 % , 95 % or 15 mM , 10 mm , 5 mM . In further examples , the denaturing 
more of the activity in b ) , for example , a modified hyaluro- agent or condition is a denaturing excipient selected from 
nan - degrading enzyme is selected or identified if the activity among an antiadherents , binders , coatings , fillers and 
in a ) is at least 40 % or more of the activity in b ) . The method 35 diluents , flavors , colors , lubricants , glidants , preservatives , 
also can include steps of : d ) comparing the activity of the sorbents and sweeteners . 
modified hyaluronan - de grading enzyme in a ) to the activity In particular examples of any of the methods provided 
of the unmodified hyaluronan - degrading enzyme tested herein for identifying or selecting a modified hyaluronan 
under the same conditions , and e ) identifying or selecting a degrading enzyme , the denaturing agent or condition is a 
modified hyaluronan - degrading enzyme that exhibits at least 40 preservative ( s ) , for example , a phenolic preservative ( s ) . The 
120 % , 130 % , 135 % , 140 % , 145 % , 150 % , 160 % , 170 % , phenolic preservative ( s ) can be a phenol , metacresol 
180 % , 200 % , 250 % , 300 % , 350 % , 400 % , 500 % , 1500 % , ( m - cresol ) , benzyl alcohol , or a paraben . For example , the 
2000 % , 3000 % , 4000 % , 5000 % or more of the hyaluroni- denaturing agent or condition is a preservative ( s ) that is 
dase activity compared to the unmodified hyaluronan - de- phenol and / or m - cresol . In such examples , the total amount 
grading enzyme . 45 of phenolic preservative in the composition , as a percentage 

Also provide herein is a method for identifying or select- ( % ) of mass concentration ( w / v ) , is from or from about 
ing a modified hyaluronan - degrading enzyme that exhibits 0.05 % to 0.6 % , 0.1 % to 0.4 % , 0.1 % to 0.3 % , 0.15 % to 
stability , such as increased stability , under a denaturation 0.325 % , 0.15 % to 0.25 % , 0.1 % to 0.2 % , 0.2 % to 0.3 % or 
condition , that includes the steps of : a ) testing the activity of 0.3 % to 0.4 % inclusive . 
a modified hyaluronan - degrading enzyme in a composition 50 In any of the methods provided herein for identifying or 
containing a denaturing agent and / or under a denaturing selecting a modified hyaluronan - degrading enzyme , prior to 
condition ; b ) testing the activity of the corresponding testing the activity of a hyaluronan - degrading enzyme com 
unmodified hyaluronan - degrading enzyme in a composition position in a ) and / or b ) , the hyaluronan - degrading enzyme is 
containing the same denaturing agent and / or under the same exposed to the denaturation condition or denaturing agent 
denaturing condition as a ) , whereby the activity is tested 55 for a predetermined time . The predetermined time is a time 
under the same conditions as a ) ; and c ) selecting or identi- period that is user selected depending on the particular 
fying a modified hyaluronan - degrading enzyme that exhibits hyaluronan - de grading enzyme that is being evolved or 
greater activity than the unmodified hyaluronan - degrading selected , the particular denaturation condition or denaturing 
enzyme , thereby identifying or selecting a modified hyaluro- agent , the amount or extent of the denaturation condition or 
nan - degrading enzyme that exhibits increased stability 60 denaturing agent , the application or use of the hyaluronan 
under a denaturation condition . In such an example , the degrading enzyme and other similar factors . For example , 
activity can be a hyaluronidase activity . In examples of the the predetermined time can be from or from about 1 minute 
method , a modified hyaluronan - degrading enzyme is to 1 month , 1 minute to 3 weeks , 1 minute to 2 weeks , 1 
selected or identified if the activity is at least 120 % , 130 % , minute to 1 week , 1 minute to 24 hours , 1 minute to 12 
135 % , 140 % , 145 % , 150 % , 160 % , 170 % , 180 % , 200 % , 65 hours , 30 minutes to 6 hours or 1 hour to 4 hours , such as 
250 % , 300 % , 350 % , 400 % , 500 % , 1500 % , 2000 % , 3000 % , at least or about at least 30 minutes , 1 hour , 2 hours , 3 hours , 
4000 % , 5000 % or more of the activity compared to the 4 hours , 5 hours , 6 hours , 7 hours , 8 hours , 9 hours , 10 hours , 
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11 hours , 12 hours , 24 hours , two days , three days , four days , In any of the methods provided herein for identifying or 
five days , six days , 7 days , two weeks or one month . selecting a modified hyaluronan - degrading enzyme that 

In any of the methods provided herein for identifying or exhibits stability , the method is performed in vitro . Also 
selecting a modified hyaluronan - degrading enzyme , the provided are any of the methods that are iterative , whereby 
modified hyaluronan - degrading enzyme is one that contains 5 the steps of the method are repeated a plurality of times , 
an amino acid replacement , insertion or deletion of amino wherein in each repetition , further modified hyaluronan acids compared to an unmodified hyaluronan - degrading degrading enzymes of a selected modified hyaluronan - de enzyme . For example , the modified hyaluronan - degrading grading enzyme are generated and tested , whereby the enzyme contains an amino acid replacement , such as a single modified hyaluronan - degrading enzyme is evolved to amino acid replacement or two , three , four , five , six , seven , 10 exhibit increased stability under a denaturation condition . eight , nine or more amino acid replacements compared to an 
unmodified form of the hyaluronan - degrading enzyme . In Also provided herein is a modified hyaluronan - degrading 
particular aspects of the method , a library or collection of enzyme identified by any of the methods provided herein . 
modified hyaluronan - degrading enzymes are screened in BRIEF DESCRIPTION OF THE FIGURES order to evolve or identify or select a modified hyaluronan- 15 
degrading enzyme that exhibits stability , such as increased 
stability , under a denaturation condition . Thus , in examples FIG . 1 depicts the amino acid sequence of full - length 
of the methods herein , a plurality of modified hyaluronan human PH20 ( set forth in SEQ ID NO : 7 ) and soluble 

C - terminal truncated variants thereof . The C - terminal amino degrading enzymes are tested in a ) and / or b ) . In such 
examples , the plurality of modified hyaluronan - degrading 20 acid residue of exemplary C - terminal truncated variants of 
enzymes are modified compared to the corresponding full - length PH20 are indicated by bold font . The complete 
unmodified hyaluronan - degrading enzyme to generate a amino acid sequences of exemplary C - terminal truncated 
collection of modified hyaluronan - degrading enzymes , variants of full - length PH20 also are provided in SEQ ID 
whereby each modified protein in the collection is tested in NOS : 3 and 32-66 . The C - terminal amino acid residue of an 
each of a ) and / or b ) . In the collection or library , each 25 exemplary soluble PH20 , whose complete sequence is set 
modified hyaluronan - degrading enzyme contains a single forth in SEQ ID NO : 3 , also is indicated by underline . 
amino acid replacement compared to the unmodified form of Exemplary , non - limiting , positions for amino acid replace 
the hyaluronan - degrading enzyme , such that the plurality of ments are indicated by highlighting . Corresponding posi 
modified enzymes are such that the amino acid at each tions can be identified by alignment of a sequence of interest 
modified position is replaced by up to 1-19 other amino 30 with any of SEQ ID NOS : 3 , 7 or 32-66 , and in particular 
acids other than the original amino acid at the position , with SEQ ID NO : 3 . whereby each modified hyaluronan - degrading enzyme con FIG . 2 ( A - L ) depicts exemplary alignments of human tains a different amino acid replacement , and every amino soluble PH20 set forth in SEQ ID NO : 3 with other PH20 acid along the length of the hyaluronan - degrading enzyme , 
or a selected portion thereof , is replaced . means that the aligned residues are polypeptides . A “ * ” 

identical , a " . " means that aligned residues are not identical , In any of the methods provided herein , the modified 
hyaluronan - degrading enzyme is modified compared to an but are similar and contain conservative amino acids resi 
unmodified hyaluronan - de grading enzyme by insertion , dues at the aligned position , and a “ . ” means that the aligned 
deletion or replacement of an amino acid ( s ) . The unmodified residues are similar and contain semi - conservative amino 
hyaluronan - degrading enzyme can be a chondroitinase or 40 acid residues at the aligned position . Exemplary , non - limit 
can be a hyaluronidase . In examples herein , the unmodified ing , corresponding positions for amino acid replacements 
hyaluronidase is a PH20 hyaluronidase or truncated form are indicated by highlighting . For example , FIG . 2A depicts 
thereof lacking a C - terminal glycosylphosphatidylinositol the alignment of a human soluble PH20 set forth in SEQ ID 
( GPI ) anchor attachment site or a portion of the GPI anchor NO : 3 with chimpanzee PH20 set forth in SEQ ID NO : 10 . 
attachment site , whereby the truncated form exhibits 45 FIG . 2B depicts the alignment of a human soluble PH20 set 
hyaluronidase activity . PH20 hyaluronidase can be a human , forth in SEQ ID NO : 3 with Rhesus monkey PH20 set forth 
monkey , bovine , ovine , rat , fox , mouse or guinea pig PH20 . in SEQ ID NO : 12 . FIG . 2C depicts the alignment of a human 
In particular examples , the PH20 hyaluronidase is a human soluble PH20 set forth in SEQ ID NO : 3 with Cynomolgus 
PH20 or a C - terminal truncated form thereof . For example , monkey PH20 set forth in SEQ ID NO : 14 . FIG . 2D depicts 
the unmodified hyaluronan - degrading enzyme is one that 50 the alignment of human soluble PH20 set forth in SEQ ID 
has the sequence of amino acids set forth in any of SEQ ID NO : 3 with bovine PH20 set forth in SEQ ID NO : 16 . FIG . 2E 
NOS : 3 , 7 , 10 , 12 , 14 , 24 , 32-66 , 69 , 72 , 857 , 859 , 861 , 870 depicts the alignment of a human soluble PH20 set forth in 
or a sequence of amino acids that is at least 80 % sequence SEQ ID NO : 3 with mouse PH20 set forth in SEQ ID NO : 20 . 
identity to any of SEQ ID NOS : 3 , 7 , 10 , 12 , 14 , 24 , 32-66 , FIG . 2F depicts the alignment of a human soluble PH20 set 
69 , 72 , 857,859 , 861 , 870 , such as at least 85 % , 86 % , 87 % , 55 forth in SEQ ID NO : 3 with rat PH20 set forth in SEQ ID 
88 % , 89 % , 90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , NO : 22 . FIG . 26 depicts the alignment of a human soluble 
98 % , 99 % sequence identity to any of SEQ ID NOS : 3 , 7 , PH20 set forth in SEQ ID NO : 3 with rabbit PH20 set forth 
10 , 12 , 14 , 24 , 32-66 , 69 , 72 , 857 , 859 , 861 , or 870. In in SEQ ID NO : 24 . FIG . 2H depicts the alignment of a 
particular examples , the unmodified hyaluronan - degrading human soluble PH20 set forth in SEQ ID NO : 3 with guinea 
enzyme is a PH20 hyaluronidase having the sequence of 60 pig PH20 set forth in SEQ ID NO : 29 . FIG . 21 depicts the 
amino acids set forth in any of SEQ ID NOS : 3 , 7 , 32-66,69 alignment of a human soluble PH20 set forth in SEQ ID 
or 72 , or a sequence of amino acids that exhibits at least 85 % NO : 3 with Fox PH20 set forth in SEQ ID NO : 31 . FIG . 2J 
sequence identity to any of SEQ ID NOS : 3 , 7 , 32-66 , 69 or depicts the alignment of a human soluble PH20 set forth in 
72 , such as a sequence of amino acids that exhibits at least SEQ ID NO : 3 with Gibbon PH20 set forth in SEQ ID 
86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 65 NO : 857 . FIG . 2K depicts the alignment of a human soluble 
96 % , 97 % , 98 % , 99 % or more sequence identity to any of PH20 set forth in SEQ ID NO : 3 with Marmoset PH20 set 
SEQ ID NOS : 3 , 7 , 32-66 , 69 or 72 . forth in SEQ ID NO : 859 . FIG . 2L depicts the alignment of 
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a human soluble PH20 set forth in SEQ ID NO : 3 with H. METHODS OF TREATMENT AND COMBINA 
Orangutan PH20 set forth in SEQ ID NO : 861 . TION THERAPY 

1. Methods of Delivering Therapeutic Agents 
DETAILED DESCRIPTION Delivery of Insulin 

2. Methods of Treating Hyaluronan - Associated Disease 
Outline and Conditions ( eg . , Tumors ) 

3. Other Uses 
A. DEFINITIONS 4. Contraception 
B. PH20 HYALURONIDASE I. EXAMPLES 

1. Structure 
2. Function A. DEFINITIONS 
3. Soluble PH20 Polypeptides 

C. MODIFIED PH20 POLYPEPTIDES Unless defined otherwise , all technical and scientific 
1. Active Mutants terms used herein have the same meaning as is commonly 

a . Increased Activity 15 understood by one of skill in the art to which the invention ( s ) 
b . Increased Stability belong . All patents , patent applications , published applica 

i . Phenophiles tions and publications , GenBank sequences , databases , web 
ii . Thermophiles sites and other published materials referred to throughout the 
iii . Absence of Salt entire disclosure herein , unless noted otherwise , are incor 

2. Inactive Mutants 20 porated by reference in their entirety . In the event that there 
3. Additional Modifications and Conjugates are a plurality of definitions for terms herein , those in this 

a . Decreased Immunogenicity section prevail . Where reference is made to a URL or other 
b . Conjugation to Polymers such identifier or address , it understood that such identifiers 

D. METHODS FOR IDENTIFYING MODIFIED can change and particular information on the internet can 
HYALURONAN - DEGRADING ENZYMES WITH 25 come and go , but equivalent information can be found by 
ALTERED PROPERTIES OR ACTIVITIES searching the internet . Reference thereto evidences the 
1. Hyaluronan - Degrading Enzymes and Libraries of availability and public dissemination of such information . 

Modified Hyaluronan - Degrading Enzymes As used herein , a hyaluronan - degrading enzyme refers to 
2. Screening or Testing for a Desired Activity or an enzyme that catalyzes the cleavage of a hyaluronan 

Property 30 polymer ( also referred to as hyaluronic acid or HA ) into 
3. Selection or Identification smaller molecular weight fragments . Exemplary hyaluro 
4. Iterative Methods nan - degrading enzymes are hyaluronidases , and particular 

E. PRODUCTION OF MODIFIED POLYPEPTIDES chondroitinases and lyases that have the ability to depo 
AND ENCODING NUCLEIC ACID MOLECULES lymerize hyaluronan Exemplary chondroitinases that are 
1. Isolation or Preparation of Nucleic Acids Encoding 35 hyaluronan - degrading enzymes include , but are not limited 
PH20 Polypeptides to , chondroitin ABC lyase ( also known as chondroitinase 

2. Generation of Mutant or Modified Nucleic Acid and ABC ) , chondroitin AC lyase ( also known as chondroitin 
Encoding Polypeptides sulfate lyase or chondroitin sulfate eliminase ) and chondroi 

3. Vectors and Cells tin C lyase . Chondroitin ABC lyase contains two enzymes , 4. Expression 40 chondroitin - sulfate - ABC endolyase ( EC 4.2.2.20 ) and chon 
a . Prokaryotic Cells droitin - sulfate - ABC exolyase ( EC 4.2.2.21 ) . An exemplary 
b . Yeast Cells chondroitin - sulfate - ABC endolyases and chondroitin - sul 
c . Insects and Insect Cells fate - ABC exolyases include , but are not limited to , those 
d . Mammalian expression from Proteus vulgaris and Pedobacter heparinus ( the Pro 
e . Plants and plant cells 45 teus vulgaris chondroitin - sulfate - ABC endolyase is set forth 

5. Purification in SEQ ID NO : 922 ; Sato et al . ( 1994 ) Appl . Microbiol . 
6. Modification of Polypeptides by PEGylation Biotechnol . 41 ( 1 ) : 39-46 ) . Exemplary chondroitinase AC 

F. PHARMACEUTICAL COMPOSITIONS AND FOR- enzymes from bacteria include , but are not limited to , those 
MULATIONS , DOSAGES AND ADMINISTRATION from Pedobacter heparinus , set for th in SEQ ID NO : 923 , 
1. Formulations - liquids , injectables , solutions and 50 Victivallis vadensis , set forth in SEQ ID NO : 924 , and 
emulsions Arthrobacter aurescens ( Tkalec et al . ( 2000 ) Applied and 
a . Lyophilized Powders Environmental Microbiology 66 ( 1 ) : 29-35 ; Ernst et al . 
b . Exemplary Formulations ( 1995 ) Critical Reviews in Biochemistry and Molecular 

i . Salt ( e.g. NaCl ) Biology 30 ( 5 ) : 387-444 ) . Exemplary chondroitinase C 
ii . pH and Buffer 55 enzymes from bacteria include , but are not limited to , those 
iii . Preservative ( s ) from Streptococcus and Flavobacterium ( Hibi et al . ( 1989 ) 
iv . Stabilizers FEMS - Microbiol - Lett . 48 ( 2 ) : 121-4 ; Michelacci et al . ( 1976 ) 

2. Compositions for Other Routes of Administration J. Biol . Chem . 251 : 1154-8 ; Tsuda et al . ( 1999 ) Eur . J. 
3. Dosages and Administration Biochem . 262 : 127-133 ) . 
4. Exemplary PH20 - Insulin Co - Formulations As used herein , hyaluronidase refers to a class of enzymes 
5. Packaging , Articles of Manufacture and Kits that degrade hyaluronan . Hyaluronidases include , but are not 

G. METHODS OF ASSESSING PH20 ACTIVITY AND limited to , bacterial hyaluronidases ( EC_4.2.2.1 or EC 
STABILITY 4.2.99.1 ) , hyaluronidases from leeches , other parasites and 
1. Hyaluronidase Activity crustaceans ( EC 3.2.1.36 ) , and mammalian - type hyaluroni 
2. Solubility 65 dases ( EC 3.2.1.35 ) . Hyaluronidases include any of non 
3. Purity , Crystallization or Aggregation human origin including , but not limited to , murine , canine , 
4. Pharmacodynamics / Pharmacokinetics feline , leporine , avian , bovine , ovine , porcine , equine , 
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piscine , ranine , bacterial , and any from leeches , other para- which one or more regions associated with anchoring of the 
sites , and crustaceans . Exemplary human hyaluronidases hyaluronidase to the membrane has been removed or modi 
include HYAL1 , HYAL2 , HYALU , HYAL4 , and PH20 . Also fied , where the soluble form retains hyaluronidase activity . 
included amongst hyaluronidases are soluble hyaluroni- Soluble hyaluronidases include recombinant soluble 
dases , including , ovine and bovine PH20 , and soluble PH20 . 5 hyaluronidases and those contained in or purified from 
Exemplary hyaluronidases include any set forth in SEQ ID natural sources , such as , for example , testes extracts from 
NOS : 6 , 7-31 , 69 , 70 , 71 , 72 , 856-861 , 869-921 , mature sheep or cows . Exemplary of such soluble hyaluronidases 
forms thereof ( lacking the signal sequence ) , or allelic or are soluble human PH20 ( SEQ ID NO : 3 or 32-66 ) . Other 
species variants thereof . Hyaluronidases also include trun- soluble hyaluronidases include ovine ( SEQ ID NO : 25-27 ) 
cated forms thereof that exhibit hyaluronidase activity , 10 and bovine ( SEQ ID NO : 16 or 18 ) PH20 . 
including C - terminal truncated variants that are soluble . As used herein , soluble human PH20 ( sHuPH20 ) includes 
As used herein , PH20 refers to a type of hyaluronidase human PH20 polypeptides that lack a contiguous sequence 

that occurs in sperm and is neutral - active . PH - 20 occurs on of amino acids from the C - terminus of human PH20 that 
the sperm surface , and in the lysosome - derived acrosome , includes all or a portion of the glycosylphosphatidylinositol 
where it is bound to the inner acrosomal membrane . PH20 15 ( GPI ) anchor sequence ( C - terminally truncated PH20 poly 
includes those of any origin including , but not limited to , peptides ) such that upon expression , the polypeptides are 
human , chimpanzee , Cynomolgus monkey , Rhesus monkey , soluble under physiological conditions . For example , 
murine , bovine , ovine , guinea pig , rabbit and rat origin . soluble human PH20 polypeptides are C - terminally trun 
Exemplary PH20 polypeptides , including precursor and cated polypeptides of human PH20 set forth as SEQ ID 
mature forms , include those from human ( SEQ ID NO : 6 and 20 NO : 6 in its precursor form or in SEQ ID NO : 7 in its mature 
7 ) , chimpanzee ( SEQ ID NO : 8 , 9 , 10 , 869 and 870 ) , Rhesus form lacking the signal sequence , or allelic variants thereof 
monkey ( SEQ ID NO : 11 and 12 ) , Cynomolgus monkey ( e.g. set forth in any of SEQ ID NOS : 68-72 ) . Solubility can 
( SEQ ID NO : 13 and 14 ) , cow ( e.g. , SEQ ID NOS : 15-18 ) ; be assessed by any suitable method that demonstrates solu 
mouse ( SEQ ID NO : 19 and 20 ) ; rat ( SEQ ID NO : 21 and 22 ) ; bility under physiologic conditions . Exemplary of such 
rabbit ( SEQ ID NO : 23 and 24 ) ; sheep ( SEQ ID NOS : 25-27 ) , 25 methods is the Triton® X - 114 assay , that assesses partition 
guinea pig ( SEQ ID NO : 28 and 29 ) ; fox ( SEQ ID NO : 30 ing into the aqueous phase and that is described above . In 
and 31 ) ; Gibbon ( SEQ ID NO : 856 and 857 ) , Marmoset addition , a soluble human PH20 polypeptide is , if produced 
( SEQ ID NO : 858 and 859 ) and orangutan ( SEQ ID NO : 860 in CHO cells , such as CHOS cells , a polypeptide that is 
and 861 ) . Reference to PH20 includes precursor PH20 expressed and is secreted into the cell culture medium . 
polypeptides and mature PH20 polypeptides ( such as those 30 Soluble human PH20 polypeptides , however , are not limited 
in which a signal sequence has been removed ) , truncated to those produced in CHO cells , but can be produced in any 
forms thereof that have activity , and includes allelic variants cell or by any method , including recombinant expression 
and species variants , variants encoded by splice variants , and polypeptide synthesis . Reference to secretion in CHO 
and other variants , including polypeptides that have at least cells is definitional . Hence , if a polypeptide could be 
40 % , 45 % , 50 % , 55 % , 65 % , 70 % , 75 % , 80 % , 85 % , 90 % , 35 expressed and secreted in CHO cells and is soluble in the 
95 % , 96 % , 97 % , 98 % , 99 % or more sequence identity to the media , i.e. , partitions into the aqueous phase when extracted 
precursor polypeptides set forth in SEQ ID NO : 7 , or the with Triton® X - 114 , it is a soluble PH20 polypeptide 
mature forms thereof . PH20 polypeptides also include those whether or not it is so - produced . The precursor polypeptides 
that contain chemical or posttranslational modifications and for sHuPH20 polypeptides can include a signal sequence , 
those that do not contain chemical or posttranslational 40 such as a heterologous or non - heterologous ( i.e. , native ) 
modifications . Such modifications include , but are not lim- signal sequence . Exemplary of the precursors are those that 
ited to , PEGylation , albumination , glycosylation , farnysy- include a signal sequence , such as the native 35 amino acid 
lation , carboxylation , hydroxylation , phosphorylation , and signal sequence at amino acid positions 1-35 ( see , e.g. , 
other polypeptide modifications known in the art . Examples amino acids 1-35 of SEQ ID NO : 6 ) . 
of commercially available bovine or ovine soluble 45 As used herein , “ native ” or “ wildtype ” with reference to 
hyaluronidases Vitrase hyaluronidase hyaluronidase ( ovine a PH20 polypeptide refers to a PH20 polypeptide encoded 
hyaluronidase ) and Amphadase® hyaluronidase ( bovine by a native or naturally occurring PH20 gene , including 
hyaluronidase ) . allelic variants , that is present in an organism , including a 
As used herein , a soluble PH20 refers to a polypeptide human and other animals , in nature . Reference to wild - type 

characterized by its solubility under physiological condi- 50 PH20 without reference to a species is intended to encom 
tions . Generally , a soluble PH20 lacks all or a portion of a pass any species of a wild - type PH20 . Included among 
glycophosphatidyl anchor ( GPI ) attachment sequence , or wild - type PH20 polypeptides are the encoded precursor 
does not otherwise sufficiently anchor to the cell membrane . polypeptide , fragments thereof , and processed forms 
For example , a soluble PH20 can be a C - terminally trun- thereof , such as a mature form lacking the signal peptide as 
cated variant of a PH20 lacking a contiguous sequence of 55 well as any pre- or post - translationally processed or modi 
amino acids that corresponds to all or a portion of a fied forms thereof . Also included among native PH20 poly 
glycophosphatidyl anchor ( GPI ) attachment sequence . peptides are those that are post - translationally modified , 
Hence , upon expression from a cell , a soluble PH20 is including , but not limited to , those that are modified by 
secreted into the medium . Soluble PH20 proteins can be glycosylation , carboxylation and / or hydroxylation . The 
distinguished , for example , by its partitioning into the aque- 60 amino acid sequences of exemplary wild - type human PH20 
ous phase of a Triton X - 114 solution warmed to 37 ° C. are set forth in SEQ ID NOS : 6 and 7 and those of allelic 
( Bordier et al . , ( 1981 ) J. Biol . Chem . , 256 : 1604-7 ) . Mem- variants , including mature forms thereof , are set forth in 
brane - anchored , such as lipid anchored hyaluronidases , will SEQ ID NOS : 68-72 . Other animals produce native PH20 , 
partition into the detergent rich phase , but will partition into including , but not limited to , native or wildtype sequences 
the detergent - poor or aqueous phase following treatment 65 set forth in any of SEQ ID NOS : 8-31 , 856-861 , 869 or 870 . 
with Phospholipase - C . Included among soluble PH20 As used herein , modification is in reference to modifica 
hyaluronidases are membrane anchored hyaluronidases in tion of a sequence of amino acids of a polypeptide or a 

are 
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sequence of nucleotides in a nucleic acid molecule and resulting modified PH20 polypeptide exhibits hyaluronidase 
includes deletions , insertions , and replacements of amino activity . Typically , a modified PH20 polypeptide contains 1 , 
acids and nucleotides , respectively . Modifications also can 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 
include post - translational modifications or other changes to 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 
the molecule that can occur due to conjugation or linkage , 5 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , or 50 
directly or indirectly , to another moiety . Methods of modi amino acid replacements . It is understood that a modified fying a polypeptide are routine to those of skill in the art , PH20 polypeptide also can include any one or more other such as by using recombinant DNA methodologies . modifications , in addition to at least one amino acid replace As used herein , a “ modified hyaluronan - degrading ment as described herein . enzyme ” refers to a hyaluronan - degrading enzyme that 10 As used herein , an unmodified PH20 polypeptide refers to contains a modification compared to a reference or unmodi 
fied hyaluronan - degrading enzyme . The modification can be a starting PH20 polypeptide that is selected for modification 
an amino acid replacement ( substitution ) , insertion ( addi as provided herein . The starting polypeptide can be a natu 
tion ) or deletion of one or more amino acid residues . The rally - occurring , wild - type form of a polypeptide . In addi 
amino acid residue can be a natural or non - natural amino 15 tion , the starting polypeptide can be altered or mutated , such 
acid . In some cases , the modification can be a post - transla that it differs from a native wild type isoform but is none 
tional modification . A modified hyaluronan - degrading theless referred to herein as a starting unmodified polypep 
enzyme can have up to 150 amino acid differences compared tide relative to the subsequently modified polypeptides pro 
to a reference or unmodified hyaluronan - degrading enzyme , duced herein . Thus , existing proteins known in the art that 
so long as the resulting modified hyaluronan - degrading 20 have been modified to have a desired increase or decrease in 
enzyme exhibits hyaluronidase activity . Typically , a modi- a particular activity or property compared to an unmodified 
fied hyaluronan - degrading enzyme contains 1 , 2 , 3 , 4 , 5 , 6 , reference protein can be selected and used as the starting 
7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , unmodified polypeptide . For example , a protein that has 
24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , been modified from its native form by one or more single 
40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , or 50 amino acid 25 amino acid changes and possesses either an increase or 
modifications . decrease in a desired property , such as a change in an amino 
As used herein , an unmodified hyaluronan - degrading acid residue or residues to alter glycosylation , can be 

enzyme refers to a starting polypeptide that is selected for selected for modification , and hence referred to herein as 
modification as provided herein . The starting polypeptide unmodified , for further modification . Exemplary unmodified 
can be a naturally - occurring , wild - type form of a polypep- 30 PH20 polypeptides is a human PH20 polypeptide or allelic 
tide . In addition , the starting polypeptide can be altered or or species variants thereof or other variants , including 
mutated , such that it differs from a native wild type isoform mature and precursor polypeptides . For example , exemplary 
but is nonetheless referred to herein as a starting unmodified reference PH20 polypeptides is a mature full length PH20 
polypeptide relative to the subsequently modified polypep- polypeptide set forth in SEQ ID NOS : 7 , 69 or 72 , or in 
tides produced herein . Thus , existing proteins known in the 35 C - terminally truncated forms thereof such as set forth in any 
art that have been modified to have a desired increase or of SEQ ID NOS : 3 and 32-66 , or in a PH20 polypeptide that 
decrease in a particular activity or property compared to an exhibits at least 68 % , 69 % , 70 % , 75 % , 80 % , 85 % , 86 % , 
unmodified reference protein can be selected and used as the 87 % , 88 % , 89 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 
starting unmodified polypeptide . For example , a protein that 97 % , 98 % , or 99 % sequence identity to any of SEQ ID 
has been modified from its native form by one or more single 40 NOS : 3 , 7 , 32-66 , 69 or 72. A reference PH20 polypeptide 
amino acid changes and possesses either an increase or also can include the corresponding precursor form such as 
decrease in a desired property , such as a change in an amino set forth in any of SEQ ID NOS : 2 , 6 , 68 , 70 , 71 or other 
acid residue or residues to alter glycosylation , can be precursor forms , or in a PH20 polypeptide that exhibits at 
selected for modification , and hence referred to herein as least 68 % , 69 % , 70 % , 75 % , 80 % , 85 % , 86 % , 87 % , 88 % , 
unmodified , for further modification . An unmodified 45 89 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , or 
hyaluronan - degrading enzyme includes human and non- 99 % sequence identity to any of SEQ ID NOS : 2 , 6 , 68 , 70 , 
human hyaluronan - degrading enzymes , including hyaluro- 71. It is understood that an unmodified hyaluronan - degrad 
nan - degrading enzymes from non - human mammals and ing enzyme generally is one that does not contain the 
bacteria . Exemplary unmodified hyaluronan - degrading modification ( s ) , such as amino acid replacement ( s ) of a 
enzyme are any set forth in SEQ ID NOS : 2 , 3 , 6 , 7-66 , 50 modified hyaluronan - degrading enzyme . 
68-72 , 856-861 , 869-924 or mature , C - terminally truncated As used herein , an N - linked moiety refers to an aspara 
forms thereof that exhibit hyaluronidase activity , or a gine ( N ) amino acid residue of a polypeptide that is capable 
hyaluronan - degrading enzyme that exhibits at least 75 % , of being glycosylated by post - translational modification of a 
80 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 92 % , 93 % , polypeptide . Exemplary N - linked moieties of human PH20 
94 % , 95 % , 96 % , 97 % , 98 % , or 99 % sequence identity to 55 include amino acids N47 , N131 , N200 , N219 , N333 , N358 
any of SEQ ID NOS : 2 , 3 , 6 , 7-66 , 68-72 , 856-861 , 869-924 . and N365 of the sequence of amino acids set forth in SEQ 
It is understood that an unmodified hyaluronan - degrading ID NO : 3 or 7 ( corresponding to amino acid residues N82 , 
enzyme generally is one that does not contain the modifi- N166 , N235 , N254 , N368 , N393 and N490 of human PH20 
cation ( s ) , such as amino acid replacement ( s ) of a modified set forth in SEQ ID NO : 6 ) . 
hyaluronan - degrading enzyme . As used herein , an N - glycosylated polypeptide refers to a 
As used herein , “ modified PH20 polypeptide ” or “ variant PH20 polypeptide containing oligosaccharide linkage of at 

PH20 polypeptide ” refers to a PH20 polypeptide that con- least three N - linked amino acid residues , for example , 
tains at least one amino acid modification , such as at least N - linked moieties corresponding to amino acid residues 
one amino acid replacement as described herein , in its N200 , N333 and N358 of SEQ ID NO : 3 or 7. An N - glyco 
sequence of amino acids compared to a reference unmodi- 65 sylated polypeptide can include a polypeptide where three , 
fied PH20 polypeptide . A modified PH20 polypeptide can four , five and up to all of the N - linked moieties are linked to 
have up to 150 amino acid replacements , so long as the an oligosaccharide . The N - linked oligosaccharides can 
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include oligomannose , complex , hybrid or sulfated oligo- As used herein , " increased activity ” with reference to a 
saccharides , or other oligosaccharides and monosaccharides . modified PH20 hyaluronidase means that , when tested under 
As used herein , an N - partially glycosylated polypeptide the same conditions , the modified PH20 hyaluronidase 

refers to a polypeptide that minimally contains an N - acetyl- exhibits greater hyaluronidase activity compared to an 
glucosamine glycan linked to at least three N - linked moi- 5 unmodified PH20 hyaluronidase not containing the amino 
eties . A partially glycosylated polypeptide can include vari acid replacement ( s ) . For example , a modified PH20 

glycan forms , including monosaccharides , hyaluronidase exhibits at least or about at least 110 % , 120 % , 
oligosaccharides , and branched sugar forms , including those 130 % , 140 % , 150 % , 160 % , 170 % , 180 % , 190 % , 200 % , 
formed by treatment of a polypeptide with EndoH , EndoFi , 250 % , 300 % , 400 % , 500 % , 600 % , 700 % , 800 % , 900 % , 
EndoF2 and / or EndoF3 . 10 1000 % or more of the activity of the unmodified or reference 
As used herein , " conditions ” refers to any parameter that PH20 hyaluronidase . 

can influence the activity or properties of a protein or agent . As used herein , “ solubility ” with reference to a protein 
refers to a protein that is homogenous in an aqueous solu For purposes herein , conditions generally refer to the pres tion , whereby protein molecules diffuse and do not sediment ence , including amount , of excipients , carriers or other 15 spontaneously . Hence a soluble protein solution is one in components in a formulation other than the active agent which there is an absence of a visible or discrete particle in 

( e.g. , modified PH20 hyaluronidase ) ; temperature ; time a solution containing the protein , such that the particles 
( e.g. , time of storage or exposure ) ; storage vessel ; properties cannot be easily filtered . Generally , a protein is soluble if 
of storage ( e.g. , agitation ) and / or other conditions associated there are no visible or discrete particles in the solution . For 
with exposure or use . 20 example , a protein is soluble if it contains no or few particles 
As used herein , “ denaturation ” or “ denaturing ” or gram- that can be removed by a filter with a pore size of 0.22 um . 

matical variations thereof with reference to a protein refers As used herein , aggregation or crystallization with refer 
to a biochemical change in a protein so that a property or ence to a protein refers to the presence of visible or discrete 
activity of the protein is diminished or eliminated . The particles in a solution containing the protein . Typically , the 
biochemical change can be a change in the tertiary structure 25 particles are greater than 10 um in size , such as greater than 
of the protein to unfold . The property or activity can be 15 um , 20 um , 25 um , 30 um , 40 um , 50 um or greater . 
completely abolished or can be reduced by 10 % , 20 % , 30 % , Aggregation or crystallization can arise due to reduced 
40 % , 50 % , 60 % , 70 % , 80 % , 90 % , 95 % or more . solubility , increased denaturation of a protein or the forma 
As used herein , property refers to a physical or structural tion of covalent bonds . 

property , such as the three - dimensional structure , pl , half- 30 As used herein , “ denaturing condition ” or “ denaturation 
life , conformation and other such physical characteristics . condition ” refers to any condition or agent that , when 
For example , a change in a property can be manifested as the exposed to a protein , affects or influences the degradation or 
solubility , aggregation or crystallization of a protein . denaturation of the protein , generally as a result of a loss or 
As used herein , activity refers to a functional activity or partial loss of the tertiary or secondary structure of the 

activities of a polypeptide or portion thereof associated with 35 protein . Denaturing conditions can result in effects such as 
a full - length ( complete ) protein . Functional activities loss or reduction in activity , loss or reduction of solubility , 
include , but are not limited to , biological activity , catalytic aggregation and / or crystallization . The denaturing condition 
or enzymatic activity , antigenicity ( ability to bind or com- need not be one that is completely deadly to the protein , but 
pete with a polypeptide for binding to an anti - polypeptide nevertheless is one that leads to a reduction in the activity of 
antibody ) , immunogenicity , ability to form multimers , and 40 the protein over time . Thus , a condition is denaturing if the 
the ability to specifically bind to a receptor or ligand for the activity of the protein is reduced by at least 10 % , 20 % , 30 % , 
polypeptide . 40 % , 50 % , 60 % , 70 % , 80 % , 90 % , 95 % or more in the 
As used herein , hyaluronidase activity refers to the ability presence of the condition than in its absence . A denaturing 

to enzymatically catalyze the cleavage of hyaluronic acid . condition can be due to an external stress or physical 
The United States Pharmacopeia ( USP ) XXII assay for 45 condition ( e.g. , agitation , temperature , time of storage , 
hyaluronidase determines hyaluronidase activity indirectly absence of a stabilizer ) or can be due to the presence of a 
by measuring the amount of higher molecular weight denaturing agent . For example , the denaturing condition can 
hyaluronic acid , or hyaluronan , ( HA ) substrate remaining be caused by heat , acid or a chemical denaturant . Exemplary 
after the enzyme is allowed to react with the HA for 30 min denaturing conditions include , but are not limited to , the 
at 37 ° C. ( USP XXII - NF XVII ( 1990 ) 644-645 United States 50 presence of a strong acid or base , a concentrated inorganic 
Pharmacopeia Convention , Inc , Rockville , Md . ) . A Refer- salt , an organic solvent ( e.g. , alcohol or chloroform ) , urea , 
ence Standard solution can be used in an assay to ascertain high or low pH ( extremes of pH ) , elevated temperature ( e.g. , 
the relative activity , in units , of any hyaluronidase . In vitro heat ) , the presence of excipients that can be denaturing ( e.g. , 
assays to determine the hyaluronidase activity of hyaluroni- phenolic preservatives or detergent ) , and low or substan 
dases , such as PH20 , including modified PH20 polypeptides , 55 tially no stabilizing agent that otherwise is required for 
are known in the art and described herein . Exemplary assays stability of the protein ( e.g. , NaCl ) . 
include the microturbidity assay described herein that mea- As used herein , “ denaturing agent ” or “ denaturant ” refers 
sures cleavage of hyaluronic acid by hyaluronidase indi- to any substance , molecule or compound that causes dena 
rectly by detecting the insoluble precipitate formed when the turation . For example , a denaturing agent can include a 
uncleaved hyaluronic acid binds with serum albumin . Ref- 60 strong acid or base , a concentrated inorganic salt , an organic 
erence Standards can be used , for example , to generate a solvent ( e.g. , alcohol or chloroform ) , a preservative , deter 
standard curve to determine the activity in Units of the gent or other excipient . 
hyaluronidase being tested . As used herein , " resistance to a denaturation condition " 
As used herein , neutral active refers to the ability of a refers to any amount of decreased reduction or elimination 

PH20 polypeptide to enzymatically catalyze the cleavage of 65 of a property or activity of the protein associated with or 
hyaluronic acid at neutral pH , such as at a pH between or caused by denaturation . For example , denaturation is asso 
about between pH 6.0 to pH 7.8 . ciated with or causes increased crystallization or aggrega 
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tion , reduced solubility or decreased activity . Hence , resis- modified PH20 hyaluronidase exhibits greater hyaluronidase 
tance to denaturation means that the protein exhibits activity compared to an unmodified PH20 hyaluronidase not 
decreased aggregation or crystallization , increased solubility containing the amino acid replacement ( s ) . For example , a 
or increased or greater activity ( e.g. , hyaluronidase activity ) modified PH20 hyaluronidase exhibits increased stability if 
when exposed to a denaturing condition compared to a 5 it exhibits at least or about at least 110 % , 120 % , 130 % , 
reference protein ( e.g. unmodified enzyme ) . The resistance 140 % , 150 % , 160 % , 170 % , 180 % , 190 % , 200 % , 250 % , 
to a denaturation condition need not be absolute or perma 300 % , 400 % , 500 % , 600 % , 700 % , 800 % , 900 % , 1000 % or nent , but can be achieved because the denaturation of the more of the activity of the unmodified or reference PH20 modified hyaluronan - degrading enzyme occurs more slowly hyaluronidase in the presence of a denaturing or denatur than the unmodified enzyme in the denaturation condition 10 ation condition ( s ) ( e.g. , in the presence of a denaturing such that an activity or property of the modified hyaluronan excipient such as a preservative ) . degrading enzyme is achieved for longer . For example , a 
modified hyaluronan - degrading enzyme , such as a modified As used herein , “ elevated temperatures ” refers to tem 
PH20 hyaluronidase , exhibits resistance to a denaturation peratures that are greater than room temperature or ambient 
condition if it exhibits , for example , 1 % , 2 % , 3 % , 4 % , 5 % , 15 temperature . Generally , an elevated temperature is a tem 
6 % , 7 % , 8 % , 9 % , 10 % , ... 20 % , ... 30 % , . . . 40 % , . perature that is at least , greater than , or about 30 ° C. , such 
50 % , 60 % , . 70 % , ... 80 % , 90 % , 91 % 92 % , as 30 ° C. to 42 ° C. , and generally 32 ° C. to 37 ° C. or 35º C. 
93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 100 % more to 37 ° C. , inclusive . 
resistance to denaturation in the presence of a denaturation As used herein , room temperature refers to a range 
condition or denaturing agent than an unmodified polypep- 20 generally from about or at to 18 ° C. to about or at 32 ° C. 
tide . In some instances , a modified polypeptide exhibits Those of skill in the art appreciate that room temperature 
105 % , 110 % , 120 % , 130 % , 140 % , 150 % , 200 % , 300 % , varies by location and prevailing conditions . For example , 
400 % , 500 % , or more increased resistance to denaturation room temperatures can be higher in warmer climates such as 
compared to an unmodified polypeptide . Italy or Texas . 
As used herein , stability of a modified PH20 hyaluroni- 25 As used herein , recitation that proteins are " compared 

dase means that it exhibits resistance to denaturation caused under the same conditions ” means that different proteins are 
by a denaturation condition or denaturing agent . A modified treated identically or substantially identically such that any 
PH20 polypeptide exhibits stability if it retains some activity one or more conditions that can influence the activity or 
in the presence of a denaturation condition or denaturing properties of a protein or agent are not varied or not 
agent , such as at least 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , 30 substantially varied between the test agents . For example , 
80 % , 90 % or more of the original or initial hyaluronidase when the hyaluronidase activity of a modified PH20 poly 
activity prior to exposure to the denaturing condition ( s ) . peptide is compared to an unmodified PH20 polypeptide any 
Generally , a modified PH20 hyaluronidase is stable if it one or more conditions such as the am nt or concentration 
retains at least 50 % or more of the hyaluronidase activity of the polypeptide ; presence , including amount , of excipi 
under a denaturation condition compared to the absence of 35 ents , carriers or other components in a formulation other 
the denaturation condition . Assays to assess hyaluronidase than the active agent ( e.g. , modified PH20 hyaluronidase ) ; 
activity are known to one of skill in the art and described temperature ; time of storage ; storage vessel ; properties of 
herein . It is understood that the stability of the enzyme need storage ( e.g. , agitation ) and / or other conditions associated 
not be permanent or long term , but is manifested for a with exposure or use are identical or substantially identical 
duration of time in which activity is desired . For example , a 40 between and among the compared polypeptides . 
modified PH20 hyaluronidase is stable if it exhibits an As used herein , “ predetermined time ” refers to a time that 
activity for at least 2 hours , 3 hours , 4 hours , 6 hours , 12 is established or decided in advance . For example , the 
hours , 24 hours , one day , two days , three days , four days , predetermined time can be a time chosen in advance that is 
five days , six days , one week , one month , six months or one associated with the desired duration of activity of a hyaluro 
year upon exposure , or during exposure , to one or more 45 nan - degrading enzyme depending on the desired application 
denaturing condition ( s ) or agent ( s ) ( e.g. , presence of a or use of the protein . A predetermined time can be hours , 
denaturing excipient such as a preservative ) . For example , a days , months or years . For example , a predetermined time 
modified PH20 hyaluronidase is stable if it exhibits an can be at least about or about 2 hours , 3 hours , 4 hours , five 
activity upon or during exposure to one or more denaturing hours , six hours , 12 hours , 24 hours , 2 days , three days , four 
condition ( s ) or agent ( s ) ( e.g. , presence of a denaturing 50 days , five days , six days , one week , two weeks , three weeks , 
excipient such as a preservative ) for at least 1 month at one month , six months , one year or more . 
temperatures from or from about 2 ° C. to 8 ° C. , inclusive or As used herein , “ storage ” means that a formulation is not 
for at least 3 days at a temperature from or from about 30 ° immediately administered to a subject once prepared , but is 
C. to 42 ° C. , inclusive . kept for a period of time under particular conditions ( e.g. , 

