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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.
New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.
National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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U.S. Patent No. 10,689,656

UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

| U.S. APPLICATION NUMBER NO. | FIRST NAMED INVENTOR ATTY. DOCKET NO. |
15/573,300 Smita Shankar 38767-0048US1
26191 | INTERNATIONAL APPLICATION NO. |
FISH & RICHARDSON P.C. (TC) PCT/US2016/031797
PO BOX 1022 LA. FILING DATE PRIORITY DATE
MINNEAPOLIS, MN 55440-1022 05/11/2016 05/11/2015

CONFIRMATION NO. 4807
371 ACCEPTANCE LETTER

T

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office, in its capacity as a
Designated / Elected Office (37 CFR 1.495), has ACCEPTED the above identified international application for
national patentability examination in the United States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above. A Filing Receipt will be
issued for the present application in due course. THE DATE APPEARING ON THE FILING RECEIPT AS THE
"FILING DATE or 371(c) DATE" IS THE DATE ON WHICH THE LAST OF THE 35 U.S.C. 371 (c)(1) and (c)(2)
REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE IS SHOWN BELOW. The filing date of
the above identified application is the international filing date of the international application (Article 11(3) and 35
U.S.C. 363)

11/10/2017
DATE OF RECEIPT OF 35 U.S.C.
371(c)(1) and (c)(2) REQUIREMENTS

The following items have been received:

+ Copy of the International Application filed on 11/10/2017

+ Copy of the International Search Report filed on 11/10/2017

+ Preliminary Amendments filed on 11/10/2017

« Sequence Listing txt file (EFS or physical medium) filed on 11/21/2017
+ Sequence Listing (PDF or paper) filed on 11/21/2017

+ U.S. Basic National Fees filed on 11/10/2017

+ Authorize Access to Search Results filed on 11/10/2017

* Priority Documents filed on 11/10/2017

+ Authorization to Permit Access filed on 11/10/2017

+ Application Data Sheet (37 CFR 1.76) filed on 11/10/2017

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.495(c).

« Properly executed inventor's oath or declaration for the following inventor(s) has not been submitted: Smita
Shankar and Martin Andrew Hoyt

page 1 of 2

FORM PCT/DO/EQ/903 (371 Acceptance Notice)
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

JUELETHIA A PALMER

Telephone: (571) 272-9050

page 2 of 2

FORM PCT/DO/EQ/903 (371 Acceptance Notice)
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Case No.: IPR2023-00321
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
15/573,300 11/10/2017 1656 3060 38767-0043US1 38 2
CONFIRMATION NO. 4807
26191 UPDATED FILING RECEIPT

ho Box 1opp oo T TO) i

MINNEAPOLIS, MN 55440-1022
Date Mailed: 05/03/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Smita Shankar, Millbrae, CA;

Martin Andrew Hoyt, San Francisco, CA;
Applicant(s)

Impossible Foods Inc., Redwood City, CA;

Power of Attorney: The patent practitioners associated with Customer Number 26191

Domestic Priority data as claimed by applicant

This application is a 371 of PCT/US2016/031797 05/11/2016
which claims benefit of 62/313,491 03/25/2016

and claims benefit of 62/236,506 10/02/2015

and claims benefit of 62/222,388 09/23/2015

and claims benefit of 62/220,366 09/18/2015

and claims benefit of 62/203,052 08/10/2015

and claims benefit of 62/185,921 06/29/2015

and claims benefit of 62/183,074 06/22/2015

and claims benefit of 62/159,899 05/11/2015

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

page 1 of 4
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Case No.: IPR2023-00321
U.S. Patent No. 10,689,656

Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 01/25/2018

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/573,300

Projected Publication Date: 05/10/2018

Non-Publication Request: No

Early Publication Request: No

Title

EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING
METHYLOTROPHIC YEAST

Preliminary Class
435
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents”) for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http:/www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish

to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
page 2 of 4
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this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop

page 3 of 4
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.

page 4 of 4
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U.S. Patent No. 10,689,656

PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 15/573,300
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a). (b), or (<)) N/A N/A N/A N/A 300
SEARCH FEE
AR A N/A N/A N/A N/A 520
EXAMINATION FEE
A N/A N/A N/A N/A 760
TOTAL CLAIMS )
(37 CFR 1.16(i)) 38 minus 20= 18 OR |x 100 - 1800
INDEPENDENT CLAIMS ) >
(37 CFR 1.16(h) 2 minus 3 = x 460 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 3380
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total . i “ =
= (37 CFCF)E ?.15(1)) Minus OR |«x =
a Independent * Minus | ** =
E (37 CFR 1.16(h)) OR |«x =
<§( Application Size Fee (37 GFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * Minus ** =
= (37 OFg ?.Ie(r)) OR |x =
% Independent * Minus | *** = OR |«x =
w | @rcrri1emn)
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(}))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/573,300 11/10/2017 Smita Shankar 38767-0048US1
CONFIRMATION NO. 4807
26191 PUBLICATION NOTICE

FISH & RICHARDSON P.C. (TC)

PO BOX 1022 LR

MINNEAPOLIS, MN 55440-1022 00000009

Title:EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING METHYLOTROPHIC
YEAST

Publication No.US-2018-0127764-A1
Publication Date:05/10/2018

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTQO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Attorney Docket No.: 38767-0048US1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor : Smita Shankar Art Unit . 1656
Application No. - 15/573,300 Examiner : Unknown
Filed - November 10, 2017 Conf. No. : 4807
Title : EXPRESSION CONSTRUCTS AND METHODS OF

GENETICALLY ENGINEERING METHYLOTROPHIC YEAST

MAIL STOP AMENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Please consider the references listed on the enclosed PTO-1449 Form. Non-patent
literature is enclosed; U.S. patents and patent application publications will be provided upon
request.

This statement is being filed before the receipt of a first Office Action on the merits.
Therefore, no fees are believed due. If this is incorrect, please apply any charges, or credits, to
Deposit Account No. 06-1050, referencing the above-indicated Attorney Docket Number.

Please contact the undersigned if there are any questions regarding this statement.

Respectfully submitted,

Date: /June 19, 2018/ /M. Angela Parsons/

M. Angela Parsons, Ph.D.
Reg. No. 44,282

Customer Number 26191
Fish & Richardson P.C.
Telephone: (612) 335-5070
Facsimile: (877) 769-7945

61702850.doc
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Case No.: IPR2023-00321
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Sheet _1 of _1_
Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office 38767-0048US1 15/573.300
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessaty) Filing Date Group Art Unit
(37 CFR §1.98(b)) November 10, 2017 1656
U.S. Patent Documents
Examiner | Desig. Document Publication Filing Date
Initial ID Number Date Patentee Class | Subclass | If Appropriate

1. 9,938,327 04/10/2018 Shankar et al.

Foreign Patent Documents or Published Foreign Patent Applications
Examiner | Desig. Document Publication Country or Translation
Initial ID Number Date Patent Office Class | Subclass [ Yes No

Other Documents (include Author, Title, Date, and Place of Publication)
Examiner | Desig.

Initial ID Document
2. GenBank Accession No. AAA33980, "leghemoglobin [Glycine max]," April 1993, 1 page

Examiner Signature Date Considered

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form
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Electronic Acknowledgement Receipt

EFS ID: 32934253
Application Number: 15573300
International Application Number:
Confirmation Number: 4807

Title of Invention:

EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING
METHYLOTROPHIC YEAST

First Named Inventor/Applicant Name:

Smita Shankar

Customer Number:

26191

Filer:

M. Angela Parsons/Shannon Stadnick

Filer Authorized By:

M. Angela Parsons

Attorney Docket Number:

38767-0048US1

Receipt Date: 19-JUN-2018
Filing Date: 10-NOV-2017
Time Stamp: 11:41:58

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(BYtes)/ Multl' ‘Pages
Number Message Digest | Part/.zip| (ifappl.)
71206
Information Disclosure Statement (IDS) .
1 Form (S808) Transmittal.pdf no 1
ae5h1624527d36d8a8cee11fceeS cBef70a2)

dé3e

Warnings:
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Information:

This is not an USPTO supplied IDS fillable form

122599
Information Disclosure Statement (IDS)
2 1449.pdf no 1
Form (SBOS) 642a739d544c6c4b85alabab8c85db389b
b37886
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
34646
3 Non Patent Literature GENBANK_AAA33980_1993.pdf no 1
4dc7d4d9178ad 15c8836f895535ed 374e6e
dbe71
Warnings:
Information:
Total Files Size (in bytes)# 228451

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Attorney Docket No.: 38767-0048US1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor : Smita Shankar Art Unit . 1656
Application No. - 15/573,300 Examiner : Unknown
Filed - November 10, 2017 Conf. No. : 4807
Title : EXPRESSION CONSTRUCTS AND METHODS OF

GENETICALLY ENGINEERING METHYLOTROPHIC YEAST

MAIL STOP AMENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Please consider the references listed on the enclosed PTO-1449 Form. Non-patent
literature is enclosed.

This statement is being filed before the receipt of a first Office Action on the merits.
Therefore, no fees are believed due. If this is incorrect, please apply any charges, or credits, to
Deposit Account No. 06-1050, referencing the above-indicated Attorney Docket Number.

Please contact the undersigned if there are any questions regarding this statement.

Respectfully submitted,

Date: /July 6, 2018/ /M. Angela Parsons/

M. Angela Parsons, Ph.D.
Reg. No. 44,282

Customer Number 26191
Fish & Richardson P.C.
Telephone: (612) 335-5070
Facsimile: (877) 769-7945

61713393.doc
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Case No.: IPR2023-00321
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Sheet _1 of _1_
Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office 38767-0048US1 15/573.300
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessaty) Filing Date Group Art Unit
(37 CFR §1.98(b)) November 10, 2017 1656
U.S. Patent Documents
Examiner | Desig. Document Publication Filing Date
Initial ID Number Date Patentee Class | Subclass | If Appropriate
Foreign Patent Documents or Published Foreign Patent Applications
Examiner | Desig. Document Publication Country or Translation
Initial ID Number Date Patent Office Class | Subclass [ Yes No
Other Documents (include Author, Title, Date, and Place of Publication)
Examiner | Desig.
Initial ID Document
[No Author Listed] Impossible Foods Inc. “GRAS Notification for Soybean Leghemoglobin Protein
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GROUND MEAT REPLICAS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Application Serial No. 61/973,181, filed
on March 31, 2014, and to U.S. Application Serial No. 62/058,230, filed on October 1,

2014, the disclosure of which are incorporated by reference in their entirety.

TECHNICAL FIELD
This disclosure relates to meat replicas, such as ground meat replicas, and more
particularly to plant-based products that mimic the texture, appearance, and sensory
aspects of ground meat, including the texture, appearance, and sensory aspects of cooking
and eating ground meat, such as the fibrousness, heterogeneity in texture, beefy flavor,
and red-to-brown color transition during cooking of ground meat. This disclosure also
relates to compositions and methods for altering the flavor of a food product or a food

replica, such as a cheese or meat replica.

BACKGROUND

Meat substitute compositions typically are extruded soy/grain mixtures that fail to
replicate the experience of cooking and eating meat. Common limitations of plant-based
meat substitute products include a texture and mouth-feel more homogenous than that of
equivalent meat products. Furthermore, as these products must largely be sold pre-
cooked, with artificial flavors and aromas pre-incorporated, they fail to replicate the
aromas, flavors, and other key featurces, such as texture and mouth-feel, associated with
cooking or cooked meat, and they also may have added off flavors. As a result, these
products mainly appeal to a limited consumer base that is already committed to
vegetarianism, but have failed to appeal to the larger consumer segment accustomed to
cating meat. It would be useful to have improved plant-based meat substitutes, which
better replicate the fibrousness, texture, aromas and flavors of meat during and/or after

cooking,
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SUMMARY

This document is based on methods and materials for making plant-based
products that can mimic ground meat, including the fibrousness, heterogeneity in texture,
beefy or other meat flavor, and red-to-brown color transition during cooking of ground
meat, without off flavors. For example, this document provides meat replicas that
include proteins that are selected based upon the temperature at which they gel and/or
denature to replicate the behavior and qualities of meat during cooking, i.e., the firming,
syneresis (water relcase), chew texture, or mouthfeel. For example, the temperature of
denaturing and gelling of the proteins selected to be in the meat replica can be similar to
that of proteins typically found in meat (e.g., actin and myosin). Further the plant-based
products provided herein can include flavoring agents (e.g., flavorings, flavoring
precursors, and/or flavoring compounds) that can provide meaty flavors, such that a
plant-based meat replica has a more natural flavor and does not have off flavors. This
docuruent therefore also provides methods for making plant-based products containing
such flavoring agents.

In one aspect, this document features a meat replica composition that includes
about 5% to about 88% (e.g., about 40% to about 88%, about 45% to about 60%, or about
15% to about 55%) by weight of a meat dough; about 0% to about 40% (e.g., about 1% to
about 30%, about 5% to about 25%, or about 15% to about 25%) by weight of a
carbohydrate-based pel; about 5% to about 35% (e.g., about 10% to about 15%, about
12% to about 18%, or about 20% to about 25%) by weight of a fat; about 0.00001% to
about 10% (c.g., about 3% to about 7%, about 0.001% to about 2%, or about 0.00001%
to about 2%) by weight of a flavoring agent; about 3% to about 15% (¢.g., about 2% to
about 15% or about 2% to about 10%) by weight of a binding agent; and about 0.01% to
about 4% (e.g., about 0.05% to about 1%, or about 0.5% to about 2%) by weight of a
heme-containing protein and/or an won salt. The meat dough can include a flavoring
agent. The fat can include a flavoring agent. The meat dough can be about 45% to about
60% by weight of the composition. The carbohydrate-based gel can be about 10% to
about 25% by weight of the composition. The fat can be about 10% to about 15% by

weight of the composition. The flavoring agent can be about 3% to about 7% or about

~
P
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0.001% to about 2% by weight of the composition. The flavoring agent can include one
or more flavor precursors, a flavoring, or a flavoring compound. The flavoring agent can
be a combination of a flavoring and one or more flavor precursors. The binding agent
can be about 2% to about 10% by weight of the composition. The binding agent can
include one or more proteins that have been chemically or enzymatically modified to
improve their textural and/or flavor properties, or to modify their denaturation and gelling
temperatures. The heme-containing protein can be about 0.01% to about 2% by weight
of the composition. The composition can include the heme-containing protein and the
iron salt. The meat dough can include an isolated plant protein, an edible fibrous
component, an optional flavoring agent, and an optional fat. The binding agent can be a
conglycinin protein.

In another aspect, this document features a meat replica composition that includes
about 5% to about 80% (e.g., about 20% to about 30%) by weight of a meat dough; about
5% to about 35% (e.g., about 15% to about 25%) by weight of a fat; about 15% to about
40% (e.g., about 15% to about 25%) by weight of an edible fibrous component; about
0.1% to about 18% {e.g., about 7% to about 18%) by weight of a carbohydrate-based gel;
about 0% to about 10% (e.g., about 0% to about 10%) by weight of a flavoring agent;
about 0.5% to about 15% (e.g., about 5% to about 15%) by weight of a binding agent;
and about 0.1% to about 8% (e.g., about 2% to about 8%) by weight of a heme-
containing protein and/or an iron salt.

In another aspect, this document features a method of making a ground meat
replica. The method can include (a) heating a dough to a tempcerature ranging from
150°F to 250°F, the dough comprising an isolated plant protein, an optional edible
fibrous component, one or more optional flavoring agents, and an optional fat; (b)
combining the dough, after heating, with a fat, the fat optionally containing a flavoring
agent and/or an isolated plant protein; and (c) combining the dough from step (b) with a
carbohydrate-based gel, an optional edible fibrous component, an optional binding agent,
a highly conjugated heterocyclic ring complexed to an iron ion and/or an iron salt, and
one or more optional flavoring agenis to make the ground meat replica. The method can

further include breaking the dough from step (b) into pieces before combining with the

3
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carbohydrate-based gel, the optional edible fibrous component, the optional binding
agent, the highly conjugated heterocyclic ring complexed to an iron ion and/or the iron
salt, and one or more optional flavoring agents.

In another aspect, this document features a method of flavoring a meat dough.
The method can include (a) cornbining a first highly conjugated heterocyclic ring
complexed to an iron ion and/or a first iron salt with one or more flavor precursors and an
optional fat; (b) heating the mixture to form one or more flavor compounds; and {c)
making a dough comprising an isolated plant protein, an optional edible fibrous
component, and the mixture from step (b). The method can further include (d) combining
the dough, after heating, with a fat, the fat optionally containing a flavoring agent and/or
an isolated plant protein; and (e) combining the dough of step (d) with a carbohydrate-
based gel, an optional binding agent, a second highly conjugated heterocyclic ring
complexed to an iron ion and/or a second iron salt, and one or more optional flavoring
agents to make a ground meat replica. The method can further include breaking the
dough from step (d) into picces before combining with the carbohydrate-based gel, the
optional binding agent, the second highly conjugated heterocyclic ring complexed to an
iron ion and/or the sccond iron salt, and one or more optional flavoring agents.

In another aspect, this document features a method of flavoring a meat dough,
where the method includes (a) making a dough comprising an isolated plant protein, an
optional edible fibrous component, one or more optional flavoring agents, and an optional
fat; {(b) making a flavored fat by combining a fat with a highly conjugated heterocyclic
ring complexed to an iron ion and/or a first iron salt, and onc or morc flavor precursors
and heating the mixture; and (¢) combining the dough, after heating, with the flavored fat.
The method can further include combining the dough of step (¢) with a carbohydrate-
based gel, an optional binding agent, a second highly conjugated heterocyclic ring
complexed to an iron ion and/or a second iron salt, and one or more optional flavoring
agents to make a ground meat replica. The method can further include breaking the
dough of step (¢) before combining with the carbohydrate-based gel, the optional binding
agent, the second highly conjugated heterocyclic ring complexed to an iron ion and/or the

second iron salt, and one or more optional flavoring agents.

4
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This document also features a method of making a ground meat replica, where the
method includes (a) combining an iron salt with one or more flavor precursors and an
optional fat; (b) heating the mixture to form one or more flavor compounds; (¢) making a
dough comprising an isolated plant protein, an optional edible fibrous component, and the
mixture from step (b); (d) combining the dough, after heating, with a fat, the fat
optionally containing a flavoring agent and/or an isolated plant protein; and (e)
combining the dough of step (d) with a carbohydrate-based gel, an optional binding
agent, an iron salt, an optional highly conjugated heterocyclic ring complexed to an iron
ion, and one or more optional flavoring agents to make the ground meat replica. The
method can further include breaking the dough from step (d) into pieces before
combining with the carbohydrate-based gel, the optional binding agent, the iron salt, the
optional highly conjugated heterocyclic ring complexed to an iron ion, and onc or more
optional flavoring agents. In some embodiments, a highly conjugated heterocyclic ring
complexed to an iron ion can be combined with the iron salt, the one or more flavor
precursors, and the fat before heating the mixture.

In vet another aspect, this docament features a method of making a ground meat
replica. The method can include (a) making a dough comprising an isolated plant
protein, an optional edible fibrous component, one or more optional flavoring agents, and
an optional fat; (b) making a flavored fat by combining a fat with an iron salt and one or
more flavor precursors and heating the mixture; (¢y combining the dough, after heating,
with the flavored fat; and (d) combining the dough of step (¢) with a carbohydrate-based
gcl, an optional binding agent, an iron salt, an optional highly conjugated heterocyclic
ring complexed to an iron 1on, and one or more optional flavoring agents to make the
ground meat replica. The method can further include breaking the dough from step (¢)
before combining with the carbohydrate-based gel, the optional binding agent, the iron
salt, the optional highly conjugated heterocyclic ring complexed to an iron ion, and one
or more optional flavoring agents. In some embodiments, a highly conjugated
heterocyclic ring complexed to an iron ion can be combined with the fat, the iron salt, and

the one or more flavor precursors before heating the mixture.
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In any of the methods or compositions described herein, the iron salt can be iron
gluconate, iron chloride, iron oxalate, iron nitrate, iron citrate, iron ascorbate, ferrous
sulfate, ferric pyrophosphate, or any other aqueous soluble salt.

In any of the methods or compositions described herein, the heme-containing
protein can be a non-animal heme-~containing protein, such as a plant-derived heme-
containing protein (¢.g., leghemoglobin). Further, in some embodiments, the heme-
containing protein can be isolated or isolated and purified.

In any of the methods or compositions described herein, wherein the one or more
flavor precursors can be a sugar, a sugar alcohol, a sugar acid, a sugar derivative, an oil, a
free fatty acid, an amino acid or derivative thereof, a nucleoside, a nucleotide, a vitamin,
an acid, a peptide, a phospholipid, a protein hydrolysate, a yeast extract, or a mixture
thereof. For example, the flavor precursor can be selected from the group consisting of
glucose, fructose, ribose, arabinose, glucose-6-phosphate, fructose 6-phosphate, fructose
1,6-diphosphate, inositol, maltose, sucrose, maltodextrin, glycogen, nucleotide-bound
sugars, molasses, a phospholipid, a lecithin, inosine, inosine monophosphate (IMP),
guanosine monophosphate (GMP), pyrazine, adenosine monophosphate (AMP), lactic
acid, succinic acid, glycolic acid, thiamine, creatine, pyrophosphate, vegetable oil, algal
oil, sunflower oil, corn oil, soybean oil, palm fruit oil, palm kernel oil, safflower oil,
flaxseed oil, rice bran oil, cottonseed oil, olive oil, sunflower oil, canola oil, flaxseed oil,
coconut oil, mango oil, a free fatty acid, cysteine, methionine, isoleucine, leucine, lysine,
phenylalanine, threonine, tryptophan, valine, arginine, histidine, alanine, asparagine,
aspartate, glutamate, glutaminc, glycine, proline, scrine, tyrosine, glutathionc, an amino
acid derivative, urea, pantothenic acid, ornithine, niacin, glycerol, citrulline, taurine,
biotin, borage oil, fungal oil, blackcurrant oil, betaine, beta carotene, B-vitamins, N-
Acetyl L-cysteine, iron glutamate and a peptone, or mixtures thereof.

In any of the methods or compositions described herein, the isolated plant protein
in the dough can include wheat gluten, a dehydrin protein, an albumin, a globulin, or a
zein, or mixtures thereof.

In any of the methods or compositions described herein, the optional edible

fibrous component can include plant fibers from carrot, bamboo, pea, broccoli, potato,
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sweet potato, corn, whole grains, alfalfa, kale, celery, celery root, parsley, cabbage,
zucchini, green beans, kidney beans, black beans, red beans, white beans, beets,
cauliflower, nuts, apple skins, oats, wheat, or psyllium, or a mixture thereof.

In any of the methods or compositions described herein, the edible fibrous
component can include an extruded mixture of 1solated plant proteins. The extruded
mixture can contain wheat gluten and soy protein isolate, and optionally can further
contain a flavoring agent (e.g., a flavoring such as yeast extract, a protein hydrolysate, or
an oil; a flavor compound; or a flavor precursor). In some embodiments, the edible
fibrous component can be a solution-spun protein fiber {(e.g., a solution-spun protein fiber
containing a prolamin such as corn zein, pea prolamin, kafirin, secalin, hordein, avenin,
or a mixture thereof).

In any of the methods or compositions described herein, the fat can be a non-
animal fat, an animal fat, or a mixture of non-animal and animal fat. The fat can be an
algal o1l, a fungal oil, com oil, olive oil, soy oil, peanut oil, walnut oil, almond oil,
sesame oil, cottonseed oil, rapeseed oil, canola oil, safflower oil, sunflower oil, flax sced
oil, palm oil, palm kernel oil, coconut oil, babassu oil, shea butter, mango butter, cocoa
butter, wheat germ oil, borage oil, black currant oil, sea-buckhorn oil, macadamia oil,
saw palmetto oil, conjugated linoleic oil, arachidonic acid enriched oil, docosahexaenoic
acid (DHA) enriched oil, eicosapentaenoic acid (EPA) enriched oil, palm stearic acid,
sea-buckhorn berry oil, macadamia oil, saw palmetto oil, or rice bran eil; or margarine or
other hydrogenated fats. In some embodiments, for example, the fat is algal oil. The fat
can contain the flavoring agent and/or the isolated plant protein (¢.g., a conglycinin
protein).

In any of the methods or compositions described herein, the dough can include the
flavoring agent. In any of the methods or compositions, the non-animal fat in the dough
can include a flavoring agent. The flavoring agent can be selected from the group
consisting of a vegetable extract, a fruit extract, an acid, an antioxidant, a carotenoid, a
lactone, and combinations thereof. The antioxidant can be epigatlocatechin gallate. The

carotenoid can be lutein, B-carotene, zeaxanthin, trans-f-apo-8’-carotenal, lycopene, or
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canthaxanthin. The vegetable extract can be from a cucumber or tomato. The fruit
extract can be from a melon or pineapple.

In any of the methods or compositions described herein, the carbohydrate based
gel can have a melting temperature between about 45°C and about 85°C. The
carbohydrate-based gel can include agar, pectin, carrageenan, konjac, alginate,
chemically-modified agarose, or mixtures thereof.

In any of the methods or compositions described herein, the ground meat replica
can contain the binding agent. The binding agent can be an isolated plant protein (e.g., a
RuBisCO, an albumin, a gluten, a conglycinin, or mixtures thereof). The denaturation
temperature of the binding agent can be between about 40°C and about 80°C. The
binding agent can be a carbohydrate based gel that becomes firm upon cooking to 140°F
to 190°F. The carbohydrate based gel can contain methylcellulose, hydroxypropylmethyl
cellulose, guar gum, locust bean gum, xanthan gum, or a mixture thereof. The binding
agent can be egg albumin or collagen.

In any of the methods or compositions described herein, the highly conjugated
heterocyelic ring complexed to an iron ion can be a heme moiety, or a porphyrin,
porphyrinogen, cotrin, corrinoid, chlorin, bacteriochlorophyll, corphin, chlorophyllin,
bacteriochlorin, or isobacteriochlorin moiety complexed to an iron ion. The heme moiety
can be a heme-containing protein (e.g., a non-symbiotic hemoglobin, a Hell’s gate globin
1, a flavohemeoprotein, a leghemoglobin, a heme-dependent peroxidase, a cytochrome ¢
peroxidase, or a mammalian myoglobin). In some embodiments, the heme-containing
protein can be a leghemoglobin, The leghemoglobin can be from soybean, pea, or
cowpea.

In another aspect, this document features a method of increasing the meat flavor
or masking off flavors from plant material in a food product. The method can include
adding, to the food product, one or more lactones at a concentration of 10~ to 107! of the
food product, wherein the lactones are selected from the group consisting of tetrahydro-6-
methyl-2H-pyran-2-one, delta-octalactone, 5-ethyldihydro-2(3H)-furanone,
butyrolactone, dihydro-S-pentyl-2(3H)-furanone, dihydro-3-methylene-2,5-furandione, 1-

pentoyl lactone, tetrahydro-2H-pyran-2-one, 6-heptyltetrahydro-2H-pyran-2-one, y-
8
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octalactone, 5-hydroxymethyldihydrofuran-2-one, 5-ethyl-2(5H)-furanone, 5-
acetyldihydro-2(3H)-furanone, trans-3-methyl-4-octanolide 2(5H)-furanone, 3-(1,1-
dimethylethyl)-2,5-urandione, 3,4-dihydroxy-5-methyl-dihydrofuran-2-one, 5-ethyl-4-
hydroxy-2-methyl-3(2H)-furanone, d-tetradecalactone, and dihydro-4-hydroxy-2(3H)-
furanone. ln some embodiments, the lactones can be S-ethyl-4-hydroxy-2-methyl-3(2H)-
furanone, butyrolactone, y-octalactone, and d-tetradecalactone. The food product can be
a meat replica. The meat replica can be free of animal products.

This document also features a method of increasing the meat flavor or masking
off flavors from plant material in a food product, where the method includes adding, to
the food product, one or more carotenoids at a concentration of between 0.00001% and
0.1% of the food product, wherein the carotenoids are selected from the group counsisting
of B-carotene, zeaxanthin, lutein, trans-f-apo-8’-carotenal, lycopene, canthaxanthin, and
combinations thereof. The food product can be a meat replica. The meat replica can be
free of animal products.

In another embodiment, this document features a method of increasing the meat

flavor of a meat replica. The method can include adding, to the meat replica, a vegetable

juice, a vegetable puree, a vegetable extract, a fruit juice, a fruit puree, or & fruit extract to

the meat replica at a concentration from 0.0001% to 10% of the meat replica. The
vegetable juice, vegetable puree, vegetable extract, a fruit juice, a fruit puree, or a fruit
exiract can be a Cucumis juice, puree, or extract (e.g., a juice, puree, or extract from a
cucumber or a melon}. The method vegetable juice, vegetable puree, vegetable extract,
fruit juice, fruit purcc, or fruit cxtract can be cooked or otherwise treated to denaturc
proteins before adding to the meat replica. The meat replica can be free of animal
products.

In another aspect, this document features a food product or food replica product
containing a heme-containing protein and one or more lactones at a concentration of 107
to 1071 of the food product, wherein the one or more lactones are selected from the group
consisting of tetrahydro-6-methyl-2H-pyran-2-one, delta-octalactone, 5-ethyldihydro-
2(3H)-furanone, butyrolactone, dihydro-5S-pentyl-2(3H)-furanone, dihydro-3-methylene-

2,5-furandione, I-pentoyl lactone, tetrahydro-2H-pyran-2-one, 6-heptyltetrahydro-2H-
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pyran-2-one, y-octalactone, 5-hydroxymethyldihydrofuran-2-one, S-ethyl-2(5H)-
furanone, S-acetyldihydro-2(3H)-furanone, trans-3-methyi-4-octanolide 2(5H)-furanone,
3-(1,1-dimethylethyl)-2,5-urandione, 3,4-dihydroxy-5-methyl-dihydrofuran-2-one, 5-
ethyl-4-hydroxy-2-methyl-3(2H)-furanone, d-tetradecalactone, and dihydro-4-hydroxy-
2(3H)-furanone. For example, the one or more lactones can be S-cthyl-4-hydroxy-2-
methyl-3(2H)-furanone, butyrolactone, y-octalactone, and é-tetradecalactone. The food
product or food replica product can be a meat replica. The meat replica can be free of
animal products.

This document also features a food product or food replica product containing a
heme-containing protein and one or more carotenoids at a concentration of between
0.00001% and 0.1% of the food product, wherein the one or more carotenoids are
selected from the group consisting of B-carotene, zeaxanthin, hutein, trans-f-apo-8’-
carotenal, lycopene, canthaxanthin, and combinations thereof. The food product or food
replica product can be a meat replica. The meat replica can be free of animal products.

In another aspect, this document features a food product or food replica product
containing {(a) a heme-containing protein, and (b) a vegetable juice, a vegetable puree, a
vegetable extract, a fruit juice, a fruit puree, or a fruit extract at a concentration from
0.0001% to 10% of the food product. The vegetable juice, vegetable puree, vegetable
extract, a fruit juice, a fruit puree, or a fruit extract can be a Cucumiy juice, puree, or
extract. The Cucumis juice, puree, or extract can be from a cucumber or a melon. The
vegetable juice, vegetable puree, vegetable extract, fruit juice, fruit puree, or fruit extract
can have been cooked or otherwise treated to denature proteins before being added to the
food replica product. For example, the vegetable juice, vegetable puree, vegetable
extract, fruit juice, fruit puree, or fruit extract can have been heated to a temperature of
about 60°C to about 100°C before being added to the food replica product. The food
product can be free of animal products.

In another aspect, this document features a food replica product containing one or
more lactones at a concentration of 10~ to 10°!! of the food product, wherein the one or
more lactones are selected from the group consisting of tetrahydro-6-methyl-2H-pyran-2-

one, delta-octalactone, 5-cthyldihydro-2(3H)-furanone, butyrolactone, dihydro-5-pentyl-
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2(3H)-furanone, dihydro-3-methylene-2,5-furandione, [-pentoyl lactone, tetrahydro-2H-
pyran-2-one, 6-heptyltetrahydro-2H-pyran-2-one, y-octalactone, 5-
hydroxymethyldihydrofuran-2-one, 5-cthyl-2(5H)-furanone, 5-acetyldiliydro-2(3H)-
furanone, trans-3-methyl-4-octanolide 2(5H)-furanone, 3-(1,1-dimethylethyl}-2,5-
urandione, 3,4-dihydroxy-5-methyl-dihydrofuran-2-one, 5-cthyl-4-hydroxy-2-methyl-
3(2H)-furanone, d-tetradecalactone, and dihydro-4-hydroxy-2(3H)-furanone. The one or
more lactones can be S-ethyl-4-hydroxy-2-methyl-3(2H)-furanone, butyrolactone, y-
octalactone, and d-tetradecalactone.

In still another aspect, this document features a food replica product containing
one or more carotenoids at a concentration of between 0.00001% and 0.1% of the food
product, wherein the one or more carotenoids are selected from the group consisting of p-
carotene, zeaxanthin, lutein, trans-B-apo-8’-carotenal, lycopene, canthaxanthin, and
combinations thereof.

This document also features a food replica product containing a vegetable juice, a
vegetable puree, a vegetable extract, a fruit juice, a fruit puree, or a fruit extract ata
concentration from 0.0001% to 10% of the food product. The vegetable juice, vegetable
puree, vegetable extract, fruit juice, fruit purce, or fruit extract can be a Cucumis juice,
puree, or extract {e.g., a Cucumis juice, puree, or extract from a cucumber or a melon).
The vegetable juice, vegetable puree, vegetable extract, fruit juice, fruit puree, or fruit
extract can have been cooked or otherwise treated to denature proteins before being
added to the food replica product. For example, the vegetable juice, vegetable puree,
vegetable extract, fruit juice, fruit purce, or fruit cxtract can have been heated to a
temperature of about 60°C to about 100°C before being added to the food replica product.

In some embodiments, the food replica products provided herein can be free of
animal products, wheat gluten, soy protein, and/or tofu.

Any of the food replica products provided herein can contain one or more of a
meat dough, a carbohydrate-based gel, a non-animal fat, and a binding agent.

Any of the food replica products provided herein can be a meat replica. Further

materials and methods for making meat replicas can be found in, for example, U.S.
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Publication No. 2014/0193547, and PCT publications WO 2014/110532 and WO
2014/110539, each of which is incorporated herein by reference in its entirety.

Any of the food replica products provided herein can be a cheese replica. The
cheese replica can contain a nut milk, a cross-linking enzyme, or a cheese culture.
Further materials and methods for making cheese replicas can be found in, for example,
U.S. Publication No. 2014/0127358, and PCT publication WO 2014/110540, both of
which are incorporated herein by reference in their entirety.

In yet another aspect, this document features a ground meat replica containing (a)
a dough that contains an isolated plant protein, an optional edible fibrous component, one
or more optional flavoring agents, and an optional fat; (b) a fat, the fat optionally
containing a flavoring agent and/or an isolated plaot protein; and (c) a carbohydrate-
based gel, a binding agent, a highly conjugated heterocyclic ring complexed to an iron
ion and/or an iron salt, an optional edible fibrous component, and one or more optional
flavoring agents. The binding agent can be an isolated plant protein (e.g., a RuBisCO, an
albumin, a gluten, a conglycinin, or mixtures thereof). The denaturation temperature of
the binding agent can be between about 40°C and about 8G°C.

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention pertains. Although methods and materials similar or equivalent to those
described herein can be used to practice the invention, suitable methods and materials are
described below. All publications, patent applications, patents, and other references
mentioned hercin arc incorporated by reference in their entircty. In casc of conflict, the
present specification, including defimitions, will control. In addition, the materials,
methods, and examples are illustrative only and not intended to be limiting.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from
the claims. The word “comprising” in the claims may be replaced by “consisting

essentially of” or with “consisting of,” according to standard practice in patent law.
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DETAILED DESCRIPTION

In general, this document provides methods and materials for producing meat
replicas, including ground meat replicas (e.g., ground beef, ground chicken, ground
turkey, ground lamb, or ground pork), as well as replicas of cuts of meat and fish.
Broadly, the document provides methods for making ground meat replicas that include
preparing a meat replica dough (referred to herein as “meat dough”) that includes an
optional edible fibrous component, combining the meat dough with a fat (typically a non-
animal-based fat, although it is to be noted that an animal-based fat could be used) that
can optionally include a flavoring agent and/or an isolated plant protein, adding a
carbohydrate-based gel, an optional edible fibrous component, a binding agent, a highly
conjugated heterocyclic ring complexed to an iron ion and/or an iron salt, and one or
more flavoring agents to make the replica. After combining the meat dough with the fat,
the mixture can be broken into smaller pieces before adding further ingredients.

The meat dough can incorporate an edible fibrous component to help achieve a
textural heterogeneity and fibrousness in the meat replica that resembles the
heterogeneity and texture of ground meat (¢.g., ground beef). Incorporating flavoring
agents into multiple components of the meat replica (¢.g., two or more of the meat dough,
the edible fibrous component, the non-animal-based fat, or the assembled replica), helps
mimic the sensory properties of ground meat. In some embodiments, flavoring agents are
incorporated into three components of the meat replica. In some embodiments, flavoring
agents are incorporated into four components of the meat replica.

As described herein, the flavoring agents can be flavor precursors, flavor
compounds produced from reacting flavor precursors with iron, or flavorings such as
extracts (e.g., a malt extract, a yeast extract, a vegetable or fruit extract, such as a
cucumber extract or a melon extract, or a peptone) or protein hydrolysates such as
vegetable protein hydrolysates, soy protein hydrolysates, yeast protein hydrolysates, algal
protein hydrolysates, or meat protein hydrolysates or flavor compounds, natural or
synthetic. Flavor precursors can react, e.g., with the iron in a highly conjugated
heterocyclic ring corplexed to an ivon ion or an iron salt, with cach other, or with

flavorings, upon heating. Accordingly, in the meat replicas described herein,
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combinations of pre-cooked, i.e., reacted, flavor components, uncooked flavor precursors
that can react {(e.g., with the iron salt and/or highly conjugated heterocyclic ring
complexed to an iron ion or with each other) during cooking of the replicas, or flavorings
or flavor compounds that introduce a flavor without requiring a reaction, can be
incorporated into the meat replica to reproduce the sensory experience of cooking and
eating cooked ground meat. The flavor and/or aroma profile of the ground meat product
can be modulated by the type and concentration of the flavor precursors, the pH of the
reaction, the length of cooking, the type and amount of iron complex {e.g., a heme-
cofactor such as a heme-containing protein, or heme bound to non-peptidic polymer or
macromolecule), the temperature of the reaction, and the amount of water activity in the
product, among other factors.

A highly conjugated heterocyclic ring complexed to an iron ion is referred to
herein as an iron complex. Such iron complexes include heme moieties or other highly
conjugated heterocylic rings complexed to an iron ion. “Heme” refers to a prosthetic
group bound to iron (Fe*" or Fe’*) in the center of a porphyrin ring. Thus, an iron
complex can be a heme moiety, or a porphyrin, porphyrinogen, corrin, corrinoid, chiorin,
bacteriochorophyll, corphin, chlorophyllin, bacteriochlorin, or isobacteriochlorin moiety
complexed to an iron ion. The herme moiety can be a heme cofactor such as a heme-
containing protein; a heme moiety bound to a non-peptidic polymer or other
macromolecule such as a liposome, a polyethylene glycol, a carbohydrate, a
polysaccharide, or a cyclodextrin.

in somc cmbodiments, the iron complcx is a heme-containing protein that is
isolated and purified. As used herein, the term “isolated and purified” with respect to a
protein or a protein fraction indicates that the protein or protein fraction has been
separated from other components of the source material (e.g., other animal, plant, fungal,
algal, or bacterial proteins), such that the protein or protein fraction is at least 50% (e.g.,
at least 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99%) free, by dry weight,

of the other components of the source material.
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As used herein, an “enriched” protein or protein fraction composition is at [east 2-
fold (e.g., at least 3-fold, 4-fold, 5-fold, 10-fold, 20-fold, 50-fold, or 100-fold) enriched in
that protein or protein fraction relative to the source material.

The term “heme containing protein” can be used interchangeably with “heme
containing polypeptide” or “heme protein” or “heme polypeptide” and includes any
polypeptide that can covalently or noncovalently bind a heme moiety. In some
embodiments, the heme-containing polypeptide is a globin and can include a globin fold,
which comprises a series of seven to nine alpha helices. Globin type proteins can be of
any class (e.g., class 1, class I, or class 11I), and in some embodiments, can transport or
store oxygen. For example, a heme-containing protein can be a non-symbiotic type of
hemoglobin or a leghemoglobin. A heme-containing polypeptide can be a monomer, i.e.,
a single polypeptide chain, or can be a dimer, a trimer, tetramer, and/or higher order
oligomer. The life-time of the oxygenated Fe?” state of a heme-containing protein can be
similar to that of myoglobin or can exceed it by 10%, 20%, 30%, 50%, 100% or raore
under conditions in which the heme-protein-containing consumable is manufactured,
stored, handled or prepared for consumption. The life-time of the unoxygenated Fe?*
state of a heme-containing protein can be sirnilar to that of myoglobin or can exceed it by
10%, 20%, 30%, 50%, 100% or more under conditions in which the heme-protein-
containing consumable is manufactured, stored, handled or prepared for consumption

Non-limiting exaraples of heme-containing polypeptides can include an
androglobin, a cytoglobin, a globin E, a globin X, a globin Y, a hemoglobin, a
myoglobin, an crythrocruorin, a beta hemoglobin, an alpha hemoglobin, a protoglobin, a
cyanoglobin, a cytoglobin, a histoglobin, a neuroglobins, a chlorocruorin, a truncated
hemoglobin (e.g., HbN or Hb(), a truncated 2/2 globin, a hemoglobin 3 (¢.g., Glb3), a
cytochrome, or a peroxidase.

Heme-containing proteins that can be used in the ground meat replicas described
herein can be from mammals (c.g., farms animals such as cows, goats, sheep, pigs, ox, or
rabbits), birds, plants, algae, fungi (e.g., yeast or filamentous fungi), ciliates, or bacteria.
For example, a heme-containing protein can be from a mammal such as a farm animal

{(e.g., a cow, goat, sheep, pig, fish, ox, or rabbit) or a bird such as a turkey or chicken.
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Heme-containing proteins can be from a plant such as Nicotiana tabacum or Nicotiana
svlvestris (tobacco), Zea mays {com), Arabidopsis thaliana, a legume such as Ghycine
max (soybean), Cicer arietimum (garbanzo or chick pea), Pisum sativum (pea) varictics
such as garden peas or sugar snap peas, Phaseolus vulgaris varieties of common beans
such as green beans, black beans, navy beans, northern beans, or pinto beans, Vigna
unguiculata varieties {(cow peas), Vigna radiata (mung beans), Lupinus albus (lupin), or
Medicago sativa {alfalfa); Brassica napus (canola); Triticum sps. (wheat, including wheat
berrics, and spelt), Gossypium hirsutum (cotton); Orvza sativa (rice); Zizania sps. (wild
rice); Helianthus annuus (sunflower); Beta vulgaris (sugarbeet); Pennisetum glaucum
(pear] millet); Chenopodium sp. (qQuinoa), Sesamum sp. (sesame); Linum usitatissimum
(flax); or Hordeum vulgare (barley). Heme-containing proteins can be isolated from
fungi such as Saccharomyces cerevisiae, Pichia pastoris, Magnaporthe oryzae, Fusarium
graminearum, Aspergillus orvzae, Trichoderma reesei, Myceliopthera thermophile,
Kluyveramyces lactis, or Fusarium oxysporum. Herne-containing proteins can be isolated
from bacteria such as Escherichia coli, Bacilius subtilis, Baciflus licheniformis, Bacillus
megaterium, Synechocistis sp., Aquifex aeolicus, Methylacidiphilum infernorum, or
thermophilic bacteria such as Thermophilus spp. The sequences and structure of
numerous heme-containing proteins are known. See for example, Reedy, et al., Nucleic
Acids Research, 2008, Vol. 36, Database issue D307-D313 and the Heme Protein

Database available on the world wide web at http:/hemeprotein. info/heme. php.

In some embodiments, a non-symbiotic hemoglobin can be from any plant. In
somc cmbodiments, a non-symbiotic hemoglobin can be from a plant sclected from the
group consisting of soybean, sprouted sovbean, alfalfa, golden flax, black bean, black
eyed pea, northern bean, tobacco, pea, garbanzo, moong bean, cowpeas, pinto beans, pod
peas, quinoa, sesarme, sunflower, wheat berries, spelt, barley, wild rice, and rice.

In some embodiments, a leghemoglobin can be a soy, pea, or cowpea
leghemoglobin.

In some embodiments, isolated plant proteins are used. As used herein, the term
“isolated” with respect to a protein or a protein fraction (e.g., a 7S fraction) indicates that

the protein or protein fraction has been separated from other components of the source
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material (e.g., other animal, plant, fungal, algal, or bacterial proteins}, such that the
protein or protein fraction is at least 2% (e.g., at least 5%, 10%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99%) free, by
dry weight, of the other components of the source material. Thus, in some embodiments,
the iron complex can be a herne-containing protein (¢.g., a plant heme-containing protein)
that is isolated. Proteins can be separated on the basis of their molecular weight, for
example, by size exclusion chromatography, ultrafiltration through membranes, or
density centrifugation. In some embodiments, the proteins can be separated based on
their surface charge, for example, by isoelectric precipitation, anion exchange
chromatography, or cation exchange chromatography. Proteins also can be separated on
the basis of their solubility, for example, by ammoniumn sulfate precipitation, isoelectric
precipitation, surfactants, detergents or solvent extraction. Proteins also can be scparated
by their affinity to another molecule, using, for example, hydrophobic interaction
chromatography, reactive dyes, or hydroxyapatite. Affinity chromatography also can
include using antibodies having specific binding affinity for the heme-containing protein,
nickel nitroloacetic acid (NTA) for His-tagged recombinant proteins, lectins to bind to
sugar moicties on a glycoprotein, or other molecules which specifically binds the protein.

Example 2 describes a method for isolating RuBisCO from a plant (e.g., spinach
or alfalfa). The extraction process can be improved further by adding reductants such as
metabisulfite (about 2% w/v solution or more) to the initial extraction buffer and
maintaining anacrobic conditions through the process and/or by adding 0.05-1% v/v
cationic flocculants such as Supcerfloc 781G, Magnafloc L'T 7989 (BASF), or Tramfloc
863A to the extraction buffer to the extraction buffer. The resuspended protein pellet
from such methods, upon microfiltration at a pH of 7.0, would still perform, provide the
same color, and have the same denaturation properties.

Example 4 describes a method for isolating conglycinin (also can be referred to as
a 78 fraction) from a plant such as soybean. Other sources of 7S include seeds such as,
without limitation, peas, chickpeas, mung beans, kidney beans, fava beans, cowpeas, pine

nuts, rice, comn, and sesame. Soluble proteins can be extracted from defatted soybean
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flour, and then the mixture acidified (e.g., to a pH of 4.5) to precipitate the proteins.
Conglycinin can be resolubilized and concentrated, e.g., using ultrafiltration.

In some embodiments, the isolated protein is decolorized. For example, the
RuBisCO concentrates can be decolorized (pH 7-9) by passing over columns packed with
activated carbon. The colorants can bind to the column while RuBisCO can be isolated
in the filirate. Alternatively, RuBisCO congcentrates can be decolorized by incubating the
solution with a FPX66 (Dow Chemicals) resin packed in a column or batch mode. The
slurry is incubated for 30 minutes and then the liquid is separated from the resin. The
colorants can bind to the resin and RuBisCO can be collected in the column flow-
through.

In some embodiments, the isolated protein can be purified and decolorized as
described in Example 3. Sce also “Methaods for Extracting and Purifying Native
Proteins” filed on October 1, 2014, U.S. Ser. No. 62/058,211.

In some embodiments, a decolorized isolated plant protein can provide an
increased shelf-life stability to the red color of the meat replica as compared to a
corresponding meat replica including an isolated plant protein without decolorization. In
some embodiments, the decolorized protein lead to an improved flavor profile of the raeat
replica as compared to that observed in a meat replica with the corresponding isolated
plant protein without decolorization.

Heme-containing or other proteins also can be recombinantly produced using
polypeptide expression techniques (e.g., heterologous expression techniques using
bacterial cells, inscct cells, fungal cells such as ycast, plant cclis such as tobacco,
soybean, or Arabidopsis, or maramalian cells). For example, leghemoglobin can be
recombinantly produced in E. coli or Pichia pastoris as described in Example 1. In some
cases, standard polypeptide synthesis techniques (e.g., liquid-phase polypeptide synthesis
techniques or solid-phase polypeptide synthesis techniques) can be used to produce
heme-containing proteins synthetically. In some cases, in vitro transcription-translation
techniques can be used to produce heme-containing proteins.

In some embodiments, the meat replicas described herein are substantially or

entirely composed of ingredients derived from non-animal sources, ¢.g., plant, fungal, or
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microbial-based sources. In some embodiments, a meat replica may include one or more
animal-based products. For example, a meat replica can be made from a combination of

plant-based and animal-based sources.

Making the Meat Replica

A meat dough can be prepared by mixing an isolated plant protein and an optional
edible fibrous component, an optional flavoring agent, and optional non-animal fat, and
adding an aqueous component such as water or a broth to the mixture and kneading or
otherwise mixing, manually or mechanically, to form a dough. The aqueous component
can be heated before adding to the mixture of plant protein and fibrous component. Once
the meat dough is formed, the meat dough is heated {(e.g., steamed or boiled) to a
temperature ranging from 150°F to 250°F (e.g., 160°F to 240°F, 170°F to 230°F, 180°F
to 220°F, or 190°F to 212°F). For example, a meat dough can be steamed by placing ina
rice cooker, steam cabinet, or tunnel steamer. A meat dough can be heated by applying
dry heat, for example, by placing in a bread maker or oven, or by immersing in hot water
or broth. Boiling in broth can improve the meat dough flavor because beneficial flavors
and off-flavor masking agents can be absorbed into the dough. Texture propertics may
also be modulated by choice of the cooking method.

As used herein, the term “isolated plant protein” indicates that the plant protein
(e.g., a heme-containing protein, wheat gluten, debydrin protein, an albumin, a globulin,
conglycinin, glycinin, or & zein, or mixtures thereof) or plant protein fraction (e.g., a 75
fraction) has been scparated from other components of the source material (¢.g., other
animal, plant, fungal, algal, or bacterial proteins), such that the protein or protein fraction
is at least 2% (e.g., at least 5%, 10%, 20%, 25%, 30%, 35%, 40%. 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99%) free, by dry weight, of the other
components of the source material. For example, wheat gluten can be used alone or in
combination with one or more other proteins (e.g., dehydrins). Dehydrins can be
particularly useful for enhancing the juiciness and texture in the ground meat replicas. In

some embodiments, the meat replica can be formulated to be gluten free, and, for
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example, a blend of maize starch, tapioca flour, rice flour, and guar gum can be
substituted for the wheat gluten in the meat dough.

