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~ I ral1...., dTl' ,l\ .11l,1bl1.· h,r l'\.hu .. 1hon,1l m.,tltutum-. th,1t \\ l"h to mah• photocop1l.., for non-pmf,t edm:atlon,11 
u&lOOfflU',{' 

~ ",l't.'kmg pt.•rm, .. -.10n to n..•pnxtuu· t,1hll-.. or flgur.._.., Imm .1rt1dt...., pubh!>hl>d m Jri.tB -.hould -.end dl•taal-. of thl
1 

I tht.·, ,,i-.h to pm<llll.t.' to J~ll3. 11...._·,1'-·r Sc.:1t•nu• I d1hm,1\ Sen·tct."'t O ftce, Block 2, \\l-.,tbrook (l'nln.•, 
\I in Rood, (,1mbndw.• t 11 I I 'I(. LI\., 1.1, (•l--l} 122112()()16, L ... ma1I· 1mbf1 harcourt com 

!ht- LSA. uw,... may dl'M pt.•rm1..,-,1on-. .uul m,1l ... • p,wml•ntc.. through thl' Cop)nght Ck•.ir,1ncl' (cntrc Im:., 
~Red"ood Dm,•. l),111H•r-.. \I-\ ()1421. U~,\ phc>nc• ( t !) (Q78) 7S08-IOO, fa, (+I) (978) 7<;tH7+1, ,1nd in the UI-. 
firuugh the opvnght I 1n•n-.

1
ng \gt.•nt., R,1p1d lt.•.irance Sen.ice (Cl \ R ), 90 Tottcnh,1m our! l(o.1J, I ondon Wll

1 

IP. Lt-., phorw ( + 1--l) 20 7h11 c;c;c;c;, J,1, ( + t I} 20 7h11 c;l5(X). Othl'r cuuntm .. ...., ma\ ha,c a local rcpmgr,1ph1c right... 
.:'ffll:) for pa)"mt.'nl., 

tnv i\'orl,. Sub-.cnbt.•r-. rn,l\ rt•proJuu• 1,1bll-.. of contt.•nt., or prcp,m.• 11,h or .utick..., mcludmg ab-.trach for mt~rnal 
crrul.ihon ,,·1thm th1.•ir m..,ltlut1011.., J\•rmi-.,ion t~f till' Publl-.hl'r 1., rL--qu1r1.•d for rt,1lt.' or J1c..tnbulton ouh1d~ the 

tution 

Pm1.M1on or tht• 1>ubli-.lwr ,.., rt.•qum"lt for ,111 othl•r d1.•n,all\t.' ,,:ori.. .. , mdudmg comp1lat1on..., and tr.in.,l,1tHlll" 

''°"" Sl1Jra.--:,· ()r u..,,~,· Pt.•rm,..,..,1011 nr till.' Pubii,hl•r I., r1."-1u1r ... 't.1 to ..,tort• or U",(' dl"Ctrom alh any m,1tt.>ri.tl conta1111..-d 
ettu., JOUmal, mclud1~~ ·.:Jn\ ,trt11..lt• or p~1rt of an arhcll' 

E1ttpt a:, oullmt'tl ,1boH•, no p.irt ol tlu.., puhlu.:,1t1on m ,1, lx- r~prCKiuct-<l, <,torcd 111 a 
lttnnal ~)"'>IL'Ttl or tran-.m1t11.--<l m ,1m form or Ll\ any mNn-., l'll-ctromc, mech,1n1cal, 

CICOp)mg, r1.'Cor<l mg or otht.•n, 1~•. withou t pr10r.wntlt.•n pt•nnt"<,1<m of the Publl-;hcr 

\o n.'!:iponc.,ib1l1t\ 1-. ,1-.-.unll'<l h, till' Publt .. hN for an) m1ury am.I/or damag<' to 
Pff\Ons or property ,h ,d m,1ltL•r of pnxlmi.. llabihty, 111.-gligcnct.' or oth1.•rw1,t', or from any 

or0peration of any ml'th0th, proJm:t .. , 111..,1,u tton~ or 1dlW, contamcd m thl' m,1tcnal :r-Bccau~ of r,1p1d a1.h .:mu-., 111 tht.• 11\1."ltKa l -.c:ienc ... ·-., in p.irucular, mdrpendt.>nt 
Ghon of d1agnc)',t...., and drug c.Jo-..1g1."" -.hould be m,1dc 

!though all ad\'(~rti ... mg matt•nal 1-. 1.•,pt.~h.-<l h1 conform to dh1c,1l (ml-d1c,1l) ~t.indarcl,;, 
r.iuelt,U)t'" 1h1., public,111011 do<.,.. not t.:on.,lltull' ,1 gu.irantC'l' N endoN•mcnl of the qu,llLl) or 