Hence , “ stable ” or “ stability , " with reference to a formu- 55 particular temperature ; time , and / or form ( e.g. , liquid or 
lation or a co - formulation provided herein , refers to one in lyophilized form ) ) prior to use . For example , a liquid 
which a modified hyaluronan - degrading enzyme , such as a formulation can be kept for days , weeks , months or years , 
modified PH20 hyaluronidase , therein is stable upon expo- prior to administration to a subject under varied tempera 
sure to one or more denaturing condition ( s ) or agent ( s ) tures such as refrigerated ( 0 ° C. to 10 ° C. , such as 2º to 
therein ( e.g. , presence of a denaturing excipient such as a 60 C. ) , room temperature ( e.g. , temperature up to 32 ° C. , such 
preservative ) for at least 1 month at temperatures from or as 18 ° C. to about or at 32 ° C. ) , or elevated temperature ( e.g. , 
from about 2 ° C. to 8 ° C. , inclusive or for at least 3 days at 30 ° C. to 42 ° C. , such as 32 ° C. to 37 ° C. or 35 ° C. to 37 ° 
a temperature from or from about 30 ° C. to 42 ° C. , inclusive . C. ) . 
As used herein , “ increased stability ” with reference to a As used herein , an “ excipient ” refers to a compound in a 

modified PH20 hyaluronidase means that , in the presence of 65 formulation of an active agent that does not provide the 
the same denaturing or denaturation condition ( s ) ( e.g. , pres- biological effect of the active agent when administered in the 
ence of a denaturing excipient such as a preservative ) , the absence of the active agent . Exemplary excipients include , 
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but are not limited to , salts , buffers , stabilizers , tonicity organisms occurs at 7 days following inoculation , and at 
modifiers , metals , polymers , surfactants , preservatives , least no further increase in fungal organisms occurs after 28 
amino acids and sugars . days following inoculation . 
As used herein , a stabilizing agent refers to compound As used herein , " preservative ” refers to a naturally occur 

added to the formulation to protect the modified PH20 5 ring or synthetically or recombinantly produced substance 
polypeptide or other active agent from degradation , if nec that , when added to a molecule or protein composition , 
essary , such as due to denaturation conditions to which a prevents microbial growth , including bacterial or fungal 
formulation herein is exposed when handled , stored or used . growth , in the composition . 
Thus , included are agents that prevent proteins from degra As used herein , a “ phenolic preservative ” refers to a 
dation from other components in the compositions . Exem- 10 preservative that contains one hydroxyl group attached to an aromatic carbon ring , such as a benzene ring . Exemplary plary of such agents are amino acids , amino acid derivatives , phenolic preservatives , include but are not limited to , phe amines , sugars , polyols , salts and buffers , surfactants , inhibi nol , m - cresol , p - hydroxybenzoic acid , methylparaben , eth tors or substrates and other agents as described herein . ylparaben , and propylparaben . For example , cresols , includ 
As used herein , an antimicrobial effectiveness test or 15 ing meta - cresol ( m - cresol ) , has a methyl group substituted preservative effectiveness test ( PET ) demonstrates the effec onto the benzene ring of a phenol molecule . 

tiveness of the preservative system in a product . A product As used herein , a “ phenophile ” refers to a protein , such as 
is inoculated with a controlled quantity of specific organ- a modified PH20 polypeptide , that exhibits stability in the 
isms . The test then compares the level of microorganisms presence of an anti - microbially effective amount of a pre 
found on a control sample versus the test sample over a 20 servative ( s ) . The term “ phenolphile ” can be used inter 
period of 28 days . Generally , target markets have differing changeably herein with “ phenophile ” and has the same 
PET requirements . For example , the PET requirements of meaning . For example , a modified PH20 polypeptide that is 
the United States Pharmacopoeia ( USP ) and the European a phenophile or phenolphile typically exhibits increased 
Pharmacopoeia ( EP ) differ . Parameters for performing an stability compared to an unmodified PH20 hyaluronidase 
antimicrobial effectiveness test , including in different mar- 25 not containing the amino acid replacement ( s ) when tested 
kets , are known to one of skill in the art as described herein . under the same denaturing condition ( s ) containing a pheno 
As used herein , an anti - microbially or anti - microbial lic preservative ( s ) . For example , a modified PH20 

effective amount of a preservative refers to an amount of the hyaluronidase exhibits at least or about at least 110 % , 120 % , 
preservative that kills or inhibits the propagation of micro 130 % , 140 % , 150 % , 160 % , 170 % , 180 % , 190 % , 200 % , 
bial organisms in a sample that may be introduced from 30 250 % , 300 % , 400 % , 500 % , 600 % , 700 % , 800 % , 900 % , 
storage or use . For example , for multiple - dose containers , an 1000 % or more of the activity of the unmodified or reference 

PH20 hyaluronidase in the presence of a phenolic preser anti - microbially effective amount of a preservative inhibits vative ( s ) . the growth of microorganisms that may be introduced from 
repeatedly withdrawing individual doses . USP and EP ( EPA 35 as a modified PH20 polypeptide , that exhibits stability under As used herein , a “ thermophile ” refers to a protein , such 
and EPB ) have anti - microbial requirements that determine elevated temperatures greater than or about 30 ° C. , such as preservative effectiveness , and that vary in stringency . For 30 ° C. to 42 ° C. , and generally 32 ° C. to 37 ° C. or 35º C. 
example , an anti - microbial effective amount of a preserva to 37 ° C. For example , a modified PH20 polypeptide that is 
tive is an amount such that at least a 1.0 log10 unit reduction a thermophile typically exhibits increased stability com 
in bacterial organisms occurs at 7 days following inoculation 40 pared to an unmodified PH20 hyaluronidase not containing 
in an antimicrobial preservative effectiveness test ( APET ) . the amino acid replacement ( s ) when tested under the same 
In a particular example , an anti - microbial effective amount elevated temperature denaturing condition ( s ) . For example , 
of a preservative is an amount such that at least a 1.0 logio a modified PH20 hyaluronidase exhibits at least or about at 
unit reduction in bacterial organisms occurs at 7 days least 110 % , 120 % , 130 % , 140 % , 150 % , 160 % , 170 % , 
following inoculation , at least a 3.0 log10 unit reduction of 45 180 % , 190 % , 200 % , 250 % , 300 % , 400 % , 500 % , 600 % , 
bacterial organisms occurs at 14 days following inoculation , 700 % , 800 % , 900 % , 1000 % or more of the activity of the 
at least no further increase in bacterial organisms occurs unmodified or reference PH20 hyaluronidase under elevated 
after 28 days following inoculation , and at least no increase temperatures . 
in fungal organisms occurs after 7 days following inocula- As used herein , the term “ detergent ” is used interchange 
tion . In a further example , an anti - microbial effective 50 ably with the term “ surfactant ” or “ surface acting agent . ” 
amount of a preservative is an amount such that at least a 1.0 Surfactants are typically organic compounds that are amphi 
logio unit reduction of bacterial organisms occurs at 24 philic , i.e. , containing both hydrophobic groups ( " tails " ) and 
hours following inoculation , at least a 3.0 log10 unit reduc- hydrophilic groups ( “ heads ” ) , which render surfactants 
tion of bacterial organisms occurs at 7 days following soluble in both organic solvents and water . A surfactant can 
inoculation , no further increase bacterial organisms 55 be classified by the presence of formally charged groups in 
occurs after 28 days following inoculation , at least a 1.0 its head . A non - ionic surfactant has no charge groups in its 
log10 unit reduction of fungal organisms occurs at 14 days head , whereas an ionic surfactant carries a net charge in its 
following inoculation , and at least no further increase in head . A zwitterionic surfactant contains a head with two 
fungal organisms occurs after 28 days following inoculation . oppositely charged groups . Some examples of common 
In an additional example , an anti - microbial effective amount 60 surfactants include : Anionic ( based on sulfate , sulfonate or 
of a preservative is an amount such that at least a 2.0 log10 carboxylate anions ) : perfluorooctanoate ( PFOA or PFO ) , 
unit reduction of bacterial organisms occurs at 6 hours perfluorooctane sulfonate ( PFOS ) , sodium dodecyl sulfate 
following inoculation , at least a 3.0 logio unit reduction of ( SDS ) , ammonium lauryl sulfate , and other alkyl sulfate 
bacterial organisms occurs at 24 hours following inocula- salts , sodium laureth sulfate ( also known as sodium lauryl 
tion , no recovery of bacterial organisms occurs after 28 days 65 ether sulfate , or SLES ) , alkyl benzene sulfonate ; cationic 
following inoculation of the composition with the microbial ( based on quaternary ammonium cations ) : cetyl trimethyl 
inoculum , at least a 2.0 logio unit reduction of fungal ammonium bromide ( CTAB ) a.k.a. hexadecyl trimethyl 

Petitioner Merck, Ex. 1001, p. 49



10 

15 

SYMBOL 

1 - Letter 3 - Letter AMINO ACID 

Alanine 
Serine 

Y 
G 
F 
M 
A 
S 
I 
L 
T 
V 
P 
K 
H 

Ala 
Ser 
Ile 
Leu 
Thr 
Val 
Pro 

US 10,865,400 B2 
53 54 

ammonium bromide , and other alkyltrimethylammonium As used herein , “ amino acid residue ” refers to an amino 
salts , cetylpyridinium chloride ( CPC ) , polyethoxylated tal- acid formed upon chemical digestion ( hydrolysis ) of a 
low amine ( POEA ) , benzalkonium chloride ( BAC ) , benze- polypeptide at its peptide linkages . The amino acid residues 
thonium chloride ( BZT ) ; Zwitterionic ( amphoteric ) : dodecyl described herein are presumed to be in the “ L ” isomeric 
betaine ; cocamidopropyl betaine ; coco ampho glycinate ; 5 form . Residues in the “ D ” isomeric form , which are so 
nonionic : alkyl poly ( ethylene oxide ) , alkylphenol poly ( eth- designated , can be substituted for any L - amino acid residue 
ylene oxide ) , copolymers of polyethylene oxide ) and poly- as long as the desired functional property is retained by the 
propylene oxide ) ( commercially known as Poloxamers or polypeptide . NH , refers to the free amino group present at 
Poloxamines ) , alkyl polyglucosides , including octyl gluco- the amino terminus of a polypeptide . COOH refers to the 
side , decyl maltoside , fatty alcohols ( e.g. , cetyl alcohol and free carboxy group present at the carboxyl terminus of a 
oleyl alcohol ) , cocamide MEA , cocamide DEA , polysor- polypeptide . In keeping with standard polypeptide nomen 
bates ( Tween 20 , Tween 80 , etc. ) , Triton detergents , and clature described in J. Biol . Chem . , 243 : 3557-3559 ( 1968 ) , 
dodecyl dimethylamine oxide . and adopted 37 C.F.R. SS 1.821-1.822 , abbreviations for 
As used herein , a “ buffer ” refers to a substance , generally amino acid residues are shown in Table 1 : 

a solution , that can keep its pH constant , despite the addition 
of strong acids or strong bases and external influences of TABLE 1 
temperature , pressure , volume or redox potential . A buffer Table of Correspondence prevents change in the concentration of another chemical 
substance , e.g. , proton donor and acceptor systems that 20 
prevent marked changes in hydrogen ion concentration 
( pH ) . The pH values of all buffers are temperature and 
concentration dependent . The choice of buffer to maintain a Tyr Tyrosine 
pH value or range can be empirically determined by one of Gly Glycine 

Phe skill in the art based on the known buffering capacity of 25 Phenylalanine 
Met Methionine 

known buffers . Exemplary buffers include but are not lim 
ited to , bicarbonate buffer , cacodylate buffer , phosphate 
buffer or Tris buffer . For example , Tris buffer ( trometh Isoleucine 

amine ) is an amine based buffer that has a pKa of 8.06 and Threonine 
has an effective pH range between 7.9 and 9.2 . For Tris 30 Valine 
buffers , pH increases about 0.03 unit per ° C. temperature Proline 
decrease , and decreases 0.03 to 0.05 unit per ten - fold Lys Lysine 
dilution . Q Gln Glutamine As used herein , the residues of naturally occurring 
a - amino acids are the residues of those 20 a - amino acids 35 
found in nature which are incorporated into protein by the Tryptophan 

Arg Arginine specific recognition of the charged tRNA molecule with its Asp Aspartic Acid 
cognate mRNA codon in humans . Asparagine 
As used herein , nucleic acids include DNA , RNA and Asn and / or Asp 

analogs thereof , including peptide nucleic acids ( PNA ) and 40 Cys Cysteine 
mixtures thereof . Nucleic acids can be single or double 
stranded . When referring to probes or primers , which are 
optionally labeled , such as with a detectable label , such as a It should be noted that all amino acid residue sequences 
fluorescent or radiolabel , single - stranded molecules are con- represented herein by formulae have a left to right orienta 
templated . Such molecules are typically of a length such that 45 tion in the conventional direction of amino - terminus to 
their target is statistically unique or of low copy number carboxyl - terminus . In addition , the phrase " amino acid resi 
( typically less than 5 , generally less than 3 ) for probing or due ” is broadly defined to include the amino acids listed in 
priming a library . Generally a probe or primer contains at the Table of Correspondence ( Table 1 ) and modified and 
least 14 , 16 or 30 contiguous nucleotides of sequence unusual amino acids , such as those referred to in 37 C.F.R. 
complementary to or identical to a gene of interest . Probes 50 $$ 1.821-1.822 , and incorporated herein by reference . Fur 
and primers can be 10 , 20 , 30 , 50 , 100 or more nucleic acids thermore , it should be noted that a dash at the beginning or 
long . end of an amino acid residue sequence indicates a peptide 
As used herein , a peptide refers to a polypeptide that is bond to a further sequence of one or more amino acid 

from 2 to 40 amino acids in length . residues , to an amino - terminal group such as NH , or to a 
As used herein , the amino acids which occur in the 55 carboxyl - terminal group such as COOH . 

various sequences of amino acids provided herein are iden- As used herein , “ naturally occurring amino acids ” refer to 
tified according to their known , three - letter or one - letter the 20 L - amino acids that occur in polypeptides . 
abbreviations ( Table 1 ) . The nucleotides which occur in the As used herein , " non - natural amino acid ” refers to an 
various nucleic acid fragments are designated with the organic compound that has a structure similar to a natural 
standard single - letter designations used routinely in the art . 60 amino acid but has been modified structurally to mimic the 
As used herein , an “ amino acid ” is an organic compound structure and reactivity of a natural amino acid . Non 

containing an amino group and a carboxylic acid group . A naturally occurring amino acids thus include , for example , 
polypeptide contains two or more amino acids . For purposes amino acids or analogs of amino acids other than the 20 
herein , amino acids include the twenty naturally - occurring naturally - occurring amino acids and include , but are not 
amino acids , non - natural amino acids and amino acid ana- 65 limited to , the D - stereoisomers of amino acids . Exemplary 
logs ( i.e. , amino acids wherein the a - carbon has a side non - natural amino acids are described herein and are known 
chain ) . to those of skill in the art . 

Leucine 

His Histidine 
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As used herein , an isokinetic mixture is one in which the double - stranded polynucleotide molecule cannot be paired . 
molar ratios of amino acids has been adjusted based on their Such unpaired ends will , in general , not exceed 20 nucleo 
reported reaction rates ( see , e.g. , Ostresh et al . , ( 1994 ) tides in length . 
Biopolymers 34 : 1681 ) . As used herein , " at a position corresponding to " or 
As used herein , suitable conservative substitutions of 5 recitation that nucleotides or amino acid positions “ corre 

amino acids are known to those of skill in this art and can spond to ” nucleotides or amino acid positions in a disclosed 
be made generally without altering the biological activity of sequence , such as set forth in the Sequence listing , refers to 
the resulting molecule . Those of skill in the art recognize nucleotides or amino acid positions identified upon align 
that , in general , single amino acid substitutions in non ment with the disclosed sequence to maximize identity using 
essential regions of a polypeptide do not substantially alter 10 a standard alignment algorithm , such as the GAP algorithm . 

For purposes herein , alignment of a PH20 sequence is to the biological activity ( see , e.g. , Watson et al . Molecular Biol amino acid sequence set forth in any of SEQ ID NOS : 3 , 7 ogy of the Gene , 4th Edition , 1987 , The Benjamin / Cum or 32-66 , and in particular SEQ ID NO : 3 . Hence , reference mings Pub . co . , p . 224 ) . Such substitutions can be made in herein that a position or amino acid replacement corresponds accordance with those set forth in TABLE 2 as follows : 15 to positions with reference to SEQ ID NO : 3 also means that 
the position or amino acid replacement corresponds to 

TABLE 2 positions with reference to any of SEQ ID NOS : 7 or 32-66 , 
Original residue Exemplary conservative substitution since the sequences therein are identical to the correspond 

ing residues as set forth in SEQ ID NO : 3 . By aligning the 
Ala ( A ) Gly ; Ser 20 sequences , one skilled in the art can identify corresponding 
Arg ( R ) Lys residues , for example , using conserved and identical amino Asn ( N ) Gln ; His 
Cys ( C ) acid residues as guides . In general , to identify corresponding 

positions , the sequences of amino acids are aligned so that 
Glu ( E ) Asp the highest order match is obtained ( see , e.g .: Computational Gly ( G ) Ala ; Pro 25 Molecular Biology , Lesk , A. M. , ed . , Oxford University His ( H ) 

Leu ; Val Press , New York , 1988 ; Biocomputing : Informatics and 
Leu ( L ) Ile ; Val Genome Projects , Smith , D. W. , ed . , Academic Press , New 
Lys ( K ) Arg ; Gln ; Glu York , 1993 ; Computer Analysis of Sequence Data , Part 1 , 
Met ( M ) Leu ; Tyr ; Ile Griffin , A. M. , and Griffin , H. G. , eds . , Humana Press , New Phe ( F ) Met ; Leu ; Tyr 
Ser ( S ) 30 Jersey , 1994 ; Sequence Analysis in Molecular Biology , von 
Thr ( T ) Heinje , G. , Academic Press , 1987 ; and Sequence Analysis 
Trp ( W ) Tyr Primer , Gribskov , M. and Devereux , J. , eds . , M Stockton Tyr ( Y ) Press , New York , 1991 ; Carrillo et al . ( 1988 ) SIAM J Applied Ile ; Leu Math 48 : 1073 ) . FIG . 2 ( A - L ) exemplifies exemplary align 

35 ments and identification of exemplary corresponding resi 
Other substitutions also are permissible and can be deter- dues for replacement . 
mined empirically or in accord with known conservative As used herein , “ sequence identity ” refers to the number 
substitutions . of identical or similar amino acids or nucleotide bases in a 
As used herein , a DNA construct is a single or double comparison between a test and a reference polypeptide or 

stranded , linear or circular DNA molecule that contains 40 polynucleotide . Sequence identity can be determined by 
segments of DNA combined and juxtaposed in a manner not sequence alignment of nucleic acid or protein sequences to 
found in nature . DNA constructs exist as a result of human identify regions of similarity or identity . For purposes 
manipulation , and include clones and other copies of herein , sequence identity is generally determined by align 
manipulated molecules . ment to identify identical residues . Alignment can be local 
As used herein , a DNA segment is a portion of a larger 45 or global , but for purposes herein alignment is generally a 

DNA molecule having specified attributes . For example , a global alignment where the full - length of each sequence is 
DNA segment encoding a specified polypeptide is a portion compared . Matches , mismatches and gaps can be identified 
of a longer DNA molecule , such as a plasmid or plasmid between compared sequences . Gaps are null amino acids or 
fragment , which , when read from the 5 ' to 3 ' direction , nucleotides inserted between the residues of aligned 
encodes the sequence of amino acids of the specified poly- 50 sequences so that identical or similar characters are aligned . 
peptide . Generally , there can be internal and terminal gaps . Sequence 
As used herein , the term polynucleotide means a single- identity can be determined by taking into account gaps as the 

or double - stranded polymer of deoxyribonucleotides or number of identical residues / length of the shortest 
ribonucleotide bases read from the 5 ' to the 3 ' end . Poly- sequencex100 . When using gap penalties , sequence identity 
nucleotides include RNA and DNA , and can be isolated 55 can be determined with no penalty for end gaps ( e.g. , 
from natural sources , synthesized in vitro , or prepared from terminal gaps are not penalized ) . Alternatively , sequence 
a combination of natural and synthetic molecules . The identity can be determined without taking into account gaps 
length of a polynucleotide molecule is given herein in terms as the number of identical positions / length of the total 
of nucleotides ( abbreviated “ nt ” ) or base pairs ( abbreviated aligned sequencex100 . 
“ bp ” ) . The term nucleotides is used for single- and double- 60 As used herein , a " global alignment ” is an alignment that 
stranded molecules where the context permits . When the aligns two sequences from beginning to end , aligning each 
term is applied to double - stranded molecules it is used to letter in each sequence only once . An alignment is produced , 
denote overall length and will be understood to be equiva- regardless of whether or not there is similarity or identity 
lent to the term base pairs . It will be recognized by those between the sequences . For example , 50 % sequence identity 
skilled in the art that the two strands of a double - stranded 65 based on “ global alignment ” means that in an alignment of 
polynucleotide can differ slightly in length and that the ends the full sequence of two compared sequences each of 100 
thereof can be staggered ; thus all nucleotides within a nucleotides in length , 50 % of the residues are the same . It is 

Trp ; Phe 
Val ( V ) 

Petitioner Merck, Ex. 1001, p. 51



US 10,865,400 B2 
57 58 

understood that global alignment also can be used in deter- of the fact that , assuming for exemplification purposes a test 
mining sequence identity even when the length of the and reference polypeptide or polynucleotide length of 100 
aligned sequences is not the same . The differences in the amino acids or nucleotides are compared , no more than 10 % 
terminal ends of the sequences will be taken into account in ( i.e. , 10 out of 100 ) of amino acids or nucleotides in the test 
determining sequence identity , unless the “ no penalty for 5 polypeptide or polynucleotide differs from that of the ref 
end gaps ” is selected . Generally , a global alignment is used erence polypeptides . Similar comparisons can be made 
on sequences that share significant similarity over most of between a test and reference polynucleotides . Such differ 
their length . Exemplary algorithms for performing global ences can be represented as point mutations randomly 
alignment include the Needleman - Wunsch algorithm distributed over the entire length of an amino acid sequence 
( Needleman et al . J. Mol . Biol . 48 : 443 ( 1970 ) . Exemplary 10 or they can be clustered in one or more locations of varying 
programs for performing global alignment are publicly length up to the maximum allowable , e.g. , 10/100 amino 
available and include the Global Sequence Alignment Tool acid difference ( approximately 90 % identity ) . Differences 
available at the National Center for Biotechnology Informa- also can be due to deletions or truncations of amino acid 
tion ( NCBI ) website ( ncbi.nlm.nih.gov/ ) , and the program residues . Differences are defined as nucleic acid or amino 
available at deepc2.psi.iastate.edu/aat/align/align.html . 15 acid substitutions , insertions or deletions . Depending on the 
As used herein , a “ local alignment ” is an alignment that length of the compared sequences , at the level of homologies 

aligns two sequence , but only aligns those portions of the or identities above about 85-90 % , the result can be inde 
sequences that share similarity or identity . Hence , a local pendent of the program and gap parameters set ; such high 
alignment determines if sub - segments of one sequence are levels of identity can be assessed readily , often without 
present in another sequence . If there is no similarity , no 20 relying on software . 
alignment will be returned . Local alignment algorithms As used herein , an allelic variant or allelic variation 
include BLAST or Smith - Waterman algorithm ( Adv . Appl . references any of two or more alternative forms of a gene 
Math . 2 : 482 ( 1981 ) ) . For example , 50 % sequence identity occupying the same chromosomal locus . Allelic variation 
based on “ local alignment ” means that in an alignment of the arises naturally through mutation , and can result in pheno 
full sequence of two compared sequences of any length , a 25 typic polymorphism within populations . Gene mutations can 
region of similarity or identity of 100 nucleotides in length be silent ( no change in the encoded polypeptide ) or can 
has 50 % of the residues that are the same in the region of encode polypeptides having altered amino acid sequence . 
similarity or identity . The term " allelic variant " also is used herein to denote a 

For purposes herein , sequence identity can be determined protein encoded by an allelic variant of a gene . Typically the 
by standard alignment algorithm programs used with default 30 reference form of the gene encodes a wildtype form and / or 
gap penalties established by each supplier . Default param- predominant form of a polypeptide from a population or 
eters for the GAP program can include : ( 1 ) a unary com- single reference member of a species . Typically , allelic 
parison matrix ( containing a value of 1 for identities and 0 variants , which include variants between and among species 
for non identities ) and the weighted comparison matrix of typically have at least 80 % , 90 % or greater amino acid 
Gribskov et al . Nucl . Acids Res . 14 : 6745 ( 1986 ) , as 35 identity with a wildtype and / or predominant form from the 
described by Schwartz and Dayhoff , eds . , Atlas of Protein same species ; the degree of identity depends upon the gene 
Sequence and Structure , National Biomedical Research and whether comparison is interspecies or intraspecies . 
Foundation , pp . 353-358 ( 1979 ) ; ( 2 ) a penalty of 3.0 for each Generally , intraspecies allelic variants have at least about 
gap and an additional 0.10 penalty for each symbol in each 80 % , 85 % , 90 % or 95 % identity or greater with a wildtype 
gap ; and ( 3 ) no penalty for end gaps . Whether any two 40 and / or predominant form , including 96 % , 97 % , 98 % , 99 % 
nucleic acid molecules have nucleotide sequences or any or greater identity with a wildtype and / or predominant form 
two polypeptides have amino acid sequences that are at least of a polypeptide . Reference to an allelic variant herein 
80 % , 85 % , 90 % , 95 % , 96 % , 97 % , 98 % or 99 % “ identical , " generally refers to variations in proteins among members of 
or other similar variations reciting a percent identity , can be the same species . 
determined using known computer algorithms based on 45 As used herein , " allele , ” which is used interchangeably 
local or global alignment ( see e.g. , wikipedia.org/wiki/ herein with " allelic variant ” refers to alternative forms of a 
Sequence_alignment_software , providing links to dozens of gene or portions thereof . Alleles occupy the same locus or 
known and publicly available alignment databases and pro- position on homologous chromosomes . When a subject has 
grams ) . Generally , for purposes herein sequence identity is two identical alleles of a gene , the subject is said to be 
determined using computer algorithms based on global 50 homozygous for that gene or allele . When a subject has two 
alignment , such the Needleman - Wunsch Global different alleles of a gene , the subject is said to be heterozy 
Sequence Alignment tool available from NCBI / BLAST gous for the gene . Alleles of a specific gene can differ from 
( blast.ncbi.nlm.nih.gov/ each other in a single nucleotide or several nucleotides , and 
Blast.cgi ? CMD = Web & Page_TYPE = BlastHome ) ; LAlign can include modifications such as substitutions , deletions 
( William Pearson implementing the Huang and Miller algo- 55 and insertions of nucleotides . An allele of a gene also can be 
rithm ( Adv . Appl . Math . ( 1991 ) 12 : 337-357 ) ) ; and program a form of a gene containing a mutation . 
from Xiaoqui Huang available at deepc2.psi.iastate.edu/aat/ As used herein , species variants refer to variants in 
align / align.html . Generally , when comparing nucleotide polypeptides among different species , including different 
sequences herein , an alignment with penalty for end gaps is mammalian species , such as mouse and human . Exemplary 
used . Local alignment also can be used when the sequences 60 of species variants provided herein are primate PH20 , such 
being compared are substantially the same length . as , but not limited to , human , chimpanzee , macaque , cyno 

Therefore , as used herein , the term “ identity ” represents a molgus monkey , gibbon , orangutan , or marmoset . Generally , 
comparison or alignment between a test and a reference species variants have 70 % , 75 % , 80 % , 85 % , 90 % , 91 % , 
polypeptide or polynucleotide . In one non - limiting example , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , or 98 % sequence identity . 
“ at least 90 % identical to ” refers to percent identities from 65 Corresponding residues between and among species variants 
90 to 100 % relative to the reference polypeptide or poly- can be determined by comparing and aligning sequences to 
nucleotide . Identity at a level of 90 % or more is indicative maximize the number of matching nucleotides or residues , 

as 
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for example , such that identity between the sequences is As used herein , synthetic , with reference to , for example , 
equal to or greater than 95 % , equal to or greater than 96 % , a synthetic nucleic acid molecule or a synthetic gene or a 
equal to or greater than 97 % , equal to or greater than 98 % synthetic peptide refers to a nucleic acid molecule or poly 
or equal to greater than 99 % . The position of interest is then peptide molecule that is produced by recombinant methods 
given the number assigned in the reference nucleic acid 5 and / or by chemical synthesis methods . 
molecule . Alignment can be effected manually or by eye , As used herein , production by recombinant means or 
particularly where sequence identity is greater than 80 % . using recombinant DNA methods means the use of the well 
As used herein , substantially pure means sufficiently known methods of molecular biology for expressing pro 

homogeneous to appear free of readily detectable impurities , teins encoded by cloned DNA . 
as determined by standard methods of analysis , such as thin As used herein , vector ( or plasmid ) refers to discrete 
layer chromatography ( TLC ) , gel electrophoresis and high elements that are used to introduce a heterologous nucleic 

acid into cells for either expression or replication thereof . performance liquid chromatography ( HPLC ) , used by those 
of skill in the art to assess such purity , or sufficiently pure The vectors typically remain episomal , but can be designed 

to effect integration of a gene or portion thereof into a such that further purification would not detectably alter the 15 chromosome of the genome . Also contemplated are vectors physical and chemical properties , such as enzymatic and that are artificial chromosomes , such as yeast artificial biological activities , of the substance . Methods for purifi chromosomes and mammalian artificial chromosomes . 
cation of the compounds to produce substantially chemically Selection and use of such vehicles are well known to those 
pure compounds are known to those of skill in the art . A of skill in the art . 
substantially chemically pure compound can , however , be a 20 As used herein , an expression vector includes vectors 
mixture of stereoisomers or isomers . In such instances , capable of expressing DNA that is operatively linked with 
further purification might increase the specific activity of the regulatory sequences , such as promoter regions , that are 
compound . capable of effecting expression of such DNA fragments . 

As used herein , isolated or purified polypeptide or protein Such additional segments can include promoter and termi 
or biologically - active portion thereof is substantially free of 25 nator sequences , and optionally can include one or more 
cellular material or other contaminating proteins from the origins of replication , one or more selectable markers , an 
cell or tissue from which the protein is derived , or substan- enhancer , a polyadenylation signal , and the like . Expression 
tially free from chemical precursors or other chemicals when vectors are generally derived from plasmid or viral DNA , or 
chemically synthesized . Preparations can be determined to can contain elements of both . Thus , an expression vector 
be substantially free if they appear free of readily detectable 30 refers to a recombinant DNA or RNA construct , such as a 
impurities as determined by standard methods of analysis , plasmid , a phage , recombinant virus or other vector that , 
such as thin layer chromatography ( TLC ) , gel electropho- upon introduction into an appropriate host cell , results in 
resis and high performance liquid chromatography ( HPLC ) , expression of the cloned DNA . Appropriate expression 
used by those of skill in the art to assess such purity , or vectors are well known to those of skill in the art and include 
sufficiently pure such that further purification would not 35 those that are replicable in eukaryotic cells and / or prokary 
detectably alter the physical and chemical properties , such as otic cells and those that remain episomal or those which 
enzymatic and biological activities , of the substance . Meth- integrate into the host cell genome . 
ods for purification of the compounds to produce substan- As used herein , vector also includes “ virus vectors " or 
tially chemically pure compounds are known to those of “ viral vectors . ” Viral vectors are engineered viruses that are 
skill in the art . A substantially chemically pure compound , 40 operatively linked to exogenous genes to transfer ( as 
however , can be a mixture of stereoisomers . In such vehicles or shuttles ) the exogenous genes into cells . Viral 
instances , further purification might increase the specific vectors include , but are not limited to , adenoviral vectors , 
activity of the compound . retroviral vectors and vaccinia virus vectors . 

Hence , reference to a substantially purified polypeptide , As used herein , “ operably ” or “ operatively linked ” when 
such as a substantially purified PH20 polypeptide refers to 45 referring to DNA segments means that the segments are 
preparations of PH20 proteins that are substantially free of arranged so that they function in concert for their intended 
cellular material , includes preparations of proteins in which purposes , e.g. , transcription initiates downstream of the 
the protein is separated from cellular components of the cells promoter and upstream of any transcribed sequences . The 
from which it is isolated or recombinantly - produced . In one promoter is usually the domain to which the transcriptional 
embodiment , the term substantially free of cellular material 50 machinery binds to initiate transcription and proceeds 
includes preparations of enzyme proteins having less than through the coding segment to the terminator . 
about 30 % ( by dry weight ) of non - enzyme proteins ( also As used herein , a conjugate refers to a modified PH20 
referred to herein as contaminating proteins ) , generally less polypeptide linked directly or indirectly to one or more other 
than about 20 % of non - enzyme proteins or 10 % of non- polypeptides or chemical moieties . Such conjugates include 
enzyme proteins or less than about 5 % of non - enzyme 55 fusion proteins , those produced by chemical conjugates and 
proteins . When the enzyme protein is recombinantly pro- those produced by any other method whereby at least one 
duced , it also is substantially free of culture medium , i.e. , modified PH20 polypeptide is linked , directly or indirectly 
culture medium represents less than about or at 20 % , 10 % to another polypeptide or chemical moiety so long as the 
or 5 % of the volume of the enzyme protein preparation . conjugate retains hyaluronidase activity . Exemplary of con 
As used herein , the term substantially free of chemical 60 jugates provided herein include PH20 polypeptides linked 

precursors or other chemicals includes preparations of directly or indirectly to a multimerization domain ( eg an Fc 
enzyme proteins in which the protein is separated from moiety ) , a toxin , a label or a drug . 
chemical precursors or other chemicals that are involved in As used herein , a fusion protein refers to a polypeptide 
the synthesis of the protein . The term includes preparations encoded by a nucleic acid sequence containing a coding 
of enzyme proteins having less than about 30 % ( by dry 65 sequence from one nucleic acid molecule and the coding 
weight ) , 20 % , 10 % , 5 % or less of chemical precursors or sequence from another nucleic acid molecule in which the 
non - enzyme chemicals or components . coding sequences are in the same reading frame such that 
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when the fusion construct is transcribed and translated in a nan - rich cancers , for example , tumors , including solid 
host cell , the protein is produced containing the two pro- tumors such as late - stage cancers , metastatic cancers , undif 
teins . The two molecules can be adjacent in the construct or ferentiated cancers , ovarian cancer , in situ carcinoma ( ISC ) , 
separated by a linker polypeptide that contains , 1 , 2 , 3 , or squamous cell carcinoma ( SCC ) , prostate cancer , pancreatic 
more , but typically fewer than 10 , 9 , 8 , 7 , or 6 amino acids . 5 cancer , non - small cell lung cancer , breast cancer , colon 
The protein product encoded by a fusion construct is cancer and other cancers . Exemplary hyaluronan - associated 
referred to as a fusion polypeptide . Examples of fusion diseases and conditions also are diseases that are associated 
polypeptides include Fc fusions . with elevated interstitial fluid pressure , such as diseases 
As used herein , a polymer that is conjugated to a modified associated with disc pressure , and edema , for example , 

PH20 polypeptide refers to any polymer that is covalently or 10 edema caused by organ transplant , stroke , brain trauma or 
otherwise stably linked , directly or via a linker , to such other injury . Exemplary hyaluronan - associated diseases and 
polypeptide . Such polymers , typically increase serum half- conditions include diseases and conditions associated with 
life , and include , but are not limited to , sialic moieties , elevated interstitial fluid pressure , decreased vascular vol 
polyethylene glycol ( PEG ) moieties , dextran , and sugar and ume , and / or increased water content in a tissue , including 
other moieties , such as for glycosylation . 15 cancers , disc pressure and edema . In one example , treatment 
As used herein , the term assessing or determining is of the hyaluronan - associated condition , disease or disorder 

intended to include quantitative and qualitative determina- includes amelioration , reduction , or other beneficial effect 
tion in the sense of obtaining an absolute value for the on one or more of increased interstitial fluid pressure ( IFP ) , 
activity of a product , and also of obtaining an index , ratio , decreased vascular volume , and increased water content in 
percentage , visual or other value indicative of the level of 20 a tissue . 
the activity . Assessment can be direct or indirect . As used herein , “ treating ” a subject with a disease or 
As used herein , a “ composition ” refers to any mixture of condition means that the subject's symptoms are partially or 

two or more products or compounds . It can be a solution , a totally alleviated , or remain static following treatment . 
suspension , liquid , powder , a paste , aqueous , non - aqueous , Hence treatment encompasses prophylaxis , therapy and / or 
or any combination thereof . 25 cure . Prophylaxis refers to prevention of a potential disease 
As used herein , a formulation refers to a composition and / or a prevention of worsening of symptoms or progres 

containing at least one active pharmaceutical or therapeutic sion of a disease . Treatment also encompasses any pharma 
agent and one or more excipients . ceutical use of a modified interferon and compositions 
As used herein , a co - formulation refers to a composition provided herein . 

containing two or more active or pharmaceutical or thera- 30 As used herein , a pharmaceutically effective agent or 
peutic agents and one or more excipients . For example , a therapeutic agent includes any bioactive agent that can 
co - formulation of a fast - acting insulin and a hyaluronan exhibit a therapeutic effect to treat a disease or disorder . 
degrading enzyme contains a fast - acting in , a hyaluro- Exemplary therapeutic agents are described herein . Thera 
nan degrading enzyme , and one or more excipients . peutic agents include , but are not limited to , anesthetics , 
As used herein , “ a combination ” refers to any association 35 vasoconstrictors , dispersing agents , conventional therapeu 

between two or among more items or elements . Exemplary tic drugs , including small molecule drugs , including , but not 
combinations include , but are not limited to , two or more limited to , bisphosphonates , and therapeutic proteins , 
pharmaceutical compositions , a composition containing two including , but not limited to , insulin , IgG molecules , anti 
or more active ingredients , such as two modified PH20 bodies , cytokines and coagulation factors . 
polypeptides ; a modified PH20 polypeptide and an antican- 40 As used herein , " insulin ” refers to a hormone , precursor 
cer agent , such as a chemotherapeutic compound ; a modified or a synthetic or recombinant analog thereof that acts to 
PH20 polypeptide and a therapeutic agent ( e.g. an insulin ) ; increase glucose uptake and storage and / or decrease endog 
a modified PH20 polypeptide and a plurality therapeutic enous glucose production . Insulin and analogs thereof are 
and / or imaging agents , or any association thereof . Such well known to one of skill in the art , including in human and 
combinations can be packaged as kits . 45 allelic and species variants thereof . Insulin is translated as a 
As used herein , a kit is a packaged combination , option- precursor polypeptide designated preproinsulin ( 110 amino 

ally , including instructions for use of the combination and / or acid for human insulin ) , containing a signal peptide that 
other reactions and components for such use . directs the protein to the endoplasmic reticulum ( ER ) 
As used herein , “ disease or disorder ” refers to a patho- wherein the signal sequence is cleaved , resulting in proin 

logical condition in an organism resulting from cause or 50 sulin . Proinsulin is processed further to release a C- or 
condition including , but not limited to , infections , acquired connecting chain peptide ( a 31 amino acid C - chain in human 
conditions , genetic conditions , and characterized by identi- insulin ) The resulting insulin contains an A - chain ( 21 amino 
fiable symptoms . acid in length in human insulin ; set forth in SEQ ID NO : 862 ) 
As used herein , a hyaluronan - associated disease , disorder and a B - chain ( 30 amino acid in length in human insulin ; set 

or condition refers to any disease or condition in which 55 forth in SEQ ID NO : 863 ) which are cross - linked by disul 
hyaluronan levels are elevated as cause , consequence or fide bonds . A fully cross - linked human insulin contains three 
otherwise observed in the disease or condition . Hyaluronan- disulfide bridges : one between position 7 of the A - chain and 
associated diseases and conditions are associated with position 7 of the B - chain , a second between position 20 of 
elevated hyaluronan expression in a tissue or cell , increased the A - chain and position 19 of the B - chain , and a third 
interstitial fluid pressure , decreased vascular volume , and / or 60 between positions 6 and 11 of the A - chain Reference to an 
increased water content in a tissue . Hyaluronan - associated insulin includes monomeric and multimeric insulins , includ 
diseases , disorders or conditions can be treated by admin- ing hexameric insulins , as well as humanized insulins . 
istration of a composition containing a hyaluronan degrad- Exemplary insulin polypeptides are those of mammalian , 
ing enzyme , such as a hyaluronidase , for example , a soluble including human , origin . Reference to insulin includes pre 
hyaluronidase , either alone or in combination with or in 65 proinsulin , proinsulin and insulin polypeptides in single 
addition to another treatment and / or agent . Exemplary dis- chain or two - chain forms , truncated forms thereof that have 
eases and conditions , include , but are not limited to , hyaluro- activity , and includes allelic variants and species variants of 
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human insulin , variants encoded by splice variants , and rapid acting insulin analogs have an A chain with a sequence 
other variants , such as insulin analogs . An exemplary insulin of amino acids set forth in SEQ ID NO : 862 and a B chain 
is human insulin having a sequence of amino acids of the A- having a sequence of amino acids set forth in any of SEQ ID 
and B - chains of human insulin are set forth in SEQ ID NOS : NOS : 865-867 . Also included are any other insulins that have 
862 and 863 , respectively , and variants or analogs thereof 5 an onset of action of 30 minutes or less and a peak level 
that exhibit at least 80 % , 85 % , 90 % , 91 % , 92 % , 93 % , 94 % , before 90 minutes , typically 30-90 minutes , post injection . 
95 % , 96 % , 97 % , 98 % or 99 % sequence identity thereto to As used herein , a human insulin refers to an insulin that 
one or both of the A - chain or B - chain and that acts to is synthetic or recombinantly produced based upon the 
increase glucose uptake and storage and / or decrease endog- human polypeptide , including allelic variants and analogs 
enous glucose production . A further exemplary insulin is 10 thereof . 
porcine insulin having a sequence of amino acids for the As used herein , fast - acting human insulins or human 
preproinsulin as set forth in SEQ ID NO : 864 , whereby the fast - acting insulin compositions include any human insulin 
A chain corresponds to amino acid residue positions 88-108 or composition of a human insulin that is fast - acting , but 
and the B - chain correspond to amino acid , and variants or excludes non - human insulins , such as regular pig insulin . 
analogs thereof that exhibit at least 80 % , 85 % , 90 % , 91 % , 15 As used herein , the terms “ basal - acting insulins , " or 
92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % or 99 % sequence “ basal insulins ” refer to insulins administered to maintain a 
identity thereto to one or both of the A - chain or B - chain and basal insulin level as part of an overall treatment regimen for 
that acts to increase glucose uptake and storage and / or treating a chronic condition such diabetes . Typically , a 
decrease endogenous glucose production . basal - acting insulin is formulated to maintain an approxi 
As used herein , “ fast - acting insulin ” refers to any insulin 20 mately steady state insulin level by the controlled release of 

that exhibits peak insulin levels at or about not more than insulin when administered periodically ( e.g. , once or twice 
four hours following subcutaneous administration to a sub- daily ) . Basal - acting insulins include crystalline insulins 
ject . Fast - acting insulins include any insulin or any fast- ( e.g. , NPH and Lente® , protamine insulin , surfen insulin ) , 
acting insulin composition for acute administration to a basal insulin analogs ( insulin glargine , HOE 901 , NovoSol 
diabetic subject in response to an actual , perceived , or 25 Basal ) and other chemical formulations of insulin ( e.g. , gum 
anticipated hyperglycemic condition in the subject arising at arabic , lecithin or oil suspensions ) that retard the absorption 
the time of , or within about four hours following , adminis- rate of regular insulin . As used herein , the basal - acting 
tration of the fast - acting insulin ( such as a prandial hyper- insulins can include insulins that are typically understood as 
glycemic condition resulting or anticipated to result from , long - acting ( typically reaching a relatively low peak con 
consumption of a meal ) , whereby the fast - acting insulin is 30 centration , while having a maximum duration of action over 
able to prevent , control or ameliorate the acute hyperglyce- about 20-30 hours ) or intermediate - acting ( typically causing 
mic condition . Fast - acting insulins include recombinant peak insulin concentrations at about 4-12 hours after admin 
insulins and isolated insulins ( also referred to as “ regular ” istration ) . 
insulins ) such as the insulin sold as human insulin , porcine As used herein , treatment means any manner in which the 
insulins and bovine insulins , as well as rapid acting insulin 35 symptoms of a condition , disorder or disease or other 
analogs ( also termed fast - acting insulin analogs herein ) indication , are ameliorated or otherwise beneficially altered . 
designed to be rapid acting by virtue of amino acid changes . As used herein , therapeutic effect means an effect result 
Exemplary regular insulin preparations include , but are not ing from treatment of a subject that alters , typically 
limited to , human regular insulins , such as those sold under improves or ameliorates the symptoms of a disease or 
the trademarks Humulin® R , Novolin® R and Velosulin® , 40 condition or that cures a disease or condition . A therapeu 
Insulin Human , USP and Insulin Human Injection , USP , as tically effective amount refers to the amount of a composi 
well as acid formulations of insulin , such as , for example , tion , molecule or compound which results in a therapeutic 
Toronto Insulin , Old Insulin , and Clear Insulin , and regular effect following administration to a subject . 
pig insulins , such as Iletin II® ( porcine insulin ) . Regular As used herein , the term “ subject ” refers to an animal , 
insulins typically have an onset of action of between 30 45 including a mammal , such as a human being . 
minutes to an hour , and a peak insulin level of 2-5 hours post As used herein , a patient refers to a human subject 
administration . exhibiting symptoms of a disease or disorder . 
As used herein , rapid acting insulin analogs ( also called As used herein , amelioration of the symptoms of a par 

fast - acting insulin analogs ) are insulins that have a rapid ticular disease or disorder by a treatment , such as by 
onset of action . Rapid insulins typically are insulin analogs 50 administration of a pharmaceutical composition or other 
that have been engineered , such as by the introduction of one therapeutic , refers to any lessening , whether permanent or 
or more amino acid substitutions , to be more rapid acting temporary , lasting or transient , of the symptoms that can be 
than regular insulins . Rapid acting insulin analogs typically attributed to or associated with administration of the com 
have an onset of action of 10-30 minutes post injection , with position or therapeutic . 
peak insulin levels observed 30-90 minutes post injection . 55 As used herein , prevention or prophylaxis refers to meth 
Exemplary rapid acting insulin analogs are analogs of ods in which the risk of developing a disease or condition is 
human insulin containing one or more amino acid changes reduced . 
in the A - chain and / or B - chain of human insulin set forth in As used herein , a “ therapeutically effective amount ” or a 
SEQ ID NO : 862 or 863 , respectively , and that exhibit an “ therapeutically effective dose ” refers to the quantity of an 
onset of action 10-30 minutes post injection with peak 60 agent , compound , material , or composition containing a 
insulin levels observed 30-90 minutes post injection . Exem- compound that is at least sufficient to produce a therapeutic 
plary rapid acting insulin analogs include , but are not limited effect . Hence , it is the quantity necessary for preventing , 
to , for example , insulin lispro ( e.g. , Humalog insulin ) , curing , ameliorating , arresting or partially arresting a symp 
insulin aspart ( e.g. , NovoLog® insulin ) , and insulin glu- tom of a disease or disorder . 
lisine ( e.g. , Apidra® insulin ) the fast - acting insulin compo- 65 As used herein , unit dose form refers to physically dis 
sition sold as VIAject® and VIAtab® ( see , e.g. , U.S. Pat . crete units suitable for human and animal subjects and 
No. 7,279,457 ) . The amino acid sequence of exemplary packaged individually as is known in the art . 
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As used herein , a single dosage formulation refers to a polymers of hyaluronan can range in size from about 5,000 
formulation containing a single dose of therapeutic agent for to 20,000,000 Da in vivo . Hyaluronan , also called 
direct administration . Single dosage formulations generally hyaluronic acid or hyaluronate , is a non - sulfated glycosami 
do not contain any preservatives . noglycan that is widely distributed throughout connective , 
As used herein , a multi - dose formulation refers to a epithelial , and neural tissues . Hyaluronan is an essential formulation that contains multiple doses of a therapeutic component of the extracellular matrix and a major constitu agent and that can be directly administered to provide ent of the interstitial barrier . PH20 is an endo - ß - N - acetyl several single doses of the therapeutic agent . The doses can hexosaminidase that hydrolyzes the B1 > 4 glycosidic bond be administered over the course of minutes , hours , weeks , of hyaluronic acid into various oligosaccharide lengths such 

days or months . Multidose formulations can allow dose 10 as tetrasaccharides and hexasaccharides . PH20 has both adjustment , dose - pooling and / or dose - splitting . Because 
multi - dose formulations are used over time , they generally hydrolytic and transglycosidase activities . In addition to 
contain one or more preservatives to prevent microbial degrading hyaluronic acid , PH20 also can degrade chon 
growth . droitin sulfates , such as C4 - S and C6 - S . PH20 can exhibit 
As used herein , an “ article of manufacture ” is a product 15 hyaluronidase activity at acidic pH and neutral pH . 