The edible fibrous component can be a plant fiber, an extruded mixture of isolated
plant proteins (e.g., wheat gluten or other isolated plant protein, such as glutelins,
albumiuns, legumins, vicillins, convicillins, glycinins and protein isolates such as from any
seed or bean, including soy. pea, lentil, etc.), or a solution-spun protein fiber. In some
embodiments, the solution-spun protein fiber is a prolamin solution-spun protein fiber.
The prolamin can be from any plant source (¢.g., corn or pea) and can include zein,
prolamin, kafirin, secalin, hordein, or avenin. The texture of the ground meat product
(e.g., meat patty) depends on properties of the edible fibrous component such as
fibrousness and tensile strength. As described herein, the extruded mixture of isolated
plant proteins or solution spun protein fibers can be referred to as connective tissue
replicas and the fibrousness and tensile strength of the connective tissue replicas can be
controlled by co-variation of extrusion parameters such as temperature, throughput, and
die size. For example, combinations of lower extrusion temperatures, medium/low
throughputs and smaller dies favor production of highly fibrous tissues with low tensile
strength, while higher extrusion teraperatures, higher throughputs and larger dies favor
production of low fibrousness tissue replicas with very high tensile strengths.

The fibrousness and tensile strength of connective tissue replicas also can be
modulated by changing the compaosition of the extrusion mixture. For example, by
increasing the ratio of isolated plant protein {e.g., soy protein such as conglycinin) to
wheat gluten to 3:1 w/w, and simultancously decreasing water content in the extrusion
mixture to 50%, a connective tissue replica with thinner fibers and larger tensile strength
can be made.

The texture of a meat dough also can be modified by adding cream of tartar to the
preparation. For example, meat dough preparations containing cream of tartar roay be
more cohesive, with a form factor after grinding that is similar to ground beef, such that it
is readily shaped. Cream of tartar can be added between 0.05% and 2.5% (e.g., 0.5%).

The appearance of the ground meat replica can be modulated by shredding the

edible fibrous component into pieces of the desired size and shape. In some
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embodiments, edible fibrous component can be shredded using commercial shredders,
e.g., a Cuisineart chopper/grinder, UM 12 with a dull blade attachment, Comitrol
shredder (Urschel Laboratories, Indiana) or a similar shredder. The size of the fibers can
be adjusted to imitate the fibrous appearance of meat by the type of shredder, choice of
blade, and screen type, and adjusting the time of shredding.

In other embodiments, the edible fibrous component can be separated into fibers
by carding, using hand-held carders or carding machines, for example, Pat Green carder.
By varying the size and spacing of pins on the carding drums, the size of the fibers can be
adjusted to imitate the fibrous appearance of meat.

In other embodiments, the edible fibrous component can be separated into fibers
by pushing it through rollers (for example, a KITCHENAID® pasta attachment),
followed by gentle shredding using, for example, a dull blade on a UM 12 machine. By
varying the number of rollers and the spacing between the rollers, the size of the fibers
can be adjusted to imitate the fibrous appearance of meat.

The fibrousness, tensile strength, and appearance of the connective tissue replicas
can be tailored to imitate specific ground meat products (¢.g., ground beef or different
cuts of beef that can be ground).

In some embodiments, the edible fibrous component includes soluble or insoluble
plant fibers. For example, plant fibers from carrot, bamboo, pea, broccoli, potato, sweet
potato, corn, whole grains, alfalfa, kale, celery, celery root, parsley, cabbage, zucchini,
green beans, kidney beans, black beans, red beans, white beans, beets, cauliflower, nuts,
applc skins, oats, wheat, or psyllium, or a mixturc thercof, can be uscd as the cdible
fibrous component.

In some embodiments, the edible fibrous component can include compounds that
prevent development of off-flavors during the extrusion process. High temperature and
low moisture conditions to which the extruston mixture is exposed during the extrusion
process lead to formation of compounds associated with grainy, woody, nutty, rubbery
and other off-flavors. Including certain classes of compounds such as antioxidants or

carotenoids can help reduce the formation of off-flavor compounds. For example, the
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extruded mixture can include canthaxanthin to prevent development of grainy off-flavors.
Carotenoids can be about 0% to about 1% by weight of the edible fibrous component.

In some embodiments, meat doughs are formed using roughly equal proportions
of isolated plant protein and edible fibrous component. It will be appreciated that the
ratio can be varied as desired to tailor the properties of the end product.

In some embodiments, a broth such as a flavored broth can be used in the meat
dough. For example, a meat dough can be formed using roughly equal proportions of
isolated plant protein and a broth.

In some embodiments, a flavor broth includes flavor mixtures created by pre-
reacting (cooking) flavor precursors before adding into the meat dough. Flavor precursor
molecules or compositions can be added to a pre-reaction mixture in purified form and/or
can be derived from ingredients in the uncooked meat dough that contain and/or are
enriched with one or more of the particular flavor precursors or compositions, including,
for example, coconut oil, cysteine, glucose, ribose, thiamine, algal oil, lactic acid, and or
yeast extract. The resultant flavor and/or aroma profile can be modulated by the type and
concentration of the flavor precursors, the pH of the reaction, the length of cooking, the
temperature of cooking, the type and amount of iron complex (e.g., an iron containing
protein, a heme cofactor such as a heme-containing protein, or ferrous chlorophyllin) or
iron salt (iron gluconate), the temperature of the reaction, and the amount of water
activity in the product, among other factors. The flavor broth can contain non-animal
products (e.g., plant) or it can be a combination of animal and non-animal based
precursors {¢.g., lard). The flavor broth can bring flavors into the consumable food
product that result in taste and smell of beef, bacon, pork, lamb, goat, turkey, duck, deer,
yak, bison, chicken or desirable meat flavor.

In some embodiments, a flavored broth can be made by combining an iron
complex (e.g., an isolated heme-containing protein) and/or an iron salt (e.g., iron
gluconate, iron chloride, oxalate, nitrate, citrate, ascorbate, ferrous sulfate, ferric
pyrophosphate, or any other aqueous soluble salt) with one or more flavor precursors and
a fat (e.g., a non-animal-based fat), and heating the mixture to obtain a flavored broth

containing one or more flavor compounds. Suitable flavor precursors include sugars,
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sugar alcohols, sugar derivatives, free fatty acids, triglycerides, alpha-hydroxy acids,
dicarboxylic acids, amino acids and derivatives thereof, nucleosides, nucleotides,
vitamins, peptides, phospholipids, lecithin, pyrazine, creatine, pyrophosphate and organic
molecules. For example, sugars, sugar alcohols, sugar acids, and sugar derivatives can
include glucose, fructose, ribose, sucrose, arabinose, glucose-6-phosphate, fructose-6-
phosphate, fructose 1,6-diphosphate, inositol, maltose, mannose, glycerol, molasses,
maltodextrin, glycogen, galactose, lactose, ribitol, gluconic acid, glucuronic acid,
amylose, amylopectin, or xylose. Free fatty acids can include caprylic acid, capric acid,
lauric acid, myristic acid, palmitic acid, palmitoleic acid, stearic acid, oleic acid, linoleic
acid, alpha linolenic acid, gamma linolenic acid, arachidic acid, arachidonic acid, behenic
acid, eicosapentaenoic acid, petroselinic acid or erucic acid. Triglycerides can include
fatty acid esters of caprylic acid, capric acid, lauric acid, myristic acid, palmitic acid,
palmitoleic acid, stearic acid, oleic acid, linoleic acid, alpha linolenic acid, gamma
linolenic acid, arachidic acid, arachidonic acid, behenic acid, eicosapentaenoic acid,
petroselinic acid or erucic acid. Amino acids and derivatives thereof can include
cysteine, cystine, a cysteine sulfoxide, allicin, selenocysteine, methionine, isoleucine,
leucine, lysine, phenylalanine, threonine, tryptophan, S-hydroxytryptophan, valine,
arginine, histidine, alanine, asparagine, aspartate, glutamate, glutamine, glycine, proline,
serine, tyrosine, ornithine, carnosine, citrulline, carnitine, ornithine, theanine, and taurine.
Phospholipids can include a plurality of amphipathic molecules comprising fatty acids,
glycerol and polar groups. The fatty acids are selected from the group consisting of oleic
acid, palmitolcic acid, palmitic acid, myristic acid, lauric acid, myristolcic acid, caproic
acid, capric acid, caprylic acid, pelargonic acid, undecanoic acid, linoleic acid, 20:1
gicosanoic acid, arachidonic acid, eicosapentanoic acid, docosohexanoic acid, 18:2
conjugated linoleic acid, conjugated oleic acid, or esters of: oleic acid, palmitoleic acid,
palmitic acid, myristic acid, lauric acid, myristoleic acid, caproic acid, capric acid,
caprylic acid, pelargonic acid, undecanoic acid, linoleic acid, 20:1 eicosanoic acid,
arachidonic acid, eicosapentanoic acid, docosohexanoic acid, 18:2 conjugated linoleic
acid, or conjugated oleic acid, or glycerol esters of oleic acid, palmitoleic acid, palmitic

acid, myristic acid, lauric acid, myristoleic acid, caproic acid, capric acid, caprylic acid,
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pelargonic acid, undecanoic acid, linoleic acid, 20:1 eicosanoic acid, arachidonic acid,
eicosapentanoic acid, docosohexanoic acid, 18:2 conjugated linoleic acid, or conjugated
oleic acid, or triglyceride derivatives of oleic acid, palmitoleic acid, palmitic acid,
myristic acid, lauric acid, myristoleic acid, caproic acid, capric acid, caprylic acid,
pelargonic acid, undecanoic acid, linoleic acid, 20:1 eicosanoic acid, arachidonic acid,
eicosapentanoic acid, docosohexanoic acid, 18:2 conjugated linoleic acid, or conjugated
oleic acid. In some embodiments, the polar groups are selected from the group consisting
of choline, ethanolamine, serine, phosphate, glycerol-3-phosphate, inositol and inositol
phosphates.

Nucleosides and nucleotides can include inosine, inosine monophosphate (IMP),
guanosioe, guanosine monophosphate (GMP), adenosine, or adenosine monophosphate
(AMP). Vitamins can include thiamine, Vitamin B2, Vitamin B9, Vitamin C, 4-
aminobenzoic acid, choling, niacin, Vitamin B8, Vitamin B12, biotin, Betaine, Vitamin
A, beta carotene, Vitamin DD, Vitamin B6, or Vitamun E. Acids such as acetic acid,
caffeic acid, glycelic acid, aspartic acid, pantothenic acid, alpha hydroxy acids such as
lactic acid or glycolic acid, tricarboxylic acids such as citric acid, or dicarboxylic acids
such as succinic acid or tartaric acid. Peptides and protein hydrolysates can include
glutathione, vegetable protein hydrolysates, soy protein hydrolysates, wheat protein
hydrolysates, corn protein hydrolysates, yeast protein hydrolysates, algal protein
hydrolysates, and meat protein hydrolysates. Extracts can include a malt extract, a yeast
extract, or peptone.

For cxamplc, in somce cmbodiments, a broth can be madce by combining an iron
complex (¢.g., an isolated and purified heme-containing protein such as leghemoglobin)
and/or an iron salt (e.g., iron gluconate, iron chloride, oxalate, nitrate, citrate, ascorbate,
ferrous sulfate, ferric pyrophosphate, or any other aqueous soluble salt) with one or more
flavor precursors (e.g., a precursor mix shown in Table 2 or Table 13) and a fat{c.g., a
non-animal-based fat), and heating the mixture to obtain a flavored broth containing one
or more flavor compounds. A non-animal fat can include plant derived oils, algal oils, or
oils from bacteria or fungi. Suitable plant derived oils include caconut oil, mango oil,

sunflower oil, cottonseed oil, safflower oil, rice bran oil, cocoa butter, palm kernel oil,
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palm fruit oil, palm oil, soybean oil, rapeseed oil, canola oil, corn oil, sesame oil, walnut
oil, almond oil, flaxseed, jojoba oil, castor, grapeseed oil, peanut oil, olive oil, borage o1l,
algal oil, fungal oil, black currant oil, babassu oil, shea butter, mango butter, wheat germ
oil, blackcurrant oil, sea-buckhorn oil, macadamia oil, saw palmetto oil, conjugated
linoleic oil, arachidonic acid enriched oil, docosahexaenoic acid (DHA) enriched oil,
eicosapentacnoic acid (EPA) enriched oil, or margarine. The oils can be hydrogenated
(e.g., a hydrogenated vegetable oil) or non-hydrogenated. il fractions such as stearin
{e.g., palm stearin) or olein also can be used. For example, the non-animal fat can be
coconut oil, or a combination of coconut oil and stearin. In some embodiments, the fat
can contain non-animal (e.g., plant) products, or it can be a combination of animal and
non-animal based precursors (e.g., lard), or exclusively animal-based fat.

In some embodiments, a flavored broth can be made by combining water, a non-
animal based fat such as coconut oil, and a flavoring agent such as an acid (e.g., lactic
acid), a carotenoid (¢.g., lutein), or an antioxidant, and heating the mixture to make a
broth.

After heating the meat dough as described above, a non-animal fat optionally
containing a flavoring agent can be combined with the meat dough. Typically, the meat
dough is allowed to cool (e.g., to room temperature) before cormbining the meat dough
with the non-animal fat. The non-animal fat can be {lavored by combining the non-animal
fat with an iron complex or iron salt and one or more flavor precursors (described above)
and heating the mixture to produce the flavor compounds. The heated mixture can be
cooled so that the non-animal-bascd fat can solidify. Onc or morc additional non-animal
fats (e.g., algal oil), one or more masking agents {¢.g., a lactone such as butyrolactone,
delta-tridecalactone, gamma decalactone, delta-dodecalactone, y-octalactone, dihydro-5-
methyl Z(3H)-furanone, 4-hydroxy-2,5-dimethyl-3(2H)-furanone, 5-cthyl-4-hydroxy-2-
methyl-3(2H)-furanone, d-tetradecalactone, or combinations thereof}, or one or more
flavoring compounds (e.g., acetoin, carotenoid, antioxidant, vegetable or fruit juice,
puree, or extract) can be added before the mixture solidifies to improve the flavor of the
non-animal fat. In some embodiments, a combination of 5-cthyl-4-hydroxy-2-methyl-

3(2H)-furanone, butyrolactone, y-octalactone, and/or é-tetradecalactone can be used as a
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masking agent. Adding one or more lactones (e.g., at a concentration of 10~ to 10'°) can
result in a decrease in off flavors perceived as grain, eggy, bitterness, cardboard, livery,
or mushroom and increase desired flavors such as creamy, buttery, caramelized, fatty,
fresh, and fruity. For example, combinations of two, three, or four lactones can be used
to mask properties such as bitterness. In addition, lactones also can be used at
concentrations between 107 to 107! to provide desired flavors such as creamy, buttery,
caramelized, fatty, fresh, fruity, tallow and meaty notes to the meat replica. Thus,
lactones can be used as masking agents or as flavoring agents. Lactones can act as
masking agents in other products, including, without limitation, dairy replicas such as
miltks, cheeses, and yogurts, or protein supplements such as protein bars and protein
powders. Combinations of lactones can provide a unique flavor profile important in
creating meat flavors (e.g., fatty tallow and sweet aromatics) in a food product such as a
meat replica or providing a beef flavor to a non-beef food product. The meat replicas
improve in overall liking and roeatiness rating when lactones are added to the product. In
some embodiments, for example, a combination of butyrolactone, delta-tetradecalactone,
and 5-cthyl-4-hydroxy-2-methyl-3{2H)-furanone can be used to provide a meaty flavor.
Lactones can be added to vegetable oil to make the fat taste more like animal fat and have
an increase in perception of mouth coating. The lactones also can be added to increase the
sweetness of the product without a change in the sugar content. It is to be noted that
agents such as lactones and caroteneids can be used to flavor food replicas (e.g., plant-
based food replicas), including meat or cheese replicas, and also can be used to alter the
flavor of food products such as mcats and checesces (c.g., to increasce meat or cheesc
flavors).

In some embodiments, carotenoids such as B-carotene, zeaxanthin, lutein, trans-f3-
apo-8&’-carotenal, fycopene, and canthaxanthin can be used to control the creation of
desirable flavors and prevent undesirable flavors from being created in food products
such as plant based food products (e.g., meat replicas described herein). Carotenoids can
be used to reduce off plant flavors in other food products, including dairy replicas. It was
found that cach type of carotenoid had different properties in creating desirable flavors

and controlling oft flavors. See, Examples 18 and 26. The carotenoids can increase
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sweet and fatty notes that improve meat replicas when added between 0.00001% and
0.1%.

Carotenoids can be added to the meat replica by adding them into the flavor
emulsion or the flavor broth. The carotenoids can be added before or after cooking. The
carotenoids can be added between 0.00001% and 0.1%. When the carotenoids are added
before cooking, they can act as a substrate in the reaction flavor mixtures creating the
flavors before their addition into a meat replica. The carotenoids also change the pathway
for other flavors being generated by acting as antioxidant. With the addition of
carotenoids, the flavor emulsion can have improved flavor quality; there is a decrease in
off oxidized notes (waxy, fishy, painty), decrease in other off notes (earthy, mushroom,
grainy, beany), and an increase in sweet, fatty, meaty, and fresh flavors. Each carotenoid
has different resulting flavor profiles. For example, adding lycopene to the flavor
emulsion before cooking results in a bland flavor, whereas B-carotene is very flavorful
with added fatty and meaty notes compared to the control. The flavor profile of adding
the carotenoids before cooking has a large effect on the flavor profile. When adding
carotenoids after cooking, there can still be beneficial effects especially in terms of
decreasing off flavor generated with storage. Other flavor precursor molecules in the
flavor emulsion or flavor broth have an impact on the effect of the carotenoids. The
resultant flavor and/or aroma profile can be modulated by the type and concentration of
the flavor precursers, the pH of the reaction, the length of cooking, the temperature of
cooking, the type and amount of iron complex (e.g., a heme cofactor such as a heme-
containing protein, or forrous chlorophyllin or iron salt (iron gluconate), the temperature
of the reaction, and the amount of water activity in the product, among other factors, all
of which change how the carotenoids change the flavor profile. Particular examples
include how carotenoids can reduce or prevent the creation of flavor compounds
generated in plant oils, particularly when there is metal in the oil source. Carotenoids,
when added to flavor emulsions with fat and oils that have poly unsaturated fatty acids
like linoleic, gamma linoleic, DHA, and EPA, can prevent off fishy, painty, and

vegetable flavor notes and facilitate the generation of meatiness, and sweet notes.
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Particularly carotenoids can reduce grainy, woody, earthy, mushroom, planty and
oxidized notes. Carotenoids can be added to different parts of plant-based products to
have different impact. Carotenoids can reduce or prevent the creation off flavor
compounds generated in wheat flours including wheat gluten. For example, lutein can be
added to raw meat dough and reduce overall flavor intensity, reduce grain, woody, and
oxidized notes in the cooked meat dough and in the final product. These changes in flavor
character is supported by reduction in particular flavor compounds as seen by SPME Gas
chromatography—mass spectrometry (GC-MS) in some cases and in other cases there is
no change in flavor compounds but an observed reduction in the grain character,
suggesting that carotenoids act by changing chemical reactions that are taking place and
by masking particular flavors. Additionally, carotenoid added to the meat dough resulted
in the samples being described as more fatty and sweeter than the control without
carotenoids. The main compounds that decreased with lutein included oxidized flavor
compound like alcohols and aldchydes, including (Z)-2-nonenal, (E,E)-2,4-nonadicnal,
and 1-penten-3-ol; additionally, sulfur compounds were decreased with lutein, including
methanethiol, 2-acetylthiazole, and dimethy] sulfide; many of these compounds were also
described as grainy and oxidized notes by trained flavor scientist by Gas
Chromatography-Olfactometry (GCO).

Antioxidants such as epigallocatechin gallate (EGCG) also can be used to reduce
off flavors in food products such as plant-based products (e.g., a meat replica).
Antioxidants like EGCG, which is found in {and can be purified from) green tea extracts,
can be added from 0.0001% and 0.1%. Antioxidants including EGCG also can be added
to meat dough and change the flavor profile of both the cooked meat dough and the
consumer products created from the dough. The EGCG decreases the overall flavor of the
dough and particular decreases off flavors like grainy, and oxidized flavors as described
by trained flavor scientist and confirmed using GCMS.

Vegetables or fruits (Juice, purees, or extracts) can be added to meat replicas to
increase the perceived meat flavor (e.g., the meatiness) and likeability of the products, as
well as increase the perceived fattiness and fat mouth coating. Additionally, they can

causc tasters to have an increase in salivation when cating the products, leading to an
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increase in perceived juiciness in meat replicas. The type of meat flavors that the
vegetable or fruit enhances depends on the type and processing. Examples include added
tallow fatty notes from cucumber and melons that are enhanced with cooking; added
sweet aromatics, char meat, and savory notes from honeydew; added sweet aromatics,
and freshness from pineapple and, added savory, browned meat flavor from tomato.

The vegetable or fruit can be added to meat replicates in the form of juices,
purees, extracts created from pressing, juicing, stream distillate, pressure distillation,
solvent assisted flavor extraction, or other methods. The vegetable or fruit can be
uncooked or untreated, or can be cooked or otherwise treated (e.g., by pasteurization or
by enzyme inactivation) to denature proteins (e.g., lipoxygenase). The flavor profiles
both meatiness and amount of off notes, including green or vegetable notes of the fruit or
vegetable — can change depending on cooking or other treatment, and depending on the
amount and process of cooking or other treatment. Many of the flavors in fruit and
vegetable extracts, purees, and juices are created by enzymes. These enzymes can create
desirable or undesirable flavors, and the desired flavor depends upon the application for
the extracts and juices. Selection of the appropriate type of fruit or vegetable and
treatment allows the creation of flavors appropriate for meat replicas. In addition, during
processing it can be desirable to deactivate enzymes that can cause off flavors. A
particular enzyme that can generate off flavors in the extracts when added to meat
replicates is lipoxygenase, which is particularly active in the skin of fruits and vegetables.
Disruption of the skin can increase lipoxygenase activity. Therefore, enzyme inactivation
before cutting the skin of the fruit or vegetable can help to reduce off flavors. In the
generation of fruit and vegetable extracts, purees, or juices, the enzymes can be
deactivated by heating above 60°C, high pressure pasteurization, or enzyme inhibition.

In some embodiments, for cxample, lipoxygenase can be inhibited by the addition of
inhibitors such as epigallocatechin gallate (EGCG), or by addition of other redox active
enzymes. In some embodiments, the whole fruit or vegetable can be cooked or treated
before penetrating the skin or cooking can occur after cutting of the product. The cooking
or other treatment can be rapid (minutes) or long (hours). When cooking is used, the

temperature can be slightly clevated from room temperature to under pressure above
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120°C. For example, the fruit or vegetable can be cooked at a temperature of 60-100°C
{e.g., 70-80°C, 80-90°C, or 90-100°C). The process can include blending, straining, and
or pressing. The seeds can be removed in some cases or the seeds can remain.

For example, cucumber puree added to a meat replica can provide additional fatty
tallow flavor but can also bring green vegetable notes along. When the fruit is cooked
first, there is a decrease in a few compounds including but not limited to 2-nonenal and
2,6-nonadienal that are responsible for the green, and strong cucumber notes.
Additionally, there is an increase in buttery, fatty, and tallow flavors, which could come
from an increase in the concentration of lactones as seen by SPME GC-MS. The cooking
of tomatoes also enhances the meaty notes while decreasing the green and tomatoes
flavors.

The fruits or vegetables flavor liquids can be added to different components of the
products, for example added to the meat dough before cooking, added to the fat emulsion
after or before cooking, added to a gelled matrix, added to the fully assembled product, or
added to the unreacted flavor broth. The extract can be added from 0.0001% for extracts
to up to 10% for purees and juices.

Acids such as lactic acid can be added to the meat dough to lower the pH and
change the flavor reactions that occur with cooking and processing. Beef has a pH of
around 5.5; to achieve meat dough at pH 5.5 additional acidity is needed. Lactic acid
brings along a desirable fresh, sourness like that seen in beef.

In other embodiments, the non-animal fat can include an isolated plant protein.
For ¢xamplc, an crmulsion can be made by combining a plant derived oil, algal oil, or oil
from bacteria or fungi and an optional flavor agent with an aqueous solution of an
isolated plant protein (e.g., conglycinin from soy), then homogenizing the mixture using,
for example, a high-speed homogenizer and heating it for a short period of time, for
example, 5 min at 90°C. Physical properties of the emulsion, such as melting
temperature, firmness, brittleness, color can be modulated by using different types of
isolated proteins, changing the protein concentration, oil-to-water ratio, speed of
homogenization, heating temperature and heating time. For example, emulsions with a

high oil-to-water ratio and low protein concentration are more brittle and melt easier,
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while emulsions with lower oil-to-water ratio and a higher protein concentration are
softer, less brittle, and more sticky, and melt at higher temperatures.

In some embodiments, an emulsion can be made by combining a plant derived oil,
algal oil, or oil from bacteria or fungi and an optional flavoring agent with an aqueous
solution of isolated proteins (for example, soy conglycininy having a pH >10 (for
example, pH 12) with, for example, sodium hydroxide. Agitation, stirring or
homogenization of this mixture leads to the formation of an emulsion. After the emulsion
is formed, the pH can be adjusted to neutral or an acidic pH by adding, for example,
hydrochloric or lactic acid. Physical properties of these emulsions can be controlled by
changing protein type, protein concentration, pH level at the time of homogenization,
speed of homogenization and oil-to-water ratio.

In other embodiments, an emulsion can be made by mixing a plant derived oil,
algal o1l, or otl from bacteria or fungt, an aqueous solution of salt and flavoring agents
(e.g., flavor precursors), and emulsifiers. For example, mono/di-glycerides, lecithins,
phospholipids, Tween surfactants, sodium stearoyl lactylate, or DATEM (diacetyl tartaric
acid ester of monoglyceride) can be used as emulsifiers. Physical properties of these
ermulsions can be controlled by changing emulsifier type and concentration, speed of
homogenization and oil-to-water ratio.

The solidified, optionally flavor-infused and/or protein containing fat can be
combined with the meat dough, and the mixture of the meat dough and non-animal fat
can be broken into smaller pieces, e.g., by chopping, grinding, cutting, mincing, shearing,
or tcaring. In some embodiments, shearing can be applicd to the dough while heating,
resulting in a dough that firms up and eventually breaks into pieces during the cooking
process. Accordingly, a separate step for breaking into pieces would not be necessary.

A carbohydrate-based gel and an optional binding agent can be added to the
dough-fat mixture. The carbohydrate-based gels also are useful for developing the
texture of the meat replica and providing juiciness to the final product without making it
soggy. Typically, carbohydrate-based gels that have a melting temperature between

about 45°C and about 85°C are used. Non-limiting examples of suitable carbohydrate-
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based gels include agar, pectin, carrageenan, konjac (also known as glucomannan),
alginate, chemically modified agarose, or mixtures thereof.

The binding agent can be an isolated plant protein or a carbohydrate-based gel.
Non-limiting examples of suitable plant proteins include RuBisCQ, an albumin, a ghuten,
a glycinin, a conglycinin, a legumin, a globulin, a vicilin, a conalbumin, a gliadin, a
glutelin, a ghutenin, a hordein, a prolamin, a phaseolin, a proteinoplast, a secalin, a
triticeae gluten, a zein, an oleosin, a caloleosin, a steroleosin, or mixtures thereof (e.g.,
albumin fractions). The plant proteins can be obtained from any source, including soy,
peas or lentils. In some embodiments, useful binding agents can be obtained from a non-
plant-based source. For example, egg albumin or collagen can be used as a binding agent
in some embodiments.

When the binding agent is a protein, it is useful for the denaturation temperature
of the protein to be less than the melting temperature of the carbohydrate-based gel. For
example, the denaturation temperature of suitable protein-binding agents (e.g., RuBisCO,
albumin, soybean conglycinin, or a gluten, or mixtures thereof) can be between about
40°C and about 80°C. This allows the carbohydrate based gel to melt after the protein
binding agent denatures and binds the meat replica together, and provides better texture
and form to the meat replica.

In some embodiments, the proteins used as binding agents may be chemically or
enzyroatically modified to improve their textural and/or flavor properties. For example,
proteins may be partially proteolyzed using food-grade enzymes such as papain to result
in better watcer-relcasc profile during gelation and cooking. In some cmbodiments, the
proteins used as binding agents may be chemically or enzymatically modified to modify
the denaturation and gelling temperature of the proteins, for example, to achieve a
specific gelling temperature (e.g., 52°C to mimic myosin or 68°C to mimic actin). In
some instances, proteins such as proteases may be used to reduce bitterness that may be
present in purified protein fractions.

In some embodiments, the binding agent is a carbohydrate-based gel. For
example, a carbohydrate based gel that becomes firm upon cooking to 140°F to 190°F

(e.g., 150°F to 180°F). Non-limiting examples of carbohydrate-based gels include
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methylcellulose, modified starches such as hydroxypropylmethy! cellulose, guar gum,
locust bean gurn, xanthan gum, or mixtures thereof.

In addition, an ron-complex and/or an iron salt and a flavoring agent can be
added to the meat replica. The iron-complex and/or iron salt can be the same or different
than the ron-complex and/or iron salt used to flavor the meat dough, connective tissue
replica, or non-animal-based fat. The flavoring agent can be a flavor precursor or
mixture of flavor precursors (described above) such that upon cooking the meat replica,
the iron-complex and/or iron salt and flavor precursor can react and produce flavor
compounds. The flavoring agent also can be a flavoring such as yeast extract, hydrolyzed
protein, or a flavor compound. Flavor compounds can include, for example, phenylacetic
acid, (E,E)-2,4-nonadienal, aquaresin onion, oil soluble onion, p-cresol, acetonyl acetate,
4-hydroxy-2,5-dimethyl-3(2H)-furanone, (E,E)-2 4-octadienal, 2-methyl-1-butane thiol,
2-methyl-3-furyl tetrasulfide, ethyl 2-mercaptopropionate, 2-mercapto-3-butanol (mixture
of isomers), n-decane-d22, oil soluble garlic, sulfurol, sulfuryl acetate, mercapto-3-
butanol, spiromeat, 1-penten-3-one, 2-methyl-3-furanthiol, 2-methyl-3-
tetrahydrofuranthiol, oleic acid, dipropyl trisulfide, difurfuryl disulfide,
methylcyclopentenolone, 3-methylthio hexanal, butyric acid, butyrolactone, 5-methyl-
2(3H)-furanone, furaneol, 1-(1H-pyrrol-2-yl)-ethanone, hexanoic acid, and combinations
thereof. Additional flavor compounds may be purchased commercially from companies
such as Sigma Aldrich (St. Louis, MO), Penta Manufacturing Co. (Fairfield, NJ),
Advanced Biotech {Totowa, NJ}, Firmenich (Meyrin, Switzerland), Givaudan (Vernier,
Switzerland), International Flavors and Fragrances (New York, NY), and Wild Flavors
(Erlanger, KY).

In some embodiments, seasonings agents such as edible salts {e.g., sodium or
potassium chloride), garlic, or herbs {e.g., rosemary, thyme, basil, sage, or mint),
emulsifiers (e.g., lecithin), additional fiber {¢.g., zein or inulin), minerals (¢.g., iodine,
zinc, and/or calcium), meat shelf life extenders {¢.g., carbon monoxide, nitrites, sodium
metabisulfite, Bombal, vitamin E, rosemary extract, green tea extract, catechins and other

antioxidants) can be incorporated into the meat replica.

3
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Meat replicas described herein also can include a natural coloring agent such as
turmeric or beet juice, or an artificial coloring agent such as an azo dye,
triphenylmethane, xanthene, quinine, indigoid, titanium dioxide, red #3, red #40, blue #1,
or yellow #5, or any combination of natural and/or artificial coloring agents.

Any of the replicas described herein can be shaped to the desired use, ¢.g., formed
into patties, loaves, chubs, meatballs, or nuggets, and used in any type of food product
that ground meat would be used, e.g., as taco filling, or in casseroles, sauces, toppings,
soups, stews, meatballs, or meatloaves. In some embodiments, a meat replica can be
formed, for example, into meatballs or nuggets, and then coated with breadcrumbs, rice,

or a flour (e.g., oat flour or coconut flour) for ease of convenience.

Meat Replica

A meat replica described herein can include about 5% to about 88% (¢.g., about
10% to about 40%, about 25% to about 35%, about 40% to about 88%, or 45% to about
60%) by weight of a meat replica dough; about 0% to about 40% (e.g., about 15% to
about 25%) by weight of a carbohydrate-based gel; about 3% to about 35% by weight of
a non-animal fat (e.g., about 10% to about 15%;}; about 0.00001% to about 10% by
weight of a flavoring agent; about 0% to about 15% (e.g., about 2% to about 15% or
about 2% to about 10%) by weight of a binding agent; and about 6.01% to about 4%
{c.g., about 0.05% to about 1%, or about 0.2% to about 2%) by weight of an iron
complex such as a heme-containing protein and/or an iron salt. The amount of flavoring
agent can vary depending on the type of flavoring agent. In some embodiments, a
flavoring agent can be about 0.5% to about 7% of the meat replica. For example, a
flavoring agent such as a mixture of flavor precursors can be about 0.5% to about 7% of
the meat replica (e.g., about 1% to about 3%, about 3% to about 6%, about 4% to about
7%). In some embodiments, a flavoring agent such as a flavoring compound can be
about 0.00001% to about 2% of the meat replica.

As described herein one or more, two or more, three or more, or four or more of
the components can include a flavoring agent. For example, the meat dough can include

a flavoring agent (¢.g., a flavoring compound produced by combining an iron complex or
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iron salt with one or more flavor precursors and heating) or can include a flavoring such
as yeast extract in the edible fibrous component. The non-animal fat also can include a
flavoring agent (e.g., a flavoring compound produced by combining an iron complex or
iron salt with one or more flavor precursors and heating). The replica also can include an
iron complex or iron salt and one or more flavor precursors that can react upon cooking
the replica, enhancing the sensory experience of cooking the replica. In addition, the
replica can include a flavoring or flavoring compound.

In some embodiments, the components are produced at the desired particle sizes
and then compressed together for 5 minutes to 24 hours (e.g., 10 minutes to 2 hours, 1 to
4 hours, 4 to 8 hours, 6 to 12 hours, or 12 to 24 hours) to allow the components to adhere
into a meat replica. The meat replica may then be ground to replicate the attributes of a
ground meat. The meat replica can be compressed into any desired form to replicate the
shape and density of, for example, a steak, a tenderloin, a chop, or a fillet. The meat
replica also may be further processed into a processed meat such as a sausage.

The invention will be further described in the following examples, which do not

limit the scope of the invention described in the claims.

EXAMPLES
EXAMPLE 1

Isolation and Purification of Leghemoglobin

A nucleic acid encoding Glycine max leghemoglobin C2 (Uniprot KB P02236)
with an N-tcrminal His6 cpitopc tag and a TEV clcavage sitc was cloned into the
plexpress401 vector (DNA2.0), and transformed into E. coli BL21. Transformed cells
were grown by fed-batch fermentation supplemented with kanamycin, 0.1 mM ferric
chloride and 10 pg/ml 5-aminolevulinic acid. Expression was induced by 6.3 mM
isopropy! B-D-1-thiogalactopyranoside (IPTG) and cells were grown at 30°C for 24 hr.
Cells were concentrated by centrifugation and resuspended in 20 mM potassium
phosphate pH 7.8, 100 mM NaCl. Cells were lysed by high-pressure homogenization and
clarified by centrifugation and microfiltration. Leghemoglobin was purified from the
soluble lysate using zinc-charged IMAC sepharose fast flow resin (GE Healthcare).

35
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Bound leghemoglobin was eluted off the resin with 500 mM potassium phosphate

monobasic, 100 mM NaCl. Purified leghemoglobin was neutralized and concentrated

using ultrafiltration. Concentrated leghemoglobin was reduced with 20 mM Na dithionite.

Na dithionite was removed by diafiltration. Leghemoglobin concentration was

determined by soret peak absorbance and adjusted to 60-70 mg/ml. The final

leghemoglobin product was frozen in liquid nitrogen, lyophilized, and stored at -20°C.

Purity (partial abundance) of leghemoglobin was analyzed by SDS-PAGE and

determined to be ~ 80%. Analysis of UV-VIS spectra (250-700nm) revealed spectral

signature consistent with heme-loaded leghemoglobin.

Glycine max leghemoglobin C2 and eight Pichia pastoris heme biosynthesis

genes (listed in Table 1) were cloned into the Pichia pastoris expression vector pJA

(BioGrammatics Inc.; Carlsbad, CA) under the control of the pA OXT methanol inducible

promoter. Pichia pastoris strain Bgll (BioGrammatics, Inc.) was transformed with

linearized plasmids, and stable integrants were selected by antibiotic resistance.

TABLE 1
Gene Species Function UniprotKB #
Leghemoglobin C2 Glycine max Leghemoglobin P02236
production
ALA synthase Pichia pastoris Heme enzyme- F2Q5871
step 1
ALA dehydratase Pichia pastoris Heme enzyme- F2Q7A1
step 2
Porphobilinogen Pichia pastoris Heme enzyme- F2QP90
deaminase step 3
Uroporphyrinogen 11l Pichia pastoris Heme enzyme- F2QSR5
synthase step 4
Uroporphyrinogen 11 Pichia pastoris Heme enzyme- F2QUW1
decarboxylase step 5
Coproporphyrinogen Pichia pastoris Heme enzyme - F2QUX3
oxidase step 6
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Protoporphyrinogen Hl | Pichia pastoris Heme enzyme- F2ROD
oxidase step 7
Ferrochelatase Pichia pastoris Heme enzyme- F2QwWXé

step 8
Sh bleomycin Streptoclinteichus Resistance to P17493
findustanus Zeocin
Beta lactamase E. coli Resistance to Q9L5C7
ampicillin
Hygromycin E. coli Resistance to PO0O557
hygromycin
NatR Streptomyces noursei | Nourseothricin (033583
resistance
Neomycin resistance Synthetic bacterial Resistance to n/a
transposon Tn5 geniticin (G418)

Transformed Pickia cells were grown by fed-batch fermentation and
leghemoglobin expression was induced with methanol for 120 hours at 30°C. Cells were
concentrated by centrifugation, resuspended in water, and lysed by high pressure
homogenization. Solids were removed by treatment with Tramfloc 863A, centrifugation,
and 0.2 pm microfiltration (Koch Membrane Systems). The soluble lysate was
concentrated and diafiltered with watcer using 3 kDa ultrafiltration (Spectrum
Laboratories). The formulated lysate was partially purified using HPA2S5L anion
exchange resin (Mitsubishi) to a final purity of ~40%. The partially purified
leghemoglobin solution was re-formulated by concentration and water diafiltration using
3 kDa ultrafiltration (Spectrum Laboratories) and further purified using Q Fast Flow
anion exchange resin (GE Lifesciences). The final leghemoglobin product was
concentrated using 3 kD ultrafiltration and frozen at -20°C. The final product was ~80%

pure and contained 8¢ g/L leghemoglobin.
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EXAMPLE 2
Isolation of RuBisCO

One kg of fresh spinach leaves was macerated in a Vita-prep 3 blender (Vitamix
Corp, Cleveland, OH) at a ratio of 1:1 with potassium phosphate buffer (pH 7.4)
containing 0.1M NaCl. The extraction was performed for 10 min at the highest sctting
(3HP motor). The temperature was maintained at less than 30°C. The pH was adjusted to
7.4 post-grinding using a 10 M NaOH solution. The homogenate was centrifuged at 3500
g for 5 minutes, simulating the conditions at scale (with a GEA Westfalia decanter GCE-
345 at about a 1 gpm feed rate). The pellet was discarded. The liquid centrate (about 1.6
L) then was microfiltered using a 0.2 um modified polyethersulfone (mPES) membrane
in a hollow fiber format (KrosFlo KO2ZE20U-05N from Spectrum Laboratories Inc.
Rancho Dominguez, CA}. The retentate (about 0.25 L) was diafiltered using about 1.5 L
ot the extraction buffer. The permeate from this filtration step (~3 L) was concentrated
using a 10 kDDa mPES rmaembrane (MiniKros NOZEQ10-05N from Spectrum Laboratories
Inc. Rancho Dominguez, CA) to about 0.1 L. The protein concentrate had a pH of about
7.4. A concentrated acid solution such as 6M Hydrochloric Acid was slowly added to the
concentrate to decrease the pH to 5. The mixture was stirred vigorously for 30 minutes
using a magnetic stir plate or a homogenizer and then centrifuged at 3500 g for 5 minutes
to obtain an off white pellet and a brown centrate. The centrate was discarded and the
protein pellet was washed with deionized water. The pellet was resuspended in 0.05-0.1L
DI water. The solution was mixed vigorously into a uniform slurry and the pH was
slowly raiscd to 11 using a concentrated basce solution such as 10M sodium hydroxide.
The resulting solution was clear yellow. The pH was then reduced to 9 to maintain the
clear mixture. The product was dried using a spray dryer, or frozen and dried using a
freeze dryer. This material was analyzed using a Leco FP-528 Nitrogen Combustion
Analyzer (Leco, St. Joseph, MI) by the AAOC method (AOGAC, 2000). Protein was
calculated as % nitrogen x 6.25 and was calculated to be 86% protein. The product

obtained was slightly decolored and retained the low temperature denaturation property.
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EXAMPLE 3

Isolation and decolorization of RuBisCO

One kg of fresh spinach leaves were macerated in a Vita-prep 3 bender (Vitamix
Corp., Cleveland, OH) in a ratio of 1:1 (w/w) with potassium phosphate buffer (pH 7.4)
containing 8% (w/v) PEG (Carbowax Sentry PEG 8000; Dow Chemicals, Midland, M1)
and 0.1% (w/v) cationic flocculant (863 A; Tramfloc, Inc., Houston, TX). The exiraction
was performed for 3 minutes at the highest setting (3HP motor)} maintaining the
temperature at less than 30°C at all times. The pH was adjusted to 7.4 post-grinding,
using a 10 M NaOH solution. The homogenate was centrifuged at 3500 g for 5 minutes
using a bench top centrifuge (Allegra X15R, §X4750 rotor; Beckman Coulter, Inc.,
Pasadena, CA). The pellet was discarded and the supernatant (about 1.6 L) was collected
separately. Magnesium sulfate heptahydrate salt (K+S KALT GmbH, Kassel, Germany)
was added to the supernatant to attain 1M concentration. The solution was mixed
thoroughly and centrifuged at 5451g for 3 minutes using a bench top centrifuge (Allegra
XI15R, SX4750 rotor; Beckman Coulter, Inc.). Three layers formed in the centrifuge
bottle, and the remaining green solids separated out as a pellet (about 0.1 L). The PEG
layer (about 0.3 L) separated and formed the top layer, selectively fractionating the color
compounds and odorous compounds. A clear product remaining in the middle layer was
then microfiltered using a 0.2 jum medified polyethersulfone (mPES) membrane in a
hollow fiber format (Spectrum Laboratories Inc.). The retentate (about 0.25 L) was
diafiltered using about 0.75 L of 1M magnesium sulfate solution. The permeate from this
filtration step (about 3 L) was concentrated using a 70 kDa mPES membranc (Spectrum
Laboratories, Inc.) to about 0.1 L. This was further diafiltered with about 0.5L DI water
in 5 steps. The protein concentrate had a pH of about 7 and conductivity less than 5
mS/cm. The resulting protein concentrate was clear pale yellow. The product was dried
using a spray dryer, or frozen and dried using a freeze dryer. This material was analyzed
using the standard 660 nm Pierce protein assay and SDS gel densitometry. The dry solids
were analyzed using the IR moisture analyzer. The flocculant and PEG concentration in
the final product were analyzed using titration methods. The protein concentration was

about 21% (w/w), and the total solids about 95% (w/w). The PEG and flocculant
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concentrations were analyzed at less than 0.2% (w/w). The product was over 90% pure
with over 90% recovery through the process. The product obtained was decolored and

retained the low temperature denaturation property.

EXAMPLE 4
Isolation of soluble sovbean conglveinin
The soluble conglyeinin fraction of soybean proteins (the 78 fraction) was
obtained using the following method: 1 kg of defatted soy flour (CHS HONEYSOY®
PDI 90) was mixed with 10 L deionized water in a vessel fitted with an overhead mixer.
After the clumps of flour were dispersed, the pH of the slurry was adjusted to & with 2N
NaOH. The mixture was stirred for 1 hour at 4°C to extract all soluble proteins. The pH
of the mixture then was adjusted to 5.8 using 2N H2S04 and mixed for an additional 1
hour at 4°C. The mixture was then centrifuged to remove insoluble carbohydrate and
protein (glycinins) at 10000 g for 10 minutes in a JLA 8.1 rotor (JHC centrifuge,
Beckman Coulter Inc.). The soluble supernatant was further acidified to pH 4.5 using 2N
H2S04 and mixed for 1 hour at 4°C. The acidified mixture was then centrifuged at
10000¢ for 10 minutes to collect the precipitated proteins and the supernatant containing
lipoxygenase, soybean lecithin and trypsin inhibitors was discarded. The conglycinin in
the pH 4.5 precipitated protein fraction was resolubilized by resuspending the pellet in 4
volumes of water (approximately 2L) and adjusted to pH 8 using 2N NaOH. The mixture
was stirred at 4°C for 1 hr. The pH of the mixture was once again dropped to 5.8 using
2N H2804 to minimize co-purification of contaminant protcins. The mixture was
centrifuged at 15000g for 20 minutes to collect the soluble conglycinin in the supernatant.
The conglycinin fraction was concentrated using ultrafiltration (70 kDa mPES
ultrafiltration membrane, 2600sq. cm, Spectrum Laboratories Inc.). The resulting protein
solution (approx. 0.5L at 10% protein concentration) comprises 55-65% pure conglycinin
and gels at 65°C. The protein then was freeze-dried and stored at room temperature until

used in making of the meat-replicas.
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EXAMPLE S

Preparation of dough broth for pre-flavoring meat dough

A dough broth was created by mixing a 1 X precursor mix 1 (see Table 2), 0.5%
leghemoglobin (LegH, isolated and purified as described in Example 1), and 18%
Refined, Bleached, and Deodorized (RBD) coconut oil (from Shay and company,
Milwaukie, OR), and stirring as the solution was heated until boiling, then simmered at a
fow boil for 10 minutes. This solution is referred to as the “dough broth” and was used
for creating the meat dough of Example 10. Incubating the coconut oil with the LegH
and precursor mix generates savory or meaty flavors in the broth including caramelized,

fatty, beefy, nutty, sulfur, metallic, buttery, sweet, savory, and umami.

41
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TABLE 2
Composition of magic mixes

Precursor Precursor mix 1 | Precursor mix 2
{mM) (mbM)

Alanine 15.0 7.5
Arginine 0.6 0.3
Asparagine 0.8 0.4
Aspartate 0.8 0.4
Cysleine 9.0 9.0
Glutamic acid 50.0 50.0
Glutamine 0.7 0.3
Glycine 13 0.7
Histidine 0.6 0.3
Isoleucine 0.8 0.4
Leucine 2.0 1.0
Lysine 5.0 2.5
Methionine 1.0 0.5
Phenylalanine 0.6 0.3
Proline 0.9 0.4
Threonine 0.8 0.4
Tryptophan 1.5 0.8
Tyrosine 0.6 0.3
Valine 1.0 0.5
Glucose 5.6 2.8
Ribose 5.0 5.0
Thiamine 0.2 0.2
IMP + GMP 2.0 1.0
Lactic acid 9.0 4.5
Creatine 30 1.5
L-Taurine 40.0 20.0
Glutathione 2.0 1.0
N-Acetyl L-cysteine 10.0 5.0

EXAMPLE 6

A flavored fat replica was created by mixing a solution of LegH (from Example
1) at 0.5%, Ix precursor mix 1 (Table 1), and 30% RBD coconut oil (Shay and company,
42
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Milwaukie, OR) and stirring the mixture as it was heated until boiling, then simmered at
a low boil for 10 minutes. The solution was cooled to allow the oil to solidify. Once the
oil was solidified, it was separated from the aqueous layer and used in preparing the
burger described in Example 11. Incubating the coconut oil with the LegH and precursor
mix infuses flavor notes in the oil including savory, meaty, beef fat, slightly sweet and

sulfur.

EXAMPLE 7

Preparation of “soft connective” tissue replica

A soft connective tissue replica was prepared using soy protein isolate (SUPRO®
EX38 (Solae)), Vital wheat gluten (131100, Guisto’s Specialty Foods, San Francisco,
CA), and water. A Nano 16 extruder ((Leistritz Advanced Technologies Corp.,
Somerville, NJ) was used, with a custom-made cooling die (round, ID 6.5 mm, length
300 mm), a cooling water circulator, and a high pressure water pump (Optos, Eldex
Laboratories Inc.).

Fifty (§0) g of soy protein isolate and 50 g of wheat gluten powder were
thoroughly mixed with manual mixing and tumbling for 5 min, and then loaded into the
loading tube of the extruder’s batch feeder. The dry mixture was fed into the extruder at
the rate of 2.4 g/min. Water was fed by the pump into the second zone of the extruder’s
barrel at the rate of 3.6 ml/min. Screw speed of the extruder was maintained at 120 RPM.
A temperature gradient was set along the extruder barrel as follows: feed zone - 25°C,
zone 1 - 30°C, zonce 2 - 60°C, zonc 3 — 110°C, zonc 4 - 110°C. The dic plate was ncither
actively heated, nor cooled. The cooling die was cooled by the cooling water circulator
maintaining the die at 24°C.

The soft connective replica produced by this method was off-white in color and
highly fibrous/filamentous, with a neutral taste and flavor. Tensile strength of this

material was low and comparable to that of tender beef roast.
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EXAMPLE 8

Preparation of “tough fibrous connective” tissue replica

To prepare a tough fibrous connective tissue replica, 50 g of soy protein isolate
and 50 g of wheat gluten powder were thoroughly mixed by manual mixing and tumbling
for 5 min, and loaded into the loading tube of the extruder’s batch feeder. The dry
mixture was fed into the extruder at the rate of 3.6 g/min. Water was fed by the pump into
the second zone of the extruder’s barrel at the rate of 5.4 ml/min. Screw speed of the
extruder was maintained at 120 RPM. A temperature gradient was set along the extruder
barrel as follows: feed zone - 25°C, zone 1 — 37°C, zone 2 — 61°C, zone 3 — 135°C, zone
4 - 135°C. The die plate was neither actively heated, nor cooled. The cooling die was
cooled by the cooling water circulator maintaining the die at 26°C.

The tough fibrous connective replica produced by this method was light tan in
color and was a fibrous/layered material having a neutral taste and flavor. Tensile

strength of this material was high and comparable to that of cooked beef tendons.

EXAMPLE 9

Preparation of pre-flavored “soft connective” tissue

To prepare a flavored soft connective tissue replica, 50 g of soy protein isolate, 50
g of wheat gluten powder, I g of yeast extract #9 (Flavor house Inc., X11020), and veast
extract #21 (Biospringer 1405/40 MGI) were thoroughly mixed by manual mixing and
tumbling for 5 min, and loaded into the loading tube of the extruder’s batch feeder and
extruded as described in Example 7. The pre-flavored soft connective tissue had a savory
taste, with an increase in the flavor complexity and decrease in off notes as compared to

the soft connective tissue produced in Example 7.