0 uch product or of th'-' cla1m.., ma<.k of 11 b, 1h manufa lurer 

~ 11!1Nratl0//. I hgh-lhroughput do111ng-1mh:pcndl.'nl protl'm hbr.iry con~truction by 
1 ...... ~mg Smglc-molt..--cult..• D'\! ,1;1,plific.1tmn \\ 1th m Ptfnl l',pr1. ...... ion 'C' arti le by 
·-'61' agayphan rl nl I A-lo/ /lw/ 18. 19, .4 ()<; 

TV/1t'"->c"I 111 I '"''I'' l•v ti,, Al,lm l,n>III' (h{,•r,/ 1•rmtr,I aml h,miJ t,y /\,lr,J;,r l\'lll'Mt,m-i UJ 

► 

-
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Introduction 

I lw ll'\ l'I ,,1 ..,l'c}lll'nn• ,11111l,1r1t\ th,11 1mplll' ... .,,mil.trtl\ 111 pmll•m ,trudurl' 
,.., "l'il l'..,l,1hh,lwd lk<l'nlh, m,rn\ ~n>up.., prup,,..,l•d thrl',hold , h>r , 11111 
l,1nl\ 111 "l'l]Ul'nu• 1mph mg .... mt1,1nt, 111 l'n✓, nMltl fund1on \ II pn.•, 1ou, 
r,•..,ulh ..,uggl•,t tlw ... trong lt>n..,l'r\ .tl1on of l'n✓, m,1l1l lunct1on ,1b1l\ l' I,•, l'I, 
,,1 'ill•., p,llr\\ ,.,c• '-l'']ttt'nu• 1dl'nltl\ I IL•r,• I ,lr~lll' th.it .,II gr,1u1>-. ... ub,L,111 
t1,1lh '" l'rl"-ltmated tlw um,l'r\ ,1t1on 1>f l'l1/\ nw fund111n hl'c,lU..,l' tlw,r 
d,11,1 ..,,,i... \\l'rl' l'tllwr too b1,1,l•d, or It)(, ..,m,111 \ n unb1,hl'd ,1n.1f\..,.., 
,uAAl''-tl•d th.it fe.,.., th,lll 1()",. ol tlw p,11r lr,1gnwnh ,1bo, l' 'ill' "''<Jlll'l1«' 
1d1•ntit, ha, l' c•nt1n-h 1dl•t'11c-,1! l·C numlwr.., ,\ notlwr ,urpn,111g lmdmg 
",1-, th,11 l'\ l'n Bl \ST l •\ ,1hw-. lwlo,, 10 dtd m,t ,utlt,1• h> ,ml,>· 
n1.11t,.1lh tr,,n..,ll'r l'n✓\ llll' fun, tum" 1thout l'rr1>r..,, \, l''-1'''' lt•d, 11111..,t mt.., 
d,1-,,1h<,ll11>n.., ill 1g111,lll•d frnm -.1mtl.1nl1l'.., 111 rl•l,111, ,•h ..,f1t1rt n•~••>n.., 
,md/t>r ln>m tr,lll..,l(•rnng ,mnot,11ton.., for d1 fl1•r,•nt d1H11,111,.., IJnth 
pnibll•m, l,lntllll bl• u>rrl'l.ll•d l',l'>th b, ,1d1u..,11ng tlw thrl"-h1,kl.., ftlr ,1uh1 
m,lltl tr,1n..,fl•r ,11 gl'l1\>111l' .1nnot,1t11nh \ ..,rnn• rd,1t1n~ ",l'l]lll'l1ll' 1,knttl\ 
111 ,1hgnnwnt ll•ngth (d1,t,rn<:l' fn>m 11-.<,J' thrl",hold) tlulp,•rlorn1l'I.I .. 1,111.., 
ltl·,1I Bl \<, l ..,u1rl,.., hll high ..,l'<]lll'llll' ..,1m1l.1 11 t\ In p,1r1tcul.u tlw d1 ... t,lll,l' 
..,uir,• ,11111\\ l'd l'rror-tn'l' tr,1n,fl•r nl ,•n✓\'tnl' fun, tton for tlw ltl"o m,1..,1 
... m11l.u l'n ✓\ nw p,11r.., fhl• rl•.,ulh 11lu..,tr,1ll•d ho\, d1fltl ult ti ,., h> ,N,t'..,.., 
th,· ull1-.l'r\ ,1111111 tlf prolc•m tunl lttln and to gu.1r,1nt,•,• l'rn,r·lr,•,• gl'l1llnll' 
,111nnt,11t1,n..,, m gl'lll'r,11 ,eh "1th m1ll1on.., ,if pair ,omp,11 .... on, might not 
.. utftt1' 111 ,1rn, , •. 11 .. t,ll1.,1tr,1lh .,,~ntltl,llll umclu,11m., In pr,llltu• tlw 
,,., i...l·d dl'1,11ll'l.i l'..,t1m.1t,•.., ltlr tlw ..,l'l]lll'tlll' u>n"l'r\ ,1tmn nl l'll ✓\ tnl' flllll· 
t1<1n m,n pn1, 1dl' 1mpnrt,1nt lwnd1m,1rl,..., ltlr l'\ l'r\ d,n ... l'l)lll'llll' ,1n,1h ..,1, 
,1nd 11,r m,irc• ,,1utn1u.., .u1ttlm.1 t1, gl•noml ,1nntll,ll1on.., 