that is made and sold . As used throughout this application , 1. Structure 
the term is intended to encompass a therapeutic agent with PH20 cDNA has been cloned from numerous mammalian 
a soluble PH20 , such as esPH20 , or an esPH20 alone , species . Exemplary PH20 precursor polypeptides include , 
contained in the same or separate articles of packaging . but are not limited to , human ( SEQ ID NO : 6 ) , bovine ( SEQ 
As used herein , fluid refers to any composition that can 20 ID NOS : 15 or 17 ) , rabbit ( SEQ ID NO : 23 ) , Cynomolgus 

flow . Fluids thus encompass compositions that are in the monkey ( SEQ ID NO : 13 ) , guinea pig ( SEQ ID NO : 28 ) , rat 
form of semi - solids , pastes , solutions , aqueous mixtures , ( SEQ ID NO : 21 ) , mouse ( SEQ ID NO : 19 ) , chimpanzee 
gels , lotions , creams and other such compositions . ( SEQ ID NO : 8 , SEQ ID NO : 9 or SEQ ID NO : 869 ) Rhesus 
As used herein , a " control ” or “ standard ” refers to a monkey ( SEQ ID NO : 11 ) , Fox ( SEQ ID NO : 30 ) , Gibbon 

sample that is substantially identical to the test sample , 25 ( SEQ ID NO : 856 ) , Marmoset ( SEQ ID NO : 858 ) or orang 
except that it is not treated with a test parameter , or , if it is utan ( SEQ ID NO : 860 ) PH20 polypeptides . The mRNA 
a plasma sample , it can be from a normal volunteer not transcript is typically translated to generate a precursor 
affected with the condition of interest . A control also can be protein containing a 35 amino acid signal sequence at the 
an internal control . For example , a control can be a sample , N - terminus Following transport to the ER , the signal peptide 
such as a virus , that has a known property or activity . 30 is removed to yield a mature PH20 polypeptide . Exemplary 
As used herein , the singular forms “ a , ” “ an ” and “ the ” mature PH20 polypeptides include , but are not limited to , 

include plural referents unless the context clearly dictates human ( SEQ ID NO : 7 ) , bovine ( SEQ ID NOS : 16 or 18 ) , 
otherwise . us , for example , reference to " an ” agent rabbit ( SEQ ID NO : 24 ) , Cynomolgus monkey ( SEQ ID 
includes one or more agents . NO : 14 ) , guinea pig ( SEQ ID NO : 29 ) , rat ( SEQ ID NO : 22 ) , 
As used herein , the term “ or ” is used to mean “ and / or ” 35 mouse ( SEQ ID NO : 20 ) , chimpanzee ( SEQ ID NO : 10 or 

unless explicitly indicated to refer to alternatives only or the SEQ ID NO : 870 ) , Rhesus monkey ( SEQ ID NO : 12 ) , Fox 
alternatives are mutually exclusive . ( SEQ ID NO : 31 ) , Gibbon ( SEQ ID NO : 857 ) , Marmoset 
As used herein , ranges and amounts can be expressed as ( SEQ ID NO : 859 ) or orangutan ( SEQ ID NO : 861 ) PH20 

“ about ” a particular value or range . About also includes the polypeptides . For example , the human PH20 mRNA tran 
exact amount . Hence “ about 5 bases ” means “ about 5 bases ” 40 script is normally translated to generate a 509 amino acid 
and also “ 5 bases . " precursor protein ( SEQ ID NO : 6 ) containing a 35 amino 
As used herein , “ optional ” or “ optionally ” means that the acid signal sequence at the N - terminus ( amino acid residue 

subsequently described event or circumstance does or does positions 1-35 of SEQ ID NO : 6 ) . Thus , following transport 
not occur , and that the description includes instances where to the ER and removal of the signal peptide , a 474 amino 
said event or circumstance occurs and instances where it 45 acid mature polypeptide with an amino acid sequence set 
does not . For example , an optionally substituted group forth in SEQ ID NO : 7 is produced . Sequences of PH20 from 
means that the group is unsubstituted or is substituted . ovine are also known ( see e.g. , SEQ ID NOS : 25-27 ) . 
As used herein , the abbreviations for any protective In particular , human PH20 has the sequence of amino 

groups , amino acids and other compounds , are , unless acids set forth in SEQ ID NO : 6 . The mature human PH20 
indicated otherwise , in accord with their common usage , 50 lacking a signal sequence is set forth in SEQ ID NO : 7 . 
recognized abbreviations , or the IUPAC - IUB Commission Allelic variants and other variants of PH20 are known . Other 
on Biochemical Nomenclature ( see , ( 1972 ) Biochem . sequences of PH20 have been reported . For example , a 
11 : 1726 ) . PH20 variant is known as set forth in the precursor sequence 

For clarity of disclosure , and not by way of limitation , the set forth in SEQ ID NO : 68 that contains an Ala at position 
detailed description is divided into the subsections that 55 48 and a Trp at position 499 , or the mature sequence thereof 
follow . set forth in SEQ ID NO : 69 containing the corresponding 
B. PH20 Hyaluronidase differences at positions 13 and 464 , respectively , compared 

Provided herein are modified PH20 polypeptides . PH20 to the sequence set forth in SEQ ID NO : 7 ( see e.g. , Gmachl 
( also known as sperm surface protein , sperm adhesion et al . ( 1993 ) FEBS Lett . , 336 : 545-548 ; GenBank Accession 
molecule 1 or SPAM1 ) is a hyaluronidase that hydrolyzes 60 No.AAC60607 ) . Further , a natural variant of PH20 has been 
hyaluronan ( also called hyaluronic acid , hyaluronate or HA ) identified containing a Glutamine ( Gln ; ( ) at position 5 as 
found in connective tissues such as the extracellular matrix . compared to the precursor sequence of amino acids set forth 
Hyaluronan polymers are composed of repeating disaccha- in SEQ ID NO : 6 ( see e.g. , SEQ ID NO : 70 , see also Varela 
ride units , D - glucuronic acid ( GlcA ) and N - acetyl - D - glu- et al . ( 2011 ) Nature , 469 : 539-542 ) . Another natural variant 
cosamine ( GlcNAc ) , linked together via alternating 8-1-4 65 contains an Alanine ( Ala ; A ) at position 47 compared to the 
and B - 1 ~ 3 glycosidic bonds . Hyaluronan chains can reach sequence of amino acids set forth in SEQ ID NO : 6 ( as set 
about 25,000 disaccharide repeats or more in length , and forth in SEQ ID NO : 71 ) and corresponding to position 12 

22 
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compared to the sequence of amino acids set forth in SEQ replacement corresponding to R176K and C316D resulted in 
ID NO : 3 or 7 ( as set forth in SEQ ID NO : 72 ) . mutants that generated some residual hyaluronidase activity . 
The sequence and structure of PH20 polypeptides is Glycosylation also is required for PH20 hyaluronidase 

highly conserved . Sequence identity between and among activity based on the recognition motif NxS or NXT . There 
PH20 proteins from various species is about 50 % to 90 % . 5 are six N - linked oligosaccharides at amino acid residues 
The hydrophobic N - terminal signal sequence of 35 amino corresponding to positions N47 , N131 , N200 , N219 , N333 
acids in length is generally conserved among PH20 and N358 of the sequence of amino acids set forth in SEQ 
hyaluronidase polypeptides . PH20 hyaluronidases contain a ID NO : 3 or 7 ( corresponding to amino acid residues N82 , 
common core hyaluronidase domain region of about 340 N166 , N235 , N254 , N368 and N393 of human PH20 set 
amino acids in length that corresponds to amino acid resi- 10 forth in SEQ ID NO : 6 ) . In particular , at least N - linked 
dues 38-374 of the precursor human PH20 sequence set glycosylation sites corresponding to amino acid residues 
forth in SEQ ID NO : 6 . A mature PH20 polypeptide lacking N200 , N333 and N358 are required for secretion and / or 
the signal sequence and containing a contiguous sequence of activity of the enzyme ( see e.g. , U.S. Publication No. 
amino acids having a C - terminal amino acid residue corre- US20100143457 ) . For example , a PH20 polypeptide con 
sponding to amino acid residue 464 of SEQ ID NO : 6 ( e.g. , 15 taining amino acid mutations N200A , N333A , N358A or 
amino acid residues corresponding to positions 36-464 of N333A / N393A result in inactive proteins . Single mutations 
the amino acid sequence set forth in SEQ ID NO : 6 ) is the of glycosylation sites N47A , N131A , N219A , N47A / 
minimal sequence required for hyaluronidase activity ( see N131A , N47A / N219A , N131A / N291A retain activity . The 
e.g. , U.S. patent application Ser . No. 10 / 795,095 , which is N - linked glycosylation site corresponding to amino acid 
issued as U.S. Pat . No. 7,767,429 ; see also U.S. Publication 20 residue N368 of human PH20 set forth in SEQ ID NO : 6 is 
No. US20100143457 ) . conserved between and among species ( see e.g. , Chow 

Within the common hyaluronidase domain region , at least pongpang et al . ( 2004 ) Biotechnology Letters , 26 : 1247 
57 amino acids are conserved between and among species 1252 ) . PH20 hyaluronidases also contains O - linked glyco 
( see e.g. , Arming et al . ( 1997 ) Eur . J. Biochem . , 247 : 810- sylation sites . For example , human PH20 has one O - linked 
814 ; ten Have et al . ( 1998 ) Reprod . Fertil . Dev . , 10 : 165-72 ; 25 oligosaccharide at the amino acid residue corresponding to 
Chowpongpang et al . ( 2004 ) Biotechnology Letters , amino acid T440 of the sequence of amino acids set forth in 
26 : 1247-1252 ) . For example , PH20 hyaluronidases contain SEQ ID NO : 3 or 7 ( corresponding to amino acid residue 
12 conserved cysteine residues corresponding to amino acid T475 in SEQ ID NO : 6 ) . 
residue 25 , 189 , 203 , 316 , 341 , 346 , 352 , 400 , 402 , 408 , 423 In addition to the catalytic sites , PH20 also contains a 
and 429 of the sequence of amino acids of a mature PH20 30 hyaluronan - binding site . This site is located in the Peptide 2 
lacking the signal sequence such as set forth in SEQ ID NO : region , which corresponds to amino acid positions 205-235 
3 or 7 ( corresponding to amino acid residues 60 , 224 , 238 , of the precursor polypeptide set forth in SEQ ID NO : 6 and 
351 , 376 , 381 , 387 , 435 , 437 , 443 , 458 or 464 of full - length positions 170-200 of the mature polypeptide set forth in 
human PH20 set forth in SEQ ID NO : 6 ) . Cysteine residues SEQ ID NO : 3 or 7. This region is highly conserved among 
corresponding to 25 and 316 and cysteine residues corre- 35 hyaluronidases and is similar to the heparin binding motif . 
sponding to 189 and 203 form disulfide bridges . The other Mutation of the arginine residue at position 176 ( corre 
cysteine residues also form disulfide bridges , are involved in sponding to the mature PH20 polypeptide set forth in SEQ 
posttranslational protein maturation and / or in activity modu- ID NO : 3 or 7 ) to a glycine results in a polypeptide with only 
lation . For example , further four disulfide bonds are formed about 1 % of the hyaluronidase activity of the wild type 
between the cysteine residues C376 and C387 ; between 40 polypeptide ( Arming et al . , ( 1997 ) Eur . J. Biochem . 247 : 
C381 and C435 ; between C437 and C443 ; and between 810-814 ) . 
C458 and C464 of the polypeptide exemplified in SEQ ID PH20 polypeptides contain a glycosyl phosphatidylinosi 
NO : 6 ( corresponding to positions C341 and C352 ; between tol ( GPI ) anchor attached to the C - terminus of the protein 
C346 and C400 ; between C402 and C408 ; and between that anchors the protein to the extracellular leaflet of the 
C423 and C429 of the mature polypeptide set forth in SEQ 45 plasma membrane of cells . At least human , monkey , mouse 
ID NO : 3 or 7 , respectively ) . and guinea pig PH20 are strongly attached to the plasma 
Amino acid residues corresponding to amino acid residue membrane via the GPI anchor , which can be released by 

D111 , E113 and E249 of the sequence of amino acids set treating with phosphatidylinositol - specific phospholipase C 
forth in SEQ ID NO : 3 or 7 are acidic residues part of the ( PI - PLC ; see e.g. , Lin et al . ( 1994 ) Journal of Cell Biology , 
enzyme active site and are conserved between and among 50 125 : 1157-1163 ; Lin et al . ( 1993 ) Proc . Natl . Acad . Sci . , 
PH20 species Amino acid residues R176 , R246 , R252 of the 90 : 10071-10075 ) . Other PH20 enzymes , such as bovine 
sequence of amino acids set forth in SEQ ID NO : 3 7 PH20 , are loosely attached to the plasma membrane and are 
also conserved between and among species and contribute to not anchored via a phospholipase sensitive anchor . As dis 
substrate binding and / or hyaluronidase activity Amino acid cussed below , soluble active forms that , when expressed , are 
mutations D111N , E1130 , R176G , E249N and R252T result 55 not attached to the membrane but are secreted can be 
in enzymes that have no detectable enzymatic activity or generated by removal of all of a portion of the GPI anchor 
residual enzymatic activity ( see e.g. , Arming et al . ( 1997 ) attachment signal site ( see also U.S. Pat . No. 7,767,429 ; 
Eur . J. Biochem . , 247 : 810-814 ) . U.S. Publication No. US20100143457 ) . These include , for 

The results herein confirm the requirement of PH20 example , soluble PH20 polypeptides set forth in any of SEQ 
amino acid residues corresponding to positions 25 , 111 , 113 , 60 ID NOS : 3 or 32-66 , or precursor forms thereof containing 
176 , 189 , 203 , 246 , 249 , 252 , 316 , 341 , 346 , 352 , 400 , 402 , a signal sequence . 
408 , 423 and 429 of the sequence of amino acids set forth GPI - anchored proteins , for example human PH20 , are 
in a mature PH20 lacking the signal sequence such as set translated with a cleavable N - terminal signal peptide that 
forth in SEQ ID NO : 3 or 7 for hyaluronidase activity , since directs the protein to the endoplasmic reticulum ( ER ) . At the 
mutagenesis of these residues results in an enzyme that is not 65 C - terminus of these proteins is another signal sequence that 
active ( e.g. , it is not expressed or is inactive when expressed , directs addition of a preformed GPI - anchor to the polypep 
see e.g. , Tables 5 and 10 ) . The exception is that amino acid tide within the lumen of the ER . Addition of the GPI anchor 

or are 
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occurs following cleavage of the C - terminal portion at a example , PH20 is naturally involved in sperm - egg adhesion 
specific amino acid position , called the w - site ( typically and aids penetration by sperm of the layer of cumulus cells 
located approximately 20-30 amino acids from the C - termi- by digesting hyaluronic acid . In addition to being a 
nus ) . Although there appears to be no consensus sequence to hyaluronidase , PH20 also appears to be a receptor for 
identify the location of the w - site , GPI anchored proteins 5 HA - induced cell signaling , and a receptor for the zona 
contain C - terminal GPI - anchor attachment signal pellucida surrounding the oocyte . Due to the role of PH20 in 
sequence or domain that typically contains a predominantly fertilization , PH20 can be used as an antigen for immuno 
hydrophobic region of 8-20 amino acids , preceded by a contraception . 
hydrophilic spacer region of 8-12 amino acids immediately PH20 is a neutral active hyaluronidase , although it can 
downstream of the w - site . This hydrophilic spacer region 10 exhibit acid - active activity in some cases . The hyaluronidase 
often is rich in charged amino acids and proline ( White et al . activity of PH20 is exhibited by the plasma membrane- and 
( 2000 ) J. Cell Sci . 113 ( Pt.4 ) : 721-727 ) . There is generally a inner acrosomal membrane - associated PH20 . The plasma 
region of approximately 11 amino acids before the w - 1 membrane PH20 exhibits hyaluronidase activity only at 
position that is characterized by a low amount of predicted neutral pH , while the inner acrosomal membrane - associated 
secondary structure , a region around the cleavage site 15 PH20 exhibits acid - active enzyme activity . The structural 
( w - site ) , from w - 1 to w + 2 that is characterized by the basis for these differences is due to the presence of two 
presence of small side chain residues , the spacer region catalytic sites in PH20 . A first catalytic site is designated the 
between positions w + 3 and w + 9 , and a hydrophobic tail Peptide 1 region , corresponding to amino acid residues 
from w + 10 to the C - terminal end ( Pierleoni et al . , ( 2008 ) 142-172 of SEQ ID NO : 6 , which is involved in enzyme 
BMC Bioinformatics 9 : 392 ) . 20 activity of PH20 at neutral pH . A second catalytic site is 

Although there is no GPI - anchor attachment signal con- designated the peptide 3 region , corresponding to amino 
sensus sequence , various in silico methods and algorithms acid residues 277-297 of SEQ ID NO : 6 , which is involved 
have been developed that can be used to identify such in enzyme activity at lower pH . A change in the structure of 
sequences in polypeptides ( see , e.g. , Udenfriend et al . the inner acrosomal membrane - associated PH20 occurs after 
( 1995 ) Methods Enzymol . 250 : 571-582 ; Eisenhaber et al . 25 the acrosome reaction , whereby PH20 is endoproteolytically 
( 1999 ) J. Mol . Chem . 292 : 741-758 ; Kronegg and Buloz , cleaved but held together by disulfide bonds . The result of 
( 1999 ) , “ Detection / prediction of GPI cleavage site ( GPI- the endoproteolysis is that the peptide 3 region is activated 
anchor ) in a protein ( DGPI ) , " 129.194.185.165/dgpi/ ; and can thus effect neutral and acid - activity to PH20 ( see 
Fankhauser et al . ( 2005 ) Bioinformatics 21 : 1846-1852 ; e.g. , Cherr et al . ( 2001 ) Matrix Biology , 20 : 515-525 . Also , 
Omaetxebarria et al . ( 2007 ) Proteomics 7 : 1951-1960 ; Pier- 30 after the acrosome reaction , lower molecular weight forms 
leoni et al . ( 2008 ) BMC Bioinformatics 9 : 392 ) , including are generated by release from the inner acrosomal mem 
those that are readily available on bioinformatic websites , brane ( e.g. , a 53 kDa soluble form of PH20 is generated in 
such as the ExPASy Proteomics tools site ( expasy.ch/tools/ ) . monkey ) . The lower molecular weight form ( s ) also is acid 
Thus , one of skill in the art can determine whether a PH20 active . 
polypeptide likely contains a GPI - anchor attachment signal 35 The hyaluronidase activity of PH20 accounts for the 
sequence , and , therefore , whether the PH20 polypeptide is a spreading activity observed in animal testes extracts that 
GPI - anchored protein . have been used clinically for decades to increase the dis 

The covalent attachment of a GPI - anchor to the C - termi- persion and absorption of drugs ( see e.g. , Bookbinder et al . 
nus of human PH20 and , therefore , the membrane - bound ( 2006 ) J Controlled Release , 114 : 230-241 ) . For example , 
nature of PH20 , has been confirmed using phosphati- 40 pharmaceutical preparations containing hyaluronidase were 
dylinositol - specific phospholipase C ( PI - PLC ) hydrolysis developed as fractionated extracts from bovine testes for 
studies ( see e.g. , Lin et al . , ( 1994 ) J. Biol . Chem . 125 : 1157- therapeutic use as spreading agents and in other applications 
1163 ) . Phosphatidylinositol - specific phospholipase C ( PI- ( Schwartzman ( 1951 ) J. Pediat . , 39 : 491-502 ) . Original 
PLC ) and D ( PI - PLD ) hydrolyze the GPI anchor , releasing bovine testicular extract preparations included , for example , 
the PH20 polypeptide from the cell membrane . The prior art 45 extracts sold under the trademarks Wydase® , Hylase® , 
literature reports that a w - site cleavage site of human PH20 “ Dessau , ” Neopermease® , Alidase® and Hyazymer . It is 
is identified between Ser - 490 and Ala - 491 and for monkey now known that the spreading activity of testicular extract 
PH20 is identified between Ser491 and Thr492 ( Lin et al . preparations are due to PH20 hyaluronidase activity . For 
( 1993 ) Proc . Natl . Acad . Sci , ( 1993 ) 90 : 10071-10075 ) . example , in 2001 a sperm hyaluronidase in bull was iden 
Thus , the literature reports that a GPI - anchor attachment 50 tified as the hyaluronidase PH20 ( Lalancette et al . ( 2001 ) 
signal sequence of human PH20 is located at amino acid Biol . Reprod . , 65 : 628-36 ) . By catalyzing the hydrolysis of 
positions 491-509 of the precursor polypeptide set forth in hyaluronic acid , PH20 hyaluronidase lowers the viscosity of 
SEQ ID NO : 6 , and the w - site is amino acid position 490 . hyaluronic acid , thereby increasing tissue permeability . 
Thus , in this modeling of human PH20 , amino acids 491- Hence , soluble forms of PH20 are used as a spreading or 
509 are cleaved following transport to the ER and a GPI 55 dispersing agent in conjunction with other agents , drug and 
anchor is covalently attached to the serine residue at position proteins to enhance their dispersion and delivery , and to 
490 . improve the pharmacokinetic and pharmacodynamic profile 

2. Function of the coadministered agent , drug or protein ( see e.g. , U.S. 
PH20 is normally expressed in sperm from a single Pat . No. 7,767,429 ; Bookbinder et al . ( 2006 ) J Controlled 

testis - specific gene . PH20 is a sperm - associated protein 60 Release , 114 : 230-241 ) . 
involved in fertilization . PH20 is normally localized on the 3. Soluble PH20 Polypeptides 
sperm surface , and in the lysosome - derived acrosome , PH20 can exist in membrane - bound or membrane - asso 
where it is bound to the inner acrosomal membrane . PH20 ciated form , or can be secreted into the media when 
is multifunctional and exhibits hyaluronidase activity , expressed from cells , and thereby can exist in soluble form . 
hyaluronan ( HA ) -mediated cell - signaling activity , and acts 65 Soluble PH20 can be detected and discriminated from 
as a sperm receptor for the zona pellucida surrounding the insoluble , membrane - bound PH20 using methods well 
oocyte when present on acrosome reacted ( AR ) sperm . For known in the art , including , but not limited to , those using 
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a Triton® X - 114 assay . In this assay , soluble PH20 a contiguous sequence of amino acids set forth in SEQ ID 
hyaluronidases partition into the aqueous phase of a Triton® NO : 6 with a C - terminal residue after 464 such as after amino 
X - 114 solution warmed to 37 ° C. ( Bordier et al . , ( 1981 ) J. acid position 465 , 466 , 467 , 468 , 469 , 470 , 471 , 472 , 473 , 
Biol . Chem . , 256 : 1604-7 ) while membrane - anchored PH20 474 , 475 , 476 , 477 , 478 , 479 , 480 , 481 , 482 , 483 , 484 , 485 , 
hyaluronidases partition into the detergent rich phase . Thus , 5 486 , 487 , 488 , 489 , 490 , 491 , 492 , 493,494 , 495 , 496 , 497 , 
in addition to using algorithms to assess whether a PH20 498 , 499 or 500 of the sequence of amino acids set forth in polypeptide is naturally GPI - anchored and hence mem SEQ ID NO : 6 , or a variant thereof that exhibits at least 85 % brane - bound , solubility experiments also can be performed . sequence identity , such as at least 86 % , 87 % , 88 % , 89 % , Soluble PH20 enzymes include hyaluronidases that con 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % sequence tain a GPI - anchor attachment signal sequence , but that are 10 identity thereto and retains hyaluronidase activity . For loosely attached to the membrane such that they do not 
contain phospholipase sensitive anchor . For example , example , exemplary C - terminal PH20 polypeptides have a 
soluble PH20 polypeptides include ovine or bovine PH20 . sequence of amino acids 36 to 465 , 466 , 467 , 468 , 469 , 470 , 
Various forms of such soluble PH20 hyaluronidases have 471 , 472 , 473 , 474 , 475 , 476 , 477 , 478 , 479 , 480 , 481 , 482 , 
been prepared and approved for therapeutic use in subjects , i5 483 , 484 , 485 , 486 , 487 , 488 , 489 , 490 , 491 , 492 , 493 494 , 
including humans . For example , animal - derived hyaluroni 495 , 496 , 497 , 498 , 499 or 500 of the sequence of amino 
dase preparations include Vitrase® ( ISTA Pharmaceuticals ) , acids set forth in SEQ ID NO : 6 , or a variant thereof that 
a purified ovine testicular hyaluronidase , and Amphadase® exhibits at least 85 % sequence identity , such as at least 86 % , 
( Amphastar Pharmaceuticals ) , a bovine testicular hyaluroni- 87 % , 88 % , 89 % , 90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 
dase . Soluble PH20 enzymes also include truncated forms of 20 97 % , 98 % sequence identity thereto and retains hyaluroni 
non - human human membrane - associated PH20 dase activity . Soluble PH20 polypeptides include any that 
hyaluronidases that lack one or more amino acid residues of has the sequence of amino acids set forth in SEQ ID NOS : 
a glycosylphosphatidylinositol ( GPI ) anchor attachment sig- 3 32-66 or a sequence of amino acids that exhibits at least 
nal sequence and that retain hyaluronidase activity ( see e.g. , 85 % sequence identity , such as at least 86 % , 87 % , 88 % , 
U.S. Pat . No. 7,767,429 ; U.S. Publication No. 25 89 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % 
US20100143457 ) . Thus , instead of having a GPI - anchor sequence identity to the sequence of amino acids set forth in 
covalently attached to the C - terminus of the protein in the any of SEQ ID NOS : 3 or 32-66 . 
ER and being anchored to the extracellular leaflet of the In particular , a soluble human PH20 polypeptide is a plasma membrane , these polypeptides are secreted when polypeptide that is truncated after amino acid 482 of the expressed from cells and are soluble . In instances where the 30 sequence set forth in SEQ ID NO : 6 . Such a polypeptide can soluble hyaluronan degrading enzyme retains a portion of 
the GPI anchor attachment signal sequence , 1 , 2 , 3 , 4 , 5 , 6 , be generated from a nucleic acid molecule containing a 
7 , 8 , 9 , 10 or more amino acid residues in the GPI - anchor signal sequence and encoding amino acids 36-482 , for 
attachment signal sequence can be retained , provided the example , as set forth in SEQ ID NO : 1 ( containing an IgG 
polypeptide is soluble ( i.e. , secreted when expressed from 35 kappa signal sequence ) or SEQ ID NO : 67 ( containing the 
cells ) and active . native signal sequence ) . Post translational processing 

Exemplary soluble hyaluronidases that are C - terminally removes the signal sequence , leaving a 447 amino acid 
truncated and lack all or a portion of the GPI anchor soluble recombinant human PH20 ( SEQ ID NO : 3 ) . A prod 
attachment signal sequence include , but are not limited to , uct produced upon expression of a vector set forth in SEQ 
PH20 polypeptides of primate origin , such as , for example , 40 ID NO : 4 or 5 , and containing a nucleic acid molecule set 
human and chimpanzee PH20 polypeptides . For example , forth in SEQ ID NO : 67 , results in a secreted product , 
soluble PH20 polypeptides can be made by C - terminal designated rHuPH20 , in the culture medium that exhibits 
truncation of a polypeptide set forth in SEQ ID NOS : 7 , 10 , heterogeneity at the C - terminus such that the product 
12 , 14 , 69 , 72 , 857 , 859 , 861 or 870 or variants thereof that includes a mixture of species that can include any one or 
exhibit at least 80 % , 85 % , 90 % , 95 % or more sequence 45 more of SEQ ID NOS : 3 and 44-48 in various abundance . 
identity to any of SEQ ID NO : 7 , 10 , 12 , 14 , 69 , 72 , 857 , Typically , rHuPH20 is produced in cells that facilitate cor 
859 , 861 or 870 , wherein the resulting polypeptide is active , rect N - glycosylation to retain activity , such as mammalian 
soluble and lacks all or a portion of amino acid residues from cells , for example CHO cells ( e.g. , DG44 CHO cells ) . 
the GPI - anchor attachment signal sequence . Hylenex® ( Halozyme ) is a human recombinant hyaluroni 

Exemplary soluble PH20 polypeptides are C - terminal 50 dase produced by genetically engineered Chinese Hamster 
truncated human PH20 polypeptides that are mature ( lacking Ovary ( CHO ) cells containing nucleic acid encoding a 
a signal sequence ) , soluble and exhibit neutral activity , and truncated human PH20 polypeptide ( designated rHuPH20 ) . 
that contain a contiguous sequence of amino acids set forth 
in SEQ ID NO : 6 or SEQ ID NO : 7 that minimally has a C. MODIFIED PH20 POLYPEPTIDES 
C - terminal truncated amino acid residue at or after amino 55 
acid residue 464 of the sequence of amino acids set forth in Provided herein are modified or variant PH20 polypep 
SEQ ID NO : 6 . For example , soluble PH20 polypeptides tides . The modified PH20 polypeptides provided herein 
include C - terminal truncated polypeptides that minimally exhibit altered activities or properties compared to a wild 
contain a contiguous sequence of amino acids 36-464 of type , native or reference PH20 polypeptide . Included among 
SEQ ID NO : 6 , or includes a sequence of amino acids that 60 the modified PH20 polypeptides provided herein are PH20 
has at least 85 % , for example at least 86 % , 87 % , 88 % , 89 % , polypeptide that are active mutants , whereby the polypep 
90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % sequence tides exhibit at least 40 % of the hyaluronidase activity of the 
identity to a contiguous sequence of amino acids that has a corresponding PH20 polypeptide not containing the amino 
C - terminal amino acid residue after amino acid 464 of SEQ acid modification ( e.g. , amino acid replacement ) . In particu 
ID NO : 6 and retains hyaluronidase activity . Exemplary 65 lar , provided herein are PH20 polypeptides that exhibit 
C - terminally truncated human PH20 polypeptides are hyaluronidase activity and that exhibit increased stability 
mature polypeptides ( lacking a signal sequence ) that include compared to the PH20 not containing the amino acid modi 
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fication . Also provided are modified PH20 polypeptides that modifications provided herein also can be made in a PH20 
are inactive , and that can be used , for example , as antigens polypeptide set forth as SEQ ID NO : 10 , 12 , 14 , 24 , 857 , 
in contraception vaccines . 859 , 861 or 870 . 

The modifications can be a single amino acid modifica- In particular , provided herein are modified soluble PH20 
tion , such as single amino acid replacements ( substitutions ) , 5 polypeptides that are PH20 polypeptides containing a modi 
insertions or deletions , or multiple amino acid modifica- fication provided herein , and that when expressed from cells 
tions , such as multiple amino acid replacements , insertions are secreted into the media as a soluble protein . For example , 
or deletions . Exemplary modifications are amino acid the modifications are made in a soluble PH20 polypeptide 
replacements , including single or multiple amino acid that is C - terminally truncated within or near the C - terminus 
replacements . The amino acid replacement can be a conser- 10 portion containing the GPI - anchor signal sequence of a 
vative substitution , such as set forth in Table 2 , or a PH20 polypeptide that contains a GPI - anchor signal 
non - conservative substitution , such as any described herein . sequence . The C - terminal truncation can be a truncation or 
Modified PH20 polypeptides provided herein can contain at deletion of 8 contiguous amino acids at the C - terminus , 9 , 
least or 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 
18 , 19 , 20 , or more modified positions compared to the 15 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 
PH20 polypeptide not containing the modification . 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 or more amino acids at the 

The modifications described herein can be in any PH20 C - terminus , so long as the resulting C - terminally truncated 
polypeptide , including , including precursor , mature , or polypeptide exhibits hyaluronidase activity and is secreted 
C - terminal truncated forms , so long as the modified form from cells ( e.g. , into the media ) when expressed . In some 
exhibits hyaluronidase activity . For example , the PH20 20 examples , the modifications provided herein are made in a 
polypeptides contain modifications compared to a wildtype , soluble PH20 polypeptide that is a C - terminally truncated 
native or reference PH20 polypeptide set forth in any of SEQ polypeptide of SEQ ID NO : 7 , 10 , 12 , 14 , 69 , 72 , 857 , 859 , 
ID NOS : 2 , 3 , 6-66 , 68-72 , 856-861 , 869 or 870 , or in a 861 or 870 or a variant thereof that exhibits at least 70 % , 
polypeptide that has a sequence of amino acids that is at least 75 % , 80 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 92 % , 
65 % , 70 % , 75 % , 80 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 25 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or more sequence 
91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % identical identity to any of SEQ ID NOS : 7 , 10 , 12 , 14 , 69 , 72 , 857 , 
to any of SEQ ID NOS : 3 , 6-66 , 68-72 , 856-861 , 869 or 870 . 859 , 861 or 870. In particular , the modifications provided 
For example , the modifications are made in a human PH20 herein are made in a soluble or C - terminally truncated 
polypeptide having the sequence of amino acids including or human PH20 polypeptide having the sequence of amino 
set forth in SEQ ID NO : 7 , SEQ ID NO : 69 or SEQ ID 30 acids set forth in SEQ ID NOS : 3 or 32-66 or a sequence of 
NO : 72 ; a bovine PH20 polypeptide having a sequence of amino acids that exhibits at least 70 % , 75 % , 80 % , 85 % , 
amino acids including or set forth in SEQ ID NOS : 16 or 18 ; 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 
a rabbit PH20 polypeptide having a sequence of amino acids 6 % 7 % , 98 % sequence identity to the sequence of amino 
including or set forth in SEQ ID NO : 24 ; a Cynomolgus acids set forth in any of SEQ ID NOS : 3 or 32-66 . For 
monkey PH20 polypeptide having a sequence of amino 35 example , modified PH20 polypeptides provided herein con 
acids including or set forth in SEQ ID NO : 14 ; a guinea pig tain amino acid replacements or substitutions , additions or 
PH20 polypeptide having a sequence of amino acids includ- deletions , truncations or combinations thereof with refer 
ing or set forth in SEQ ID NO : 29 ; a rat PH20 polypeptide ence to the PH20 polypeptide set forth in SEQ ID NO : 3 . 
having a sequence of amino acids including or set forth in Modifications also can be made in the corresponding 
SEQ ID NO : 22 ; a mouse PH20 polypeptide having a 40 precursor form containing a signal peptide of any of SEQ ID 
sequence of amino acids including or set forth in SEQ ID NOS : 3 , 7 , 10 , 12 , 14 , 16 , 18 , 20 , 22 , 24-27 , 29 , 31 , 32-66 , 
NO : 20 ; a chimpanzee PH20 polypeptide having a sequence 69 , 72 , 857 , 859 , 861 or 870. For example , modifications 
of amino acids including or set forth in SEQ ID NO : 10 or provided herein can be made in a precursor form set forth in 
870 ; a Rhesus monkey PH20 polypeptide having a sequence any of SEQ ID NOS : 2 , 6 , 8 , 9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 
of amino acids including or set forth in SEQ ID NO : 12 ; a 45 28 , 30 , 856 , 858 , 860 or 869 or in a variant thereof that 
Fox PH20 polypeptide having a sequence of amino acids exhibits at least 70 % , 75 % , 80 % , 85 % , 86 % , 87 % , 88 % , 
including or set forth in SEQ ID NO : 31 ; a Gibbon PH20 89 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 
polypeptide having a sequence of amino acids including or 99 % or more sequence identity to any of SEQ ID NOS : 2 , 
set forth in SEQ ID NO : 857 ; a Marmoset PH20 polypeptide 6 , 8 , 9 , 11 , 13 , 15 , 17 , 19 , 21 , 23 , 28 , 30 , 856 , 858 , 860 or 
having a sequence of amino acids including or set forth in 50 869 . 
SEQ ID NO : 859 ; an Orangutan PH20 polypeptide having a In examples of modified PH20 polypeptides provided 
sequence of amino acids including or set forth in SEQ ID herein , the modified PH20 polypeptide does not contain the 
NO : 861 ; or a sheep PH20 polypeptide having a sequence of sequence of amino acids set forth in any of SEQ ID NOS : 
amino acids including or set forth in any of SEQ ID NOS : 3-66 , 68-72 , 856-861 , 869 or 870. Typically , the modified 
25-27 ; or in sequence variants or truncated variants that 55 PH20 polypeptide is a human PH20 polypeptide , and does 
exhibit at least 65 % , 70 % , 75 % , 80 % , 85 % , 86 % , 87 % , 88 % , not contain the sequence of amino acids set forth in any of 
89 % , 90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , SEQ ID NOS : 8-31 , 856-861 , 869 or 870 . 
99 % or more sequence identity to any of SEQ ID NOS : 7 , Generally , any modification , such as amino acid replace 
10 , 12 , 14 , 16 , 18 , 20 , 22 , 24-27 , 29 , 31 , 69 , 72 , 857 , 859 , ment , deletion or substitution , can be made in a PH20 
861 or 870 . 60 polypeptide , with the proviso that the modification is not an 

In particular , provided herein are PH20 polypeptides that amino acid replacement where the only modification is a 
contain modifications compared to a PH20 polypeptide set single amino acid replacement that is V12A , N47A , D111N , 
forth in SEQ ID NO : 3 , 7 , 32-66 , 69 or 72 , or a polypeptide E113Q , N131A , R176G , N200A , N219A , E249Q , R252T , 
that has a sequence of amino acids that is at least 68 % , 70 % , N333A or N358A . Also , where the modified PH20 polypep 
75 % , 80 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 92 % , 65 tide contains only two amino acid replacements , the amino 
93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % identical to any of acid replacements are not P13A / L464W , N47A / N131A , 
SEQ ID NOS : 3 , 7 , 32-66 , 69 or 72. For example , the N47A / N219A , N131A / N219A or N333A / N358A . In a fur 
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ther example , where the modified PH20 polypeptide con- with optimal codons for expression in mammalian or human 
tains only three amino acid replacements , the amino acid cells , bacteria or yeast , including for example E. coli or 
replacements are not N47A / N131A / N219A . Exemplary Saccharomyces cerevisiae . For example , codon usage infor 
modifications provided herein are described in detail below . mation is available from the Codon Usage Database avail 

For purposes herein , reference to positions and amino 5 able at kazusa.or.jp.codon ( see Richmond ( 2000 ) Genome 
acids for modification herein , including amino acid replace- Biology , 1 : reports 241 for a description of the database ) . See 
ment or replacements , are with reference to the PH20 also , Forsburg ( 1994 ) Yeast , 10 : 1045-1047 ; Brown et al . 
polypeptide set forth in SEQ ID NO : 3 . It is within the level ( 1991 ) Nucleic Acids Research , 19 : 4298 ; Sharp et al . ( 1988 ) 
of one of skill in the art to make any of the modifications Nucleic Acids Res . , 12 : 8207-8211 ; Sharp et al . ( 1991 ) Yeast , 
provided herein in another PH20 polypeptide by identifying 10 657-78 ) . In some examples , the encoding nucleic acid 
the corresponding amino acid residue in another PH20 molecules also can be modified to contain a heterologous 
polypeptide , such as any set forth in SEQ ID NOS : 6 , 7 , 8 , signal sequence to alter ( e.g. , increased ) expression and 
9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24-27 , secretion of the polypeptide . Exemplary of a heterologous 
28 , 29 , 30 , 31 , 32-66 , 68-72 , 856 , 857 , 858 , 859 , 860 , 861 , signal sequence is a nucleic acid encoding the IgG kappa 
869 or 870 or a variant thereof that exhibits at least 70 % , 15 signal sequence ( set forth in SEQ ID NO : 868 ) . 
75 % , 80 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 92 % , The modified polypeptides and encoding nucleic acid 
93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or more sequence molecules provided herein can be produced by standard 
identity to any of SEQ ID NOS : 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , recombinant DNA techniques known to one of skill in the 
15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24-27 , 28 , 29 , 30 , 31 , art . Any method known in the art to effect mutation of any 
32-66 , 68-72 , 856 , 857 , 858 , 859 , 860 , 861 , 869 or 870. 20 one or more amino acids in a target protein can be employed . 
Corresponding positions in another PH20 polypeptide can Methods include standard site - directed or random mutagen 
be identified by alignment of the PH20 polypeptide with the esis of encoding nucleic acid molecules , or solid phase 
reference to the PH20 polypeptide set forth in SEQ ID NO : 3 . polypeptide synthesis methods . For example , nucleic acid 
For example , FIG . 2 ( A - L ) depicts alignment of exemplary molecules encoding a PH20 polypeptide can be subjected to 
PH20 polypeptides with SEQ ID NO : 3 , and identification of 25 mutagenesis , such as random mutagenesis of the encoding 
exemplary corresponding positions . Also , since SEQ ID nucleic acid , error - prone PCR , site - directed mutagenesis , 
NOS : 3 , 7 , 32-66,69 and 72 are all forms of a mature human overlap PCR , gene shuffling , or other recombinant methods . 
PH20 with a different C - terminal amino acid residue , the The nucleic acid encoding the polypeptides can then be 
numbering of amino acid residues in any of SEQ ID NOS : introduced into a host cell to be expressed heterologously . 
7 , 32-66 , 69 and 72 is the same as SEQ ID NO : 3 , and hence 30 Hence , also provided herein are nucleic acid molecules 
the corresponding residues of each are identical to that set encoding any of the modified polypeptides provided herein . 
forth in SEQ ID NO : 3 ( see e.g. , FIG . 1 ) . Further , SEQ ID In some examples , the modified PH20 polypeptides are 
NOS set forth in any of SEQ ID NOS : 6 , 70 or 71 are produced synthetically , such as using solid phase or solu 
precursor forms thereof that differ by only the presence of a tions phase peptide synthesis . 
signal sequence . For purposes of modification ( e.g. , amino 35 In the subsections below , exemplary modified PH20 poly 
acid replacement ) , the corresponding amino acid residue can peptide exhibiting altered properties and activities , and 
be any amino acid residue , and need not be identical to the encoding nucleic acid molecules , provided herein are 
residue set forth in SEQ ID NO : 3 . Typically , the correspond- described 
ing amino acid residue identified by alignment with residues 1. Active Mutants 
in SEQ ID NO : 3 is an amino acid residue that is identical to 40 Provided herein are modified PH20 polypeptides that 
SEQ ID NO : 3 , or is a conservative or semi - conservative contain one or more amino acid replacements in a PH20 
amino acid residue thereto ( see e.g. , FIGS . 2A - 2L ) . It is also polypeptide and that exhibit hyaluronidase activity . The 
understood that the exemplary replacements provided herein modified PH20 polypeptides can exhibit 40 % to 5000 % of 
can be made at the corresponding residue in a PH20 poly- the hyaluronidase activity of a wildtype or reference PH20 
peptide , so long as the replacement is different than exists in 45 polypeptide , such as the polypeptide set forth in SEQ ID 
the unmodified form of the PH20 polypeptide . Based on this NOS : 3 or 7. For example , modified PH20 polypeptides 
description and the description elsewhere herein , it is within provided herein exhibit at least 40 % of the hyaluronidase 
the level of one of skill in the art to generate a modified activity , such as at least 50 % , 60 % , 70 % , 80 % , 90 % , 100 % , 
PH20 polypeptide containing any one or more of the 120 % , 130 % , 140 % , 150 % , 160 % , 170 % , 180 % , 190 % , 
described mutation , and test each for a property or activity 50 200 % , 300 % , 400 % , 500 % , 600 % , 700 % , 800 % , 900 % , 
as described herein . 1000 % , 2000 % , 3000 % or more of the hyaluronidase activ 