EXAMPLE 16

Preparation of “meat dough”

“Meat dough” for the ground beef-replica was prepared using the following
ingredients:

a. Vital wheat gluten (#131100, Guisto’s Specialty Foods, San Francisco, CA)
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b. soft connective tissue replica (sec Example 7, the pre-flavored soft connective
tissue of Example 9 also could be used)
c. dough broth (see Example 5)

A 100g portion of meat dough was prepared as follows. First, 25 g of the soft
connective tissue replica was hand shredded lengthwise into approximately 1-inch long
picces. The shredded soft connective replica was combincd with 25 g dry wheat gluten in
a mixing bowl and gently hand tossed to mix evenly. In a separate container, 50 mL of
dough broth was brought to a boil and simmered on low for 10 mimutes. The hot dough
broth was added to the dry gluten-connective tissue replica mix and kneaded on a stand
mixer (e.g., KITCHENAID® Professional 600 Series 6 Quart Bowl-Lift Stand Mixer
model KP26M1XER with dough-mixing attachment, set at speed 2) for 30 seconds to
form the meat dough.

Once kneaded, the meat dough was formed into a slab and transferred to another
vessel for steaming. The meat dough was steamed (in an Aroma Rice cooker Model No.
ARC-1030SB) until the internal temperature reached approximately 200°F and held at
that temperature for additional 20 minutes. After steaming, the dough was transferred to a
container on ice to allow it to cool down to room temperature. The steamed meat dough
also can be stored at this point at 4°C for up to a week. Before forming the beef-patty
replicas, the stearned meat dough was hand torn into smaller pieces, approximately 1 inch
cubes. The mixture is now ready for use in the formation of a beef-patty replica

(described in Examples 11 and 12).

EXAMPLE 11

Assembly and cooking of burger

A replica burger containing the ingredients in Table 3 was prepared. The 1% agar
preparation was made by adding 1 g of agar powder (item 6410, Now Foods
Bloomingdale, IL) to 99 ml of water in a glass beaker. The agar was fully solubilized by
heating the mixture to 100°C while stirring, and then cooling in an ice bath for 20 - 30

min until a firm gel firmed. The gel was then transferred to a coffee grinder (Cuisinart®
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Model # CUI DCG-20N) and ground for 20 seconds to break it into small pieces for

mixing.

TABLE3
Composition of Burger
Ingredient %
Meat dough (Example 10) 54.1
1% agar preparation 20.0
Coconut oil with flavor system (Example 6) 13.5
16x precursor mix 2 (Table 1) 59
RuBisCO preparation (dry) (Example 2) 53
LegH preparation (dry) (Example 1, £. coli) 1.2
Total 100

The meat dough (Example 10) and flavored coconut o1l (Example 6) were mixed
by hand in a bowl. A typical batch size was 100 g to 2000 g. The mixture was then
ground using a stand mixer fitted with a food grinder attachment (KITCHENAID®
Professional 600 Series 6 Quart Bowl-Lift Stand Mixer model KP26M1XER and
KITCHENAID® Food Grinder model FGA, St. Joseph, MI} on speed setting 1. The
mixture was fed by a screw conveyor past a rotating knife installed in front of a fixed-
hole plate. The ground tissue was collected in a bowl.

The following ingredients then were added in the ratios shown in Table 3: 1%
agar preparation, RuBisCO (approximately 50% by weight RuBisCO), 16x precursor mix
2, and LegH (350-650 mg/g). Ingredients were added in the order listed here and the
material was mixed gently after cach addition. Thirty (30) g or 90 g portions of ground
tissue were then formed by hand into round patty shapes. Typical dimensions for 30 g
patties were 50 mm x 12 mm. Typical dimensions for 30 g patties were 70 mm x 18 mm.
During the assembly, grinding, and forming, all materials were kept cold (4 — 15°C).
Pattics were refrigerated until cooked. Patties were cooked on a preheated (325 — 345°F)
non-stick skillet and heated to an internal temperature of 160°F while flipping every 2
minutes. Typical cook times ranged from 12 to 15 minutes. Cooked patties had an

appearance, texture, and flavor similar to ground beef as judged by a trained sensory
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panel. In addition to cooking in a patty format, the unformed material also can be used in
a variety of dishes such as taco filling, casseroles, sauces, toppings, soups, stews, or

loaves.

EXAMPLE 12

Adding flaver molecules to the burger
A replica burger containing the ingredients in Table 4 was prepared.

TABLE 4
Compositien of burger

Ingredient %
Unflavored meat dough 54.1
1% agar preparation (see Example 11) 20.0
Coconut oil 135
16x precursor mix 2 (Table 1) 59
RuBisCQO preparation (dry) (Example 2) 53
LegH preparation (dry) (Example 1, £. coli) 1.2
Phenylacctic acid (CAS # 103-82-2) 0.003%
Furaneol (CAS #3658-77-3) 0.003%
2-Mercapto-3-butanol (CAS # 37887-04-0) 0.0015%
Garlic, o1l soluble (Kalsec) 0.0015%
Total 100

The unflavored meat dough (wheat gluten, unflavored soft connective tissue, and
water) and coconut oil were mixed by hand in a bowl and ground as described in
Example 11. The following ingredients were then added at the ratios in Table 4: 1% agar
preparation, RuBisCO (approximately 50% by weight), 16x precursor mix 2, and LegH
(350-650 mg/g). Flavor compounds and garlic oil were diluted to 1x 107 then added at
the concentration listed in Table 4. Ingredients were added in the order listed here and
the material was mixed gently after cach addition. 100 g portions of ground tissue were
then formed by hand into round patty shapes. During the assembly, grinding, and
forming, all materials were kept cold (4 — 15°C). Patties were cooked on a preheated (325

— 345°F) non-stick skillet and heated to an internal temperature of 160°F while flipping
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every 2 minutes. The patties typically cooked in 12 to 15 minutes. Cooked patties had
appearance, texture, and flavor similar to ground beel. These patties did not have as
much depth in flavor as burgers created with pre-flavored dough and fat, however these
burgers had additional flavor notes associated with beef as judged by a trained sensory

panel.

EXAMPLE 13

Preparation of solution-spun zein fibers for connective tissue replica

Solution-spun zein fibers were produced using zein powder (Prairie Gold Inc.,
Bloomington, IL}, ethanol (190 proof Everclear by Luxco), sodium hydroxide (Fisher
Scientific), glycerol, (Fisher Scientific), and water. Fifty (50) g of zein powder, ten (10)
g of glycerol, thirty six (36) g of ethanol, and four (4) g of water were mixed in a glass jar
for 5 min using a homogenizer. The pH of the solution was adjusted to 7.0 with a 1M
solution of sodium hydroxide in cthanol. The solution was loaded into a 1 ml syringe
with a 30-gauge needle. The syringe was mounted on a syringe pump (New Era Syringe
Pumps, Inc.), which was instailed vertically, needle pointing down, over a custom-made
fiber spooler with a Delrin spool. The spooling rod was set to rotate at 3 RPM.

The syringe pump was set to 0.12 ml/h and activated. When a drop of solution
formed at the end of the needle, it was picked up with a spatula and stretched into a fiber.
The end of the fiber was touched to the spooling rod until it adhered. A heating fan,
pointing to the spooling rod at the place of fiber attachment, was then switched on to
facilitate fiber drying. Fiber was spooled until the syringe was cmpty, after which the
syringe was rcloaded and the above procedure repeated. After spooling, the fibers were
pre-cured in a 110°C oven for 1 hour, and then finished by baking at 175°C for 5
minutes.

Zein fibers obtained by this process were semi-clear, light yellow colored fibers,
60-80 micrometer thick, as measured by light microscopy. They were very flexible in air
and water, maintaining high tensile strength similar to animal connective tissue (10-15

MPa) even after water immersion for several hours.
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EXAMPLE 14

Preparation of dough broth with iron gluconate for pre-flavoring meat dough

A dough broth was created by mixing a 1 X precursor mix 1 (sce Table 2), 1 mM
iron gluconate, and 18% refined, bleached, and deodorized (RBD) coconut oil (Shay and
company), and stirring a8 the solution was heated until boiling, then simmered at a low
boil for 30 minutes. This solution is referred to the “iron gluconate dough broth” and can
be used instead of the “dough broth” that is used in the meat dough of Example 10.
Incubating the coconut oil with the iron gluconate and precursor mix generates savory
and or meaty flavors in the broth including pork, beefy, sulfur, metallic, sweet, savory,

and umami in the broth.

EXAMPLE 15

Preparation of flavor infused fat replica with iron cluconate

Flavored fat replica containing iron gluconate was created by mixing a solution of
LegH at 0.25%, 1 mM iron gluconate, 1x precursor mix I (Table 1), and 30% RBD
coconut oil (Shay and company) and stirring the mixture as it was heated until boiling,
then simmered at a low boil for 10 minutes. The solution was cooled to 4°C to allow the
oil to solidify. Once the oil was solidified, it was separated from the aqueous layer and
used instead of the flavored fat replica in preparing the burger described in Example 13.
Incubating the coconut oil with the LegH, iron gluconate, and precursor mix infuses
flavor notes in the oil including savory, meaty, beef fat notes, sweet, metallic and sulfur
notes.

EXAMPLE 16

Preparation of meat dough containing cream of tartar

A meat dough was prepared as follows using the ingredients shown in Table 5.
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TABLE §

Composition of Meat Dough
Ingredient Y%
Gluten flour 48.2
Water 35.0
Coconut oil 9.0
1M lactic acid solution 6.0
Hydrolyzed vegetable protein 1.3
Cream of tartar 0.5
Total 100.0

First, water, coconut oil, 1M lactic acid solution, and hydrolyzed vegetable
protein were mixed and heated to 60°C to make a broth. Heating was done to melt and
help distribute the coconut oil. Gluten flour (vital wheat gluten #131100, Guisto’s
Specialty Foods, San Francisco, CA) and cream of tartar were mixed in a separate
container. The warm broth was then added to the dry mixture and kneaded with a stand
mixer {c.g., KITCHENAID® Professional 600 Series 6 Quart Bowl-Lift Stand Mixer
model KP26M1XER with dough-mixing attachment, set at speed 2) for 30 seconds to
form the mceat dough. Once kncaded, the mcat dough was formed into a slab and
transferred to another vessel for steaming. The meat dough was steamed (e.g., in an
Aroma Rice cooker Model No. ARC-1030SB) until the internal temperature reached
approximately 88°C. After stcaming, the dough was transferred to a container on ice to
allow it to cool down to 4°C. Cream of tartar modified the texture of the dough in an
advaniageous way. When compared to the meat dough of Example 10, the meat dough
of the present example was more cohesive, had a form factor after grinding that was more
similar to ground beef, and had improved raw handling characteristics so that it was

easier to shape and form patties.

EXAMPLE 17

Preparation of meat douch containing lutein

A meat dough was prepared as follows using the ingredients shown in Table 6.
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TABLE 6
Composition of Meat Dough

Ingredient Yo

Water 50

gluten flour 40

coconut oil 9.0

lutein SAF preparation i

Total 100.0

First, water, coconut oil (Shay and company, Milwaukie, OR), and lutein
(FloraGLO Lutein 20% SAF, DSM Nutritional Products, Overland Park, KS) were mixed
and heated to greater than 25°C to make a broth. Heating was done to melt and help
distributc the coconut oif and lutcin. The warm broth was then added to gluten flour
(vital wheat gluten PROLIGHT® LF, ADM, Chicago, TL) and kneaded with a stand mixer
(e.g., KITCHENAID® Professional 600 Scries 6 Quart Bowl-Lift Stand Mixer model
KP26M1XER with dough-mixing attachment), set at speed “2” for 30 seconds to form
the meat dough. Once kneaded, the meat dough was formed into a slab and transferred to
another vessel for steaming as in Example 16 then transferred to a container on ice to
allow it to cool down to 4°C. A control batch of meat dough was made as described
above except no lutein was added. The meat dough containing lutein was described as

having less grainy flavor and being closer to beef than the control meat dough.

EXAMPLE 18

Decreasing grain and off flavors by the addition of carotenoids

Meat dough was prepared as follows using the ingredients shown in Table 7.
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TABLE 7
Composition of Meat Dough

Ingredient %
Gluten flour (ADM PROLITE® 40.0

Low Flavor Vital Wheat Gluten
(Montreal, Canada))

Tap water 50.0
Coconut oil 10.0
Carotenoids (DSM) 0.005
Total 100.0

First, melted coconut oil (50°C) was mixed with carotenoids, then this was mixed
into the water. The broth was vigorously stirred, then quickly the wheat gluten flour was
added to the broth and mixed well with a spoon. The formed raw meat dough was
transferred to a metal ramekin or glass beaker for steaming as described in Example 16
and then transferred to a container on ice to allow it to cool down to 4°C.

The addition of caroteneoids modified the flavor of the dough in an advantageous
way; when compared to the meat dough with no carotenoids (Example 10), five trained
flavor scientists described the meat dough with carotenoid as having less grain flavor,
less oxidized notes, and overall less off flavors in four tastings. Table & presents the
sumraarized sensory results from a panel of samples with different carotenoids evaluated
by five trained flavor scientist on grain flavor. The trained flavor scientists rated the
samples from 1-5 on the grain flavor, with | being the lowest in grain {lavor and S being
the highest. The reduction in off flavors in the meat dough with the lutein was supported
by SPME Gas chromatography-mass spectrometry (GC-MS) data. Additionally,
carotcnoids (lycopene, beta-carotenc, zcaxanthin, canthaxanthin, and hutein) added to the
meat dough resulted in the samples being described as more fatty and sweeter.

With the addition of lutein in the meat dough, most flavor compounds decreased

dependent on the concentration of lutein. Sce Table 9; lutein concentrations were at none,
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0.0005%, and 0.005%. The main compounds that decreased with the carotenoids

mcluded oxidized flavor compound like alcohols and aldehydes, including (2)-2-nonenal,

(E,E)-2.4-nonadicnal, and 1-penten-3-ol; additionally, sulfur compounds were decreased,

including methanethiol, 2-acetylthiazole, and dimethyl sulfide; many of these compounds
5 also were described as grainy and oxidized notes by trained flavor scientist by Gas

Chromatography-Olfactometry (GCO).

TABLE 8
Sensory emulation of meat dough with the addition of carotenoids for reduction in
10 grain flavor
Control coconut oil blank 30 + 08
plus Lycopene 28 + 0.6
plus beta-carotene 1.5+0.7
plus Zeaxanthin 1.6+ 0.8
plus Canthaxanthin 1.6 0.8
plus lutein 19 =0.8
TABLE S

Flavor compounds affect by the addition of carotenoids in wheat gluten flour upon
cooking. Data collected by SPME GCMS.
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EXAMPLE 19

Decreased orain and off flavor by the addition of antioxidants

A meat dough was prepared as follows using the ingredients shown in Table 10.

TABLE 10
Composition of Meat Dough

Ingredicent %

Gluten flour (ADM PROLITE® Low  40.0
Flavor Vital Wheat Gluten)

Tap water 50.0
Coconut oil 995

EGCG (Swanson Superior Herbs) 0.05

Total 100.0

EGCG (epigallocatechin gallate) was solubilized in water, then melted coconut oil
(50°C) was mixed into the water. The broth was vigorously stirred, then quickly the
wheat gluten flour was added to the broth and mixed well with a spoon. The formed raw
meat dough was transferred to a metal ramekin or glass beaker for steaming as described
in Example 16, and then transferred to a container on ice to allow it to cool down to 4°C.

The reduction in off flavors as described by trained flavor scientists in the meat
dough with the addition of EGCG is supported by SPME GC-MS data. The GCMS data
showed multiple flavor compounds that were no longer detectable or decreased by at
least 2-fold, including compounds 2-pentyl-furan, 6-methyl-5-hepten-2-one, 1-penten-3-
ol, 2-penten-1-ol, methyl-pyrazine, butanal, 5-ethyl-2(5H)-furanone, 5-ethyldihydro -
2(3H)-furanone, 2-noncnal, phenylacetaldehyde, and 3,5-octadicn-2-one that were

described by GCO as being grainy and oxidized notes.

wh
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EXAMPLE 20

Preparation of meat dough with decreased grain flavor by washing the wheat cluten

Meat dough was prepared as follows using the ingredients shown in Table 11.

TABLE 11
Composition of Meat Dough

Ingredicnt %
Gluten flour 40.0
Tap water 50.0
Coconut oil 10
Total 160.0

Wheat gluten flour (ADM PROLITE® Low Flavor Vital Wheat Gluten) was
slowly stirred into a solution that contained 10X washing solution (50 mM NaCl), then
mixed well to prevent clump formation. The solution was set on ice for five minutes,
during which the wheat gluten settled to the bottom. A second wash step was followed by
removing the first wash solution and stirring into 10X fresh washing solution. The second
solution was discarded and a final wash with tap water followed. The water wash solution
was discarded, then the washed wheat gluten was measured to determine that the correct
amount of water was incorporated. Water was added or pressed out so that the wheat
gluten dough weight was equal to the amount of initial wheat gluten flour measured out
and the theoretical amount of water. Melted coconut oil was added, and the dough was
hand kneaded for 30 seconds to incorporate the oil. The formed raw meat dough was
transferred to a metal ramekin or glass beaker for steaming as in Example 16 and then
transferred to a container on icc to allow it to cool down to 4°C.

The washing step modified the flavor of the dough in an advantageous way; when
compared to the non-washed meat dough, five trained flavor scientists described the
washed meat dough as having less grain flavor, less oxidized notes, and overall less off
flavors in four tastings. The reduction in off flavors in the washed meat dough is
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supported by SPME GC-MS coupled with GCO that compared non-washed to washed
meat dough. In the washed meat dough, flavor compounds decreased, including oxidized
flavor compounds such as alcohols and aldehydes, and particular compounds including 1-
(2-furanyl)-cthanone, methyl-pyrazine, pentanoic acid, 3-methyl-1-butanol, 2,3-
butanedione, benzyl alcohol, (E,E) 3,5-octadien-2-one, (E)-2-nonenal, (E,E)-2.4-
decadienal, and 1-octen-3-one, which were determined to be odor active compounds by
GCO and the detection of these compounds was either decreased or was not detected in

the washed meat dough.

EXAMPLE 21

Preparation of bloodv agar

Bloody agar was prepared using the ingredients shown in Table 12.

TABLE 12
Composition of Bloody Agar

Ingredient %
Flavor broth 41.5
Leghemoglobin, 50 mg/ml liquid 26.7
17x Liquid Magic Mix 17.3
RuBisCO, dry (Example 2) 12.0
1 M lactic acid solution 1.5
Agar powder 1
Total 100.0

Agar powder (Now Foods, Bloomingdalc, IL) was dissolved in a mixturce of lactic
acid and flavor broth (made as in Example 5, except 10% coconut oil and Magic Mix 1
from Table 13 was used) by heating to 100°C in a stirred beaker. The solution was
cooled to 65°C by immersion in an ice bath. 17x liquid magic mix (Magic Mix 2 from
Table 13) and leghemoglobin, both at 4°C, then were added, causing the temperature of

the mixture to decrease to 50°C. It is important that the mixture be cooled before adding
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the leghemoglobin to prevent the leghemoglobin from denaturing. The dry RuBisCO
then was added and the mixture was stirred vigorously by hand. It is important that the
temperature be between 40°C and 60°C when the RuBisCQO is added. If the temperature
is too high, the RuBisCO can denature and will not function as a firming agent during
cooking of the final product. I the temperature is too low, the agar will solidify and
hinder generation of a homogenous mixture.

TABLE 13
Composition of Magic Mixes

Precursor | Precursor

Precursor mix 1 mix 2

{mM) {mM)
Alanine 15.0 7.5
Arginine 0.6 0.3
Asparagine 0.8 04
Aspartate 0.8 04
Cysteine 9.0 9.0
Glutamic acid 20 20
Glutamine 0.7 0.3
Glycine 1.3 0.7
Histidine 0.6 03
Isoleucine 0.8 0.4
Leucine 2.0 1.0
Lysinc 5.0 2.5
Methionine 1.0 0.5
Phenylalanine 0.6 0.3
Prolimc 0.9 0.4
Threonine 0.8 04
Tryptophan 1.5 0.8
Tyrosine 0.6 0.3
Valine 1.0 0.5
Glucose 5.6 2.8
Ribose 5.0 5.0
Thiamine 0.2 0.2
IMP + GMP 2.5 13
Lactic acid 10.0 5.0
Creatine 3.0 1.5
L-Taurine 10.0 50
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EXAMPLE 22

Preparation of bloodv asar

Bloody agar was prepared using the ingredients shown in Table 14.

TABLE 14
Cemposition of Bloody Agar
Ingredient %
Water 81.1
1 M lactic acid solution 52
17x Liquid Magic Mix (Tablc 12) 4.4
Leghemoglobin, 87 mg/ml liquid 43
Agar powder 1.0
Total 160.0

Agar powder {Agar 100, TIC Gums, White Marsh, MD) was dissolved in a
mixture of water and lactic acid by heating to at least 91°C in a stirred beaker. Heating
was done to fully solubilize the agar. The solution then was cooled to 50 - 70°C and a
premixture of the leghemoglobin (Pichia expressed, Example 1) and 17x Liquid Magic
mix (Table 12) was added. If the temperature is too high, the leghemoglobin can
denatare and will not function as intended for flavor reaction chemistry. If the
temperature is too low, the agar will solidify and hinder generation of a homogenous
mixture. The mixture then was stirred and further cooled to 4 - 25°C. The finished

product has a ketchup like appearance and texture.

EXAMPLE 23

Preparation of adipose replica emulsion with improved melting, adhesive and

mouth feel properties

To prepare one hundred (100) g of adipose replica, 1 g of dry precursor mix 1
(Table 12) was dissolved in 18.8 ml of water and the pH was adjusted to 6 with a

concentrated NaOH solution. A frozen solation of leghemoglobin (5.5%) was added to
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the precursor solution and placed on a stirring hot plate maintained at 160°C, with a 250
RPM rotation speed.

In a separate container, thirty five (35) g of coconut oil (Shay and company,
Milwaukie, OR) and thirty five (35) g of palm stearin were melted together in a 60°C
water bath. The melted oil mixture was slowly (about 12 ml/min) added to the solution
of precursors and leghemoglobin, while increasing the stirring rate to 450 RPM.

The resulting thick emulsion was maintained at the same temperature and stirring
rate for 23 min after the oil was added. The emulsion then was transferred to a 600 ml
beaker and placed on ice and into the refrigerator for rapid cooling. When the emulsion
reached 25°C, 0.35 g of algal vegetable oil and 0.35 g of acetoin were added to the
emulsion and rapidly mixed in with a spatula. Lactones for improved flavor and masking
off-flavors (as described in Example 31) were added in the following amounts: 5-ethyl-4-
hydroxy-2-methyl-3(2H)-furanone was added to a final concentration of 2.5%107° %,
butyrolactone was added to a final concentration of 2.5%10° %, and 3-tetradecalactone
was added to a final concentration 5*10” %. The emulsion was homogenized for 2.5 min
using a hand-held homogenizer at setting 6. The emulsion was incubated at 4°C until it
was fully solid.

After solidification, the adipose replica emulsion was off-white to a slightly
browned color, waxy solid at room temperature, with flavors that were characterized as
savory, meaty, bloody, and chicken fat-like. When incorporated into the ground beef
replica, the stickiness of the replica was increased as was the ability of the replica to be

handlcd and shaped.

EXAMPLE 24

Preparation of adinose replica emulsion stabilized bv sov conglveinin protein

To prepare 100 g of adipose replica, 1.5 g of isolated soy conglycinin powder
from Example 4 was dissolved in 28.5 ml of water and placed on a hot stir plate. Ina
separate container, 70 g of coconut oil (Shay and company) were melted in a 60°C water
bath. The melted oil mixture was slowly (about 12 ml/min) added to the solution of

purified protein under constant stirring. The resulting ernulsion was heated up to 90°C
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temperature and maintained at this temperature for 5 min. The emulsion then was
transferred to a 600 mi beaker and placed on ice and into the refrigerator for rapid
cooling. When the emulsion reached 25°C, 0.35 g of algal vegetable oil were added to the
emulsion and rapidly mixed in with a spatula. Lactones for improved flavor and masking
off-flavors (as described in Example 31) were added in the following amounts: S-cthyl-4-
hydroxy-2-methyl-3(2H)-furanone was added to a final concentration of 2.5%10-5 %,
butyrolactone was added to a final concentration of 2.5%10-8 %, and d-tetradecalactone
was added to a final concentration $¥10-9 %. The emulsion was homogenized for 2.5 min
using a hand-held homogenizer at setting 6 and incubated in the 4°C refrigerator until it
was fully solid. After solidification, the adipose replica emulsion was white to slight off-
white color, solid at room temperature, with bland, very neutral flavor and texture

characterized as similar to rendered beef fat.

EXAMPLE 25

Preparation of adipose replica emulsion stabilized bv sov conglvcinin protein bva

pH excursion method

To prepare 100 g of adipose replica, 0.5 g of isolated soy glycinin protein powder
from Example 4 was dissolved in 29.5 mi of water in a beaker. The pH of the protein
solution was adjusted to 12 using a 2 M solution of sodium hydroxide. In a separate
container, 70 g of coconut oil (Shay and company) were melted in a 60°C water bath.
The melted oil mixture was slowly (about 12 ml/min) added to the solution of purified
protein under constant stirring. 0.35 g of algal vegcetable oil were added to the cmulsion
and rapidly mixed in with a spatula. The pH of the protein solution was adjusted to 12
using a 2 M solution of sodium hydroxide, and the emulsion was homogenized for 30 s
(thirty seconds) using a hand-held homogenizer at setting 6 and incubated at 4°C until it
was fully solid. After solidification, the adipose replica emulsion was white to slight off-
white color, solid at room temperature, with bland, very neutral flavor and cottage

cheese-like texture.
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EXAMPLE 26

Adding carotenoids in flavor emulsion to increase meaty flavors

Each carotenoid (canthaxanthin, f-carotene, lutein, or lycopene) (Shay and
company, Milwaukie, OR) was individually dissolved in coconut oil or water at 10%,
dependent on solubility. The carotenoids were added to the flavor emulsion before
cooking by mixing a solution of LegH at 0.5%, 1x precursor mix 1 (Table 1), 30% RBD
coconut oil, and the individual 10% carotenoid solutions (final carotenoid concentration
in emulsion was 0.025%), and stirring the mixture as it was heated until boiling, then
simmered at a low boil for 10 minutes. Additional algal vegetable oil at 0.7% was added
for additional precursors for flavor creation as described in Example 32. Lactones for
improved flavor and masking off-flavors (as described in Example 31) were added in the
following amounts: 5-cthyl-4-hydroxy-2-methyl-3(2H)-furanone was added to a final
concentration of 2.5%10-5 %, butyrolactone was added to a final concentration of 2.5%10-
8 %, and o-tetradecalactone was added to a final concentration 5¥10-9 %. The emulsion
was homogenized for 2.5 min using a hand-held homogenizer at setting 6 then incubated
at 4°C until it was fully solid. The emulsions were then added to the taco meat prepared
as described in Exaraple 30. The samples then were compared with the different
carotenoids to a control with no carotenoids added. The samples were evaluated by at

least five trained flavor scientists. The results are summarized in Table 15.
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TABLE 15

Flavor descriptions from taces tasted with flavor emulsion prepared with different
carotenoids

canthaxanthin | more brown (2)%, similar | sweet, more beefy, less grain, sl*
to control (2), lower floral

green floral/veg (2),
toasted grain (2), more
fatty (2),
odd/chemical/vitamin(2)

B-carotene more meaty/beefy (3}, more savory, less savory, sl bitter, sl
more fatty (2), less carrot, sl bland
green/floral off, less
chickeny
lutein similar to control (3}, lower green floral, floral,
more brown (2) cardboard/grain, more butter,
vegetable stock, pleasant, no off
flavors
lycopene fatty (2), grain (3) lower green/floral/grain, more

vegetable, less meaty, less off, savory,
same as control

*slightly

¥Numbers in parentheses indicate the number of tasters with that response.

EXAMPLE 27

Assemblv and cooking of burger

A replica burger containing the ingredients in Table 16 was prepared.
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TABLE 16
Composition of Burger
Ingredient Ye
Meat dough (Example 16) 26.9
Bloody agar (Example 21) 339
Flavored emulsion (Example 21) 20.0
Soft connective tissue (Example 7) 19.2
Total 100.0

Chilled meat dough was ground using a stand mixer fitted with a food grinder
attachment (KITCHENAID® Professional 600 Series 6 Quart Bowl-Lift Stand Mixer
model KP26M1XER and KITCHENAID® Food Grinder model FGA, St. Joseph, MI) on
speed setting 1. In this equipment, material is fed by a screw conveyor past a rotating
knife installed in front of a fixed-hole plate. Soft connective tissue was shredded using a
Universal Machine (UM-12, Stephen Machinery GmbH, Schwarzenbeck , Germany)
fitted with a blunt blade and run for 20 — 30 seconds at slow speed. Flavored emulsion
was chilled to -20°C and then chopped with a mini chopper (Mini-Prep® Plus Processor
model DLC-2L Cuisinart, Stamford, CT) in a single step process. Approximate 400g of
crmulsion was placed in the mini chopper and processed on the chop sctting for 60
seconds to yield pieces of 1 — 3 mm in length.

Ground meat dough, shredded soft connective tissue, and flavored emulsion
pieces were then mixed. During mixing, the mixture was kept at -5 to 4°C to prevent the
fat from melting. The bloody agar was then added and mixed until it was thoroughly
incorporated. The total batch size was 1 kg. 50 g or 150 g portions of ground tissue then
were formed by hand into round patty shapes. Typical dimensions for 50 g patties were
55 mm x 15 mm. Typical dimensions for 150 g patties were 100 mm x 22 mm. Patties
were refrigerated until cooked. Pattics were cooked on a preheated (325 - 345°F) non-
stick skillet and heated to an internal ternperature of 160°F while flipping every 2
minutes. Cooked patties had an appearance, texture, and flavor similar to ground beef.
In addition to cooking in patty format, the unformed material also can be used in a variety

of dishes such as taco filling, casseroles, sauces, toppings, soups, stews, or loaves,
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EXAMPLE 28

Assembly and cooking of burger

A replica burger containing the ingredients in Table 17 was prepared.

TABLE 17
Composition of Burger
Ingredient %
Meat dough (Example 17) 26.8
Fat emulsion (Example 23) 20
Soft connective tissue (Example 7) 19.2
Bloody agar (Example 22) 13.0
Hydration liquids 10.5
Soy conglycinin, dry 10.5
Total 100.0

Chilled meat dough was ground using a stand mixer fitted with a food grinder
attachment (KITCHENAID® Professional 600 Series 6 Quart Bowl-Lift Stand Mixer
model KP26M1XER and KITCHENAID® Food Grinder model FGA, St. Joseph, MI) on
speed setting 1. Soft connective tissue was shredded using a Universal Machine (UM-12,
Stephan Machinery GmbH, Schwarzenbeck , Germany) fitted with a blunt blade and run
for 20 — 30 scconds at slow speed. Flavored emulsion was chilled to ~20°C and then
chopped with a SALADSHOOTER® National Presto Industries, Inc. Eau Claire, WT) to
yield pieces of 1 — 3 mm in length. Ground meat dough, shredded soft connective tissue,
flavored emulsion pieces, and dry soy conglycinin were then mixed. During mixing, the
mixture was kept at -5 to 4°C to prevent the fat from melting. Hydration liquids (a 1:1
mixture of leghemoglobin and 17x Liquid Magic mix as described in Example 22) were
then added and the mixture was held at 4°C for a minimum of 15 minutes to allow the
dry soy conglycinin to hydrate. Finally bloody agar was added and mixed until it was
thoroughly incorporated. The total batch size was 200 g. 50 g portions of ground tissue
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then were formed by hand into round patty shapes. Typical dimensions for 50 g patties
were 55 mm x 15 mm. Patties were refrigerated until cooked. Patties were cooked on a
preheated (325 — 345°F) non-stick skillet and heated to an internal temperature of 170°F
while flipping every minute. Cooked patties had an appearance, texture, and flavor
similar to ground beef. In addition to cooking in patty format, the unformed material also
can be used in a variety of dishes such as taco filling, casseroles, sauces, toppings, soups,

stews, or loaves.

EXAMPLE 29

Assemblv and cooking of burger with 16% meat dough

A replica burger containing the ingredients in Table 18 was prepared.

TABLE 18
Composition of Burger

Ingredient Yo
Meat dough (Example 17) 10
Fat emulsion (Example 23) 20
Soft connective tissue (Example 7) 36
Bloody agar (Example 22) 13.0
Hydration liquids 10.5
Sey conglycinin, dry 10.5
Total 100.0

Chilled meat dough was ground using a stand mixer fitted with a food grinder
attachment (KITCHENAID® Professional 600 Series 6 Quart Bowl-Lift Stand Mixer
model KP26M1XER and KITCHENAID® Food Grinder model FGA, St. Joseph, MI) on
speed setting 1. Soft connective tissue was shredded using a Universal Machine (UM-12,
Stephan Machinery GmbH, Schwarzenbeck, Germany) fitted with a blunt blade and run
for 20 — 30 seconds at slow speed. Flavored emulsion was chilled to -20°C and then
chopped with a SALADSHOOTER® National Presto Industries, Inc. Eau Claire, W1) to
yield pieces of T — 3 mm in length. Ground meat dough, shredded soft connective tissue,

flavored emulsion picees, and dry soy conglycinin were then mixed. During mixing, the
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mixture was kept at -5 to 4°C to prevent the fat from melting. Hydration liquids (a 1:1
mixture of leghemoglobin and 17x Liquid Magic mix as described in Example 22) were
then added and the mixture was held at 4°C for a minimum of 15 minutes to allow the
dry soy conglycinin to hydrate. Finally, bloody agar was added and mixed until it was
thoroughly incorporated. The total batch size was 200 g. Fifty (50) g portions of ground
tissue then were formed by hand into round patty shapes. Typical dimensions for 50 g
patties were 55 mm x 15 mm. Patties were refrigerated until cooked. Patties were
cooked on a preheated (325-345°F) non-stick skillet and heated to an internal
temperature of 170°F while flipping every minute. Cooked patties had an appearance,
texture, and flavor similar to ground beef. In addition to cooking in patty format, the
unformed material also can be used in a variety of dishes such as taco filling, casseroles,

sauces, toppings, soups, stews, or loaves.

EXAMPLE 30

Assembly and cooking of “taco meat”

A replica “taco meat” containing the ingredients in Table 19 was prepared.

TABLE 19
Composition of Burger

Ingredient Ya
Meat dough (Example 17) 299
Fat emulsion (Example 23) 223
Soft connective tissue (Example 7) 21.5
Bloody agar (Example 22) 14.5
Hydration liquids 11.7
Total 160.0

Chilled meat dough was ground, soft connective tissue was shredded, and the
flavored emulsion was chopped as described in Example 28. Ground meat dough,
shredded soft connective tissue, and flavored emulsion pieces were then mixed. During
mixing, the mixture was kept at -5 to 4°C to prevent the fat from melting. Hydration
Hiquids (a 1:1 mixture of leghemoglobin and 17x Liquid Magic mix as described in
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Example 22) and bloody agar was then added and mixed. The total batch size was 20 g.
The mixed tissue was then cooked on a preheated (325 — 345°F) non-stick skillet to
160°F. Cooked tissue had an appearance, texture, and flavor similar to ground beef. The
material resembled taco meat in appearance; without the 7S protein, the meat did not firm

up and stick together as much.

EXAMPLE 31
Using lactones as masking agents

Lactones were diluted in either water or oil depending on solubility. The diluted
lactones were then added to the flavored emulsion (Example 23) as indicated in Table 20
and homogenized. The final concentrations of the lactones are given in Table 20. The
flavored emulsion was added for a final of 20% of the ground meat (¢.g., taco meat) {all
components of the meat replica without RuBisCO). The flavored emulsion was mixed
with meat dough, connective tissue, magic mix, and heme as indicated in Example 17 but
without the RuBisCO. The ground meat was then tested by five trained flavor scientists
for overall taste, any reduction in off flavors, and overall improvement. The summarized
results arc indicated in Table 20. The addition of particular lactones and combinations of
lactones resulted in a decrease in off flavors including grain, eggy, bitterness, livery, and
mushroom. Unique combinations were required for particular masking properties like
bitterness. The lactones also increased desired flavors of creamy, buttery, caramelized,

fatty, fresh, and fruity.
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EXAMPLE 32
Adding polvunsaturated fats for the creation of meaty fat flaver

Algal vegetable oil (DSM life’s omega 45 02412-0100) was added to the flavored

emulsion (Example 23), and then homogenized, for a final concentration of 0.07% in the
meat replica. The flavor emulsion was added to the replica as described in Example 27.
The addition of algal vegetable oil resulted in a replica with an increase in tallow taste,
fattiness, and overall meatiness, as described by trained flavor scientists.

The addition of algal oil increased the precursors including eicosapentacnoic acid
and docosahexaenoic acid that are needed for the creation of fatty flavor molecules. As
detected by SPME Gas chromatography-mass spectrometry (GC-MS), the addition of
algae oil to the precursor mix and hemoglobin as compared to the control without algal
oil created flavors including nonane, (E,E)-3,5-octadien-2-one, 1-hepten-3-ol, 1-penten-
3-one, 2-propy! furan, n-caproic acid vinyl ester, 3-ethyl-2-methyl-1,3-hexadiene, 1-
cthyl-5-methylcyclopentene, trans-2-(2-pentenyl)furan, 1-penten-3-ol, 4,7-dimethyl-
undecane, 1-octanol, 3-ethyl-pyridine, 3-ethylcyclopentanone, (Z)-2-octen-1-ol, 2-n-
heptylfuran, (Z3-2-decenal, hexanoic acid, (E,E)-2,4-nonadienal, 6-methyl-2-heptanone,
(Z)-2-heptenal, (E,E)-2,4-heptadienal, 1-hexanol, (E,E)-2.4, decadienal, (E,Z)-2,6-

nonadienal, and 1-octen-3-ol.

EXAMPLE 33

Creating Cucumis slurries for meat replicas

To create a boiled cucumber slurry, an catire non-permcated crisp varicty
cucumber (with the skin not peeled off or otherwise disrupted) was used. A water bath
was heated to 80-90°C, and the entire cucumber was placed into the water bath and
cooked until the internal temperature of the cucumber was equilibrated with the
temperature of the water bath, around 30 minutes for this example. The cucurnber then
was taken out of the bath and the skin of the cucumber was completely removed from the
{flesh. The flesh was blended with the seeds and then sieved to separate out any of the

larger particulates. The blended flesh then was used as the slurry and added to the meat
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replicas. This same method was used with other varieties in the Cucumis genus including

honeydew melon and cantaloupe.

EXAMPLE 34

An extract was created using solvent assisted flavor extraction (SAFE), and water
as the solvent. SAFE works by pulling the flavor compounds out of the material with
pressure and a slightly elevated temperature.

An extract was created by removing all the skin of a crisp variety cucumber, and

10 cutting the cucumber into pieces then blended with a magic bullet. The cucumber slurry
was then poured into the sample inlet of the SAFE glassware that was under pressure
using an Edwards 12 floor vacuum, and the temperature was set at 40°C with a water
pump, and a warm water-bath for the sample round bottom flask. A small amount (2-4
mbL of sample) of the cucumber slurry was put in the sample round bottom flask. The

15 slarry immediately appeared to boil as it traveled into the sample round bottom flask.
When the visual boiling stopped, more sample volume was added to the sample round
bottom flask. This continued until the entire sample was let into the SAFE glassware
setup. Once the entire sample was gone, the sample keep extracting as the water bath
reach 40°C then extracted for additional 20 minutes. As the extract was taking place the

20 collection round bottora flask was submerged in liquid nitrogen and cold finger inlet
filled with liquid nitrogen. The extract was then collected from the collection round

bottom flask.

EXAMPLE 38

25 Adding Cucumis liguid to meat replicas to increase meatiness and fattiness by

adding to celled matrix

Bloody agar as ocutlined in Example 22 was made as described other than with the
addition of Cucumis liquid replacing DI water. The Cucumis liquid was one of the
following: (i) a commercially available water extract from a cantaloupe melon, added at

30 % of the DI water, (ii) — (v) a slurry, cooked or not cooked, of cither honeydew melon
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(6.25%) or cucumber (3.2%}) as described in Example 33, or (vi) solvent assisted flavor
extract of cucumber (pressure distillate) as described in Example 34. The addition of
these cucumber and melon extracts brings certain clements of a meaty flavor profile to
enhance the overall preferences and meatiness of replicas. As demonstrated by SPME
GC-MS, and confirmed as odor active compounds by trained flavor scientist using GCO,
many of the compounds are aldehydes, lactones, many of which are seen in beef,
Compounds that are similar between beef and Cucumis include, without limitation,
nonanal, 2-decenal, 2-nonenal, 2-heptenal, 2,6-nonadienal, 2,4-decadienal, 2-undecenal,
2-octenal, 2-nonenal, dodecanal, 2,4-heptadienal, 2,6-nonadienal, 2,4-nonadienal, 2,4-
octadienal, decanal, 5-(methylenecyclopropyl)-pentanal, 6-nonenal, 3,7-dimethyl 1,6-
octadien-3-ol, 2-nonen-1-ol, 3-nonen-1-o0l, 3,5-octadien-2-one, 2,3-butanedione, 2-
methyl-cyclopentanone, 2-butanone, a-ionone, 6-octen-2-one, dihydro-5-pentyl -2(3H)-
furanone, l-menthone, n-caproic acid vinyl ester, 4-methyloctanoic acid, and acetic acid
cthenyl ester.

When the bloody agar with the extracts were added to meat replicas as described
in Example 30, there was an increase in sweet aromatics, fattiness, and in some cases
tallow and beefy flavors, see Table 21 for the full description fror five trained flavor
scientist of additional flavor notes that were not seen in the control and blind control.
Additionally, it was observed that the addition of these melon and cucumber extracts also
decreases the perception of off flavors including grainy, earthy, woody, and astringent.

Three of these extracts were tested in a formal descriptive panel with § trained
panclists and comparcd to onc control replica indicated as such, a blind control not
indicated as a control, 80:20 beef, and three additional samples with the Cucumis liquid
{cooked cucumber shurry tested at 0.37% of the final taco meat, cooked honeydew slurry
tested at 0.73% of the final taco meat, and Cantaloupe extract (from TREATT) at 0.24%
of the final taco meat). The results showed that all three samples were rated as higher in
fattiness and swect aromatics, with a decrease in off notes of earthy, grainy, astringent,
and green. The cantaloupe extract had an additional off note from the control of a sweet

melon flavor unlike what is tasted in beef. The other two samples the cooked honeydew
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slurry and cucumber slurry made as described in Example 33, were both rated as higher

in meatiness and fattiness than both controls, and had no additional off notes described.

-
wh
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TABLE 21
Flavor deseriptions from adding Cucumis liquid to meat replicas

Cooked Fatty, buttcr, fresh, sweet, mouthwatcring, and fatty Green, grain,
honeydew mouth coating earthy

slurry

Cooked Beef tallow, more buttery, fatty, fresh, fruit, fatty Green, grain,
cucumber mouth coating earthy

shurry

Honeydew | Savory, melon, slight butter, pork, sweet aromatic, Green, grain,
slurry fatty, mouthwatering, mouth coating carthy
Cucumber Fruity, fatty, cucumber, vegetable stock and melon Green, grain,
slurry carthy
Cantaloupe | Sweet, fruity, aromatic, slight butter, melon, candy Green, grain,
extract carthy
Cucumber Less chicken, freshness, sweet, little cucumber Green, grain,
SAFE carthy

OTHER EMBODIMENTS

It is to be understood that while the invention has been described in conjunction
with the detailed description thereof, the foregoing description is intended to illustrate
and not [imit the scope of the invention, which is defined by the scope of the appended
claims. Other aspects, advantagces, and modifications arc within the scope of the

following claims.

Motif Exhibit 1040, Page 1133 of 1537



Case No.: IPR2023-00321
U.S. Patent No. 10,689,656

WO 2015/153666 PCT/US2015/023679

WHAT IS CLAIMED IS:

1. A meat replica composition comprising:
{a) about 5% to about 88% by weight of a meat dough;
(b} about 0% to about 40% by wcight of a carbohydratc-bascd gel,;
{c) about 5% to about 35% by weight of a non-animal fat;
{d) about 0.00001% to about 10% by weight of a flavoring agent;
{¢}) about 0% to about 15% by weight of a binding agent; and
{f) about 0.01% to about 4% by weight of a heme-containing protein and/or an

iron salt.

2. The composition of claim 1, wherein said meat dough comprises a flavoring

agent,

3. The composition of claim 1 or 2, wherein said non-animal fat comprises a

flavoring agent.

4. The composition of any one of claims 1-3, wherein said meat dough is about 45%

to about 60% by weight of said composition.

5. The composition of any one of claims 1-4, wherein said carbohydrate-based gel is

about 10% to about 25% by weight of said composition.

6. The composition of any one of claims 1-3, wherein said non-animal fat is about

10% to about 15% by weight of said composition.

7. The composition of any one of claims 1-6, wherein said flavoring agent is about

3% to about 7% by weight of said composition.

R. The composition of any one of claims 1-7, wherein said flavoring agent comprises

one or more flavor precursors.

9. The composition of any one of claims 1-7, wherein said flavoring agent is about
0.001% to about 2% by weight of said composition.

77
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10.  The composition of claim 9, wherein said flavoring agent comprises a flavoring or

a flavoring compound.

11.  The composition of any one of claims 1-10, wherein said flavoring agent is a

combination of a flavoring and onc or morc flavor precursors.

12.  The composition of any one of claims 1-11, wherein said binding agent is about

2% to about 10% by weight of said composition.

13, The composition of any one of claims 1-12, wherein said binding agent comprises
one or more proteins that have been chemically or enzymatically modified to improve
their textural and/or flavor properties, or to modify the denaturation and gelling

temperature of the one or more proteins.

14, The composition of any one of claims 1-13, wherein said heme-containing protein

is about 0.01% to about 2% by weight of said composition.

15.  The composition of any one of claims 1-14, wherein said composition comprises

said heme-containing protein and said iron salt.

16.  The composition of any one of claims 1-15, wherein said meat dough comprises
an isolated plant protein, an edible fibrous component, an optional flavoring agent, and an

optional non-animal fat.
17.  The composition of claim 12, wherein said binding agent is a conglycinin protein.

18. A mcat replica composition comprising:
(a) about 5% to about 80% by weight of a meat dough;
{b) about 5% to about 35% by weight of a non-animal fat;
{c) about 15% to about 40% by weight of an edible fibrous component;
{d) about 0.1% to about 18% by weight of a carbohydrate-based gel;
{e) about 0% to about 10% by weight of a flavoring agent;

(£ about 0.5% to about 13% by weight of a binding agent; and
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{(g) about 0.1% to about 8% by weight of a heme-containing protein and/or an iron

19.  The meat replica composition of claim 18, comprising:
{a} about 20% to about 30% by weight of a mecat dough;
{b) about 15% to about 25% by weight of a non-animal fat;
{c) about 15% to about 25% by weight of an edible fibrous component;
{d) about 7% to about 18% by weight of a carbohydrate-based gel;
{e} about 0% to about 10% by weight of a flavoring agent;
() about 5% to about 15% by weight of a binding agent; and
(g) about 2% to about 8% by weight of a heme-containing protein and/or an iron

salt.

20. A method of making a ground meat replica, said method comprising:

{a} heating a dough to a temperature ranging from 150°F to 250°F, said dough
comprising an isolated plant protein, an optional edible fibrous component, one or more
optional flavoring agents, and an optional non-animal fat;

(b) combining said dough, after heating, with a non-animal fat, said non-animal
fat optionally containing a flavoring agent and/or an iselated plant protein; and

{c) combining the dough from step (b) with a carbohydrate-based gel, an optional
cdiblc fibrous componcnt, an optional binding agent, a highly conjugated hetcrocyclic
ring complexed to an iron ion and/or an iron salt, and one or more optional flavoring

agents to make said ground meat replica.

21.  The method of claim 20, said roethod further comprising breaking the dough from
step (b) into pieces before combining with said carbohydrate-based gel, said optional
edible fibrous component, said optional binding agent, said highly conjugated
heterocyclic ring complexed to an iron ion and/or said iron salt, and one or more optional

flavoring agents.

22. A method of flavoring a meat dough, said method comprising:
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(a) combining a first highly conjugated heterocyclic ring complexed to an iron ion
and/or a first iron salt with one or more flavor precursors and an optional non-animal fat;

(b) heating the mixture to form one or more flavor compounds; and

(¢} making a dough comprising an isolated plant protein, an optional edible

fibrous component, and the mixture from step (b).

23. The method of claim 22, further comprising:

{d) combining said dough, after heating, with a non-animal fat, said non-animal
fat optionally containing a flavoring agent and/or an isolated plant protein; and

{c) combining the dough of step (d) with a carbohydrate-based gel, an optional
binding agent, a second highly conjugated heterocyclic ring complexed to an iron ion
and/or a second iron salt, and one or more optional flavoring agents to make a ground

meat replica.

24, The method of claim 23, said method further comprising breaking the dough from
step (d) into pieces before combining with said carbohydrate-based gel, said optional
binding agent, said second highly conjugated heterocyclic ring complexed to an iron ion

and/or said second iron salt, and one or more optional flavoring agents.

25. A method of flavoring a meat dough, said method comprising:

{a) making a dough comprising an isolated plant protcin, an optional cdible
fibrous component, one or more optional flavoring agents, and an optional non-animal
fat;

{b) making a flavored non-animal fat by combining a non-animal fat with a highly
conjugated heterocycelic ring coraplexed to an iron ion and/or a first iron salt, and one or
more flavor precursors and heating the mixture; and

{¢) combining said dough, after heating, with said flavored non-animal fat.

26.  The method of claim 25, furthcer comprising combining the dough of step (¢) with
a carbohydrate-based gel, an optional binding agent, a second highly conjugated
heterocyclic ring complexed to an iron ion and/or a second iron salt, and one or more

optional flavoring agents to make a ground meat replica.
80
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27.  The method of claim 26, further comprising breaking the dough of step (c) before
combining with said carbohydrate-based gel, said optional binding agent, said second
highly conjugated heterocyclic ring complexed to an iron ion and/or said second iron salt,

and one or more optional flavoring agents.

28. A mecthod of making a ground meat replica, said method comprising:

{(a) combining an iron salt with one or more flavor precursors and an optional non-
animal fat;

{b) heating the mixture to form one or more flavor compounds;

{c) making a dough comprising an isolated plant protein, an optional edible
fibrous component, and the mixture from step (b);

(d) combining said dough, after heating, with a non-animal fat, said non-animal
fat optionally containing a flavoring agent and/or an isolated plant protein; and

{¢) combining the dough of step (d) with a carbohydrate-based gel, an optional
binding agent, an iron salt, an optional highly conjugated heterocyclic ring complexed to

an iron ion, and one or more optional flavoring agents to make said ground meat replica.

29.  The method of claim 28, further comprising breaking the dough from step (d) into
pieces before combining with said carbohydrate-based gel, said optional binding agent,
said iron salt, said optional highly conjugated heterocyclic ring complexed to an iron ion,

and onc or morc optional flavoring agents.