~1102 I J..,,,\ 11 r 'x a·n« I td \II rt~hh r,..,..n ,•d 

f;.1•11,1,01.t, gl·n,,ml' ,llll\lll.lllllll llll1..,l'r\ ,111011 111 pn1tc•m fu nd11m, l'l1/\ m,· 
, t,1..,.,11tl ,1111111; l'\ olu 11,m .... tat ,..,11, ,1 I ,1gntltl .m, l', b,1<1hlr.tp, b1nmfnrm,1h,.., 

Missing ana lyses of annotation accuracy 

,tn•ngth ,ind \\ l'al-..m·..,.., 111 tud.i, .., bwtnh>1m,1ltl" 
R,l\\ ..,,,quc•nu•.., ,ir,· nl hm1kd u-.l•· \\ h,1t \\ l' lll'l'd 
,H,' ,111m1t,1t111n.., 1 lw m,i..t u>mmon ",\\ ll> m11w 
l'nltr,· priilc'illlll''> 1.., h> 11 ,111..,f,•r ,1nnllt,,tl\ln-. fn>m 
ht1nwlogu,·, 1 " 1 lw ... trl•ngth 1>f bu,mform,111,., ft,,.., 
m p1llH'rlul ..,l•,1rd1 ,1fgpnthm.., . ... ud1 ,1.., tlw Bl \-. I 
lw-.t .,l'ffl•r..,' ,md f'SJ -HI ,\Sl I th,11 .u,· ,1t tlw b,1..,,· 
tor h1lll\tll11g, tr,m.,fl'r, I h,• "l•,11-..m•..,.., Ill'-. 111 tlw 
l,Kh. ,,t larg,•--.,,1ll• ,., ,1lu,11t1m.., 1>1 ht1\\ ,,•,JUl'llll' 
,1mtl,ir11\ t1,11hl,1t1•-. tn fun,111111,11 ... 111111,irtl\ \ \ lwn 
,,,

1
wrh m,11,., 'l'll..,l' 1,t d.it,1b,1..,l' -..,•,1r< hl•.., thl'\ ,,111 

l',i-.th ..,, •p,1r,11l' thl' d1,1tt tnun thl' \\ lw,11 \ l,1<h11w-. 
,Hl' ll",.., pllll•nt I In\\ l'\l'r l,11gl' ... ,,ill• ,1nnllt.ll1nn 1., 
b,hl'd 11n algllnthm.., 1 ,• 1111 .1uh1111,1tll,llh ,111,1-

1\ .. m g put,1 tJ\ l' .. 1m1l,u1f1l'' I In,..,, \\ l' h,n l' nhlll\ 
,,11m, t.1 tu 111.., .1nd 11111\ , .1gu,• tdl•,1.., 1,,r 1, lwn -.ud1 
1nnnt,1 t11m, ,ir,• .id,•qu ,1t,• l1111..,.•qu,•nlh m,1n, 
:rnnut,,tllln., m,l\ lw \\ nmg In lac I, l<l 10' ,,t ,111 
g l'lll>ll1l' ,111not,1 t1on-. 111,1, lw \\ ning 

T lw l''-Ph,..,11>n of 1-..rnn, n ,,•qu, llLl'' thruu~h 
IMgl'·..,<,lil' ..,l'<JUl'll< mg pr.i1,·< I.., unra, ,·llt-d tlw 