Modifications in a PH20 polypeptide also can be made to ity of a wildtype or reference PH20 polypeptide , such as the 
a PH20 polypeptide that also contains other modifications , corresponding polypeptide not containing the amino acid 
including modifications of the primary sequence and modi- modification ( e.g. , amino acid replacement ) , for example , a 
fications not in the primary sequence of the polypeptide . For 55 polypeptide set forth in SEQ ID NO : 3 or 7. For example , 
example , modifications described herein can be in a PH20 exemplary positions that can be modified , for example by 
polypeptide that is a fusion polypeptide or chimeric poly- amino acid replacement or substitution , include , but are not 
peptide . The modified PH20 polypeptides provided herein limited to , any of positions corresponding to position 1 , 2 , 3 , 
also include polypeptides that are conjugated to a polymer , 4 , 5 , 6 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 20 , 22 , 23 , 24 , 26 , 27 , 
such as a PEG reagent . 60 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 

Also provided herein are nucleic acid molecules that 44 , 45 , 46 , 47 , 48 , 49 , 50 , 51 , 52 , 54 , 58 , 59 , 60 , 61 , 63 , 65 , 
encode any of the modified PH20 polypeptides provided 66 , 67 , 68 , 69 , 70 , 71 , 72 , 73 , 74 , 75 , 77 , 79 , 81 , 82 , 83 , 84 , 
herein . In particular examples , the nucleic acid sequence can 85 , 86 , 87 , 89 , 90 , 91 , 92 , 93 , 94 , 96 , 97 , 98 , 99 , 102 , 103 , 
be codon optimized , for example , to increase expression 104 , 105 , 106 , 107 , 108 , 110 , 114 , 117 , 118 , 119 , 120 , 122 , 
levels of the encoded sequence . The particular codon usage 65 124 , 125 , 127 , 128 , 130 , 131 , 132 , 133 , 134 , 135 , 136 , 137 , 
is dependent on the host organism in which the modified 138 , 139 , 140 , 141 , 142 , 143 , 144 , 145 , 146 , 147 , 148 , 149 , 
polypeptide is expressed . One of skill in the art is familiar 150 , 151 , 152 , 153 , 154 , 155 , 156 , 157 , 158 , 159 , 160 , 161 , 
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162 , 163 , 164 , 165 , 166 , 167 , 168 , 169 , 170 , 171 , 172 , 173 , 215 , 216 , 217 , 218 , 219 , 220 , 221 , 222 , 224 , 226 , 230 , 231 , 
174 , 175 , 176 , 177 , 178 , 179 , 180 , 181 , 182 , 183 , 184 , 186 , 232 , 233 , 234 , 235 , 236 , 238 , 239 , 240 , 242 , 245 , 247 , 248 , 
192 , 193 , 195 , 196 , 197 , 198 , 200 , 202 , 204 , 205 , 206 , 208 , 251 , 253 , 255 , 256 , 257 , 258 , 260 , 261 , 263 , 264 , 265 , 266 , 
209 , 211 , 212 , 213 , 214 , 215 , 216 , 217 , 218 , 219 , 220 , 221 , 267 , 269 , 270 , 271 , 272 , 273 , 274 , 275 , 276 , 278 , 279 , 280 , 
222 , 224 , 226 , 230 , 231 , 232 , 233 , 234 , 235 , 236 , 237 , 238 , 5 282 , 283 , 284 , 285 , 286 , 287 , 288 , 289 , 290 , 291 , 292 , 293 , 
239 , 240 , 242 , 245 , 247 , 248 , 251 , 253 , 255 , 256 , 257 , 258 , 294 , 297 , 298 , 300 , 301 , 302 , 304 , 305 , 306 , 307 , 308 , 310 , 
259 , 260 , 261 , 263 , 264 , 265 , 266 , 267 , 269 , 270 , 271 , 272 , 311 , 312 , 313 , 314 , 315 , 316 , 317 , 318 , 320 , 321 , 323 , 324 , 
273 , 274 , 275 , 276 , 277 , 278 , 279 , 280 , 282 , 283 , 284 , 285 , 325 , 326 , 327 , 331 , 334 , 335 , 338 , 339 , 342 , 343 , 347 , 348 , 
286 , 287 , 288 , 289 , 290 , 291 , 292 , 293 , 294 , 297 , 298 , 300 , 349 , 351 , 353 , 356 , 357 , 358 , 359 , 360 , 361 , 367 , 368 , 369 , 
301 , 302 , 304 , 305 , 306 , 307 , 308 , 309 , 310 , 311 , 312 , 313 , 10 371 , 373 , 374 , 375 , 376 , 377 , 378 , 379 , 380 , 381 , 383 , 385 , 
314 , 315 , 316 , 317 , 318 , 320 , 321 , 323 , 324 , 325 , 326 , 327 , 387 , 388 , 389 , 391 , 392 , 393 , 394 , 395 , 396 , 397 , 398 , 399 , 
328 , 331 , 334 , 335 , 338 , 339 , 342 , 343 , 347 , 348 , 349 , 351 , 401 , 403 , 404 , 405 , 406 , 410 , 411 , 412 , 413 , 414 , 415 , 416 , 
353 , 356 , 357 , 358 , 359 , 360 , 361 , 367 , 368 , 369 , 371 , 373 , 417 , 419 , 420 , 422 , 425 , 426 , 427 , 428 , 431 , 432 , 434 , 437 , 
374 , 375 , 376 , 377 , 378 , 379 , 380 , 381 , 383 , 385 , 387 , 388 , 438 , 439 , 440 , 441 , 442 , 443 , 444 , or 447 with reference to 
389 , 391 , 392 , 393 , 394 , 395 , 396 , 397 , 398 , 399 , 401 , 403 , 15 amino acid positions set forth in SEQ ID NO : 3 , the modi 
404 , 405 , 406 , 407 , 409 , 410 , 411 , 412 , 413 , 414 , 415 , 416 , fication ( s ) is / are not the corresponding amino acid replace 
417 , 418 , 419 , 420 , 421 , 422 , 425 , 426 , 427 , 428 , 431 , 432 , ment ( s ) set forth in Table 5 or 10 herein , which are amino 
433 , 434 , 435 , 436 , 437 , 438 , 439 , 440 , 441 , 442 , 443 , 444 , acid replacements that result in an inactive polypeptide . For 
445 , 446 or 447 with reference to amino acid positions set example , if the modification is a modification at a position 
forth in SEQ ID NO : 3 . Typically , the amino acid residue that 20 corresponding to position 2 with reference to SEQ ID NO : 3 , 
is modified ( e.g. , replaced with another amino acid ) at the the modification is not replacement to a histidine ( H ) , lysine 
position corresponding to any of the above positions in a ( K ) , tryptophan ( W ) or tyrosine ( Y ) . 
PH20 polypeptide is an identical residue , a conservative Exemplary amino acid replacements at any of the above 
residue or a semi - conservative amino acid residue to the corresponding positions are set forth in Table 3. Reference 
amino acid residue set forth in SEQ ID NO : 3 . 25 to the corresponding amino acid position in Table 3 is with 
To retain hyaluronidase activity , modifications typically reference to positions set forth in SEQ ID NO : 3 . It is 

are not made at those positions that are less tolerant to understood that the replacements can be made in the corre 
change or required for hyaluronidase activity . For example , sponding position in another PH20 polypeptide by align 
generally modifications are not made at a position corre- ment therewith with the sequence set forth in SEQ ID NO : 3 
sponding to position 7 , 16 , 17 , 18 , 19 , 21 , 25 , 53 , 55 , 56 , 57 , 30 ( see e.g. , FIGS . 1 and 2 ) , whereby the corresponding posi 
62 , 64 , 76 , 78 , 80 , 88 , 95 , 100 , 101 , 109 , 111 , 112 , 113 , 115 , tion is the aligned position . In particular examples , the 
116 , 121 , 123 , 126 , 129 , 185 , 187 , 188 , 189 , 190 , 191 , 194 , amino acid replacement ( s ) can be at the corresponding 
199 , 201 , 203 , 207 , 210 , 223 , 225 , 227 , 228 , 9 , 241 , 243 , position in a PH20 polypeptide as set forth in any of SEQ ID 
244 , 246 , 249 , 250 , 252 , 254 , 262 , 268 , 295 , 296 , 299 , 303 , NOS : 2 , 3 , 6-66 , 68-72 , 856-861 , 869 or 870 or a variant 
319 , 322 , 329 , 330 , 332 , 333 , 336 , 337 , 340 , 341 , 344 , 345 , 35 thereof having at least 75 % , 80 % , 81 % , 82 % , 83 % , 84 % , 
346 , 350 , 352 , 354 , 355 , 362 , 363 , 364 , 365 , 366 , 370 , 372 , 85 % , 86 % , 86 % , 88 % , 89 % , 90 % , 91 % , 92 % , 93 % , 94 % , 
382 , 384 , 386 , 390 , 400 , 402 , 408 , 423 , 424 , 429 , 430 , with 95 % , 96 % , 97 % , 98 % , 99 % or more sequence identity 
reference to amino acid positions set forth in SEQ ID NO : 3 . thereto , so long as the resulting modified PH20 polypeptide 
Also , in examples where modifications are made at any of exhibits at least 40 % of the hyaluronidase activity of the 
positions 2 , 3 , 4 , 5 , 6 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 20 , 22 , 23 , 40 corresponding PH20 polypeptide not containing the amino 
27 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , acid replacement . In particular , the replacement ( s ) can be in 
48 , 49 , 50 , 51 , 52 , 54 , 58 , 59 , 60 , 61 , 63 , 65 , 66 , 67 , 68 , 69 , a corresponding position in a human PH20 polypeptide , for 
70 , 71 , 72 , 73 , 74 , 75 , 77 , 79 , 81 , 82 , 83 , 84 , 85 , 86 , 87 , 89 , example , any set forth in any of SEQ ID NOS : 3 , 7 , 32-66 , 
90 , 91 , 92 , 94 , 96 , 98 , 99 , 102 , 103 , 104 , 105 , 106 , 107 , 108 , 69 or 72 , or a variant thereof that exhibits at least 90 % , 91 % , 
110 , 114 , 117 , 118 , 119 , 122 , 124 , 125 , 127 , 128 , 130 , 131 , 45 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or more 
132 , 133 , 134 , 135 , 136 , 137 , 138 , 139 , 143 , 144 , 145 , 149 , sequence identity to any of SEQ ID NOS : 3 , 7 , 32-66 , 69 or 
150 , 152 , 153 , 154 , 155 , 156 , 157 , 158 , 159 , 161 , 163 , 164 , 72. In one example , any one or more of the replacements are 
165 , 166 , 167 , 168 , 169 , 170 , 171 , 172 , 173 , 174 , 175 , 176 , in SEQ ID NO : 3 , so long as the resulting modified PH20 
177 , 178 , 179 , 180 , 181 , 182 , 183 , 184 , 186 , 192 , 193 , 195 , polypeptide exhibits at least 40 % of the hyaluronidase 
197 , 198 , 200 , 202 , 204 , 206 , 208 , 209 , 211 , 212 , 213 , 214 , activity of the PH20 polypeptide set forth in SEQ ID NO : 3 . 

TABLE 3 

Active Mutants 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

1 A C E F G 2 3 E H LY A C G I L 
P QS TV ? ? ? ?? 

R S T V W 

4 A I S TV 5 H 6 A H K L N 

QR 

7 M 8 I L M P 9 K L QRS 
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Active Mutants 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

10 11 D G H K S 12 D E G H N 
Q R SW 

A E I K L 
N R S T 

13 H STY 14 D I M V 15 A M V 

20 S 22 H M T Y 23 D 

24 26 27 A E G H I 
K L M N R 
TV Y 

A E G H I 
K M P Q R 
S T V W Y 

A D E F H 
I K L P Q 
R S T W 

28 29 A E G H I 30 A D E F I 
L M N P R 
S T V W 

K L M P R 
S T V W 

A F G H K 
L M P Q R 
S T V W 

31 32 A C F G H 33 A C G H I 
K L P R S 

GM P Q R 
S T W 

T V W Y 
K L M N O 
R S T V W 
Y 

34 35 36 A EH KQ 
RW 

FH LOT 
VY 

A D G H K 
L N RT 

37 38 Y 39 F I K M P 
R W V 

A LN QR 
? ? 

40 L W 41 42 ?. A C D E G 
H N T V W 

43 ? ? 44 E 45 I K 

46 47 48 A C E F H 
L M N R S 
TV Y 

A D F G H 
KM O RS 
T W Y 

F G H I K 
M N ORS 
VY 

49 I KRS V 50 51 A N R S A C D E H 

L M Q R S 
VY 

52 54 AFN QS 58 N P Q R S 
T 

C G H I K 
L N P Q R 
SW Y 

59 ? ? 60 K 61 F I M V 

63 65 R 66 H R A H I K L 
M N R S T 
V W 

67 F L R V Y 68 69 E G H K L 
P Q R S T 

A C E F G 
I L M PR 
T W Y 

70 71 72 A C F G H 
K L N P R 
S T V Y 

A D G H L 
MN Q R S 

A D E H K 
L MORS 
Y 

73 A C D G H 74 75 A C E F G 
H K L M N K L M QR 

S T W 

A C F H L 
M N O RS 
? ? P R S V W 

77 H K 

79 L T V 81 P 82 A E G H I 
L M N Q R 
S TV 

83 84 85 V F G H K L 
N Q R S T 
V 

D E F G H 
I L M N P 
OR T W Y 
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Active Mutants 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

86 87 89 A D E F G 
H I K L M 
N P R S T 
V W 

A C E G H 
I L M P Q 
R S T V Y 

CK M PR 
W 

90 91 A QR 92 A E G H I 
K L N OR 
S T W 

C H L M T 
V 

93 94 96 DL V D E F G H 
I L M N P 
Q R S TV 

A C D E F 
H L M N O 
R S T 

97 98 99 A R S A C D E F 
G I L N P 
Q R S W Y 

A C D E H 
I L M OR 
SV W 

102 A C E G H 
K L M N O 
R S T W 

103 N 104 105 A CGI K 
M R S T 

A C G H I 
P Q R S T 

106 W V 

107 F I L 108 G 110 V 

114 A G H M S 117 D 118 H K L M N 
QV 

119 FP Q Y 120 122 M D F G H I 
L N P R S 
T V W Y 

124 H L R 125 A H R S 127 A E G H L 
M N O R S 
T V W 

128 130 I R 131 A C G I K 
LQ R S W 

C E F G H 
I L M OR 
S T V Y 

132 133 I 134 L T V A C E F H 
I K L N O 
S T V Y 

135 136 137 A C D F G 
H K L N O 
RS WY 

A C D F H 
I MN QR 
S T W 

AC I T A 
CH I L M 
N R S W Y 

139 140 141 A C D E F 
G H K L M 
R S T V 

A C D F G 
H I K L M 
R V W Y 

A D E F G 
H L M OR 
S T V W Y 

142 143 144 RT W C D E G H 
I K L M N 
P Q R S T 

C E G I K 
L N V 

145 146 147 A C D E G 
H L M N P 
R 

A C E G H 
I K N P Q 
R S T V Y 

A C D F G 
I L M PQ 
RS V W Y 

148 149 150 C F G H I 
K L Q R S 
T V W Y 

C G K L M 
Q R S T V 

A C D E F 
G I L N P 
RS W Y 

151 152 153 I L S A C G H K 
L M N Q R 
S T V W Y 

A CF I M 
RT V W Y 

154 I RTV 155 A C D F G 156 A C D G I 
H K L M R 
S T V W 

L M Q R S 
T V W 
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Active Mutants 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

157 w 158 159 A F G H L 
QS 

A D E G H 
L M N QR 
SV 

160 161 162 C F G H I 
K L M N O 
RS W V Y 

A C D E R 
SV 

A D E G H 
L M P Q R 
SV W Y 

163 164 L M V W 165 A E G K L 
Q R S TV 
W 

A C D F N 
RS V W Y 

166 167 168 H A C E F G 
H LN Q R 
T W Y 

A D G H K 
M N P R S 
? ? 

169 LR V 170 AQNRV 171 I V 

172 A C 173 Q NR 174 A G H K M 
N Q R S T 
V W Y 

175 E H T V Y 176 K L 177 V 

178 G K MR 

179 180 F G I KM 181 K MO A CE GI 
K L M N P 
R S T V 

182 L 183 E L 184 W 

186 Y 

192 ST 193 195 F G Q R S 
Y 

A G H I L 
N Q R S T 
W V 

196 197 198 A D E H L E G L N R 
S T W Y 

A D E F G 
H K L M O 
RST W 

N O R S T 
W Y 

200 DT 202 M 204 PW 

205 L R S TV 206 H I K L M 208 A C K L M 
Q R S T V W Y Q R S T 

209 A E F G L 211 L W 
N R S T 

212 N S T 213 A E G H K 
L M N QR 
V W Y 

214 215 217 M A D E G H 
K L M QR 
T V W Y 

218 F M V 219 220 A C D E H 
I K L M R 

ADH IL 
M S T V 

S T W 

221 222 224 I A C I MO 
TV 

DF G I K 
L N R S V 

226 W 

230 I 231 T 232 S 

233 234 L M 235 A E G H K A F G K L 
R Y T 
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Active Mutants 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

236 237 238 A G H K R 
S 

A C E F H 

L NORS 
T W 

D E H K O 
R S T 

239 N 

240 242 F 245 H ? ? ? ?? 
R SV 

247 I L M 248 A H W Y 251 L M Y 

253 I 255 256 A H L V A G N OR 
S 

257 258 G H N R S 259 A CGI K 
L M N OR 
TV 

E G I K L 
N PORS 
T V W Y 

260 261 263 A D E G H 
L M QRS 
Y 

AF K M N 
Q R T V W 

A H K M R 
TV 

264 AH 265 I 266 Y 

267 M T 269 A CDS 270 M N S T 

271 272 DM R S T 273 H TY F G L M S 
V 

274 A F S 

275 LV 276 277 C D E G H 
I L M R S 
Y 

A C D E G 
H K M N O 
R S TY 

278 279 A HQ R T 280 GO A E F G H 
I K N R S 
T V Y 

282 D G M Q 283 E P R S T 284 A E G H L 
M N O S T 
Y 

285 286 RS W 287 ? ? ? A F G H M 
N QY 

288 L W 289 K S 290 I M 

291 COR SV 292 293 A C F G H 
K N P R V 

A C D F G 
K L M P Q 

294 M W SVY 

297 A 298 G I 300 R 

301 A V 302 I W 303 DV 

304 G I 305 D E N 306 DE S 

307 308 309 GKN QS 
T V W Y 

D G H K N 
PRT 

D E G H K 
L M N QR 
S T V W 

310 311 G H K O S 312 G K L N T A F G Q R 
S V Y T 

313 314 315 A E G H K 
L P R S T 

A D H I N 
Q R S T Y 

A E G H K 
L M R TY 

VY 

316 D 317 318 A D H I K 

MN QRS 
T W 

D F G H I 
K M N Q R 
S T 
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Active Mutants 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

320 321 323 F I L E G H I K 
L M N R S 
W V Y 

A D H KR 
S T Y 

324 325 326 CK L V Y A D H M N 
RS 

A D E G H 
K M N O S 
VW 

327 M 328 331 CE V A C G H I 
K LORS 
T V W Y 

334 PT 335 S 338 

339 M 342 A 343 TV 

347 348 D G S 349 A E G L M 
RS 

A E K M N 
RT 

351 A C I QS 353 TV 356 A D H S 

357 A C K S T 358 C G LT 359 D E H KM 

360 T TV 

361 H 367 368 A C G K R 
S 

A E G H K 
L M R S T 
V H R S 

371 373 374 E F G H I 
K L M R S 
V 

A E F K L 
MR SV 

A H I M N 
P R S T V 
W Y 

375 376 377 A G I K L 
M N R S T 

A D E L M 
Q R S TV 
Y 

D E H K P 
R S T 

378 K N R 379 G H R S T 380 I L P TV 
W Y 

381 383 385 E H K N O 
R SV 

A E H I K 
L M N S T 

A G H NO 
R S T V 

387 S 388 389 F H I MR 
T V W Y 

A G H K L 
M P Q R S 
? ? 

391 ? 392 393 A F G K L 
M Q R S T 
V W Y 

A D F H K 
L M N R S 
T 

394 LW 395 396 A G H KR 
T W 

A D H L O 
R S T 

397 R 398 L 

399 401 A E G Q N 403 F ? ? ? ?? 

N Q R S T 
VW 

404 ? ? ? 405 406 AF G KM 
P Q R S W 
Y 

A C E F G 
IN Q S T 
VY 

407 409 410 D K M N P A D E F G 
H L M N P 
Q R VW 

A D E G H 
I P Q R S 
TV 

Q R S TV 

411 412 D G H I L 413 A H N PR 
S TV 

A E H K N 
Q R S T N O P R S 

V W Y 
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Active Mutants 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

414 I K L M 415 GS W V Y 416 F G H I K 
L NORT 
V Y 

417 I 418 419 A E F G I 
L M N P Q 
RS V Y 

E F G H I 
K L N R S 
W Y 

420 I P 421 422 I T A E G H I 
K L M N O 
R S T Y 

425 426 427 G I K M N 
R SY 

E G K N P 
OS Y 

H I KOS 
T 

428 L M P T 431 432 E G H N S A E G H I 
K L N OR 
SV W Y 

< 

433 434 F G I M V 435 A C D E G 
H I K L P 
R S T V W 

A C E G H 
R S T V Y 

436 437 438 C D E G H 
I K L M O 
R S T W Y 

A D G H I 
K L M Q R 
SY 

A C D E G 
L N P Q R 
S T V W 

439 440 441 A C F G H 
K L P QS 
T V W 

A D E F G 
H I L M P 
R S V Y 

A D F G H 
K L N QS 
TVY 

442 443 444 C G H K L 
P Q R TV 
W Y 

A E F G H 
L M N Q R 
ST W 

D E F G H 
I K M N R 
V W Y 

445 446 447 A G H L M 
N P Q R S 
T V W Y 

A C D E G 
H I K L M 
OR T V W 

D E F G I 
L M N P Q 
R T V W 

40 In particular examples , provided herein is a modified 167 , D68 , S69 , 170 , 171 , G72 , 173 , 174 , 175 , 179 , K82 , 
PH20 polypeptide containing an amino acid replacement or 183 , S84 , G86 , D87 , L89 , D90 , A92 , K93 , K94 , 197 , V102 , 
replacements at a position or positions corresponding to 1 , N104 , M107 , E114 , T118 , A120 , D127 , V128 , K130 , N131 , 
6 , 8 , 9 , 10 , 11 , 12 , 14 , 15 , 20 , 22 , 24 , 26 , 27 , 28 , 29 , 30 , 31 , R132 , E135 , Q138 , Q139 , Q140 , N141 , V142 , Q143 , L144 , 
32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 46 , 47 , 48 , 49 , 50 , 52 , L146 , T147 , E148 , A149 , T150 , E151 , K152 , Q155 , E156 , 45 
58 , 59 , 63 , 67 , 68 , 69 , 70 , 71 , 72 , 73 , 74 , 75 , 79 , 82 , 83 , 84 , E158 , A160 , K162 , D163 , F164 , L165 , V166 , E167 , 1169 , 
86 , 87 , 89 , 90 , 92 , 93 , 94 , 97 , 102 , 104 , 107 , 114 , 118 , 120 , K170 , G172 , K173 , L174 , L175 , N178 , H179 , H193 , K195 , 
127 , 128 , 130 , 131 , 132 , 135 , 138 , 139 , 140 , 141 , 142 , 143 , K196 , G198 , F204 , N205 , V206 , K209 , D212 , D213 , S215 , 
144 , 146 , 147 , 148 , 149 , 150 , 151 , 152 , 155 , 156 , 158 , 160 , N219 , E220 , S221 , T222 , T232 , Q233 , Q234 , 5235 , P236 , 
162 , 163 , 164 , 165 , 166 , 167 , 169 , 170 , 172 , 173 , 174 , 175 , 50 V237 , A238 , T240 , V247 , R248 , E249 , P257 , D258 , A259 , 
178 , 179 , 193 , 195 , 196 , 198 , 204 , 205 , 206 , 209 , 212 , 213 , K260 , S261 , L263 , A267 , T269 , 1271 , V272 , F273 , T274 , 
215 , 219 , 220 , 221 , 222 , 232 , 233 , 234 , 235 , 236 , 237 , 238 , Q276 , V277 , L278 , K279 , S282 , Q283 , E285 , V287 , T289 , 
240 , 247 , 248 , 249 , 257 , 258 , 259 , 260 , 261 , 263 , 267 , 269 , G291 , E292 , T293 , A298 , G305 , L307 , S308 , 1309 , M310 , 
271 , 272 , 273 , 274 , 276 , 277 , 278 , 279 , 282 , 283 , 285 , 287 , M313 , K314 , S315 , L317 , L318 , D320 , N321 , E324 , T325 , 
289 , 291 , 292 , 293 , 298 , 305 , 307 , 308 , 309 , 310 , 313 , 314 , 55 1326 , N328 , T335 , Q347 , Q349 , V351 , 1353 , N356 , S359 , 
315 , 317 , 318 , 320 , 321 , 324 , 325 , 326 , 328 , 335 , 347 , 349 , P367 , D368 , N369 , A371 , Q373 , L374 , E375 , K376 , G377 , 
351 , 353 , 356 , 359 , 367 , 368 , 369 , 371 , 373 , 374 , 375 , 376 , F380 , T381 , R383 , K385 , E389 , E392 , Q393 , S395 , E396 , 
377 , 380 , 381 , 383 , 385 , 389 , 392 , 393 , 395 , 396 , 399 , 401 , Y399 , S401 , S404 , T405 , L406 , S407 , K409 , E410 , A412 , 
404 , 405 , 406 , 407 , 409 , 410 , 412 , 416 , 418 , 419 , 421 , 425 , D416 , D418 , A419 , D421 , A425 , G427 , A428 , D431 , F433 , 
427 , 428 , 431 , 433 , 436 , 437 , 438 , 439 , 440 , 441 , 442 , 443 , 60 P436 , P437 , M438 , E439 , T440 , E441 , E442 , P443 , Q444 , 
444 , 445 , 446 or 447 with reference to amino acid positions 1445 , F446 or Y447 with reference to amino acid positions 
set forth in SEQ ID NO : 3 . For example , the amino acid set forth in SEQ ID NO : 3 . 
positions can be replacements at positions corresponding to Exemplary amino acid replacements in the modified 
replacement of Leucine ( L ) at position 1 ( L1 ) , P6 , V8 , 19 , PH20 polypeptides provided herein include , but are not 
P10 , N11 , V12 , F14 , L15 , A20 , S22 , F24 , L26 , G27 , K28 , 65 limited , replacement with : histidine ( H ) at a position corre 
F29 , D30 , E31 , P32 , L33 , D34 , M35 , S36 , L37 , F38 , S39 , sponding to position 1 ; A at a position corresponding to 
F40 , 141 , 146 , N47 , A48 , T49 , G50 , G52 , V58 , D59 , Y63 , position 1 ; E at a position corresponding to position 1 ; G at 
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a position corresponding to position 1 ; K at a position position corresponding to position 48 ; K at a position 
corresponding to position 1 ; Q at a position corresponding to corresponding to position 48 ; N at a position corresponding 
position 1 ; R at a position corresponding to position 1 ; A at to position 48 ; R at a position corresponding to position 49 ; 
a position corresponding to position 6 ; M at a position D at a position corresponding to position 50 ; S at a position 
corresponding to position 8 ; Q at a position corresponding to s corresponding to position 50 ; M at a position corresponding 
position 9 ; G at a position corresponding to position 10 ; H to position 50 ; N at a position corresponding to position 52 ; 
at a position corresponding to position 10 ; S at a position Q at a position corresponding to position 52 ; R at a position 
corresponding to position 11 ; E at a position corresponding corresponding to position 52 ; S at a position corresponding 
to position 12 ; 1 at a position corresponding to position 12 ; to position 52 ; T at a position corresponding to position 52 ; 
K at a position corresponding to position 12 ; T at a position 10 C at a position corresponding to position 58 ; K at a position 
corresponding to position 12 ; V at a position corresponding corresponding to position 58 ; L at a position corresponding 
to position 14 ; V at a position corresponding to position 15 ; to position 58 ; P at a position corresponding to position 58 ; 
M at a position corresponding to position 15 ; S at a position Q at a position corresponding to position 58 ; R at a position 
corresponding to position 20 ; T at a position corresponding corresponding to position 58 ; H at a position corresponding 
to position 22 ; E at a position corresponding to position 24 ; 15 to position 58 ; N at a position corresponding to position 58 ; 
H at a position corresponding to position 24 ; R at a position Y at a position corresponding to position 58 ; N at a position 
corresponding to position 24 ; A at a position corresponding corresponding to position 59 ; K at a position corresponding 
to position 26 ; E at a position corresponding to position 26 ; to position 63 ; L at a position corresponding to position 63 ; 
K at a position corresponding to position 26 ; M at a position M at a position corresponding to position 63 ; R at a position 
corresponding to position 26 ; Q at a position corresponding 20 corresponding to position 63 ; W at a position corresponding 
to position 26 ; R at a position corresponding to position 26 ; to position 63 ; V at a position corresponding to position 67 ; 
D at a position corresponding to position 27 ; K at a position H at a position corresponding to position 68 ; P at a position 
corresponding to position 27 ; R at a position corresponding corresponding to position 68 ; Q at a position corresponding 
to position 27 ; R at a position corresponding to position 28 ; to position 68 ; A at a position corresponding to position 69 ; 
E at a position corresponding to position 29 ; I at a position 25 C at a position corresponding to position 69 ; E at a position 
corresponding to position 29 ; K at a position corresponding corresponding to position 69 ; F at a position corresponding 
to position 29 ; L at a position corresponding to position 29 ; to position 69 ; G at a position corresponding to position 69 ; 
M at a position corresponding to position 29 ; Pat a position I at a position corresponding to position 69 ; L at a position 
corresponding to position 29 ; R at a position corresponding corresponding to position 69 ; M at a position corresponding 
to position 29 ; S at a position corresponding to position 29 ; 30 to position 69 ; P at a position corresponding to position 69 ; 
T at a position corresponding to position 29 ; V at a position R at a position corresponding to position 69 ; T at a position 
corresponding to position 29 ; G at a position corresponding corresponding to position 69 ; W at a position corresponding 
to position 30 ; H at a position corresponding to position 30 ; to position 69 ; Y at a position corresponding to position 69 ; 
K at a position corresponding to position 30 ; L at a position A at a position corresponding to position 70 ; C at a position 
corresponding to position 30 ; M at a position corresponding 35 corresponding to position 70 ; F at a position corresponding 
to position 30 ; R at a position corresponding to position 30 ; to position 70 ; G at a position corresponding to position 70 ; 
S at a position corresponding to position 30 ; A at a position H at a position corresponding to position 70 ; K at a position 
corresponding to position 31 ; C at a position corresponding corresponding to position 70 ; L at a position corresponding 
to position 31 ; G at a position corresponding to position 31 ; to position 70 ; N at a position corresponding to position 70 ; 
H at a position corresponding to position 31 ; I at a position 40 P at a position corresponding to position 70 ; R at a position 
corresponding to position 31 ; K at a position corresponding corresponding to position 70 ; S at a position corresponding 
to position 31 ; L at a position corresponding to position 31 ; to position 70 ; T at a position corresponding to position 70 ; 
Pat a position corresponding to position 31 ; R at a position V at a position corresponding to position 70 ; Y at a position 
corresponding to position 31 ; S at a position corresponding corresponding to position 70 ; G at a position corresponding 
to position 31 ; T at a position corresponding to position 31 ; 45 to position 71 ; N at a position corresponding to position 71 ; 
V at a position corresponding to position 31 ; W at a position R at a position corresponding to position 71 ; S at a position 
corresponding to position 31 ; C at a position corresponding corresponding to position 71 ; K at a position corresponding 
to position 32 ; F at a position corresponding to position 32 ; to position 72 ; M at a position corresponding to position 72 ; 
G at a position corresponding to position 32 ; H at a position Q at a position corresponding to position 72 ; A at a position 
corresponding to position 32 ; W at a position corresponding 50 corresponding to position 73 ; H at a position corresponding 
to position 33 ; G at a position corresponding to position 33 ; to position 73 ; K at a position corresponding to position 73 ; 
Wat a position corresponding to position 34 ; Q at a position L at a position corresponding to position 73 ; Q at a position 
corresponding to position 35 ; V at a position corresponding corresponding to position 73 ; R at a position corresponding 
to position 35 ; H at a position corresponding to position 36 ; to position 73 ; T at a position corresponding to position 73 ; 
N at a position corresponding to position 36 ; F at a position 55 W at a position corresponding to position 73 ; A at a position 
corresponding to position 37 ; M at a position corresponding corresponding to position 74 ; C at a position corresponding 
to position 37 ; Y at a position corresponding to position 38 ; to position 74 ; E at a position corresponding to position 74 ; 
A at a position corresponding to position 39 ; L at a position F at a position corresponding to position 74 ; G at a position 
corresponding to position 39 ; N at a position corresponding corresponding to position 74 ; H at a position corresponding 
to position 39 ; T at a position corresponding to position 39 ; 60 to position 74 ; K at a position corresponding to position 74 ; 
L at a position corresponding to position 40 ; T at a position L at a position corresponding to position 74 ; M at a position 
corresponding to position 41 ; L at a position corresponding corresponding to position 74 ; N at a position corresponding 
to position 46 ; R at a position corresponding to position 46 ; to position 74 ; P at a position corresponding to position 74 ; 
D at a position corresponding to position 47 ; F at a position R at a position corresponding to position 74 ; Sat a position 
corresponding to position 47 ; T at a position corresponding 65 corresponding to position 74 ; V at a position corresponding 
to position 47 ; W at a position corresponding to position 47 , to position 74 ; W at a position corresponding to position 74 ; 
with F at a position corresponding to position 48 ; H at a F at a position corresponding to position 75 ; L at a position 
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corresponding to position 75 ; M at position corresponding to sponding to position 138 ; T at a position corresponding to 
position 75 ; R at a position corresponding to position 75 ; T position 139 ; K at a position corresponding to position 140 ; 
at a position corresponding to position 75 ; L at a position H at a position corresponding to position 141 ; R at a position 
corresponding to position 79 ; L at a position corresponding corresponding to position 141 ; S at a position corresponding 
to position 82 ; N at a position corresponding to position 82 ; 5 to position 141 ; W at a position corresponding to position 
V at a position corresponding to position 83 ; Q at a position 141 ; Y at a position corresponding to position 141 ; D at a 
corresponding to position 83 ; S at a position corresponding position corresponding to position 142 ; G at a position 
to position 83 ; G at a position corresponding to position 83 ; corresponding to position 142 ; K at a position corresponding 
E at a position corresponding to position 84 ; F at a position to position 142 ; N at a position corresponding to position 
corresponding to position 84 ; G at a position corresponding 10 142 ; P at a position corresponding to position 142 ; Q at a 
to position 84 ; N at a position corresponding to position 84 ; position corresponding to position 142 ; R at a position 
R at a position corresponding to position 84 ; A at a position corresponding to position 142 ; S at a position corresponding 
corresponding to position 86 ; H at a position corresponding to position 142 ; T at a position corresponding to position 
to position 86 ; K at a position corresponding to position 86 ; 142 ; G at a position corresponding to position 143 ; K at a 
N at a position corresponding to position 86 ; S at a position 15 position corresponding to position 143 ; R at a position 
corresponding to position 86 ; T at a position corresponding corresponding to position 144 ; T at a position corresponding 
to position 86 ; W at a position corresponding to position 86 ; to position 144 ; P at a position corresponding to position 
Cat a position corresponding to position 87 ; G at a position 146 ; R at a position corresponding to position 146 ; A at a 
corresponding to position 87 ; L at a position corresponding position corresponding to position 147 ; F at a position 
to position 87 ; M at a position corresponding to position 87 ; 20 corresponding to position 147 ; L at a position corresponding 
R at a position corresponding to position 87 ; S at a position to position 147 ; R at a position corresponding to position 
corresponding to position 87 ; T at a position corresponding 147 ; S at a position corresponding to position 147 ; V at a 
to position 87 ; V at a position corresponding to position 87 ; position corresponding to position 147 ; H at a position 
Y at a position corresponding to position 87 ; C at a position corresponding to position 148 ; K at a position corresponding 
corresponding to position 89 ; A at a position corresponding 25 to position 148 ; Q at a position corresponding to position 
to position 90 ; E at a position corresponding to position 90 ; 148 ; T at a position corresponding to position 149 ; V at a 
H at a position corresponding to position 90 ; K at a position position corresponding to position 149 ; A at a position 
corresponding to position 90 ; N at a position corresponding corresponding to position 150 ; D at a position corresponding 
to position 90 ; R at a position corresponding to position 90 ; to position 150 ; G at a position corresponding to position 
C at a position corresponding to position 92 ; L at a position 30 150 ; N at a position corresponding to position 150 ; S at a 
corresponding to position 92 ; I at a position corresponding position corresponding to position 150 ; W at a position 
to position 93 ; L at a position corresponding to position 93 ; corresponding to position 150 ; Y at a position corresponding 
Q at a position corresponding to position 93 ; R at a position to position 150 ; A at a position corresponding to position 
corresponding to position 93 ; S at a position corresponding 151 ; H at a position corresponding to position 151 ; K at a 
to position 93 ; T at a position corresponding to position 93 ; 35 position corresponding to position 151 ; L at a position 
D at a position corresponding to position 94 ; Q at a position corresponding to position 151 ; M at a position correspond 
corresponding to position 94 ; R at a position corresponding ing to position 151 ; Q at a position corresponding to position 
to position 94 ; A at a position corresponding to position 97 ; 151 ; R at a position corresponding to position 151 ; S at a 
C at an amino acid residue corresponding to position 97 ; D position corresponding to position 151 ; T at a position 
at a position corresponding to position 97 ; E at a position 40 corresponding to position 151 ; V at a position corresponding 
corresponding to position 97 ; G at a position corresponding to position 151 ; W at a position corresponding to position 
to position 97 ; L at a position corresponding to position 97 ; 151 ; Y at a position corresponding to position 151 ; R at a 
S at a position corresponding to position 97 ; S at a position position corresponding to position 152 ; T at a position 
corresponding to position 102 ; T at a position corresponding corresponding to position 152 ; W at a position correspond 
to position 102 ; R at a position corresponding to position 45 ing to position 152 ; D at a position corresponding to position 
104 ; L at a position corresponding to position 107 ; A at a 155 ; G at a position corresponding to position 155 ; K at a 
position corresponding to position 114 ; Q at a position position corresponding to position 155 ; R at a position 
corresponding to position 118 ; H at a position corresponding corresponding to position 155 ; D at a position corresponding 
to position 120 ; F at a position corresponding to position to position 156 ; Q at a position corresponding to position 
120 ; I at a position corresponding to position 120 ; S at a 50 158 ; S at a position corresponding to position 158 ; S at a 
position corresponding to position 120 ; V at a position position corresponding to position 160 ; E at a position 
corresponding to position 120 ; Y at a position corresponding corresponding to position 162 ; A at a position corresponding 
to position 120 ; E at a position corresponding to position to position 163 ; E at a position corresponding to position 
127 ; H at a position corresponding to position 127 ; N at a 163 ; K at a position corresponding to position 163 ; Q at a 
position corresponding to position 127 ; Q at a position 55 position corresponding to position 163 ; R at a position 
corresponding to position 127 ; R at a position corresponding corresponding to position 163 ; S at a position corresponding 
to position 127 ; I at a position corresponding to position 128 ; to position 163 ; M at a position corresponding to position 
Rat a position corresponding to position 130 ; G at a position 164 ; V at a position corresponding to position 164 ; D at a 
corresponding to position 131 ; I at a position corresponding position corresponding to position 165 ; F at a position 
to position 131 ; M at a position corresponding to position 60 corresponding to position 165 ; N at a position corresponding 
131 ; Q at a position corresponding to position 131 ; R at a to position 165 ; S at a position corresponding to position 
position corresponding to position 131 ; V at a position 165 ; V at a position corresponding to position 165 ; A at a 
corresponding to position 131 ; N at a position corresponding position corresponding to position 166 ; E at a position 
to position 132 ; L at a position corresponding to position corresponding to position 166 ; F at a position corresponding 
132 ; D at a position corresponding to position 135 ; G at a 65 to position 166 ; H at a position corresponding to position 
position corresponding to position 135 ; R at a position 166 ; L at a position corresponding to position 166 ; Q at a 
corresponding to position 135 , with L at a position corre- position corresponding to position 166 ; R at a position 
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corresponding to position 166 ; T at a position corresponding to position 263 ; T at a position corresponding to position 
to position 166 ; W at a position corresponding to position 267 ; A at a position corresponding to position 269 ; L at a 
166 ; Y at a position corresponding to position 166 ; D at a position corresponding to position 271 ; M at a position 
position corresponding to position 167 ; L at a position corresponding to position 271 ; D at a position corresponding 
corresponding to position 169 ; R at a position corresponding 5 to position 272 ; T at a position corresponding to position 
to position 170 ; A at a position corresponding to position 272 ; H at a position corresponding to position 273 ; Y at a 
172 ; R at a position corresponding to position 173 ; G at a position corresponding to position 273 ; F at a position 
position corresponding to position 174 ; K at a position corresponding to position 274 ; Dat a position corresponding 
corresponding to position 174 ; N at a position corresponding to position 276 ; H at a position corresponding to position 
to position 174 ; R at a position corresponding to position 10 276 ; M at a position corresponding to position 276 ; R at a 
174 ; T at a position corresponding to position 174 ; T at a position corresponding to position 276 ; S at a position 
position corresponding to position 175 ; K at a position corresponding to position 276 ; Y at a position corresponding 
corresponding to position 178 ; R at a position corresponding to position 276 ; A at a position corresponding to position 
to position 178 ; K at a position corresponding to position 277 ; E at a position corresponding to position 277 ; H at a 
179 ; Q at a position corresponding to position 193 ; T at a 15 position corresponding to position 277 ; K at a position 
position corresponding to position 195 ; N at a position corresponding to position 277 ; M at a position correspond 
corresponding to position 195 ; with E at a position corre- ing to position 277 ; N at a position corresponding to position 
sponding to position 196 ; R at a position corresponding to 277 ; Q at a position corresponding to position 277 ; R at a 
position 196 ; with D at a position corresponding to position position corresponding to position 277 ; S at a position 
198 ; P at a position corresponding to position 204 ; A at a 20 corresponding to position 277 ; T at a position corresponding 
position corresponding to position 205 ; E at a position to position 277 ; E at a position corresponding to position 
corresponding to position 205 ; L at a position corresponding 278 ; F at a position corresponding to position 278 ; G at a 
to position 205 ; T at a position corresponding to position position corresponding to position 278 ; H at a position 
205 ; I at a position corresponding to position 206 ; K at a corresponding to position 278 ; K at a position corresponding 
position corresponding to position 206 ; L at a position 25 to position 278 ; N at a position corresponding to position 
corresponding to position 206 ; R at a position corresponding 278 ; R at a position corresponding to position 278 ; S at a 
to position 206 ; R at a position corresponding to position position corresponding to position 278 ; T at a position 
209 ; N at a position corresponding to position 212 ; S at a corresponding to position 278 ; Y at a position corresponding 
position corresponding to position 212 ; A at a position to position 278 ; H at a position corresponding to position 
corresponding to position 213 ; M at a position correspond- 30 279 ; M at a position corresponding to position 282 ; S at a 
ing to position 213 ; N at a position corresponding to position position corresponding to position 283 ; H at a position 
213 ; H at a position corresponding to position 215 ; M at a corresponding to position 285 ; T at a position corresponding 
position corresponding to position 215 ; A at a position to position 287 ; S at a position corresponding to position 
corresponding to position 219 ; I at a position corresponding 289 ; S at a position corresponding to position 291 ; V at a 
to position 219 ; K at a position corresponding to position 35 position corresponding to position 291 ; C at a position 
219 ; S at a position corresponding to position 219 ; H at a corresponding to position 292 ; F at a position corresponding 
position corresponding to position 220 ; I at a position to position 292 ; H at a position corresponding to position 
corresponding to position 220 ; L at a position corresponding 292 ; K at a position corresponding to position 292 ; R at a 
to position 220 ; V at a position corresponding to position position corresponding to position 292 ; V at a position 
220 ; Q at a position corresponding to position 221 ; G at a 40 corresponding to position 292 ; A at a position corresponding 
position corresponding to position 222 ; F at a position to position 293 ; C at a position corresponding to position 
corresponding to position 232 ; G at a position corresponding 293 ; D at a position corresponding to position 293 ; F at a 
to position 233 ; K at a position corresponding to position position corresponding to position 293 ; K at a position 
233 ; R at a position corresponding to position 233 ; M at a corresponding to position 293 ; M at a position correspond 
position corresponding to position 234 ; A at a position 45 ing to position 293 ; Pat a position corresponding to position 
corresponding to position 235 ; R at a position corresponding 293 ; Q at a position corresponding to position 293 ; V at a 
to position 236 ; C at a position corresponding to position position corresponding to position 293 ; Y at a position 
237 ; E at a position corresponding to position 237 ; H at a corresponding to position 293 ; G at a position corresponding 
position corresponding to position 237 ; Q at a position to position 298 ; E at a position corresponding to position 
corresponding to position 237 ; T at a position corresponding 50 305 ; G at a position corresponding to position 307 ; D at a 
to position 237 ; E at a position corresponding to position position corresponding to position 308 ; G at a position 
238 ; H at a position corresponding to amino acid position corresponding to position 308 ; K at a position corresponding 
238 ; S at a position corresponding to position 238 ; A at a to position 308 ; N at a position corresponding to position 
position corresponding to position 240 ; Q at a position 308 ; R at a position corresponding to position 308 ; E at a 
corresponding to position 240 ; I at a position corresponding 55 position corresponding to position 309 ; G at a position 
to position 247 ; A at a position corresponding to position corresponding to position 309 ; H at a position corresponding 
248 ; V at a position corresponding to position 249 ; G at a to position 309 ; L at a position corresponding to position 
position corresponding to position 257 ; T at a position 309 ; M at a position corresponding to position 309 ; N at a 
corresponding to position 257 ; R at a position corresponding position corresponding to position 309 ; Q at a position 
to position 257 ; N at a position corresponding to position 60 corresponding to position 309 ; R at a position corresponding 
258 ; S at a position corresponding to position 258 ; P at a to position 309 ; S at a position corresponding to position 
position corresponding to position 259 ; M at a position 309 ; T at a position corresponding to position 309 ; V at a 
corresponding to position 260 ; Y at a position corresponding position corresponding to position 309 ; A at a position 
to position 260 ; A at a position corresponding to position corresponding to position 310 ; G at a position corresponding 
261 ; K at a position corresponding to position 261 ; N at a 65 to position 310 ; Q at a position corresponding to position 
position corresponding to position 261 ; K at a position 310 ; S at a position corresponding to position 310 ; A at a 
corresponding to position 263 ; R at a position corresponding position corresponding to position 313 ; G at a position 
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corresponding to position 313 ; H at a position corresponding corresponding to position 371 ; S at a position corresponding 
to position 313 ; K at a position corresponding to position to position 371 ; M at a position corresponding to position 
313 ; P at a position corresponding to position 313 ; R at a 373 ; H at a position corresponding to position 374 ; P at a 
position corresponding to position 313 ; T at a position position corresponding to position 374 ; A at a position 
corresponding to position 313 ; Y at a position corresponding 5 corresponding to position 375 ; G at a position corresponding 
to position 313 ; with S at a position corresponding to to position 375 ; K at a position corresponding to position 
position 314 ; Y at a position corresponding to position 314 ; 375 ; R at a position corresponding to position 375 ; D at a 
A at a position corresponding to position 315 ; H at a position position corresponding to position 376 ; E at a position 
corresponding to position 315 ; Y at a position corresponding corresponding to position 376 ; Q at a position corresponding 
to position 315 ; A at a position corresponding to position 10 to position 376 ; R at a position corresponding to position 
317 ; I at a position corresponding to position 317 ; K at a 376 ; T at a position corresponding to position 376 ; V at a 
position corresponding to position 317 ; N at a position position corresponding to position 376 ; Y at a position 
corresponding to position 317 ; Q at a position corresponding corresponding to position 376 ; Dat a position corresponding 
to position 317 ; R at a position corresponding to position to position 377 ; E at a position corresponding to position 
317 ; S at a position corresponding to position 317 ; T at a 15 377 ; H at a position corresponding to position 377 ; K at a 
position corresponding to position 317 ; W at a position position corresponding to position 377 ; P at a position 
corresponding to position 317 ; D at a position corresponding corresponding to position 377 ; R at a position corresponding 
to position 318 ; H at a position corresponding to position to position 377 ; S at a position corresponding to position 
318 ; K at a position corresponding to position 318 ; M at a 377 ; T at a position corresponding to position 377 ; W at a 
position corresponding to position 318 ; R at a position 20 position corresponding to position 380 ; Y at a position 
corresponding to position 318 ; H at a position corresponding corresponding to position 380 ; S at a position corresponding 
to position 320 ; K at a position corresponding to position to position 381 ; I at a position corresponding to position 383 ; 
320 ; R at a position corresponding to position 320 ; R at a K at a position corresponding to position 383 ; L at a position 
position corresponding to position 321 ; S at a position corresponding to position 383 ; S at a position corresponding 
corresponding to position 321 ; N at a position corresponding 25 to position 383 ; A at a position corresponding to position 
to position 324 ; R at a position corresponding to position 385 ; Q at a position corresponding to position 385 ; V at a 
324 ; A at a position corresponding to position 325 ; D at a position corresponding to position 385 ; A at a position 
position corresponding to position 325 ; E at a position corresponding to position 389 ; G at a position corresponding 
corresponding to position 325 ; G at a position corresponding to position 389 ; L at a position corresponding to position 
to position 325 ; H at a position corresponding to position 30 389 ; K at a position corresponding to position 389 ; Q at a 
325 ; K at a position corresponding to position 325 ; M at a position corresponding to position 389 ; S at a position 
position corresponding to position 325 ; N at a position corresponding to position 389 ; A at a position corresponding 
corresponding to position 325 ; Q at a position corresponding to position 392 ; F at a position corresponding to position 
to position 325 ; S at a position corresponding to position 392 ; M at a position corresponding to position 392 ; Q at a 
325 ; V at a position corresponding to position 325 ; L at a 35 position corresponding to position 392 ; R at a position 
position corresponding to position 326 ; V at a position corresponding to position 392 ; V at a position corresponding 
corresponding to position 326 ; C at a position corresponding to position 392 ; F at a position corresponding to position 
to position 328 ; G at a position corresponding to position 393 ; M at a position corresponding to position 393 ; A at a 
328 ; I at a position corresponding to position 328 ; K at a position corresponding to position 395 ; H at a position 
position corresponding to position 328 ; L at a position 40 corresponding to position 395 ; R at a position corresponding 
corresponding to position 328 ; S at a position corresponding to position 395 ; A at a position corresponding to position 
to position 328 ; Y at a position corresponding to position 396 ; H at a position corresponding to position 396 ; Q at a 
328 ; S at a position corresponding to position 335 ; A at a position corresponding to position 396 ; S at a position 
position corresponding to position 347 ; G at a position corresponding to position 396 ; K at a position corresponding 
corresponding to position 347 ; S at a position corresponding 45 to position 399 ; M at a position corresponding to position 
to position 347 ; M at a position corresponding to position 399 ; T at a position corresponding to position 399 ; V at a 
349 ; R at a position corresponding to position 349 ; S at a position corresponding to position 399 ; W at a position 
position corresponding to position 351 ; V at a position corresponding to position 399 ; A at a position corresponding 
corresponding to position 353 ; with H at a position corre- to position 401 ; E at a position corresponding to position 
sponding to position 356 ; S at a position corresponding to 50 401 ; A at a position corresponding to position 404 ; G at a 
position 356 ; E at a position corresponding to position 359 ; position corresponding to position 405 ; F at a position 
H at a position corresponding to position 359 ; T at a position corresponding to position 406 ; N at a position corresponding 
corresponding to position 359 ; A at a position corresponding to position 406 ; A at a position corresponding to position 
to position 367 ; G at a position corresponding to position 407 ; D at a position corresponding to position 407 ; E at a 
367 ; K at a position corresponding to position 367 ; S at a 55 position corresponding to position 407 ; F at a position 
position corresponding to position 367 ; A at a position corresponding to position 407 ; H at a position corresponding 
corresponding to position 368 ; E at a position corresponding to position 407 ; Q at a position corresponding to position 
to position 368 ; K at a position corresponding to position 407 ; P at a position corresponding to position 407 ; A at a 
368 ; L at a position corresponding to amino acid position position corresponding to position 409 ; Q at a position 
368 ; M at a position corresponding to amino acid position 60 corresponding to position 409 ; T at a position corresponding 
368 ; R at a position corresponding to position 368 ; T at a to position 410 ; Q at a position corresponding to position 
position corresponding to amino acid position 368 ; H at a 412 ; R at a position corresponding to position 412 ; V at a 
position corresponding to position 369 ; R at a position position corresponding to position 412 ; L at a position 
corresponding to position 369 ; F at a position corresponding corresponding to position 416 ; E at a position corresponding 
to position 371 ; H at a position corresponding to position 65 to position 418 ; L at a position corresponding to position 
371 ; K at a position corresponding to position 371 ; L at a 418 ; P at a position corresponding to position 418 ; R at a 
position corresponding to position 371 ; R at a position position corresponding to position 418 ; V at a position 
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corresponding to position 418 ; F at a position corresponding position corresponding to position 445 ; A at a position 
to position 419 ; H at a position corresponding to position corresponding to position 446 ; M at a position correspond 
419 ; I at a position corresponding to position 419 ; K at a ing to position 446 ; W at a position corresponding to 
position corresponding to position 419 ; R at a position position 446 ; D at a position corresponding to position 447 ; 
corresponding to position 419 ; S at a position corresponding 5 E at a position corresponding to position 447 ; G at a position 
to position 419 ; Y at a position corresponding to position corresponding to position 447 ; I at a position corresponding 
419 ; A at a position corresponding to position 421 ; H at a to position 447 ; N at a position corresponding to position 
position corresponding to position 421 ; K at a position 447 ; P at a position corresponding to position 447 ; Q at a 
corresponding to position 421 ; N at a position corresponding position corresponding to position 447 ; T at a position 
to position 421 ; Q at a position corresponding to position 10 corresponding to position 447 , and / or replacement with V at 
421 ; R at a position corresponding to position 421 ; S at a a position corresponding to position 447 , each with refer 
position corresponding to position 421 ; G at a position ence to amino acid positions set forth in SEQ ID NO : 3 . 
corresponding to position 425 ; K at a position corresponding Exemplary of such modified PH20 polypeptides are any 
to position 425 ; Q at a position corresponding to position having the sequence of amino acids set forth in any of SEQ 
427 ; T at a position corresponding to position 427 ; L at a 15 ID NOS : 74-855 , or having a sequence of amino acids that 
position corresponding to position 428 ; A at a position exhibits at least 68 % , 70 % , 75 % , 80 % , 85 % , 86 % , 87 % , 
corresponding to position 431 ; G at a position corresponding 88 % , 89 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 
to position 431 ; E at a position corresponding to position 98 % , 99 % or more sequence identity to any of SEQ ID 
431 ; H at a position corresponding to position 431 ; K at a NOS : 74-855 and contains the amino acid replacement and 
position corresponding to position 431 ; L at a position 20 exhibits hyaluronidase activity . 
corresponding to position 431 ; N at a position corresponding Any of the above modified PH20 polypeptides provided 
to position 431 ; Q at a position corresponding to position herein can exhibit altered , such as improved or increased , 
431 ; R at a position corresponding to position 431 ; S at a properties or activities compared to the corresponding PH20 
position corresponding to position 431 ; V at a position polypeptide not containing the amino acid modification 
corresponding to position 431 ; A at a position corresponding 25 ( e.g. , amino acid replacement ) . For example , the altered 
to position 433 ; H at a position corresponding to position activities or properties can be an increased catalytic activity 
433 ; I at a position corresponding to position 433 ; K at a and / or an increased stability under denaturing conditions . 
position corresponding to position 433 ; L at a position a . Increased Activity 
corresponding to position 433 ; R at a position corresponding Provided herein are modified or variant PH20 polypep 
to position 433 ; T at a position corresponding to position 30 tides that contain one or more amino acid replacements in a 
433 ; V at a position corresponding to position 433 ; W at a PH20 polypeptide and that exhibit increased hyaluronidase 
position corresponding to position 433 ; K at a position activity compared to the corresponding PH20 polypeptide 
corresponding to position 436 ; I at a position corresponding not containing the amino acid replacement ( s ) , for example , 
to position 437 ; M at a position corresponding to position the PH20 polypeptide set forth in any of SEQ ID NOS : 2 , 3 , 
437 ; A at a position corresponding to position 438 ; D at a 35 6-66 , 68-72 , 856-861 , 869 or 870 or a variant thereof having 
position corresponding to position 438 ; E at a position at least 75 % , 80 % , 81 % , 82 % , 83 % , 84 % , 85 % , 86 % , 86 % , 
corresponding to position 438 ; L at a position corresponding 88 % , 89 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 
to position 438 ; N at a position corresponding to position 98 % , 99 % or more sequence identity thereto . In particular , 
438 ; T at a position corresponding to position 438 ; A at a the modified or variant PH20 polypeptides provided herein 
position corresponding to position 439 ; C at a position 40 exhibit increased hyaluronidase activity compared to the 
corresponding to position 439 ; K at a position corresponding corresponding PH20 polypeptide not containing the amino 
to position 439 ; P at a position corresponding to position acid replacement , for example , the PH20 polypeptide set 
439 ; Q at a position corresponding to position 439 ; T at a forth in any of SEQ ID NOS : 3 , 7 , 32-66 , 69 or 72 and in 
position corresponding to position 439 ; V at a position particular the PH20 polypeptide set forth in SEQ ID NO : 3 . 
corresponding to position 439 ; D at a position corresponding 45 The modified PH20 polypeptide can exhibit hyaluroni 
to position 440 ; H at a position corresponding to position dase activity that is at least or about at least or 120 % , 130 % , 
440 ; M at a position corresponding to position 440 ; P at a 135 % , 140 % , 145 % , 150 % , 160 % , 170 % , 180 % , 200 % , 
position corresponding to position 440 ; R at a position 250 % , 300 % , 350 % , 400 % , 500 % , 1500 % , 2000 % , 3000 % , 
corresponding to position 440 ; S at a position corresponding 4000 % , 5000 % of the hyaluronidase activity of the corre 
to position 440 ; A at a position corresponding to position 50 sponding PH20 polypeptide not containing the amino acid 
441 ; F at a position corresponding to position 441 ; C at a replacement ( s ) , for example the PH20 polypeptide set forth 
position corresponding to position 442 ; G at a position in any of any of SEQ ID NOS : 2 , 3 , 6-66 , 68-72 , 856-861 , 
corresponding to position 442 ; R at a position corresponding 869 or 870 or a variant thereof , under the same conditions . 
to position 442 ; A at a position corresponding to position For example , the hyaluronidase activity is increased at least 
443 ; E at a position corresponding to position 443 ; F at a 55 or about at least 1.2 - fold , 1.5 - fold , 2 - fold , 3 - fold , 4 - fold , 
position corresponding to position 443 ; G at a position 5 - fold , 6 - fold , 7 - fold , 8 - fold , 9 - fold , 10 - fold , 11 - fold , 
corresponding to position 443 ; M at a position correspond- 12 - fold , 13 - fold , 14 - fold , 15 - fold , 16 - fold , 17 - fold , 18 - fold , 
ing to position 443 ; N at a position corresponding to position 19 - fold , 20 - fold , 25 - fold , 30 - fold , 40 - fold , 50 - fold , 60 - fold , 
443 ; E at a position corresponding to position 444 ; H at a 70 - fold , 80 - fold , 90 - fold , 100 - fold , 200 - fold , 300 - fold , 400 
position corresponding to position 444 ; V at a position 60 fold or more . 
corresponding to position 444 ; H at a position corresponding In particular examples , the modified PH20 polypeptides 
to position 445 ; M at a position corresponding to position contain an amino acid replacement at one or more amino 
445 ; N at a position corresponding to position 445 ; P at a acid positions identified as being associated with increased 
position corresponding to position 445 ; Q at a position hyaluronidase activity . As described herein , such positions 
corresponding to position 445 ; S at a position corresponding 65 have been identified using mutagenesis and selection or 
to position 445 ; T at a position corresponding to position screening methods to identify those positions that result in 
445 ; V at a position corresponding to position 445 ; W at a increased hyaluronidase activity . The PH20 polypeptide also 
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can contain other modifications , such as other amino acid to position 27 ; R at a position corresponding to position 27 ; 
replacements , that alone are not associated with increased E at a position corresponding to position 29 ; I at a position 
activity so long as the resulting modified PH20 polypeptide corresponding to position 29 ; L at a position corresponding 
exhibits increased hyaluronidase activity compared to the to position 29 ; M at a position corresponding to position 29 ; 
PH20 not containing the amino acid modification ( s ) , such as Pat a position corresponding to position 29 ; S at a position 
amino acid replacement ( s ) . The modified PH20 polypeptide corresponding to position 29 ; V at a position corresponding 
provided herein can contain 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , to position 29 ; G at a position corresponding to position 30 ; 
12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , H at a position corresponding to position 30 ; K at a position 
28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , corresponding to position 30 ; M at a position corresponding 
44 , 45 , 46 , 47 , 48 , 49 , 50 , 51 , 52 , 53 , 54 , 55 , 56 , 57 , 58 , 59 , 10 to position 30 ; R at a position corresponding to position 30 ; 
60 , 61 , 62 , 63 , 64 , 65 , 66 , 67 , 68 , 69 , 70 , 71 , 72 , 73 , 74 , 75 , S at a position corresponding to position 30 ; A at a position 
76 , 77 , 78 , 79 , 80 , 81 , 82 , 83 , 84 , 85 , 86 , 87 , 88 , 89 , 90 , or corresponding to position 31 ; C at a position corresponding 
more amino acid replacements . Additional modifications , to position 31 ; H at a position corresponding to position 31 ; 
such as insertions or deletions , also can be included . The I at a position corresponding to position 31 ; K at a position 
amino acid replacement can be in a PH20 polypeptide as set 15 corresponding to position 31 ; L at a position corresponding 
forth in any of SEQ ID NOS : 2 , 3 , 6-66 , 68-72 , 856-861,869 to position 31 ; P at a position corresponding to position 31 ; 
or 870 or a variant thereof having at least 75 % , 80 % , 81 % , Rat a position corresponding to position 31 ; S at a position 
82 % , 83 % , 84 % , 85 % , 86 % , 86 % , 88 % , 89 % , 90 % , 91 % , corresponding to position 31 ; T at a position corresponding 
92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or more to position 31 ; V at a position corresponding to position 31 ; 
sequence identity thereto . For example , the replacement ( s ) 20 F at a position corresponding to position 32 ; G at a position 
can be in a human PH20 polypeptide , for example , any set corresponding to position 32 ; H at a position corresponding 
forth in any of SEQ ID NOS : 3 , 7 , 32-66 , 69 or 72 or a to position 32 ; W at a position corresponding to position 33 ; 
variant thereof . F at a position corresponding to position 37 ; N at a position 