30. A method of making a ground meat replica, said method comprising:

{a) making a dough comprising an isolated plant protein, an optional edible
fibrous component, one or more optional flavoring agents, and an optional non-animal
fat;

(b) making a flavored non-animal fat by combining a non-animal fat with an iron
salt and onc or more flavor precursors and heating the mixture;

{c) combining said dough, after heating, with said flavored non-amimal fat; and
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(d) combining the dough of step (c) with a carbohydrate-based gel, an optional
binding agent, an iron salt, an optional highly conjugated heterocyclic ring complexed to

an iron ion, and one or more optional flavoring agents to make said ground meat replica.

31. The method of claim 30, further comprising breaking the dough from step (¢)
before combining with said carbohydrate-based gel, said optional binding agent, said iron
salt, said optional highly conjugated heterocyclic ring complexed to an iron ion, and one

or more optional flavoring agents.

32.  The method of any one of claims 20-31, wherein said iron salt is iron gluconate,
iron chioride, iron oxalate, iron nitrate, iron citrate, iron ascorbate, ferrous sulfate, ferric

pyrophosphate, or any other aqueous soluble salt.

33.  The method of claim 28, wherein a highly conjugated heterocyclic ring
complexed to an iron ion is combined with said iron salt, said one or more flavor

precursors, and said non-animal fat before heating said mixture.

34, The method of claim 30, wherein a highly conjugated heterocyclic ring
complexed to an iron ion is combined with said non-animal fat, said iron salt, and said

one or more flavor precursors before heating said mixture.

35, The method of any one of claims 22-31, wherein said one or more flavor
precursors is a sugar, a sugar alcohol, a sugar acid, a sugar derivative, an oil, a free fatty
acid, an amino acid or derivative thereof, a nucleoside, a nucleotide, a vitamin, an acid, a

peptide, a phospholipid, a protein hydrolysate, a yeast extract, or a mixture thereof.

36.  The method of claim 35, wherein said flavor precursor is selected from the group
consisting of glucosc, fructosc, ribose, arabinosc, glucosc-6-phosphatc, fructosc 6-
phosphate, fructose 1,6-diphosphate, inositol, maltose, sucrose, maltodextrin, glycogen,
nucleotide-bound sugars, molasses, a phospholipid, a lecithin, inosine, inosine
monophosphate (IMP), guanosine monophosphate (GMP), pyrazine, adenosine
monophosphate (AMP), lactic acid, succinic acid, glycolic acid, thiamine, creatine,

pyrophosphate, vegetable oil, algal oil, sunflower oil, corn oil, soybean oil, palm fruit oil,
82
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palm kernel oil, safflower oil, flaxseed oil, rice bran oil, cottonseed oil, olive oil,
sunflower oil, canola o1l, flaxseed oil, coconut oil, mango oil, a free fatty acid, cysteine,
methionine, isoleucine, leucine, lysine, phenylalanine, threonine, tryptophan, valine,
arginine, histidine, alanine, asparagine, aspartate, glutamate, glutamine, glycine, proline,
serine, tyrosine, ghutathione, an amino acid derivative, urea, pantothenic acid, ornithine,
niacin, glycerol, citrulline, taurine, biotin, borage oil, fungal oil, blackcurrant oil, betaine,
beta carotene, B-vitaming, N-Acetyl L-cysteine, iron glutamate and a peptone, or

mixtures thereof.

37.  The method of any one of claims 20-36, wherein said isolated plant protein in said

dough comprises wheat gluten.

38.  The mcthod of any onc of claims 20-36, whercin said isolated plant protein in said
dough comprises wheat gluten, a dehydrin protein, an albumin, a globulin, or a zein, or

mixtures thereof.

39.  The method of any one of claims 20-38, wherein said ground meat replica

comprises said optional edible fibrous component.

40.  The method of claim 39, wherein said optional edible fibrous component
comprises plant fibers from carrot, bamboo, pea, broccoli, potato, sweet potato, corn,
whole grains, alfalfa, kale, celery, celery root, parsley, cabbage, zucchini, green beans,
kidney beans, black beans, red beans, white beans, beets, cauliflower, nuts, apple skins,

oats, wheat, or psyllium, or a mixture thereof.

41.  The method of claim 39, wherein said optional edible fibrous component

comprises an extruded mixture of isolated plant proteins.

42.  The method of claim 41, wherein said extruded mixtare comprises wheat gluten

and soy protein isolate.

43, The method of claim 41 or claim 42, wherein said extruded mixture further

comprises a flavoring agent.

on
[oX]
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44.  The method of claim 43, wherein said flavoring agent is a flavoring, a flavor

compound, or a flavor precursor.

45.  The method of claim 44, wherein said flavoring is yeast extract, a protein

hydrolysate, or an oil.

46.  The method of claim 39, wherein said edible fibrous component is a solution-spun

protein fiber.

47.  The method of claim 46, wherein said solution-spun protein fiber corprises a
prolamin.
48.  The method of claim 47, wherein said prolamin is corn zein, pea prolamin,

kafirin, secalin, hordein, avenin, or a mixture thereof.

49.  The method of any one of claims 20-48, wherein said non-animal fat is an algal
oil, a fungal oil, corn oil, olive oil, soy oil, peanut oil, walnut oil, almond oil, sesame oil,
cottonseed oil, rapeseed oil, canola oil, safflower cil, sunflower oil, flax seed oil, palm
oil, palm kernel oil, coconut oil, babassu oil, shea butter, mango butter, cocoa butter,
wheat germ oil, borage oil, black currant oil, sea-buckhorn oil, macadamia oil, saw
palmetto o1l, conjugated linoleic oil, arachidonic acid enriched oil, docosahexaenoic acid
(DHA) enriched o1l, cicosapentaenoic acid (EPA) enriched oil, palm stearic acid, sea-
buckhorn berry oil, macadamia oil, saw palmetto oil, or rice bran oil; or margarine or

other hydrogenated fats.
50. The method of any one of claims 20-48, wherein said non-animal fat is algal o1l

51. The method of claim 49 or claim 50, wherein said non-animal fat comprises said

optional flavoring agent.

52.  The method of any one of claims 49-51, said non-animal fat comprising said

optional isolated plant protein.
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53.  The method of claim 52, wherein said optional isolated plant protein is a

conglycinin protein.

54.  The method of any one of claims 20, 21, or 23-53, wherein said dough comprises

said flavoring agcent.

55.  The method of any one of claims 20-52, wherein said non-animal fat in said

dough comprises a flavoring agent.

56.  The method of claim 54 or claim 55, whercin said flavoring agent is selected from
the group consisting of a vegetable extract, a fruit extract, an acid, an antioxidant, a

carotenoid, a lactone, and combinations thereof.

57.  The method of claim 56, wherein said antioxidant is epigallocatechin gallate.
38. The method of claim 56, wherein said carotenoid is lutein, B-carotene, zeaxanthin,

trans-f-apo-8’-carotenal, lycopene, or canthaxanthin.

59. The method of claim 56, wherein said vegetable extract is from a cucumber or
tomato.
60.  The method of claim 56, wherein said fruit extract is from a melon or pineapple.

61.  The method of any one of claims 20-60, wherein said carbohydrate based gel has

a melting temperature between about 45°C and about 85°C.

62.  The method of claim 61, wherein said carbohydrate-based gel comprises agar,

pectin, carrageenan, konjac, alginate, chemically-modified agarose, or mixtures thereof.

63.  The method of any one of claims 20-62, wherein said ground meat replica

comprises said optional binding agent.

64.  The method of claim 63, wherein said optional binding agent is an isolated plant
protcin.
85
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65.  The method of claim 64, wherein the denaturation temperature of said binding

agent 1s between about 40°C and about 80°C.

66.  The method of claim 64, wherein said isolated plant protein is a RuBisCO, an

albumin, a gluten, a conglycinin, or mixturcs thercof.

67.  The method of claim 63, wherein said binding agent is a carbohydrate based gel

that becomes firm upon cocking to 140°F to 190°F.

68.  The method of claim 67, wherein said carbohydrate based gel comprises
methylcellulose, hydroxypropylmethyl cellulose, guar gum, locust bean gum, xanthan

gum, or a mixture thereof.
69.  The method of claim 63, wherein said binding agent is egg albumin or collagen.

70.  The method of any one of claims 20-69, wherein said highly conjugated
heterocyclic ring complexed to an iron ion is a heme moiety, or a porphyrin,
porphyrinogen, corrin, corrinoid, chlorin, bacteriochorophyll, corphin, chlorophyllin,

bacteriochlorin, or isobacteriochlorin moiety complexed to an iron ion.
71.  The method of claim 70, wherein said heme moiety is a heme-containing protein.

72.  The method of claim 71, wherein said heme-containing protein is a non-symbiotic
hemoglobin, a Hell’s gate globin I, a flavohemoprotein, a leghemoglobin, a heme-

dependent peroxidase, a cytochrome ¢ peroxidase, or a mammalian myoglobin.

73.  The method of claim 71, wherein said heme-containing protein is a

leghemoglobin.

74. The method of claim 73, wherein said leghemoglobin is from soybean, pea, or

cowpea.

75. A method of increasing the meat flavor or masking off flavors from plant material

in a food product, said method comprising adding, to said food product, one or more

86

Motif Exhibit 1040, Page 1143 of 1537



Case No.: IPR2023-00321
U.S. Patent No. 10,689,656

WO 2015/153666 PCT/US2015/023679

lactones at a concentration of 10~ to 107! of said food product, wherein said lactones are
selected from the group consisting of tetrahydro-6-methyl-2H-pyran-2-one, delta-
octalactone, 5-ethyldihydro-2(3H)-furanone, butyrolactone, dihydro-5-pentyl-2(3H)-
furanone, dihydro-3-methylene-2,5-furandione, [-pentoyl lactone, tetrahydro-2H-pyran-2-
one, 6-heptyltetrahydro-2H-pyran-2-one, y-octalactone, S-hydroxymethyldihydrofuran-2-
one, 5-cthyl-2(5H)-furanone, 5-acetyldihydro-2(3H)-furanone, trans-3-methyl-4-
octanolide 2(5SH)-furanone, 3-(1,1-dimethylethyl}-2,5-urandione, 3,4-dihydroxy-5-
methyl-dihydrofuran-2-one, 5-ethyl-4-hydroxy-2-methyl-3(2H)-furanone, &-

tetradecalactone, and dihydro-4-hydroxy-2(3H)-furanone.

76.  The method of claim 75, wherein said lactones are 5-cthyl-4-hydroxy-2-methyl-

3(2H)-furanone, butyrolactone, y-octalactone, and d-tetradecalactone.
3QIT)-f , butyrolactone, y-octalactone, and S-tetradecalact

77. A method of increasing the meat flavor or masking off flavors from plant material
in a food product, said method comprising adding, to said food product, one or more
carotenoids at a concentration of between 0.00001% and 0.1% of said food product,
wherein said carotenoids are selected from the group consisting of B-carotene,
zeaxanthin, lutein, trans-3-apo-8°-carotenal, lycopene, canthaxanthin, and combinations

thereof.

78.  The mcthod of any onc of claims 75-77, whercin said food product is a mcat

replica.
79.  The method of claim 78, wherein said meat replica is free of animal products.

80. A method of increasing the meat flavor of a meat replica, said method comprising
adding, to said meat replica, a vegetable juice, a vegetable puree, a vegetable extract, a
fruit juice, a fruit puree, or a fruit extract to said meat replica at a concentration from

0.0001% to 10% of said meat replica.

81.  The method of claim 80, wherein said vegetable juice, vegetable puree, vegetable

extract, a fiuit juice, a fruit puree, or a fruit extract is a Cucumis juice, puree, or extract.

87
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82.  The method of claim 81, wherein said Cucumis juice, puree, or extract is from a

cucurmnber or a melon.

83.  The method of any one of claims 80-82, wherein said vegetable juice, vegetable
purce, vegetable cxtract, fruit juicce, fruit purce, or fruit cxtract is cooked or otherwise

treated to denature proteins before adding to said meat replica.

84.  The methed of any one of claims 80-83, wherein said meat replica is free of

animal products.

85. A food product or food replica product comprising a heme-containing protein and
one or more lactones at a concentration of 10~ to 107! of said food product, wherein said
one or more lactones are selected from the group consisting of tetrahydro-6-methyl-2H-
pyran-2-one, delta-octalactone, 5-cthyldihydro-2(3H)-furanone, butyrolactone, dihydro-
5-pentyl-2(3H)-furanone, dihydro-3-methylene-2,5-furandione, l-pentoy! lactone,
tetrahydro-2H-pyran-2-one, 6-heptyltetrahydro-2H-pyran-2-one, y-octalactone, 5-
hydroxymethyldihydrofuran-2-one, 5-ethyl-2(5H)-furanone, 3-acetyldihydro-2(3H)-
furanone, trans-3-methyl-4-octanolide 2(5H)-furanoune, 3-(1,1-dimethylethyl)-2,5-
urandione, 3,4-dihydroxy-5-methyl-dihydrofuran-2-one, 5-ethyl-4-hydroxy-2-methyl-

3(2H)-furanone, d-tetradecalactone, and dihydro-4-hydroxy-2(3H)-furanone.

86.  The food product or food replica product of claim 85, wherein said one or more
lactones are S-ethyl-4-hydroxy-2-methyl-3(2H)-furanone, butyrolactone, y-octalactone,

and d-tetradecalactone.

87. A food product or food replica product comprising a heme-containing protein and
one or more carotenoids at a concentration of between 0.00001% and 0.1% of said food
product, wherein said one or more carotenoids are selected from the group consisting of
B-carotene, zeaxanthin, lutein, trans-f-apo-8’-carotenal, lycopene, canthaxanthin, and

combinations thereof,

88.  The food product or food replica product of any one of claims 85-87, wherein said

food replica product is a roeat replica.
88
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89.  The food product or food replica product of claim 88, wherein said meat replica is

free of animal products.

90. A food product or food replica product comprising (a) a heme-containing protein,
and (b) a vegetable juice, a vegetable purce, a vegetable extract, a fruit juice, a fruit

puree, or a fruit extract at a concentration from 0.0001% to 10% of said food product.

91.  The food product or food replica product of claim 90, wherein said vegetable
Jjuice, vegetable puree, vegetable extract, a fruit juice, a fruit puree, or a fruit extract is a

Cucumlis juice, puree, or extract,

92.  The food product or food replica product of claim 91, wherein said Cucumis juice,

puree, or extract is from a cucumber or a melon.

93.  The food product or food replica product of any one of claims 90-92, wherein said
vegetable juice, vegetable puree, vegetable extract, fruit juice, fruit puree, or fruit extract
was cooked or otherwise treated to denature proteins before being added to said food

replica product.

94.  The food product or food replica product of claim 93, wherein said vegetable
juice, vegetable puree, vegetable extract, fruit juice, fruit puree, or fruit extract was
heated to a temperature of about 60°C to about 100°C before being added to said food

replica product.

95.  The food product or food replica product of any one of claims 90 to 94, wherein

said food product is free of animal products.

96.  The food product or food replica product of any one of claims 85 to 95, further
comprising one or more of a meat dough, a carbohydrate-based gel, a non-animal fat, and

a binding agent.

97. A food replica product comprising one or more lactones at a concentration of 107

to 10°" of said food product, wherein said one or more lactones are selected from the

39
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group consisting of tetrahydro-6-methyl-2H-pyran-2-one, delta-octalactone, 5-
ethyldihydro-2(3H)-furanone, butyrolactone, dihydro-3-pentyl-2(3H)-furanone, dihydro-
3-methylene-2,5-furandione, 1-pentoyl lactone, tetrahydro-2H-pyran-2-one, 6-
heptyltetrahydro-2H-pyran-2-one, y-octalactone, 5-hydroxymethyldihydrofuran-2-one, 5-
ethyl-2(SH)-furanone, S-acctyldihydro-2(3H)-furanone, trans-3-methyl-4-octanolide
2(5H)-furanone, 3-(1,1-dimethylethyl)-2,5-urandione, 3,4-dihydroxy-5-methyl-
dihydrofuran-2-one, S-ethyl-4-hydroxy-2-methyl-3(2H)-furanone, d-tetradecalactone, and
dihydro-4-hydroxy-2(3H)-furanone.

98.  The food replica product of claim 97, wherein said one or more lactones are 5-
ethyl-4-hydroxy-2-methyl-3(2H)-furanone, butyrolactone, y-octalactone, and 8-

tetradecalactone.

99, A food replica product comprising one or more carotenoids at a concentration of
between 0.00001% and 0.1% of said food product, wherein said one or more carotenoids
are selected from the group consisting of B-carotene, zeaxanthin, hutein, trans-f-apo-8’-

carotenal, lycopene, canthaxanthin, and combinations thereof.

100. A food replica product comprising a vegetable juice, a vegetable puree, a
vegetable extract, a fruit juice, a fruit puree, or a fruit extract at a concentration from

0.0001% to 10% of said food product.

101.  The food replica product of claim 100, wherein said vegetable juice, vegetable
puree, vegetable extract, a fruit juice, a fruit puree, or a fruit extract is a Cucumis juice,

puree, or extract.

102.  The food replica product of claim 101, wherein said Cucumis juice, puree, or

extract 1s from a cucumber or a melon.

103.  The food replica product of claim 100-102, wherein said vegetable juice,
vegetable puree, vegetable extract, fruit juice, fruit puree, or fruit extract was cooked or

otherwise treated to denature proteins before being added to said food replica product.
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104. The food replica product of claim 103, wherein said vegetable juice, vegetable
puree, vegetable extract, fruit juice, fruit puree, or fruit extract was heated to a
temperature of about 60°C to about 100°C before being added to said food replica

product.

105.  The food replica product of any one of claims 97 to 104, wherein said food

product is free of animal products.

106.  The food replica product of any one of claims 97 to 103, further comprising one
or more of a meat dough, a carbohydrate-based gel, a non-animal fat, and a binding

agent,

107.  The food replica product of any one of claims 97 to 105, wherein said food replica

product is a meat replica.

108.  The food replica product of any one of claims 97 to 105, wherein said food replica

product is a cheese replica.

109.  The food replica product of claim 108, wherein said cheese replica comprises a

nut milk, a cross-linking enzyme, or a cheese culture.

110. A ground meat replica comprising:

{a}) a dough comprising an isolated plant protein, an optional edible fibrous
component, one or more optional flavoring agents, and an optional non-animal fat;

(b) a non-animal fat, said non-animal fat optionally containing a flavoring agent
and/or an isolated plant protein; and

{c} a carbohydrate-based gel, a binding agent, a highly conjugated heterocyclic
ring complcxed to an iron ion and/or an iron salt, an optional cdibic fibrous component,

and one or more optional flavoring agents.

111.  The ground meat replica of claim 110, wherein said binding agent is an isolated

plant protein.
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112.  The ground meat replica of claim 110, wherein said isolated plant protein is a

RuBisCO, an albumin, a gluten, a conglycinin, or mixtures thereof.

113, The ground meat replica of claim 110, wherein the denaturation temperature of

said binding agent 1s between about 40°C and about 80°C.
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Application No. Applicant(s)
15/573,300 Shankar et al.

Office Action Summary Examiner ArtUnit | AIA (FITF) Status
NANCY J. LEITH 1636 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 16 November 2018.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ____.
2a)[] This action is FINAL. 2b) ¥] This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.
4)(J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parfe Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-38 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) [J Claim(s) ___is/are allowed.
7y [J Claim(s) ____is/are rejected.
8) [ Claim(s) ____is/are objected to.

9) Claim(s) 1-38 are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see

http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10)(0J The specification is objected to by the Examiner.
11)(J The drawing(s) filed on _____is/are: a)[] accepted or b)(7] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b)(J Some**  ¢)[3J None of the:
1.0 Certified copies of the priority documents have been received.
2.(J Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [J Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) [J Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4y [ Other:
Paper No(s)/Mail Date —
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20190402
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DETAILED ACTION

REQUIREMENT FOR UNITY OF INVENTION

As provided in 37 CFR 1.475(a), a national stage application shall relate to one invention only or
to a group of inventions so linked as to form a single general inventive concept (“requirement of unity of
invention”). Where a group of inventions is claimed in a national stage application, the requirement of
unity of invention shall be fulfilled only when there is a technical relationship among those inventions
involving one or more of the same or corresponding special technical features. The expression “special
technical features” shall mean those technical features that define a contribution which each of the
claimed inventions, considered as a whole, makes over the prior art.

The determination whether a group of inventions is so linked as to form a single general
inventive concept shall be made without regard to whether the inventions are claimed in separate
claims or as alternatives within a single claim. See 37 CFR 1.475(e).

WHEN CLAIMS ARE DIRECTED TO MULTIPLE CATEGORIES OF INVENTIONS

As provided in 37 CFR 1.475(b), a national stage application containing claims to different
categories of invention will be considered to have unity of invention if the claims are drawn only to one
of the following combinations of categories:

(1) A product and a process specially adapted for the manufacture of said product; or

(2) A product and process of use of said product; or

(3) A product, a process specially adapted for the manufacture of the said product, and a use of
the said product; or

(4) A process and an apparatus or means specifically designed for carrying out the said process;
or

(5) A product, a process specially adapted for the manufacture of the said product, and an
apparatus or means specifically designed for carrying out the said process.

Otherwise, unity of invention might not be present. See 37 CFR 1.475(c).

Restriction is required under 35 U.S.C. 121 and 372.

This application contains the following inventions or groups of inventions which are not so
linked as to form a single general inventive concept under PCT Rule 13.1.

In accordance with 37 CFR 1.499, applicant is required, in reply to this action, to elect a single
invention to which the claims must be restricted.

Group |, claims 1-19 and 30-38, drawn to a methylotrophic yeast cell comprising a nucleic acid
molecule encoding a transcriptional activator operably linked to a methanol-inducible promoter.
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Group Il, claims 20-29, drawn to a method for expressing a heterologous polypeptide in a yeast
cell.

According to PCT Rule 13.2, unity of invention exists only when the shared same or
corresponding technical feature is a contribution over the prior art. The inventions listed as Groups I-1I
do not relate to a single general inventive concept because they lack the same or corresponding
technical feature. The technical feature of Group | is a methylotrophic yeast cell comprising a nucleic
acid encoding a transcriptional activator operably linked to a methanol-inducible promoter, which is
shown by Zhou et al. (U.S. Patent Application Publication No. 2015/0299716, published October 22,
2015, and filed January 9, 2015) to lack an inventive step.

Zhou discloses a methylotrophic yeast that comprises an exogenous nucleic acid encoding a
transcriptional activator (Mit1) operably linked to a methanol-inducible promoter (abstract and
paragraphs [0002] and [0017]).

Thus, Zhou discloses the features of the instantly claimed invention. Therefore, the technical
feature of the methylotrophic yeast cell does not make a contribution over the prior art and does not
constitute a special technical feature.

Accordingly, Groups I-ll are not so linked by the same of a corresponding special technical

feature as to form a single general inventive concept.

Applicant is advised that the reply to this requirement to be complete must include (i) an
election of an invention to be examined even though the requirement may be traversed (37 C.F.R. §
1.143) and (ii) identification of the claims encompassing the elected invention.

The election of an invention may be made with or without traverse. To preserve a right to
petition, the election must be made with traverse. If the reply does not distinctly and specifically point
out supposed errors in the restriction requirement, the election shall be treated as an election without

traverse. Traversal must be presented at the time of election in order to be considered timely. Failure
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to timely traverse the requirement will result in the loss of right to petition under 37 C.F.R. § 1.144. If
claims are added after the election, applicant must indicate which of these claims are readable on the
elected invention.

Should applicant traverse on the ground that the inventions have unity of invention (37 C.F.R. §
1.475(a)), applicant must provide reasons in support thereof. Applicant may submit evidence or identify
such evidence now of record showing the inventions to be obvious variants or clearly admit on the
record that this is the case.

Where such evidence or admission is provided by applicant, if the examiner finds one of the
inventions unpatentable over the prior art, the evidence or admission may be used in a rejection under

35 U.S.C. 103(a) of the other invention.

Applicant is reminded that upon the cancellation of claims to a non-elected invention, the
inventorship must be corrected in compliance with 37 CFR 1.48(a) if one or more of the currently
named inventors is no longer an inventor of at least one claim remaining in the application. A requestto
correct inventorship under 37 CFR 1.48(a) must be accompanied by an application data sheet in
accordance with 37 CFR 1.76 that identifies each inventor by his or her legal name and by the processing

fee required under 37 CFR 1.17(i).

The examiner has required restriction between product or apparatus claims and process claims.
Where applicant elects claims directed to the product/apparatus, and all product/apparatus claims are
subsequently found allowable, withdrawn process claims that include all the limitations of the allowable
product/apparatus claims should be considered for rejoinder. All claims directed to a nonelected
process invention must include all the limitations of an allowable product/apparatus claim for that

process invention to be rejoined.
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In the event of rejoinder, the requirement for restriction between the product/apparatus claims
and the rejoined process claims will be withdrawn, and the rejoined process claims will be fully
examined for patentability in accordance with 37 CFR 1.104. Thus, to be allowable, the rejoined claims
must meet all criteria for patentability including the requirements of 35 U.S.C. 101, 102, 103 and 112.
Until all claims to the elected product/apparatus are found allowable, an otherwise proper restriction
requirement between product/apparatus claims and process claims may be maintained. Withdrawn
process claims that are not commensurate in scope with an allowable product/apparatus claim will not
be rejoined. See MPEP § 821.04. Additionally, in order for rejoinder to occur, applicant is advised that
the process claims should be amended during prosecution to require the limitations of the
product/apparatus claims. Failure to do so may result in no rejoinder. Further, note that the prohibition
against double patenting rejections of 35 U.S.C. 121 does not apply where the restriction requirement is

withdrawn by the examiner before the patent issues. See MPEP § 804.01.

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to NANCY J LEITH whose telephone number is (313)446-4874. The examiner can
normally be reached on Monday - Thursday 8:00 AM - 6:30 PM.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
HEATHER CALAMITA can be reached on (571) 272-2876. The fax phone number for the organization

where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained
from either Private PAIR or Public PAIR. Status information for unpublished applications is available
through Private PAIR only. For more information about the PAIR system, see http://pair-
direct.uspto.gov. Should you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer
Service Representative or access to the automated information system, call 800-786-9199 (IN USA OR

CANADA) or 571-272-1000.

NANCY J. LEITH
Primary Examiner
Art Unit 1636

/NANCY J LEITH/
Primary Examiner, Art Unit 1636
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{67}  Anobject of tha present inventian it to improve
the production afficiency of a target protein in a trans-
formant using a yeast cell as a host. The presant inven-
fion provides a yeast sxpressing an MPP1 homolog at
high levels, in particular, a methanol-assimilating yeast,

YEAST FOR TRANSFORMATION AND PROCESS FOR PRODUCING PROTEIN

a transformant prepared by introducing a gene encoding
atarget protein into said yeast, and a mathod for produs-
ing a targel protein using said transformant.
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DRescription
Technicai Field

5 [B001} The present invertion is intended o improve protein praduction using a yeast host. The present invention
relates fo a yeastin which a particular transcription factor gene is introduced and/ar activated and a method for producing
a protein using such yeast.

Background Arl

0
[0002} [nrecentyears, hosts suitable for profeins of interest, such as animal celis {e.g., CHQ), insects {e.g., silk worm},
insect cells, animals {e.g., chickens and cows}, and microorganisms {e.g., £. cofl and yeast), have been used in order
te produce profeins via genetic recombination. In particular, yeast cells can be cultured in farge-scale, high-density
ctilture systems in cost-effective media, and proteins can be produced at low cost. In addition, prateins can be secreted

75 and sxpressed in a cullure solution of yeast cells by using & signal peptide or the like, therefore, & process for purifying
prafeins is easy. Further, veast cells are advantageous in that they are eukaryolic organisms and post-transiationat
modifications such as glycosylation is possible.

[0003] When a veast is used as a host, howsaver, praductivity varies significantly depending on {arget proteins, and
praducts may oocasionally be influenced by the type of carbon source utifized. Examples of such influence inciude

# gpocharification caused by giucose and oxidation caused by mathanal.

[0004] [n order to overcome such probiems, use of mathanol-assinilating yeasts, such as yeasts of the genus Pichia,
yeasts of the genus Candida, and yeasts of the genus Torulopsis as hosts has been examined, and production of the
graen fluorescert protein, fiuman serum atburmsin, the hepatilis B surface antigen, the human epidermal growth factar,
and hirudin has been reported (Non-Patest Document 1),

5 [0005} In order to produce a protein, a nuclectide sequence region {L.e., a promoter} is necessary for transcription of
a gene encoding such protein in a site upstream of such gene. {n addition to 2 RNA polymerase that reads the nucleotide
sequence of the template DNA and synthesizes {franscribes) complementary RNA, a variety of transcription regulators
are invelved in promotion or suppression of transcription.
[0006] Methanolassimilating yeasts begin to utilize methano! as a nuirient source, such utifization is mediated by an

3¢ aloohol oxidase (ADX}) or methanot oxidase {MDX), and the ACX or MOX gene is transcribed prior thereta. A nucieotide
sequence ragion (i.e., a promotsr} for transcription of the AOX or MOX gene is focated in an upstream region therect.
For example, an MQX promoter is known to have two different transceription intiation points depending on the carbon
source (Non-Fatent Document 2. Non-Patent Documenti 2 also suggests that a plurality of factors are associated with
the MOX promoter.

38 [0007} Since the ADX and MOX promoters for methanol-assimilating yeasts are potent promoters, such promoters
ars usad far protein production. Ik order o achieve the high-lsvel production of a targel prolein via a general means,
riany problams stilt reed i be resalved.

Prior Art Documents
MNan-Patent Documents
[0008]

48 Nan-Patent Document 1: Geliissen, G., Appl. Microbial. Bictechnal., Dec. 2000; 54{6}: 741-80
Non-Patent Document 2: V., Genu et al, Eur, J. Biochem., 270, 2467-2475, 2003

Summary of the Invention

50 Problem fo be Sclved by the Invention
[00D2} [tis an object of the present invention o improve the production efficiency of a target protein using yeasts, and
especially methano! assimitating yeasts, by enhancing or activating the transcription or transtation levels through, for

sxamgie, promoter modification, high-level expression of ranscription factars, and modification of hasis. More particu-
55 larly, the present invention is infended to dentity a {actor that aclivates a promoter.

Motif Exhibit 1040, Page 1168 of 1537



Case No.: IPR2023-00321
U.S. Patent No. 10,689,656

EF 2 669 375 A1
Meaans for Saiving the Problem
[0040] The present invention includes the foliowing inventions.

5 {1} A yeast for transformation, wherein the capacity for target protein production is improved by high-leve! expression
of an MPP1 homoleg.
{2} The yeast for fransformation according to {1}, wherein the MPP1 homoiog is any of the polypeptides (a), (b),
anid {¢) below:

0 {a}) a polypeplide consisting of the amino acld sequence as shown in SEQ 1D NO: 38;
{b) a polypeptide consisting of an amino acid sequence cerived from the amino acld sequence as shown in
SEQ D NO: 38 by substitution, deletion, insertion, andfor addition of one or a plurality of amino acids;
{ch a polypeptide consisting of an aming acid sequence having 85% or higher sequence identity with the amino
acid sequenne as shown in SEQ 1D NOG: 3§;
75 or any of the polypeplides (4}, {e}, and {f} below:
{d} a polypeptide consisting of the amino acid sequence as shown in SEQ 1D NO: 413
{&) a polypeptide consisting of an aminc acid sequence derived from the amino aoid seguence as shown in
SEQ D NO: 41 by substitution, deletion, insertion, and/or addilion of one ar a pluratity of amino acids; of
{f} a polypeptide consisting of an amino acid sequence having 85% of higher sequence identity with the amino
& acid sequence as shown in SEQ 10 NO: 41,

{3) The yeast for transformation according to (1}, wherein the MPP1 homalog is partially composed of any of the
polypeptides (gh, (b). and () below:

e {g) a polypeptide consisting of the amino acid sequence as shown in SEQ D N 49;
{") a polypeptide consisting of an aming acid sequence derived from the aming acio sequence as shown in
SEQ D NO: 49 by substitution, deletion, insertion, andéor addition of one or a plurality of aming acids;
{i} a polvpeptide consisting of an amino acid sequence having 85% or higher sequence identity with the amino
acid sequence as shown in SEQ 10 NG: 48;
3¢ or any of the pelvpeplides (), (k}, and {1} beicw:
{i} a polypeptide consisting of the amine acid seguence as shown in SEQ 1D NO: 50,
X} a polypeptide consisting of an aminoc aoid sequence derived fram the amino acid saguence as shown in
SEQ 1D NO: 50 by substitution, deletion, insertion, andior addition of one or a plurality of amine acids; or
{1) a palypeplide consisting of an amino acld sequence having 85% or higher seguence identity with the amino
35 acid sequance as shown in SEQ {D NQ: 850,

{4) Thie yeast foy iransformation aconrding to any of (1) to (3}, wherain the transcription factons are expressed at

high evels.

{5} The yeast for transformation acoording 1o (4}, wharein the transcriplion facior acts additively or synergistically
4@ with the MPP1 homolog.

{8} The yeast for tranaformation accarding to {4) or {5), wherain the transcription factor is any of the polypaplides

{m), (n}, and {o} below:

{m} a polypeptide consisting of the amino ackd sequence as shown in SEQ 1D NQ; 48;

@ {n) a golypeptide consisting of an aming acid sequence cerived from the amino acid sequence as shown in
SECG D NO: 46 by substifution, deletion, insertion, and/or addition of one or a plurality of amino acids: and
{0} a palypeptide consisting of an amino acid sequence having 85% or higher sequence ideniity with the aming
acid sequance as showr in SEQ D NG 46,

50 {7} The yeast for ransformation according to any of {1} to {6), wherein the gene consisting of any of the nuclectide
sequences {ph {g), {r}. and {3) is expressed at high levels:

{p) a nuclectide sequence encoding the MPP1 homolog;
{q} the nucisclide sequance as shown in SEG 1D NO: 10 or 11;

58 ir} a nuclectide sequence hybridizing under stringent conditions fo 2 nuclectide sequence complamentary to
tha nuclectide saquence as shown in SEQ 1D NO: 10 or 11; and
{5} a nucleotide sequence having 85% or higher sequence identity with the nucleotide sequencs as shown in
SEQ D NG 10or 11,
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{8) The yeast for ransformation according to {7}, wherain the gene consisting of any of the nucleatide seguences
{1}, (u). (v}, and {w) below is expressed at high fevals:

it} & nuclectide sequence encoding a franscription factor;

{u} a hucleotide sequence as shown in SEQ 1D NO: 12,

{v} & nucleotide sequance hybridizing under stringent canditions io @ nuclectide sequence complementary fo
the nucieotide sequence as shown in SEQ I NO: 12; and

{w) a niucleotide sequernce having §5% or higher sequence identity with the nuclectide sequence as shown in
SEQ D NO: 12

{3) The yeast for transformation according to aay of {1) to (8), whersin the expression level of the target protein is
controlied by a promoter that is activated by the MPP1{ homolog.

{10} The yeast for transfarmation according o {9), wherein the promoter is 2 methanol-inducible promoter.

{11} The yeast for fransformation accarding to {10}, wherein the methanokinducible promater is seleciad from the
group consisting of the AMO promoter, the AOX1 promoter, the AOX2 pramoter, the CAT promater, the DAK
pramaoter, the DAQ promaoter, the DHAS promoler, the FAG promoter, the FDH promoter, the FGH promoter, the
FMD promoter, the GAP promoter, the MOX promoter, the MPP1 promoter, the Muld promoter, the Mxet promoter,
the PERE promater, the PER10 promater, the Pexd promoler, the Pexb promoter, the Fex® promoler, the Pexi0
pramoter, the PHO1 promoter, the Prm1 promoter, the SNF1 promoter, the Switp promoter, the Trm1 promoter,
thae Trm2 promater, the YNAT promotsr, and the YNAZ promater.

{12} The yeast for transformation according to {10), wharein the methanokinducible promoter is gelactad from the
group consisting of the AQX promaoter, the DHAS pramoter, the FMD promoter, and the MOX promoter.

{13} The yeast for transformation according to any of {1} to {12}, which i3 a transformant of the methanol-assimitating
yeast,

{14} The yeast for transformation accarding to (13), wherein the methanol-assimilating yeast is selected from the
group consisting of a yeast of the genus Pichifa, a yeast of the genus Candida, and a yeast of the genus Torufopsis,
{15} The yeast for ransformation aceording to (14}, wherein the yeast of the genus Pichia is selected from the group
consisting of Pichiz angusts, Pichia pastoiis, Pichia methanolica, and Pichia minuta.

{18} Amethod for graducing a target profein, chargeterized by comgrising using the yeast for ransformation aceording
fo any of {1} to {15

{17} The method for producing & target profein acconding to {18}, wherein the yeast for transformation according
ta any of {1} {o {15} is cullured.

{18} The methed for producing a target proleint according to (17), wherein culture is conducted using gluicose, andior
giveeroi, andfor methano! as a carban source.

{19} The method for producing a target protein according to (18}, wherein culture is conducted using glucose, or
giveerad, or methanol s a carbon sowrce.

{203 A target profein produced by the method aooording (o any of (16} i (19},

[0011] This pateni agplication claims priority fram Japanese Patent Application No. 2011-015719 filed ob January 27,
2011, and includas part ar all of the contants as disclosed in the description thargof.

Efects of the Invertion

[0042] The present invention provides a yeast for frapsformation in which a promoter-activating factor are expressad
at high tevels, With the use of the yeast for fransformation according fo the present invention, & target protein can be
serveied and produced efficiently,

Briaf Desoription of the Drawings
(0013}

Fig. 1 shows the secration-expression lavels of a fully humanized anti-TNF-a Fab antibedy by various transformed
yeasts prapared in Example 8 (1: a transformant of Pichia angusia expressing a fully humanized anti-TNF-u Fab
antibody; 2 a transformant of Fichia angusta expressing PaMPP1 (pUCPgapPaMPRP1TmG4 18-infraduged) and
fully humanized anti-TNF-o. Fab antibody; 3: a transformant of Pichia angusts expressing PpMPR1
{(pUCPgapPpMPR1TmG4 18-introduced] and fuilly humanized ant-THNF-o Faby antibody,; 4: a transformant of Pichia
angusta axpressing Mutd (pUCPgapMut3TmG4 18-infroduced) and Tully humanized ant-TNF-o Fab antibody: §: a
fransformant of Pichia angusta co-expressing PabiPP1 and Muot3 (pUCPgapMut3PgapPaMPPITmG418-intro-
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duced) and fully humanizad anti-TNF-u Fab antibody; 6; a transfarmant of Pichia angusis co-axpressing PaMPP1,
Mut3, and PpMPP1 {(pUCPgapPpMPP1PgapMutdPgapPaMPP1TmG4 18-introduced} and fully humanized anti-
TNF Fab antibody; 7: a transformant of Pichia pastoris expressing fully humanized anti-TNF-u Fab actibody; &
atranstormant of Pichia pasforis exgressing PaMPP1 (pUCPgapPaMPP 1TmG4 1 8-infroduced) and fully humanized
ant-TNF-« Fab antibody; 9: a transformant of Pichia pastors expressing PpliPP1 {(pUCPgapPaMPP1 TmG418-
introduced) and fully humanized anti-TRF-a Fab antibody; 10: a transformant of Pichie pasforis expressing #Mut3
{PUCPgapMutd TmG4 1 8-infroduced) and fully humanized anti- TNF-w Fab antibody; and 11: a transformant of Pichia
pasions co-expresaing PalPR UMt (pUCPgapMut3PgapPaMPP 1 TmG4 18-introduced) and fully humanized anti-
TNF- Fab antibody).

Embodiments for Carrying out the Inveation
[0614} Hereafter, the present invention is described in detalt with reference ta the preferred embadiments.
1. Yeast for transformation

[0045] The yeast for transformation of the present invention exhibits improved papacity o produce & largset protein
through the high-level exprassion of a factor that activates a promater for ranscription and expression of a gene encoding
& target protein in the yeast. In the present invention, the term "factor that activates a promoter” refers to "MPP1" or &
functionat hamelog theraaf (hereafter, MPP1 and a functional hamalag thereot are collectively referved {o as "MPP1
homaologs™).

[0016] The term "gromoter” refers to a nuclectide sequence region located upstream of a gene encoding a praiein. In
adaition to RNA polyrerass, & varisty of ranseription regulators invoived in gromotion snd suppression of transarigtion
bind {0 or act on such region to read the nucleolide seguence of the template qene and then synthasize {franscriba)
compiermentary RNA.

[0047] "MPP1" is a protein involved i the regulation of peroxisome protein levels, Specifically, MPP1 is PaMPP1 as
shown in SEQ 12 NO: 38 derived from Plchia angusta described in "Transcriptional downregulation of peroxisome
numbers affects selective peroxisome degradation in Hansenula polymorpha™ (. Biol, Chem.,, 2003, 273 40748-40758)
or PpMPP1 gs shown in SEQ 1D NO: 49 derived fram Pichia pastons with the GenBank Accession Number XP_
002493086,

[0048} A functional homelog of MPF1 is not particularly limited, provided that it is a polypeptide having functions as a
factor that solivates g promoter equivalent to those of FaMPP1 or PpMPP1 derived from a yeast of the genus Pichis
described above. Functional homolags of MPP1 may be isolated from Eumyceles, including other yeasis or molds.
Examples inchide polypeptides, suchas CBFTR897 TPA: Putative Zn(132Cys6 transcriptionfactor {Eurofung) {Aspergilius
nidulans FGSC Ad), CBFBR2228 TRA: Putative Zn{il32Cys6 transcription factor {Eurofung) {Aspergiilus nidulans FGSC
Ad), EDK37118 hypothatical grotein PGUG_(11218 {Pichia guilliermondii ATCC 8260, EDK4 1734 hypothetical protein
PGUG_08832 (Pichia gufifisrrmondif ATCC 82680), EDP47334 CB6 fanscription faclor, pulative {Aspergifus fumigatys
A1163}, EDP33358 C6 transcription factor, putalive {Aspergifius fumigatus A1163), EEH18200 conserved hypotheticat
praiein (Peracoceidicides brasiliensis FH03), EEM226821 canserved hypolhelical protein (Paracoccidioides brasiiensis
PHO3), EEM42856 conserved hypothetical protein (Paracoccidioidss brasifisnsis Ph18), EEM49391 €8 zing finger do-
main-containing protein {Faracoccidicides brasfiiensis PhiB), EEQ42087 conserved hypothetical protein (Candida al-
bicans WO-1}, EEQSBSY4 C8 zinc finger domain-containing protein (Aellomyces dermalitidis ER-3), EER3#331 C8 zinc
finger protein {Ajeflomyces capsufatus H143}, EFGI0548 hypothetical proteln GLRG_05682 {Glomereiia graminicala
h11.00%}, EFQ34763 hypothetical protein GLRG_09807 (Glomeralfa graminicola M 1,001}, EFQ3578% C8§ zine finger
domain-cantaining protein (Giomsrella graminicofa M1.001), EFQ86342 hvpothetical protein PTT_18442 (Pyrenophora
teres 7. teres 0-1), EFGBE34E hypathetical protein PTT_17743 {Pwenophora feres f teres 0-13, EFRO0222 €6 zinafingsr
domain-containing protein (Arthraderma gypssum CBS 1188383), XP_001210708 conservad hypothetical protein (ds-
pergifvs farrsus NIHZ824), XP_001210874 eonserved bypothelioal profein {Aspergilius fermeus MIH2E24), XP_
061212782 conserved hypothetical protein {Aspergilius torrsus NIH2824), XP 001215113 conserved hypothetical pro-
tein (Aspergfiius terreus NIH2824), XP_00M2168311 predicted protein (Aspergiilus terreus NIH2624), XP 001216885
pradicted protein (Aspergifius ferreus NIH2824). XP_ 001216868 conserved hypothstical protein (Aspergillus terreys
NIH2624), XP_001221354 hypotheticat protein CHGG_(12133 {Chastomium globosum CBS 148.51), XP_001224208
hypothetioa! protein CHGG_04983 {Chasiomium givbosum CBS 148.51), XP_001246301 hypothetical protein CIMG_
QUE72 (Coceidicides immitis RS}, XP_C01257329 hypothetical protein NFIA_Q4ATE80 (Neasartorya fischeri NRRL 181},
XF 001257817 sexual development transcription factor RosA (Neoosartorya fischeri NRRL 181), XP_0(H252009 C6
zine finger domain protein (Necsartonya jischeri NRRLU 181), XP_U01268058 hypothetical protein NFIA 005210 (Ne-
osartorya fischer! NRRL 181, XP_001258127 hypothetical protein NFIA_ 005840 {(Meosarforya fischer NRRL 181}, XP_
0012595386 C8 zine finger domain protein (Measartorys fischerf NRRL 181}, XP_00312624 39 hypothetical protein NFIA_
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029740 (Nensartarya Sscherf NRRL 181), XP_001 268583 hypotheticaiprotein NFIA_ 101700 (Neosariorya fscherf NRRL
181}, XP_001270410 conserved hypothetical prolein {Aspergilius clavaius NRRL 1}, XP 001270412 conserved hypo-
thetical protein {Aspergiius clavatus NRRL 1), XP_001387003 predicted protein {Scheffarsomyces stipitis CBS 6054),
XP_001387108 predicled protein (Schaffersomyces stipifis CBS 6054), XP_001388653 hypotheticat protein
AnO1g02150 (Aspergitius nigen, AP 001391257 hypothetical protein An07g01700 (Aspergilius nigery, XP_001394851
hypothetics! protein An11g08910 (Aspergifius niger), XP_U01337318 hypothetical protein Ant8g00040 {Aspergilius
nigenl, XP_001388002 hypothetical protein Aniggl7o2l (Aspergilius niger}, XP_G01400256 hypothetical protein
AnQ2911270 {Aspergilius nigen, XP_001402162 hypothetical protein AnD4g08040 {dspergifius niger), XP_001482068
hypothetical protein PGUG_05832 (Meyorozyma guiiliermondii ATCC 8260), XP_{014855845 hypothetical protein
PGUG_ Q1216 {Meyerozyma guififermondif ATCC 6280), XP_ 001325560 conserved hypothetical protein (Lodderomyces
eicngisporus NRRL YB-4238;, XP 001552259 hypothetical protein BCAG_ (8737 (Rofryotinia fuckeliana BG5.10), XP_
061580824 hypotheticat protein 881G _0B384 (Sclerofinia sclercfiorum 1880), XP_001781576 hypothetical protein
SNCG_(0808 {Phaegsphaeria nodorum SN15), XP_001788083 hypothetical protein SNOG_G8674 {Phacosphaeria
nodorum SN15), XP_001800138 hypothetical protein SNCOG_(9853 (Phaeosphaeris nodorum SN15), XP_001800140
hypathetical prolein SNOG_G8854 (Phasosphaeria nodorum SN15), XP_001820352 hypothstical protein {Aspergifus
oryzae RIB4O), XP_(D1820847 hypothelical prolein (Aspergilius orvzas RIBA0), XKP_(01822149 hypothelical profein
{Aspergifius oryzae RIB4G), XP 001825067 hyoothetical protein (Aspergifius oryzae RIBAQ), XP (01827368 hypothet
ieal pratein (Aspergiius aryzae RIB40}, XP 011033686 conserved hypolhelical gratein (Pyrenophora ritici-repentis Fl-
JC-BFP), XP_001936276 C8 zinc finger domain containing protein (Pyrenophore irtici-repentis PE1C-BRF), XP_
002145025 C8 transcription factor {ArcA), pulative (Peniciflium marneffel ATCC 18224), XP_{102149655 conservad
hypatheticat protsin (Penicilfium marnsffei ATCC 18224y, XP_002148656 C5 transerigtion factor, putative (Penfoififum
marneffel ATCG 18224), XP_002152892 conserved hypathetical profein (Penicilfiiim mameffei ATCC 18224}, XP_
Q02340358 C8 transoription factar {ArchA), puiative (Talaromyces stipitatus ATCC 10800), XP_(2374058 conserved
hypathetica! projein (Asgergitus favus NRRU33ST), XP_002375724 C8 ranscription factor, putative {Aspergifius flavis
NRRLA357), XP_002376570 conserved hypothetical protein {(Aspergitius flavus NRRL3357), XP_002379231 €8 tran-
soription factor (ArcA}, putative (Asperngiius favus NRRL33ET), XP_0023817680 C8 franscrigtion faclor, putative {As-
pergifies flavus NRRL3357), XP_002417371 conserved hypothetical protsin {Candida dublinfensis CD3B), XP_
002417723 zinc cluster transcription factor, putative {Candida dublinfensiz CD38), XP 002481680 CS franscription
tactor, putative (Talaromyces stipitatus ATCC 10500}, XP_002484214 conserved hypothetical prolein {Talaromyces
stipftatus ATCC 10500), XP_002494968 Z¥YRQOBOX42p (Zygosaccharomyces rowy), XP_002488535 ZYROOG12E
{Zygosaccharomyces rotedil, XP_002541155 predicted protein (Uncinocarnus reesii 1704}, XP_002548474 hypothetical
protein CTRG_03771 {Candida fropicalis MYA-3404), XP_(02549678 predicted protein {Candida tropicaiis MYA-3404},
XP_ 002557168 Pc12g02800 (Penicliium chrysogentm Wisconsin 54-1255), XP_002557178 Pcl2g02890 (Penicillium
chrysogenum Wiscansin 34-1255}, XP_002558943 Pc13g08080 {Penicifiium chrysegenum Wisconsin 54-1258}), XP_
002569015 Pc14g00200 (Penicifiium chrysogenum ‘Wisconsin 54-1255), XP_002583281 Pc20g07580 {Penicilltium chry-
sageni Wisconsin 54-1255), XP 002567818 PcZ1gl77a0 (Penicilffum chiysogenum Wisconsin 54-1255), XP_
Q02628177 C8 ainc fingst damain-cantaining protein fAisffomycss dermatitichs SLE14081), XP_D02795628 conserved
hypathetical proein fParacoccidioides brasifiensis Pb013, XP_002848121 C8 zine finger domain-containing protein (4r
throderma ofas CBS 113480}, XP_003601323 CE zine finger domain-coniaining protein {Verticlfium albe-atrum VaMs.
1023, XP_0032001370 €8 zinc finger domain-pontaining protein (Verticiliium afbo-atrum VaMs 102}, XP_003002986
conserved hypothetical profein (Verlicifium albo-afrun VaMs. 102}, XP_D03D02387 C8 zinc fingsr damain-containing
pratein {Verticiliuny albo-atrum VaMs.102), XP_803008478 €8 zins finger domain-coniaining protein (Verticilium albo-
atrunt VaMs.102), XP_003010314 consarved hypothsticat protein (Arthroderma bershamiae C8BS 112371), XP_
03024130 conserved hypothetical protein (Trichiophyton versucosum HKI 0517}, XP_003040390 typothetical protein
NECHADRAFT_44608 (Nsotrig haematococca mpVl 77-13-4), XP_0J03040813 hypothetical protein NECHADRAFT_
78788 {Nectia hasmatococca mpvi 77-13-4), XP_003042184 hygothelinal protein NECHADRAFT_42482 {Necira has-
matococes mpVi 77-13-4), XP_Q03045088 hypathetical protein NECHADRAFT_43849 (Neciria hasmatococos mpyl
F7-13-4), XP_{03151420 hypothetioal protein NECHADRAFT_80852 (Neotria haemalococca mpWt 77-13-4), XP_
003051851 hypeothetical protein NECHADRAFT_32831 {Nectria haematococcs mpV! 77-13-4), XP_ 033052094 hypo-
thetical protein NECHADRART 73832 {Neciria haematococcs mpVl 77-13-4), XP_G03068062 Fungal Zn binuclear
cluster domain containing protein {Coccidicides posadasii CT35 delta SOWgp), XP_ 363860 hypotheticat protein MGG
01887 {Magnaparthe oryzae 70-15), XP_370281 hypothelical protein MGG _08778 (Magnaporthe oryzae 73-18), XP_
384237 hypothetical proiein FG04081 .1 (Bibberefla zeae PH-1}, XP_384367 hypothetical protein FGG4181. 1 {Gibberella
zeas PH-1}, XP_388176 hypothelical protein FGEO8000.1 {Gibberelia zeas PH-1), XP_381514 hypothstical protein
FG11338.1 (Gibbereila zeae FH-1), XP_456905 DEHA2B00838p (Debaryomyces hanseni CBSTET), XP_450442
DEHAZFO0Y48p (Debaryomyces hansenii CBSTEY), XP_570840 hyoothetical protein CNED2410 (Cryplococous fen-
formans var. neoformans JECZ1), XP_639433 hypothetical prolein AN1829.2 (Aspergifius nidulans FGBC A4}, XP_
860361 hypothetical protein AN295T.2 (Aspergifius nidufans FGSC Ad), XP_882883 hypothetical protein AN3258.2
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{Aspergifius nidutans FGSC Ad), XP_B64724 hypothatical protein AN7130.2 {Aspergifivs nidufans FGSC Ag), XP_
746554 CE ranscription factor (Aspergilius fumigatus Af283), XP_748614 CB transcription factor {Aspergfifus furmigatus
AfZ93), XP_751365 C6 transcription factor {Aspergiflus fumigatus Ai293), XP_753541 C6 transcription factor {(ArcA)
(Aspergifius furmigafus Af293), and XP_775527 hypothetical protein CNBE2410 (Crypiococcus neofarmans var. heo-
formans B-3501A).