\bb1<·\ 1,111,,1" ,i-,•d Bl \'-,I , t.,,t ,,·qu,·n«· ,1h~nnwnt 
ml"lhtJd , I l , I n✓\ nw l tJll\llll"'"n numb,·r d,-...: rtb1ng 
-..·n.1\ n1,1tu. tun" lion ,ll 1th rt..> l,,ng 1 .. ,, 1.·I ut ih .. •t.ul (thl•r,• .,r.,• 
h>ur numh·r.., tlw hr,t numh,·r d1,tini;u,.,fw, 
o,1r\'\hH, t,,"'i·,~ tr,1n,ll•r., ........... 1-H d r,,lit"-t~,. h •''"'' 
1'<,nH.•r,h\'' .. ,nd h,,;,1,t•,) I l'l~P. t.lttt,, t,._,,c.• ot pr,>h.•an 
,tructur,• .,,.,,lll"llll' ,1hgnnwnh , I ,...,...,p thr,·,huld, 
thr,·,hold rl'l,1llng p,·r"•nl,1~,· ,,t p,11n, ,.,.. 1Lklll1L,1I <>r 
,,mil,1r rc-.. ,du,•., Lo knglh tJf tlw ,1hgn11wnt CL-qu,1111>11 
(211 • 1....,1 Ill \'-, I p<'.,1111>11 ..,p,, 1h, 1t.•r.1ll'd d,1t.11:>.,..,, ..... 
"l'M,h ',\\)'-,'-,PRO! d,1l,1 l>,1,,· ,,t pr,>h'In ..,.,,1m•nw., 

I m,1tl ,1ddrl•~-.. ut th"· torr1..,pnnd1n~ ,,uth,n 
n~lnu1lun1b1,1 ,.:du 
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Enzyme Fune/Ion Less Conserved than An11c1pated 

-----~--
Relation between sequence and structural 
similarity is well established 

The ... nmlaritv bt:itWl"C'll two protein r.,tru tun .. ><, ''"' 

e.,..., to mca..,ur~. \ 1am group., ha, e c,ptored how 
,,m,l.:1ril\ in ~"t.1ucnce tran..,late:"J to -,1m1\ar~t . 1n 
-.trudurC'. ' • t\11 grot1p.., agree that ... t.itl'-tllcal 
,,orl...., ,ue better md1c,1tor-.. or ... tructurJI ..,,rn1l,1nt, 
th,1n ;1r1..• le, l'}.., n( pain, 1..,c .., •qucnce 1dcnt_1 h Two 
nl tlw thrL"l' p.mup.., that c, ,1luatcd TJ\\ ,1hgnment 
,,nrl...., ,1grel.>ti that thL"',(' arc l'' ~n better th,1n 
BJ \'-il f-,,1luL..., 5urpri-..1ngh, ,en· fo,, group.., 
1mpleml•nteJ the rt•latJon bt.>hH~n p,1irw1-..e 
-....•1.1m.•nn• 1dt·nhl\ and ,1_hgnmtml ll•n~th mtroducLxi 
t,, '>.md,-r & 'xhnc,der ,n their I !SSl'- threshnld In 
rdll-..:1 thl• ob'"'L'r\ ,111011 th,,t It!\ l'I-.. of '-,Cquem:e 1dcn­
tit, dt'I not mL•an thl-' ..,,,me for ,hnrt and tor long 
.,hp,nmL•nt-. ' In p.utu:ul.1r .. lwn _ prolcm..,_ of c;o 
rt.•-.1dut.•.., \\ 1th JS nf thL-....C 1dcnt1cal ma\ h,l\l' 
,.htfl>n.•nt ,true tu rt.-..., whtll• "L' han! no e,,1mpll• 
of two d1llt.•n.•nt ... trudurt.-... for prote11'h that h,l\ l' 
~l u, l()(l rt.•,1dut..., 1dL•nt1(,1I. In f,1d. ,in updated 
\l'r,,on of the ongm.,1 11',t;;P-thn?,hold appl•ar..,, at 
k•,1"'t, on par \\ 1th rJ\\ ,lhp,nmcnt -.cort.-.... In 
)!,t.'tll'r,11. tran..,ter of ... trudun.• j-. .,lmo..,t guar.rnh.•t-d 
to bt.• n,rrt.•d ,1lit1\ t.• the twilight ,onl', t.'.l!,- all 
knm, n p,11r, of prolL'm"' \\ 1th mort.• thMl 11 re,1-
dm .. ·, in 100 1dt.•ntu:.,I h,n t.' ,1milc1r -..trullurt.• Thv 
tr,,n..,1tton mto tht.• h, 1hght ,ont.• 1-.. d'hir,,dert,l'd 
h\ .111 e,ph.-,...1011 l'tl p,11r-.., mo-..t of \, h1Ch h,n t.' 
d1tl,.>rt.•nt -..trudun.•-.. lk'Cclll ... l' prohll··b,l'-tt.'li com­
p,ir1 ... on ... ,Ut.' mnrt.• 'l'n"1t1\ l' th.in p,11n, 1~ com­
p,1r1-..on-. pwhlt.·-.. l'n,1bk· ..._,ft.• compar1"'on, 111 the 
h, 1hght ,ont.• I lo\, t.'\ t.•r. m<'t'.l prolL'll1 p,11r ... 
\\ 1th -..1m1l,u -..trudurt.• popul,,tl' the m1d111ght /llnl' 
lll r,u1d<m1 lt.·H•I-.. ul '-tl'qut.•nce -..11ml,1nt~ Onh 
thrt.•,1dmg ml'lhoth rL•,1t.h mto tl1.,1t rq~10n. 
'(lm\.'tlffil"' 