For example , the modified PH20 polypeptides provided corresponding to position 39 ; T at a position corresponding 
herein contain an amino acid replacement ( substitution ) at 25 to position 39 ; R at a position corresponding to position 46 ; 
one or more amino acid positions corresponding to positions F at a position corresponding to position 48 ; H at a position 
1 , 12 , 15 , 24 , 26 , 27 , 29 , 30 , 31 , 32 , 33 , 37 , 39 , 46 , 48 , 52 , corresponding to position 48 ; N at a position corresponding 
58 , 63 , 67 , 68 , 69 , 70 , 71 , 72 , 73 , 74 , 75 , 84 , 86 , 87 , 92 , 93 , to position 48 ; Q at a position corresponding to position 52 ; 
94 , 97 , 118 , 120 , 127 , 131 , 135 , 141 , 142 , 147 , 148 , 150 , K at a position corresponding to position 58 ; Q at a position 
151 , 152 , 155 , 156 , 163 , 164 , 165 , 166 , 169 , 170 , 174 , 198 , 30 corresponding to position 58 ; W at a position corresponding 
206 , 209 , 212 , 213 , 215 , 219 , 233 , 234 , 236 , 238 , 247 , 257 , to position 63 ; V at a position corresponding to position 67 ; 
259 , 260 , 261 , 263 , 269 , 271 , 272 , 276 , 277 , 278 , 282 , 291 , H at a position corresponding to position 68 ; Q at a position 
293 , 305 , 308 , 309 , 310 , 313 , 315 , 317 , 320 , 324 , 325 , corresponding to position 68 ; A at a position corresponding 
326 , 328 , 347 , 353 , 359 , 371 , 377 , 380 , 389 , 392 , 395 , 399 , to position 69 ; C at a position corresponding to position 69 ; 
405 , 407 , 409 , 410 , 418 , 419 , 421 , 425 , 431 , 433 , 436 , 437 , 35 F at a position corresponding to position 69 ; G at a position 
438 , 439 , 440 , 441 , 442 , 443 , 445 , 446 or 447 with reference corresponding to position 69 ; I at a position corresponding 
to amino acid positions set forth in SEQ ID NO : 3 . For to position 69 ; L at a position corresponding to position 69 ; 
example , the amino acid positions can be replacements at M at a position corresponding to position 69 ; P at a position 
positions corresponding to replacement of Leucine ( L ) at corresponding to position 69 ; R at a position corresponding 
position 1 ( L1 ) , V12 , L15 , F24 , L26 , G27 , F29 , D30 , E31 , 40 to position 69 ; W at a position corresponding to position 69 ; 
P32 , L33 , L37 , S39 , 146 , A48 , G52 , V58 , Y63 , 167 , 168 , Y at a position corresponding to position 69 ; A at a position 
S69 , 170 , 171 , G72 , 173 , 174 , 175 , S84 , 686 , D87 , A92 , corresponding to position 70 ; C at a position corresponding 
K93 , K94 , T97 , T118 , A120 , D127 , N131 , E135 , N141 , to position 70 ; F at a position corresponding to position 70 ; 
V142 , T147 , E148 , T150 , E151 , K152 , Q155 , E156 , D163 , G at a position corresponding to position 70 ; H at a position 
F164 , L165 , V166 , 1169 , K170 , L174 , G198 , V206 , K209 , 45 corresponding to position 70 ; K at a position corresponding 
D212 , D213 , S215 , N219 , Q233 , Q234 , P236 , A238 , V247 , to position 70 ; L at a position corresponding to position 70 ; 
P257 , A259 , K260 , S261 , L263 , T269 , 1271 , V272 , Q276 , N at a position corresponding to position 70 ; P at a position 
V277 , L278 , S282 , G291 , T293 , G305 , S308 , 1309 , M310 , corresponding to position 70 ; R at a position corresponding 
M313 , S315 , L317 , L318 , D320 , E324 , T325 , 1326 , N328 , to position 70 ; S at a position corresponding to position 70 ; 
Q347 , 1353 , S359 , A371 , G377 , F380 , E389 , E392 , S395 , 50 T at a position corresponding to position 70 ; V at a position 
Y399 , T405 , S407 , K409 , E410 , D418 , A419 , D421 , A425 , corresponding to position 70 ; R at a position corresponding 
D431 , F433 , P436 , P437 , M438 , E439 , T440 , E441 , E442 , to position 71 ; S at a position corresponding to position 71 ; 
P443 , 1445 , F446 or Y447 with reference to amino acid Mat a position corresponding to position 72 ; Q at a position 
positions set forth in SEQ ID NO : 3 . Exemplary of such corresponding to position 72 ; H at a position corresponding 
modified PH20 polypeptides are polypeptides that exhibit at 55 to position 73 ; L at a position corresponding to position 73 ; 
least 1.5 - fold or more the activity of the corresponding PH20 Wat a position corresponding to position 73 ; A at a position 
polypeptide not containing the amino acid replacement . corresponding to position 74 ; C at a position corresponding 

Exemplary of amino acid replacements in the modified to position 74 ; G at a position corresponding to position 74 ; 
PH20 polypeptides provided herein include , but are not N at a position corresponding to position 74 ; P at a position 
limited , replacement : with histidine ( H ) at a position corre- 60 corresponding to position 74 ; R at a position corresponding 
sponding to position 1 ; Q at a position corresponding to to position 74 ; S at a position corresponding to position 74 ; 
position 1 ; E at a position corresponding to position 12 ; T at V at a position corresponding to position 74 ; W at a position 
a position corresponding to position 12 ; V at a position corresponding to position 74 ; F at a position corresponding 
corresponding to position 15 ; E at a position corresponding to position 75 ; L at a position corresponding to position 75 ; 
to position 24 ; H at a position corresponding to position 24 ; 65 R at a position corresponding to position 75 ; T at a position 
E at a position corresponding to position 26 ; K at a position corresponding to position 75 ; G at a position corresponding 
corresponding to position 26 ; K at a position corresponding to position 84 ; R at a position corresponding to position 84 ; 
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A at a position corresponding to position 86 ; C at a position to position 276 ; Y at a position corresponding to position 
corresponding to position 87 ; T at a position corresponding 276 ; K at a position corresponding to position 277 ; R at a 
to position 87 ; Y at a position corresponding to position 87 ; position corresponding to position 277 ; T at a position 
C at a position corresponding to position 92 ; I at a position corresponding to position 277 ; H at a position corresponding 
corresponding to position 93 ; L at a position corresponding 5 to position 278 ; K at a position corresponding to position 
to position 93 ; R at a position corresponding to position 93 ; 278 ; N at a position corresponding to position 278 ; R at a 
T at a position corresponding to position 93 ; R at a position position corresponding to position 278 ; S at a position 
corresponding to position 94 ; G at a position corresponding corresponding to position 278 ; T at a position corresponding 
to position 97 ; Q at a position corresponding to position 118 ; to position 278 ; Y at a position corresponding to position 
F at a position corresponding to position 120 ; V at a position 10 278 ; M at a position corresponding to position 282 ; V at a 
corresponding to position 120 ; Y at a position corresponding position corresponding to position 291 ; A at a position 
to position 120 ; H at a position corresponding to position corresponding to position 293 ; C at a position corresponding 
127 ; N at a position corresponding to position 127 ; G at a to position 293 ; F at a position corresponding to position 
position corresponding to position 131 ; R at a position 293 ; M at a position corresponding to position 293 ; P at a 
corresponding to position 131 ; V at a position corresponding 15 position corresponding to position 293 ; Q at a position 
to position 131 ; D at a position corresponding to position corresponding to position 293 ; V at a position corresponding 
135 ; G at a position corresponding to position 135 ; R at a to position 293 ; E at a position corresponding to position 
position corresponding to position 135 , with H at a position 305 ; G at a position corresponding to position 308 ; N at a 
corresponding to position 141 ; Y at a position corresponding position corresponding to position 308 ; E at a position 
to position 141 ; R at a position corresponding to position 20 corresponding to position 309 ; L at a position corresponding 
142 ; R at a position corresponding to position 147 ; V at a to position 309 ; N at a position corresponding to position 
position corresponding to position 147 ; K at a position 309 ; Q at a position corresponding to position 309 ; R at a 
corresponding to position 148 ; G at a position corresponding position corresponding to position 309 ; T at a position 
to position 150 ; K at a position corresponding to position corresponding to position 309 ; A at a position corresponding 
151 ; L at a position corresponding to position 151 ; M at a 25 to position 310 ; G at a position corresponding to position 
position corresponding to position 151 ; Q at a position 310 ; K at a position corresponding to position 313 ; R at a 
corresponding to position 151 ; R at a position corresponding position corresponding to position 313 ; H at a position 
to position 151 ; R at a position corresponding to position corresponding to position 315 ; I at a position corresponding 
152 ; G at a position corresponding to position 155 ; K at a to position 317 ; K at a position corresponding to position 
position corresponding to position 155 ; D at a position 30 317 ; R at a position corresponding to position 317 ; M at a 
corresponding to position 156 ; A at a position corresponding position corresponding to position 318 ; H at a position 
to position 163 ; E at a position corresponding to position corresponding to position 320 ; K at a position corresponding 
163 ; K at a position corresponding to position 163 ; R at a to position 320 ; R at a position corresponding to position 
position corresponding to position 163 ; M at a position 320 ; R at a position corresponding to position 324 ; A at a 
corresponding to position 164 ; D at a position corresponding 35 position corresponding to position 325 ; D at a position 
to position 165 ; N at a position corresponding to position corresponding to position 325 ; E at a position corresponding 
165 ; A at a position corresponding to position 166 ; F at a to position 325 ; G at a position corresponding to position 
position corresponding to position 166 ; H at a position 325 ; H at a position corresponding to position 325 ; K at a 
corresponding to position 166 ; L at a position corresponding position corresponding to position 325 ; M at a position 
to position 166 ; Q at a position corresponding to position 40 corresponding to position 325 ; N at a position corresponding 
166 ; R at a position corresponding to position 166 ; T at a to position 325 ; Q at a position corresponding to position 
position corresponding to position 166 ; Y at a position 325 ; S at a position corresponding to position 325 ; V at a 
corresponding to position 166 ; L at a position corresponding position corresponding to position 326 ; I at a position 
to position 169 ; R at a position corresponding to position corresponding to position 328 ; K at a position corresponding 
170 ; K at a position corresponding to position 174 ; D at a 45 to position 328 ; L at a position corresponding to position 
position corresponding to position 198 ; K at a position 328 ; S at a position corresponding to position 328 ; Y at a 
corresponding to position 206 ; L at a position corresponding position corresponding to position 328 ; G at a position 
to position 206 ; N at a position corresponding to position corresponding to position 347 ; S at a position corresponding 
212 ; M at a position corresponding to position 213 ; N at a to position 347 ; V at a position corresponding to position 
position corresponding to position 213 ; M at a position 50 353 ; with T at a position corresponding to position 359 ; R 
corresponding to position 215 ; S at a position corresponding at a position corresponding to position 371 ; P at a position 
to position 219 ; K at a position corresponding to position corresponding to position 377 ; T at a position corresponding 
233 ; R at a position corresponding to position 233 ; M at a to position 377 ; W at a position corresponding to position 
position corresponding to position 234 ; R at a position 380 ; Y at a position corresponding to position 380 ; K at a 
corresponding to position 236 ; E at a position corresponding 55 position corresponding to position 389 ; M at a position 
to position 237 ; S at a position corresponding to position corresponding to position 392 ; R at a position corresponding 
238 ; I at a position corresponding to position 247 ; T at a to position 395 ; M at a position corresponding to position 
position corresponding to position 257 ; P at a position 399 ; T at a position corresponding to position 399 ; W at a 
corresponding to position 259 ; Y at a position corresponding position corresponding to position 399 ; G at a position 
to position 260 ; K at a position corresponding to position 60 corresponding to position 405 ; D at a position corresponding 
261 ; N at a position corresponding to position 261 ; K at a to position 407 ; Q at a position corresponding to position 
position corresponding to position 263 ; R at a position 407 ; A at a position corresponding to position 409 ; Q at a 
corresponding to position 263 ; A at a position corresponding position corresponding to position 409 ; T at a position 
to position 269 ; L at a position corresponding to position corresponding to position 410 ; P at a position corresponding 
271 ; M at a position corresponding to position 271 ; T at a 65 to position 418 ; F at a position corresponding to position 
position corresponding to position 272 ; D at a position 419 ; I at a position corresponding to position 419 ; K at a 
corresponding to position 276 ; S at a position corresponding position corresponding to position 419 ; R at a position 
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corresponding to position 419 ; S at a position corresponding position corresponding to position 278 ; R at a position 
to position 419 ; H at a position corresponding to position corresponding to position 278 ; K at a position corresponding 
421 ; K at a position corresponding to position 421 ; N at a to position 317 ; K at a position corresponding to position 
position corresponding to position 421 ; Q at a position 320 ; E at a position corresponding to position 325 , with G 
corresponding to position 421 ; R at a position corresponding s at a position corresponding to position 325 ; K at a position 
to position 421 ; S at a position corresponding to position corresponding to position 325 ; N at a position corresponding 
421 ; K at a position corresponding to position 425 ; A at a to position 325 ; Q at a position corresponding to position 
position corresponding to position 431 ; H at a position 325 ; V at a position corresponding to position 326 ; each with 
corresponding to position 431 ; K at a position corresponding reference to amino acid positions set forth in SEQ ID NO : 3 . 
to position 431 ; Q at a position corresponding to position 10 The modified PH20 polypeptides can contain any one or 
431 ; R at a position corresponding to position 431 ; S at a more of the recited amino acid substitutions , in any combi 
position corresponding to position 431 ; V at a position nation , with or without additional modifications , so long at 
corresponding to position 431 ; L at a position corresponding the PH20 polypeptide exhibits hyaluronidase activity , such 
to position 433 ; R at a position corresponding to position as increased hyaluronidase activity compared PH20 poly 
433 ; T at a position corresponding to position 433 ; V at a 15 peptide not containing the modification ( s ) , for example , at 
position corresponding to position 433 ; K at a position least 2.0 - fold increased hyaluronidase activity . 
corresponding to position 436 ; I at a position corresponding Exemplary modified PH20 polypeptides that exhibit 
to position 437 ; M at a position corresponding to position increased activity compared to the unmodified PH20 poly 
437 ; T at a position corresponding to position 438 ; V at a peptide ( e.g. , set forth in SEQ ID NO : 3 ) are any having the 
position corresponding to position 439 ; H at a position 20 sequence of amino acids set forth in any of SEQ ID NOS : 
corresponding to position 440 ; R at a position corresponding 73 , 78 , 86 , 89 , 91 , 95 , 96 , 99 , 100 , 105 , 106 , 108 , 109 , 111 , 
to position 440 ; F at a position corresponding to position 112 , 113 , 115 , 117 , 118 , 119 , 120 , 123-126 , 128-136 , 139 
441 ; R at a position corresponding to position 442 ; A at a 141 , 149 , 154 , 155 , 159 , 164 , 165 , 167 , 173 , 178 , 181 , 
position corresponding to position 443 ; M at a position 191-193 , 195-197 , 199-205 , 207-221 , 225 , 226 , 228 , 229 , 
corresponding to position 443 ; M at a position correspond- 25 231 , 233 , 237-239 , 242 , 247-254 , 256 , 257 , 267 , 269 , 270 , 
ing to position 445 ; P at a position corresponding to position 277 , 283 , 293 , 295 , 296 , 298 , 300 , 303 , 308 , 316 , 318 , 321 , 
445 ; A at a position corresponding to position 446 ; D at a 322 , 324 , 325 , 330 , 334 , 335 , 338-340 , 344 , 348 , 355 , 367 , 
position corresponding to position 447 ; N at a position 369 , 371 , 377 , 384-388 , 394 , 398 , 399 , 401 , 406-408 , 410 , 
corresponding to position 447 ; and / or with Q at a position 412 , 414 , 416 , 419 , 421-426 , 428 , 430 , 431 , 435 , 448 , 455 , 
corresponding to position 447 , each with reference to amino 30 456 , 459 , 462 , 463 , 465 , 469 , 478-480 , 482 , 484 , 490 , 493 , 
acid positions set forth in SEQ ID NO : 3 . The modified PH20 497 , 501 , 503 , 505 , 506-508 , 510-512 , 514 , 518 , 522 , 523 , 
polypeptides can contain any one or more of the recited 527 , 531 , 533 , 537-543 , 545 , 551 , 558 , 559 , 561 , 563-566 , 
amino acid substitutions , in any combination , with or with- 569 , 572 , 574 , 576 , 579 , 581-583 , 585 , 587 , 58 594 , 596 , 
out additional modifications , so long at the PH20 polypep- 602 , 605 , 606 , 609 , 613 , 618-620 , 624-634 , 637 , 640-644 , 
tide exhibits hyaluronidase activity , such as increased 35 647 , 648 , 652 , 657 , 675 , 695 , 698 , 699 , 700 , 712 , 717 , 725 , 
hyaluronidase activity compared to the PH20 polypeptide 731 , 732 , 734 , 738 , 742 , 746 , 748-750 , 757 , 760 , 762-765 , 
not containing the modification ( s ) , for example , at least 768-773 , 775 , 779 , 782 , 783 , 786-789 , 794-797 , 799-801 , 
1.5 - fold increased hyaluronidase activity . 807 , 814 , 816 , 819 , 822 , 825 , 826 , 830 , 836 , 838 , 844 , 847 , 

In some examples , the modified PH20 polypeptides pro- 851 , 853 or having a sequence of amino acids that exhibits 
vided herein contain one or more amino acid replacement ( s ) 40 at least 68 % , 70 % , 75 % , 80 % , 85 % , 86 % , 87 % , 88 % , 89 % , 
at a position ( s ) corresponding to position ( s ) 24 , 29 , 31 , 48 , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or 
58 , 69 , 70 , 75 , 84 , 97 , 165 , 166 , 271 , 278 , 317 , 320 , 325 , more sequence identity to any of SEQ ID NOS : 73 , 78 , 86 , 
and / or 326 with reference to positions set forth in SEQ ID 89 , 91 , 95 , 96 , 99 , 100 , 105 , 106 , 108 , 109 , 111 , 112 , 113 , 
NO : 3 . For example , exemplary amino acid replacements 115 , 117 , 118 , 119 , 120 , 123-126 , 128-136 , 139-141 , 149 , 
include , but are not limited to , replacement with : E at a 45 154 , 155 , 159 , 164 , 165 , 167 , 173 , 178 , 181 , 191-193 , 
position corresponding to position 24 ; E at a position 195-197 , 199-205 , 207-221 , 225 , 226 , 228 , 229 , 231 , 233 , 
corresponding to position 29 ; V at a position corresponding 237-239 , 242 , 247-254 , 256 , 257 , 267 , 269 , 270 , 277 , 283 , 
to position 31 ; N at a position corresponding to position 48 ; 293 , 295 , 296 , 298 , 300 , 303 , 308 , 316 , 318 , 321 , 322 , 324 , 
K at a position corresponding to position 58 ; Q at a position 325 , 330 , 334 , 335 , 338-340 , 344 , 348 , 355 , 367 , 369 , 371 , 
corresponding to position 58 ; A at a position corresponding 50 377 , 384-388 , 394 , 398 , 399 , 401 , 406-408 , 410 , 412 , 414 , 
to position 69 ; F at a position corresponding to position 69 ; 416 , 419 , 421-426 , 428 , 430 , 431 , 435 , 448 , 455 , 456 , 459 , 
G at a position corresponding to position 69 ; P at a position 462 , 463 , 465 , 469 , 478-480 , 482 , 484 , 490 , 493 , 497 , 501 , 
corresponding to position 69 ; R at a position corresponding 503 , 505 , 506-508 , 510-512 , 514 , 518 , 522 , 523 , 527 , 531 , 
to position 69 ; A at a position corresponding to position 70 ; 533 , 537-543 , 545 , 551 , 558 , 559 , 561 , 563-566 , 569 , 572 , 
F at a position corresponding to position 70 ; G at a position 55 574 , 576 , 579 , 581-583 , 585 , 587 , 588 , 594 , 596 , 602 , 605 , 
corresponding to position 70 ; H at a position corresponding 606 , 609 , 613 , 618-620 , 624-634 , 637 , 640-644 , 647 , 648 , 
to position 70 ; H at a position corresponding to position 70 ; 652 , 657 , 675 , 695 , 698 , 699 , 700 , 712 , 717 , 725 , 731 , 732 , 
N at a position corresponding to position 70 ; R at a position 734 , 738 , 742 , 746 , 748-750 , 757 , 760 , 762-765 , 768-773 , 
corresponding to position 70 ; T at a position corresponding 775 , 779 , 782 , 783 , 786-789 , 794-797 , 799-801 , 807 , 814 , 
to position 70 ; V at a position corresponding to position 70 ; 60 816 , 819 , 822 , 825 , 826 , 830 , 836 , 838 , 844 , 847 , 851 , 853 
L at a position corresponding to position 75 ; T at a position and contains the amino acid replacement and exhibits 
corresponding to position 75 ; G at a position corresponding increased hyaluronidase activity compared to the corre 
to position 84 ; G at a position corresponding to position 97 ; sponding unmodified polypeptide . 
D at a position corresponding to position 165 ; L at a position b . Increased Stability 
corresponding to position 166 ; R at a position corresponding 65 Provided herein are PH20 polypeptides that exhibit 
to position 166 ; T at a position corresponding to position increased stability . In particular , the PH20 polypeptides 
166 ; L at a position corresponding to position 271 ; H at a exhibit increased stability in vivo and / or in vitro . For 
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example , the PH20 polypeptides can exhibit increased sta- 84 , 85 , 86 , 87 , 88 , 89 , 90 , or more amino acid replacements . 
bility under various storage conditions . The modified PH20 Additional modifications , such as insertions or deletions , 
polypeptides provided herein that exhibit increased stability also can be included . The amino acid replacement can be in 
display , among other parameters , increased resistance to a PH20 polypeptide as set forth in any of SEQ ID NOS : 2 , 
denaturation conditions , including but not limited to , dena- 5 3 , 6-66 , 68-72 , 856-861 , 869 or 870 or a variant thereof 
turation conditions caused by temperature ( e.g. , elevated having at least 75 % , 80 % , 81 % , 82 % , 83 % , 84 % , 85 % , 86 % , temperature such as heat ) , agitation , no or low salt , and / or 86 % , 88 % , 89 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , presence of excipients . Exemplary excipients include , but 97 % , 98 % , 99 % or more sequence identity thereto . For are not limited to , antiadherents , binders , coatings , fillers example , the replacements can be in a human PH20 poly and diluents , flavors , colors , lubricants , glidants , preserva- 10 peptide , for example , any set forth in any of SEQ ID NOS : tives , sorbents or sweeteners . For example , various excipi 3 , 7 , 32-66 , 69 or 72 or a variant thereof . ents , such as preservatives , can act as protein denaturing 
agents . Modified PH20 polypeptides provided herein that Exemplary of modified PH20 polypeptides provided 
exhibit increased protein stability exhibit reduced aggrega herein are PH20 polypeptides that exhibit increased stability 
tion , reduced precipitation and / or increased activity when 15 upon exposure to phenol compounds , high temperature 
exposed to a denaturation condition compared to the corre ( heat ) , and / or lack of NaCl . 
sponding PH20 not containing the amino acid replacement . i . Phenophiles 
For example , modified PH20 polypeptides provided herein Provided herein are modified PH20 polypeptides that 
exhibit at least or at least about or 10 % , 20 % , 30 % , 40 % , exhibit increased stability in the presence of phenolic com 
50 % , 60 % , 70 % , 80 % , 90 % , 100 % , 110 % , 120 % , 130 % , 20 pounds . Multidose formulations must contain antimicrobial 
140 % , 150 % , 200 % , 250 % , 300 % , 350 % , 400 % , 450 % , preservatives to protect them from microbial contamination . 
500 % or more increased activity when exposed to a dena For parenteral drug products , including insulin and other 
turation condition compared to the corresponding PH20 therapeutic agents , the most common preservatives are phe 
polypeptide not containing the amino acid replacement nolic compounds , such as phenol , metacresol ( m - cresol ) , 
when exposed to the same denaturation condition . benzyl alcohol , and parabens including methylparaben and 
The PH20 polypeptides provided herein that exhibit propylparaben . The preservatives typically must be present 

increased stability are modified or variant PH20 polypep at sufficient concentrations to satisfy regulatory rules . For 
tides that contain an amino acid replacement ( substitution ) , example , regulatory requirements assert that the antimicro 
deletion or insertion or other modification . Typically , the bial efficacy of the formulation must satisfy the preservative 
PH20 polypeptides provided herein that exhibit increased 30 efficacy test ( PET ) requirements of the target markets . 
stability contain one or more amino acid replacements in a Currently different regulatory agencies have different phar 
PH20 polypeptide compared to the corresponding PH20 macopeial criteria for antimicrobial effectiveness for phar 

maceutical products designed for multiple dosing . The PET polypeptide not containing the amino acid replacement ( s ) , 
for example , the PH20 polypeptide set forth in any of SEQ requirements of the United States Pharmacopoeia ( USP ) and 
ID NOS : 2 , 3 , 6-66 , 68-72 , 856-861 , 869 or 870 or a variant 35 the European Pharmacopoeia ( EP ) differ considerably , 
thereof having at least 75 % , 80 % , 81 % , 82 % , 83 % , 84 % , imposing additional constraints in developing multidose 
85 % , 86 % , 86 % , 88 % , 89 % , 90 % , 91 % , 92 % , 93 % , 94 % , formulations . Table 4 shows the criteria for injectable drugs 
95 % , 96 % , 97 % , 98 % , 99 % or more sequence identity to meet USP and EP criteria . Typically , formulations that 
thereto . In particular , the modified or variant PH20 poly meet EP ( EPA or EPB ) anti - microbial requirements contain 
peptides provided herein exhibit increased stability com- 40 more preservative than those formulated only to meet USP anti - microbial requirements . pared to the corresponding PH20 polypeptide not containing 
the amino acid replacement , for example , the PH20 poly TABLE 4 peptide set forth in any of SEQ ID NOS : 3 , 7 , 32-66 , 69 or 
72 and in particular the PH20 polypeptide set forth in SEQ USP and EP requirement for antimicrobial effectiveness testing 
ID NO : 3 . 