[0049F The MPP1 homolog of the present invention is preferably PalPRY, PpMPP1, CBF82228 TPA: Putative Zn{l)
2Cys6 transcription factor (Burefung) (Aspergiius nidulans FGSC A4}, EDK37118 hvpothetical protein PGUG_01216
{Fichia guitiermondii ATCC 6280), EDP 47334 C6 transoription factor, putative {Aspergifius furmigatus A1163), EEH22621
canserved hypothetical protein (Paracoceidioides brasifiensis Pb03}, EEH49381 €8 zinc finger domain-coniaining protein
{Paracoccidioides brasifiensis Pb18), EEQ42087 conserved hypothetical proteln {Candida afbicans WO-1), EFQ34783
hypatheticai prolein GLRG (3807 {Glomeralfa graminicola M1.001), EFQU8B342 hypothetical prolein PTT_18442 (Pyren-
ophara feres [ teres 0-1}, EFQB89486 hypothetical protein PTT_ 17743 {Pyrenophora teres f teres 0-1), EFRO0222 C6
zinc finger domain-containing protein (Arthroderma gypseum CBS 118893), XP_0012 16865 predicted protein (Aspergi-
fus terreus NIH2624), XP_301246801 hypothetical protein CIMG_00872 (Coccidivides inmitis RS). XP_001259585 C6
zine finger domain protein (Neosarforya fscherf NRRLU 181), XP_001262439 hypothetical protein NFIA_Q29740 (Ne-
osartorya fischeri NRRL 181), XP_001387003 predicied protein {Schaffersomyces stipifis CBS 8084}, XP_001485545
hypotheticat protein PGUG_01218 (Meyerozyma guilliermondii ATCC 82360), XP_001525580 conserved hypotheticat
protein (Lodderomyces alongisporus NRRL YB-4238;, XP_001552259 hypothetical protein BCHa 08737 {Bolryotinis
fuckeffana BUS.A0), XP_001798283 hypothetical protein SMNOG 18674 (Phaeosphasria hodorum SN15), XP_
001933526 conserved hypathetical protain (Fyrenoghora filici-repentis PH1C-BFR), XP_001939276 C6 zinc fingsr
domain cobtaining protein {Pyrenophors tilici-repentfs PR1C-BFP), XP_00215289¢ conserved hypothetical protein
(Peniciliium mameffel ATCG 18224}, XP_002340358 C8 transcription factor {ArcA), putative {Talaromycss stipitatus
ATCC 10800), XP_002379231 C& trapscription Tactor (ArcA), putative (Aspergiius favus NRRLIZST), XP_002417371
conserved hypothetical protein (Candida dublinfensis CR38), XP_002417723 zine cluster transcription factor, putative
{Candida dubliniensis CD36), XP_002481660 £8 transcription factor, putative {Talaromyces stipitafus ATCC 105800},
XP_002434969 ZYROOBO6242p (Zygosaccharomyces rouxfi, XP_00254 1155 predicted protein (Uncinocamus reestl
1704), XP_{02549474 hypothetical protein CTRG_03771 (Candida tropicalls MYA-3404), XP 002549678 predicted
protein (Candida fropicalis MYA-3404), XP_002735625 conserved hypothetical protein {Parscoccidioides brasiliensis
Pp01), XP_003002988 conserved hypothatical protein { Verticilium afbo-atrum Valds 102), XP_003002478 C6 zincfinger
domair-coriaining protein {Vedicilfum atho-afrm Vals, 102}, XP_003045088 hypothetical protein NECHADRAFT_
43848 {Neoctna haemalococca mpV| 77-13-4), XP_003068062 Fungal Zn binuclear cluster damain containing protein
{Coccfdicides posadasii CT35 delia SOWgp), XP 363860 hypathatical protein MGG _01887 {Magnaporthe oryzae
70-18), XP_38436T hypothetical protein FG04191.1 (Gibbereffa zeae PH-1}, XP_456385 DEHA2BOOS38p (Debaryo-
myces hansenif CBST767), XP_746554 C6 transeription factor {Aspergifius fumigatus Af283), or XP-753541 C8 tran-
scription factor (ArcA} (Aspergifius fumigatus AF283).

[0020} The MPP1homalog of the present invention is more preferably PaMPP 1, PpMPR 1, XP_001245201 hypothetical
peotein CIMG_O0A72 (Cocddioifes immitis RE), XP_001262433 hypatheiival profeln NFIA_ 029740 (Nensafunys fscherd
NRRL 181}, XP_001387003 predicted protein {Scheffarsomyces stipitis CBS 8054), XP_001552259 hypothetical protein
BC1G_ 08737 {Befryolinia fuckefiana B05.10), XP_002340358 CG transoriplion factor (ArcAl, putative {Talaromyces
stipitaius ATCG 10500), XP_002549678 pradictad protein (Candida fropicafis MYA-3404), XP_384267 hypothetical
protein FGO4121.1 (Gibberella zeas PH-1), or XP_456328 DEMHAZRG0C38p {Debarvomyoces hansenli CBSTET).
[0021F The MPP1{ homolog of the present invention may be a polypeplide having an amino acid sequenne having at
teast 83% or higher, preferably 90% or higher, more preferably 85% ar higher, further greferably 87% ar higher, and
most preferably 98% or higher sequance identity with the aming acid seguencs of the MPP{ homolog. provided that
is capable of exerting functions substantially eguivalent to those of the MPP1 homolog.

[0022] A promoter activaled by an MPP1 homolog is not particularly imited, provided that it i activated by an MPFP1
homalng and capable of realizing high-level axpression of the targel protein in a yeast. A promotar activated by an MPP1
homalog s graferatily 3 methanokinducible promoler

[0023} The methanokinducible promater of the present invention is not partioulardy limited, provided that it has tran-
scription activity when a carbon source is methanel, For sxample, itis preferably the ADR 1 gromoter, the ALD promoter,
the Alg3 promoier, the AMO gromoter, the ACX1 promoter, the AQKZ promoier, the Atg1 promoter, the Atg? promoter,
the Atg3 promaoter, the Atg4 prometer, the AtgS promoter, the Afg6 promater, the Alg7 pramoter, the Alg8 promoter, the
AlgS promoter, the Atg10 promoter, the Algl1 promoter, the Atg12 promoter, the Alg13 promoter, the Alg15 promoter,
the AtgiB promoter, the Atg17 promoter, the Atg18 promoter, the Alg19 promater, the Alg2t promoter, the Afge2
proroter, the Atg24 promoier, the Ag28 promoter, the Atg28 promater, the CAT promoter, the CNX pramoter, the CPY
pramoter, the DAK promoter, the DAO prometer, the DHAS promoter, the DICT promoter, the DNM1T prommoter, the FAQ
pramater, the FOH promoter, the FGH promater, the FIG4 promaoter, the FMD promater, the Fmp22 promoter, the GAP
promoter, the Gaslp promoter, the GCR1 promoter, the GDH promotar, the GSH promoter, the HARGT promoter, the
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HpPmp2d promoter, the HSAT pramoter, the HSV2 pramoter, the KEXT promater, the KEX2 praroter, the MALE promater,
the MAS promoter, the MDY prormater, the MEN promater, the ManSp pramaoter, the MOX gromoter, the MPP1 promater.
the Mutd promoter. the Mxr1 promoter, the Nii2p promoter, the OCH promoter, the PAHZ promoter, the PAK1 promoter,
the PDDY promaoter, the PEP4 promoter, the PEP 12 promoter, the PapN promoter, the PERS promoter, the PER1D
8 promoter, the Pex1 promoter, the Pex3 promoter, the Pexd gromoter, the Pex5 promoter, the Pex8 promotar, the Pex?
promater, the PexB promater, the Pex10 promater, the Pex11 promoter, the Pex12 promoter, the Pex13 promater, the
Pex17 gromoter, the Pex 18 promoter, the Pex20 promater, the Pex22 promoter, the Pexid3 promoler, the Pexdd promioter,
the PexZ5 promoter, the Pex26 promoter, the Pex32 promoter, the PHO1 promoter, the PIPZ promoter, the POX1
promoter, the PR promoter, the PRAI promater, the Frmt promater, the PYT promater, the RHO promoter, the SLA2
0 promoter, the SNF 1 promoter, the STL1 promoter, the Swilp promoter, the TOR promoter, the TRS1 promoter, the TRS3
promater, the Trm1 promater, the Trm2 promoter, the VacBp promater, the Vam3p promoter, the Vam7p promater, the
YAP promoter, the VP31 promoter, the Yaflp promoter, the YNA1 promoter, the YNAZ promoter, the YNI1 promoter,
the YNR1 promoter, the YNT1 promoter, the YPT1 promoter, ar the Ypi7p promoter, and more preferably the ACX
prormoter, the DHAS promoter, the FMD promater, or the MOX pramater.
75 [0024] The MPP1 homolog of tha present invention Is preferably PaMPP1, and PaMPP1 is not particularly imited,
pravided that §is a polypeptide having the funclion of a factor that activates the promoler mentionsd abave. In addition
o a polypeptide consisting of the aming acid seguenoces as shown in SEQ 1D NO: 38, it may be a polypaptide consisting
of an aming acid sequence derived from the amine acid sequence as shown in SEQ 10 NO: 38 by substitution, deletion,
insertion, and/or addition of one or a plurality of amine acids or an amino acid sequernce having 85% or higher, 30% ar
Y higher, 95% ¢r higher, and mare preferably 38% or higher sequence identity with the amino acid seguence as shown
in SEQ 1D NO: 38, The humber of 3ring acids defined by the term "a plurality of amino acids” is not particularly fimited,
provided that funclions of the MPP1{ hamalog are refsined, The number of amino acids is preferably up to 102, more
praferably up to 100, further preferably up 10 99, and most greferahly up o 89, 70, B0, 50, 40, 30, 20, 10,5, 4, 3, or 2.
[2025] The MPP1 homaolog of the presant invention is preferably PpMPP1, and PpMPP1 is not particularly imited,
¥ provided that it is a polypeptide having the function of factor that activates the promoter mentioned above. In addition
o @ polypeptide consisting of the amino acid seguence as shown in SEQ 1D KO; 41, it may be  polypeptide consisting
of an aming acid sequence derived from the amtine acid sequence as shown in SEQ {0 NG: 41 by substitution, deletion,
insertion, and/or addition of one or a plurality of amine acids or an amino acid sequence having 85% or higher, 90% or
higher, 95% ar higher, and maore preferably 98% or higher sequence identity with the amino acid seguence as shown
3 in SEQ 1D NG 41, The number of 3mino acids defined by the term "a plurality of amino acids” is nof particularly {imited,
provided that the functions of the MPP1 homolog ars retained. The number of amine acids is preferably up fo 132, more
praferably up 1o 130, further preferably up 1o 120, and mast praferably up to 110, 100, 84, 80, 70, 80, 50, 40, 30, 20, 14,
54,3 ov2
[0026] Accarding to the present invention, amino acld sequence identity can be determinad by a methad well known
38 in the art using sequence analysis software and the like. An exampie is a homology search conducted with the use of
genatic infarmation processing software {GENETYX Ver. 10, network adition, Geretyx}.
[0027F The MPP1 homaios of he present ventian sy be 3 polypeptide consisting of the  aming ackd seguence as
shawn in SEQ ID NO: 49, PaMPP1 as shown in SEQ iD NO: 49 is a polypeplide composed of amino acid residues 28
fo 67, which may be capable of binding o a promoter. By combining the polypeplide as shown in SEQ ID NC: 43 with
4@ anoiher polypeplide and allowing expression of the protein in @ host at high levels, the effects of promotar activation can
be attained. In addition to the aminn acid sequence as shown in SEQ ID NC: 48, & may be a polypentide consisting of
an amino acid sequence derived from the amino acid sequence as shown in SEQ 1D NO: 49 by substitution, delstion,
insartion, and/or additior of ane or & plurality of aming acids or an amino acid saquance kaving 85% or kigher, 90% or
higher, 95% or higher, and more preferably 38% or highsr sequence identity with {be amiino acid gequence as shown
a5 in SEQ 1D NO: 49, The number of amino acids defined by the term "a glurality of amino acids” is not particularly imited,
provided that functions of the MPP1 homolog are refained. The number of amino acids is preferably up to §, mors
praferably up to 5, further praferably up to 4, and most prefsrably up o 3 or 2.
[0028] The MPP1Y homoiag of the preserd invention raay be a polypeptide consisting of the aming acld sequence as
shown in SEQ 1D NQ: 50. PpMPP1 as shown in SEQ 10 NO: 50 is a2 poiypeptide composed of amino acid resicues 58
50 to 98, whick may be capable of binding to a promoter. By combining the polypeptide as shown in SEQ 1D NO: 50 with
anaother polypeptide and allowing expression of the protein in a host at high levels, the effects of promoter activation can
be attained, In addition to the amino acid sequence as shown in SEQ 1D NG: 50, it may be a polypeptide consisting of
an amino acid sequence derived from the amino acid sequence as shown in SEQ {D NO: 50 by substitution, deletion,
insertion, andfor addition ¢f one ar a plurality of smino acids of an amino acid sequence having 85% or higher, B0% or
58 higher, 95% or higher, and more preferably 88% or higher sequence identity with the amino acid sequencs as shown
in SEQ {D NO: 50. The number of amino acids delined by the term “a pluralily of amino acids” is not particularly §miteg,
provided that the functions of the MPP1 homoleg are retained. The number of amino acids is preferably up io 6, more
praferably up to 8, further praferably up to 4, and most preferably up to 3ar 2.
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[0029] In the present invention, the term "expression” refers to Uanscription or fransiation of a nuclentide sequence
that causes production of a grotein, which is & gere product. Such expression may be constant regardless of conditions
such as external stimulus or growih conditions, of & may be influenced by such conditions. A promoter that aclivates
expressich is not particularly limited, provided that such gromoter activates expression of a nucleotide seguence encoding
H a target proiein,
[0030F The term “high-level expression” used in the present invention refers to an increased protein level in a host or
culture solution or an increased mRNA lsvel ib the host, compared with a general level, For example. the profein or
mMmRMA level may be maasured using an antibody that recognizes a protedh or by a technigue such as RT-PCR, Northern
hybridization, or hybridization using DNA arrays, and the determined level may be compared with that of a non-modified
0 strain, such as a parent straln or wild-type stradn. Thus, high-level axpression can be confirmed.
(0031} The high-level expression of the MPP1 hamalog can be realized by conventional techniques, such as modifi-
cation of the MPP 1 homolog gene of the chromosome andior the vector {e.g., increase of the copy number, insertion of
a promater, or modification of a codan), introduction of the MPP1 homolog gene into & host, ar production of a strain
expressing MPF1 homolog gene al high levels via infroduction of & muiation into the host, in addition to the induction
75 of expression of & gene encading the MPP1 homolog of the chramosome andfor the vector,
[0032}] A strain expressing the MPP1 homaolog gene at high levels via iniroduction of a mutation into the hast can be
obtained via conventichal technigues, such as mutation of the host with the aid of a drug or ultraviolet rays, followsd by
saleclion of a strain axpressing the MPP homolog at high levelds.
(0033} The term "protein” used i the present invention is compased of bao of more amino acids joinad by peptide
& bonrds, including short-chain prateing generaily referred 10 as peptides or oligapeplides and long-chain proteins refarrad
fo as polypeplides.
[0034} The "arget protein” of the present invention is not particularly limited, and & can be, for example, an enzyme
derived from & microarganises or 8 protain produced by a nwulticelular organism, such as an aaimal or plant. Examplas
thereof inohuds phytase, protein A, profein G, pratein L, amylase, glucosidase, cellulase, lipase, protease, giutaminase,
&5 pepiidase, nuclease, oxidase, lactase, xylanase, frypsin, pectinase, isomerase, and fluorescent protein. Preferable
exampies include human andior anima! therapeuiic proteins.
[0035] Specificexamples of human and/or animal therapeutic proteins inciude hepatitis B virus surface antigen, hirudin,
antibody, human artibody, partial antibody, human partial antibody, serum atbumin, humarn serum albumin, epidermat
growth factor, human epidermat growth factar, insulin, growth hormone, erythrapaiatin, interferon, antihemophitic factor,
& granulocyte colony-stimulating factor {G-CSF), granuiocyte-macrophage colony-stimulating factor (GM-CSFj, throm-
bopeietin, 1.1, IL-6, tissue plasminogen activator (TPA), urokinase, leptin, and stem call growth factor {(SCF}.
[0036] Tha term "antibody” refers to 8 helerotelrameric protein composed of two L- and H-palypeptide chaias jeined
by disuffide bonds. An antibody is not pariicuiarly limited, provided that it is capable of binding to @ particular antigen.
[0037} The term "partial artibody” refers lo Fab antibody, {Fab},; antibody, seFv anlibody, diabody antibogy, or a
35 derivative of any thereof. A partia antibody is not particuiarly limited, provided that  is capable of binding to @ particular
antigen. The term "Fab antibody” refers to a heteromeric protein comprising the L-chain and the Fd chain of the antivody
pinsd by §-8 bonds, or a heleromeric pratein comgising the L-chain and the Fd chaire of the aptibady jeined with gach
other without 3-8 bonds. A heteromerie protein is not particularly iimited, provided that it is capable of binding to a
pariisuiar anligen.
44 [0028} An amino acid constituting a protein may be a naturally ooourring, non-natural, or madifisd amino acld. The
amine acid sequance of a protein may be artificially modified or de novo designed.
[0039] In the present invention, the term “capasity for produscing a target protein” refers to the capacity for producing
a target profein in @ host cell or the potential that can be gohieved via introduction of 4 gene ancoding stch protein.
[0040] The term "veast for ransformation” used in the present invention refers o a yeast capable of producing a targst
48 protein at high levels via introduction of & gene eneoding the target protein. Such yeast preferably expresses the MPP1
homodog at high lsvels and more preferably expresses PabiFP1, PpMPR1, 2 polypeptide comprising the amino acid
ssquence as shown in SEQ D NG 49, or a3 polypeptide comprising the amino ack sequence 3s shown in SEQ 1D NO:
86 at high levels,
[0041} Examples of techniques of yeast transformation include known fechniques such as eleclroporation, the lithium
50 acelate method, and the spheroplast methad, aithough the techniques are not timited thereto, For axample, Fichia
angusia s generally transformed via electrogoration as described in “Highlv-efficient elecroiransformation of the yeast
Hansenula polymorpha” {Curr, Genet., 25 305.310.),
[0042} Expression of the “ranscription factor” may be enhanced, in addition to that of the factor that activates the
aforementioned prameter in the yeast for transformation of the gresent invention, The term “transcription factor” used
55 in the present invention refers o a subsiance that aclivates the initiation of transcription or protein production by a
pramoter in a mechanism for protein production by a promoter.
[0043}F The high-level axpression of the transcription factar can be raalized by conventianal technigues, such as mod-
fication of the transcription factor gene of the chramosome andior the vector (e.g., increase of the number of coples,
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insertion of a promater, or modification of a codon), intraduction of a transoription fantor gene ino & host, or production
of a strain exgressing the transeription factor gene at high levels via introduction of a mutation into a host, in addition to
induction of the expression of a gene encoding the transcription factor of the chromosome andfor vector {i.e., the
transcription factor gene).

8 [0044] A strain expressing the transcription factor gene at high levels via introduction of a mutation into the host can
be abtained via canventional techniques, such as mutation of the host with the aid of a drug or ultraviclet rays, followed
by selection of 8 strain expressing the transcription factor gene al high levals.

[0045} Apreferable ranscription factor acts additively or synergistically with the MPP1 homolog, aithough a transeription
factor is not iimited thereto. An example of & transeription factor is Mut3 derived from Pichis engusta Mut3is a polypegtide

0 with the GenBank Accession Number AYD48886, the sequence of which s as shown in SEQ 1D RO 48.

[0046}] The transcription facior of {he present invention may be a homolog of Mut3 isolated from another yeast celf.
An example thereof is Trm1 of Candida boidinil.

[0647} Mui3 of the present invention is preferably a polypeptide consisting of the amino acid seguence as shown in
SEGHID NG: 46. Allernatively, |t may be a polypeptide consisting of an amino acid sequense derived from the amino

15 acid sequence as shown in SEQ 1D NO: 46 by substitution, detetion, insertion, andior addition of one or a pluralty of
amino acids or an aming acid sequence having 85% or higher, 30% or higher, 35% or higher, and more preferably 88%
or higher seguence identity with the amino acid sequence as shown in SEQ 1D NO: 48. The number of amino acids
defined by the term "a plurality of amino aciids” is not parlisularly limited, provided that functions of the transcription factor
are retained. The number of amino acids is preferably up 1o 139, more preferably up to 130, further preferably up fo 129,

@ and most preferably up to 1190, 160, 20, 8O, 70, 80, 30, 40, 30, 20,10, 5, 4, 3, or 2.

[0048] The MPP1 homolog gene or transcription factor gens of the present invertion may be DMA encading an MPR1
hamotoag or transcription factor. Preferable DNA ancoding an MPP1 homolog is as shown in SEGIDNO: 10 or 11 inthe
Saguence Listing, and praferable DNA apcoding 8 ransoription faclor 1s as shown in SEQ D NG: 12 in the Sequense
Listing. Altarnatively, DNA encading an MPP 1 homolog or franacription factor may encompass a nucledtida sequence
¥ encading & polypeptide hybridizing under stringent conditions to a nuciectide sequence complamentiary to the nuclectide
seguence as shown in SEQ 1D NO: 10, 11, or 12 in the Sequence Listing and have functions as an MPF1 homolog or
transcription factor. Further, ONA may encompass a hucleatide sequence having 85% or higher, preferably 80% or
higher, more preferably 85% or higher, and further preferably 89% or higher sequence identity with the nucieotide
sequence as shown in SEQ I NO: 10, 11, or 12 and may encode a polypeplide having functions as an MPP1 homboiog
3¢ or transcription factor.
[0049] The "DNA hybridizing under stringant conditions” can be obtained by, for exampie, conducting hybridization in
the gresence of 0.7 to 1.0 M NaCl at 65°C using a filter on which colony- or plague-derived DNA 5 immobitized and
washing the fiiter with a 2x SSC solution {a 1X SSC solution comprises 150 mi scdium chioride and 15 mM sodium
citrate) at 65°C. Such DNA can be ablained by washing the filter, preferably with a 0.5x S3C solution at 85°C, more

35 preferably with a 0.2x SSC solution at 65°C, and further preferably with a (.1x SSC solution at 85°C.

[0050} According fo the presernit invention, nuckeatide sequence identity can be determined by a method well known
i the arl using seguence analysis software o the like. Apn exampie is & hamology search conducted with the use of
genetic information pracessing software (GENETYX Ver. 10, network edition, Genetyx).

[0051] [n the presentinvention, yeasts are not particularly fimited, alihough methanakassimilating yeasis are preferred.

4@ Examples of mathancl-assimilating yeasls include those of the genus Fichia, the ganus Candida, and the ganas Toru-
fopsis. Avaong veasts of the genus Pichia, Pichia angusia, Pichia pastonis, Pichia methanoiica, and Pichia minuta are
particularly preferable, although the yeasts are not limited thersto.

[0052] Pichiaangusiaisalsareferred i as Hansenula pofymarpha. Fichia minuta is alsarsferred to as Ogatagca minuia.
[0053] In general, "methanci-assimilating yeasis” can be cuitured with the use of methanol 35 a sole carbon source.
4 However, the ability to utilize metharol may be lost due o artiticial modification or mutation.
[0054] Examples of preferable Pichis angusta shalns include, but are not particularly fimited to, NCYC435
{ATCC14754), 8V (ATCC34438), and DL-1 {ATCC28012}. Such strains ¢an be obtained from the Amgrican Typa Culture
Colipetion ar othey instilutions. Strains derbvad from such sirains can also be used, and exampies of leucing atxotrophs
include NCYC485-derived BY4329, 8V-derived BYS5242, and Di-1-derived BYS243. These strains can be distributed

50 by the National BioRescurce Project. In the present invention, strains derived from the sirains mentioned above can
also be used,

[0055F Examples of preferable Pichia paston's strains include, but are not particularty fimited fo, Y-11430 and X-33.
Such sirains can be obtained from the Northerr Regional Research Laboratory or other institutions. Strains derived from
such strains can also b used. Inthe present invention, strains derived from the straing mentiohed above can also baused.

2. Msthod for pratein production

[0088] An example of a method for producing a protein using the yeast for transformation of the present invention ia

10
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a methad comprising cwturing the yeast for fransformation and allowing a protein to acouraulate in the yeast or 8 culture
supernatant. While a method involving the use of methanol-assimilating yeast is deseribed as a preferable example,
methods are not limited therato.
[0057} Yeasts for fransformation can be generally cultured with the use of any medium containing a nutrient scurce
5 that can be utilized by methancl-assimiating veasts. For exampie, a common medium obtained by adeguately mixing
carbon sources, such as sugars (e.g., glucose, sucrose, and mallose}, organic acikds {8.g., lactic acid, acetic acid, citvic
acid, ang propionic acid), alcohols (8., mathanol, ethancl, and giveerol}, carbohvdrates {8.9., pamafiing, fais and ails
{&.q., soybean o and rapesead oif}, or mixtures of any theread, nitrogen sources, such as ammonium sulfate, ammonium
phosphate, urea, yeastextract, meat extract, peplone, and carn steap liquor, and othar nulrient sourcss, sich as inorganic
0 galts and vitamins, can be used, and culture can be carrled out In a batch or continuous system.
(0088} When culturing the yeast for transtormation, a single type of carbon source may be used, or a mixture of two
or more types of carbon scurces may be used. Culture may be initiated in the presence of a carbon source, or a carbon
scurce may be added guring culture,
[0059] The yeast for ransformation may be stubjected fo cuiture alone or ih combinalions of iwa or more. The yeast
5 for transformation may be subjected to culture in the presence of other microorganisms.
[0060] [n the present inverdion, cullure can be carried out under general conditions. Far example, cullure ocan be
carriad out at a pH of 2.5 to 10.0 batween 10°C and 48°C in an aerobic environment for 10 hours to 10 days.
[0061} Proteins produced with the use of the yeast for transformation of the present invention may be preseni ina
culture supernatant, or proteins may be ascumuiated i the yeast. Alternatively, proteins may be isclated therefrom via
& any technigque. Proteins ¢an be isolated from a culture supernatant or yeast by perfarming known protein gurification
fechinigues i adequate combination., For example, the transformants are first culiured in an adequate medium, and a
cufture solution is subjected 0 cenfrifugation or filtration {o remove yeasts from the culture supernstant, The ablained
culture superraiant is then subjected to technigies such as saliing-out (R.9., ammanium suifate grecipitation or sadium
phagphate pracigitation), solvant precipitation (e.9., protein fractional precipitation with aceione of ethanal}, dialysis, gel
¥ filtration chromatography, ion-exchanga chromatography, hydrophabic chramatography, affinity chromatography, re-
verse phase chromatography, or ultrafiftration. Any such technigues may be carried out alons or in combination, and
the proteins of the prasent invention are isclated from the culture supernatant.
[0062F The isclated proteins can be used without processing. Alfernatively, such proteins may be subjecied to phar-
macoiogical madification such as PEGylation, modification for the purpose of impartation of snzyme or isctoge functions,
3 or other types of modification before use. Also, proteing may be used in various forms of formulations.
[0063} When the high-tevel expression of the MPP1 homolog or anscription factor is fo be attained via introduction
af the MPP1 homolog gene or the transcrigtion faclor gene inte ahost, i is preferable that an expression vector caniaining
such genes be constructed and the resulting vector then be introduced into a host,
[0064] The term "sxprassion vector” used in the prasent invention refers {6 a nucleic acid molecuie having a function
35 of expressing a target gene in a transformad host cell. The expression vector has, for examgple, an expression casselte,
a homologous recambinatinn region, a selection marker gene, such as an auxatroghin complementary gene or dreg
taterant gene, and an awtonamousty replicating seguence. The vacior after ansformation may be irdegrated inlo the
chromaosoms, of it may be present in the form of an avtonomously replicating vactor. Examples of autonomousiy repli-
cating vectors include the YEp vactar, the YRp vechor, and the YCp vectar. In the case of the genus Pichis, sxamples
4@ of vactors includse, but are not particularly limited to, the pPICHOLL, pHIP, pHRP, and pHARE vectars.
[0085F The "expression casselte” is compoaed of the MPP1 homoloy gene andfor the transcriplion factor gene as
pramoter activating factors and a promoter 1o exprass such genes. The sxpression cassetie may comprise & terminator
gens, Accordingly, the expression casssiies include 3 casselfe compriging the MPP1 homolog gens as a promotar
activating factor {i.e., the MPP1 homolog gene sxprassion casseite), & cassetis comprising the transcription facior gene
48 {i.e., the ranscription factor gene expression casseite), and a cassatte comprising both the MPP1 homolog gene and
the iranscription factor gene. The expression cassette can he constructed in 2 plasmid such as pUC1S, or it can he
prapared via PCR.
[0088] A gromoter used for MPR 1 tinriolng gerne exprassion is not particularly Braited, and a promoter that can rduce
gene expression with a selected carbon source may adequately be used,
50 [DOB7} When a carbon source is methanol, examples of promoters for MPP1 hamolog gene expression include, but
are not particularly limited fo, the MOX promoter, the FMD promoter, the DHAS promoter, the ADX promaoter, and the
GAP promoter.
[0068] Whan & carbon source is gilcose or giveerol, examples of promoters for MPP1 homolog gane expression
include, but are not particularly imited o, the GAP promoter, the TEF pramater, tha LEU2 prometer, the URA3 promoter,
55 the ADE promoter, the ADH1 promater, and the PGK1 promoter.
[0069} For transcription factor gene expression, a promoter that carn induce gene exprassion with a selected carbon
sourse may adequately be used, and the proranters for MPP1 homolog gene exprassion exemplified above can also
serve as promoters for transcription facior gene expression.

11
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[0079] The "arget protein expressinn veclar” of the present invention camprisas a "arget protain expressinn cassetts”
having a promoter activated by the MPP1 homolog, and preferably the methanokinducible promoter, in the 5 side of
the target protein gene and the terminalion codon andior the ferminalor sequence in the 3’ side of the larget protein
gene. When the expression vecior is {o be infegrated into the chromasome, the vector praferably comprises a nucleotide

5 sequence having 50% or higher sequence identity with a 30-bp or Jonger nuclectide sequence of the veast chromoesoms.
[0071] When s target protein is to be secreled from the yeast, s nucleotide sequence encoding a signsl sequence
may be introducsd into the 5" end of the targel grotein gene. A huclsotide sequence encoding 2 signal segusnce is not
particuiarly limited, provided that such nuclectide sequence encades a signal sequence that can be secrsted and ex-
prassed by veast. Examplas thereao! incluge nucleotide sequences eaending signal sequences of the mating factor «

W {MFu) of Saccharomyces cerevisiae, acid phosphatase (PHO1} of Pichia angusta, acld phosphatase (PHO1) of Pichia
pasioris, inverlase (SUCE) of Saccharomyces cerevisiae, FLB1 of Saccharomyces cerevisiae, bovine serum atbumin
{BSA}, human serum albumin {HSA), and immunoglobulin.

[0072} The "targe! protein expression cassetie”, "MPP{ homolog gene exgression cassette”, "ranscription factor gene
expression casselte”, and the like of the present invention may be contained inv a single type of veclor. In such a case,

15 specifically, a yeast host and a transformant are produced simultaneously.

[0073] When the MPP1 homolog gene, the transeripiion factor gene, and the target protein-encoding gene are intro-
duced info yeast, use of selection marksr genes, stich as the auxotrophic complemeantary gene or drug tolerant gene,
tagether with the MPP1 hamolog gene expression cassette, the ransoription factor gene exprassion cassette, and the
target protein gene cassetie, is preferable. A selection marker is not particuiarly limited. Auxotrophic complementary

& genes, such as the URAJ gens, the LEUZ gene, the ADE1 gens, or the RiS4 gens, can be selected by restoration of
the prototroptiic phenotypes of the uracik, leunine-, adaning-, or histidine-auxotrophs, respectively. Drug tolerant genes,
such as the G418 tolerant gene, the zeocin folerant gene, or the hygromycin tolerant gene, can be selected based on
thee toleranoe n g madium containing G418, zeacin, of hygromyeht, respeactively. The auxotrophic sefection marker used
whan presaring a yeast host cannot be used, unlass tha selention marker is not destroyed. In such a case, the selection

¥ marker may be restored by methods known in the art.

[0074] When the MPP1 homolog gene or transcription faclor gene is fo be integrated into the chromosome, i is
praferable to prepare such genes so as to have DNA comprising homologous regions of the yeast chromosome, The
MPP1 homolog expression cassette or transcription factor gene expression cassette may be integrated inio the chro-
mogome via non-specific integration without using homologous regions, integration using a single homologous region,

3 or double-integration using two homologous regions.

[0075} Regarding homologous regions, there may be 50% or higher sequence identity between the nucleotide se-
guence of the chromasome and that of the expression vactor. While the length thereof is not particulanty limited, it is
praferably 50 bp or longer. Sequence identity between hamologous regions is more preferably 70% or higher, further
preferably 80% or higher, still further preferably 80% or higher, anc most preferably 100%.

38 [0076]} In the case of integration using a homologous region, for example, a homologous region of the plasmid vector
is cleaved at ane or more sites with resiriction enzymes, so as to locate the homologous region at the end of a inear
axprassion veotor, Thus, ransformation oan be achieved. I the case of homologous irdegrationiniu the MOX terndinatar,
for examuole, a linear exprassion vector obtainad by cleaving the MOX terminator sequence at the Nrul site or the EcoRY
site may be used b intagrate the axpression casseite into the MOX ferminator.

4@ [0077}F The number of copies of exprassion cassettes per chromasome is not particularly limitsd. The location in the
chremosome at which the MRP1 hamolog gene or iranscription faclor gene expression veclor has been integrated is
not particutarty limited, provided that the MPP1 homolog gene or the transcription factor gsne is produced in the sirain.
When bwo or mors copies of expression vectars are integrafad info a transfarmant, a plurality of exgression vectors may
be integrated thereints at the sams position, or they may be integrated at different positions one by one.

48 [0078] Methods for preparing the target pratein gene, the MPP1 homolog gane, of the ranscription factor gene of the
prasent invertion are not particularly limited. Such genes may be prepared via PCR of othar techniques from miicroor-
garssm cells, veast cells, insect cells, plant cells, mammalian animal cells, or phage display braries. Alternatively, the
farget gene may be by syrihesized based on such nucleolide seguence. For example, 3 DNA pdmer designied based
on the MPF1 homolog gene is synthesized, chromosome DNA is isolated from a yeast having the MPP1 homolog gene,

50 and PCR s carried out using the chromosome DNA as a template and the above DNA primer, Thus, the target gene
can be oblained.

[0079F Thetarget protein gene, MPP1 homolog gene, or transcription factar gene on the chromasome can be madified
by introducing & gene info a host chromosome via homologous recombination, site-directed mutagenesis, or other
techniguas. For sxample, the protein gena can he infroduced into the chromosome s0 as {o increass the number of

55 copies, a promoter located ppstream of the profeia may be subshituted with @ more patent promater, or a caden 2381 be
modified to bepome more suitable as & host of the protein gene.
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Examples

[0080} Hereafter, the present invention is described in greater defail with reference to the examples, although the
presentinvention is not imited thereto. The recambinant DNA technology employed in the examples below is specifically
described in the foliowing books: Molscular Cloring 2nd Editior, Cold Spring Harbor Laboratory Press, 1989; and Current
Protacols in Molecular Biology, Graene Publishing Associales and Wiley-interscience.

[0081F Plasmide obtained in the examples below weare amplified using transformartts obiained with the use of &, coff
DHaa competent calls {Takara Bio Ine.) under the designated conditions.

[0082} The MOX gromoter {SEQ 1D NQ: 13, the MOX terminator (SEQ D NG: 2), and the LEUZ gene (SEG 1D NO:
3; used when constructing an antihody expression vector were preparad by PCR using, as & template, ganomic ONA
of Pichia angusta 8Y. The ADX pramater {SEQ 1D NO: 4} was prepared by PCR using genomic DNA of Pichia pastoris
X-33 as a template. The mating factor i pre-pro signat gene (MFa, SEQ 1D NO: 5) was prepared by PCR using genomic
DNA of Baccharomyces ceravisiae S288c as a template.

[0083] The antibody gene was prepared by PCR using. as templates, the L-chain gene {SEQ D NG: 6) and the Fd-
chain gene (SEQ ID NO: 7) {dP 20092-082033 A) chemically aynthesized based on the disclosed sequence information
of the fully humanizad antl-TNF-u antibady (adalimumab; HUMIRAT).

[0084} in addition, the GAR pramoter usad for vector construction {SEQ D NO: 8}, the G418 tolerant gene reguiated
by the GAF promoter {SEQ 1D NO: 8}, the PaliPP1 gens (SEQ 13 ND: 10y, the PpMPP1 gane {SEQ 1D NO: 11}, and
the Mut3 gene (SEQ D NO: 12) were obtained by PCH using, for exampie, genomic DNA of Pichia angusta NCYC2U5,
genomic DNA of Pichia pastoris X-33, or an adedquate commercially available vector as tampiates.

[0085] PCR was carried out using the Prime STAR HS DNA Polymerase (Takara Bio inc.} in accordance with the
manufacturer’s instructions, Genomic DNAs were prepared from yeasis using Dr. GanTLE® (Takara Bio Inc.} in accord-
ance with the manufacturer’s instructions.

[Q086] Plasmids were prepared by transformation into E. coff DHSa competent cells (Takara Bio Inc). Plasmids were
prepared from plasmid-carrying strains using the QlAprag spin miniprep kit {QGIAGEN).

{Example 1) Construction of fully humanized anti-TNF-o Fab antibody expression vector

[00BT} A gene fragment (BEQ 10 NO: 13} having the Hindlll-Nofi-BamH |-Spet-Munt-Bgll-Xbal-EcoRi mutticlaning
sites was fully synthesized, and the resultant was inserted into the Hindlll and EcoRl sites of pUC19 o prepare pUC-1.
Also, a gene fragment having the Hindill recognition sequences on both sides of the LEU2 gene was prepared by PCR
using the primers 1 and 2 (SEQ 1D NOs: 14 and 15}, the fragment was treated with Hindlli, and it was then inserted into
the Hindlil site of pUC-1 to prepare pUC-2. Subsaquently, a gene fragment having the BamH| recognition sequences
on bath sides of the MOX promaier was preparad by PCR using the primers 3 and 4 {SEQ 1Ds NQ: 16 and 17}, the
fragment was treated with Bamiil, and i was then inserted into the Bamhil site of pUC-2 to prepare pUC-Pmox. A gene
fragment having the EcoR| recognition sequences on bath sidss of the AOX promoler was prepared by PCR using the
primers § and 8 (SEQ ID NQs: 18 and 19}, {he Tagment was treated with EcoRi, and i was ihen inserted into the Mun!
site of pUC-2 to prepare pUC-Paox.

[0088] A gene fragment having the Munl recogaition sequances on bath sides of the MOX proroler was grepared by
PCR using the primears ¥ and 8 (SEQ 1D NOs: 20 and 21), the fragment was frealed with AMunl, and it was then ingeried
into the Muni site of pUC-Pmox to prepare pUC-BmoxPmox. A gene fragment having the Bamb| recognition sequences
on both sides of the AOX promoter was prepared by PCR using the primers 9 and 10 {SEQ 1D NOs: 22 and 23}, the
fragment was reated with BamH|, and it was then inserted into the BamH| site of pliC-Pacx o prepare pUC-PaoxPaox.
A gene fragment having the Xbal recognition seguences on both sides of the MOX promotar was prepared by PCR
uging the primers 11 and 12 {(SEQ 1D NOs: 24 and 25), the fragment was treated with Xbatl, and it was then inserted
into the Xhal sites of pUC-PrnoxPmax and plC-PaoxPaox to prepare pUC-PmoxPrmoxTm and pUC-PaoxPaoxTr.
[0089] A gene fragment having the Spel recagnitinn saquance in a site upstream of MFo was prepared by PCR using
the pricners 13 and 14 (SEQ 1 NOs: 26 ang 27). A gebe fragment having the 13-bp 3-terminal fragment of MPax in a
site upstrsam of the L-chain and ihe Spei recognition sequence i a siie downstream of the L-¢hain was prepared by
PCHR using the primers 15 and 18 (SEQ D NOs: 28 and 28}, These gene fragments were mixed to prepare a femplats,
and PCR was carried out using the resuliing template and the primers 13 and 18 {o prepare a gere fragment having
Spel recagnition seguences on both sides of a fusion gene of MFw and the L-chain. The resulting gene fragment was
freated with Spel and inserted into the Spsl sites of pUC-PmoxPmoxTrm and pUC-PaoxPaoxTm o prepare pUC-Pmox-
LPmoxTm and pUC-Pacxi PaoxTm.

[0080} Separately, a gene fragraent having the Bgill racognition sequence in a site upstream of MFa was grepared
by PCR using the grimers 17 {SEQ D NG: 30) and 14. A gene fragment having the 19-bp 3'-terminat fragment of MFw
in a site upstraam of the Fd-chain and the Bghi recagnition sequence in a site downstraam of the Fd-chain was prepared
by PCR using the primers 18 and 13(S&Q D NOs: 21 and 32}. Thess gene fragmenis weare mixed to prepare a template,
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and PCR was naried out Using the restiting template and the primers 17 and 19 to prepars a gene fragment having the
Bgill recognition sequences on both sides of a fusion gene of MFa and the Fd-chain, The resulting gene fragment was
freated with Bgill and inserted into the BoMl sites of pUC-PmoxiPmoxTm and pUC-PaoxLPaoxTm to prepare pUC-
PmaxlPmonFdtm ang pUC-PacxlPaoxFdTm.

(0091} pUC-PmoxLPmoxFdTm is designed to allow expression of the [~chain and the Fd-chain of the Fab antibody
under the control of the MQX promoter. pUC-PacxbPaoxFdTm is designed to allow expression of the L-chain and the
Fd-chain of the Fah anlibody under the control of the AQX promaoter.

{Examgple 2) Construction of PAMPP1 expression vector

(0082} A gene fragment having the Xbal recognilion sequences on both sides of the MOX terminatar was prepared
by PCR using the primers 11 and 12, the fragment was treated with Xbal. and it was then inseried into the Xbal site of
pUC-~1 prepared in Example 1 to prepare pUCTm.

[0083] Subsequently, a gens fragment having the EcoRi recognition sequences on both sides of the GAP gromoter
was preparad by PCR using the primers 20 and 21 {(SEQ 1D NOs: 33 and 34), the fragmentwas reated with ZcoR/, and
it was then inserted inld the Munl siie of pUCTM {0 prepars pUCPgapTm. Subsequanily, & gene fragment having the
EcoRi recognition sequances on both sides of the G418 tolerant gene controlled by the GAP promaoter was prepared
by PCR using the primers 20 and 22 {SEQ 1D NGt 35}, the ragmeant was treated with EcoRl, and i was then inserted
into the EcoRl site of pUCPgapTm fo prepare pUCPgapTmG418. Subsequently, a gene fragment having the Bamh|
racognition seguences on both sides of the PaMPP1 gene was preparad by PCR using tha grimers 23 and 24 (SEQ D
NCs: 35 and 37), the fragment was reated with Bamt|, and it was then ingerted indo the Bgfit site of pUCPgapTmG418
to construct pUCPgapPaMPPR1 TmG418.

[0084] This expression vactar is designed 1o alliow sxpression of PaMPR1 (SEQ 1D NG 38) under the confrol of the
GAP promater.

{Example 3} Construction of PpMPP1 expression vecfor

[0095F A gene fragment having the BamHli recognition seguences on both sides of the PpMPP1 gene was prepared
by PCR using the primers 25 and 28 (SEQ 10 NOs: 38 and 40}, the fragment was troated with BamHi, and it was then
inseried into the Bghl sits of pUCPgapTmG418 to construct pUCPgapPpMPP1ITME418.

[0086] This expression vector is dasigned to allow expression of PpMPP1 (SEQ 1D NO: 41} under the control of the
GAR gromoter.

{Example 4} Construction of Mut3 expressian vector

[0097} A gene fragment having the FcoRl recagnition seguences on Both sides of the G418 tolerant gene canfralied
by the GAP promoler was prepared by PCR using Hhe primers 20 and 22, the fragmeni was traates with FooRi, and i
was then inserted into the EcoRl site of pUCTm o prepare pliCTmG418. Subsequently, a gene fragmeant having the
Spel recognition sequence on 5 terminal side of the Mul3 gene and Bambil recognition sequance an 3 terminal side
the Mutd gens was prepared by PCR using the primers 27 and 28 (SEQ 1D NOs: 42 and 43), the fragment was treated
with Spet and Bambl and the resultant was inserted into the Spel and Bgltt siles of pUCTmMG418 i canstruct
pUCMU3TmGA418. Subsequently, a gene fragment having the Bamh! recognition sequances on both sides of the GAP
pramater was prepared by PCR using the primers 29 and 30 (SEQ I3 NOs: 44 and 45}, tha fragment was treated with
Bamtil, and it was then inserted info the BamHi site of pUCMUITMG418 to construct gUCPgapMuiaTm G418,

[0088} This expression vector is designed to allow expression of Mutd {SEQ 1D NO: 486) under the confrol of the GAP
proroter,

{Example 8) Construction of PaMPRUMUES ca-axprassion yector

[0029} A gene fragment having the BarmHI recognition seguence on § terminal side of the Mutl gene and the Spal
recoghition sequence on 3' terminal side of the Mui3 gene was prepared by PCR using the primers 31 and 32 {SEQID
NOs: 47 and 48), the fragment was treated with Bambil and Spel, and the resultant was inserted into the BamHi and
Speal sites of pUCPgapPaMPP1TmG415 obtained in Example 2 o construct pUCMut3PgapPaMPR1TmG4 13, Subse-
gquently, a gene fragment having the BamHi recagnition sequencss on both sides of the GAP promater was greparsd
by PCR using the primers 29 ang 30, the fragment was freated with BamHi, and it was then inserfed into the Bamh|
site of pUCMULIPgapPaMPR1TmGA 18 to construct pUCPgapMutiPgapPabiP® 1 Tm418,

[0100] This expression vector is designed to allow co-sxpression of PalPP{ and Mul3 under the control of the GAP
promoter,

14
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{Exampla 8) Construction of PaMPPMutS/PpMPP1 co-axprassion venlor

[0101} A gene fragment having the Noll recognition sequence on 5’ terminal side of the PpMPP 1 gene and the Eco52
recognition sequence on 3 terminal side of the PpMPP 1 gene was prepared by PCR using pUCPgapPpMPP{TmG418
obtained in Example 3 azs a template and the primers 23 and 34 {SEQ 10 NOs: 51 and 52). The fragment was treated
with MNo#t and £co82i, and it was then insertes irfo the Nofl site of pUCPgapMuidPgapPabPP{TmE418 obdained in
Example § fo construct pUCPgapPpMPR 1RPgapMusi3PgapPabPRP1TmG 418,

[0102} This expression vector is designed to allow co-expression of PabMPP1, Mut3, and PpMPP1T under the control
of the GAP promoter.

{Example 7} Preparation of MPP1 homolog-expressing hast yeast using MPP1 homolog expression vector

[0163} £ coff strains were transformed with the use of pUCPgagPaMPP1TMG418, pUCPgapPpMPP1TmG418,
pUCPgapMut3TmG4 18, pUCPgapMutdPgapPafPP1TmE418, and
pUCPgapPpMPP 1PgaphuilPgapPalMPRP1TMG4 18 constructed in Examples 2 to €, the resulting transformants were
cullurad in & mil of 2YT medium (1.8% Bacio Tryplone (Difoo). 1.0% Bacle Yeast Extract (Difca), and 0.5% NaCh, and
pUCPgapPaMPP1TmG418, pUCRgapPpMPP1TMG418, pUCFgapMut3TmG418,
pUCPgapMut3PgagPalMPR1TmG418, and pUCPgapPeMPP 1PgapMut3PgapPaMPP 1 TmG4 18 were ablained from the
rasulting strains using the QfAprep spin miniprep kit (QIAGEN]).

[0104] The plasmids were cleaved af the EcoRY ar Nru! site in the MOX terminator gene or the Notl site in the
mudticloning site {0 prepare linearized plasmide. With the use of such finsarized pUCPgapPalMPP1TMG418,
pUCPgapPpMPP1TmG418, pUCFgapMul2Tm418, pUCPgaphMut3PgapPaMPP 1TmG4 18, and
pUCPGapPRMPP 1PoapMul3PgapPaMPR1TmG4 18, Fichia angusta and Pichiz pasforis were subjected o irahsforma-
tion it the manner described below.