Sequence conservation of protein function 
studied extensively 

l.111 \H' gt.'lll·r,,h,t.• tht.• thrt.·-..hold tor 'l'llut.•nn• 
,11ll1l.u1t~ 1mph 111g Ull1'-l'r\ at1on nf ,trut.turt.• tn 
tund10n' Thl' f1r-..t largt.•·~alt.• ,tud\' of funchnn.,I 
con'-tl·n .,tinn \,·a-.. b,l'-l'd nn tht.• t.'n/\ mt• c.:nm• 
m1.....,1on {I C) numbt..•r... ' l ht.• ,1uthor-.. condudt'li 
th.,t 111.111\ t.'11/\ ml' d,1.....,t..., ,Ut.' con"'t.'n t.'tl m 
..,1..,1ut.•nt.t.• ,mt.I ,nml' Mt.' not. l he, pubh..,ht.•d ,lCC:ll· 

r.1t. \ (t.·n,, mt.-... \\ 1th -..1m1l<u 1-C numbL•r found ,11! 
'-'Tl/\ 1Tlt.'"' lound ) , w,u, CO\ t•r,,gt.• (l'l'II~ ml..., \\ 1th 
... 1m1l.u t <. numbt•r found ,,II l'll/\ mt.•-.. \\ 1th 
,1milc1r I (. numbl'r} cun l'" ,11mlar tu tho'-,(_• found 
tor tht.• con"'l•n·,1t1nn of -..trudur<.' \1nrl' n-c<.>ntl\ .. 
lnur group, ba,L-d thl1 lr an,11\ ,1.., of func.:tmnal cotl­
..,t.'r\ ,ltmn 011 pmlt.'llh of ~f'IO\\n ..,tructurl'- 4 1 

Dt.•\tl". & \,1ll'nc 1c1 1 t....,t,,bh..,hed tht.• k•H•I, of pair­
\' 1,l' "'t.'qlll'llC:t.' idt.•nt1h mdic,lh\ l' of ,on..,1..•n l'd I C 
numbt•r,, ,l(ll\ t.' ..,llt.•-.., ,mt.I k1..•\ word.., found m 
',\\JS',-l'l{OI • ,rnd l'Dll' The, r<·port,xl k•,e!, of 
p,11n, 1-..l' 1t.fontll\ t,,kt•n from -..trudural ,1hgnml'nt.., 
l\, o group.., 111\ t.•,t1g,,tl'd tlw con'-,t,•n ,1t1on of 
t'll/\ mt.• furn. tam bt.•h,t."-'" prult.•m.., of ..,imil,ir 

..,tructurn in dctatl.-u' In fMrlicular, the o u thtanding 
m-depth ,mah ·-..1.., b\ Todd l'I 11/ rl'\ 1ewc., the !)truc­
tural ch,ir<1ctenc.,tac~ of t.'11./\ m,1t1C fun hon;u 
'-,-Cquencr con..,en ,1tion 1.., dt....,t. nht.•d by pa1n,·1~ 
,,,quen e ,denllt, nbt,rnwd from !",! Ill \ST ,1hgn­
menh. \\'1\-..on d tll. n1mp,lrl' tht.• performt1nce of 
pciirwi..,t.• ...cqut.•nt.t.• 1dt.•nl1t\ hl th,1t ot r,H, ,1hgn• 
mt•nt ...con·, and -..t,1t1-..t1(,1l ,t.nrt.·-.. t.kn, l'd from 
thL...,l' ra\\ .,hgnnlt.'llt "'l.Hrt.·, J ht.'\ U">l' d\ 11.lmK rr()­
gr,1mm111g ,1lignnlt.'nt-.. • P,H, hn, ..,J...1 d 111 l.OmpMl' 
1-( numbt:'r, bl'l\\ t'l'll prolt.'m.., tnH11 I~ ltfndud wt, 
u ... mg thl'1r O\\ n protilt.• b,1,t.·d d, 11.1111h. pwgram· 
mmg .,lgonthm.· tht.•\ m,t.•-..t1g.1lt.• p,11r\\1...._. 
">l'qut•ntt.' 1dt.•nt1t\ ,,nd ,t,1ll..,l1t.,1l ''-<,rl'' dt·n\t..J 
from tht.• r,l\, ,1hgnnwnt 'l(,rt...., l>t.·,p1tt.• thl' \ .u1d, 
of methoJ, <ind "'l:<lrl'' l·,plllrt.·d. ,111 group, ,,grl't'd 
th,1t \·.u1,1tion, <'f lund1<ln l.1rgt.'1, (l\.t. urrt."li hl'lo\, 
It.•\ l'I"' of Ci(l' p,,ir\, 1,t.• "'l'l]llt.'11lt' 1t.h.•nt1h ,mt.I th,1t 
J c:1.,..,..,1flc:,1tton.., ,lrt.' ,1lmn,t ,1-.. um,t.•nt.·d •"" ,truv 
turl'. Thl• h, o group.., t.•,plormg .... t.1t1..,l1t.,1I ....._,,rt...., 
.,grt't.'li th.it tht.•,t.• ,lrl' ,upl·ruu to thn•,hokl, in r,llr· 
\\ i-..l' ,t.-qut.•nt.t.' 1,.knt1h 1 1 :'\:onl' nt till' grouP' 
(',plon•d till' pt.•rforn1..1nt.t.' <11 till' I l~'-tP-thrt.•,hold 
th,,t ..,u,u....,,tulh d1,tmgu1,ht.· ... hd\, L't.'ll pmlt.·m, ul 
... 1mal,u ,ind non-,1m1l,1r ... trut. tun• 