In particular examples , the modified PH20 polypeptides 
contain an amino acid replacement at one or more amino 
acid positions identified as being associated with increased Requirement Time point ( Minimum ) ( Preferred ) 
stability . As described herein , such positions can be identi 

6 h fied using mutagenesis and selection or screening methods 50 Bacterial Log 
Reduction * to identify those positions that result in stability ( e.g. , 

increased activity ) of the polypeptide compared to the 
corresponding PH20 not containing the modification upon No increase No recovery 
exposure to one or more denaturation conditions . The PH20 Fungal Log 

Reduction * No increase No increase polypeptide also can contain other modifications , such as 55 
other amino acid replacements , that alone are not associated 
with conferring stability , so long as the resulting modified * Log10 unit reduction from initial measured inoculum ; No increase : not more than 0.5 

logio unit increase than previously measured value . PH20 polypeptide exhibits increased stability under one or 
more denaturation conditions compared to the PH20 not Anti - microbial preservatives can interact with proteins 
containing the amino acid modification ( s ) , such as amino 60 resulting in aggregations and negative effects on stability . 
acid replacement ( s ) , and exhibits hyaluronidase activity . The Thus , although a necessary component , preservatives pose a 
modified PH20 polypeptide provided herein can contain 1 , significant problem in the development of stable , multidose 
2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , formulations of proteins because they typically induce 
20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , aggregation of the protein in aqueous solution . In particular , 
36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , 51 , 65 increasing or high amounts of preservatives can negatively 
52 , 53 , 54 , 55 , 56 , 57 , 58 , 59 , 60 , 61 , 62 , 63 , 64 , 65 , 66 , 67 , impact the stability of a protein , including effects on physi 
68 , 69 , 70 , 71 , 72 , 73 , 74 , 75 , 76 , 77 , 78 , 79 , 80 , 81 , 82 , 83 , cal stability ( aggregation or precipitation ) that can impact 

45 
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EPB EPA United States 
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No recovery 
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24 h 
7 d 
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1 
3 
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protein activity . For example , to meet the EP preservative In particular examples , the increased stability in the 
efficacy requirements , relatively high amounts of phenolic presence of preservative is exhibited under temperature 
compounds , such as phenol or m - cresol , can be required , conditions of between or about between 0 ° C. to 40 ° C. , such 
which can influence stability of the protein formulation . For as between or about between 2 ° C. to 6 ° C. , 24 ° C. to 32 ° 
example , preservatives such as phenol , m - cresol , and benzyl 5 C. or 35 ° C. to 40 ° C. , and generally at or about at 4 ° C. or 
alcohol have been shown to induce aggregation of human 5 ° C. , 30 ° C. or 37 ° C. It is understood that since high 
growth hormone ( Maa and Hsu ( 1996 ) Int . J. Pharm . temperature also can have a destabilizing effect on PH20 
140 : 155-168 ) , recombinant interleukin - 1 receptor ( Rem activity ( see below ) , the percentage of enzymatic activity of 
mele ( 1998 ) Pharm . Res . 15 : 200-208 ) , human insulin - like a modified PH20 polypeptide provided herein in the pres 
growth factor I ( Fransson ( 1997 ) Pharm . Res . 14 : 606-612 ) , 10 ence of preservative is greater at lower temperatures than at 

higher temperatures . rhIFN - y ( Lam ( 1997 ) Pharm . Res . 14 : 725-729 ) and Generally , the modified PH20 polypeptides provided cytochrome c ( Singh et al . ( 2011 ) J. Pharm Sci . , 100 : 1679 herein exhibit increased stability , and the noted enzymatic 89 ) . The destabilizing effect that preservatives have on activities , in the presence of an anti - microbial effective proteins in solution has been a limiting factor in the devel- 15 amount of preservative that kills or inhibits the propagation opment of multidose formulations , and to date , most protein of microbial organisms in a sample of the composition . For 
therapeutics have been formulated for single use only . example , the modified PH20 polypeptides provided herein 
PH20 hyaluronidase , such as rHuPH20 , rapidly loses exhibit increased stability in the presence of an anti - micro 

activity in the presence of preservatives , likely due to bial effective amount of preservative that kills or inhibits the 
unfolding of the protein and subsequent aggregate forma- 20 propagation of microbial organisms such that at least a 1.0 
tion . For example , as shown in the Examples herein , pre- log 10 unit reduction in bacterial organisms occurs at 7 days 
servatives reduce PH20 enzymatic activity , particularly at following inoculation . In some examples , the modified 
elevated temperatures ( see also U.S. Provisional Appl . No. PH20 polypeptides provided herein exhibit increased stabil 
61 / 520,962 ; and U.S. application Ser . Nos . 13 / 507,263 and ity in the presence of an anti - microbial effective amount of 
13 / 507,262 ) . For example , following incubation with 0.4 % 25 preservative that kills or inhibits the propagation of micro 
m - cresol for 4 hours , PH20 ( e.g. , rHuPH20 ) retains only bial organisms such that , when tested in an antimicrobial 
about 10 % of its activity ( see e.g. , Example 5 ) . When preservative effectiveness test ( APET ) , following inocula 
incubated in the presence of 0.1 % phenol and 0.15 % or tion of the composition with a microbial inoculum there is 
0.315 % m - cresol for 6 days at 37 ° C. , PH20 ( e.g. , rHuPH20 ) at least a 1.0 log 10 unit reduction in bacterial organisms at 
retains about 0 % to 15 % activity , depending on the presence 30 7 days following inoculation , at least a 3.0 log 10 unit 
of other excipients or amounts of other excipients in the reduction of bacterial organisms at 14 days following inocu 
formulation ( see e.g. , Examples 9 and 10 ) . For example , the lation , at least no further increase in bacterial organisms 
presence of a higher concentration of salt generally increases after 28 days following inocu on , and at least no increase 
the stability of PH20 . In particular , the melting temperature in fungal organisms after 7 days following inoculation . In 
of PH20 , such as rHUPH20 , is reduced significantly when 35 other examples , the modified PH20 polypeptides provided 
phenolic preservatives , such as m - Cresol , are added to the herein exhibit increased stability in the presence of an 
formulation . For example , the unfolding temperature of anti - microbial effective amount of preservative that kills or 
rHuPH20 is reduced from 44 ° C. to 24 ° C. The lower PH20 inhibits the propagation of microbial organisms such that , 
unfolding temperatures leads to increased PH20 aggrega- when tested in an antimicrobial preservative effectiveness 
tion , especially at elevated temperatures , and reduced 40 test ( APET ) , following inoculation of the composition with 
enzyme activity . The destabilizing effect is likely due to the a microbial inoculum there is at least a 1.0 log 10 unit 
hydrophobic nature of the phenolic preservatives . The reduction of bacterial organisms at 24 hours following 
hydrophobicity of the phenolic compounds can lead to inoculation , at least a 3.0 log 10 unit reduction of bacterial 
interaction with rHuPH20 through nonspecific binding to organisms at 7 days following inoculation , no further 
the protein , ultimately perturbing the structural integrity of 45 increase in bacterial organisms after 28 days following 
rHuPH20 . This translates to a significant loss of rHuPH20 inoculation , at least a 1.0 log 10 unit reduction of fungal 
enzymatic activity in the presence of preservatives . organisms at 14 days following inoculation , and at least no 

The modified PH20 polypeptides provided herein that further increase in fungal organisms after 28 days following 
exhibit increased stability in the presence of phenolic pre- inoculation . In yet another example , the modified PH20 
servatives exhibit more than 15 % enzymatic activity in the 50 polypeptides provided herein exhibit increased stability in 
presence of at least one phenolic preservative for at least 4 the presence of an anti - microbial effective amount of the 
hours , 5 hours , 6 hours , 7 hours , 8 hours , 9 hours , 10 hours , preservative that kills or inhibits the propagation of micro 
11 hours , 12 hours , 24 hours , 2 days , 3 days , 4 days , 5 days , bial organisms such that , when tested in an antimicrobial 
6 days , 7 days , 8 days , 9 days , 10 days , 11 days , 12 days , 13 preservative effectiveness test ( APET ) , following inocula 
days , 14 days , 3 weeks , 4 weeks or more compared to the 55 tion of the composition with a microbial inoculum there is 
enzymatic activity of the modified PH20 polypeptide in the at least a 2.0 log 10 unit reduction of bacterial organisms at 
absence of preservative for the same time period and under 6 hours following inoculation , at least a 3.0 log 10 unit 
the same conditions ( except for the presence of preserva- reduction of bacterial organisms at 24 hours following 
tive ) . In some examples , the modified PH20 polypeptides inoculation , no recovery of bacterial organisms after 28 days 
provided herein exhibit at least 16 % , 17 % , 18 % , 19 % , 20 % , 60 following inoculation of the composition with the microbial 
25 % , 30 % , 35 % , 40 % , 45 % , 50 % , 55 % , 60 % , 65 % , 65 % , inoculum , at least a 2.0 log 10 unit reduction of fungal 
70 % , 75 % , 80 % , 85 % , 90 % , 95 % or more enzymatic organisms at 7 days following inoculation , and at least no 
activity in the presence of a phenolic preservative compared further increase in fungal organisms after 28 days following 
to in the absence of preservative . For example , the phenolic inoculation . 
preservative compound be phenol , metacresol 65 For example , the modified PH20 polypeptides provided 
( m - cresol ) , benzyl alcohol , and / or parabens including meth- herein exhibit increased stability , and above recited enzy 
ylparaben or propylparaben . matic activity , in the presence of a total amount of one or 

can 
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more phenolic preservative agents as a percentage ( % ) of the presence of about or 0.10 % phenol and about or 0.15 % 
mass concentration ( w / v ) that is or is between 0.05 % to m - cresol for at least 1 day , 2 days , 3 days , 4 days , 5 days or 
0.6 % , 0.1 % to 0.4 % , 0.1 % to 0.3 % , 0.15 % to 0.325 % , 0.15 % 6 days at 37 ° C. compared to the enzymatic activity of the 
to 0.25 % , 0.1 % to 0.2 % , 0.2 % to 0.3 % or 0.3 % to 0.4 % modified PH20 polypeptide in the absence of preservative 
inclusive . 5 for the same time period and under the same conditions 

Generally , modified PH20 polypeptides provided herein ( except for the presence of preservative ) . In other examples , 
exhibit increased stability in the presence of m - cresol and / or modified PH20 polypeptides provided herein exhibit more 
phenol . For example , modified PH20 polypeptides provided than 15 % , such as at least 16 % , 17 % , 18 % , 19 % , 20 % , 25 % , 
herein exhibit increased stability in the presence of m - cresol 30 % , 35 % , 40 % , 45 % , 50 % , 55 % , 60 % , 65 % , 65 % , 70 % , 
in an amount as a % of mass concentration ( w / v ) in a 10 75 % , 80 % , 85 % , 90 % , 95 % or more enzymatic activity in 
formulation containing the modified PH20 polypeptide of the presence of about or 0.315 % m - cresol for at least 1 day , 
between or about between 0.05 % to 0.6 % , 0.1 % to 0.4 % , 2 days , 3 days , 4 days , 5 days or 6 days , generally for at least 
0.1 % to 0.3 % , 0.15 % to 0.325 % , 0.15 % to 0.25 % , 0.1 % to 6 days , at 37 ° C. compared to the enzymatic activity of the 
0.2 % , 0.2 % to 0.3 % or 0.3 % to 0.4 % . In other examples , modified PH20 polypeptide in the absence of preservative 
modified PH20 polypeptides provided herein exhibit 15 for the same time period and under the same conditions 
increased stability in the presence of phenol in an amount at ( except for the presence of preservative ) . 
a % of mass concentration ( w / v ) in a formulation containing For example , such modified PH20 polypeptides provided 
the modified PH20 polypeptide of between or about between herein that exhibit increased stability to phenol compounds 
0.05 % to 0.6 % , 0.1 % to 0.4 % , 0.1 % to 0.3 % , 0.15 % to contain an amino acid replacement ( substitution ) at one or 
0.325 % , 0.15 % to 0.25 % , 0.1 % to 0.2 % , 0.2 % to 0.3 % or 20 more amino acid positions corresponding to positions 10 , 
0.3 % to 0.4 % m - cresol . In further examples , modified PH20 12 , 20 , 22 , 26 , 34 , 36 , 46 , 50 , 52 , 58 , 68 , 70 , 74 , 82 , 83 , 84 , 
polypeptides provided herein exhibit increased stability in 86 , 97 , 127 , 131 , 138 , 142 , 143 , 144 , 166 , 169 , 174 , 193 , 
the presence of phenol and m - cresol in an amount as a % of 195 , 196 , 204 , 205 , 206 , 213 , 219 , 234 , 237 , 238 , 240 , 249 , 
mass concentration ( w / v ) in a formulation containing the 261 , 267 , 277 , 279 , 291 , 309 , 310 , 314 , 315 , 317 , 318 , 347 , 
modified PH20 polypeptide of between or about between 25 367 , 375 , 376 , 399 , 401 , 407 , 416 , 419 , 421 , 431 , 433 , 439 , 
0.05 % to 0.25 % phenol and between or about between 440 , 443 or 445 with reference to amino acid positions set 
0.05 % to 0.3 % m - cresol , between or about between 0.10 % forth in SEQ ID NO : 3 . For example , the amino acid posi 
to 0.2 % phenol and between or about between 0.6 % to tions can be replacements at one or more positions corre 
0.18 % m - cresol , between or about between 0.1 % to 0.15 % sponding to replacement of ( P ) at position 10 ( P10 ) , V12 , 
phenol and 0.8 % t 0.15 % m - cresol , between or about 30 A20 , S22 , L26 , D34 , S36 , 146 , G50 , G52 , V58 , D68 , 170 , 
between 0.10 % to 0.15 % phenol and between or about 174 , K82 , 183 , S84 , 286 , 197 , D127 , N131 , Q138 , V142 , 
between 0.06 % to 0.09 % m - cresol , or between or about Q143 , L144 , V166 , 1169 , L174 , H193 , K195 , K196 , F204 , 
between 0.12 % to 0.18 % phenol and between or about N205 , V206 3 , N219 , Q234 , V237 , A238 , T240 , E249 , 
between 0.14 % to 0.22 % m - cresol . S261 , A267 , V277K279 , G291 , 1309 , M310 , K314 , S315 , 

In examples herein , modified PH20 polypeptides exhibit 35 L317 , Q347 , P367 , E375 , K376 , Y399 , S401 , S407 , D416 , 
more than 15 % , such as at least 16 % , 17 % , 18 % , 19 % , 20 % , A419 , D421 , D431 , F433 , E439 , T440 , P443 or 1445 with 
25 % , 30 % , 35 % , 40 % , 45 % , 50 % , 55 % , 60 % , 65 % , 65 % , reference to amino acid positions set forth in SEQ ID NO : 3 . 
70 % , 75 % , 80 % , 85 % , 90 % , 95 % or more enzymatic Exemplary of amino acid replacements in the modified 
activity in the presence of at least about between or between PH20 polypeptides provided herein include , but are not 
0.3 % to 0.4 % , inclusive , m - cresol and / or phenol for at least 40 limited to , replacement with : glycine ( G ) at a position 
4 hours at 37 ° C. compared to the enzymatic activity of the corresponding to position 10 ; K at a position corresponding 
modified PH20 polypeptide in the absence of the preserva- to position 12 ; S at a position corresponding to position 20 ; 
tive for the same time period and under the same conditions T at a position corresponding to position 22 ; M at a position 
( except for the presence of preservative ) . For example , corresponding to position 26 ; W at a position corresponding 
modified PH20 polypeptides exhibit more than 15 % , such as 45 to position 34 ; N at a position corresponding to position 36 ; 
at least 16 % , 17 % , 18 % , 19 % , 20 % , 25 % , 30 % , 35 % , 40 % , L at a position corresponding to position 46 ; M at a position 
45 % , 50 % , 55 % , 60 % , 65 % , 65 % , 70 % , 75 % , 80 % , 85 % , corresponding to position 50 ; T at a position corresponding 
90 % , 95 % or more enzymatic activity in the presence of to position 52 ; S at a position corresponding to position 52 ; 
about or 0.4 % m - cresol for at least 4 hours at 37 ° C. C at a position corresponding to position 58 ; K at a position 
compared to the enzymatic activity of the modified PH20 50 corresponding to position 58 ; R at a position corresponding 
polypeptide in the absence of the preservative for the same to position 58 ; N at a position corresponding to position 58 ; 
time period and under the same conditions ( except for the Y at a position corresponding to position 58 ; P at a position 
presence of preservative ) . Modified PH20 polypeptides pro- corresponding to position 58 ; H at a position corresponding 
vided herein also exhibit more than 15 % , such as at least to position 58 ; P at a position corresponding to position 68 ; 
16 % , 17 % , 18 % , 19 % , 20 % , 25 % , 30 % , 35 % , 40 % , 45 % , 55 V at a position corresponding to position 70 ; E at a position 
50 % , 55 % , 60 % , 65 % , 65 % , 70 % , 75 % , 80 % , 85 % , 90 % , corresponding to position 74 ; L at a position corresponding 
95 % or more enzymatic activity in the presence of at least to position 82 ; N at a position corresponding to position 82 ; 
about between or between 0.2 % to 0.4 % , inclusive , m - cresol V at a position corresponding to position 83 ; Q at a position 
and / or phenol for at least 1 day , 2 days , 3 days , 4 days , 5 days corresponding to position 83 ; S at a position corresponding 
or 6 days at 37 ° C. compared to the enzymatic activity of the 60 to position 83 ; G at a position corresponding to position 83 ; 
modified PH20 polypeptide in the absence of preservative N at a position corresponding to position 84 ; A at a position 
for the same time period and under the same conditions corresponding to position 86 ; K at a position corresponding 
( except for the presence of preservative ) . For example , to position 86 ; E at a position corresponding to position 97 ; 
modified PH20 polypeptides provided herein exhibit more L at a position corresponding to position 97 ; R at a position 
than 15 % , such as at least 16 % , 17 % , 18 % , 19 % , 20 % , 25 % , 65 corresponding to position 127 ; R at a position corresponding 
30 % , 35 % , 40 % , 45 % , 50 % , 55 % , 60 % , 65 % , 65 % , 70 % , to position 131 ; L at a position corresponding to position 
75 % , 80 % , 85 % , 90 % , 95 % or more enzymatic activity in 138 ; K at a position corresponding to position 142 ; N at a 
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position corresponding to position 142 ; P at a position 454 , 461 , 467 , 480 , 487 , 489 , 492 , 495 , 504 , 505 , 509 , 527 , 
corresponding to position 142 ; S at a position corresponding 544 , 576 , 589 , 600 , 603 , 607 , 612 , 614 , 647 , 658 , 683 , 687 , 
to position 142 ; T at a position corresponding to position 733 , 736 , 741 , 754 , 763 , 768 , 781 , 796 , 797 , 809 , 818 , 829 
142 ; G at a position corresponding to position 143 ; K at a or 837 or having a sequence of amino acids that exhibits at 
position corresponding to position 143 ; T at a position 5 least 68 % , 70 % , 75 % , 80 % , 85 % , 86 % , 87 % , 88 % , 89 % , 
corresponding to position 144 ; Q at a position corresponding 90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or 
to position 166 ; T at a position corresponding to position more sequence identity to any of SEQ ID NOS : 83 , 88 , 93 , 
166 ; L at a position corresponding to position 169 ; G at a 94 , 101 , 144 , 148 , 158 , 171 , 176 , 175 , 177 , 178 , 180 , 182 , 
position corresponding to position 174 ; N at a position 183 , 184 , 185 , 194 , 221 , 240 , 259 , 260 , 261 , 262 , 263 , 264 , 
corresponding to position 174 ; Q at a position corresponding 10 268 , 270 , 272 , 307 , 309 , 327 , 334 , 341 , 351 , 352 , 353 , 356 , 
to position 193 ; T at a position corresponding to position 357 , 358 , 359 , 361 , 424 , 426 , 430 , 434,436 , 443 , 444 , 445 , 
195 ; N at a position corresponding to position 195 ; E at a 446 , 447 , 449 , 450 , 451 , 454 , 461 , 467 , 480 , 487 , 489 , 492 , 
position corresponding to position 196 ; R at a position 495 , 504 , 505 , 509 , 527 , 544 , 576 , 589 , 600 , 603 , 607 , 612 , 
corresponding to position 196 ; P at a position corresponding 614 , 647 , 658 , 683 , 687 , 733 , 736 , 741 , 754 , 763 , 768 , 781 , 
to position 204 ; A at a position corresponding to position 15 796 , 797 , 809 , 818 , 829 or 837 and contains the amino acid 
205 ; E at a position corresponding to position 205 ; I at a replacement , exhibits hyaluronidase activity and exhibits 
position corresponding to position 206 ; A at a position increased stability in the presence phenol compounds com 
corresponding to position 213 ; I at a position corresponding pared to the corresponding unmodified polypeptide . 
to position 219 ; M at a position corresponding to position In particular , provided herein is a modified PH20 poly 
234 ; T at a position corresponding to position 237 ; H at a 20 peptide that contains an amino acid replacement with P at a 
position corresponding to position 238 ; Q at a position position corresponding to amino acid residue 204 with 
corresponding to position 240 ; V at a position corresponding reference to SEQ ID NO : 3 . Typically , the modified PH20 
to position 249 ; A at a position corresponding to position polypeptide is a human polypeptide . For example , provided 
261 ; K at a position corresponding to position 261 ; T at a herein is a modified PH20 polypeptide that contains an 
position corresponding to position 267 ; K at a position 25 amino acid replacement F204P in a sequence of amino acids 
corresponding to position 277 ; H at a position corresponding set forth in any of SEQ ID NOS : 3 , 7 , 69 , 72 or 32-66 , or a 
to position 279 ; V at a position corresponding to position sequence of amino acids that exhibits at least 75 % , 80 % , 
279 ; V at a position corresponding to position 291 ; E at a 85 % , 90 % , 91 % 92 % 93 % 94 % , 95 % , 96 % , 97 % , 98 % , 
position corresponding to position 309 ; Q at a position 99 % or more sequence identity to any of SEQ ID NOS : 3 , 7 , 
corresponding to position 310 ; Y at a position corresponding 30 69 , 72 or 32-66 so long as the modified polypeptide contains 
to position 314 ; Y at a position corresponding to position the amino acid replacement corresponding to F204P . In 
315 ; N at a position corresponding to position 317 ; W at a other cases , the modified PH20 polypeptide is a non - human 
position corresponding to position 317 ; D at a position polypeptide . For example , provided herein is a modified 
corresponding to position 318 ; G at a position corresponding PH20 polypeptide that contains an amino acid replacement 
to position 347 ; A at a position corresponding to position 35 F204P in a sequence of amino acids set forth in SEQ ID 
367 ; R at a position corresponding to position 375 ; R at a NO : 10 , 12 , 14 , 857 , 859 , 861 or 870 or a sequence that 
position corresponding to position 376 ; V at a position exhibits at least 75 % , 80 % , 85 % , 90 % , 91 % , 92 % , 93 % , 
corresponding to position 399 ; E at a position corresponding 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or more sequence identity 
to position 401 ; A at a position corresponding to position to any of SEQ ID NOS : 10 , 12 , 14 , 857 , 859 , 861 or 870 so 
407 ; L at a position corresponding to position 416 ; K at a 40 long as the modified polypeptide contains the amino acid 
position corresponding to position 419 ; H at a position replacement corresponding to F204P . In a further example , 
corresponding to position 421 ; E at a position corresponding provided herein is a modified PH20 polypeptide that con 
to position 431 ; T at a position corresponding to position tains an amino acid replacement F205P in a sequence of 
433 ; V at a position corresponding to position 433 ; C at a amino acids set forth in SEQ ID NO : 24 or Y204P in SEQ ID 
position corresponding to position 439 ; P at a position 45 NO : 31 , or a sequence that exhibits at least 75 % , 80 % , 85 % , 
corresponding to position 440 ; G at a position corresponding 90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or 
to position 443 ; N at a position corresponding to position more sequence identity to SEQ ID NO : 24 or 31. Exemplary 
445 , each with reference to amino acid residue positions set of such a modified PH20 polypeptide is a polypeptide 
forth in SEQ ID NO : 3 . having the sequence of amino acids set forth in SEQ ID 

The amino acid replacement ( s ) can be in a PH20 poly- 50 NO : 449 , or having a sequence of amino acids that exhibits 
peptide as set forth in any of SEQ ID NOS : 2 , 3 , 6-66 , 68-72 , at least 68 % , 70 % , 75 % , 80 % , 85 % , 86 % , 87 % , 88 % , 89 % , 
856-861 , 869 or 870 or a variant thereof having at least 75 % , 90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or 
80 % , 81 % , 82 % , 83 % , 84 % , 85 % , 86 % , 86 % , 88 % , 89 % , more sequence identity to SEQ ID NO : 449 and contains the 
90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or amino acid replacement F204P , exhibits increased 
more sequence identity thereto . For example , the replace- 55 hyaluronidase activity and exhibits increased stability to 
ment ( s ) can be in a human PH20 polypeptide , for example , phenol compounds compared to the corresponding unmodi 
any set forth in any of SEQ ID NOS : 3 , 7 , 32-66 , 69 or 72 fied polypeptide ( e.g. , SEQ ID NO : 3 ) . In any of the above 
or a variant thereof . examples , the modified PH20 polypeptide that contains an 

Exemplary modified PH20 polypeptides that exhibit amino acid replacement with P at a position corresponding 
increased stability to phenol compounds compared to the 60 to amino acid residue 204 with reference to SEQ ID NO : 3 
unmodified PH20 polypeptide ( e.g. , set forth in SEQ ID does not have the sequence of amino acids set forth in SEQ 
NO : 3 ) are any having the sequence of amino acids set forth ID NO : 15-22 , 28 or 29 . 
in any of SEQ ID NOS : 83 , 88 , 93 , 94 , 101 , 144 , 148 , 158 , In another example , provided herein is a modified PH20 
171 , 176 , 175 , 177 , 178 , 180 , 182 , 183 , 184 , 185 , 194 , 221 , polypeptide that contains an amino acid replacement at a 
240 , 259 , 260 , 261 , 262 , 263 , 264 , 268 , 270 , 272 , 307 , 309 , 65 position corresponding to amino acid residue 58 with ref 
327 , 334 , 341 , 351 , 352 , 353 , 356 , 357 , 358 , 359 , 361 , 424 , erence to SEQ ID NO : 3 . Exemplary of amino acid replace 
426 , 430 , 434,436 , 443 , 444 , 445 , 446 , 447 , 449 , 450 , 451 , ments are replacement with lysine ( K ) or with arginine ( R ) 

Petitioner Merck, Ex. 1001, p. 80



US 10,865,400 B2 
115 116 

at a position corresponding to amino acid residue 58 with 300 % , 400 % , 500 % or more compared to the corresponding 
reference to SEQ ID NO : 3 . Typically , the modified PH20 PH20 polypeptide not containing the modification incubated 
polypeptide is a human polypeptide . For example , provided under the same conditions . For example , the hyaluronidase 
herein is a modified PH20 polypeptide that contains an activity can be increased at least 1.1 - fold , 1.2 - fold , 1.3 - fold , 
amino acid replacement V58K or V58R in a sequence of 5 1.4 - fold , 1.5 - fold , 1.6 - fold , 1.7 - fold , 1.8 - fold , 1.9 - fold , 
amino acids set forth in any of SEQ ID NOS : 3 , 7 , 69 , 72 or 2 - fold , 3 - fold , 4 - fold , 5 - fold or more compared to the 
32-66 , or a sequence of amino acids that exhibits at least corresponding PH20 polypeptide not containing the modi 
75 % , 80 % , 85 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , fication incubated under the same conditions . 
97 % , 98 % , 99 % or more sequence identity to any of SEQ ID In other examples , modified PH20 polypeptides provided 
NOS : 3 , 7 , 69 , 72 or 32-66 . In other cases , the modified PH20 10 herein that exhibit stability at elevated temperatures retain 
polypeptide is a non - human polypeptide . For example , pro- hyaluronidase activity at elevated temperatures compared to 
vided herein is a modified PH20 polypeptide that contains an the activity of the modified PH20 polypeptide incubated at 
amino acid replacement V58K or V58R in a sequence of non - elevated temperatures under the same conditions ( ex 
amino acids set forth in SEQ ID NO : 10 , 12 , 14 , 20 , 22 , 24 , cept for the differences in temperature ) . For example , modi 
29 , 857 , 859 , 861 or 870 or a sequence that exhibits at least 15 fied PH20 polypeptides exhibit greater than or about 50 % , 
75 % , 80 % , 85 % , 90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , such as greater than or at least 55 % , 60 % , 65 % , 70 % , 80 % , 
97 % , 98 % , 99 % or more sequence identity to any of SEQ ID 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or 
NOS : 10 , 12 , 14 , 20 , 22 , 24 , 29 , 857 , 859 , 861 or 870. In a 100 % of the activity at elevated temperatures greater than 
further example , provided herein is a modified PH20 poly- 32 ° C. such as 35º C. to 45 ° C. or 37 ° C. to 42 ° C. , in 
peptide that contains an amino acid replacement A58R in a 20 particular at or about 37 ° C. compared to the activity of the 
sequence of amino acids set forth in SEQ ID NO : 16 or 31 , PH20 at non - elevated temperatures of between or about 
or a sequence that exhibits at least 75 % , 80 % , 85 % , 90 % , between 2 ° C. to 8 ° C. In some examples , modified PH20 
91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or more polypeptides provided herein that exhibit stability at 
sequence identity to SEQ ID NO : 16 or 31. Exemplary of elevated temperatures exhibit increased activity at elevated 
such a modified PH20 polypeptide is a polypeptide having 25 temperatures compared to the activity of the modified PH20 
the sequence of amino acids set forth in SEQ ID NO : 182 , or polypeptide incubated at non - elevated temperatures under 
having a sequence of amino acids that exhibits at least 68 % , the same conditions ( except for the difference in tempera 
70 % , 75 % , 80 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , ture ) . For example , modified PH20 polypeptides exhibit 
92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or more greater than or about 10 % increased activity , such as greater 
sequence identity to SEQ ID NO : 182 , which contains the 30 than or at least 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , 80 % , 90 % , 
amino acid replacement V58R and exhibits increased 100 % , 200 % , 300 % , 400 % , 500 % or more of activity at 
hyaluronidase activity and exhibits increased stability in the elevated temperatures greater than 32 ° C. such as 35º C. to 
presence of phenol compounds compared to the correspond- 45 ° C. or 37 ° C. to 42 ° in particular at or about 37 ° C. 
ing unmodified polypeptide ( e.g. , SEQ ID NO : 3 ) . compared to the activity of the PH20 at non - elevated tem 

ii . Thermophiles 35 peratures of between or about between 2 ° C. to 8 ° C. For 
At elevated temperatures , PH20 hyaluronidases can lose example , modified PH20 polypeptides exhibit greater than 

activity . Provided herein are modified PH20 polypeptides or at least about 1.1 - fold the hyaluronidase activity , such as 
that exhibit increased stability at elevated temperatures of greater than or at least 1.2 - fold , 1.3 - fold , 1.4 - fold , 1.5 - fold , 
between or about between 30 ° C. to 45 ° C. , inclusive , such 1.6 - fold , 1.7 - fold , 1.8 - fold , 1.9 - fold , 2 - fold , 3 - fold , 4 - fold , 
as between or about between 35 ° C. to 42 ° C. , in particular 40 5 - fold or more of activity at elevated temperatures greater 
at or about 37 ° C. For example , provided herein are modified than 32 ° C. such as 35º C. to 45 ° C. or 37 ° C. to 42 ° C. , in 
PH20 polypeptides that are stable at elevated temperatures particular at or about 37 ° C. compared to the activity of the 
greater than 32 ° C. such as 35º C. to 45 ° C. , 37 ° C. to 42 ° PH20 at non - elevated temperatures of between or about 
C. and in particular at or about 37 ° C. for at least 3 hours , between 2 ° C. to 8 ° C. 
4 hours , 5 hours , 6 hours , 12 hours , 1 day , 2 days , 3 days , 45 For example , such modified PH20 polypeptides provided 
4 days , at least 5 days , at least 6 days or at least 7 days . herein that exhibit increased stability at elevated tempera 
Modified PH20 polypeptides that exhibit stability at tures contain an amino acid replacement ( substitution ) at one 
elevated temperatures can be used in applications where or more amino acid positions corresponding to positions 1 , 
temperatures are elevated , can fluctuate or can increase . This 11 , 12 , 14 , 20 , 26 , 29 , 34 , 50 , 58 , 70 , 82 , 83 , 84 , 86 , 87 , 140 , 
can occur , for example , in methods of administration utiliz- 50 142 , 143 , 147 , 152 , 166 , 167 , 172 , 174 , 178 , 193 , 195 , 206 , 
ing pumps or other continuous infusion devices . 212 , 213 , 219 , 233 , 237 , 240 , 267 , 277 , 291 , 292 , 309 , 313 , 

In particular , modified PH20 polypeptides provided 314 , 317 , 318 , 347 , 367 , 368 , 371 , 374 , 389 , 392 , 395 , 396 , 
herein that exhibit stability at elevated temperatures exhibit 406 , 419 , 421 , 439 or 443 with reference to amino acid 
increased hyaluronidase activity at elevated temperature positions set forth in SEQ ID NO : 3 . For example , the amino 
compared to the corresponding PH20 polypeptide not con- 55 acid positions can be replacements at one or more positions 
taining the modification , e.g. , amino acid replacement . The corresponding to replacement of ( L ) at position 1 ( L1 ) , N11 , 
PH20 polypeptides can exhibit increased hyaluronidase V12 , F14 , A20 , L26 , F29 , D34 , G50 , V58 , 170 , K82 , 183 , 
activity upon incubation at elevated temperatures greater S84 , 286 , D87 , Q140 , V142 , Q143 , T147 , K152 , V166 , 
than 32 ° C. such as 35º C. to 45 ° C. or 37 ° C. to 42 ° C. , in E167 , G172 , L174 , N178 , H193 , K195 , V206 , D212 , D213 , 
particular at or about 37 ° C. for at least 4 hours , 5 hours , 6 60 N219 , Q233 , V237 , T240 , A267 , V277 , G291 , E292 , 1309 , 
hours , 12 hours , 1 day , 2 days , 3 hours , 4 hours , 5 hours , 6 M313 , K314 , L317 , L318 , Q347 , P367 , D368 , A371 , L374 , 
hours , 12 hours , 1 day , 2 days , 3 days , 4 days , at least 5 days , E389 , E392 , S395 , E396 , L406 , A419 , D421 , E439 or P443 , 
at least 6 days or at least 7 days compared to the corre- with reference to amino acid positions set forth in SEQ ID 
sponding PH20 polypeptide not containing the modification NO : 3 . The resulting modified PH20 polypeptide exhibits 
incubated under the same conditions . For example , the 65 increased stability at elevated temperatures greater than 32 ° 
hyaluronidase activity can be increased at least 10 % , 20 % , C. such as 35º C. to 45 ° C. , 37 ° C. to 42 ° C. and in particular 
30 % , 40 % , 50 % , 60 % , 70 % , 80 % , 90 % , 100 % , 200 % , at or about 37 ° C. for at least 3 hours , 4 hours , 5 hours , 6 
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hours , l?hours I day2days , 3 days , 4days , at least days , ment ( s ) can be in a human PH20 polypeptide , for example , 
at least 6 days , at least 7 days or more . any set forth in any of SEQ ID NOS : 3 , 7 , 32-66 , 69 or 72 

Exemplary amino acid replacements in the modified or a variant thereof . 
PH20 polypeptides provided herein include , but are not Exemplary modified PH20 polypeptides that exhibit 
limited , replacement with : R at a position corresponding to s increased stability to phenol compounds compared to the 
position 1 ; S at a position corresponding to position 11 ; I at unmodified PH20 polypeptide ( e.g. , set forth in SEQ ID 
a position corresponding to position 12 ; V at a position NO : 3 ) are any having the sequence of amino acids set forth 
corresponding to position 14 ; S at a position corresponding in any of SEQ ID NOS : 79 , 85 , 87 , 90 , 93 , 101 , 114 , 144 , 
to position 20 ; M at a position corresponding to position 26 ; 171 , 178 , 181 , 221 , 259 , 262 , 269 , 270 , 282 , 343 , 356 , 357 , 
with R at a position corresponding to position 29 ; W at a 10 359 , 368 , 395 , 426 , 429 , 432 , 434,436 , 441 , 443 , 444 , 454 , 
position corresponding to position 34 ; M at a position 460 , 461 , 467 , 477 , 487 , 491 , 492 , 509 , 525 , 550 , 554 , 557 , 
corresponding to position 50 ; K at a position corresponding 584 , 593 , 599 , 605 , 611 , 612 , 617 , 647 , 658 , 667 , 676 , 679 , 
to position 58 ; Q at a position corresponding to position 58 ; 709 , 720 , 723 , 727 , 740 , 761 , 763 , 772 , 773 , 808 , 809 , or 829 
Q at a position corresponding to position 58 ; V at a position or having a sequence of amino acids that exhibits at least 
corresponding to position 70 ; L at a position corresponding 15 68 % , 70 % , 75 % , 80 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 
to position 82 ; Q at a position corresponding to position 83 ; 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or more 
R at a position corresponding to position 84 ; A at a position sequence identity to any of SEQ ID NOS : 79 , 85 , 87 , 90 , 93 , 
corresponding to position 86 ; S at a position corresponding 101 , 114 , 144 , 171 , 178 , 181 , 221 , 259 , 262 , 269 , 270 , 282 , 
to position 87 ; K at a position corresponding to position 140 ; 343 , 356 , 357 , 359 , 368 , 395 , 426 , 429 , 432 , 434 , 436 , 441 , 
S at a position corresponding to position 142 ; T at a position 20 443 , 444 , 454 , 460 , 461 , 467 , 477 , 487 , 491 , 492 , 509 , 525 , 
corresponding to position 142 ; K at a position corresponding 550 , 554 , 557 , 584 , 593 , 599 , 605 , 611 , 612 , 617 , 647 , 658 , 
to position 143 ; S at a position corresponding to position 667 , 676 , 679 , 709 , 720 , 723 , 727 , 740 , 761 , 763 , 772 , 773 , 
147 ; T at a position corresponding to position 152 ; T at a 808 , 809 , or 829 and contains the amino acid replacement , 
position corresponding to position 166 ; D at a position exhibits hyaluronidase activity and exhibits increased sta 
corresponding to position 167 ; A at a position corresponding 25 bility to elevated temperatures compared to the correspond 
to position 172 ; G at a position corresponding to position ing unmodified polypeptide . 
174 ; N at a position corresponding to position 174 ; R at a iii . Absence of Salt 
position corresponding to position 178 ; Q at a position PH20 denatures in the presence of low salt or no salt . 
corresponding to position 193 ; T at a position corresponding Thus , PH20 requires a high salt concentration of between or 
to position 195 ; I at a position corresponding to position 206 ; 30 about between 140 mM to 200 mM to maintain stability . 
S at a position corresponding to position 212 ; A at a position Other therapeutic agents , for example insulin , exhibit 
corresponding to position 213 ; I at a position corresponding decreased solubility and increased crystallization / aggrega 
to position 219 ; G at a position corresponding to position tion in the presence of high salt . nus , the high salt require 
233 ; T at a position corresponding to position 237 ; A at a ments of PH20 can affect the solubility and / or activity of 
position corresponding to position 240 ; Q at a position 35 co - formulated therapeutic agents , while the presence of low 
corresponding toposition 24O ; Tataposition corresponding salt can decrease the activity of PH20 . This can create 
to position 267 ; E at a position corresponding to position problems for generating PH20 co - formulations . 
277 ; S at a position corresponding to position 291 ; H at a Provided herein are modified PH20 polypeptides that 
position corresponding to position 292 ; V at a position exhibit increased stability in the presence of low concentra 
corresponding to position 292 ; S at a position corresponding 40 tions of salt ( e.g. NaCl ) less than 100 mM , for example , less 
to position 309 ; H at a position corresponding to position than 90 mM , 80 mm , 70 mM , 60 mM , 50 mM , 40 mM , 30 
313 ; S at a position corresponding to position 314 ; I at a mm , 25 mM , 20 mm , 15 mM , 10 mm , 5 mM or less . 
position corresponding to position ZIZ ; Tataposition Generally , the modified PH20 polypeptides provided herein 
corresponding to position 317 ; W at a position correspond- exhibit stability in the presence of low concentrations of salt , 
ing to position 317 ; R at a position corresponding to position 45 for example , low concentrations of NaCl of between or 
318 ; G at a position corresponding to position 347 ; A at a about between 10 mM NaCl and 100 mM NaCl , such as 
position corresponding to position 367 ; R at a position between or about between 15 mM to 80 mM NaCl . The 
corresponding to position 368 ; S at a position corresponding modified PH20 polypeptides provided herein that exhibit 
to position 371 ; P at a position corresponding to position stability at low concentrations of salt , such as low concen 
374 ; A at a position corresponding to position 389 ; V at a 50 trations of NaCl ( i.e. , less than 100 mM or less ) , exhibit 
position corresponding to position 392 ; A at a position increased hyaluronidase activity compared to the corre 
corresponding to position 395 ; H at a position corresponding sponding PH20 not containing the modification ( s ) ( e.g. , 
to position 396 ; N at a position corresponding to position amino acid replacements ) . For example , modified PH20 
406 ; H at a position corresponding to position 419 ; K at a polypeptides exhibit greater than or about 10 % increased 
position corresponding to position 419 ; R at a position 55 activity , such as greater than or at least 20 % , 30 % , 40 % , 
corresponding to position 421 ; Sat a position corresponding 50 % , 60 % , 70 % , 80 % , 90 % , 100 % , 200 % , 300 % , 400 % , 
to position 421 ; A at a position corresponding to position 500 % or more of activity at low concentrations of salt , such 
439 ; C at a position corresponding to position 439 ; or G at as low concentrations of NaCl ( i.e. , less than 100 mM ) , 
a position corresponding to position 443 , each with refer- compared to the activity of the corresponding PH20 not 
ence to amino acid residue positions set forth in SEQ ID 60 containing the amino acid modification ( s ) ( e.g. , amino acid 
NO : 3 replacement ( s ) under the same conditions ) . For example , 

The amino acid replacement ( s ) can be in a PH20 poly- modified PH20 polypeptides exhibit greater than or at least 
peptide as set forth in any of SEQ ID NOS : 2 , 3 , 6-66 , 68-72 , about 1.1 - fold the hyaluronidase activity , such as greater 
856-861 , 869 or 870 or a variant thereof having at least 75 % , than or at least 1.2 - fold , 1.3 - fold , 1.4 - fold , 1.5 - fold , 1.6 - fold , 
80 % , 81 % , 82 % , 83 % , 84 % , 85 % , 86 % , 86 % , 88 % , 89 % , 65 1.7 - fold , 1.8 - fold , 1.9 - fold , 2 - fold , 3 - fold , 4 - fold , 5 - fold or 
90 % , 91 % 92 % 93 % 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or more of activity at low concentrations of NaCl less than 100 
more sequence identity thereto . For example , the replace- mM compared to the activity of the corresponding PH20 not 
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containing the amino acid modification ( s ) ( e.g. , amino acid 289 , 290 , 291 , 292 , 293 , 294 , 295 , 296 , 297 , 298 , 299 , 300 , 
replacement ( s ) under the same conditions . 301 , 302 , 303 , 304 , 305 , 306 , 307 , 308 , 310 , 311 , 312 , 313 , 

2. Inactive Mutants 314 , 315 , 316 , 317 , 318 , 319 , 320 , 321 , 322 , 323 , 324 , 325 , 
Provided herein are modified PH20 polypeptides that 326 , 327 , 331 , 333 , 334 , 335 , 336 , 337 , 338 , 339 , 340 , 341 , 

contain one or more amino acid replacements in a PH20 5 342 , 343 , 344 , 345 , 346 , 347 , 348 , 349 , 350 , 351 , 352 , 353 , 354 , 355 , 356 , 357 , 358 , 359 , 360 , 361 , 362 , 363 , 364 , 365 , polypeptide and that are inactive , whereby the polypeptides 366 , 367 , 368 , 369 , 370 , 371 , 372 , 373 , 374 , 375 , 376 , 377 , do not exhibit hyaluronidase activity or exhibit low or 378 , 379 , 380 , 381 , 382 , 383 , 384 , 385 , 386 , 387 , 388 , 389 , 
diminished hyaluronidase activity . The modified PH20 poly- 390 , 391 , 392 , 393 , 394 , 395 , 396 , 397 , 398 , 399 , 400 , 401 , 
peptides provided herein that are inactive generally exhibit 402 , 403 , 404 , 405 , 406 , 408 , 410 , 411 , 412 , 413 , 414 , 415 , 
less than 20 % , such as less than 10 % , of the hyaluronidase 10 416 , 417 , 419 , 420 , 422 , 423 , 424 , 425 , 426 , 427 , 428 , 429 , 
activity of a wildtype or reference PH20 polypeptide , such 430 , 431 , 432 , 434 , 437 , 438 , 439 , 440 , 441 , 442 , 443 , 444 , 
as the polypeptide set forth in SEQ ID NO : 3 or 7. For or 447 with reference to amino acid positions set forth in 
example , modified PH20 polypeptides provided herein that SEQ ID NO : 3 , so long as the resulting modified PH20 
are inactive exhibit less than 9 % , 8 % , 7 % , 6 % , 5 % , 4 % , 3 % , polypeptide is inactive and exhibits less than 20 % , and 
2 % , 1 % , 0.9 % , 0.8 % , 0.7 % , 0.6 % , 0.5 % , 0.4 % , 0.3 % , 0.2 % , 15 generally less than 10 % , of the hyaluronidase activity of the 0.1 % , 0.05 % or less of the hyaluronidase activity of a corresponding PH20 polypeptide not containing the amino 
wildtype or reference PH20 polypeptide , such as the corre- acid replacement . Typically , the amino acid residue that is 
sponding polypeptide not containing the amino acid modi- modified ( e.g. , replaced ) at the position corresponding to 
fication ( e.g. , amino acid replacement ) , for example , a any of the above positions in a PH20 polypeptide is an 
polypeptide set forth in SEQ ID NO : 3 or 7 . identical residue , a conservative residue or a semi - conser 

For example , provided herein are PH20 polypeptides that vative amino acid residue to the amino acid residue set forth 
are inactive and that are modified , for example by amino in SEQ ID NO : 3 . 
acid replacement or substitution , compared to a wildtype or Exemplary amino acid replacements at any of the above 
reference PH20 polypeptide . For example , a modified PH20 corresponding positions are set forth in Table 5. Reference 
polypeptide provided herein that is inactive contains one or to corresponding position in Table 5 is with reference to 
more amino acid replacements at position ( s ) corresponding 25 positions set forth in SEQ ID NO : 3 . It is understood that the 
to position 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , replacements can be made in the corresponding position in 
17 , 18 , 19 , 20 , 21 , 22 , 23 , 25 , 27 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , another PH20 polypeptide by alignment therewith with the 
40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , 51 , 52 , 53 , 54 , 55 , sequence set forth in SEQ ID NO : 3 ( see e.g. , FIGS . 1 and 2 ) , 
56 , 57 , 58 , 59 , 60 , 61 , 62 , 63 , 64 , 65 , 66 , 67 , 68 , 69 , 70 , 71 , whereby the corresponding position is the aligned position . 
72 , 73 , 74 , 75 , 76 , 77 , 78 , 79 , 80 , 81 , 82 , 83 , 84 , 85 , 86 , 87 , 30 The amino acid replacement ( s ) can be at the corresponding 
88 , 89 , 90 , 91 , 92 , 94 , 95 , 96 , 98 , 99 , 100 , 101 , 102 , 103 , position in a PH20 polypeptide as set forth in any of SEQ ID 
104 , 105 , 106 , 107 , 108 , 109 , 110 , 111 , 112 , 113 , 114 , 115 , NOS : 2 , 3 , 6-66 , 68-72 , 856-861 , 869 or 870 or a variant 
116 , 117 , 118 , 119 , 121 , 122 , 123 , 124 , 125 , 126 , 127 , 128 , thereof having at least 75 % , 80 % , 81 % , 82 % , 83 % , 84 % , 
129 , 130 , 131 , 132 , 133 , 134 , 135 , 136 , 137 , 138 , 139 , 143 , 85 % , 86 % , 86 % , 88 % , 89 % , 90 % , 91 % 92 % , 93 % , 94 % , 
144 , 145 , 149 , 150 , 152 , 153 , 154 , 155 , 156 , 157 , 158 , 159 , 35 95 % , 96 % , 97 % , 98 % , 99 % or more sequence identity 
161 , 163 , 164 , 165 , 166 , 167 , 168 , 169 , 170 , 171 , 172 , 173 , thereto , so long as the resulting modified PH20 polypeptide 
174 , 175 , 176 , 178 , 179 , 180 , 181 , 182 , 183 , 184 , 185 , 186 , is inactive . For example , the replacement ( s ) can be in a 
187 , 188 , 189 , 190 , 191 , 192 , 193 , 194 , 195 , 197 , 198 , 199 , corresponding position in a human PH20 polypeptide , for 
200 , 201 , 202 , 203 , 204 , 206 , 207 , 208 , 209 , 210 , 211 , 212 , example , any set forth in any of SEQ ID NOS : 3 , 7 , 32-66 , 
213 , 214 , 215 , 216 , 217 , 218 , 219 , 220 , 221 , 222 , 223 , 224 , 69 or 72 , or a variant thereof . In particular , any one or more 
225 , 226 , 227 , 228 , 229 , 230 , 231 , 232 , 233 , 234 , 235 , 236 , of the replacements are in SEQ ID NO : 3 , so long as the 
238 , 239 , 240 , 241 , 242 , 243 , 244 , 245 , 246 , 247 , 248 , 249 , resulting modified PH20 polypeptide is inactive and exhibits 
250 , 251 , 252 , 253 , 254 , 255 , 256 , 257 , 258 , 260 , 261 , 262 , less than 20 % , and generally less than 10 % , of the hyaluroni 
263 , 264 , 265 , 266 , 267 , 268 , 269 , 270 , 271 , 272 , 273 , 274 , dase activity of the PH20 polypeptide set forth in SEQ ID 
275 , 276 , 278 , 279 , 280 , 282 , 283 , 284 , 285 , 286 , 287 , 288 , NO : 3 

40 

TABLE 5 

Inactive Mutants 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

2 H K W Y 3 4 A G K P T 
V 

D E F GL 
PW Y 

5 D G I L M E F T V Y 7 C D F G H 

N P Q R T 
V W Y 

I K L OR 
S T W Y 

8 C D E G N 10 FILMY D E G H N 
R SW P 

11 12 G H W 13 E G I L M A CF I L 
P T W Y 

14 15 16 A C D E F A E G H K 
N P Q W 

E F G K N 
P Q R S Y G H K MP 

R S T Y 
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TABLE 5 - continued 

Inactive Mutants 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

17 18 19 D E G H I 
L N P Q R 
S T V W Y 

C D F G H 
I L M P Q 
S T V Y 

A C F G H 
I L M P O 
RS V W Y 

20 21 22 C E G KP D E F H K 
L N P R T 
VY 

A C D E G 
H I L M R 
S T V W 

23 25 27 ? A F L M N 
P R S T V 

D E F G H 
I K L N P 
R S T V Y 

33 34 35 C D H N V 
Y 

I L N S T 
V 

A D G PR 
S 

36 CF V W Y 37 CE GNS 38 E G K L N 
Q R T W 

39 C D F W 40 41 A D E G K 
N R S TV 

42 43 44 D E H I K 
L M P Q R 
S TV 

A E F G I 

K L QRV 
A C F G H 
I L N OR 
S T W Y 

45 46 PW 47 A D F GP 
W 

48 P 49 C D G H P 50 

51 52 C E F W Y 53 C F I MP 
TWY 

A C D E G 
H L N P Q 
R S T W Y 

54 D E G P R 55 56 A D G H N 
POR TV 
Y 

A C E G H 
I K L PR 
S T V W 

57 58 A 59 A D F G I 
M P Q R V 
W 

A E I L M 
P R T V W 
Y 

60 61 62 A D F G H 
I L N P Q 
S T V Y 

A E F G H 
N P Q R T 
W Y 

A C D F I 
K L M P O 
R S T V Y 

63 C G P 64 65 A C D E F 
G H I K L 
P Q R S T 
V W 

A C D G H 
I K N R S 
T V W Y 

66 67 68 A C D E G 
I K L N P 
S T V 

D E G P R 
T W 

A C G I L 
PV Y 

69 N T 70 71 P 

72 73 P 75 D G P C F H I P 
V W 

76 77 78 A C F G I 
K L P Q R 
S T V W 

DEL PO 
RTV 

A DI MP 
? ? 