[0105} The leucine-auxotrophs of Pichla angusta NCYC495 were inoculated into 3 mi of YPD medium (1% Bacto
Yeast Extract (Difco), 2% peplone, and 2% glucose) and subiected to shake culture at 37°C overnight to oblain a pre-
culture solution. The cbtainad pre-culture solution {500 1l) was inoculated inte 50 ml of YPD medium, shake culture was
concucted at 37°C untit OD 800 reached 1 to 1.5, the culture product was centrifuged at 3,600 x g and 20°C for 10
minuies fo harvest cells, and the cells were resuspended in 10 mi of 50 mM potassium ghosphate buffer {pH 7.5)
containing 280 wl of 1M DTT {final concentration: 25 mibd),

[0108} The suspension was incubated &t 37°C for 152 minutes, the cells were harvested by centrifugation at 3,000 x g
and 20°C for 10 minutes, and the rasullant was washad with 50 mi of STM buffer (270 mid sucrose, 10 mM Tris-HCH,
and 1 mhkd magnesium chioride; pH 7.5}, which had been ice-cooled in advance. After the cells were harvested by
centrifugation at 3,000 x g and 4°C for 10 minules, the cells were washed again with 25 mi of ice-cooled STM buffer,
followed by centrifugation at 3,800 x g and 4°C for 10 minuies to harvest cells. The cells were suspended in 250 gl of
ice-coaled ST buffer at the end, and the resuliing susgension was designated as a competent eell sofution.

[B107] The compelent cell salution (80 i} was mixed with 3 pd of a sohution of linsarized pUCPgapPatMPP1TmG4 18,
pUCPgapPpMPP1TmG3418, oUCPaphiutS3TmG418, pUCPgaphMut3PgapPaMPP1TmG418, ar
pUCPgapPpMPR 1Pgaphdut3PgapPaMPP1Tm(E418, the mixiures were transferred info an slectraporation cuvslie {a
disposable cuvetts; olectrode gap: 2 mm; BM Equisment Co., Lid.) and pulsad at 7.5 Kvicm, 10 gF, and 800 Q, the
resultant was suspended in 1 miof YPD medium, and the suspension was then allowed to stand at 37°C for 1 hour.
Thereafter, calls were harvested by centrifugation at 2,000 x g at room temperature for 5 minutes, the harvested cells
were suspended in 1 miof YNBMSG madium (0.17% ysast nitrogen bage wio aming acld and ammonium sulfais (Difco}
and 9.1% sodium glutamate), and the cslls were harvested from the suspension again by cenirifugation at 3,000 x g gt
room tamperature for 5 minutes. The cells were resuspended in an sdequate amount of YNBMSG medium, the resuiting
cell suspension was applied to the YNBMSG G418 sefection agar plate {0.17% veast nitrogen base wio aming agic and
ammoniim sulfate (Do), 0.1% sodium glutamate, 1.5% agarose, 2% ghucoss, D.05% G418 disulfale, and 10Q mg/l
feucite), ard the cells grown as 3 resull of stationary culture at 37°C for 3 days were selentad, Thus, B types of Pichia
angustan MPPT homolog-expressing host yeast celis were obtained.

[0108] The leucine-auxctrophs of Pichia pastoris X-33 wers inoculated into 3 mi of YPD medium {1% Bacto Yeast
Extract {Difco), 2% peptone, and 2% glucose} and subjected to shake culture at 30°C overnight to obiain 3 pre-culture
sohstion. The ohtained pre-culture sofution {500 pd) was inoculated into 100 mi of YPD medium, shake culture was
conducted at 30°C untit OD 600 reached 1 o 1.5, calls were harvested by centrifugation at 1,500 x g and 4°C for §
minutes, and the harvested cells were resuspended in 100 mi of sterile water,

[0109} Tha suspension was cantrifiged at 1,500 x g and 4°C for 5 minutes fo harvest cells, and the harvested cells
were resuspended in 50 miof starile water. The suspension was centriftiiged at 1,500 x g and §7C for 5 minutes to hanvast
cells, and the cells wer resuspended in 4 ml of a 1 M sorbitol solution. The resuiting suspension was cenfrifuged at
1,500 % g and 4°C for § minutes to harvest cells, the cells were resuspended in 200 pl of 2 1 M sorbitol soluticn, ang
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the rasulting suspension was designated as the campelant cell sohution.
[0110] The competent cell solution {50 ul} was mixed with 3 ul of 3 solution of linearized pUCPgapPaMPP1TmMG418,
pUGPgapPpPP1TmG418, pLCPgapMut3TmG 418, or pUCPgaptut3PgapPaMPP 1 TmG418, the mixtures were trans-
ferred into an electrogoration cuvelfs (s disposabie cuvetle; electrode gap: 2 mm; 8M Equipment Ca., Lid.) and pulsed
e at 7.5 kVom, 25 pF, and 200 €, the resulting cells were suspended in 1 mi of a 1 M sarbito! solution, the resulting celt
suspension was applied to the YNBMSGG418 selection agar piate {C.17% yeast nilrogen base w/o amino acid and
ammorium suifate {Difco), 1.1% sodium glutamate, 1.5% agarose, 2% glucose, 0.05% G418 cisuifate, and 1060 mgil
lsucine), and the cells grown as a result of atationary culture at 30°C for 3 days were selected. Thus, 4 types of Pichia
pastoris MPP1 homolog-expressing host yeast cells were obiained.
0
{Example 8) Preparation of ransformant exprassing MPP1 hormolog and fully humanized anti-TNF-u Fab antibody using
fully humanized anii-TNF-« Fab antibody expression vector

[0131] £ cofisirains were fransformed with the use of pUG-PmoxLPmaxFdTm and plUC-PacxLPaoxFdTm constnuicted
75 it Example 1, the transformants were cultured in § ml of 2YT medium {1.6% Sacto Tryptone (Bifco), 1.0% Baclo Ysast
Extract (Difco), and 0.8% NaGl, and pUC-PmoxLPaoxFdTm and pUC-PaoxLPacxFdTm were obtained fram the cells
using the QlAprep spin miniprep kit {QIAGEN).
[0142] The plasmids were cleaved al the £eoRY site in the MOX ferminalar gene to prepars Hinearized plasmids. With
the use of such lincarized pUC-PmoxLPmoxFdTm and pUC-PaoxtPaoxFdTm, Pichia angusfa was transformed with
& pUC-PmoxiPmoxFdTm, and Pichfa pasiforis was transformed with pUC-PaoxiPaoxFdTm in the manner described
below.
[0143] The5typesof Pichiz angusian MPP1 homolpg-expressing host yeast cellz obtained in Exampie 7 orthe leucins-
auxotrophs of Pichia angusta NCYC495 were inocuiated inlo 3 mbof YRD madium (1% Bacta Yeast Extract {Difca), 2%
peptone, and 2% glucose) and subjected to shake culturs at 37°C avernightto obtain a pre-culture solution. The obtainad
5 pre-culture solution (300 pd} was inoculated info 50 miof YPD madium, shake culture was conducted at 37°C untit OD
800 reached 1 to 1.5, cells were harvesied by centrifugation at 3,000 x g and 20°C for 10 minutes, and the harvested
cells were resuspended in 10 mi of 50 mM potassium phosphale buffer {pH 7.5} containing 250 pl of 1M DTY {final
conceriration: 25 mM).
[0144] The suspension wag incubated at 37°C for 15 minutes, followed by centrifugation at 3,000 X g and 20°C fer 10
3 minuies 0 harvest cells and washing with 50 ml of STM buffer {270 mM sucrose, 10 mM Tris-HCL 1 mi magnssium
chioride; pH 7.5}, which had been ice-cooled in advance. After the wash solution was centrifuged at 3,000 x g and 4°C
for 10 minutes o harvest cells, the ceills were washed againwith 25 mi of ice-cooled STM buffer, followed by centrifugation
at 3,000 x g and 4°C for 10 minutes to harvest cells. The cells were suspaended in 250 pl of ice-caoled STM buffer at
the end. and the resuiting suspension was designated as a compelant celf solution.
35 [0118] The competent cell soiution {80 pl) was mixed with 3 ul of a solution of inearized pUC-PmoxtPmoxFdTm, the
mixture was iransferrad infe an slectroparation cuvelts {a disposabla cuvetie; electrade gap: 2 mm; BM Equipment Co.,
Lid.} and pulsed al 7.5 kK¥/om, 10 pF, and 906 , the resulling oells were suspended in 1 ml of YPD medium, and the
suspension was then allowed o stand &t 37°C for 1 hour, Thergafler, the suspension was cenirifuged &t 3,000 x g &t
room temperalure for § minutes to harvest celis, the cells were suspanded in 1 mi of YNEMSG medium {0.17% yeast
4@ nitrogen base w/o aming acid and ammonium sulfate {DFes) and (L1% sodium glutamate}, and the resuilant was cen-
trifuged again at 3,000 x g stroom temperature for 5 minules to harvest cells. The celis were resuspended in an adeguate
amount of YNBMSG medium, transformants of Pichia angustan MPP1 homolog-expressing host yeast cells were applied
to the YNBMSGG418 selaction agar plate {0.17% yeast nitrogen base win amino acid and ammonium sulfate (Difeo),
0.1% sodium givtamate, 1.8% agarose, 2% glucoss, and 0.05% G418 disulfgia}, the leucine-auxoirophic transformants
& of Pichia angusta NCYC495 were applied to the YNE seleclion agar plate {0.87% yeast nitrogen base w/c amino acid
{Difco), 1.5% agarose, and 2% glucose), and the cells grown as & result of stationary cuiture at 37°C for 3 days were
sslacted. Thus, ransformants of Pichia angusia snpressing MPP1 homabag and fully humanized anti-TNF-« Fab antibody
and transforrants of Pichia snguala expressing fully kumanized anli-TNF-x Fab anlibady were obtained.
[0148] The four types of MPP1 homolog-expressing host yeast cells of Pichia pastoris obtained in Example 7 or the
50 leucine-auxotrophs of Pichia pastaris X-33 wers inoculated into 3 ml of ¥YPD meadium {1% Bacto Yeast Extract {Difco},
2% peptone, and 2% glucose} and subjected to shake culture at 30°C overnight Lo obisin 8 pre-culture solution. The
obtained pre-culture solution {500 1) was inoculated into 100 mi of YPD medium, shake cullure was conducted 8t 30°C
untit 0D 800 reached 1 to 1.5, ceills were harvested by centrifugation at 1,500 x g and 4°C for § minutes, and the harvested
cells were resuspendsd in 100 mi of sterile water,
55 [01317]  The suspension was cenbrifuged at 1,500 x g and 4°C for § minutes to harvest cells, and the celis were resus-
pended in 50 mi of sterile water. The suspension was centrifuged at 1,500 x g and 4°C for & minutes 1o harvest cells,
and the calis were resuspanded in 4 miof a 1 M sorbitol soiution. The resulting suspension was centrifuged at 1,500 x
gand 4°Cfor 5 minutes to harvest cells, the cells wereresuspended in 200 plofa 1 & sorbilol solution, and the suspension
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was designaled as the compatent cell sotution.

[0118] The competent cell solution (50 it} was mixed with 3 pi of & solution of linearized pUC-PaoxbFaoxFdTm, the
mixture was transferred into an slectroporation cuvetits (3 disposable cuveile; slectrode gap: 2 mm, BM Equipment Co.,
Lid.} and pulsed at 7.5 KW/em, 25 uF, and 200 £, the resulting cells were suspendad in 1 mi of & 1 M sorbitof soiution,
the transformants of Pichia pastoris {as MPP1 homolog-expressing host cells} were applied to the YNBMSGG418
selection agar plate (0.17% yeast nitrogen base w/o amino acid and ammonium sulfate (DFco), 0.1% sodium glulamate,
1.5% agarose, 2% glucvss, and 0.05% G418 disulfste), the leucine-auxotrophic transformants of Pichia pastoris were
appiied to the YNB selection agar plate ((187% yeasi nitrogen base wio amino acid (Difon), 1.5% agarose, and 2%
gluense), and the sirains grown as a result of stationary eulturs at 30°C for 3 days were selected. Thus, transformants
of Pichia pastoris expressing MPP1 homolog and fully humanized anti-TNF-i Fab antibody and transformants of Pichia
pastoris expressing fully humanized anti-TNF-a Fab antibody were oblained.

{Example 9) Culture of transformants expressing MPP1 homolog and fully humanized anti-TN®-a Fab antibody

[0149] The fransformants expressing MPP1 homolog and fully humanized antbTNF-a Fab antibody and the trans-
formants axpressing fully humanized anti-TINF-a Fab antibody ablained in Example 8 were inaculated inte 2 mi of BMGY
medium (1% Baoto Yeast Extract, 2% peptone, 0.34% yeast nitrogen base w/o aming acid and ammonium sulfate
{Cifeo}. 1% armmonium suifate, (.4 mg/l blotin, 160 mi potassium phosphate (pH 6.0), and 2% glycerol} and subjected
to shake culture at 37°C and 120 rpm for 72 hours, and the nullure supernaiant was then recovered by centrifugation
at 18,000 rpm and 4°C far 1 minuie.

{Example 10} Measurement of amount of fully humanized anti-TNF-o Fab antihody secretion by ELISA

[2120] The amount of the anti-TNF-u Fab antibody secreled and expressad in the gulture supernatant of each of the
transformants expressing MPP1 homolog and fully humanized anti-TNF-a Fab antibody was measured by sandwich
ELISA (i.e., enzyme-inked immunosorbent assay) in the manner described below, The goal anti-human IgG (Fab-
specificy antibody {SIGMA) dilited 2.500-foid with an immobilization buffer {a 0.1 N sodium bicarbonale solution; pH
9.8} was applied fo an ELISA plate (MaxiSoap, Nunc) at 50 wiwell, and the plate was subjected to incubation at 4°C
ovarnight,

[0121] After the complation of incubation, the solution was removed from the wslls, the wells were blocked with 250
pd of Immurnoblock (Dainippon Sumitomo Pharma Co., Lid.), and the plate was allowed o stand ai room temperature
far 1 hour. The product was washed three times with PEST buffer {8 g/ sodium chloride, 0.2 gff polassium chloride, 1.15
g/t monosodium phosphate {anhydrous), 0.2 g/ potassium dibvdrogen phosphate {anhydrous), and 0.1 % Tween 20},
and serial dilutions of the standard Fab antibody {Anti-Human lgG Fab, Rackland) the culture supernatants were added
at 50 pifwetl| and the reaction was aliowed to proceed at room femperature for 1 hour.

[0122} Afier the plate was washed twice with PBST buffer, a secondary antibody solution diluted 8 600-faid with PBST
buffer (secondary aatibody: Anti-human G (Fab-specific)-HRP canjugate antibody {S1GMA) was added at 50 pliwel,
and the reaction was alowed to proceed at room temperature for 1 hour. ARer the plate was washed four times with
PBST buffer, 100 ptof TMB-1 Companant Micrawall Feroxidase Subsirate SureBlue (KPL) was added, and the reaction
sclution was allowed to stand atroom temperature for 20 minutes. The reaction was terminated with the addition of 100
wiof THB Stop Sobution {KPL), and the absorbance at 450 nm was then measured using a micraplate reader {BenchMark
Pius, Bio-Rad). The Fab antibody in the culture supernatant was quantified using the calibration curve for the standard
Fab antibody. The amount of secretory exgression of the anti-TNF-u Fab antibedy determined by the above mathod is
shown in Fig. 1.

[0123] As aresulf, the amounts of antibody secratory expression attained with the {ransformants expressing PaMPP 1
{pUCPaapPaMPRITME4 18- infroduced) and fully humanized ardhTNF- Fab antibody, the transformarnts exprassing
PolPPT {pUCPapPpMPPITMmG4A18-intrad ucad} and fully humanized ani-TNF-g Fab antibody, and the fransformants
exprassitg Mutd (FUCPgaeMutiTmG418-introduced) arnd fully humanized ant- TNF-u Fab antibody were found to be
apparently higher than those attained with the host strains {i.e., ransformants expressing fully humanized anti-TNF-x
Fab antibody).

(0124} Further, the amounts of antibody secretory expression aftained with the iransformants co-expressing
PalMPP1Mutd (pUCPohMut3PgMPP1TmC418-infroduced) and fully humanized ant-TNF-x Fab antibody were signifi-
cantly higher than those attained with the hosts (L.e.. fransformants expressing fully humanized anti-TNF-u Fab antibody)
and those attained with the fransformants exgressing the PaMPP1 {(pUCPgMPP1TmG418-infroduced) and fully human-
ized anti-TNF-¢ Fab antibady. Since the amounts of antibody secratory expression attained with the transformants co-
expressing PaMPPIMut3/PpMPP1 (pUCPgapPpMPRPgapMuld3PgapPaMPP1TmG418) and fully humanized anti-
TNF-x Fab antibody were lower than those attained with the transtormants co-expressing PabPF MUty and fully
humanized antl-TNF-¢ Fab antibody, a combination of PaMP®1 with M3 was found to be effective.
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[0125} The present invertion can be used inthe fieid of production of proteins and, in particular, in relation o antibodies

uged for treatment of diseases.

[0128] Al publications, patents, and patent applications cited herein are incorporated herein by reference in their

entiraty.
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<11i0>
<120>
<130>

<15G>
<1531 >

<188> 352
«<370>
<21ig> 1
<3il>

<212>
<213>

DNA
<400> 1

tcgacgegga
accaggocga
aggtogttta
ttocagoatgt
ttactgtace
tagectghga
tacttgttog
attagttiga
tacagtgtga
gaatggaaga
ttgaacgagy
aaggoetitt
agacgagaca
tegaggtogt
tooactgoag
cectigatoe
tagegantgy
gcatgecatoce
tgtgaatcty
cagetggatg

taaceggacy

1511

B100590

JB 2011-01571%
2011-1~27

Pichia angusta

gaacgatete
cggeacgeta
gaacgtoctyg
totogagoay
ggaagageta
goagegyggya
cgtogotgta
tyrggtagyy
tgtcaceoate

acegogacat

gggocacaay

cCagagYIay
attegggggt
ggaagatite
agatgoogtt
attctatgag
acatctogay
ttgcaceogrna
gozactgagy
gtgtcatgtg

gogotacoea

EF 2 668 375 A1

SEQUENCE LISTING

KANEKA Corporation

PatentIn wversion 3.1

ctegagetge
cttgeggaca
cgcaaagtoe
caatcetgtet
gbttigectog
cotetygacy
googgoegeg
caggatggge
gaatgtaatg
ctecaacage
coggegtttyg
totegtgaag
googgetttyg
cgegtagegy
gotettoacs
gocatctoga
actgggotiy
agtttitaaa
gggttetgea
aggcetotgtt

ctgetgtetg

tegaggatoa
acggtggoety
agtgtcagat
ttggagtaga
cogoeocataa
gogtogatga
gtgacgatac
gactoggeat
agctgeaget
tgggecgtgt
ctgatggoge
aagetgecaa
gtoattteaa
agttttgoot
gegtacagga
cggbgttact
ctgtgoetgga
accoactaoge
geogeaacey
tgetggegta

tgectgetae

18

gettgtggee
gogagoccag
gaatgteote
agagtaatct
tgaacaggbt
ggeccthgay
ccacatagag
cgaaattitt
tgogatoteg
tgagaatgag
ggegetegte
agetoggaac
tgttgbtogta
cagagtttac
ogaacyggegt
tgagtgcgta
tgraccaatt
tttageegtc
aacttitoge
geotacaacyg

cagaaaatea

Yeast for transformation and methed for producing proteins

ocgagtaatgga
tttgtgaacg
cteggaccaa
ctgetactay
ctetttetgg
gogetaegtag
gtoettggoe
geogtegtoy
gatggtittg
coggacgtag
ctogatgtag
cagetgeacyg
gatgaggagt
catgaggteg
ggeecagoagy
ctocactotg
aattgtigon
gogtaaaact
ttecgaggacg
tgacotigoo

coagageage
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180
249
308
360
429
489
54¢
€04
13,
720
789
840
%09
360

1029
10849
1149
1204
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agagggonga
cgggtgaace
gtEttigene
cocagacggt
anaazdacda
<210» 2

«21i» 697
<212> DNA

<213»

<4G0> 2
ggagacgtyyg

tttatategt
atgazaatta
ctaagaacgt
tgtgtoagya
ttgagoagot
actogggaat
totgtatgyg
agattgtcca
ttocgeaaga
cggacty

<210» 3

<2lix

<212>
<213>

DNA
<400> 3

gagtcactga
ggatggttit
agtaagaaca
gtcazggtte
ctgataggaeg
googoolaga
ggctoogtge
aacctgeghto

gaaatogtoa

1251

tgtggoasact
ggooagaaay
tacttgatea
coatetataa

a

Pichia angusta

aaggacatac
ttatgaagtg
asttaaatat
tgtaatgate
gggageaaat
caagoaggas
atotogegac
coageagtgt
Ltggaaaaacyg

tgttgctgta

Fichia angusta

gtacgtasage
toaattttte
ttgtgottat
togaggetgt
gegootogat
aggetgacyge
gtoctgagea
catgoagtbtt

agogoantga

EF 2 668 375 A1

ggtgggatgt
taaattotta
cagatggggt

atactgcetge

cgottttgag
atgagatgaa
tttotbagge
gacaactacg
gtogaggtit
gttgtggtga
gtgateages
atcttogagg
tocactgtia

accagatace

ggtttggtasa
cggtacagge
coctkggtgat
ctogtoggea
cgatgottat
cgtttigott
gggtctgtig
tgottocgac

ctttgttget

cggacagget
tgotacegty
gcagagetges

cagtgcacyyg

aagogtgbtt
aagotgaaat
takttagtcac
actagtttac
toaggaacga
tatcacctgg
attttaaagy
agttigyoay
BgCURCYARNAR

actogetgge

tacgaaataa
gcaaaatagt
cangtgggae
atoggegtts
goggtganat
ggagecgtaeg
aagatcagas
gocbettebga

gtgogtgagt

gtttotacaa
cagcegactoc

getaagtgta

tggtgacata

gaaaatagtt
agogagtata
cttcaaaaty
ctggaacatg
toagateace
toctggocat
daagatteoct
agacgtogag
caagggaaty

cggaacgota

aaagacagga
tgoatoattt
cogaggtbat
agttoaactt
tgteogacga
gaggacetaa
aagagctcaa
agotatctoc

tggttygtag

agtgceaaatg
gacatoceoa
sccaacagta

aatctaaagt

atttttotgy
ggaaaattta
coggoogett
taacgagtace
attoocggaga
CCaagaacag
gtokttgoty
tatgegygey
fttcaaaaacg

aagtcgette

atgagtaagh
tgcaatcatg
rgoggaggne
ttooaagoaa
ggosctogas
gtggggaace
cttgtacgoy
actgaaatca

aatotacttt
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1320
1380
1446
1560

1511

&0
12¢
180
249
306
360
420
489
540
a00

807

&0
120
180
249
380
360
420
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ggtgaccgea
coagagatge
ctoccactgh
actgttgagy
gactoggceay
aacaacatgd
ctgetgoott
gageeatgan
attttgtotyg
atogagoaQy
agetoctoas
aactaaataa
<210>
<211>

<212>
<213>

4
931
DNA

<400> 4

aacatocaaa
totcacacat
cgoaggacet
gttattggac
tgactttatt
aatgeaacaa
gggtcazata
gaacetaata
tgctaacgge
tggtattgat
cgecttotgas
atgattatge
agoctaacgt
acagaaggas
ataattgega

gagaagatea

aggaggatge
agagaatosc
ggtegetgga
agaccatcaa
ccatgatttt
ttggegacat
ctgeootogtt
acggetogge
cogoaatgat
cecgtcoaagaa
cacaygaagt

gggagaasaa

gangaaaggh
aagtgecaaa
coactectot
ttgattggag
agoctgtota
gotoggoatt
gtttoatgtt
tgacaaaagao
cagtiggtea
tgacgaatge
coceggtgea
attgtoteca
toatgateaa
goetgecctgt
ctggttceaa

azaaacaact

EF 2 668 375 A1

cggegacgga
gagaatggeg
caaagcaac
gaacgagttc
ggtcaagtog
catcagtgac
ggegtetotg
gocagatttyg
goetgaagetg
cgtectggat
tggtgatgot

aaagtaggat

Pichia pastoris

tgaatygaaac
cgcaacagga
totoctoaac
ctegotoatt
tactggocan
acacacgaad
ccgcaaatgg
gtgatoteat
aaaagaaact
toazaaataa
cotgbgeoaga
cattgtatye
aatttaactg
cttaaacctt
ttgacaaget

aattattoga

gttgecageyg
gocokbttigy
gtgettgeat
cogeagotga
ccaacgaaac
gaggooagty
ccagacacaa
ggeccgggea
tegotggact
geaggtatca
gttgogeagy

ctogaataat

ctttttgeca
gaggatacac
acaocactitt
ccaattoett
cctggogagy
atcactoocag
cccaaaactyg
ccaagatgaa
tccaaaagte
toteattaat
aacgroaaatyg
ttocaagatt
ttotaacece
tttttttate
tttgattita

a

21

acactygagay
cgchgeagaqg
cctegogtit
cqggtgoagca
tceaacggtgt
tgattectgg
acaaggoegtt
aggteaatoe
tggtggatge
tgactgeoga
aggtggonas

tootaaatas

toogarabon
tagcageags
gocategaaa
ctattaggoet
ttoatgtttg
atgagggott
acagtttaaa
ctaagttigg
gecatacogt
gobtagegea
gagaascace
ctggtyggaa
tacttgacag
atcattatta

acgactttits

ctattoigtt
cgacccaccy
gtggeggaag
coagotygate
cattgtoacc
ghtotetggge
tggtctitac
attggoeaca
sggocgtgeg
titgogtgoa
getactoaag

t

acaggtocat
cegttgoaaa
aaccagoesa
actaacacca
tttattteog
tetgagtgtyg
agetgtotta
ttegttgaaa
ttgtottgtt
gtotctotat
cgetttttgg
tactgotgat
caatatataa
gettactite

acgacaactt

Case No.: IPR2023-00321
U.S. Patent No. 10,689,656
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<Zi0> 5§

«21il> 255
<2i2> DNA
<213

<400> 5
atgagattte

ceagtcaaca
tacteagatt
aacgggttat
tototegagsa
<210> 6

«21l> 845
<212> DNA
w213>

<220>
<Z223>

<400> 6
gacatocaga

atcactegte
gqugaaaysos
cggttoagtg
gaagatgttg
gYgaccargy
tetgatgago
cotogagagy
gagagtgtaea
ctgagcaaaqg
ctgagcetoge
«210> 7

<21il> §75
<212> DNA
<213>

<220>
<223>

<400> 7

cttoaatttt
ctacaacaga
tagaagggga
tgtttataaa

aaaga

Artificial

Light chain

tgacecagtce
gggoaagtea
ctaagotoot
gcagtggate
caacttatia
tggaaatcas
agttgaaate
ccaaagtaca
cagageagga
cagattacga

cocgtcacaaa

Artificial

Fd chain

EF 2 668 375 A1

Saccharomynas carevisiae

tactgeagtt
agatgaaacy
ttragatght

tactactatt

teeatectoo
gggeatcaga
gatctatgot
tgggacagat
ctgtcaaagy
acgaactgty
tggaactgeo
gtggaaggty
cagcaaggac
gazacacaaa

gagcttcaac

ttattegeay
gcacaaatte
gatgttttge

gacageabbcg

ctgtetgeat
aattacttag
goatocactt
ttoactotea
tataacegtyg
goggogocat
totqttgtgt
gataacgooe
agoacctaca
gtetacgoet

aggggagagt

cateotecge
cggetgaagae
cattttecaa

ctgctaaaga

ctgtaggoga

cctggtatea
tygcaatcagy
ccatoageag
cacegtatac
ctgtcttcat
gectgotgaa
tocastogay
gectoageag
gegaagteac

gttag

attagetget
tgtoatoggt
cageacaaat

agaaggggta

cagaghoaca
goaazaaces
ggtocgatat
cotacagect
tittggecag
cticocogeoa
taacttotat
taactoccag
cacectygacg

ecatoaggge

gaggbgeags tggtggagbc tgggggagge ttggtacage ceggoagobte cotgagactco

toctgtgogy cetotggatt cacctttgal gattatgoea tgoactygggt coggoaagot

Case No.: IPR2023-00321
U.S. Patent No. 10,689,656
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ccaggyaagy
geggactobyg
ctgeaaatga
taccttagra
agtgotaget
gggggcecayg
teghggaact
toaggactet
acctacatot
ccoaaatett
<210> 8

<21il> 284
<21Z> DNA

<2313

<400> 8
tacagagett

cecttacatyg
cactggoocy
gacttttogt
gcacattate
<2i6> 9

«2311>

<212>
<213»

DNA

<220>

<223> GAP

<400> 8
getatacaga

accacactta
tgaacackgg
geacgacttt
totegoacat
aagatggatt
gggcacaaca

gecaggtiot

gootggaatyg
tggagggacy
acagtcebgang
cogegtocte
toragggeooe
cggeectggy
caggogeoct
acteccteag
geaacgtgaa

gttaa

Pichia angusta

tatatcaect
cagagetaac
gagtaghtcat
aaagtteggg

aattgetott

1083

Artificial

EF 2 668 375 A1

ggteteagoet

attaaccate
agetgaggat
cocttgactat
atcggtotte
ctgectggte
gacoagogge
cagegtggty

teacaagooe

tacktgaacge
caataaggta
acgtgtaggt
agggagtget

tagtacaaag

prometer G418 gene

gotttatate
catgcagaga
cocyggaghag
togtaragtt
tatcaattge
geacgeaggt
gacaatcgge

ttttgteaag

accttactga
taaccaataa
teatacgtgt
cOugagegay
totttagtac
tetooggoey
tgctetgatyg

acegacctgt

atocacttgga
tecagagaca
acggoogtab
tqggggccaag
caocctggeaa
aaggactact
gtgoacacct
acegtgeoct

agcaacaaca

tagagtagag
attaattaac
ttttggogtyg
geaaacggea

ataatataga

acgctagagt
ggtaattaat
agqgttttigg
tgetygcaaan
aaagataata
cttgggtgga
cogeogtgtt

ceggtgecct

atagtggtca
acgocaagas
attactgtgn
ggaccotggt
actoctccaa
tooucgaace
tocoggotgt
ecageagett

aggbggacaa

ccaattoecy
actatatagc
atgaaaatca
tataaggace

agda

agacccaatt
taacactata
cgtgatgaaa
ggcatataag
tagaaaccat
gaggetatte
coggetgtea

gaatgaacty

catagactat
ckeooctgtat
gaaaghotog
cacogtatcg
gagcacctet
ggtgacgyty
cctacagtoc
gggeacecayg

gagagttgag

gateacacta
tegtggtgaa
gotggrgeas

agtttttote

cooggetcac
tagotogtyy
atcagatgge
gaccagbttt
atgattgaac
ggctatgact
gcgeaguagc

caggacgagy

Case No.: IPR2023-00321
U.S. Patent No. 10,689,656
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cagegogget
teactgaage
catetaacot
atacgecttga
cacgtactog
ggetegegoe
tcghogtgac
ctggatteat
ctacoegtga
acggtatega
totga
<210> 10
<211>
<212>
<213>

<400> 10
atgboecattt

aagaaagaga
aaacacaaaa
gaatgtotot
ttttgttica
tetagotoae
aaggoctact
aaaaacgagt
togoocotgt
cegagettbg
cotteactgt
atgbeoctcttg
aa’azgagoa
tgtotottca
attttegaga
atgatgctgt

gagacecaat

2055
DNA
Pichia angusta

atcgtggetyg
gggasagggac
tgotoctgeon
toeggetace
gatggaagea
agoegaactyg
ccatggogat
cgactgtgge
tattgetgaa

cgotooogat

ccagagacga
canetonggn
agtgegacga
ggcoagaaga
gocaaagcaa
tgtooocact
egetegaeght
atctogacge
cgggtotett
ggaccagaebe
catecgggsota
ccazsaagga
aattoggect
togctaccaa
tettoactga
tgatggaaac

gtazcatttt

EF 2 668 375 A1

gocacgacyy
tggobgetat
gagaaagtat
tgceoatting
ggtottgtog
ttogocagge
goechgettge
cggetgggty
gagottogeg

tegeagogea

cgacoaccca
CRACHgagy
aaacoggooe
agtcaagaag
goatogegac
agactaccat
Cgoegancac
acctetoaca
caacgaotena
getaagetac
asacgataaa
cgecgachbt
cgactactac
ggatageace
csagtetace
gtacatigat

tatgaccaaa

gogttootty
tgggegaagt
ccatcatggn
accaccaage
atoaggatga
toaaggegeyg
cgaatatcat
tggeggaccyg
gegaatggye

tegecttcta

agacogaage
gtoocggacag
aagtgegact
aacgtttityg
aggttcoogea
ctoggtocag
tatetecageg
acagoatace
caggagotga
tttgacacge
atotogaccy
gagcatogtt
grootgocaa
tooggtagea
atggaggeta
caaattgoeto

atceocagage

24

cgoagotgby
geccggggcay
tgatgoaakyg
gaaacatege
retggacgas
catgocegac
ggtggaaaat
ctatcaggac
tgacegotte

tegecttett

gegoaaggtc
gotgtitgac
tetgoacoge
tcoaacaacte
agoecacaga
atgatocgag
catttgatgg
ctetgetaga
caagoragot
tgcaaagota
catectecgt
actogbthge
acacgotcaa
zactgcccoaa
attocatega
atttcctecaa

tegoacacay

ctogacgttyg
gatotcotgt
cggeggotge
atogagogag
gagcatoagy
ggogaggate
ggcogebttt
atagegttgy
actogitgottt

gacgagttct

tggoaagoet
ghtgtogoagg
agaggggote
gttcaaggac
ctttgatetyg
cacaggoaaa
ctattogege
gacgteogag
gaceagaact
tagoatgaac
ctogtocgan
agagocgoay
cgacctoaty
caacgagace
cgaceatygag
caagtocgac

atttoectoe

Case No.: IPR2023-00321
U.S. Patent No. 10,689,656
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ctaaagtacy
tegggogasa
aactcogaca
attctgagea
aaagtetgte
tttgoogege
gaggactggt
tccatgtigt
gaattegaca
tegageaaca
agecagetogsa
cagacaasga
acattattoe
atgtogeget
aagagecgett
geeggaaage
ctagaatoght
aaacgogagt
<210> 11

<21l>

«212>
<213>

DR
<400> 11

atgagtaceg
aaggatatac
acgggetcoa
gtocgaacyy
ccaaaatghbyg
aagaatatot
gotgatagte
aatcaatoge
gagtttaact

gtagacgetg

2667

ctatcctggy
aaacgttgea
aaaacactct
caaatcogga
atatcaacge
tagacataegg
ttggoacoga
atctgheoatg
getgotggaa
tgogoggett
nggaoettbg
cgoggategt
aaagtgocat
cteagattiy
cgteacygay
tgatetecte
ggtogagtat

gotga

Pighia pasteoris

cagooceaat
cttegaacga
aatctgetgg
gotgtbbgan
actttigeac
togttaacaa
tcaatttgge
tttootoaat
tccaagactt

acgaggeaea

EF 2 668 375 A1

acttgactoc
gtactatace
cgaggtggtt
ctcoetggeoat
acgotoagaa
ctgetgegoe
cgecocticg
ccagatette
gteacttigg
ctgttttaaa
tgeoaaacnaa
caagctacat
CRARCYYRG
geacgacaag
tctegggtge
ggcteacgag

gbtogatggat

caaggaagaa
aaaacaggoa
tggatectgge
ctgecgaaay
tttgaaagge
ctocatgaag
cgtgaatotg
tggattggaa
gataggttca

aaaactogag

cgacacctty
tattottige
goracghgtyg
togagactog
acagagobgy
ghiggagaca
agtoocgaccog
cagetggtca
aagoagetyy
agagacaact
ctgttecaca
gagccagaaa
caaggegagt
cagatoaboy
cagatctigt
cattogatta

tggagagaaa

agcecaatttg
aagtogaaag
aacaacaacg
angcacaaga
ttggaatgtyg
gatttoettag
caacaacage
agttttggtt
aactobtggca

atttocaaca

25

agaaagtcag
aacagcttag
toobtgobghg
agqaactgogy
azaaagottt
gasagacogt
agactggoac
gotegaacga
gegactggga
cgticuctyga
oatygotgtat
aacaagaaayg
sggtotegac
gtatcaacgt
cgetecagge
ttetgeaact

aacaactgac

accatttgac
ttteageggo
ctgoacctgt
agbtgtgacga
tetggocaga
goaagaaaan
agagttcaaa
acggetotgy

gttcagatco

agaacagtog

atccgattat
catgbgtotyg
ctattttgag
ctocatgete
attitggage
tgttegtect
tgegtigeaa
tgaccagtaet
acgogedcga
gacktetgtte
tetygatgote
gacccooogac
cagoagtety
gtgcaagatg
gatotguate
cttgoagaga

tgagttctgg

cetaatgaac
coctgataayg
gaaaaaaaga
gaacagaaac
gaacaataag
gotguatgga
cacaattgce
tatcaaaaac
gacattttca

taagagacaqg

Case No.: IPR2023-00321
U.S. Patent No. 10,689,656
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aaactaggtt
tocaatggaa
ggettgatgt
agcaascaca
totcaaaaan
ctttggttea
cagggagatg
togatttica
atgggoecat
ttgaaggoag
atgaccctta
aacggtaact
ttotctgaca
atgagaaact
ttiggaacaa
getatatott
tgetaccaat
tacattatea
cagagggacsa
acatctaatyg
acttgtgoas
actgactaca
actgacgatyg
attaacctgt
tggaatgaac
ttoaaggoca
tetogaagot
aaaccacgat
garaacaaay
gatcatttgt

aatgeaa’cy

tgotgongat
agteacacte
tcaactcacg
atataggttt
agecatggaaa
atgagttoca
atgottotas
gttcoacgtte
tetecaaagy
agteacecta
gttegtotea
attotagosae
agttoctoatt
teattgacaa
aaattocagt
ctegtcaaag
actoactaca
catgtattet
tcattgtgte
acaaactggas
tegogtgaanga
agacceabtoa
acttggacga
tgaactgeaqg
tcaatgasatyg
atgacgaato
gttacagtaa
tatacaaaat
ctgggatgte
ctocaagaag

gtgeaggtaa

EF 2 668 375 A1

cageaatgoa
ttteteteea
zagettoaac
gteteagatyg
ttocagtaga
aaaacaggoc
gaacaacaca
tagtgcaget
accagagatt
ttattcaaag
totgaatagt
cgtttccaac
gagtccacca
catotegena
tctggccaaa
agaaaggata
acagotcato
cotgagtgty
attggcaaas
aaagagtatt
gtoaatggte
agatgtgaayg
tatgtatges
agatgcegaay
ggaattgaac
gcagggogga
ccagetgtat
cocctttact
tgottceoage
tgtagagena

caagttocge

acttocoatt
cegtetggga
seectecacag
tcatgettat
cacttticat
ctoacageca
geoattocta
tetageaact
gagttcaact
tacaatotge
caacactcoog
aacttgaget
acaatcactg
tggtttgaca
azatgtiott
aagaaagagce
cctactgtto
ttecacatca
tacattcaag
ttetggaact
attaotitta
cgatttttea
atctacatge
cteaattttg
anacccttga
tecanctitte
catatgaget
acagttictyg
acacotgett
totetitoga

tetacgotot

26

tgaacggttt
ctaatgacga
ttaacgatte
tttetacagt
acccatobtgy
atggagaaaa
aggaccagte
caggagacga
acgattcottt
cggaaacttt
agactitgge
taagtttgaa
fegecgaaad
cttttgacaa
gattgtacta
acaatgaaas
aaagrtcaaa
tgtetagtga
catgcaacat
atgtoaattt
gatactgogt
ceaagaagac
tgtacattag
ageeccaagty
cctittcaaag
caactgttot
acatcatctt
ctteaatgte
cagaccacea
caacgttgag

ggeatgecaa

caatggaatg
tgaactaagt
taccaacsac
toaagaagoea
gecggaggac
tgetgtecaa
ttegaactea
tattggaagyg
titggateg
gazagagtac
aaatggoact
ctoettotet
gttttecattg
taccasaacag
tgocattctyg
aacattgeaa
taatattgag
acctteaace
aaacggattt
ggatttgget
taaagagaca
tageacgaca
tggtagaate
ggagtttttg
tattgttcag
attotecaac
agtgcagsat
atctocatog
ocgettetggt
cootansgeet

geagatetgt

Case No.: IPR2023-00321
U.S. Patent No. 10,689,656
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gggattteta
coattgtgge
ctgttgaaca
attgactact
<210> 12

<21i»

<212>
<213>

DNA
<400> 12

atgtgtaagc
cotgateaay
sccagoaact
gtigttttge
atcaagtgtE
tacgaccage
ggtacatety
cggatggecy
aagotgacay
atgaacaage
gaggagtacy
gocoatteca
agtocgoaty
aaggagatca
tgggaazaay
aacgagotet
ctegtgtact
ggctogaaga
tactteatty
cagacaatty
goatacateyg
taccegttea
atggacattt

gaccaggaca

2730

tcaacaacaa
acgoetggRaa
acctigagtyg

ggaatgttga

Pichia angusta

graagagtac
ggtoctaocat
aggogoogeo
agaagaageyg
ctggegacct
acagtegoge
ecaattotea
acegactaaa
atrtcaacga
tgegagaaaa
aaaggttged
cgaccegeggt
gtggeggeed
agatcattet
cgtgtgttot
aggacacaga
cagtoatgge
atggegagec
cagegeggaa
taatgttgat
goatagegtt
atocaatega
acgtcaacac

tgecaataga

EF 2 668 375 A1

ccacaacage aatctageag ccaaagitgaza cteoattgeaa

gotaattagt tcoaagtotg aacatacacs gttgetgseaa

tgeaacagge tggectatga actggaaggy caaggagtha

agastag

taaccbtggat
cacageaaad
aagaatcate
cegtgtggty
gocckgeata
aaagaggasag
geategoeat
gotghacgae
caatoogasay
gtegtgegac
ggacgtgoca
caagaceeac
goaccaggga
googtotagy
gttoogttte
cooCagocay
ctgaggegec
gaccoctgag
actcatcgat
catatttttyg
gogggoagot
getggaaata
catgetyygg

gotogacgae

gtgoocgaag
asagzattag
atgooagoag
cgtgectgeg
cactgeoactg
AACANCACCY
cttectacca
gacateckyge
cogataaacn
gaaanaaaat
ctgccaacan
gagtcacegt
atagacggtt
gaggttgege
taccatogac
tacaccaaca
ctetttetta
aacgaggttt
atcactgaca
cagtgtteag
ctgogagaag
cgaazaagat
ctteogegga

gagaacatea

27

cctogtogea
googagagat
gataggacgg
acagatgteg
tctacagota
ctaatgoagy
acagectgga
atcegactact
ccakgaageh
cectegagraa
tgoccagogt
cggracgste
aegtacgagtc
tgaggctgat
ccgoottoat
agoagoagey
agagtgatga
ttgaggacga
coagaganac
ccaggtigteo
gtaotacacag
tgttetggac
cgatcaguga

cggtggacgy

aagetcatta
attaatgaag
gtagtcoygge
aaagctgaaa
cgagtgeace
gtctocateg
ggtgatgaey
gecagacate
gohoanggah
gaccatogoa
gacgaageat
goeactibetge
cagoatggye
cagoaagact
tgaggatctg
ghttetgeng
geagagdaac
aggatacagy
gtacggoate
gacatgetat
aaagetegac
tatctacaag
ggatgactte

ctatogotte

Case No.: IPR2023-00321
U.S. Patent No. 10,689,656
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gaaaaacagy
ttocatcatga
ggoegtegas
gactggatga
ctgasagooa
cctttoatoe
aaatgcateg
gaggacatga
tttttotong
ggaaatttty
ttggacatic
ctgtttgagyg
tateastioe
gatoaaatgy
cectttaacy
arttteoatty
gaggacgtoers
ggtcctatgy
aattcaaate
caagageogy
tetacegtet
oRBGYLOCRS
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<21i> 30
<«212> DRA
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<440> 52
ttacggeegt tattcttcaa cattccagta g 31

Claims

1. Avyeast for ransformation, wherein the capacity for target protein production is improved by high-~level expression
of an MPP1 homolog,

2. The yeast for ransformation according to claim 1, wherein the MPP1 humolog fs any of the polypeptides {a), (b},
and {¢) below:

{a} a polypeptide consisting of the aming acid saquernce as shown in SEQ 1D NO: 38;

{9} a polypeptide consisting of an amine acid sequence derived from the amino acid seguence as shown in
SEQ D NG: 38 by substitution, deletlon, insertion, andfor addition of one or a glurality of amino acids;

{c) a polypeplide consisting of an amino acid sequence having 85% or higher sequence identity with the amino
acid sequance as shown in SEQ 1D NOG: 38

ar any of the polypeptides {3}, (&) apd ) balow:

{d) a polypeptide consisting of the amino acid sequence as shown in SEQ D NO: 41;

{2) a polypeplide consisting of an amino acid seguence derived from the aming acid sequence as shown in
SEQ iD NQ: 41 by substitution, deletion, inssrtion, andfor addition of ons or a plurality of amino acids; or

if} a polypeptide consisting of an amina acid sequence having §5% or higher sequence ideatity with the arino
acid segquenca as shown in SEQ 10 NO: 41,

3. Theyeasifor transfarmation according 1o daim 1, whergin the MPP1 homolog is is partially composed of any of the
palypeptides (g3, (h) and {i} below:

{3} a polypeptide consisting of the amino acid sequence as shown in SEQ 1D NO: 49;

{h) = polypaplide consisting of an amine acid sequence derlved from the aming acld seguence as shown in
SEQ D NO: 49 by substitution, deletion, insertion, andfor addition of one or a plurality of amino acids;

{1} a polypeptide consisting of an aming acid sequence having 85% or higher sequence identity with the amino
Fcid sequence as shown in SEQ 10 NOG: 49;

or any of the polypeptides (i}, (k). and {1) below:

{i} a polypeplide consisting of the amino acld seguence as shown In SEQ 1D NO: 50,

{K) a polypeplide consisting of an amino acid sequence derived from the amino acid sequence as shown in
SEQ D NO: 50 by substitution, deletian, insertion, anddor addition of one or a plurality of amino acids; or

{1} a polypeptide consisting of an amino acid sequernce having 85% of higher sequence identity with the amino
acid seguence as shown in SEC D NG: 5C.
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4. The yeas! for transformation according o any of claims 1 to 3, wherein the {transeription factors are expressed at
high levels.

5. The yeast for transformation according to claim 4, wherein the transcription factor acts additively or synergistically
e with the MPP1 homolog.

6. The yeast for fransformation sccording to claim 4 or § wherein the {ranscription factor i any of the polypeplides
{my}, (), and (o} balow:

0 {m} a polypeptide cansisting of the amino acld sequence as shown in SkEQ 10 KO 46;
{n) a polypeptide consisting of an amina acid segusnce cervad from the amino acid seguence as shown in
SEQ D NO: 486 by substitution, deletion, insertion, andfor addition of one or a plurality of amino acids; and
{a} a polypeptide consisting of an amina acid seguence having 85% ar higher sequence identity with the amino
acld sequeane as shown in SEQ 1D NG: 48,

15

7. The veast for ransformation according ta any of claims 1 o 6, wherein the gene consisting of any of the nucleotide
seguences {(p), {q), {}, and (s} is expressed at high lavels:

{p) a nuclectide sequence encoding the MPP 1 homolog;

& () the nucigotide seguence as shown in SEQ 1D NO: 10 or 11;
{r} & nuclentide sequence hybridizing under stringsnt conditions to & nucleotids segusnce complementary to
the nucisctide sequence as shown in SEQHD NO: 10 or 11; and
{8} a nuclentide sequence having 85% or higher sequencs identity with the nucleotide sequance as shown in
SEQ D NG 10 or 11,

8. The veast for transformation according fo claim 7, wherein the gene consisting of any of the nuclectide sequences
{13, (B, (v}, and {w)} below is expressed at high levels:

{1} & nuclectide sequence encoding & transcription factor;

3¢ {u) a nuclectide sequence as shown in SEQ 1D NO: 12;
{¥) a hucleotide sequsnce hybridizing under stringent conditions 0 a nucleotide sequenice complementary to
the nucisotide sequence as shown in SEQ 1D NG 12; and
{wj a nucleotide sequence having 85% or higher sequence identily with the nuclectide sequence as shown in
SEQ IDNG: 12,

9. The yeast for transfarmation sccording to any of claims 1 to 8, wherein the expression level of the targel protein is
cantroliad by a promaoter that is activated by the MPP 1 homiolog.

18, The yeasi for transformation according to claim 8, wherein the promoter is a methanokinducible pramoter.

11, The yeast for transformation acoording to claim 10, whersin the methanoiinducible promoter is asleciad fram the
graup consisting of the AMO promoter, the AOX1T promoter, the AOX2 promoter, the CAT promoter, the DAK
pramater, the DAQ promater, the DHAS promoter, the FAQ promoter, the FDH promoler, the FGH promoter, the
FMD promoter, the GAP promoter, the MOX promoter, the MPR1 promoter, the M3 promoter, the Mxrt promater,

45 the PERE promoter, the PER10 promoter, the Pex3 promoter, the PexS promoter, the Pex8 promoter, the Pexi0
pramoter, the PHO promoter, the Prmt promoter, the SNF1 promoter, the Swilp promicter, the Trint promoter, {he
Trm2 promater, the YNAT promoter, and the YNAZ2 pramaoter.

12. The yeast for transformation according to claim 10, wherein the methanol-inducible promoter is selected from the
50 group consisting of the AOX promoter, the DHAS promoter, the FMD promoter, and the YNA2 promater.

13, The yeastfor transformation according to any of claims 1 to 12, which is a transformant of the methanol-assimifating
yeast.

55 14, The yeast for transformation according to laim 13, wherein the methanol-assimilating veast is ssiected from the
graup consisting of a yeast of the genus Fichia, a yeast of the genus Candida. and a veast of the genus Torufopsis.

18. The yeasifor iransformation according 1o ciaim 14, wherein the yeast of the genus Plohis is selected from the group

4
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consisting of Pichia angusta, Pichia pasiorls, Pichia methanolica, and Pichia minuta.

A method for producing a targst protein, characterized by comprising using the yeast for fransformation according
to any of claims 1 to 15.

The methad for producing a target profein according to claim 18, wherain the yeast for transformation according to
any of claims 1o 15 is cultured.

The mathod far producing a target protein aceording to elaim 17, wherein cuiture is conducted using ghicose, andior
giycerol, andfor methanoi as & carbon source.

The method for producing a {arget protein according fo claim 17, wherein culture is conducted using glucose, or
giyeeral, or methanol as a carbon source.