Databases contain misleading bias 

Sl"L•m1ngl~ ... 111 group ... 111\ t.•-..t1g .. 1t1ng tht.• ,t•qt.1t.·nlc 
cun-.L•n ,1 t1on of l'l1/\ ml' tunl. tl<lll .,J.dn• ... ,L.d tht.· 
qut....,lJOn hi\ l'l1 .,n ,1hgnmt.•nt bt.'l\, t."t.'n prntt.•m \ 
.rnd 13, and g1H•n tht.• l' pt.•nmt.•nt,1I ,mnot,1t1on h1r 
thL• l'n,, ml' \ , \\ lt.1t 1.., tlw pn,b,1b1lah th.it B h.i.., 
thl~ ,.rniL• t.•111\ m.1hl ,1t. ll\ 1h ,1.., \' I h1\\ t.'\ l'r, all 
group-.. U"'l'll p,1rlln1l,1r ,ub,l•l-.. of protl'lll' lll 

c,1pturL' thl' uni\ t.•r-..t• pf .,II prolt.•m-.. Thrt.'t.' group-. 
b,1'-tl'll thl'ff ... t.'lt'l·tion on 'Llh .... eh of rrntt.•111, with 
.... ,m1l,1r -..trut.lltrt."-,, 1 1 Ont.• grour d1-..rt.'~ardt..J 
... truc.:tur,11111h1rm.ition. but rt.•,trtt.lt.•J thl'lr anal\.,1-. 
to I wl1 prolt.•m-.. I lt.•nu• .• 1II tour gn,ur, u--r con· 
... tr~1mt ... th,1t 111,l\ not bt.• t.•ntirt.'I\ rt.•rrt.'">t.•nt,ltJ\ l' tor 
l.'\ t.'r\ d.w ..,t.•qut.•nu• "'l',lrdw-.. ()nh UllL' l!,r<lllP u-.t.-d 
,,II prott.•m-.. m .,n old \ l'r--.l<lll nf '--.\\ 1'--.~-PROT 

1 
:.\ 

pnnc.::1p,1l probk·m of .111~ d.1t,1b.1-..t.• ,,n.11\ ,1-. ,.., lh,11 

of bi.,.., rl'l,,tt.•d to tht.• t.•,pt.•nnwnt,11 loc:u-.. of the 
Aroup-.. th,,t dL'P(l..,,t tht.•1r mtorm,111011 \..,,uml' \H' 

haH' 12 t.'11/\ ml'' of t.•,pt.•nnwnt,1II\ 1-..nown func· 
lion from h,o f,11111l1t.•.., I,\ \1 \IOI ,md \B 
131 132.J . \\"lll'n \\l' um1p.1rl' ,1II tt.·n prolt.'111' Ill l,\ I 
and 1131 with l',1d1 othL•r. \H' Ulttnt hh p,11r romp,in· 
'-,(,n.., 1.\'1.\ I l 2 l~f 111 :!.1 \-..-..uml' that tr; 
pa1r-i \\ 1th111 l'cKh 1.11111h ( \ I \:! .-\ h . 
Ill 82.J ha\ t.' ,,mil,ir fum l1tln, ,md ,,II ,u.n,..,.., 1 l' 
fom1l1t.•.., h,l\t' not (,\I , l~I ). '\.ll\\ ,,... ... umt.• th,,t \\\~ 
hJ\t.' ., \l'r\ 11,11\t' nwthllll lh,lt rrt.•d1rh ,111 p.11r..., hl 