79 80 81 A D F G H 
K N P S W 

A D E F G 
I K L M N 
R S T V Y 

A C E G H 
L N P S V 
W Y Y 

82 Y EK 84 Y 85 A C D E F 

G H NOS 
T 
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TABLE 5 - continued 

Inactive Mutants 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

86 CP 87 P 88 A C E F G 
I K L M P 
R S T V Y 

89 90 C G 91 A DE GQ 
S T W Y 

D E F G H 
I L T 

92 94 GP 95 E F H K P 
OR W Y 

A C E F G 
H K L MP 
OSV W Y 

96 98 P 99 SHPR 
ST W 

C E G I N 
PV W 

100 101 102 P C E F G N 
P R S T W 

A C F H I 
K L M N O 
R S T Y 

103 104 F P W 105 C M N A E F G H 
I LORT 
V W Y 

106 107 108 A C D F H 
L M N P S 
W Y 

? ??? ? 
Q S V W 

D E F K L 
M PQ T V 
Y 

109 110 111 H I Q C D E L M 
RTW 

F K L M P 
w 

112 113 RV 114 I L P TV C E G H L 
N P S 

115 116 117 A C D F G 
H I K L M 
RS V Y 

A C D E G 
H I L N P 
Q S V W 

D G I KN 
Q R V SW 

118 119 121 C D E G P 
RW Y 

A K I L N 
PR 

A C E F G 
? K L M P 
W Y 

122 123 124 C D E F N A C E F I 
K O R S T 
V 

A C D E H 
L M P Q R 
S T V Y 

125 126 127 K CDGLN 
W 

F H I L N 
PY 

128 E P 129 130 A C D E G 
H L P QS 
T V W 

C D G H L 
N S T W Y 

131 ? 132 P 133 D E F G H 
L M N PR 
TV W 

134 135 P 136 P A C D F G 
H K P Q R 
S W 

137 138 139 P F G H N P 
RWY 

143 CHPRS 144 145 T W A E F I K 
P Q S V Y 

149 6 149 P 150 

152 L 153 154 E F M PR 
TV 

DE GPS 
W Y 

155 PY 156 P 157 A C D E G 
H I K L M 
P Q R S T 
V 
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TABLE 5 - continued 

Inactive Mutants 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

158 D K PRY 159 W Y 161 W 

163 CP 164 165 CH PT A C D E G 
H N P Q R 

166 D 167 V 168 A C D E F 
G K L P R 
SV W Y 

169 170 171 A D F G H 
KN POS 
? ? 

C D E G M 
PW Y 

C D H M N 
RS W Y 

172 173 174 P D E IL P 
Q T V W Y 

D E G H I 
L M P S V 
W Y 

175 176 177 C D G K P 
RS 

A C E F G 
H I POS 
T V W 

A C D F G 
H L M QR 
S T V W 

178 E IL V W 180 181 ? A CE PR 
S 

A C D E F 
H I K L R 
S 

182 183 184 A C D E H 
N P Q R S 
TV Y 

C D E G I 
K N P Q R 
SV 

A C D E F 
G H K L M 
P R S V 

185 186 187 A D E F G 
I K P R S 
T V W Y 

A D G H I 
K L N P Q 
RS V W 

A F G H I 
L M N Q R 
S T V W Y 

188 189 190 A C F G H 
L M N P O 
R S T V W 

A E G H K 
L M N P R 
S T V W Y 

C E F G H 
K L N OR 
S T V W 

191 192 193 A E F G K 
L M P Q R 
S T V W Y 

C F G K L 
M N P Q R 
V W Y 

A D K L M 
PV 

194 195 S 197 ? A C IL P 
S T V 

198 V W 199 200 E G H I K 
L P R S W 

A F G H K 
L M P Q R 
S W Y 

201 202 203 A F L M N 
P R S T V 
w 

A E F G H 
K N P Q R 
V W Y 

A D E G H 
L M N QR 
S TV 

204 206 207 A C E G H 
I K Q R S 
T 

C D F GP 
Y 

A F GMP 
R S T V 

W 

208 D G P W 209 CP 210 A C D E G 
K M N PS 
T V W Y 

211 C F G H I 212 213 PS A G H I K 
LMP VW K M P R S 

TV W 

214 215 CP 216 A C D E G 
H K N P R 
S TY 

D E G H I 
K L M N P 
Q R T V 

217 218 219 P A C G H P 
Q S T V W 

A I K L P 
SV 

220 221 D E H K P 222 PY G K NPR 
W R 
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Inactive Mutants 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

223 224 225 C D E G H 
K L P Q R 
S T V W Y 

A D E F G 
M P Q R S 
T W Y 

A D E G H 
K PORT 
VW 

226 227 228 A C D E F 
GL NOR 
S T V W Y 

A F G H I 
K L M P Q 
RT V W Y 

A E F G H 
L M N P R 
S T W 

229 230 231 E F G K L 
P Q T V W 

A E G H K 
M N P R S 
T V W Y 

A C D F G 
H I K L P 
Q R SV 

232 233 DI P S T 234 C G H K L 
N P O V Y 

A D E G H 
N P S T V 
W 

235 236 238 F L M RW 
Y 

C I L N O 
? ? 

F G L P V 
W Y 

239 240 241 C F G H I 
L P R S T 
V W Y 

E F G N W 
Y 

A C D E G 
I P R S T 
VW 

242 243 244 A C D G I 
L M P R S 
TV W 

C D F G H 
L M P Q R 
SW Y 

A D G I V 
Y 

245 246 247 A CF LP 
Q R S T V 

A C D E G 
H I K L M 
P S T V W 

A C F H N 
P Q R S T 
W Y 

248 249 250 C D E G I 
M PT 

A G H I K 
M Q S Y 

C F G H K 
L M N P Q 
R S T V W 

251 252 253 D F G H K 
PS TW 

A D E F G 
H I K L N 
P S T Y 

A D E G H 
L M N OR 
SW 

254 255 256 C D E G I 
K L POR 
TV W Y 

C D L P V 
W 

C D E G [ 

257 D 258 L P V W 260 CP 

261 P 262 A D E G H 263 E F P QW 
I KORS 
T V W Y 

264 265 266 D E F G L 
M R T V W 
Y 

A D F G H 
K L M N O 
RS 

A C G H M 
P Q R S T 
V W 

267 268 269 D G H I K 
NR SW 

A C F G H 
K L N P Q 
S T V W 

E K L M N 
P Q R 

270 271 272 H L N PW A C E F G 
? ? ? ? 

A D E H K 
T W 

273 274 275 A F G I K A C D G I 

L PO SV 
W 

C E G H N 

Q WY L M O T V 
W 

276 F PW 278 M P 279 A CF GL 
W Y 

280 281 282 F L V W Y DI M N R 
S T V W 

A D G H I 
K N P Q R 
SV W 

283 A C D F W 284 C D F W 284 CIP 
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Inactive Mutants 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

285 K P R TV 286 287 A C D F H 
? ? ? ? ? 

A C D E G 
K L N PO 
RS 

288 289 290 DO Y D E F G H 
? ? ? R T 

A C E G H 
L P Q R S 

291 292 I L T 293 E N A C D E F 
M N T W Y 

294 295 296 A E G H K 
L N P Q R 
S T W 

C G H I L 
N P T V Y 

C F G I K 
M Q R S T 
V W Y 

297 298 299 CE HLN 
P Q R S T 
Y 

CE L M N 
P QS TW 
Y 

A C D F G 
H L M P O 
T 

300 301 302 A C D E F 
L M N P Q 
S T V W 

E G H K M 
N P Q R S 
W Y 

C D E F G 
H L M PR 
S TY 

303 304 305 A C D E F 
G K L M R 
W Y 

A C D G I 
M N P QS 
TV Y 

L P Q R S 
TV Y 

306 307 CI P 308 A CH I L 
V W Y 

C F L M V 
W Y 

310 C E F K L 311 312 CEM V W C E F IL 
PV W 

313 C 314 CL W 315 CI V 

316 317 GP 318 CP W E G I K L 
M P R S T 
V W Y 

319 320 CPV 321 E M P C E F G H 
I K M P Q 
RS V W Y 

322 323 324 C D E G I 
L N P R S 
T V W 

A C E G H 
K N R S T 

CF P V W 
Y 

V 

325 327 329 C R E G H 
N W 

A E F G H 
N Q R S T 
V W Y 

C F G H I 
K L N QR 
S T V W Y 

330 331 332 A C D E G 
I L M N P 
RS V W 

A C D E F 
H K Q R S 
T W Y 

A C D E F 
G H K L N 
P R S T Y 

333 G H I K P 334 A C D E G 335 F G H I K 
R S T W Y M N R S L P V W Y 

336 A E F G K 337 338 C F G I K 
L M R T W N P R S T 

V W Y 

C D E F G 
H I K L P 
R TV 

339 340 341 D E F G H 
L N P S T 
V W Y 

A C D E F 
G H K PR 
S T V W 

A E G H K 

L M N Q R 
S T V Y 

342 343 344 D E F H K 
L M P Q R 
? ? 

C D F I P 
W 

F G H L M 
N P Q R S 
TW Y 

345 346 347 A C E H K 
N Q R TV 
Y 

A D F G I 
K L M P R 
S T V W 

C F I PT 
V W 
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Inactive Mutants 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

348 349 350 CH I L P 
Q R T V W 
Y 

D F G P V 
W Y 

A D E F H 
K L M N P 
R S T V Y 

351 352 353 C D E F H 
NRWY 

A D E F G 
KM P Q R 
S T V W Y 

C F G H K 
L M QRS 
W 

354 355 356 C D E G H 
I K L M P 
Q S V W Y 

D F G H L 
M N P Q R 
S T V W Y 

C G K L P 
R T V W 

357 358 359 D E F GL 
M Q R 

E H I K P 
Q R W 

A F G L P 
W 

360 361 362 A C E F G 
I K L M P 
QRV 

A CE GM 
N P Q R S 
V W 

A CE G H 
K L M N P 
R S T V W 

363 364 365 A C D E F 
G H I PO 
R S T V W 

A C D E F 
G K L M P 
R S T V Y 

A C D E G 
M N P Q R 
S T W Y 

366 AC E F G 367 E F I L M 368 C P W 
O V K M P Q R 

TW 

369 370 371 P C E F I K 
L P Q V W 

A D E G H 
K L N P Q 
R S V Y 

372 373 CP W 374 DE A D E F G 
H K L N P 
R S T V W 

375 C F P V Y 376 I P W 377 C I L V 

378 379 380 D E F I L 
M O T W Y 

A C E F I 
L M W 

C D E GO 
RS 

381 G L P W Y 382 E G H K L 383 GP 
M N P Q R 
S T W Y 

384 385 386 CF MQS 
T 

C L M P W 
Y 

A C F G H 
I L M N O 
R S T V Y 

387 388 C G P Q 389 F V C E F G H 
I L M N V 
W Y 

390 A C E F G 391 392 CP 
H L N P R 
S T V W Y 

A D G H K 
N P Q R S 
T V W Y 

393 CP 394 A D E G I 395 Ci , [ 
K N P Q R 
S T V 

396 397 398 C F G I P 
Y 

A C E F G 
I L M P O 
TV 

A C E G H 
I L N PR 
S T V W Y 

399 DP 400 401 A D E F G 
I L M P Q 
R S T V Y 

C F H KR 
W Y 

402 403 A C E G H 404 A D E F L 
M P Q R S 
TV W Y 

K L M N P 
ORT 

C D F G H 
L M NRV 
W Y 
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Inactive Mutants 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

Corre 
sponding 
Position Replacement 

405 ? I ? 406 PR 408 A E F G I 
K L P R S 
T V W Y 

410 W 411 D E F G 412 E H 

413 H I K L P 414 415 C D E P A D E G H 
K R S T 

416 CS 417 419 DP A D E F G 
H K M P Q 
R 

420 422 423 A D F G H 
K L N R S 
T W Y 

C D G H L 
M N O RS 
Y 

A D E F G 
H L M P Q 
R S T V W 

424 425 E L P W Y 426 C F M R A C E G H 
N Q R S W 
Y 

427 428 429 A CF LP 
V W Y 

A C D E G 
H N R S Y 

A D K L N 
P S T V W 
Y 

430 431 P 432 A D E L M 
N S T V 

C F I K L 
M P Y 

434 437 T 438 Y H K P Q R 
W 

439 NR 440 O 441 R 

442 M N S 443 D 

40 

45 

3. Additional Modifications and Conjugates the domain or other moiety is a targeted agent that targets the 
The modified PH20 polypeptides include those that con- conjugate to tumor cells . In such examples , a modified PH20 

tain chemical or posttranslational modifications . In some polypeptide , such as any provided herein , is linked directly 
examples , modified PH20 polypeptides provided herein do or indirectly to a targeted agent . Such targeting agents 
not contain chemical or posttranslational modifications . include , but are not limited to , growth factors , cytokines , 
Chemical and post - translational modifications include , but chemokines , antibodies , and hormones , or allelic variants , 
are not limited to , PEGylation , sialation , albumination , muteins , or fragments thereof so long as the targeting agent 
glycosylation , farnysylation , carboxylation , hydroxylation , is internalized by a cell surface receptor . Exemplary , non 
phosphorylation , and other polypeptide modifications limiting , additional modifications are described below . 
known in the art . a . Decreased Immunogenicity 

Also , in addition to any one or more amino acid modifi- The modified PH20 polypeptides provided herein can be 
cations , such as amino acid replacements , provided herein , made to have decreased immunogenicity . Decreased immu 
modified PH20 polypeptides provided herein can be conju- 50 nogenicity can be effected by sequence changes that elimi 
gated or fused to any moiety using any method known in the nate antigenic epitopes from the polypeptide or by altering 
art , including chemical and recombinant methods , provided post - translational modifications . One of skill in the art is 
the resulting polypeptide retains hyaluronidase activity . For familiar with methods of identifying antigenic epitopes in a 
example , in addition to any one or more amino acid modi- polypeptide ( see e.g. , Liang et al . ( 2009 ) BMC Bioinformat 
fications , such as amino acid replacements , provided herein , 55 ics , 10 : 302 ; Yang et al . ( 2009 ) Rev. Med . Virol . , 19 : 77-96 ) . 
modified PH20 polypeptides provided herein also can con- In some examples , one or more amino acids can be modified 
tain other modifications that are or are not in the primary in order to remove or alter an antigenic epitope . 
sequence of the polypeptide , including , but not limited to , In another example , altering the glycosylation of a protein 
modification with a carbohydrate moiety , a polyethylene also can effect immunogenicity . For example , altering the 
glycol ( PEG ) moiety , a sialic acid moiety , an Fc domain 60 glycosylation of the peptide is contemplated , so long as the 
from immunoglobulin G , or any other domain or moiety . For polypeptides minimally contain at least N - acetylglu 
example , such additional modifications can be made to cosamine at amino acid residues corresponding to amino 
increase the stability or serum half - life of the protein . acid residues set forth as N200 , N333 and N358 of SEQ ID 

In some instances , the domain or other moiety is a NO : 3 or 7 . 
targeted agent , including any agent that targets the conjugate 65 For example , the PH20 polypeptides can be modified such 
to one or more cell types by selectively binding to a cell that they lack fucose , particularly bifucosylation . In particu 
surface receptor or other cell surface moiety . For example , lar , the PH20 polypeptides provided herein are not bifuco 
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sylated . This can be achieved by expressing and producing Typically , the polymers are polyalkylene oxides ( PAO ) , 
the PH20 polypeptide in host cells that do not effect bifu- such as polyethylene oxides , such as PEG , typically mPEG , 
cosylation . Fucose is a deoxyhexose that is present in a wide which have few reactive groups capable of cross - linking 
variety of organisms , including mammals , insects and Typically , the polymers are non - toxic polymeric molecules 
plants . Fucosylated glycans are synthesized by fucosyl- 5 such as ( methoxy ) polyethylene glycol ( mPEG ) which can be 
transferases ; see , e.g. , Ma et al . , Glycobiology , 16 ( 12 ) : 158R- covalently conjugated to the PH20 polypeptides ( e.g. , to 
184R , ( 2006 ) ; Nakayama et al . , J. Biol . Chem . , 276 : 16100- attachment groups on the protein surface ) using a relatively 
16106 ( 2001 ) ; and Sturla et al . , Glycobiology , 15 ( 10 ) : 924- simple chemistry . 
935 ( 2005 ) . In humans , fucose frequently exists as a Suitable polymeric molecules for attachment to the PH20 
terminal modification to glycan structures , and the presence 10 polypeptides include , but are not limited to , polyethylene 
of fucose a1,6 - linked to N - acetylglucosamine has been glycol ( PEG ) and PEG derivatives such as methoxypolyeth 
shown to be important in glycoprotein processing and rec- ylene glycols ( mPEG ) , PEG - glycidyl ethers ( Epox - PEG ) , 
ognition . In insects , N - glycan core structures exhibit bifu PEG - oxycarbonylimidazole ( CDI - PEG ) , branched PEGs , 
cosylation with a1,6- and a1,3 - linkages Insect cell core and polyethylene oxide ( PEO ) ( see e.g. , Roberts et al . , 
fucosylation with a1,3 - linkages generates a carbohydrate 15 Advanced Drug Delivery Review 2002 , 54 : 459-476 ; Harris 
epitope that is immunogenic in humans ( see , e.g. US and Zalipsky ( eds . ) “ Poly ( ethylene glycol ) , Chemistry and 
Publication No. 20070067855 ) . For example , PH20 poly- Biological Applications ” ACS Symposium Series 680 , 1997 ; 
peptides provided herein can be generated in host cells that Mehvar et al . , J. Pharm . Pharmaceut . Sci . , 3 ( 1 ) : 125-136 , 
are incapable of bifucosylating the polypeptide . Thus , while 2000 ; Harris and Chess ( 2003 ) Nat Rev Drug Discov . 
insect cells or other cells that bifucosylate can be used for 20 2 ( 3 ) : 214-21 ; and Tsubery , J Biol . Chem 279 ( 37 ) : 38118-24 , 
expression of the polypeptides , typically mammalian cells , 2004 ) . The polymeric molecule can be of a molecular weight 
such as CHO cells , are used . typically ranging from about 3 kDa to about 60 kDa . In some 

In some examples , defucosylated , or fucose - deficient embodiments the polymeric molecule that is conjugated to a 
PH20 polypeptides can be generated in insect cells with PH20 polypeptide provided herein has a molecular weight of 
modified glycosylation pathways , through the use of bacu- 25 5 , 10 , 15 , 20 , 25 , 30 , 35 , 40 , 45 , 50 , 55 , 60 or more than 60 
lovirus expression vectors containing eukaryotic oligosac- kDa . 
charide processing genes , thereby creating “ mammalian- Various methods of modifying polypeptides by covalently 
ized ” insect cell expression systems ( see , e.g. , U.S. Pat . No. attaching ( conjugating ) a PEG or PEG derivative ( i.e. , 
6,461,863 ) . Alternatively , antigenicity can be eliminated by “ PEGylation " ) are known in the art ( see e.g. , U.S. 2006 / 
expression of PH20 polypeptides in insect cells lacking 30 0104968 ; U.S. Pat . Nos . 5,672,662 ; 6,737,505 ; and U.S. 
a1,3 - fucosylatransferase ( FT3 ) ( see , e.g. , US Publication 2004/0235734 ) . Techniques for PEGylation include , but are 
No. 20070067855 ) . In other examples , defucosylated or not limited to , specialized linkers and coupling chemistries 
fucose - deficient PH20 polypeptides can be generated , for ( see e.g. , Roberts , Adv . Drug Deliv . Rev. 54 : 459-476 , 2002 ) , 
example , in cell lines that produce defucosylated proteins , attachment of multiple PEG moieties to a single conjugation 
including Lec13 CHO cells deficient in protein fucosylation 35 site ( such as via use of branched PEGs ; see e.g. , Guiotto et 
( Ripka et al . Arch . Biochem . Biophys . 249 : 533-545 ( 1986 ) ; al . , Bioorg . Med . Chem . Lett . 12 : 177-180 , 2002 ) , site - spe 
U.S. Pat . Pub . No. 2003/0157108 ; and WO 2004/056312 ) , cific PEGylation and / or mono - PEGylation ( see e.g. , Chap 
and knockout cell lines , such as alpha - 1,6 - fucosyltransferase man et al . , Nature Biotech . 17 : 780-783 , 1999 ) , and site 
gene , FUT8 , knockout CHO cells ( Yamane - Ohnuki et al . directed enzymatic PEGylation ( see e.g. , Sato , Adv . Drug 
Biotech . Bioeng . 87 : 614 ( 2004 ) ) . 40 Deliv . Rev. , 54 : 487-504 , 2002 ) ( see , also , for example , Lu 

b . Conjugation to Polymers and Felix ( 1994 ) Int . J. Peptide Protein Res . 43 : 127-138 ; Lu 
In some examples , the modified PH20 polypeptides pro- and Felix ( 1993 ) Peptide Res . 6 : 140-6 , 1993 ; Felix et al . 

vided herein are conjugated to polymers . Exemplary poly- ( 1995 ) Int . J. Peptide Res . 46 : 253-64 ; Benhar et al . ( 1994 ) 
mers that can be conjugated to the PH20 polypeptides , J. Biol . Chem . 269 : 13398-404 ; Brumeanu et al . ( 1995 ) J 
include natural and synthetic homopolymers , such as poly- 45 Immunol . 154 : 3088-95 ; see also , Caliceti et al . ( 2003 ) Adv . 
ols ( i.e. , poly - OH ) , polyamines ( i.e. , poly - NH2 ) and poly- Drug Deliv . Rev. 55 ( 10 ) : 1261-77 and Molineux ( 2003 ) 
carboxylic acids ( i.e. , poly - COOH ) , and further heteropoly- Pharmacotherapy 23 ( 8 Pt 2 ) : 38-8S ) . Methods and tech 
mers , i.e. , polymers containing one or more different niques described in the art can produce proteins having 1 , 2 , 
coupling groups , e.g. , hydroxyl groups and amine groups . 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 or more than 10 PEG or PEG derivatives 
Examples of suitable polymeric molecules include poly- 50 attached to a single protein molecule ( see e.g. , U.S. 2006 / 
meric molecules selected from among polyalkylene oxides 0104968 ) . 
( PAO ) , such as polyalkylene glycols ( PAG ) , including poly- Numerous reagents for PEGylation have been described 
ethylene glycols ( PEG ) , methoxypolyethylene glycols in the art . Such reagents include , but are not limited to , 
( MPEG ) and polypropylene glycols , PEG - glycidyl ethers N - hydroxysuccinimidyl ( NHS ) activated PEG , succinimidyl 
( Epox - PEG ) , PEG - oxycarbonylimidazole ( CDI - PEG ) , 55 mPEG , mPEG2 - N - hydroxysuccinimide , mPEG succinim 
branched polyethylene glycols ( PEGs ) , polyvinyl alcohol idyl alpha - methylbutanoate , mPEG succinimidyl propi 
( PVA ) polycarboxylates , polyvinylpyrrolidone , poly - DL . onate , mPEG succinimidyl butanoate , mPEG carboxym 
amino acids , polyethylene - co - maleic acid anhydride , poly- ethyl 3 - hydroxybutanoic acid succinimidyl ester , 
styrene - co - maleic acid anhydride , dextrans including car- homobifunctional PEG - succinimidyl propionate , homobi 
boxymethyl - dextrans , heparin , homologous albumin , 60 functional PEG propionaldehyde , homobifunctional PEG 
celluloses , including methylcellulose , carboxymethylcellu- butyraldehyde , PEG maleimide , PEG hydrazide , p - nitrop 
lose , ethylcellulose , hydroxyethylcellulose , carboxyethyl- henyl - carbonate PEG , MPEG - benzotriazole carbonate , pro 
cellulose and hydroxypropylcellulose , hydrolysates of chi- pionaldehyde PEG , MPEG butyraldehyde , branched mPEG2 
tosan , starches such hydroxyethyl - starches and butyraldehyde , mPEG acetyl , mPEG piperidone , mPEG 
hydroxypropyl - starches , glycogen , agaroses and derivatives 65 methylketone , mPEG “ linkerless ” maleimide , mPEG vinyl 
thereof , guar gum , pullulan , inulin , xanthan gum , carra- sulfone , mPEG thiol , mPEG orthopyridylthioester , mPEG 
geenan , pectin , alginic acid hydrolysates and bio - polymers . orthopyridyl disulfide , Fmoc - PEG - NHS , Boc - PEG - NHS , 

as 
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vinylsulfone PEG - NHS , acrylate PEG - NHS , fluorescein turation conditions or denaturing agent . After testing under 
PEG - NHS , and biotin PEG - NHS ( see e.g. , Monfardini et al . , both sets of conditions , the activities are assessed in order to 
Bioconjugate Chem . 6 : 62-69 , 1995 ; Veronese et al . , J. identify modified hyaluronan - degrading enzymes that 
Bioactive Compatible Polymers 12 : 197-207 , 1997 ; U.S. Pat . exhibit activity in the presence of the denaturation condition . 
Nos . 5,672,662 ; 5,932,462 ; 6,495,659 ; 6,737,505 ; 4,002 , 5 The desired level or amount of activity selected as a cut - off 
531 ; 4,179,337 ; 5,122,614 ; 5,324,844 ; 5,446,090 ; 5,612 , in the methods can be empirically determined by the user , 
460 ; 5,643,575 ; 5,766,581 ; 5,795,569 ; 5,808,096 ; 5,900 , and is dependent on factors such as the particular hyaluro 
461 ; 5,919,455 ; 5,985,263 ; 5,990,237 ; 6,113,906 ; 6,214 , nan - degrading enzyme , the desired application or use of the 
966 ; 6,258,351 ; 6,340,742 ; 6,413,507 ; 6,420,339 ; 6,437 , hyaluronan - de grading enzyme , the particular denaturation 
025 ; 6,448,369 ; 6,461,802 ; 6,828,401 ; 6,858,736 ; U.S. 10 condition or denaturing agent and other similar factors . 
2001/0021763 ; U.S. 2001/0044526 ; U.S. 2001/0046481 ; Typically , a modified hyaluronan - degrading enzyme is iden 
U.S. 2002/0052430 ; U.S. 2002/0072573 ; U.S. 2002 / tified that exhibits at least 5 % or 10 % of the activity in the 
0156047 ; U.S. 2003/0114647 ; U.S. 2003/0143596 ; U.S. presence of a denaturing agent or condition compared to in 
2003/0158333 ; U.S. 2003/0220447 ; U.S. 2004/0013637 ; US its absence , and generally at least 15 % , 20 % , 30 % , 40 % , 
2004/0235734 ; U.S. 2005/0114037 ; U.S. 2005/0171328 ; 15 50 % , 60 % , 70 % , 80 % , 90 % , 95 % or more , for example at 
U.S. 2005/0209416 ; EP 1064951 ; EP 0822199 ; WO least 40 % of the activity . 
01076640 ; WO 0002017 ; WO 0249673 ; WO 9428024 ; WO Additionally or alternatively , the activity of the modified 
0187925 ; and WO 2005000360 ) . hyaluronan - de grading enzyme in the presence of one or 

more denaturation conditions or denaturing agents is com 
D. METHODS FOR IDENTIFYING MODIFIED 20 pared to the activity of the corresponding unmodified 
HYALURONAN - DEGRADING ENZYMES WITH hyaluronan - de grading enzyme in the presence of the same 

ALTERED PROPERTIES OR ACTIVITIES denaturation agent ( s ) or condition ( s ) . In such examples , it is 
understood that the activity of the modified and unmodified 

Provided herein are methods for identifying a modified or enzyme are tested under the same conditions ( e.g. , time , 
variant hyaluronan - degrading enzyme , such as a modified 25 temperature , composition ) , except for the difference in the 
hyaluronidase or modified PH20 polypeptide , that exhibits particular enzyme tested ( unmodified versus modified ) . A 
an altered activity or property compared to an unmodified modified hyaluronan - degrading enzyme is identified that 
hyaluronan - degrading enzyme . In particular , the methods exhibits greater activity , such as at least 110 % , 120 % , 130 % , 
provided herein can be used to screen for one or more 140 % , 150 % , 160 % , 170 % , 180 % , 190 % , 200 % , 250 % , 
modified hyaluronan - degrading enzymes , such as one or 30 300 % , 400 % , 500 % or more of the activity of the unmodi 
more modified hyaluronidase or PH20 polypeptide , that fied hyaluronan - degrading enzyme . 
exhibits increased activity and / or increased stability in the The method can be performed a plurality of times , 
presence of a denaturation agent or condition . For example , whereby the steps of the method are repeated 1 , 2 , 3 , 4 , or 
the methods can be used to identify a modified or variant 5 times . The method provided herein also is iterative . In one 
hyaluronan - degrading enzyme , such as a modified or variant 35 example , after the method is performed , any identified 
hyaluronidase or modified or variant PH20 polypeptide , that modified hyaluronan - degrading enzyme can be modified or 
exhibits increased stability by virtue of increased resistance further modified to increase or optimize the activity . 
to denaturation conditions , including but not limited to , A description of the steps of the method and components 
denaturation conditions caused by temperature ( e.g. , of the method are provided in the subsections that follow . 
elevated temperature such as heat ) , agitation , no or low salt , 40 1. Hyaluronan - Degrading Enzymes and Libraries of 
presence of an excipient and / or a denaturing agent . Exem- Modified Hyaluronan - Degrading Enzymes 
plary denaturing agents or excipients include , but are not In the methods herein , one or more modified hyaluronan 
limited to , antiadherents , binders , coatings , fillers and degrading enzymes , such as a hyaluronidase or a PH20 
diluents , flavors , colors , lubricants , glidants , preservatives , polypeptide , are tested for a desired activity or property , 
sorbents or sweeteners . For example , various excipients , 45 such as increased stability ( e.g. , increased resistance to a 
such as preservatives , can act as protein denaturing agents . denaturation condition ) . The modified hyaluronan - degrad 
In the method , the activity also can be compared to an ing enzyme can be modified compared to an unmodified 
unmodified hyaluronan - degrading enzyme under the same hyaluronan - degrading enzyme , such as any hyaluronan 
denaturation condition , and a modified hyaluronan - degrad- degrading enzyme known in the art . Hyaluronan - degrading 
ing enzyme identified or selected that exhibits greater activ- 50 enzymes are a family of enzymes that degrade hyaluronic 
ity than the corresponding unmodified hyaluronan - degrad- acid , which is an essential component of the extracellular 
ing enzyme . matrix and a major constituent of the interstitial barrier . 

In the method , one or more modified hyaluronan - degrad- Hyaluronan - degrading enzymes act to degrade hyaluronan 
ing enzymes are provided . In some examples , a library of by cleaving hyaluronan polymers , which are composed of 
modified molecules is prepared . Methods of mutagenesis 55 repeating disaccharides units : D - glucuronic acid ( GlcA ) and 
and generation of libraries or collections of variant mol- N - acetyl - D - glucosamine ( GlcNAc ) , linked together via 
ecules is described herein and is known to one of skill in the alternating - 14 and - 1-3 glycosidic bonds . By cata 
art using standard recombinant DNA techniques . In one lyzing the hydrolysis of hyaluronic acid , a major constituent 
example , the enzymes that are tested can be pooled and of the interstitial barrier , hyaluronan - degrading enzymes 
screened , whereby the method permits selection of only 60 lower the viscosity of hyaluronic acid , thereby increasing 
those enzymes that exhibit a desired activity . In another tissue permeability . Accordingly , hyaluronan - degrading 
example , the tested enzymes can be physically separated and enzymes for the uses and methods provided herein include 
screened individually , such as by formatting in arrays , such any enzyme having the ability to catalyze the cleavage of a 
as addressable arrays . hyaluronan disaccharide chain or polymer . In some 

In one aspect of the method , the modified hyaluronan- 65 examples , the hyaluronan - degrading enzyme cleaves the 
degrading enzymes are tested or screened for hyaluronidase B - 1 > 4 glycosidic bond in the hyaluronan chain or polymer . 
activity in the presence and absence of one or more dena- In other examples , the hyaluronan - degrading enzyme cata 
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lyzes the cleavage of the B - 1-3 glycosidic bond in the QuikChange ( Stratagene ) or saturation mutagenesis . Muta 
hyaluronan chain or polymer . genesis methods include , but are not limited to , site - medi 

Hyaluronan - degrading enzymes include enzymes that are ated mutagenesis , PCR mutagenesis , cassette mutagenesis , 
membrane - bound or that are soluble forms that are secreted site - directed mutagenesis , random point mutagenesis , muta 
from cells . Thus , where hyaluronan - degrading enzymes 5 genesis using uracil containing templates , oligonucleotide 
include a glycosylphosphatidylinositol ( GPI ) anchor signal directed mutagenesis , phosphorothioate - modified DNA 
sequence and / or are otherwise membrane - anchored or mutagenesis , mutagenesis using gapped duplex DNA , point 
insoluble , such hyaluronan - degrading enzymes can be pro- mismatch repair , mutagenesis using repair - deficient host 
vided in soluble form by C - terminal truncation or deletion of strains , restriction - selection and restriction - purification , 
all or a portion of the GPI anchor signal sequence to render 10 deletion mutagenesis , mutagenesis by total gene synthesis , 
the enzyme secreted and soluble . Thus , hyaluronan - degrad- double - strand break repair , and many others known to 
ing enzymes include C - terminally truncated variants , e.g. , persons of skill . In the methods herein , mutagenesis can be 
truncated to remove all or a portion of a GPI anchor signal effected across the full length of a protein or within a region 
sequence . Examples of such soluble hyaluronidases are of a protein . The mutations can be made rationally or 
soluble PH20 hyaluronides , such as any set forth in U.S. Pat . 15 randomly . 
No. 7,767,429 ; U.S. Publication Nos . US 2004/0268425 and In some examples , the methods provided herein are 
US 2010/0143457 . performed such that the identity of each mutant protein is 

Exemplary hyaluronan - degrading enzymes are non - hu- known a priori before the protein is tested . For example , the 
man animal or human hyaluronidases , bacterial hyaluroni- methods provided herein can be conducive to mutagenesis 
dases , hyaluronidases from leeches or chondroitinases that 20 and screening or testing methods that are addressable . This 
exhibit hyaluronan - degrading activity , including soluble or can permit the ease of comparisons between the activities of 
truncated forms thereof that are active . Exemplary non- tested proteins without the need for sequencing of identified 
human animal hyaluronidases are any set forth in any of proteins . For example , site - directed mutagenesis methods 
SEQ ID NOS : 8-31 , 856-861 , 869,870 , 871-886 , or mature , can be used to individually generate mutant proteins . Muta 
C - terminally truncated variants that are soluble and active , 25 genesis can be performed by the replacement of single 
or active forms thereof . Exemplary human hyaluronidases amino acid residues at specific target positions one - by - one , 
are any set forth in any of SEQ ID NOS : 2 , 3 , 6 , 7 , 32-66 , such that each individual mutant generated is the single 
68-72 or 887-890 , or mature , C - terminally truncated variants product of each single mutagenesis reaction . Mutant DNA 
that are soluble and active , or active forms thereof , and in molecules can be designed , generated by mutagenesis and 
particular any of SEQ ID NOS : 3 , 7 , 32-66 , 69 or 72. 30 cloned individually , such as in addressable arrays , such that 
Exemplary bacterial hyaluronidases are any set forth in any they are physically separated from each other and each one 
of SEQ ID NOS : 891-919 or mature , C - terminally truncated is the single product of an independent mutagenesis reac 
variants that are soluble and active , or active forms thereof . tion . The amino acids selected to replace the target positions 
Exemplary hyaluronidases from leeches are set forth in SEQ on the particular protein being optimized can be either all of 
ID NO : 920 or 921 , or mature , C - terminally truncated vari- 35 the remaining 19 amino acids , or a more restricted group 
ants that are soluble and active , or active forms thereof . containing only selected amino acids . In some methods 
Exemplary chondroitinases that have hyaluronan - degrading provided herein , each amino acid that is replaced is inde 
enzyme activity are set forth in SEQ ID NO : 922-924 , or pendently replaced by 19 of the remaining amino acids or by 
mature , C - terminally truncated variants that are soluble and less than 19 of the remaining amino acids , such as 10 , 11 , 12 , 
active , or active forms thereof . 40 13 , 14 , 15 , 16 , 17 or 18 of the remaining amino acids . 

For example , one or more modified PH20 polypeptides 2. Screening or Testing for a Desired Activity or Property 
are tested for a desired activity or property , such as increased The hyaluronidase activity or other activity of a compo 
stability ( e.g. , increased resistance to a denaturation condi- sition containing a modified hyaluronan - degrading enzyme 
tion ) . The modified PH20 polypeptide can be modified is screened or tested under conditions that expose the 
compared to an unmodified PH20 polypeptide , such as any 45 hyaluronan - degrading enzyme to a denaturation condition or 
known PH20 polypeptide native , wildtype or reference a denaturing agent ( presence of denaturation condition or 
polypeptide . For example , the modified PH20 polypeptide is denaturing agent ) . The denaturing condition or denaturing 
modified compared to a full - length , soluble or active form of agent need not be a condition or agent that is completely 
a PH20 polypeptide , such as any set forth in any of SEQ ID deadly to the enzyme , but generally is any condition or agent 
NOS : 3 , 7 , 32-66 , 69 or 72 , or a polypeptide that exhibits at 50 that destabilizes enzyme activity over time . For example , the 
least 85 % , such as at least 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , denaturation condition can be a condition caused by tem 
92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or more perature ( e.g. , elevated temperature such as greater than or 
sequence identity to any of SEQ ID NOS : 3 , 7 , 32-66 , 69 or about or 30 ° C. , for example , 30 ° C. to 42 ° C. such as or 
72. In particular examples of the method herein , the starting about 37 ° C. ) , agitation , no or low salt ( e.g. , NaCl ) , and / or 
or unmodified PH20 polypeptide has the sequence of amino 55 caused by the presence of a denaturing agent , such as the 
acids set forth in SEQ ID NO : 3 . presence of excipients ( e.g. , presence of preservatives ) . 