A target protein produced by the method according 1o any of claims 16 o 19,

48
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PRODUCTION OF RECOMBINANT HUMAN HEMOGLOBIN BY USING PICHIA
YEAST

Inventor(s): NAKASHIRO KEISUKE; HOASHI YOHEI; KAl TOSHIYA; UNO
KIMIYUKI; ODAGIRI MASAKI + (NAKASHIRO KEISUKE, ; HOASHI
YOHEI, ; KAl TOSHIYA, ; UNO KIMIYUKI, ; ODAGIRI MASAKI)

Applicant(s):  NIPRO CORP + (NIPRO CORP)

Classification: - international: CI2N15/08; C12P21/02; C12R1/84
- cooperative:

Application JP20060192673 20060713 Global Dossier

number:

Priority number JP20060192673 20060713
(s):

Abstract of JP2008ITTT4 (A}

PROBLEM TO BE SOLVED: To provide a safe gene-recombinant type hemogicbin
having funclions and properties similar to the hamoglobin originated from human biood,
and camying no risk of contamination by a virus. [SOLUTION! The method for
producing a funclional recombinant human hemoglobin includes culturing & yeast of the
genus Pichia transformed by an expression vector containing a BDNA encoding the
human hemoglobin {aipha] chain (Hbalphal) under control of a promoior functionabis
in the Pichia yveast, and an expression veotor containing a DNA encoding the human
hemoglobin [beta] chain (Hbibetal) under controb of & promotor funclionabie in the
Pichia yveast in a medium, and collecting the human hemoglobin from the obiained
culture product. The expression vector containg ACXT promotor, the DNA encoding the
Hblbeta]l, s terminator functionable in the Pichia yeast, the AQXT promotor, the DNA
encoding the Hblalpha] and a terminator functionable in the Pichia yveast in order,
COPYRIGHT: (C2008 JPO&INPIT
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TITLE: METHOD FOR METHANOL INDEPENDENT INDUCTION FROM METHANOL
INDUCIBLE PROMOTERS IN PICHIA,

Reference to ssguence listing

This application contains a Sequence Listing in computer readable form. The com-

puter readable form is incorporated herein by reference.

FIELD OF THE INVENTION
The present invention relates to a method for producing a polypeptide in a
methylotrophic yeast host cell, wherein expression of the polypeptide is controlied by a

methano! inducible promoter,

BACKGROUND OF THE INVENTION
Eukaryotic organisms are widely used in industry as host gelis for producing polypep-
tide for, e.g., pharmaceutical and industrial applications. The ability to manipulate gene fran-

scription and expression gives the basis for providing higher production yields.

Conventionally, maximal expression of a gene in a eukaryolic organism is achieved by
amplifying in the chromosome an expression casssile containing a single promoler operably

linked to a gene encoding the polypeptide of interest and an amplifier selective marker.

Controlled expression is often desirable. In methylotfrophic yeast it has been known
for long that ceriain promoters are dependsnt on the presence of methanol in the growth
medium for the induction of transcription, This induction by methanol requires the presence
of additional factors, however, the exact mechanism of action for such factors have not been
slucidated. Examples of positive factors known from yeast include Mxrip, described as a key
positive reguiator required for methanol utilization in Pichia pastoris (Lin-Cereghine ef al,
2006, Mol Cell Biol 26(3); 883-897).

Examples of these methancl dependent promoters have been described in several
veast cells beionging o the group of yeast known as methylotrophic yeast. The promolers
controlling expression of the enzymes involved in methanol metabolism in these organisms
are particularly strong, and these promoters are generally used to control the heterclogous
expression of proteins in yeasl. However, the specific carbon source used for the cultivation
of these host cells has an enormous influence on the regulation of methanol meiabolism
promoters. Methanol and glycerol are considered as adequate subsirates for methylotrophic
yeast expression systems, while glucose has been considered inadeguate (EP 209108). itis

1
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therefore desirable if expression from the known methano! metabolism promolers can he

made less dependent on the substrate.

SUMMARY OF THE INVENTION

The invention provides a method for producing a polypeptide in a methylotrophic yeast host
cell, wherein expression of the polypeptide is confrolled by a methanol inducible promoter,
comprising: i) expression of a positive regulator from a non-native promoter, said positive
regulator activating transcription from the methanol inducible promoter, and i) no addition of
mathanol. The invention further discloses a method for increasing the expression level of a
heterologous polypeptide under the control of a methanotl inducible promoter, comprising

providing constitulive expression of the prm1 gene.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relaies o the controlled expression of polypeptides from
methanol inducible promolers. Examples of these promolers have been described in several
yeast cells belonging to the group of veast known as methylotrophic yeast. In the context of
the present invention a methylotrophic yeast is defined as a group of yeast which can ulilize
methanol as a sole carbon source for their growth. The promoters for the enzymes involved
in methanol metabolism in these organisms are particularly strong, and these promoters
{methanol metabolism promoters) are generally used to conircl the heterologous expression
of proteins in yeast.

Known members of methyiotrophic yeast host celis belong o the genera selscted
from the group consisting of Pichia, Hansenula, Candida, Torulopsis. According to the inven-
tion the Fichia host cell can in one embodiment be selected from the group consisting of .
pastoris, P. methanolica, P. angusta, P. thermomethanofica. The Hanseniila or Candida host
cells can be selectsd from the group consisting of H. polymorpha, and C. boidinii.

Saeveral promoters have previcusily been isolated and described in the literature from
which the expression of helerclogous polypeptides can be controlled by the addilion of
methanol to the growth medium. Such promoters include but are not limited 1o e.g. the AOX1
promater {Alcchol Oxidase promaoter), DHAS promoter {or DAS promoter} (dihydroxyacetone
synthase promoter), FDH promoter (or FMDH promoter) (formaie dehydrogenase promoter),
MOX promoter (Msathanol Oxidase promoter), AOX2 promoter, ZZA1, PEXS-, PEXE-, PEX14-
promoter. Particularly the promoters useful in the present invention are promoters for en-
zymes involved in the methanol melabolism.  Such promoters may be isolated from veasts
by the skilled person using conventional techniques. All of the above mentioned promoters
have already been isolated from particular members of the group of methylotrophic yeast and

by homology searches corresponding promoters from other members can easily be ident-

2
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fied. This is further illustrated by the examples included herein. More particularly the promot-

ers are selected from the group consisting of the formate dehydrogenase (FMD or FMDH)
promoter, the msthanol oxidase {MOX) promoters, the dihydroxyacetone synthase (DAS or
DHAS) promoter or the alcohol oxidase (AOX1) promoter.

Normally all of the above promoters require the presence of methanol for their in-
duction. This induction by methanol requires the presence of additional factors (such as tran-
scription factors), however, the exact mechanism of action for such factors have not been
elucidated. In yveast e.g. Mxrip, has been described as a key positive reguiator required for
methanol ulilization in Pichia pastoris (Lin-Cereghino ef al., 2006, Mol Cell Biol 26{3):. 883-
897).

The inventors of the present invention have discovered that the conirolled expres-
sion of a single positive factor, encoded by the Prm1 gene from Pichia pastoris, as described
herein, can be sufficient in order to induce transcription from several methanal inducible pro-
moters without the need for methanol in the growth medium. As disclosed herein this princi-
ple has been demonstrated using the Prm1 protein as a model prolein for the positive activa-
for and using the AOX1 or the DAS promoters for the controlied expression of a reporier
polypeplide. The results obtained have shown that it is possible to induce the AOX1 or the
DAS promoters simply by controlling the sxpression of the prm1 gene and without the pres-
ence of methanol in the growth medium.

in one embodiment of the invention the positive regulator is expressed constitutively
from a suitable promoter. Preferably the promoter is not the native promoler meaning that the
promoter controlling the expression of the positive regulator is different from the promoter
normally controliing the expression. In the context of the present invention such preferred
promotiers are termed “non-native”. The promoter could stili be native to the host organism
but it will be foreign in the context of the gene in question, e.g. the prm1 gene. In one particu-
lar embodiment the promoter is selected from the group consisting of the GAP promoter
{(glyceraldehyde-3-phosphate dehydrogenase promoter), the TEF1 promoter (Translational
elongation factor EF-1 alpha promoler), and the FGK promoter {phosphogiycerate kinase
promoter}. The host cell according o the invention would normally express the positive regu-
lator from an endogencus gene present on the chromosome in addition to the expression
controlled by the non-native promoter as described above. In a further embodiment the en-
dogenous copy of the gene encoding the positive regulator could be inactivated, e.g. by dele-
tion, or the normal promoter controlling the endogenous copy of the gene could be replaced

by the chosen non-native promaoter.

in another embodiment the expression of the positive regulator is controlled from an
inducible promotsr which is not methanol inducibls.
3
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The positive regulator according to the inveniion is in one embodiment Prm1 as de-
scribed herein. In one particular embodiment Prm1 comprises the amino acid sequence of
SEQ D NO: 1 or an allelic variant therscf; or a fragment thereof that has regulator activity.

5 in another particuiar embodiment, Prm1 consists of the amino acid seguence of
SEQ D NO: 1 or an alislic variant therecf; or a fragment thereof; or a substitution, dsletion or

addition of one or several amino acids that has regulator activity.

The term “polypeptide fragment” is defined herein as a polypeptide having one or
10  more aminoe acids dslsted from the aming and/or carboxyl terminus of SEQ ID NG 1 or a

homaiogous sequence thereof, wherein the fragment has regulator activity.

The term “aliglic variant” dencies hersin any of two or more alternative forms of a
gene occupying the same chromosomal locus.  Allelic variation arises naturally through mu-
tation, and may result in polymorphism within popuiations. Gene mutations can be silent (no

15  change in the encoded polypeptide) or may encode polypeptides having altered aming acid
sequences.  An allelic variant of a polypeptide is a polypeptide encoded by an allelic variant

of a gene.

The relatedness between two amino acid sequences such as e.g. between two func-

tional homologues is described by the parameter “identity”.

20 For purposeas of the present invention, the alignment of two amino acid segquences is
determined by using the Nesedle program from the EMBOSS package (hlipi//emboss.org)
version 2.8.0. The Needle program implements the global alignment algorithm described in
Needleman, S. B, and Wunsch, C. D. (1870} J. Mol. Biol. 48, 443-453. The substitution ma-

trix used is BLOSUMSBZ, gap opening penalty is 10, and gap extension penalty is 0.5.

25 The degree of identity between an amino acid sequence of the present invention (“in-
vention sequence”; e.g. amino acids 1 to 889 of SEQ D NO: 1 and 3 different amino acid
sequence (“foreign sequence”) is calculated as the number of exact matches in an alignment
of the two sequences, divided by the length of the "invertion saquence” or the length of the

“foreign sequsence”, whichever is the shortest. The result is expressed in percent identity.

30 An exact maich occurs when the “invention sequence’ and the “foreign sequence”
have identical amino acid residues in the same positions of the overlap (in the alignment ex-
ampie below this is represented by *|"). The length of 2 sequence is the number of amino

acid residues in the sequence.
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in the purely hypothetical alignment exampie below, the overlap is the amino acid se-
quence "HTWGER-NL" of Sequence 1; or the amino acid sequence "HGWGEDANL” of Se-

quence 2. In the example a gap is indicated by a ",
Hypothetical alignment example:

Seguence 1: ACMSHTWGER-NL

Seguencea 2: HGWGEDANLAMNPES

in one embodiment according fo the invention the functional homologue of Prmt is
at least 70 % identical to SEQ 1D NO: 1, pariicularly al ieast 80 % identical to SEQ D NO: 1,
particularly at least 85% identical o SEQ 1D NO: 1, particularly at least 90%, more particu-
larly at least 95%, most particularly at least 98% identical o SEQ 1D NO: 1.

in another embodiment the funclional homologue of Prm1 is encoded by a polynu-
cleotide which hybridizes under at least low slringency conditions with (i) nucleotides 1 to
2870 of SEQ ID NO: 2, or (il) a complsmentary strand of ().

in another embodiment the functional homologue of Prm1 is encoded by a polynu-
cleotide which hybridizes under at least medium stringency conditions with (i) nucleotides 1
10 2970 of SEQ 1D NO: 2, or (il) a complementary strand of (i).

in another embodiment the funclional homologue of Prm1 is encoded by a polynu-
cleotide which hybridizes under at igast high stringency conditions with {i) nucleotides 1 to
2970 of SEQ D NO: 2, or (i) a complementary strand of {{).

in another embodiment the funciional homologue of Prm1 is encoded by a polynu-
cleotide which hybridizes undear very high stringency conditions with (i) nuclectides 1 to 2870
of SEQ 1D NO: 2, or (i) a complementary strand of {i).

The positive regulator according to the invention may also be a functional homologue
of Prm1t isolated from other veast cells. Such functional homologues can be isclated starting
from the sequence shown in SEQ ID NQ: 2, e.g. by using SEQ D NO: 2 or a fragment
thereof, 1o design a nucleic acid probe to identify and clone DNA encoding polypeplides hav-
ing regulator activity from sirains of different genera or species according to methods well
known in the art. In particular, such probes can be used for hybridization with the genomic or
cDNA of the genus or species of interest, following standard Southern biotting procedures, in
order to identify and isclale the corresponding gene therein. Such probes can be considera-
bly shorter than the entire sequence, but should be at least 14, preferably at least 25, more

5
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preferably at least 35, and most preferably at least 70 nuciectides in length. 1t is, however,
preferred that the nudleic acid probe is af least 100 nucleotides in length. For example, the
nuclelc acid probe may be at least 200 nuclectides, preferably at least 300 nuclectides, more
preferably at least 400 nucleotides, or most preferably at least 500 nuclectides in tength.
Even longer probes may be used, e.g., nucieic acid probes which are at least 800 nucleo-
tides, at least preferably at least 700 nuclectides, more preferably at lsast 800 nuciestides, or
most preferably at least 900 nucleotides in length. Both DNA and RNA probes can be used.
The probes are typicaily labelled for detecting the corresponding gene (for example, with P,

H, %8, biotin, or avidin).

A genomic DNA or cDNA library prepared from such other organisms may, therefors,
be screened for DNA which hybridizes with the probes described above and which encodes
a polypeptide having reqgulaior activity. Genomic or other DNA from such other organisms
may be separated by agarose or polyacrylamide gel electrophoresis, or other separation
techniques. DNA from the libraries or the separated DNA may be fransferred to and immo-
bilized on nitrocellulose or other suitable carrer material. In order to identify a clone or DNA
which is homologous with SEQ 1D NO: 2 or a subsequence thereof, the carrier material is

used in a Southern blot.

For purposes of the present invention, hybridization indicates that the nuclectide se-
quence hybridizes (o a labelied nucleic acid probe corresponding o the nuclectide seguence
shown in SEQ 1D NO: 2, its complementary strand, or a subsequence thereof, under very fow
to very high stringency conditions. Molecules to which the nucleic acid probe hybridizes un-

der these conditions can be delected using X-ray film.

For long probes of at least 100 nucleotides in length, very low o very high stringency
conditions are defined as prehybridization and hybridization at 42°C in 8X S8PE, 0.3% SDS,
200 ug/mi sheared and denatured salmon sperm DNA, and either 25% formamide for very
low and low stringencies, 35% formamide for medium and medium-high stringencies, or 50%
formamide for high and very high slringencies, following standard Southern blotting proce-
dures for 12 to 24 hours optimally.

For long probes of at least 100 nucleotides in length, the carrier material is finally
washed three times each for 15 minutes using 2X §8C, 0.2% S$DS preferably at least at
45°C {very low siringency), more preferably atleast at 50°C (low stringency), more preferably
at least at B5°C (medium stringancy), more preferably at least at 60°C (medium-high strin-
gency), even more preferably at least at 65°C (high stringency), and most preferably at least

at 70°C (very high stringency).
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In a particular embodimsnt, the wash is conducted using 0.2X 88C, 0.2% SDS pref-

erably at least at 45°C {very low stiingency), more preferably at least at 50°C {low strin-
gency), more preferably at least at 55°C (medium stringency), more preferably at least at
60°C (medium-high stringency), even more preferably at least at 65°C (high stringency), and
most preferably at least at 70°C (very high stringency). in another particular embodiment, the
wash is conducted using 0.1X S8C, 0.2% SDS preferably at least at 45°C (very low strin-
gency), more preferably at least at 80°C (low stringency), more preferably af least at 55°C
{medium stringency), more preferably at least at 60°C (medium-high stringency), sven more
preferably at least at 65°C (high stringency), and most preferably at least at 70°C (very high

stringency).

As described above the positive regulator according to the invention may also be a
functional homologus of Prm1 isolated from othsr veast caells. According to one embodiment
of the invention one such candidate could be Mut3 encoded by the mut3 gene from Han-
senula polymorpha (syn. Pichia angusia). in the examplss provided herein Prm1 has been
overproduced in Pichia pastoris. It is however possible that the same effect can be obtlained
by overproducing Mul3 in Fichia or Prm1 in Hansenula or Mut3 in Hansenufa. This has not

been testad.
Therefore in a further embodiment of the invention the positive reguiator is Mut3.

Arn increase in the level of positive regulator present in the host cell can also be pro-
vided by simply having mulliple copies of the gene encoding the regulator present in the host

cell.

Even though the exact mechanism of action of the positive regulator, Prm1, has not
been elucidated it is most likely thal the regulalor will bind to the promoter region of the
methanol inducible promoter. In ong particular embodiment of the invention the mathanol in-
ducible promoter controlling the expression of a heterologous polypeptide is therefore pro-
vided with additional binding sites for the positive regulator thereby increasing the positive

gffect of the regulator.

The positive effect provided by increasing the level of positive regulator in the cell
could be dependent on the presence other factors or it could be independent. One such
other facior could be the Mxr1 protein (Lin-Cereghino ef al., 2006, Mol Cell Biol 26(3); 883~
897). Therefore in a further embodiment according 1o the invention expression of the mxr
gene is alsc controlled by a non-native promoter, particularly the promoter selected from the

group consisting of the GAP promoter, TEF1 promoter, and PGK promoter.
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in the production methods of the present invention, the celis are cultivated in a nutri-

ent medium suitable for production of the polypeptide using methods well known in the arl.

For exampile, the cell may be cuilivated by shake flask cuitivation, and smali-scale or large-

scale Termentation (including continuous, batch, fed-batch, or solid state fermentations) in

5 laboratory or industrial fermentors performed in a suitable medium and under conditions al-
lowing the polypeptide o be expressed and/or isolated. The cullivation takes place in a
suitable nutrient medium comprising carbon and nitrogen sources and inorganic salts, using
procadures known in the art. Suitable media are available from commercial suppliers or

may be prepared according to published compositions {e.q., in catalogues of the American

10 Type Culture Collection). If the polypeptids is secrsted into the nutrient medium, the poly-
peptide can be recovered directly from the medium.  If the polypeptide is not secreted, it can

be recovered from cell lysates.

The polypeptides may be detected using methods known in the art that are specific
for the polypeplides. These detection methods may include use of specific antibodies, for-
15 mation of an enzyme product, or disappearance of an enzyme substrate. For sxample, an

enzyme assay may be used {o determine the activily of the polypeptide as described herein.

The resuliing polypeptide may be recovered using methods known in the art.  For
example, the polypeptide may be recovered from the nuirient medium by conventional pro-
cedures including, bui not limited to, centrifugation, filiration, extraction, spray-drying, evapo-

20  ration, or precipitation.

The polypeplides produced by the present inventicn may be purified by a variely of
procedures known in the art including, but not limited to, chromatography {e.g., ion ex-
change, affinity, hydrophobic, chromatofocusing, and size exclusion), electrophoretic proce-
dures {e.g., preparative isosleciric focusing), differential solubllity (e.g., ammonium sulfale

25  precipitation), SDS-PAGE, or sxiraction {(see, e.g., Frotein Purification, J.-C. Janson and
Lars Ryden, editors, VOH Publishers, New York, 1080).

in one particular embodiment the polypeptide produced from the host cell is heterclo-

gous to the host cell. in ancther embodiment the polypeptide is homologous to the host call.

The effects observed in the present invention are illustrated in the examples below

30  showing that expression from selected promoters can be observed without the addition of
methanol o the growth medium. Addition of methanol could possibly further enhance the ob-
served effect of increasing the leval of Prm1 in the host cell. A further embodiment of the in-
vention is therefore a method as described in all embodiments above for incrgasing the ex-

pression level of a heterclogous polypeptide undsr the control of a methanol inducible pro-
8
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moter in which method methanol is present in the medium, and Prm1 is expressed at in-

creased levels compared 1o a wild type cell. Praferably expression of the prm1 gene is con-

stitutive.

EXAMPLES

Materials and methods

Strains and plasmids

Pichia pastoris G3115 (genotype:hisd, Invilrogen™) was used as the host sirain for
protein  expression. K. coff DHSalpha (Invitrogen™), TOP10 (invitrogen™) or XU10
(Stratagene ™) were used as cloning hosts in consltruction of the expression vectors. The
plasmids pPICSK and pGAPRZa (Invilrogen™) were used for the construction of expression
plasmids and pCR2.1-TOPO (invitrogen™), pT7Blue (Novagen™) were used for sub-cloning
of PCR fragments.

Transformation of Pichia pasforis:

Pichia pasioris strains are transformed by eleciroporation according to the manufac-
turer’s protoco! (Invitrogen, Cat. #K1710-01). Competent cells are preparad as described and
stored in 40 yl aliguots at -70°C. Linearized plasmid DNA (500ng) is mixed with 40 yl of com-
petent celis and stored on ice for & min. Cells are fransferred to an ice-cold 0.2 cm electropo-
ration cuvetle. Transformation is performed using e BioRad™ GenePulser . Parameters
used were 1800 V, 25 yF and 200 Q. Immediately after pulsing, cells are suspended in 1 mi

of ice cold 1 M sorbitol. The mixiures are plated on the relevant selection plates.

Medium and assay

RD medium (1M sorbitol, 2% dexirose, 1.34% veast nitrogen base, 4x10°%biotin,
3.005% L-glutamic acid, L-methinonine, L-lysine, L-leucineg, and L-isoleucing, 2% agar noble)
was used for the regeneration of transformants from Pichia pastoris GS8115 with hisd selec-
tion. In case of the selection with zeocin resistance, YPD agar (1% yeast exiract, 2% pep-
tone, 2% glucose, 2% baclo agar)} supplemented with 1M sorbitol and 100 micro g/mbzsocin
was used for the regeneration. YPD (1% veast extract, 2% peptone and 2% glucose), YPGly
(1% veast extract, 2% peptone and 2% glycerol) were used for the protein expression with
Pichia pastoris. When necessary, methanol was added to the culture broth after 1 day and
Zdays cultivation at the final concentration 1% or 2% {v/v}. £.coli strains were cultivated with

LB medium (1.0% tryptone, 0.5% veast exiraci, 1.0% NaCl) with relevant antibiotics.

g
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Phyiase assay method:

7.5 mM of sodium phytate dissolved in the acetate buffer pH 5.5 is mixed with 1/2
volume of enzyme sample solution in the same acetale buffer containing 0.01% Tween 20.
After the incubation at 37°C for 30 minutes, the stop reagent containing 20mM ammonium
heptamolybdate and 0.06% ammonium vanadate dissolved in 10.8% nitric acid is added to
generate yellow complex with released inorganic phosphate. The amount of released phos-
phate is measured photometrically as the absorbance at 405 nm. One phytase unitis defined

as the amount of enzyme o release 1 pmol inorganic phosphate per minute.

Phytase plate assay:

20 uyl of supernatant from the culture broth after 2-5 days incubation of the trans-
formants is applied into a 4 mm hole punched in the following plate: 1% agarose plate con-
faining 6.1 M Sodium acetate {pH 4.5) and 0.1 % Inositol Hexaphosphoric acid. The plate is
incubated at 37°C over night and a buffer consisting of 1M CaCl; and 0.2M Sodium acetale
{pH 4.5} is poured over the plate. The plate is left at room temperature for 1 h and the phy-

tase activity identified as a clear zone.

PCR conditions

PCR reaction was typicaily carried out in the following or equivalently conditions:
Reaction mixtures contained 2mM dNTP, 10 pmol of forward and reverse primer, 2.8 unit of
Expand high fidelity mixture (Roche), 1X Expand high fidelity buffer (Roche), and 100 ug of

ternplate DNA. Reaction conditions are, for example;

Ternp (°C) Time Cycle
95 5 min 1
o5 15 sec
48 30 sec 35
68 3.5 min
68 10 min 1
10
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Example 1: Constitutive expression of Prm1 in a strain expressing a phytase gene un-

der DAS1T promoter control

Cloning of TEF1 promoter and construction of pNo-TP10

Cloning of TEF1 (Translation Elongation Factorl) promoter from Pichia pastoris was
carried out by the following procedure. By alignment of the homologous regions of the TEF1
proteins from the yeasts Saccharomyces cervisiae, Candida albicanse, and Hanseniaspora

uvarum, the following degenerated primes were designed.

TEF1{T); &-tiyaartaygenigggt-3° (protein; FKYAWV) SEQIDNO:6and 7

TEFS(r); &-aryigytertgrtgeatylc-3' (protein; EMHHEQL) SEQIDNG: 8and S

FCR was carried out using 50 microL. of reaction including 4mM dNTP, 10 microM of each
primer, tunit of Taq polymerass (Roche), 1X Tag buffer (Roche), and 100 ng of genomic
DNA of GS115 DNA. The PCR conditions were as shown below.

temp time cycle
84° C 1 min

55°C 1 min 30
72°C 3 min

The amplified 0.7 kbp fragment was purifisd and sub-cloned info TA-cloning vector, pTBlue?.
The resulting plasmid was used for the sequence determination. The oblained DNA se-
quence and presumed aming acid segquence are shown in SEQ ID NG: 3 and SEQ ID NO: 4
respectively. Since the obiained sequences had similarity to known TEF1 proteins, cloning of
the upstream region (SEQ 1D NO: 5) comprising the promoier seguence was carried out us-
ing DNA walking Speed Up premix Kit (Seegene, K1501) together with the following specific

primers.

TEF-TSP1; 5'-tgacggtaacgiggtactti-3’ SEQID NO: 10
TEF-TSPZ; 5'-ggagicicgaacticcacaa-3’ SEQ ID NO: 11

TEF-TSP3; 8-agcgatgtcgatggigatac-3’ SEQID NO: 12

11
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PCR was carried out using the 50 microl. of reaction mixture including 4mM dNTP, 10 mi-
croM of TEF-TSP1 primer, 2.5 microM of DW-ACP2 primer in the kit, tunit of Tag poly-
merase {Roche), 1X Tag-buffer (Roche), and 100 ng of genomic DNA. The PCR program

was as shown below.

femp fime cycle
84° C 5 min
42°C 1 min 1
72°C 2 min
94° C 30 sec
55° C 30 sec 20
72°C 100 sec
72°C 7 min 1

Case No.: IPR2023-00321
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A second PCR was carried out using 20 microl of reaction mixture including 2 mM dNTP, 10
microM of TEF-TSP2 primer, 10 microM of DW-ACPN primer from the kil, 0.4 uniis of Tag

polymerase (Roche), 1X Tag-buffer (Roche), and 5 micro L of the purified PCR product from

the first round with the following program:

temp time cycle
84° C 3 min 1

94° C 30 sec

58° C 30 sec 30
72°C 100 sec

72°C 7 min 1

A third PCR was carried out using 50 microl. of reaction including 2mM dNTP, 10 microM of

TEF-TSP3 primer, 10 microM of Universal primer from the kit, 1 unit of Taq polymerase (Ro-

che), 1X Tag-buffer (Roche), and 1 micro L of 10 times diluted PCR product from the second

round with the following program:
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femp time cycle
50 3 min !
YN 30 sec

B5° C 30 sec 30
79° 0 100 sec

55 7 min 1
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After three times nested PCR, a 1.2 kbp fragment was amplified. This fragment was sub-~

cloned into pT7Blug and the sequence was detarmined. The oblained sequence is shown in
SEQ D NO: 5. The 1.2 kbp region upstream of TEF1 ORF was used as TEF1 promoter for
further experiment.

The plasmid pNo-TP10 is an expression piasmid for bacterial phytase under TEF1

promoter and carries a Zeocin resistant marker gene. Construction of pNo-TP10 was carried

out as described. The TEF1 promoter and the codon optimized phytase gene was clonsd

from genomic DNA of Pichia pastoris AB4 (see Example 2) using the following primers.

Primer 1 and 2 were used for the amplification of TEF1 promoter and primer3 and 4 were

ussd for phytase gene.

primsr1; 8- tacagggcgegiggogataicggalccagetcaictaggoa-3' (BamHbl is underlined) (SEQ ID

NO: 13)

primer2; 5'- tgaagatggatgggaaicteatatggtiggegaataactaaaaigtatgt-3' (SEQ 1D NO: 14)

primer3; §'- acatacatittagtiaticgccaaccatatgagattcecatecatcttca-3" (SEQ ID NO: 15)

primerd; 5'- taaticgeggecgecctagggaatictiacicggigacagegeacteggg-3' (EcoRl is underlined)
(SEQ D NO; 18}

PCR was carried out using 80 microL. reaction including 2mM dNTP, 10 microM of each

primer, 2.8 unit of Expand high fiderlity mixiure {(Roche), 1X Expand high fidelity buffer

{Roche), and 100 ng of genomic DNA. The PCR program was as shown below.
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temp tima oycie
84° C 2 min 1
94° C 10 sec
50° C 30 sec 11
88°C 3 min
94° C 10 sec
50° C 30 sec 20
88° C 3 mint20 sec/cycle
68°C 7 min 1
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An amplified 1.2 kbp fragment of the TEF1 promoter and a 1.5 kbp fragment containing the

phytase gene including secrefion signal were purified using gel exfraction and they were sub~

jected to a second round of PCR with primer1 and primer4 in order o fuse these fragmenis

using the overlap generated in the first PCR. PCR was carried out using the 50 microl. of re-

action including 2mM dNTF, 10 microM of each primer, 2.8 unit of Expand high fiderlity (Ro-

che), 1X Expand high fidelity buffer (Roche), and 1l of the purified TEF1 promoter and 1ul of

the purified phytase gene. The PCR program was as shown below.

temp fime cycle
94° C 2 min 1

94° C 10 sec

58° C 30 sec 11
68° C 3 min

94° C 10 sec

58° C 30 sec 20
88° C 3 min+20 sec/cycle

68°C 7 min 1

The amplified 2.7 kbp fragment was sub-cloned into pT7Blue and the resultant plasmid was

designated pT12-8. The BamH! - EcoR! fragment from pT12-8 including the TEF1 promoter

14
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and the phyiase gene was ligated with pGAPZo cut with Bglil and EcoRl 1o resuit in pNo-

TP10.

Cloning of DAS1 promoter and construction of pNo-DP3

The DAS1T promoter is known o be strongly inducible by methanol in Candida boidinii
{Yurimoto,H. Komeda,T. Lim,C.R. Nakagawa,T. Kondo,K. Kato,N. SakalY., Biochim. Bio-
phys. Acta 1493(1-2):56-63(2000).} The DAS1 gene encoding dihydroxyacetone synthase
was found in the genome sequence of Pichia pasforis by blast search as the homologue to
the DAS1 gene of Candida boindinii (EMBL: AFOB6822). Around 1kb of §-untlansiated region
of the DAS1 gene was isolated as a promoter region from genomic DNA of Pichia pastoris by
PCR using the primers shown below;
primerd 3; 5'-titiggtcalgcatgacgicatagggagasaaacegagac-3' (Nsil site is underlined) (SEQ D
NQ:17)
primerd4; §'-ctcatatgtitigatgttigatagitiga-3' (Ndel site is underlined) (SEQ 1D NO: 18)

The amplified 1kb fragmant was sub-clonad into the Nsil/Ndel sites of pCR2.1-TOPO and
used for the sequence delermination of this fragment (SEQ 1D NO: 19). The 1kb of DAS1

promotier region was excised as an Nsil/Ndel fragment from pCR2.1-TOPQO and ligated with
pNo-TP10 digested with Nsil/Ndel generating pNo-DP2. To change the marker gene from
zeocin resistant gene to His4 geng, a 1.4 kb Aatll fragmeni containing the DAS1T promoter
and a part of bacterial phyiase gens from pNo-DP2 was ligated 1o a 8.0 kb of Aatll fragment
from pPICNoT-G01651 (See Example 2) containing the rest of phytase gene and the Hisd
gene and bagcterial vector. The generated plasmid was named pNo-DP3.

Cloning of Prm1 and consiruction of pGPrm

A gene, which we have named, Prm1 {positive regulator for methanol), and which
encodes a novel posilive regulator of methanol inducible promoiers, was isolated from ge-

nomic DNA of Pichia pastoris by PCR using the primers shown below;

primar 32; 5-aclatitcgaaatgectoctaaacatoggetg-3', (BsiBi site is underlined) (SEQ 1D NO: 20)

primer 33; §'-gicgactizactgcaaaatitattg-3' (Sall is underlined} (SEQ D NG: 21)

PCR was carried out using the 50 ul of reaction including 1X LA PCR buifer Il {TAKARA),

2.5U of LA taq (TAKARA), 2.5mM MgCl,, 2.5mM dNTP, 1 microM of each primer, 100 ng of

genomic DNA with the following program:
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temp time cycles
84° C 30 sec
85°C 30 sec 30
72°C 4 min

The obtained tkb of fragment was sub-cloned into pCR2.1-TOPO. After confirma-
tion of the sequencs, a 1 kbp fragment comprising the Prm1 gene (SEQ ID NO: 2} was
cloned into pGAPZa {Invitrogen) using the BsiBl and Sall restriction sites, resulting in
pGPrm. The plasmid pGPrm carries the Prmi gene under GAP promoter control and a zeo-

c¢in resistance gene as the seleclion marker.

Constitutive expression of Prm1 in DAS40, a sirain expressing phyvtase under DAS1 pro-

moter
The plasmid pNo-DP3 was trensformed into Pichia pastoris 38115 with his4 selec-
tion. The generated transformants were re-isolated and tested for phytase expression using
YD medium with methanol addition. One transformant, DAS40, was selecied as the sirain
which showed phytase aclivity in presence of msthanol.
The plasmid pGPrm was transformed into the Pichia pasioris DAS40, and transfor-
mants were isolated on zeccin plates. Generated transformants were cultivated in YPD me-
dium at 30°C for 2days with agitation, and phytase aclivity in the supernatant of the culture

broth was measured by phylase assay. The resulls are shown in the table below.

Strain Relative phyiase activity
Transformant A 44.2
Transformant B 13.3
Transformant C 7.6
DAS40 1
16
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Example 2: Constitutive expression of Prm1 in the sirain expressing a phylase gsane

under AQX1 promoter

Media:
MD (1.34% YNB, 4X10°% biotin, 2% dextrose)

BMSY (1% veast exiract, 2% peptons, 100mM potassium phosphate buffer, pH 6.0, 1.34%
YNB, 4X10°% biotin, 1% sorbitol)

Yector:

pPIC-NoT, Pichia pasforis expression vector under AOX1 promoter, which was derived by

eliminating the alpha-secretion signal from pPICEK (Invitrogen™).

To create pPIC-NoT vector plasmid pPICOK was digested with Bambi and EcoRl, and the
digested major fragment was isolated from agarose gel. A synthetic DNA fragment contain-

ing BamHM! and EcoRi sites were created by annealing the following two oligoss:
NoT-1 P-GATCCTACGTAGCTGAG (SEQIDNG: 22 )and
NoT-2 P-AATTCTCAGCTACGTAG (SEQ ID NG: 23)

The above synthetic DNA fragment was ligated into the digested pPICBK plasmid, and the

resuiting vector pPIC-NoT was verified by sequencing.

PCR Primers:

Uligo Name Ciige Seq

OA-Na GATCCAAACCATGAGATTCCCATCCATCTTCACTSG (SEQ ID NQC: 243
OA-Nb CAAACCATGAGATTCCCATCCATCTTCACTG (SEQID NO: 25)

OAPhy-R CATTCTGTTCCTCTCTCTTTTCCAAGGAAACACCTTC (SEQ ID NO: 26)

OAFhy-F ggaaaagagaGAGGAACAGAATGGAATGAAGTTGGE (SEQ D NGO 2T)

OPhy-Ca AATTCTTACTCGGTGACAGCGCACTC (SEQID NO: 28)

OPhy-Cb CTTACTCGGTGACAGCGCACTC (BEQID NO: 28)

17
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Plasmid:

pPICNOT-G01651
A codon oplimized Citrobacter braakil phytase gene was used in pPICNoT-G01651 in order

o increase the exprassion yield of the ¢b phytase in Pichia pastoris. The wild type Citrobac-
fer braakii phylase gene was moditied based on P. pasforis-preferred codon usage, by
means of replacing rare codons, sliminating repelitive AT and decreasing the GC conient.

The designed sequence was also analyzed to avoid potential intron.

The modified phytase genes (GC1651) fused to a modified alpha-factor secretion signal se-
quence were designed based on the codon bias of P. pastoris. The P. pastoris codon usage
able is from www . kazusa.jp as well as Zhao ef &/, 2000 (Zhao X, Huo KK, Li YY. Synony-
mous condon usage in Pichia pastoris. Chinese Journal of Biotechnology, 2000, 16(3): 308-
311}). Rare codons for arginine wers eliminated. Besides substitution of rare ¢odons, the total
G+C content was decreased below 50%, and AT-rich regions were modified to avoid prema-
ture termination. In addition, cryplic infrons within modified coding regions were eliminated as
described in co-pending Danish patent application PA 2006 01042 7/ NZ10978.000-BK. The
synthetic gene sequence is shown in SEQ 1D NO: 30 (complete ORF without signal se-

quence).
The expression plasmid pPICNoT-G01651 was generated as described below:

The PCR fragment encoding the mature form of cb phytase (SEQ ID NO: 30) fused in-
frame with optimized a-factor signal peptide {SEQ 1D NO: 31) was created by overlap exien-
sion PCR method as follows: the fragment | containing o -factor signal peptide was amplified
from pJ2:G01468 plasmid {pJ2:GO1468 was generatad by DNA2.0, and contains the mature
form of plectasin fused with u-factor secretion signal which was modified based on P. pasfors
codon usage) with specific primers OA-Na and OAPhy-R, while the fragment Il encoding ma-
ture phytase was ampiified from plasmid pJ2:G01651 (generated by DNAZ.0 and contains
the synthetic phylasse gene encoding mature form of C. braakii phytase) using speacific prim-
ers CAPhy-F and OPhy-Ca. Then fragment | and | were mixed and used as 3 template for
2™ step PCR amplification with specific primers OA-Na/b and OPhy-Ca/b to obtain the tar-
geled PCR fragment. The DNA fragment was purified by gel exiraction kit then sub-cloned
into pPIC-NoT vector at BamiHl and EcoRl sites. The resulting expression construct was con-

firmed by sequencing.
Expression fest in a 3mif scals:

Expression test of the selected transformants was done in a 3mi scale using 24-deep

well plates (Whatman, UK). Each iransformant was grown in BMSY media for 2.5 days at
18
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28°C with vigorous shaking (200rpm); then 300 ui 0.5% methanol was added to each well
every day for 4 days o induce helerogeneous gene expression. Samples of medium culture

were taken daily during induction, stored at -20°C for phytase activity assay.

Constitutive expression of Prm1 in AS4, a sirain expressing phytase undsr ADX1 promotsr

The expression plasmid pPICNoT-G01651 was transformed into Pichia pasforis
G3115 with his4 selection, and generated transformants on MD agar with 1M sorbitol were
re-isolated and tested for phytase expression in 3 mi scale. One isolate, AS4, was sslecied
as the strain which shows phytase aclivity in presence of methanol. The plasmid pGPrm was
subsequently transformed into A94 and transformants were isolated with zeocin resistance.
isolated transformants were cultivated in YRPD medium at 30°C for 2 days with agiiation, and
phytase activities in the culture supernatants were measured by phylase assay. The results

are shown in the table below.

Strain Relative phviase activity
Transformant 1 1.86

Transformant 2 2.57

Transformant 3 3.0

A94 1

Exampie 3: Gene disruption of Prm1 in Pichia pasforis 68115 and derived strains

A 1571 bp gene fragment 5§ to the PRM1 gene was ampiified by PCR using the prim-

ers:

JPZ3/PRM1-5forw-NY: 5§ GCGCGAATTCCACAGGGUTTGCTAAGAAATC 3 (SEQ 1D NO:
32); and
JP26/PRM1-B-rev - NY: 5 GAAGGGAGATTAATACAGGGC 3 (SEQID NO: 33)

A 1473 bp gene fragment 3’ to the PRM1 gene was amplified by PCR using the primers:

JP17/PRMA-3'forw-NY: B GATTGGACCACTGCGCCAGATAC 3 (BEQ D NG: 34}, and
JP19/PRM1-3-rev-NY: § GCGCGTCGACCCACCCGAGCATAAGAAGE 37 (SEQ 1D NO: 38}

19
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A 3382 bp fragment containing the HIS4 gene including promoter and terminator was ampli-
fied by PCR using the primers below {in each end the fragment contains a 20 bp overiap to
PRM1 5" and 3 regions, respectively, intended for SOE-PCR);

JP13/HIS4-forward-NY: 5 CCCTGTATTAATCTCCCTTCATCAGAATTGGTTAATTGGTTG &
{SEQ ID NO: 36); and

JP15HIS4-rev-NY: 5 TCTOGCGCAGTGGTCCAATCATCGATAAGCTTTAATGCGS 3
(SEQ ID NO: 37)

The thres above described gene fragments are fused in the following order: PRM1-
5+ HiS4 + PRM1-3) using SOE-PCR (Splicing by Cverlapping Extension PCR) creating a
prmt deletion fragment having the selectable HIS4 marker flanked by the 5 prm1 fragment
and the 3’ prm1 fragment.

The prm1 deletion fragment was subsequently transformed into G5115 (having a
his4-minus phenotype) which allows for selection of transformants on a minimal medium
without histidine. A sirain deleied for the prm1 gensg, PFJ0435, was characierized by FCR
analysis. Three different PCR's were run in order to verify a correct prmi-deletion:

A} A PCR that would give a product of 704 bp in case PRM1 was NOT delsted — us-

ing primers:

JPEB/PRM1-orf-forw-test?: & CTGGAGCAGAGTATACAGCC 3' (SEQ 1D NO: 38);

and
JPEG/IPRM1-orf-rev-test8: 5 CTCAATAAATGCGGGTCTETS 3 (BEQ 1D NO: 39)
B) A deletion specific PCR that would give a product of 1850 bp in case of PRM1
deletion — using primers:
JP3HPRM1-5forw-test!: & CCTGGTTGATCAGCTCCACC 3 (SEQ 1D NO: 40);
and

JP33/HIS4-rev-test3: & CCCGTCAAGTCAGCGTAATGC 3 (SEQ 1D NO: 41)

C) A deletion specific PCR that would give a product of 1550 bp in case of PRM1

deletion — using primers:

JP3ZIPRM1-3'rev-testd: 5 CTCCCTCTCCAGCTGCTTCG 37 (SEQ 1D NO: 42); and
JP34/HIS4-Torw-testd: & CGETGCCTGACTGCGTTAGC 3 (SEQ 1D NO: 43)
20
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Strain PFJo435 did not result in a PCR product from PCR A, but resulted in the predicted de-
ietion specific PCR product from B and C — showing that PRM1 has been deleted in
PFJ0o435.

A Prm1 gene deletion mutant of GS115, PFJo435, could not grow on MM {(1.34%
YNB, 4X107°% biotin, 2% methanol), while a wild type sirain, G81158H, showed nice growth
after 2 days cuitivation at 30°C. The expression levsls from the AOX or DAS promoters in the
presence of methanol, e.g. measured as the phytase gene expression under the control of
the DAS promoter or AOX promoter in DAS40 or AB4 derivatives, were reduced in the Prm1
deleted derivatives. The reduced activity is atiributed, to some exient by the exogenous

Frm1 gene. The resulls on the DAS promoler are shown below,

Strain construction phytase vield | phyiase yield

with methanol | with glucose

{relative) (relative)
PFJ0435 / pNo-DP2 (DAS-phytase) 0.015 0.9
PFJod35 / pNori12 (DAS-phytase + GAP-Prm) | 0.43 3.7
DAS 40 1 1

DAS40 and pNo-DP2 are described before in example 1.
Construction of pNori12 are shown below.

Construction of pNorit2

For the co-expression of the phytase gene from the DAS promoter and the Prm 1
gene from the GAP promaoter, pNori12 was constructed.

To replace the terminator part, the original terminator of Prm was cloned using follow-
ing primers:

pri36; 5’-ataaatitigacagtiaagtcgaccicigtzaattaatigataatitcaa-3' (SEQ 1D NO: 44)

pri37; 5-caastgatgatgatgatgatggtegacygitisaactiaatiaaaagggaaatitacaagee-3’ (SEQ 1D NO:
45)

PCR was carried out using a tofal of 50microb reaction mixture including 2mM dNTP,
10 microM of each primer, 2.8unit of Expand high fidslity plus {(Rosche), 1X Expand high §i-
delity buffer (Rosche), and 100ng of genomic DNA of G8115. The PCR program was as ds-
scribed below.

21
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temp tima oycie
§4° C 2 min 1
94° C 10 sec
55°C 30 sec 1
68° G 3 min
94° C 10 sec
556° C 30 sec 20
88° C 3 mint20 sec/cycle
68° C 7 min 1

The amplified 500bp of fragment was inserted in the Sall site of pGPrm using In-Fusion PCR

cloning kit (Clontech) to fuse it with the ORF of Prm, resuiting in pNorit1. In order to make

the expression plasmid which has GAP-Prm and DAS-phytase, the 3354 bp of SnaBl-Xmal

fragment which carries a phytase exprassion cassetie containing DAS promoter was isolated

from pNo-DP2 and ligated to 5323bp of Xmal-Pmel fragment of pNoriti, resulling in

pNori12. The plasmid pNori12 carries the Prm1 gene under GAP rpmoter control, phytase

gene under DAS promoter control, and a zeocin resistant gene as the selection marker.

Example 4: Constitutive expression of M1

N1, a gene from Pichia pastoris reporied 10 be a posilive regulator for methanol induction

{ G. P. Lin-Cereghino et al;MOLECULAR AND CELLULAR BIOLOGY, Feb. 20086, p. 883

897 Vol. 26, No. 3 ) . was isolated from genomic DNA of Pichia pastoris by PCR using the

primers Mxr-F and Mxr-R. The sequence of the primers and the PCR conditions are shown

below.
PCOR primers:
Oligo name Oligo Seq
Mxr-F ATTGAACAACTATTTCGAAACCATGAGCAATCTACCCCC
{(SEQ ID NO: 48)
Mxr-R GAGTTTTTGTTCTAGAATGACACCACCATCTAGTCGG

(SEQ ID NO: 47)

22

Motif Exhibit 1040, Page 1245 of 1537



10

15

20

Case No.: IPR2023-00321
U.S. Patent No. 10,689,656

WO 2008/090211 PCT/EPIG0B/050870

CR conditions

Temp (°C) Time Cycles
g5 5 min 1

b 15 sec

48 30 s8¢ 35

68 3.5 min

68 10 min 1

A 3.5 kbp PCR fragment digested with BsiBl and Xba! was mixed with pGAPZa di-
gested with the same enzymes followed by ligation. The resulling plasmid pGMxr carrigs the
Mxr1 gene under GAP promoter contral and a zeocin resistance gene as the transformation
marker. The plasmid pGMxr was fransformed into Pichia pasioris DAS40 and/or AS4. The
transformants were isolated on zeocin plates. Gensrated transformants wers cultivated in
YPD medium at 30°C for 2 days with agiiation, and phytase activily in the supernatant of cul-
ture broth was measured. The effect of constitutive expression of the Mxr 1 gene was ob-
served as increased phytase activily in YPD medium in the transformanis after introduction
of pGMxr.

Transformani pGMxr phylase activity

by plate assay

Mxr#23 / DAS40 Yes +
DAS40 No -
Transformant pGMxr Phytase vield

{relative)

AMxr2 / AQ4 Yes 7.6
AB4 No 1

The plasmid pGMxr is modified to replace the selection marker gene with e.g. ura3,
adeZ, argd, hygromycin resistant gene, resulling in pGMxr-m. Furthermore, the promoter re-
gion can be replaced with another promoter such as PGK1 promoter or TEF1 promoter, giv-
ing pPhxr-m or pTMxr-m. The plasmid pGMxr-m, pPMxr-m or pThMxr-m is transformed into
Fichia pastoris Transformant A or Transformant 3 with necessary modification for the trans-
formation. Newly generated transformants are cullivated in YPD medium at 30°C for 2 days

with agitation, and phytase activity in the supernatant of culture broth is measured.
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CLAIMS

1. A method for producing a polypeptide in a methylotrophic yeast host cell, wherein
expression of the polypeptide is conirolled by a methanol inducible promoter, comprising: i)
gxpression of a positive regulator from 3 non-native promoter, said positive regulator

activating transcription from the methancl inducible promoter, and i) no addition of methancl.

2. The method according to claim 1, wherein the methylotrophic yeast host cell is

selected from the group consisting of Pichia, Hansenuia, Candida, and Torulopsis

3. The method according fo claims 1 or 2, wherein the methano! inducible promoter is
selected from the group consisting of the AOX1 promoter, DHAS promoter, FDH promoter,
FMDH promoter, MOX promoter, AOX2 promoter, ZZA1, PEXS-, PEXS-, PEX14-promoter.

4. The methed according to any of the preceding claims, wherein expression of the

positive regulator is constitutive.

5. The method according o claim 1, whersin the positive reguiator is Prm1 shown in
SEQ ID NO: 1 or a functional homologuse thereof.
6. The method according to claim 5, wherein the funclional homologue is at lsast 85%
identical to SEQ 1D NO: 1, preferably at least 90%, more preferably at least 95%, most
preferably at least 98% identical o SEQ D NO: 1.

7. The method according to any of claims 4-8, wherein the positive regulator is under

the control of the GAP promoter, TEF1 promoter or PGK promoter.

8. The method according 1o claim 1, wherein expression of the positive regulator is
inducible.
9. The method according to any of the preceding claims, whersin the gene encoding

the positive reguiator is present in multicopy.

10. The method according to any of the claims 1-8, wherein the methano! inducible

promoter is provided with additional binding sites for the positive regulator.

24
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11. The method according o any of the preceding claims, wherein the mxri gene is

controlled by a non-native promater.

s

12. The method according to claim 11, wherein mxr1 is under the control of the GAF

promoter, TEF1 promoter, or PGK promoter.

13. The method according claim 2, wherein the Pichia host cell is selecied from the

group consisting of P. pasioris, P. methanolica, P. angusta, P. thermomethanolica.

14. The method according to claim 2, wherein the Hansenula host cell is sselecied from

the group consisting of Hansenula polymorpha.

15. The method according to claim 2, wherein the Candida host cell is selected from the

group consisting of Candida boidinil.

16. The method according to any of the preceding claims, wherein the promoter
controlling the endogenous copy of the positive regulator is also replaced by a non-native

constitutive promoter.

17. The method according o any of the preceding claims, wherein the polypeptide is

heterologous to the host cell.

18. The mathod according o any of the claims 1-16, whersin the polypeptide is

homologous to the host cell.
18. A method for increasing the expression level of a heterologous polypeptide under

the control of @ methanol inducible promoter, comprising providing constitutive expression of

the prm1 gene.

25
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U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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(37 CFR §1.98(b)) November 10, 2017 1636
U.S. Patent Documents
Examiner | Desig. | Document Publication | Patentee Class | Subclass | Filing Date
Initial ID Number Date If Appropriate

1. 8,236,528 08/07/2012 Takagi et al.

Foreign Patent Documents or Published Foreign Patent Applications
Examiner | Desig. | Document Publication | Country or Class | Subclass | Translation
Initial ID Number Date Patent Office Yes | No
Other Documents (include Author, Title, Date, and Place of Publication)
Examiner | Desig. | Document
Initial ID
Examiner Signature Date Considered

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
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Information:
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Application No. Applicant(s)
15/573,300 Shankar et al.