I:>,• sim1l.1r ,n funt11on 1 \I \~ ll I 
1
B~I 

Obnou-..1,·, ,1 b,1c..l prL'l.lit. tam mt.'lhod, nt.'\ t•rtht! t""'· 
we l'..,hmalt.' 11.., ,1nur,1u to bt• 70' ( lli c.:nrn:,:t ~ 
\Al, one wmxl m \131 4h N,). If'"' r,•,h ,ce t 1' 
b1a..,, \\ l' comp,irt.' onl' rt•prt.•,t.•ntat1\ t.' ot e,1l h f,,rni' 
,1ga111 ... 1 JII o ther-... I h1, g1, t.·-.. :! x 10 p,11r-.. I IO\\ t'\l'r, 
b.i..,t.•d on thl• u nb1tht.•d ..,l'l, \\ t.' '-''t111.1,11t.• ,,n ,,rcurJ,~~ 
of 10 20 ,()",. Ob\ 1oti...h. till' unb1,,..,l'd '-...,tim, 
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Figure I 81a'-cd tlfT->11., unb1,N .. od 
rt><.ult~- The outer gr.1ph c,how-. tht.• 
d1c,tnbutmn or famth 'JIJ'l", 

Fam1lie-. were ddined • b\· PSI· 
Bl AST .,earch("',1

" mdudmg J1l '.'t1m1-
laritiec, abo, ..:- an 11 P d1-,t,ince of O 
(equation (2)) Th black hne (f,lled 
tn.-inglt...:,) givt.._ the pl"rct.•nt.-igl.._ of 
,111 fam1lil.._ for the unbia...._>d d.1t,1 
<.,t,'l (19n l't11ymc fam,hl..,), thl• W'-'\ 
hm• (open c:1rck~) m.-irk .. tht.• pt.-n.t.•n· 
t,1gt..., for the.• b1.1<,t-d '-,(.'I (2h,'l-12 
t.'n/\ mt.• fom1lil.._} Thl• ,1mplt...,t 
\hi\ hl r.-itumati...._, thl' nt.x1.....,,1h ol 
unb1a ..... -d Jnah-.c....., tor thO"l' \\ho 
J,..,,ru..,t -.t.1h,tic;-. ,.., th,11 thl· bl,R J.. 
1ml' mirror-. lhc..• rl ... ulh ul mo ... t 
L'ntlrl'I\ '4."qUt.·nt.1.-<l o~,m,-.m, 
Tht.• IO"l'I ),ti\ l ... tht.· r,.:rll'f'll,1~1,.· tlt 

t.•n✓, mt.• p,11r-. found ,ll ,1 ).ti\ l'n 
It.·\ L'I or p.1m, 1 ...... "l't]Ul'fkl' tdl·llhl\ 
I n✓, mL' p.11r.. ,, 1th tulh nknlll,ll 
I (. numbt.•r, \H"rl' um,1lkr1.,i .,, 
-.1mil,1r. vtlll'r. ,1.., non,,1mll.u lhl· 
grt.'\ hnl...., marl-. ihl• b1.1"'t..J '>l'I"' lht.· 
blad.. ont.-.... tht.• unbt,l',,t.<J "l'I"' Bro· 

kt.•n hnv ... d,-...c: nl'1.· tlw lO\ l'r,,gt.•. 1 t.' ho\\ m.1m tlf till' p.11r-. ,~ 1th 1dt.·nl1l.il I ( numbt.•r. .irt.• found. wntmuuu, Im,-... 
till' ,11.1.ur,ll\, 1 .,, h1m rn,111\ of th,• p,11r-. t,,und h,l\l' 11:knltcal I ( numbt.•r-. Tht.• ,1rn-m ... point out tht.• '-t~n1ht.,ml d1fkr· 
,·nll' l'¼:1,, l"l'll thl· 1. .... tim,1k .. ol ,lu ur,11. \ b,1'-t.-...l on l')(lth -.c..•h \\'ht.•n fmdmg ~r • of ,,II true pair-... the b1,1-....J "'4-:t t....,l1m.111.-... 
tlw .lll ur.11., .,t,.;,\l' 40' ,, 1111,· tlw unl:n,, ..... ,i ..,t'I l"llrrl'tt.. th1, l..,l1matt.• to b...•lo" l'i D 