Libraries or collections of modified hyaluronan - degrading For purposes of selecting or identifying a modified 
enzymes can be screened . Hyaluronan - degrading enzymes hyaluronan - degrading enzyme that exhibits stability or 
can be modified by any process known to one of skill in the increased stability under the denaturation condition , activity 
art that can alter the structure of a protein . Examples of 60 can be compared to activity of the modified hyaluronan 
modifications include replacement , addition , and deletion of degrading enzyme in the absence of the denaturation con 
one or more amino acids of the protein to form libraries or dition and / or activity of the corresponding unmodified 
collections of modified hyaluronan - degrading enzymes . It is hyaluronan - degrading enzyme in the presence of the dena 
within the level of one of skill in the art to generate modified turation condition . For example , the modified hyaluronan 
or variant proteins for use in the methods herein . Methods of 65 degrading enzyme also can be screened or tested under the 
mutagenesis are well known in the art and include , for same conditions , except not including a denaturing condi 
example , site - directed mutagenesis such as for example tion or denaturing agent ( absence of denaturation condition 
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or denaturing agent ) . If desired , the activity of the corre- ing the modification ( s ) under conditions that contain a 
sponding unmodified hyaluronan - degrading enzyme ( e.g. , preservative agent and / or under conditions that do not 
the hyaluronan - de grading enzyme not containing the amino contain a preservative agent . 
acid replacement ( s ) ) can also be tested under the same In another example , the assay buffer is modified by the 
conditions that expose the hyaluronan - degrading enzyme to 5 presence of a denaturation condition that is low or no salt . 
the same denaturation condition or a denaturing agent . As discussed elsewhere herein , hyaluronan - degrading 

For example , each member of a library or collection of enzymes , such as PH20 , generally require salt ( e.g. , NaCl , 
modified hyaluronan - degrading enzymes is incubated under Lys - Lys or MgCl2 ) for activity . Hence , the absence of salt or 
or exposed to one or more denaturation conditions . The low salt is denaturing to the enzyme . In one example , the 
incubation or exposure can occur in vivo or in vitro . Typi 10 assay buffer is modified by inclusion of an amount of salt 

that is less than 100 mM , for example , less than 90 mm , 80 cally , the assay is performed in vitro . The same modified mm , 70 mm , 60 mm , 50 mM , 40 mM , 30 mm , 25 mM , 20 enzyme also is exposed or incubated to a reference or control mM , 15 mM , 10 mM , 5 mM or less . In such an example , the condition that does not contain the denaturation condition . activity of the modified hyaluronan - degrading enzyme is 
The activities under both conditions are compared in order 15 tested in the absence of salt or in the presence of salt that is to identify modified hyaluronan - degrading enzymes that less than 100 mM . In some examples , the modified hyaluro exhibit stability upon exposure to a denaturation condition nan - degrading enzyme also can be tested or assessed under 
or conditions . Further , in screening or identifying the activ- a control or reference condition in which the assay buffer 
ity of the enzyme under the two different sets of conditions , contains a higher salt concentration , generally between or 
generally the only conditions that are varied in the assay 20 about between 140 mM to 200 mM . In certain instances , as 
relate to the presence or absence of one or more denaturation a control , the activity of modified hyaluronan - degrading 
conditions . The other conditions of the assay , including but enzymes also can be compared to the corresponding 
not limited to , time , temperature and / or other incubation unmodified hyaluronan - degrading enzyme not containing 
conditions , can be the same for both sets of conditions . the modification ( s ) under conditions that contain low or no 

For example , exposure can be achieved by incubation of 25 salt , such as less than 100 mM and / or under conditions that 
a modified hyaluronan - degrading enzyme in an assay buffer contain salt in an amount that is between or about between 
or composition that has been modified or adjusted to contain 140 mM to 200 mM . 
a denaturing agent such as an excipient or low or no salt . Exposure of a hyaluronan - degrading enzyme to a dena 
Exemplary denaturing agents or excipients include , but are turation condition also can be achieved by incubation of a 
not limited to , antiadherents , binders , coatings , fillers and 30 modified hyaluronan - de grading enzyme under conditions 
diluents , flavors , colors , lubricants , glidants , preservatives , that are known to be denaturing , such as under conditions of 
sorbents or sweeteners . The choice of buffer that is used can elevated temperature such as a temperature greater than or 

about or 30 ° C. ( e.g. , 30 ° C. 42 ° C. such as or about 37 ° be empirically determined by one skilled in the art depend C. ) or agitation . For example , the activity of the modified ing on the particular parameter or parameters being modi 35 hyaluronan - degrading enzyme is tested at elevated tempera fied . Exemplary assay buffers are Good’s buffers ( see e.g. , tures greater than or about or 30 ° C. to 42 ° C. In some Good et al . ( 1966 ) Biochemistry , 5 : 467-477 ) . Examples of examples , the modified hyaluronan - degrading enzyme also 
such buffers include , but are not limited to ACES , ADA , can be tested or assessed under a control or reference 
BES , Bicine , BIS - TRIS , CAPS , HEPES , MES , MOPS , condition where the temperatures is less than 30 ° C. , such as 
PIPES , TRIS or Trizma? buffers . Further , the amount or 40 between or about between 0 ° C. to 25 ° C. , for example , 0 ° 
concentration of the excipient or salt can be empirically C. to 5º C. or 18 ° C. to 25 ° C. In certain instances , as a 
determined by one of skill in the art depending on the choice control , the activity of modified hyaluronan - degrading 
of excipient or salt and the desired level or activity of the enzymes also can be compared to the corresponding 
modified hyaluronan - degrading enzyme . unmodified hyaluronan - degrading enzyme not containing 

In one example , the assay buffer or composition is modi- 45 the modification ( s ) under elevated temperatures greater than 
fied by inclusion of an amount of a denaturing agent or or about or 30 ° C. to 42 ° C. and / or temperatures is less than 
denaturing excipient that is a preservative , for example , a 30 ° C. , such as between or about between 0 ° C. to 25 ° C. , 
phenolic preservative . The phenolic preservative can be for example , 0 ° C. to 5º C. or 18 ° C. to 25 ° C. 
phenol , metacresol ( m - cresol ) , benzyl alcohol , and parabens The modified hyaluronan - degrading enzyme can be 
including methylparaben and propylparaben . In particular , 50 exposed to one or more than one of the conditions . The 
the phenolic preservative is phenol and / or m - cresol . The exposure to one condition can occur simultaneously , subse 
total amount of one or more phenolic preservative agents as quently , intermittently or periodically to exposure to one or 
a percentage ( % ) of mass concentration ( w / v ) can be more other conditions . 
between 0.05 % to 0.6 % , 0.1 % to 0.4 % , 0.1 % to 0.3 % , 0.15 % In one example , in the method herein , the modified 
to 0.325 % , 0.15 % to 0.25 % , 0.1 % to 0.2 % , 0.2 % to 0.3 % or 55 hyaluronan - degrading enzyme is incubated or exposed to the 
0.3 % to 0.4 % inclusive . In such an example , the activity of denaturation condition or denaturing agent prior to perform 
the modified hyaluronan - degrading enzyme is tested or ing an assay for hyaluronidase activity . For example , the 
assessed in the presence of such a total amount ( e.g. , modified hyaluronan - degrading enzyme is incubated in the 
between or about between 0.05 % to 0.6 % ) of one or more presence of a denaturing agent or exposed to one or more 
preservatives , for example , one or more phenolic preserva- 60 denaturation conditions or control conditions , such as one or 
tives . In some examples , the modified hyaluronan - degrading more of the denaturation conditions or control conditions as 
enzyme also can be tested or assessed under a control or described above . The incubation or exposure can be for any 
reference condition in which the assay buffer or composition desired length of time , and can be empirically determined by 
is not modified to contain a preservative . In certain one of skill in the art . For example , the modified hyaluronan 
instances , as a control , the activity of modified hyaluronan- 65 degrading enzyme can be incubated or exposed to one or 
degrading enzymes also can be compared to the correspond- more denaturation conditions , denaturing agents or control 
ing unmodified hyaluronan - degrading enzyme not contain- conditions for or about for 1 minute to 1 month , such as 1 
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minute to 3 weeks , 1 minute to 2 weeks , 1 minute to 1 week , ity can be represented as a ratio of activity or percentage of 
1 minute to 24 hours , 1 minute to 12 hours , such as 30 activity observed in the presence of elevated temperature 
minutes to 6 hours or 1 hour to 4 hours , and generally at least ( e.g. , 30 ° C. to 42 ° C. ) compared to activity in the presence 
or about at least 30 minutes , 1 hour , 2 hours , 3 hours , 4 of a lower temperature such as 0 ° C. to 25 ° C. , for example 
hours , 5 hours , 6 hours , 7 hours , 8 hours , 9 hours , 10 hours , 5 0 ° C. to 5º C. or 18 ° C. to 25 ° C. 
11 hours or 12 hours . After the time of incubation or A modified hyaluronan - degrading enzyme is selected or 
exposure , the sample or composition containing the modi- identified that retains or exhibits any desired activity in the 
fied hyaluronan - degrading enzyme ( or control unmodified presence of the denaturation condition compared to in its 
enzyme ) is assessed for hyaluronidase assay . In another absence . The particular cut - off of activity for selection of 
example , the modified hyaluronan - degrading enzyme is 10 enzymes herein is dependent on the particular user and / or 
exposed or incubated under one or more denaturation con- practice of the method and can be empirically determined 
ditions and is simultaneously or concurrently assessed for depending on factors such as the particular denaturation 
hyaluronidase activity . In any examples where a modified condition or denaturing agent , the particular modified 
hyaluronan - degrading enzyme is assessed , it is understood hyaluronan - degrading enzyme , the desired application of the 
that an unmodified hyaluronan - degrading enzyme not con- 15 identified or selected hyaluronan - degrading enzyme and 
taining the modifications ( s ) also can be assessed under other similar factors . Generally , a selected or identified 
similar assay conditions for comparison . modified hyaluronan - degrading enzyme exhibits stability if 

Assays to assess hyaluronidase activity are well known in any detectable activity is measured or assessed upon expo 
the art . Examples of such assays are described in Section G. sure or incubation with a denaturation condition or denatur 
In one example , hyaluronidase activity can be assessed in a 20 ing agent . For example , a selected or identified modified 
microturbidity assay , wherein the amount of undegraded HA hyaluronan - degrading enzyme exhibits stability , or resis 
is measured by the addition of a reagent that precipitates HA tance to a denaturation condition or denaturing agent , if it 
( e.g. , Cetylpyridinium chloride ( CPC ) or acidified serum ) exhibits at least 5 % or 10 % of the activity of the same 
after the enzyme is allowed to react with HA . In another enzyme in the absence of the denaturation condition or 
example , hyaluronidase activity can be assessed using a 25 denaturing agent , and generally if the modified hyaluronan 
microtiter assay in which residual biotinylated hyaluronic degrading enzyme exhibits an activity that is at least 15 % of 
acid is measured following incubation with hyaluronidase the initial hyaluronidase activity prior to incubation in the 
( see e.g. , Frost and Stern ( 1997 ) Anal . Biochem . 251 : 263- presence of the denaturation condition . For example , a 
269 , U.S. Pat . Publication No. 20050260186 ) . The resulting modified hyaluronan - degrading enzyme selected or iden 
activities under each of the tested conditions is determined 30 tified that exhibits at least ( or at least about ) 16 % , 17 % , 18 % , 
and compared . 19 % , 20 % , 25 % , 30 % , 35 % , 40 % , 45 % , 50 % , 55 % , 60 % , 

3. Selection or Identification 65 % , 70 % , 75 % , 80 % , 85 % , 90 % , 95 % , 100 % , 110 % , 
In the me od , after screening modified hyaluronan - de- 0 % , 130 % , 1409 200 % , 300 % , 400 % , 500 % or 

grading enzymes under one or more denaturation conditions , more of the initial hyaluronidase activity of the modified 
the hyaluronidase activities of the tested enzymes are com- 35 hyaluronan - de grading enzyme tested under a control or 
pared . The method is practiced in order to identify a modi- non - denaturation condition . 
fied hyaluronan - degrading enzyme that is more resistant to In other examples of the methods herein , the activity of 
denaturation by a condition or a denaturing agent , whereby the modified hyaluronan degrading enzyme is assessed upon 
the activity of the enzyme is indicative of the stability of the exposure to a denaturation condition and the activity of the 
enzyme as a measure of its resistance to denaturation . It is 40 unmodified or reference hyaluronan - degrading enzyme also 
understood that some reduction of enzyme activity , as a is assessed upon exposure to the same denaturation condi 
result of denaturation , can be tolerated in various applica- tions . In such examples , the activities are compared when 
tions , and thus the method can be practiced to select for a the enzymes are exposed to the same conditions . For com 
modified hyaluronan - degrading enzymes that exhibits a req- parison , the activity under a denaturation condition can be 
uisite activity upon exposure to a denaturation condition to 45 represented as a ratio of activity or a percentage of activity 
permit its use or application ( e.g. , therapeutic activity ) . For of a modified hyaluronan - degrading enzyme compared to an 
example , a modified enzyme can be selected that loses unmodified or reference hyaluronan - degrading enzyme . In 
activity more slowly than the corresponding unmodified or such examples , a modified hyaluronan - degrading enzyme is 
reference hyaluronan - degrading enzyme , but whose retained selected that exhibits greater activity under a denaturation 
activity is sufficient for a particular application or purpose . 50 condition than the unmodified or reference hyaluronan 

In examples of the methods herein , the activity of the degrading enzyme . Thus , the modified hyaluronan - degrad 
modified hyaluronan degrading enzyme is assessed upon ing enzyme is one that is more resistant to the condition . For 
exposure to a first denaturation condition and also assessed example , where the denaturation condition is the presence of 
upon exposure to a second condition that is a control or preservative ( e.g. , phenolic preservative ) , the activity 
non - denaturation condition , and the resulting hyaluronidase 55 observed in the presence of preservative ( e.g. , phenolic 
activities compared . For comparison , in some examples , the preservative ) can be represented as a ratio of activity or 
activity can be represented as a ratio of activity or a percentage of activity of the modified hyaluronan - degrading 
percentage of activity under a denaturation condition com- enzyme compared to the unmodified or reference hyaluro 
pared to under a control or non - denaturation condition . For nan - degrading enzyme . In another example , where the dena 
example , where the parameter that differs between the first 60 turation condition is high temperature , activity observed in 
and second condition is the presence of preservative ( e.g. , the presence of elevated temperature ( e.g. , 30 ° C. to 42 ° C. ) 
phenolic preservative ) , activity can be represented as a ratio can be represented as a ratio of activity or percentage of 
of activity or percentage of activity observed in the presence activity of the modified hyaluronan - degrading enzyme com 
of preservative ( e.g. , phenolic preservative ) versus activity pared to the unmodified or reference hyaluronan - degrading 
in the absence of preservative ( e.g. , phenolic preservative ) . 65 enzyme . 
In another example , where the parameter that differs In such examples , a modified hyaluronan - degrading 
between the first and second condition is temperature , activ- enzyme , such as a modified PH20 , is identified or selected 
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that exhibits a ratio of activity that is greater than or at least DNA methods . For example , modified PH20 polypeptides 
1.1 , such that the enzyme exhibits greater activity than the can be engineered from a wildtype polypeptide , such as by 
unmodified or reference hyaluronan - degrading enzyme site - directed mutagenesis . 
under the denaturation condition . For example , the ratio is at 1. Isolation or Preparation of Nucleic Acids Encoding 
least or at least about 1.2 , 1.3 , 1.4 , 1.5 , 1.6 , 1.7 , 1.8 , 1.9 , 2.0 , 5 PH20 Polypeptides 
2.5 , 3.0 , 3.5 , 4.0 , 5.0 , 6.0 , 7.0 , 8.0 , 9.0 or greater . A modified Polypeptides can be cloned or isolated using any available 
hyaluronan - degrading enzyme ( e.g. , a modified PH20 ) can methods known in the art for cloning and isolating nucleic 
be selected if its activity is at least 120 % , 130 % , 140 % , acid molecules . Such methods include PCR amplification of 
150 % , 160 % , 170 % , 180 % , 190 % , 200 % , 250 % , 300 % , nucleic acids and screening of libraries , including nucleic 
400 % , 500 % or more of the activity of the unmodified or 10 acid hybridization screening , antibody - based screening and 
reference hyaluronan - degrading enzyme when tested under activity - based screening . 
the same conditions . Thus , modified hyaluronan - degrading For example , when the polypeptides are produced by recom 
enzymes are identified that exhibit gr or improved binant means , any method known to those of skill in the art 
stability compared to the unmodified hyaluronan - degrading for identification of nucleic acids that encode desired genes 
enzyme or a reference hyaluronan - degrading enzyme as 15 can be used . Any method available in the art can be used to 
manifested by increased resistance to a denaturation condi- obtain a full length or partial ( i.e. , encompassing the entire 
tion or denaturing agent . coding region ) cDNA or genomic DNA clone encoding a 

4. Iterative Methods PH20 , such as from a cell or tissue source . 
The method provided herein also is iterative . In one Methods for amplification of nucleic acids can be used to 

example , after the method is performed , any modified 20 isolate nucleic acid molecules encoding a desired polypep 
hyaluronan - degrading enzymes identified as exhibiting sta- tide , including for example , polymerase chain reaction 
bility , such as increased stability , under a denaturation ( PCR ) methods . Examples of such methods include use of a 
condition can be modified or further modified to increase or Perkin - Elmer Cetus thermal cycler and Taq polymerase 
optimize the stability . A secondary library can be created by ( Gene Amp ) . A nucleic acid containing material can be used 
introducing additional modifications in a first identified 25 as a starting material from which a desired polypeptide 
modified hyaluronan - degrading enzyme . For example , encoding nucleic acid molecule can be isolated . For 
modifications that were identified as conferring stability , example , DNA and mRNA preparations , cell extracts , tissue 
such as increasing stability , can be combined to generate a extracts , fluid samples ( e.g. , blood , serum , saliva ) , samples 
combinatorial library . The secondary library can be tested from healthy and / or diseased subjects can be used in ampli 
using the assays and methods described herein . 30 fication methods . The source can be from any eukaryotic 

In another example of an iterative aspect of the method , species including , but not limited to , vertebrate , mammalian , 
modified hyaluronan - degrading enzymes that are identified human , porcine , bovine , feline , avian , equine , canine , and 
as not exhibiting stability such as increased stability ( e.g. , other primate sources . Nucleic acid libraries also can be used 
such that they are not active or do not have increased activity as a source of starting material . Primers can be designed to 
under the a denaturation condition ) , can be further modified 35 amplify a desired polypeptide . For example , primers can be 
and retested for stability under a denaturation condition . The designed based on expressed sequences from which a 
further modifications can be targeted near particular regions desired polypeptide is generated . Primers can be designed 
( e.g. , particular amino acid residues ) associated with activity based on back - translation of a polypeptide amino acid 
and / or stability of the molecule . For example , residues that sequence . If desired , degenerate primers can be used for 
are associated with activity and / or stability of the molecule 40 amplification . Oligonucleotide primers that hybridize to 
generally are critical residues that are involved in the sequences at the 3 ' and 5 ' termini of the desired sequence can 
structural folding or other activities of the molecule . Hence , be uses as primers to amplify by PCR sequences from a 
such residues are required for activity , generally under any nucleic acid sample . Primers can be used to amplify the 
condition . Critical residues can be identified because , when entire full - length PH20 , or a truncated sequence thereof , 
mutated , a normal activity of the protein is ablated or 45 such as a nucleic acid encoding any of the soluble PH20 
reduced . For example , critical residues can be identified that , polypeptides provided herein . Nucleic acid molecules gen 
when mutated in a hyaluronan - degrading enzyme , exhibit erated by amplification can be sequenced and confirmed to 
reduced or ablated hyaluronidase activity under a normal or encode a desired polypeptide . 
control assay condition . A further library of modified pro- Additional nucleotide sequences can be joined to a poly 
teins can be generated with amino acid mutations targeted at 50 peptide - encoding nucleic acid molecule , including linker 
or near to the identified critical amino acid residues , such as sequences containing restriction endonuclease sites for the 
adjacent to the identified critical amino acid residues . In purpose of cloning the synthetic gene into a vector , for 
some examples , the mutations can be amino acid replace- example , a protein expression vector or a vector designed for 
ment to any other of up to 19 other amino acid residues . The the amplification of the core protein coding DNA sequences . 
secondary library can be tested using the assays and methods 55 Furthermore , additional nucleotide sequences specifying 
described herein . functional DNA elements can be operatively linked to a 

polypeptide - encoding nucleic acid molecule . Examples of 
E. PRODUCTION OF MODIFIED PH20 such sequences include , but are not limited to , promoter 

POLYPEPTIDES AND ENCODING NUCLEIC sequences designed to facilitate intracellular protein expres 
ACID MOLECULES 60 sion , and secretion sequences , for example heterologous 

signal sequences , designed to facilitate protein secretion . 
Polypeptides of a modified PH20 polypeptide set forth Such sequences are known to those of skill in the art . For 

herein can be obtained by methods well known in the art for example , exemplary heterologous signal sequences include , 
protein purification and recombinant protein expression . but are not limited to , human and mouse kappa IgG heter 
Polypeptides also can be synthesized chemically . Modified 65 ologous signal sequences set forth in SEQ ID NO : 868 . 
or variant , including truncated , forms can be engineered Additional nucleotide residue sequences such as sequences 
from a wildtype polypeptide using standard recombinant of bases specifying protein binding regions also can be 
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linked to enzyme - encoding nucleic acid molecules . Such of skill in the art . Any method known in the art to effect 
regions include , but are not limited to , sequences of residues mutation of any one or more amino acids in a target protein 
that facilitate or encode proteins that facilitate uptake of an can be employed . Methods include standard site - directed 
enzyme into specific target cells , or otherwise alter pharma- mutagenesis ( using e.g. , a kit , such as QuikChange available 
cokinetics of a product of a synthetic gene . 5 from Stratagene ) of encoding nucleic acid molecules , or by 

In addition , tags or other moieties can be added , for solid phase polypeptide synthesis methods . 
example , to aid in detection or affinity purification of the 3. Vectors and Cells 
polypeptide . For example , additional nucleotide residue For recombinant expression of one or more of the desired 
sequences such as sequences of bases specifying an epitope proteins , such as any modified PH20 polypeptide described 
tag or other detectable marker also can be linked to enzyme- 10 herein , the nucleic acid containing all or a portion of the 
encoding nucleic acid molecules . Examples of such nucleotide sequence encoding the protein can be inserted 
sequences include nucleic acid sequences encoding a His tag into an appropriate expression vector , i.e. , a vector that 
or Flag Tag . contains the necessary elements for the transcription and 

The identified and isolated nucleic acids can then be translation of the inserted protein coding sequence . The 
inserted into an appropriate cloning vector . A large number 15 necessary transcriptional and translational signals also can 
of vector - host systems known in the art can be used . Possible be supplied by the native promoter for enzyme genes , and / or 
vectors include , but are not limited to , plasmids or modified their flanking regions . 
viruses , but the vector system must be compatible with the Also provided are vectors that contain a nucleic acid 
host cell used . Such vectors include , but are not limited to , encoding the enzyme . Cells containing the vectors also are 
bacteriophages such as lambda derivatives , or plasmids such 20 provided . The cells include eukaryotic and prokaryotic cells , 
as pCMV4 , PBR322 or PUC plasmid derivatives or the and the vectors are any suitable for use therein . Generally , 
Bluescript vector ( Stratagene , La Jolla , Calif . ) . Other the cell is a cell that is capable of effecting glycosylation of 
expression vectors include the HZ24 expression vector the encoded protein . 
exemplified herein ( see e.g. , SEQ ID NOS : 4 and 5 ) . The Prokaryotic and eukaryotic cells containing the vectors 
insertion into a cloning vector can , for example , be accom- 25 are provided . Such cells include bacterial cells , yeast cells , 
plished by ligating the DNA fragment into a cloning vector fungal cells , Archea , plant cells , insect cells and animal 
which has complementary cohesive termini . Insertion can be cells . The cells are used to produce a protein thereof by 
effected using TOPO cloning vectors ( Invitrogen , Carlsbad , growing the above - described cells under conditions 
Calif . ) . whereby the encoded protein is expressed by the cell , and 

If the complementary restriction sites used to fragment the 30 recovering the expressed protein . For purposes herein , for 
DNA are not present in the cloning vector , the ends of the example , the enzyme can be secreted into the medium . 
DNA molecules can be enzymatically modified . Alterna- A host cell strain can be chosen for its ability to modulate 
tively , any site desired can be produced by ligating nucleo- the expression of the inserted sequences or to process the 
tide sequences ( linkers ) onto the DNA termini ; these ligated expressed protein in the desired fashion . Such modifications 
linkers can contain specific chemically synthesized oligo- 35 of the polypeptide include , but are not limited to , acety 
nucleotides encoding restriction endonuclease recognition lation , carboxylation , glycosylation , phosphorylation , lipi 
sequences . In an alternative method , the cleaved vector and dation and acylation . Post - translational processing can 
protein gene can be modified by homopolymeric tailing . impact the folding and / or function of the polypeptide . Dif 

Recombinant molecules can be introduced into host cells ferent host cells , such as , but not limited to , CHO ( DG44 , 
via , for example , transformation , transfection , infection , 40 DXB11 , CHO - K1 ) , Hela , MCDK , 293 and W138 have 
electroporation and sonoporation , so that many copies of the specific cellular machinery and characteristic mechanisms 
gene sequence are generated . In specific embodiments , for such post - translational activities and can be chosen to 
transformation of host cells with recombinant DNA mol- ensure the correct modification and processing of the intro 
ecules that incorporate the isolated protein gene , cDNA , or duced protein . Generally , the choice of cell is one that is 
synthesized DNA sequence enables generation of multiple 45 capable of introducing N - linked glycosylation into the 
copies of the gene . Thus , the gene can be obtained in large expressed polypeptide . Hence , eukaryotic cells containing 
quantities by growing transformants , isolating the recombi- the vectors are provided . Exemplary eukaryotic cells are 
nant DNA molecules from the transformants and , when mammalian Chinese Hamster Ovary ( CHO ) cells . For 
necessary , retrieving the inserted gene from the isolated example , CHO cells deficient in dihydrofolate reductase 
recombinant DNA . 50 ( e.g. , DG44 cells ) are used to produce polypeptides provided 

In addition to recombinant production , modified PH20 herein . Note that bacterial expression of an PH20 polypep 
polypeptides provided herein can be produced by direct tide provided herein will not result in a catalytically active 
peptide synthesis using solid - phase techniques ( see e.g. , polypeptide , but when combined with proper glycosylation 
Stewart et al . ( 1969 ) Solid - Phase Peptide Synthesis , WH machinery , the PH20 can be artificially glycosylated . 
Freeman Co. , San Francisco ; Merrifield J ( 1963 ) J Am Chem 55 Provided are vectors that contain a sequence of nucleo 
Soc . , 85 : 2149-2154 ) . In vitro protein synthesis can be per- tides that encodes the modified PH20 polypeptide , coupled 
formed using manual techniques or by automation . Auto- to the native or heterologous signal sequence , as well as 
mated synthesis can be achieved , for example , using Applied multiple copies thereof . The vectors can be selected for 
Biosystems 431A Peptide Synthesizer ( Perkin Elmer , Foster expression of the enzyme protein in the cell or such that the 
City Calif . ) in accordance with the instructions provided by 60 enzyme protein is expressed as a secreted protein . 
the manufacturer . Various fragments of a polypeptide can be A variety of host - vector systems can be used to express 
chemically synthesized separately and combined using the protein encoding sequence . These include but are not 
chemical methods . limited to mammalian cell systems infected with virus ( e.g. , 

2. Generation of Mutant or Modified Nucleic Acid and vaccinia virus , adenovirus and other viruses ) ; insect cell 
Encoding Polypeptides 65 systems infected with virus ( e.g. , baculovirus ) ; microorgan 

The modifications provided herein can be made by stan- isms such as yeast containing yeast vectors ; or bacteria 
dard recombinant DNA techniques such as are routine to one transformed with bacteriophage , DNA , plasmid DNA , or 
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cosmid DNA . The expression elements of vectors vary in 48 : 703-712 ( 1987 ) ) , myosin light chain - 2 gene control 
their strengths and specificities . Depending on the host- region which is active in skeletal muscle ( Shani , Nature 
vector system used , any one of a number of suitable tran- 314 : 283-286 ( 1985 ) ) , and gonadotrophic releasing hormone 
scription and translation elements can be used . gene control region which is active in gonadotrophs of the 
Any methods known to those of skill in the art for the 5 hypothalamus ( Mason et al . , Science 234 : 1372-1378 

insertion of DNA fragments into a vector can be used to ( 1986 ) ) . 
construct expression vectors containing a chimeric gene In a specific embodiment , a vector is used that contains a 
containing appropriate transcriptional / translational control promoter operably linked to nucleic acids encoding a desired 
signals and protein coding sequences . These methods can protein , or a domain , fragment , derivative or homolog 
include in vitro recombinant DNA and synthetic techniques 10 thereof , one or more origins of replication , and optionally , 
and in vivo recombinants ( genetic recombination ) . Expres- one or more selectable markers ( e.g. , an antibiotic resistance 
sion of nucleic acid sequences encoding protein , or domains , gene ) . Depending on the expression system , specific initia 
derivatives , fragments or homologs thereof , can be regulated tion signals also are required for efficient translation of a 
by a second nucleic acid sequence so that the genes or PH20 sequence . These signals include the ATG initiation 
fragments thereof are expressed in a host transformed with 15 codon and adjacent sequences . In cases where the initiation 
the recombinant DNA molecule ( s ) . For example , expression codon and upstream sequences of PH20 or soluble forms 
of the proteins can be controlled by any promoter / enhancer thereof are inserted into the appropriate expression vector , 
known in the art . In a specific embodiment , the promoter is no additional translational control signals are needed . In 
not native to the genes for a desired protein . Promoters cases where only a coding sequence , or a portion thereof , is 
which can be used include , but are not limited to , the SV40 20 inserted , exogenous transcriptional control signals including 
early promoter ( Bernoist and Chambon , Nature 290 : 304- the ATG initiation codon must be provided . Furthermore , the 
310 ( 1981 ) ) , the promoter contained in the 3 ' long terminal initiation codon must be in the correct reading frame to 
repeat of Rous sarcoma virus ( Yamamoto et al . Cell 22 : 787- ensure transcription of the entire insert . Exogenous tran 
797 ( 1980 ) ) , the herpes thymidine kinase promoter ( Wagner scriptional elements and initiation codons can be of various 
et al . , Proc . Natl . Acad . Sci . USA 78 : 1441-1445 ( 1981 ) ) , the 25 origins , both natural and synthetic . The efficiency of expres 
regulatory sequences of the metallothionein gene ( Brinster sion can be enhanced by the inclusion of enhancers appro 
et al . , Nature 296 : 39-42 ( 1982 ) ) ; prokaryotic expression priate to the cell system in use ( Scharf et al . ( 1994 ) Results 
vector promoters , such as the B - lactamase promoter ( Jay et Probl Cell Differ 20 : 125-62 ; Bittner et al . ( 1987 ) Methods in 
al . , ( 1981 ) Proc . Natl . Acad . Sci . USA 78 : 5543 ) or the tac Enzymol , 153 : 516-544 ) . 
promoter ( DeBoer et al . , Proc . Natl . Acad . Sci . USA 80 : 21- 30 Exemplary plasmid vectors for transformation of E. coli 
25 ( 1983 ) ; see also Gilbert and Villa - Komaroff , “ Useful cells include , for example , the pQE expression vectors 
Proteins from Recombinant Bacteria , ” Scientific American ( available from Qiagen , Valencia , Calif . , see also literature 
242 : 74-94 ( 1980 ) ) ; plant expression vector promoters , such published by Qiagen describing the system ) . PQE vectors 
as the nopaline synthetase promoter ( Herrera - Estrella et al . , have a phage T5 promoter ( recognized by E. coli RNA 
Nature 303 : 209-213 ( 1984 ) ) or the cauliflower mosaic virus 35 polymerase ) and a double lac operator repression module to 
35S RNA promoter ( Gardner et al . , Nucleic Acids Res . provide tightly regulated , high - level expression of recom 
9 : 2871 ( 1981 ) ) , and the promoter of the photosynthetic binant proteins in E. coli , a synthetic ribosomal binding site 
enzyme ribulose bisphosphate carboxylase ( Herrera - Estrella ( RBS II ) for efficient translation , a 6xHis tag coding 
et al . , Nature 310 : 115-120 ( 1984 ) ) ; promoter elements from sequence , to and T1 transcriptional terminators , ColEl origin 
yeast and other fungi such as the Gal4 promoter , the alcohol 40 of replication , and a beta - lactamase gene for conferring 
dehydrogenase promoter , the phosphoglycerol kinase pro- ampicillin resistance . The pQE vectors enable placement of 
moter , the alkaline phosphatase promoter , and the following a 6xHis tag at either the N - or C - terminus of the recombinant 
animal transcriptional control regions that exhibit tissue protein . Such plasmids include pQE 32 , pQE 30 , and pQE 
specificity and have been used in transgenic animals : 31 which provide multiple cloning sites for all three reading 
elastase I gene control region which is active in pancreatic 45 frames and provide for the expression of N - terminally 
acinar cells ( Swift et al . , Cell 38 : 639-646 ( 1984 ) ; Ornitz et 6xHis - tagged proteins . Other exemplary plasmid vectors for 
al . , Cold Spring Harbor Symp . Quant . Biol . 50 : 399-409 transformation of E. coli cells , include , for example , the pET 
( 1986 ) ; MacDonald , Hepatology 7 : 425-515 ( 1987 ) ) ; insulin expression vectors ( see , U.S. Pat . No. 4,952,496 ; available 
gene control region which is active in pancreatic beta cells from Novagen , Madison , Wis .; see , also literature published 
( Hanahan et al . , Nature 315 : 115-122 ( 1985 ) ) , immuno- 50 by Novagen describing the system ) . Such plasmids include 
globulin gene control region which is active in lymphoid PET11a , which contains the T71ac promoter , T7 terminator , 
cells ( Grosschedl et al . , Cell 38 : 647-658 ( 1984 ) ; Adams et the inducible E. coli lac operator , and the lac repressor gene ; 
al . , Nature 318 : 533-538 ( 1985 ) ; Alexander et al . , Mol . Cell PET 12a - c , which contains the 17 promoter , T7 terminator , 
Biol . 7 : 1436-1444 ( 1987 ) ) , mouse mammary tumor virus and the E. coli ompt secretion signal ; and pET15b and 
control region which is active in testicular , breast , lymphoid 55 pET19b ( Novagen , Madison , Wis . ) , which contain a His 
and mast cells ( Leder et al . , Cell 45 : 485-495 ( 1986 ) ) , TagTM leader sequence for use in purification with a His 
albumin gene control region which is active in liver ( Pinkert column and a thrombin cleavage site that permits cleavage 
et al . , Genes and Devel . 1 : 268-276 ( 1987 ) ) , alpha - fetopro- following purification over the column , the T7 - lac promoter 
tein gene control region which is active in liver ( Krumlauf region and the T7 terminator . 
et al . , Mol . Cell . Biol . 5 : 1639-1648 ( 1985 ) ; Hammer et al . , 60 Typically , vectors can be plasmids , viral vectors , or others 
Science 235 : 53-58 1987 ) ) , alpha - 1 antitrypsin gene control known in the art , used for expression of the modified PH20 
region which is active in liver ( Kelsey et al . , Genes and polypeptide in vivo or in vitro . For example , the modified 
Devel . 1 : 161-171 ( 1987 ) ) , beta globin gene control region PH20 polypeptide is expressed in mammalian cells , includ 
which is active in myeloid cells ( Magram et al . , Nature ing , for example , Chinese Hamster Ovary ( CHO ) cells . An 
315 : 338-340 ( 1985 ) ; Kollias et al . , Cell 46 : 89-94 ( 1986 ) ) , 65 exemplary vector for mammalian cell expression is the 
myelin basic protein gene control region which is active in HZ24 expression vector . The HZ24 expression vector was 
oligodendrocyte cells of the brain ( Readhead et al . , Cell derived from the PCI vector backbone ( Promega ) . It contains 
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DNA encoding the Beta - lactamase resistance gene ( AmpR ) , the vector , cells can be allowed to grow for 1-2 days in an 
an F1 origin of replication , a Cytomegalovirus immediate- enriched medium before they are switched to selective 
early enhancer / promoter region ( CMV ) , and an SV40 late media . The purpose of the selectable marker is to confer 
polyadenylation signal ( SV 40 ) . The expression vector also resistance to selection , and its presence allows growth and 
has an internal ribosome entry site ( IRES ) from the ECMV 5 recovery of cells that successfully express the introduced 
virus ( Clontech ) and the mouse dihydrofolate reductase sequences . Resistant cells of stably transformed cells can be 
( DHFR ) gene . proliferated using tissue culture techniques appropriate to 

Viral vectors , such as adenovirus , retrovirus or vaccinia the cell types . 
virus vectors , can be employed . In some examples , the Any number of selection systems can be used to recover 
vector is a defective or attenuated retroviral or other viral 10 transformed cell lines . These include , but are not limited to , 
vector ( see U.S. Pat . No. 4,980,286 ) . For example , a retro- the herpes simplex virus thymidine kinase ( Wigler , M et al . 
viral vector can be used ( see Miller et al . , Meth . Enzymol . ( 1977 ) Cell , 11 : 223-32 ) and adenine phosphoribosyltrans 
217 : 581-599 ( 1993 ) ) . These retroviral vectors have been ferase ( Lowy , I et al . ( 1980 ) Cell , 22 : 817-23 ) genes , which 
modified to delete retroviral sequences that are not necessary can be employed in TK- or APRT - cells , respectively . Also , 
for packaging of the viral genome and integration into host 15 antimetabolite , antibiotic or herbicide resistance can be used 
cell DNA . as the basis for selection . For example , DHFR , which 

In some examples , viruses armed with a nucleic acid confers resistance to methotrexate ( Wigler , M et al . ( 1980 ) 
encoding a modified PH20 polypeptide can facilitate their Proc . Natl . Acad . Sci , 77 : 3567-70 ) ; npt , which confers 
replication and spread within a target tissue for example . The resistance to the aminoglycosides neomycin and G - 418 
target tissue can be a cancerous tissue whereby the virus is 20 ( Colbere - Garapin , F et al . ( 1981 ) J. Mol . Biol . , 150 : 1-14 ) ; 
capable of selective replication within the tumor . The virus and als or pat , which confer resistance to chlorsulfuron and 
can also be a non - lytic virus wherein the virus selectively phosphinothricin acetyltransferase , respectively , can be 
replicates under a tissue specific promoter . As the viruses used . Additional selectable genes have been described , for 
replicate , the coexpression of the PH20 polypeptide with example , trpB , which allows cells to utilize indole in place 
viral genes will facilitate the spread of the virus in vivo . 25 of tryptophan or hisD , which allows cells to utilize histinol 

4. Expression in place of histidine ( Hartman S C and RC Mulligan ( 1988 ) 
Modified PH20 polypeptides can be produced by any Proc . Natl . Acad . Sci , 85 : 8047-51 ) . Visible markers , such as 

method known to those of skill in the art including in vivo but not limited to , anthocyanins , beta glucuronidase and its 
and in vitro methods . Desired proteins can be expressed in substrate , GUS , and luciferase and its substrate luciferin , 
any organism suitable to produce the required amounts and 30 also can be used to identify transformants and also to 
forms of the proteins , such as for example , those needed for quantify the amount of transient or stable protein expression 
administration and treatment . Expression hosts include pro- attributable to a particular vector system ( Rhodes C A et al . 
karyotic and eukaryotic organisms such as E. coli , yeast , ( 1995 ) Methods Mol . Biol . 55 : 121-131 ) . 
plants , insect cells , mammalian cells , including human cell The presence and expression of PH20 polypeptides can be 
lines and transgenic animals Expression hosts can differ in 35 monitored . For example , detection of a functional polypep 
their protein production levels as well as the types of tide can be determined by testing the conditioned media for 
post - translational modifications that are present on the hyaluronidase enzyme activity under appropriate conditions . 
expressed proteins . The choice of expression host can be Exemplary assays to assess the solubility and activity of 
made based on these and other factors , such as regulatory expressed proteins are provided herein . 
and safety considerations , production costs and the need and 40 a . Prokaryotic Cells 
methods for purification . Prokaryotes , especially E. coli , provide a system for 
Many expression vectors are available and known to those producing large amounts of proteins . Transformation of E. 

of skill in the art and can be used for expression of proteins . coli is a simple and rapid technique well known to those of 
The choice of expression vector will be influenced by the skill in the art . Expression vectors for E. coli can contain 
choice of host expression system . In general , expression 45 inducible promoters . Such promoters are useful for inducing 
vectors can include transcriptional promoters and optionally high levels of protein expression and for expressing proteins 
enhancers , translational signals , and transcriptional and that exhibit some toxicity to the host cells . Examples of 
translational termination signals . Expression vectors that are inducible promoters include the lac promoter , the trp pro 
used for stable transformation typically have a selectable moter , the hybrid tac promoter , the T7 and SP6 RNA 
marker which allows selection and maintenance of the 50 promoters and the temperature regulated APL promoter . 
transformed cells . In some cases , an origin of replication can Proteins , such as any provided herein , can be expressed in 
be used to amplify the copy number of the vector . the cytoplasmic environment of E. coli . The cytoplasm is a 

Modified PH20 polypeptides also can be utilized or reducing environment , and for some molecules , this can 
expressed as protein fusions . For example , an enzyme fusion result in the formation of insoluble inclusion bodies . Reduc 
can be generated to add additional functionality to an 55 ing agents such as dithiothreotol and B - mercaptoethanol and 
enzyme . Examples of enzyme fusion proteins include , but denaturants , such as guanidine - HCl and urea can be used to 
are not limited to , fusions of a signal sequence , a tag such as resolubilize the proteins . An alternative approach effects 
for localization , e.g. , a 6xHis or His , tag or a myc tag , or a protein expression in the periplasmic space of bacteria 
tag for purification , for example , a GST fusion , and a which provides an oxidizing environment and chaperonin 
sequence for directing protein secretion and / or membrane 60 like and disulfide isomerases , which can aid in the produc 
association . tion of soluble protein . Typically , a leader sequence is fused 

For long - term , high - yield production of recombinant pro- to the protein to be expressed which directs the protein to the 
teins , stable expression is desired . For example , cell lines periplasm . The leader is then removed by signal peptidases 
that stably express a modified PH20 polypeptide can be inside the periplasm . Examples of periplasmic - targeting 
transformed using expression vectors that contain viral 65 leader sequences include the pelB leader from the pectate 
origins of replication or endogenous expression elements lyase gene and the leader derived from the alkaline phos 
and a selectable marker gene . Following the introduction of phatase gene . In some cases , periplasmic expression allows 
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leakage of the expressed protein into the culture medium . An alternative expression system in insect cells employs 
The secretion of proteins allows quick and simple purifica- stably transformed cells . Cell lines such as the Schnieder 2 
tion from the culture supernatant . Proteins that are not ( S2 ) and Kc cells ( Drosophila melanogaster ) and C7 cells 
secreted can be obtained from the periplasm by osmotic lysis ( Aedes albopictus ) can be used for expression . The Droso 
Similar to cytoplasmic expression , in some cases proteins 5 phila metallothionein promoter can be used to induce high 
can become insoluble and denaturants and reducing agents levels of expression in the presence of heavy metal induction 
can be used to facilitate solubilization and refolding . Tem- with cadmium or copper . Expression vectors are typically 
perature of induction and growth also can influence expres- maintained by the use of selectable markers such as neo 
sion levels and solubility , typically temperatures between mycin and hygromycin . 
25 ° C. and 37 ° C. are used . Typically , bacteria produce 10 d . Mammalian Expression 
aglycosylated proteins . Thus , if proteins require glycosy- Mammalian expression systems can be used to express 
lation for function , glycosylation can be added in vitro after proteins including PH20 polypeptides . Expression con 
purification from host cells . structs can be transferred to mammalian cells by viral 

b . Yeast Cells infection such as by adenovirus or by direct DNA transfer 
Yeasts such as Saccharomyces cerevisae , Schizosaccha- 15 such as liposomes , calcium phosphate , DEAE - dextran and 

romyces pombe , Yarrowia lipolytica , Kluyveromyces lactis by physical means such as electroporation and microinjec 
and Pichia pastoris are well known yeast expression hosts tion . Expression vectors for mammalian cells typically 
that can be used for production of proteins , such as any include an mRNA cap site , a TATA box , a translational 
described herein . Yeast can be transformed with episomal initiation sequence ( Kozak consensus sequence ) and poly 
replicating vectors or by stable chromosomal integration by 20 adenylation elements . IRES elements also can be added to 
homologous recombination . Typically , inducible promoters permit bicistronic expression with another gene , such as a 
are used to regulate gene expression . Examples of such selectable marker . Such vectors often include transcriptional 
promoters include GALI , GAL7 and GAL5 and metalloth- promoter - enhancers for high - level expression , for example 
ionein promoters , such as CUP1 , AOX1 or other Pichia or the SV40 promoter - enhancer , the human cytomegalovirus 
other yeast promoters . Expression vectors often include a 25 ( CMV ) promoter and the long terminal repeat of Rous 
selectable marker such as LEU2 , TRP1 , HIS3 and URA3 for sarcoma virus ( RSV ) . These promoter - enhancers are active 
selection and maintenance of the transformed DNA . Pro- in many cell types . Tissue and cell - type promoters and 
teins expressed in yeast are often soluble . Co - expression enhancer regions also can be used for expression . Exemplary 
with chaperonins such as Bip and protein disulfide promoter / enhancer regions include , but are not limited to , 
isomerase can improve expression levels and solubility . 30 those from genes such as elastase I , insulin , immunoglobu 
Additionally , proteins expressed in yeast can be directed for lin , mouse mammary tumor virus , albumin , alpha fetopro 
secretion using secretion signal peptide fusions such as the tein , alpha 1 antitrypsin , beta globin , myelin basic protein , 
yeast mating type alpha - factor secretion signal from Sac- myosin light chain 2 , and gonadotropic releasing hormone 
charomyces cerevisae and fusions with yeast cell surface gene control . Selectable markers can be used to select for 
proteins such as the Aga2p mating adhesion receptor or the 35 and maintain cells with the expression construct . Examples 
Arxula adeninivorans glucoamylase . A protease cleavage of selectable marker genes include , but are not limited to , 
site such as for the Kex - 2 protease , can be engineered to hygromycin B phosphotransferase , adenosine deaminase , 
remove the fused sequences from the expressed polypep- xanthine - guanine phosphoribosyl transferase , aminoglyco 
tides as they exit the secretion pathway . Yeast also is capable side phosphotransferase , dihydro folate reductase ( DHFR ) 
of glycosylation at Asn - X - Ser / Thr motifs . 40 and thymidine kinase . For example , expression can be 

c . Insects and Insect Cells performed in the presence of methotrexate to select for only 
Insect cells , particularly using baculovirus expression , are those cells expressing the DHFR gene . Fusion with cell 

useful for expressing polypeptides such as PH20 polypep- surface signaling molecules such as TCR - End Fc RI - y can 
tides . Insect cells express high levels of protein and are direct expression of the proteins in an active state on the cell 
capable of most of the post - translational modifications used 45 surface . 
by higher eukaryotes . Baculoviruses have a restrictive host Many cell lines are available for mammalian expression 
range which improves the safety and reduces regulatory including mouse , rat human , monkey , chicken and hamster 
concerns of eukaryotic expression . Typical expression vec- cells . Exemplary cell lines include but are not limited to 
tors use a promoter for high level expression such as the CHO , Balb / 3T3 , HeLa , MT2 , mouse NSO ( nonsecreting ) 
polyhedrin promoter of baculovirus . Commonly used bacu- 50 and other myeloma cell lines , hybridoma and heterohy 
lovirus systems include a baculovirus , such as the bridoma cell lines , lymphocytes , fibroblasts , Sp2 / 0 , COS , 
Autographa californica nuclear polyhedrosis virus NIH3T3 , HEK293 , 293S , 2B8 , and HKB cells . Cell lines 
( ACNPV ) or the Bombyx mori nuclear polyhedrosis virus also are available adapted to serum - free media which facili 
( BmNPV ) , and an insect cell line , such as Sf9 derived from tates purification of secreted proteins from the cell culture 
Spodoptera frugiperda , Pseudaletia unipuncta ( A7S ) and 55 media . Examples include CHO S cells ( Invitrogen , Carls 
Danaus plexippus ( DpN1 ) . For high - level expression , the bad , Calif . , cat # 11619-012 ) and the serum free EBNA - 1 cell 
nucleotide sequence of the molecule to be expressed is fused line ( Pham et al . , ( 2003 ) Biotechnol . Bioeng . 84 : 332-42 . ) . 
immediately downstream of the polyhedrin initiation codon Cell lines also are available that are adapted to grow in 
of the virus . Mammalian secretion signals are accurately special mediums optimized for maximal expression . For 
processed in insect cells and can be used to secrete the 60 example , DG44 CHO cells are adapted to grow in suspen 
expressed protein into the culture medium . In addition , the sion culture in a chemically defined , animal product - free 
cell lines Pseudaletia unipuncta ( A7S ) and Danaus plexip- medium . 
pus ( DpN1 ) produce proteins with glycosylation patterns e . Plants and Plant Cells 
similar to mammalian cell systems . Exemplary insect cells Transgenic plant cells and plants can be used to express 
are those that have been altered to reduce immunogenicity , 65 proteins such as any described herein . Expression constructs 
including those with “ mammalianized ” baculovirus expres- are typically transferred to plants using direct DNA transfer 
sion vectors and those lacking the enzyme FT3 . such as microprojectile bombardment and PEG - mediated 
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