Office Action Summary Examiner ArtUnit | AIA (FITF) Status
NANCY J. LEITH 1636 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1)@ Responsive to communication(s) filed on 06 July 2019.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .
2a)[] This action is FINAL. 2b) ¥] This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4)(J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parfe Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s)  1-38 is/are pending in the application.
5a) Of the above claim(s) 20-29 is/are withdrawn from consideration.
6) [J Claim(s) _____is/are allowed.
7) Claim(s) 1-19 and 30-38 is/are rejected.
8) {J Claim(s) ___is/are objected to.

9) (O Claim(s) are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see

http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10) The specification is objected to by the Examiner.
11)™ The drawing(s) filed on 10 November 2017 is/are: a)l¥) accepted or b){(] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)(0J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)ld All b)(J Some**  ¢)(3J None of the:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.(J Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [J Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) .
. A 4) [} Other:
Paper No(s)/Mail Date See Continuation Sheet,

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20190709
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DETAILED ACTION
Notice of Pre-AlA or AIA Status
The present application, filed on or after March 16, 2013, is being examined under the first

inventor to file provisions of the AlA.

Election/Restrictions
Applicant’s election without traverse of Group | (claims 1-19 and 30-38) in the reply filed on
June 6, 2019 is acknowledged.
Claims 20-29 are withdrawn from further consideration pursuant to 37 CFR 1.142(b) as being
drawn to a nonelected invention, there being no allowable generic or linking claim. Election was made
without traverse in the reply filed on June 6, 2019.

Claims 1-19 and 30-38 are under examination.

Information Disclosure Statement
The Information Disclosure Statements filed April 13, 2018; June 19, 2018; July 6, 2018;

November 16, 2018; and June 4, 2019 have been considered.

Specification
The disclosure is objected to because of the following informalities:
The Tables at pages 16, 18-21, 24-29, 31, 33, and 35-37 should be numbered consecutively.
The use of the terms PHUSION® at page 16, lines 8 and 10; page 24, line 3; page 26, line 12; and
page 28, line 11; CUTSMART® at page 17, line 5; page 26, lines 16 and 19; page 27, line 1; page 28, line
15; and page 29, line 1 ; ZYMOCLEAN™ at page 17, line 6; page 24, lines 9 and 27; page 29, line 5; page

31, line 16; page 32, line 24; and page 34, line 10; ZEOCIN™ at page 23, line 20 and page 31, line 4;
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MICROPULSER™ at page 25, line 4; page 27, line 10; and page 29, line 17; SYBR™ at page 31, line 14 and
page 32, line 22; and GIBSION ASSEMBLY® at page 35, lines 4-5; which are trade names or marks used in
commerce, has been noted in this application. They should be capitalized wherever they appear and be
accompanied by the generic terminology.

Although the use of trade names and marks used in commerce (i.e., trademarks, service marks,
certification marks, and collective marks) are permissible in patent applications, the proprietary nature
of the marks should be respected and every effort made to prevent their use in any manner which might
adversely affect their validity as commercial marks.

Appropriate correction is required.

Claim Objections

Claims 8, 12, and 17 are objected to because of the following informalities:

At claim 8, lines 2-4, the acronyms Mxrl, Adrl, Trm1, and Trm2 should be spelled out at their
first occurrences, with the acronym provided in parentheses.

At claim 12, lines 3-6, the acronyms AOD1, MOX, MOD1, DHAS, FLD1, and PEX8 should be
spelled out at their first occurrences, with the acronym provided in parentheses.

At claim 17, lines 2-4, the acronyms ALA, UPGIII, CPG, and PPG should be spelled out at their
first occurrences, with the acronym provided in parentheses.

Appropriate correction is required.

Claim Rejections - 35 USC § 112
The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing out
and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.
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The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

Claims 10-11, 19, and 30-38 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA),
second paragraph, as being indefinite for failing to particularly point out and distinctly claim the
subject matter which the inventor or a joint inventor, or for pre-AlA the applicant regards as the
invention.

Claim 10 attempts to set forth a sequence for the transcriptional activator by use of a GenBank
Accession Number. While inclusion of the GenBank Accession Number qualifies as an intent to
incorporate a specific sequence, this Accession Number fails to uniquely identify the specific sequence
intended to be encompassed by the claims and is an improper incorporation by reference because
sequences of GenBank are subject to change over time. However, because there is a single version of
this sequence, Applicants can provide the specific sequence in a sequence listing and list the SEQ. ID.
NO. in the claim.

Claim 11 depends from claim 10, and is therefore included in this rejection.

Claim 11 attempts to set forth a sequence for the transcriptional activator by use of a GenBank
Accession Number. While inclusion of the GenBank Accession Number qualifies as an intent to
incorporate a specific sequence, this Accession Number fails to uniquely identify the specific sequence
intended to be encompassed by the claims and is an improper incorporation by reference because
sequences of GenBank are subject to change over time. However, because there is a single version of
this sequence, Applicants can provide the specific sequence in a sequence listing and list the SEQ. ID.
NO. in the claim.

At claim 19, it is not clear if the yeast cell lacks heterologous sequences for selection in its

genome prior to transformation, or if this means that such heterologous sequences are not added at the
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time of any transformation. For purposes of examination, this is interpreted as the methylotrophic
yeast not including the selection sequences in the genome, prior to transformation.

At claim 30, line 5, it is not clear if the globin family is limited to the PG00042 globin family listed
in the parentheses, or if any globin family is encompassed by the claims. For the purposes of
examination, this is interpreted as including any member of any globin family.

Claims 31-38 depend from claim 30, and are therefore included in this rejection.

In the event the determination of the status of the application as subject to AIA 35 U.S.C. 102
and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory
basis for the rejection will not be considered a new ground of rejection if the prior art relied upon, and
the rationale supporting the rejection, would be the same under either status.

Claim Rejections - 35 USC § 102

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis

for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a)(1) the claimed invention was patented, described in a printed publication, or in public use, on sale
or otherwise available to the public before the effective filing date of the claimed invention.

(a)(2) the claimed invention was described in a patent issued under section 151, or in an application
for patent published or deemed published under section 122(b), in which the patent or application, as

the case may be, names another inventor and was effectively filed before the effective filing date of
the claimed invention.

Claims 1-5, 7, 12-14, and 19 are rejected under 35 U.S.C. 102(a)(1) and 102(a)(2) as being
anticipated by Zhou et al. (PCT Patent Application Publication No. WO 2014/008729, published
January 16, 2014, and cited in the Information Disclosure Statement filed April 13, 2018), as evidenced

by U.S. Patent Application Publication No. 2015/0299716, published October 25, 2015, filed January 9,
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2015, which is a National Stage Application of the ‘729 publication, and also qualifies as a 35 U.S.C.
102(a)(2) reference. All citation numbering refers to the U.S. ‘716 publication.

Zhou discloses a methylotrophic yeast that comprises an exogenous nucleic acid encoding the
transcriptional activator Mit1 operably linked to a methanol-inducible promoter (abstract and
paragraphs [0002], [0013], and [0017]). Zhou discloses that the methanol-inducible promoter may be
the AOX1 promoter, a DHAS promoter, a MOX promoter, an AOD1 promoter, a PEX8 promoter from
methylotrophic yeasts including Pichia pastoris, Hansenula, Candida, or Torulopsis (paragraphs [0002]
and [0017]-[0018]). Zhou discloses that the yeast cell can include a recombinant nucleic acid molecule
in a replication-competent plasmid (paragraph [0077]). Zhou discloses that an exogenous (i.e.,
heterologous) polypeptide can be expressed in the methylotrophic yeast (paragraph [0066]). Zhou
discloses that the plasmid can include heterologous selection sequences, which is interpreted as the
yeast cell lacking heterologous sequences for selection (paragraph [0079]).

Zhou discloses each and every limitation of claims 1-5, 7, 12-14, and 19, and therefore

anticipates claims 1-5, 7, 12-14, and 19.

Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness rejections
set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is
not identically disclosed as set forth in section 102, if the differences between the claimed invention
and the prior art are such that the claimed invention as a whole would have been obvious before the
effective filing date of the claimed invention to a person having ordinary skill in the art to which the
claimed invention pertains. Patentability shall not be negated by the manner in which the invention
was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 (1966),
that are applied for establishing a background for determining obviousness under 35 U.S.C. 103 are

summarized as follows:
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1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating obviousness or
nonobviousness.

This application currently names joint inventors. In considering patentability of the claims the
examiner presumes that the subject matter of the various claims was commonly owned as of the
effective filing date of the claimed invention(s) absent any evidence to the contrary. Applicant is advised
of the obligation under 37 CFR 1.56 to point out the inventor and effective filing dates of each claim that
was not commonly owned as of the effective filing date of the later invention in order for the examiner
to consider the applicability of 35 U.S.C. 102(b)(2)(C) for any potential 35 U.S.C. 102(a)(2) prior art
against the later invention.

Claim 1-19, 30-33, 35, and 37 are rejected under 35 U.S.C. 103 as being unpatentable over
Zhou et al. (PCT Patent Application Publication No. WO 2014/008729, published January 16, 2014, and
cited in the Information Disclosure Statement filed April 13, 2018), as evidenced by U.S. Patent
Application Publication No. 2015/0299716, published October 25, 2015, filed January 9, 2015, which is
a National Stage Application of the ‘729 publication, and also qualifies as a 35 U.S.C. 102(a)(2)
reference in view of Varadan et al. (PCT Patent Application No. WO 2015/153666, published October
8, 2015, claiming priority to U.S. Provisional Patent Application Nos. 61/973,181 and 62/058,230, filed
March 31, 2014 and October 1, 2014, respectively, and cited in the Information Disclosure Statement
filed November 16, 2018) and Lin-Cereghino et al. {26(3) Molecular and Cellular Biology 883-897
(2006), and cited in the Information Disclosure Statement filed April13, 2018).

Zhou discloses a methylotrophic yeast that comprises an exogenous nucleic acid encoding the

transcriptional activator Mit1 operably linked to a methanol-inducible promoter (abstract and
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paragraphs [0002], [0013], and [0017]). Zhou discloses that the methanol-inducible promoter may be
the AOX1 promoter, a DHAS promoter, a MOX promoter, an AOD1 promoter, a PEX8 promoter from
methylotrophic yeasts including Pichia pastoris, Hansenula, Candida, or Torulopsis (paragraphs [0002]
and [0017]-[0018]). Zhou discloses that the yeast cell can include a recombinant nucleic acid molecule
in a replication-competent plasmid (paragraph [0077]). Zhou discloses that an exogenous (i.e.,
heterologous) polypeptide can be expressed in the methylotrophic yeast (paragraph [0066]). Zhou
discloses that the plasmid can include heterologous selection sequences, which is interpreted as the
yeast cell lacking heterologous sequences for selection (paragraph [0079]).

Zhou fails to disclose or suggest that the transcriptional activator is Mxr1 from Pichia pastoris.
Zhou fails to disclose or suggest that the recombinant nucleic acid molecules comprises nucleic acid
sequences encoding a member of the globin family or encoding a polypeptide involved in heme
biosynthesis. Zhou fails to explicitly disclose or suggest integration of the recombinant molecule into
the genome of the yeast.

Varadan discloses methylotrophic yeasts including Pichia pastoris that comprise the nucleic acid
encoding a globin molecule and a molecule involved in heme biosynthesis, which may be ALA synthase,
ADA dehydratase, porphobilinogen deaminase, uroporphyrinogen lll synthase, uroporphyrinogen Il
decarboxylase, or uroporphyrinogen Il synthase, coproporphyrinogen oxidase, protoporphyrinogen Il
oxidase, and ferrochelatase (pages 36-37, Table 1). Varadan discloses that the promoter may be an
AOX1 promoter (page 36, lines 10-14). Varadan discloses that the globin can be leghemoglobin or a
variety of other known hemoglobins (page 6, lines 4-7 and page 15, lines 20-25).

Lin-Cereghino discloses that the transcriptional activator Mxr1 is a regulator if methanol
utilization in Pichia pastoris (abstract). Lin-Cereghino discloses plasmids comprising the Mxr1
transcriptional activator under the control of the AOX1 promoter or the PEX8 promoter (page 885,

column 1, final full paragraph). Lin-Cereghino discloses that the nucleic acids may be stably integrated
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into a locus in wild-type and mxrl mutant strains (paragraph bridging pages 891-893). Lin-Cereghino
discloses the sequences of GenBank Accession Nos. ABD57365 and DQ395124 (page 888). Lin-
Cereghino discloses that Pichia pastoris is a major system for the production of recombinant proteins
(page 896, column 2, final paragraph).

It would have been obvious to one with ordinary skill in the art before the effective filing date of
the claimed invention provide Zhou’s methylotrophic yeast comprising sequences encoding Varadan’s
leghemoglobin and polypeptides involved in heme biosynthesis under the control of Lin-Cereghino’s
mxr1 transcriptional activator and the AOX1 promoter of each of Zhou, Varadan, and Lin-Cereghino in
the Pichia pastoris, as disclosed as being a system for producing recombinant proteins because these
systems are well-known in the recombinant protein production art. As such, it would be well within the
purview of one ordinarily skilled in the art to use the components of Zhou and Lin-Cereghino in a yeast
comprising leghemoglobin and polypeptides involved in heme biosynthesis, and combining these
elements would be predictable and have a reasonable expectation of success, whether the components

are in a replication-competent plasmid or stably integrated into the genome of the yeast cell.

Claims 34, 36, and 38 are rejected under 35 U.S.C. 103 as being unpatentable over Zhou,
Varadan, and Lin-Cereghino, as applied to claims 1-19, 30-33, 35, and 37 above, and further in view of
Liu et al. (21 Metabolic Engineering 9-16 (2014), and cited in the Information Disclosure Statement
filed November 16, 2018).

Zhou, Varadan, and Lin-Cereghino disclose and suggest a methylotrophic yeast comprising a
transcriptional activator and a methanol-inducible promoter for the production of leghemoglobin, as
discussed above.

Zhou, Varadan, and Lin-Cereghino fail to disclose or suggest the use of a constitutive promoter

such as TEF1.
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Liu discloses the production of hemoglobin in yeast cells (abstract). Liu discloses that the
production of globin polypeptides can be under the control of the constitutive promoter TEF1 (page 10,
column 2, second full paragraph).

It would have been obvious to one with ordinary skill in the art before the effective filing date of
the claimed invention to substitute Liu’s constitutive TEF1 promoter for the inducible AOX1 promoter of
Zhou, Varadan, and Lin-Cereghino because the use of the constitutive promoter provides for a constant
production from the claimed yeast cell, without requiring the induction of the methanol-inducible
promoters of Zhou, Varadan, and Lin-Cereghino. Because both inducible and constitutive promoter
systems are well known to those skilled in the art, one of ordinary skill in the art would have a
predictable and reasonable expectation of success in substituting one well-known promoter system for

another well-known promoter system, as both are used for polypeptide (globin) production in yeast cell.

Double Patenting
Applicant is advised that should claim 3 be found allowable, claim 4 will be objected to under 37
CFR 1.75 as being a substantial duplicate thereof. When two claims in an application are duplicates or
else are so close in content that they both cover the same thing, despite a slight difference in wording, it
is proper after allowing one claim to object to the other as being a substantial duplicate of the allowed

claim. See MPEP § 706.03(k).

The nonstatutory double patenting rejection is based on a judicially created doctrine grounded
in public policy (a policy reflected in the statute) so as to prevent the unjustified or improper timewise
extension of the “right to exclude” granted by a patent and to prevent possible harassment by multiple
assignees. A nonstatutory double patenting rejection is appropriate where the conflicting claims are not

identical, but at least one examined application claim is not patentably distinct from the reference
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claim(s) because the examined application claim is either anticipated by, or would have been obvious
over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re
Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed.
Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164
USPQ 619 (CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may be used to
overcome an actual or provisional rejection based on nonstatutory double patenting provided the
reference application or patent either is shown to be commonly owned with the examined application,
or claims an invention made as a result of activities undertaken within the scope of a joint research
agreement. See MPEP § 717.02 for applications subject to examination under the first inventor to file
provisions of the AlA as explained in MPEP § 2159. See MPEP §§ 706.02(1)(1) - 706.02(1)(3) for
applications not subject to examination under the first inventor to file provisions of the AlA. A terminal
disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO Internet website contains terminal disclaimer forms which may be used. Please visit
www.uspto.gov/patent/patents-forms. The filing date of the application in which the form is filed
determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or PTO/AIA/26) should be used. A
web-based eTerminal Disclaimer may be filled out completely online using web-screens. An eTerminal
Disclaimer that meets all requirements is auto-processed and approved immediately upon submission.
For more information about eTerminal Disclaimers, refer to
www.uspto.gov/patents/process/file/efs/guidance/eTD-info-1.jsp.

Claims 1-19 and 30-18 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-21 of U.S. Patent No. 9,938,327.

Although the claims at issue are not identical, they are not patentably distinct from each other

because the ‘327 patent claims a methylotrophic Pichia yeast cell comprising a leghemoglobin encoding
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nucleic acid, a Pichia promoter element, and an Mxr1 transciptional activator. The instant application
claims a methylotrophic yeast cell comprising a transcriptional activator operably linked to a methanol-
inducible promoter element. The ‘327 patent claims therefore provide for each element of the instant

application’s claims.

Claims 1-19 and 30-18 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-14 of U.S. Patent No. 10,273,492.

Although the claims at issue are not identical, they are not patentably distinct from each other
because the ‘492 patent claims a methylotrophic Pichia yeast cell comprising a heme biosynthesis
encoding nucleic acid, a Pichia promoter element, and an Mxr1 transciptional activator. The instant
application claims a methylotrophic yeast cell comprising a transcriptional activator operably linked to a
methanol-inducible promoter element. The ‘492 patent claims therefore provide for each element of

the instant application’s claims.

Claims 1-19 and 30-38 provisionally rejected on the ground of nonstatutory double patenting
as being unpatentable over claims 17-26 of copending Application No.16/123,121 (reference
application).

Although the claims at issue are not identical, they are not patentably distinct from each other
because the ‘121 application claims a methylotrophic yeast cell comprising a transciptional activator
operably linked to a promoter element. The instant application also claims a methylotrophic yeast cell
comprising a transcriptional activator operably linked to a promoter element. It would have been
obvious to one with ordinary skill in the art before the effective filing date of the claimed invention to

use a methanol-inducible promoter for the ‘121 application’s promoter element because this is a well-
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known promoter and because the promoter is inducible, provides control over the yeast cell protein
production system.
This is a provisional nonstatutory double patenting rejection because the patentably indistinct

claims have not in fact been patented.

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to NANCY J LEITH whose telephone number is (313)446-4874. The examiner can
normally be reached on Monday - Thursday 8:00 AM - 6:30 PM.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
HEATHER CALAMITA can be reached on (571) 272-2876. The fax phone number for the organization
where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained
from either Private PAIR or Public PAIR. Status information for unpublished applications is available
through Private PAIR only. For more information about the PAIR system, see http://pair-
direct.uspto.gov. Should you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer

Service Representative or access to the automated information system, call 800-786-9199 (IN USA OR
CANADA) or 571-272-1000.

NANCY J. LEITH

Primary Examiner
Art Unit 1636

/NANCY J LEITH/
Primary Examiner, Art Unit 1636
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EAST Search History
EAST Search History (Prior Art)

Ref iiHits {iSearch Query DBs Default {Plurals {iTime
# Operator Stamp
L1 §20 (yeast$5 or candida$9 or hansenula$9 or }{jUS- OR OFF 2019/07/09
pichia$9 or torulopsis$9 or pastoris$9 or PGPUB; 15:44
ppastoris$9) same (transcri$9 near3 USPAT;
activat$7) same (promoter$6) same EPO; JPO;
((methanol$3 or ch3%$4) near3 induc$9) DERWENT
L2 20 (yeast$5 or saccharo$9 or cerevis$8 or us- OR OFF 2019/07/09
scerevis$8 or candida$9 or hansenula$9 ori{iPGPUB; 15:46
pichia$9 or torulopsis$9 or pastoris$9 or USPAT;
ppastoris$9) same (transcri$9 near3 EPO; JPO;
activat$7) same (promoter$6) same DERWENT
((methanol$3 or ch3%4) near3 induc$9)
L3 {16752 {i(yeast$5 or saccharo$9 or cerevis$8 or us- OR OFF 2019/07/09
scerevis$8 or candida$9 or hansenula$9 oriiPGPUB; 15:50
Hpichia$9 or torulopsis$9 or pastoris$9 or  {USPAT,;
§ppastoris$9) same (transcri$9 near3 EPO; JPO;
dactivat$7) DERWENT
L4 121 I3 and (promoter$6 same ((methanol$3 or {jUS- OR OFF 2019/07/09
ch3$4) near3 induc$9)) PGPUB; 15:50
USPAT;
EPO; JPO;
DERWENT
L5 14 14 and mxr1$2 us- OR OFF 2019/07/09
PGPUB; 15:59
USPAT;
EPO; JPO;
DERWENT
L6 {62 14 and ((alcohol$3 near2 oxidas$5) or us- OR OFF 2019/07/09
aox1$2) PGPUB,; 16:00
USPAT;
EPO; JPO;
DERWENT
L7 63 15 or 16 us- OR OFF 2019/07/09
PGPUB; 16:01
USPAT;
EPO; JPO;
DERWENT
L8 {7 14 and (leghemoglob$8 or legh$3) us- OR OFF 2019/07/09
PGPUB,; 16:24
USPAT;
EPO; JPO;
DERWENT
L9 63 |7 or 18 us- OR OFF 2019/07/09
PGPUB; 16:25
USPAT;
EPO; JPO;
DERWENT
L10 {51 19 and @ad< ="20150510" us- OR OFF 2019/07/09
PGPUB; 16:26
USPAT;
EPO; JPO;

file:///C/Users/nleith/Documents/e-Red%20Folder/15573300/EASTSearchHistory.15573300_Accessible Version.htm[7/9/20 Mot xR PMOKO0, Page 1281 of 1537



Case No.: IPR2023-00321
U.S. Patent No. 10,689,656

EAST Search History
| i |DERWENT | ‘
L11 {306 SHANKAR-S.in. or SHANKAR-S-B.in. or us- OR OFF 2019/07/09
SHANKAR-S-D.in. or SHANKAR-S-H.in. or {{PGPUB; 16:47
SHANKAR-S-J.in. or SHANKAR-S-K.in. or USPAT;
SHANKAR-S-K-A.in. or SHANKAR-S-L.in. or {{EPO; JPO;
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Query Summary

(FILE 'HOME' ENTERED AT 17:52:41 ON 09 JUL 2019)
FILE 'BIOSIS, EMBASE, MEDLINE' ENTERED AT 17:52:49 ON 09 JUL 2019
Ll 22548 SEA FILE=MFE SPE=ON ABB=ON PLU=ON (YEAST? OR SACCHARO? OR

CEREVIS? OR
TORULOP? OR
ACTIVAT?)
L2

( (METHANOL?
L3

CEREVIS? OR
TORULOP? OR
( (METHANOL?
L4

L5
OXIDAS?) OR
L6
LEGH?)
L7
OXIDAS?) OR
L8
OXIDAS?
L9
OXIDAS?
L10

L11
HEMOGLOBIN?
L12

L13

L14

L*** DEL

(2R)

(2R)

SCEREVIS? OR CANDID? OR HANSENUL? OR PICHIA? OR

PASTORIS? OR PPASTORIS?) (L) (TRANSCRI? (3A)

15 SEA FILE=MFE SPE=ON ABB=ON PLU=ON L1 AND (PROMOTER? (L)

OR CH37?) (3A) INDUC?))

931 SEA FILE=MFE SPE=ON ABB=ON PLU=ON (YEAST? OR SACCHARO? OR

SCEREVIS? OR CANDID? OR HANSENUL? OR PICHIA? OR

PASTORIS? OR PPASTORIS?) (L) PROMOTER? (L)
OR CH3?) (3A) INDUC?)
25 SEA FILE=MFE SPE=ON ABB=ON PLU=ON L3 AND MXR1?
756 SEA FILE=MFE SPE=ON ABB=ON PLU=ON L3 AND ((ALCOHOL? (2A)
AOX17?)

0 SEA FILE=MFE SPE=ON ABB=ON PLU=ON L5 AND (LEGHEMOGLOB? OR
731 SEA FILE=MFE SPE=ON ABB=ON PLU=ON L3 AND (((ALCOHOL? (2A)
AOX1?) (4A) PROMOTER?)

585 SEA FILE=MFE SPE=ON ABB=ON PLU=ON L3 AND ((ALCOHOL? (2A)
1) OR AOX1?) (4A) PROMOTER?\

585 SEA FILE=MFE SPE=ON ABB=ON PLU=ON L3 AND (((ALCOHOL? (2A)
1) OR AOX1?) (4A) PROMOTER?)

197 SEA FILE=MFE SPE=ON ABB=ON PLU=ON L9 AND METHYLOTROPH?

0 SEA FILE=MFE SPE=ON ABB=ON PLU=ON L10 AND (GLOBIN? OR
OR LEGHEMOGLOBIN? OR LEGH?)

0 SEA FILE=MFE SPE=ON ABB=ON PLU=ON L10 AND HEME?

230 SEA FILE=MFE SPE=ON ABB=ON PLU=ON L2 OR L4 OR L10

106 DUPLICATE REMOVE L13 (124 DUPLICATES REMOVED)

77 s L2 OR L4 OR L1O
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L*** DEL 83 S L2 OR L4 OR L10

L*** DEL 70 s L2 OR L4 OR L1O

L15 81 SEA FILE=MFE SPE=ON ABB=ON PLU=ON L14 AND PY<2016
D L15 1-81

E SHANKAR S/AU

Ll6 1521 SEA FILE=MFE SPE=ON ABB=ON PLU=ON ("SHANKAR S"/AU OR
"SHANKAR S C"/AU OR "SHANKAR S DR"/AU OR "SHANKAR S DR

PROF"/AU OR "SHANKAR S G"/AU OR "SHANKAR S G V"/AU OR "SHANKAR

S G VIJAY"/AU OR "SHANKAR S GOKUL"/AU OR "SHANKAR S GOWRI"/AU

OR "SHANKAR S J"/AU OR "SHANKAR S JAI"/AU OR "SHANKAR S K"/AU

OR "SHANKAR S K DR"/AU OR "SHANKAR S K DR PROF"/AU OR "SHANKAR

S K PROF"/AU OR "SHANKAR S K PROF DR"/AU OR "SHANKAR S

KARTHIK"/AU OR "SHANKAR S KRUPA"/AU OR "SHANKAR S L"/AU OR

"SHANKAR S L R"/AU OR "SHANKAR S L RAVI"/AU OR "SHANKAR S

M"/AU OR "SHANKAR S M DR"/AU OR "SHANKAR S P"/AU OR "SHANKAR S

P DR PROF"/AU OR "SHANKAR S PRABHU"/AU OR "SHANKAR S PROF"/AU

OR "SHANKAR S R"/AU OR "SHANKAR S R MADHAN"/AU OR "SHANKAR S

RAJA"/AU OR "SHANKAR S RAVI"/AU OR "SHANKAR S S"/AU OR

"SHANKAR S SHARATH"/AU OR "SHANKAR S SHIV"/AU OR "SHANKAR S

SHIVA"/AU OR "SHANKAR S V"/AU OR "SHANKAR S VIDYA"/AU OR

"SHANKAR S VIJAY"/AU)

E SHANKAR SMITA/AU

L17 22 SEA FILE=MFE SPE=ON ABB=ON PLU=ON "SHANKAR SMITA"/AU
E HOYT M/AU

L1s8 234 SEA FILE=MFE SPE=ON ABB=ON PLU=ON ("HOYT M"/AU OR "HOYT M
A"/AU OR "HOYT M ANDREW"/AU OR "HOYT MARTIN"/AU OR "HOYT

MARTIN A"/AU OR "HOYT MARTIN ANDREW"/AU)

E IMPOSSIBLE/CS

L19 49 SEA FILE=MFE SPE=ON ABB=ON PLU=ON (IMPOSSIBLE/CS OR
"IMPOSSIBLE FOODS IMPOSSIBLEFOODS COM REDWOOD CITY 94063 CA

USA"/CS OR "IMPOSSIBLE FOODS INC"/CS OR "IMPOSSIBLE FOODS INC

400 SAGINAW DR REDWOOD CITY CA 94063 USA"/CS OR "IMPOSSIBLE

FOODS INC REDWOOD CITY CA 94063 USA"/CS OR "IMPOSSIBLE FOODS
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INC REDWOOD CITY CA USA"/CS OR "IMPOSSIBLE FOODS INC THE BOARD

OF TRUSTEES OF THE LELAND STANFORD JUNIOR UNIVERSITY"/CS OR

"IMPOSSIBLE FOODS INC., 400 SAGINAW DRIVE, REDWOOD CITY, CA,

94063"/CS OR "IMPOSSIBLE FOODS INC., 525 CHESAPEAKE

REDWOOD CITY, CA, 94063"/CS OR "IMPOSSIBLE FOODS INC.,

DRIVE,

CITY, CA"/CS OR "IMPOSSIBLE FOODS INC., REDWOOD CITY, CA,

94063"/CS OR "IMPOSSIBLE FOODS REDWOOD CITY CA UNITED STATES

OF AMERICA"/CS OR "IMPOSSIBLE FOODS STANFORD CA USA"/CS OR

"IMPOSSIBLE FOODS, INC, REDWOOD CITY, CA, 94063"/CS

"IMPOSSIBLE FOODS, REDWOOD CITY, CA"/CS OR "IMPOSSIBLE FOODS,

REDWOOD CITY, CA, 94063"/CS)

L20 1822 SEA FILE=MFE SPE=ON ABB=ON PLU=0ON
L21 0 SEA FILE=MFE SPE=ON ABB=ON PLU=ON
L22 34 SEA FILE=MFE SPE=ON ABB=ON PLU=0ON

OR HEMOGLOB? OR LEGHEMOGLOB? OR LEGH?)
L23 20 DUPLICATE REMOVE L22 (14 DUPLICATES

D L23 1-20

OR

REDWOOD

L16 OR L17 OR L18 OR L19

L1 AND L20

L20 AND

REMOVED)

(HEME? OR GLOBIN?
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15/573,300 — GAU: 1836

Receipt date: 07/06/2018
Sheet _1 of _1_
Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office 38767-0048US1 15/573.300
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessaty) Filing Date Group Art Unit
(37 CFR §1.98(b)) November 10, 2017 1656
U.S. Patent Documents
Examiner | Desig. Document Publication Filing Date
Initial ID Number Date Patentee Class | Subclass | If Appropriate

<URL:https://www fda.gov/downloads/Food/IngredientsPackagingl.abeling/ GRA S/Noticelnventory

/default.htm, 1063 pages 2017

Foreign Patent Documents or Published Foreign Patent Applications

Examiner | Desig. Document Publication Country or Translation

Initial ID Number Date Patent Office Class | Subclass [ Yes No

Other Documents (include Author, Title, Date, and Place of Publication)

Examiner | Desig.

Initial ID Document

[No Author Listed] Impossible Foods Inc. “GRAS Notification for Soybean Leghemoglobin Protein

N.J.L/ 1L Derived from Pichia Pastoris.” GRAS notice 000737, Retrieved from internet

Examiner Signature

JNANCY J LEITH/

Date Considered

07/09/2019

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form
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Receipt date: 04/13/2018 15/573,300 - GAU: 1836
Sheet _1 of _4
Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office 38767-0048US1 15/573.300
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessaty) Filing Date Group Art Unit 1636
(37 CFR §1.98(b)) November 10, 2017 1656
U.S. Patent Documents
Examiner | Desig. Document Publication Filing Date
Initial ID Number Date Patentee Class | Subclass | If Appropriate
1. 4,683,195 07/28/1987 Mullis et al.
2 4,683,202 07/28/1987 Mullis
3 4,800,159 01/24/1989 Mullis et al.
4 4,886,753 12/01/1989 Marcker
5 4,965,188 10/23/1990 Mullis et al.
6. 5,204,253 04/20/1993 Sanford et al.
7 5,538,800 07/23/1996 Jinet al.
8 6,013,863 01/11/2000 Lundquist et al.
9 6,329,571 12/11/2001 Hiei

10. 2002/0194643 | 12/19/2002 Merot et al.

11. 2007/0031832 | 02/08/2007 Watt
12. 2008/0166757 | 06/01/2008 Bronetal

13. 2017/0188612 | 07/06/2017 Varadan

14. 2017/0349637 | 12/07/2017 Shankar et al.
15. 2017/0349906 | 12/07/2017 Shankar et al.

Foreign Patent Documents or Published Foreign Patent Applications

Examiner | Desig. Document Publication Country or Translation
Initial ID Number Date Patent Office Class | Subclass | Yes No
16. EP 2058398 05/13/2009 EP

17. WO 1998/012913 | 04/02/1998 WIPO
18. WO 2004/057946 | 07/15/2004 WIPO
19. WO 2004/099405 | 11/18/2004 WIPO
20. WO 2009/009142 | 01/01/2009 WIPO

21. WO 2012/083424 | 06/28/2012 WIPO
22. WO 2013/010042 | 01/17/2013 WIPO

23. WO 2014/008729 | 01/16/2014 WIPO

Examiner Signature Date Considered
JNANCY J LEITH/ 07/08/2019

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /N.J.L/
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Receipt date: 04/13/2018 15/573,300 - GAU: 1836
Sheet 2 of 4
Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office 38767-0048US1 15/5 73’300
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessaty) Filing Date Group Art Unit
(37 CFR §1.98(b)) November 10, 2017 1656
Foreign Patent Documents or Published Foreign Patent Applications
Examiner | Desig. Document Publication Country or Translation
Initial ID Number Date Patent Office Class | Subclass [ Yes No
24. WO 2014/110532 | 07/17/2014 WIPO
25. WO 2014/110539 | 07/17/2014 WIPO
Other Documents (include Author, Title, Date, and Place of Publication)
Examiner | Desig.
Initial ID Document
2% Chenna et al., "Multiple sequence alignment with the Clustal series of programs" Nucleic Acids
) Res., 31(13):3497-500 (2003)
27 Chiruvolu et al., "Recombinant protein production in an alcohol oxidase-defective strain of Pichia
' pastoris in fedbatch fermentations" Enzyme Microb. Technol., 21: 277-83 (1997)
Cregg et al, "Recombinant protein expression in Pichia pastoris," Molecular Biotechnology, 16:23-
28.
52 (2000)
29 Dayhoff et al., "A Model of Evolutionary Change in Proteins," Atlas of Protein Sequence and
) Structure, 5: 345-352 (1978)
30 GenBank Accession No. AB365355, "Candida boidinii TRM1 gene for Zn(II)2Cys6-type
) transcription factor Trm1, complete cds," dated January 24, 2008, 3 pages
31 GenBank Accession No. AB548760, "Candida boidinii TRM2 gene for C2H2-type transcription
) factor Trm2, complete cds," dated May 14, 2010, 3 pages
3 GenBank Accession No. ABD57365, "methanol expression regulator I [Komagataella pastoris],"
) dated March 4, 2006, 2 pages
33 GenBank Accession No. AEOI02000005, bases 858873 to 862352, "Ogataea parapolymorpha DL-1
) chr3, whole genome shotgun sequence," dated December 3, 2013, 186 pages
34 GenBank Accession No. BAF99700, "Zn(I)2Cys6-type transcription factor Trm1 [Candida
) boidinii]," dated January 23, 2008, 2 pages
35 GenBank Accession No. BAJ07608, "C2H2-type transcription factor Trm2 [Candida boidinii],"
) dated May 13, 2010, 2 pages
36 GenBank Accession No. DQ395124, "Pichia pastoris methanol expression regulator I gene,
) complete cds," dated March 4, 20006, 2 pages
37 GenBank Accession No. ESX01253, "Regulatory protein ADR1 [Ogataea parapolymorpha DL-1],"
) dated December 2, 2013, 2 pages
38 GenBank Accession No. FJ752551, "Pichia pastoris dihydroxyacetone synthase 1 (DAS1) gene,
’ complete cds" dated March 21, 2009, 2 pages
39 GenBank Accession No. X02425, "Hansenula polymorpha MOX gene for methanol oxidase" dated
’ April 20, 1993, 3 pages
10 GenBank Accession No. YSAAODIA, "Candida boidinii methanol oxidase (AOD1) gene, complete
’ cds," dated April 27, 1993, 2 pages
41 Hargrove et al., "Characterization of recombinant soybean leghemoglobin a and apolar distal
) histidine mutants" J Mol. Biol. 266, 1032-1042 (1997)
4 Inan & Meagher, "Non-repressing cartbon sources for alcohol oxidase (AOX1) promoter of Pichia
) pastoris" J. Biosci. Bioeng., 92:585-9 (2001)
Examiner Signature Date Considered
/NANCY J LEITH/ 07/08/2019
EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /N.J.L/
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Receipt date: 04/13/2018 15/573,300 - GAU: 1836
Sheet _3 of _4
Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office | 38767-0048US1 15/573.300
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.

(Use several sheets if necessary) Filing Date Group Art Unit

(37 CFR §1.98(b)) November 10, 2017 1656

Other Documents (include Author, Title, Date, and Place of Publication)

Examiner | Desig.
Initial ID Document

3 International Preliminary Report on Patentability in International Application No.
) PCT/US2016/031797, dated November 14, 2017, 7 pages
International Search Report and Written Opinion in International Application No.
PCT/US2014/055227, dated March 20, 2015, 20 pages
Jokipii-Lukkari et al., "Intrinsic non-symbiotic and truncated haemoglobins and heterologous
45. Vitreoscilla haemoglobin expression in plants," Journal of Experimental Botany, 60(2):409-422
(January 2009)
Kranthi et al., "Identification of Mxrlp-binding sites in the promoters of genes encoding
46. dihydroxyacetone synthase and peroxin 8 of the methylotrophic yeast Pichia pastoris" Yeast,
27:705-11 (2010)
Liachko & Dunham, "An autonomously replicating sequence for use in a wide range of budding

44,

47 yeasts" FEMS Yeast Res., 14:364-7 (2014)

48 Lin-Cereghino et al., "Mxrlp, a key regulator of the methanol utilization pathway and peroxisomal
) genes in Pichia pastoris," Molecular and Cellular Biology, 26:883-897 (February 2006)

49 Lloyd et al., "Targeted mutagenesis using zinc-finger nucleases in Arabidopsis" Proc. Natl. Acad.

Sci. USA, 102:2232-2237 (2005)

Londer et al. "Production and preliminary characterization of a recombinant triheme cytochrom ¢(7)
50. from Geobatcher sulfurreducens in Escherichia coli." Biochem Biophy Act 1 1554(3): 202-211
(2002)

Lutz et al., "A guide to choosing vectors for transformation of the plastid genome of higher plants"”

o1 Plant Physiol. 145: 1201-1210 (2007)

5 Miele et al., "A GATA-type transcription factor regulates expression of the high-affinity iron uptake
) system in the methylotrophic yeast Pichia pastoris" Arch. Biochem. Biophys., 465: 172-9 (2007)

53 Nakagawa et al., "Alcohol oxidase hybrid oligomers formed in vivo and in vitro" Yeast, 15: 1223-30
) (1999)

Qu et al., "Ectopic expression of the cottong non-symbiotic hemoglobin gene GhHb1 triggers
54. defense responses and increases disease tolerance in Arabidopsis," Plant Cell Physiol., 47:1058-
1068 (2006)

55 Raymond et al., "Development of the methylotrophic yeast Pichia methanolica for the expression of
) the 65 kilodalton isoform of human glutamate decarboxylase" Yeast, 14: 11-23 (1998)

56 Richards et al., "Construction of a GFP-BAR plasmid and its use for switchgrass transformation"
) Plant Cell. Rep. 20:48-20 54 (2001)

57 Sievers et al., "The Primary Structure of Soybean (Glycine max) Leghemoglobin c*," Acta Chemica
) Scandinavico B, 32:380-386 (1978)

58 Sinagawa-Garcia et al., "Next generation synthetic vectors for transformation of the plastid genome
) of higher plants" Plant Afol Biol 70: 487-498 (2009)

59 Somleva et al., "Agrobacterium-Mediated Genetic Transformation of Switchgrass" Crop Sci.
’ 42:2080-2087 (2002)

60 Supplementary European Search Report in International Application No. EP 14844701 4, dated
) January 27, 2017, 7 pages

61 Tanaka and Tanaka, "Tetrapyrrole biosynthesis in higher plants" Annu. Rev. Plant Biol. 58: 321-46
) (2007)

Examiner Signature Date Considered

JNANCY J LEITH/ 07/09/20198

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /N.J.L/
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Receipt date: 04/13/2018 15/573,300 - GAU: 1836
Sheet _4 of _4
Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office | 38767-0048US1 15/573.300
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.

(Use several sheets if necessary) Filing Date Group Art Unit

(37 CFR §1.98(b)) November 10, 2017 1656

Other Documents (include Author, Title, Date, and Place of Publication)
Examiner | Desig.
Initial ID Document
62 Tovkach et al., "A toolbox and procedural notes for characterizing novel zinc finger nucleases for
) genome editing in plant cells” Plant J, 57: 747-757 25 (2009)
Townsend et al., "High-frequency modification of plant genes using engineered zinc-finger
nucleases" Nature 459: 442-445 (2009)

64. UniprotKB Accession No. P02236, "Leghemoglobin C2," dated November 1, 1988, 9 pages
Wu et al., "Efficient production of a functional single-chain antidigoxin antibody via an engineered
65. Bacillus subtilis expression-secretion system" Bio/Technology (NY) 11(1): 71-76 (1993) (abstract

only)
Xie and Yang, "RNA-guided genome editing in plants using a CRISPR-Cas system" Mal. Plant 6:

63.

66. 1975-1983 (2013)
67 Zhang et al., "Transcription activator-like effector nucleases enable efficient plant genome
) engineering" Plant Physiology 161: 20-27 (2013)
Examiner Signature Date Considered
/NBNCY J LEITH/ 07/09/2019

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /N.J.L/

Motif Exhibit 1040, Page 1291 of 1537



Case No.: IPR2023-00321
U.S. Patent No. 10,689,656

PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD App“ca“";‘;g%"ggg‘ Number ﬂ'}?g,?é}? 0O )
Substitute for Form PTO-875 ’ To be Mailed
ENTITY: LARGE [ smaLL (O micro
APPLICATION AS FILED - PART |
(Column 1} (Column 2}
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
[ BAsIC FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
L) SEARCH FEE
(37 CFR 1.16(K), (i), or (m)) NiA N/A N/A
[_J EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) N/A N/A N/A
TOTAL CLAIMS . .
(37 CER 1.16()) minus 20 = X $80 =
INDEPENDENT CLAIMS : .
(37 GFR 1.16(h) minus 3 = x $420 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
DST:;L'S?Z'ON SIZE FEE (37 for small entity) for each additional 50 sheets or
16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[J MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(}))
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3}
CLAIMS HIGHEST
REMAINING NUMBER
| 10/16/2019 | srrer PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * ) ok _ _
H 29 Minus | 38 -0 x $100 = 0
4 * ) P
| IR inus | 3 =0 x 3460 - 0
< ] Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
'E AMENDMENT PAID FOR
W | Total N ; o - -
= (SganR1.16(f)) Minus B X $ 0 -
AP - xs0 -
5 () Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16()))
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
= If the "Highest Number Previously Paid For" IN THIS SPAGE is less than 20, enter "20". /YOLANDA CHADWICK/
*** |If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9799 and select option 2.
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PTO/SB/26

Doc Code: DIST.E.FILE U.S. Patent and Trademark Office

Document Description: Electronic Terminal Disclaimer - Filed Department of Commerce
Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A

“PRIOR” PATENT

Application Number 15573300
Filing Date 10-Nov-2017
First Named Inventor Smita Shankar
Attorney Docket Number 38767-0048US1

Title of Invention

EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING
METHYLOTROPHIC YEAST

X Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding
Office Action

This electronic Terminal Disclaimer is not being used for a Joint Research Agreement.

Owner Percent Interest

Impossible Foods, Inc. 100%

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration
date of the full statutory term of prior patent number(s)

9938327
10273492

as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors
or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent
is presently shortened by any terminal disclaimer,” in the event that said prior patent later:

- expires for failure to pay a maintenance fee;

- is held unenforceable;

- is found invalid by a court of competent jurisdiction;

- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

- has all claims canceled by a reexamination certificate;

- is reissued; or

- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.
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@ Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request.

O | certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d)
required for this terminal disclaimer has already been paid in the above-identified application.

Applicant claims the following fee status:

(O Small Entity
(O Micro Entity

(® Regular Undiscounted

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and
that such willful false statements may jeopardize the validity of the application or any patent issued thereon.

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

® An attorney or agent registered to practice before the Patent and Trademark Office who is of record in
this application

Registration Number 44282

(O Asoleinventor

A joint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attorney in the application

O

(O Ajoint inventor; all of whom are signing this request

Signat
ignature /M. Angela Parsons/

Name M. Angela Parsons

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324.
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U.S. Patent No. 10,689,656

Electronic Patent Application Fee Transmittal

Application Number: 15573300

Filing Date: 10-Nov-2017

. . EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING
Title of Invention:

METHYLOTROPHIC YEAST
First Named Inventor/Applicant Name: Smita Shankar
Filer: M. Angela Parsons/Judith Witzel
Attorney Docket Number: 38767-0048US1
Filed as Large Entity
Filing Fees for U.S. National Stage under 35 USC 371
Description Fee Code Quantity Amount Suﬁ;l’g(t:)l in
Basic Filing:
STATUTORY OR TERMINAL DISCLAIMER 1814 1 160 160
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Suﬁ-;l’;(t:)l L
Extension-of-Time:
Miscellaneous:
Total in USD ($) 160
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Doc Code: DISQ.E.FILE
Document Description: Electronic Terminal Disclaimer — Approved

Application No.: 15573300
Filing Date: 10-Nov-2017

Applicant/Patent under Reexamination: Shankar

Electronic Terminal Disclaimer filed on  October 16, 2019

X APPROVED

This patent is subject to a terminal disclaimer

1 DISAPPROVED

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web

U.S. Patent and Trademark Office

Case No.: IPR2023-00321
U.S. Patent No. 10,689,656
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Case No.: IPR2023-00321
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Electronic Acknowledgement Receipt

EFS ID: 37475448
Application Number: 15573300
International Application Number:
Confirmation Number: 4807
Title of Invention: EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING
: METHYLOTROPHIC YEAST
First Named Inventor/Applicant Name: Smita Shankar
Customer Number: 26191
Filer: M. Angela Parsons/Judith Witzel
Filer Authorized By: M. Angela Parsons
Attorney Docket Number: 38767-0048US1
Receipt Date: 16-0CT-2019
Filing Date: 10-NOV-2017
Time Stamp: 15:56:53

Application Type: U.S. National Stage under 35 USC 371
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $160
RAM confirmation Number E20190FF56516459
Deposit Account
Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document ... . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
33533
1 Terminal Disclaimer-Filed (Electronic) eTerminal-Disclaimer.pdf no 2
f6f4dca3511a429d0d4d89df4b34 1aef872f|
Warnings:
Information:
30725
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EXPRESSION CONSTRUCTS AND METHODS OF
GENETICALLY ENGINEERING METHYLOTROPHIC YEAST

TECHNICAL FIELD
This disclosure generally relates to DNA constructs and methods of using such DNA

constructs to genetically engineer methylotrophic yeast.

BACKGROUND
Methylotrophic yeast such as Pichia pastoris are commonly used for expression of
recombinant proteins. Constructs that can be used to efficiently express one or more

polypeptides in a methylotrophic yeast are provided herein.

SUMMARY

This disclosure describes the use of P. pastoris strains that overexpress the transcriptional
activator, Mxr1, from the AOX1 promoter to increase expression of transgenes that also are
expressed from the AOX1 promoter, which significantly improves the recombinant production of
one or more proteins. In addition, expression of Mxr1 from the AOX1 promoter creates a positive
feedback loop that allows for expression of other transgenes from the AOX1 promoter in the
absence of methanol, the normally obligate inducer, when repressing carbon sources are depleted.
Expression of Mxr1 results in a significant increase in the amount of protein produced.

In one aspect, a methylotrophic yeast cell is provided that includes a recombinant nucleic
acid molecule. The recombinant nucleic acid molecule typically includes an exogenous nucleic
acid encoding a transcriptional activator operably linked to at least one methanol-inducible
promoter element. Representative methylotrophic yeast can be of the genus Candida, Hansenula,
Pichia or Toruplosis. A representative methylotrophic yeast is Pichia pastoris.

In some embodiments, the recombinant nucleic acid molecule is stably integrated into the
genome of the methylotrophic yeast cell. In some embodiments, the recombinant nucleic acid

molecule is extrachromosomally expressed from a replication-competent plasmid.

1
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In some embodiments, the exogenous nucleic acid encoding a transcriptional activator
comprises a Mxrl sequence from Pichia pastoris, a Adrl sequence from Hansenula polymorpha,
a Trm1 sequence from Candida boidinii, and a Trm2 sequence from Candida boidinii. A
representative nucleic acid encoding a transcriptional activator is shown in DQ395124. A
representative transcriptional activator has an amino acid sequence shown in ABD57365.

In some embodiments, the at least one methanol-inducible promoter element is an alcohol
oxidase 1 (AOX1) promoter element from Pichia pastoris, an AOD1 promoter element from
Candida boidinii, a MOX promoter element from Hansenula polymorpha, a MOD1 promoter
element from Pichia methanolica, a DHAS promoter element from Pichia pastoris, a FLD1
promoter element from Pichia pastoris, or a PEX8 promoter element from Pichia pastoris.

In some embodiments, the methylotrophic yeast cell further includes a nucleic acid
molecule that includes at least one heterologous nucleic acid encoding a polypeptide operably
linked to at least one methanol-inducible promoter element. In some embodiments, the at least
one heterologous nucleic acid encodes one or more polypeptides involved in the biosynthesis of
an iron co-factor such as heme (e.g., ALA synthase, ALA dehydratase, porphogilinogen
deaminase, UPG III synthase, UPG III decarboxylase, CPG oxidase, PPG oxidase, and/or
ferrochelatase). In some embodiments, one or more of the polypeptides involved in the
biosynthesis of the iron co-factor are linked to at least one methanol-inducible promoter element.

In another aspect, a method for expressing a heterologous polypeptide in a cell is
provided. Such a method typically includes providing a methylotrophic yeast cell as described
herein; introducing a recombinant nucleic acid molecule into methylotrophic yeast cell, the
recombinant nucleic acid molecule comprising at least one heterologous nucleic acid encoding a
polypeptide operably linked to at least one Pichia pastoris alcohol oxidase 1 (AOX1) promoter
element; and culturing the cell under conditions suitable for expression of the recombinant nucleic
acid molecule, thereby expressing the heterologous polypeptide.

In some embodiments, the conditions under which the cells are cultured includes the
addition of iron or a pharmaceutically or metabolically acceptable salt thereof. In some
embodiments, the introducing step includes a technique such as transduction, electroporation,
biolistic particle delivery, or chemical transformation. In some embodiments, the culturing step

includes culturing the cell in the present of methanol.

2
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