('ill'.,) n.•nt.>tt-. our 111tu1tn t.' 1udgl'menl bettt.•r than 
tht.• b1.1,t.•d <lilt.' (7(l' ,). ·urrt.•nth , ,t 1.., w1dl'1) 
.,-..-..umt.•d th,1t <:t.•rt,1111 protl'm foh.h ,in• mort.~ 
l'nt.•rgl'tic.1lh f,nour.ibll' th,1n other,.~ and that 
tht....,l' i<lkt, ,Ut.' O\l'r-n•pn•'-,(_•ntl>d m tht• Ul11\Cr.e of 
prntem ..,1ructurt.•.., rath l'r th,111 on!, in today '.., dat,,­
b,,,l~.., If -..o, \H' m,l\ ,irgut.• th,1t we obtam the mo ... t 
n•pn.•-..i.•nt,1tl\ l' t•,t11na lt.•~ b\ ,,nephng the b1a.., In 
ordl•r for th1.., .ugum •nt to be \·aild, wt• m.•cd to 
put up .,n ,1dd11lonal ,1,-,umpt10n: tht:- parh ular 
bi.h th,1t wt.• find 1n llxiav·.., d,ltaba',l'., 1., rcprt."',Cnta­
h\·l• 111 det,111 for thL· b1~.., in lht.• p roll'lll um\ er,e 
\\t.• h.1, t.' no ... trong rL'<l'-,llih to a-....,ume th,1t tocfoy'.., 
b1J.., ,., rl'prl'..,L'nt,,tl\ c. Qu1tl' the cont ran. for ,,m 
..,1rnplt.• ft.•,1turt.• of prott.•111-., \,e "',(.'t:' d1fforl'nt ~ 
bet"'"'" ,•nt,n• prot,•omcs ,md 'ii\ l'iS- l'ROT l'Dll; 
111 p,uti,ul.1r, m the compo.,1t1on nf ent\ mt~ 
\nothl•r d1£it.'rl'll(l' bl'f.:Onl ~ ob\ 1ou.., m the rl"dun· 

d,rnu dl•grl't.' umt,1mcd 111 \·ar1ou.., d.1lt1 .,ch. I or 
11,..,tdnt..'-', tht.• b1a">t.•d ..,t.•l of 26,1--12 e111~ me~ tnrrl'· 
..,pondt.•d to 1971 tam1hL'"'• 111 o ther \\Ord,, It...,.., than 
' " nl tht.• t.'11/\ ml-.... 111 ',\\ I~ •PRO I were umque 
In t:ontr,ht, \H' found tlMt the fr,1tl1on of u111que 
prolt•111.., \ ,1 nL·d beh, l"'l'll 2"i and 'iO" ,, for 12 of the 
ent1rl'I\ '-,l~quL·ntt.•d prnlt.>Omt.•..,. Furtht•rmore, 
'"') mt.•-. \\ t.•rt.• not ... 1at1 ... t1call) O\ er•rcprl'..,l'llicd 111 

thl' ..,et of prok111.., common to \0cl't. "orm ,rnd 
human (J I ,u & ll R , unpubhsh,'<1 rc-.ulh). I hu,, 
thl• bh1.., \\ t.' .., ~ todil \ i... not n.'pn....,,mtatl\ e c.lf llll' 
b1a.., \\ t• \\ ill ~l'l' ,1fter anotlll..•r kn \ l',lr.., of i,ugt.'­
"l:,11<.• "L'qt1t.•nt:1nH. I hu..,, "l' bt.•<,l bt.•gin with what 
ph, ..,,u..,t... rt.• l'r to ch thl' m1111m.1l. o r null ,,..,,ump­
llo n, n,,ml•h, .1 ..,t.!f ,, 1thout b1c1.., 

I !ere, I ana lysed different thr,>shnld, to dis­
tmgu1-.h between en,) m~ of ,1milar ,1nd non­
..,1mil.u function m en~ryd,1~ dat.,ba.,l.:' ',t:>,1rchl~ 
The Fn1\ me omm1..,-,ion numbef"'t (I ) p ro\ 1dL-d 
the .,tandard-0f·truth to mea-.un.• function,11 
..,1011lant) In pc1rt1cular, I comp.irt.-d BL \ST "1th 
I l•BLA T -,earche..,, and the pcrform,inct.· of 
Bl AST £-,·alue.., with tho-.e of pa1nv1-,e -..equence 
1denhh and d1..,tance-, from the ~trudure-denH·t.i 
11 l'-ihre,hold (l'quahnn (2)). Th,- ""ulh 
<,uggt.~tcd that the conc,ena t1on of en/\ ml~ func­
tion ha, pre\ 1ou..,h· bt.a.en m ert.•-..tim,1lt..J ,on..,1dl1 r­
abl\. Con...equl:'ntl}, tht• percent,,ge nf error... 111 
anriota110n~ ma\ h,we bel!n undert.><,l1m,1tt."tl 
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fig ure- 2 \((Uf,ll\ tY-r .. th l0\l0 r,1g ... • for p,llr\\1'4.' 
Bl \'-,l ,md JX..J.131 \'-,l !·or .m, g1,i:n thn ..... hold ,1pph1.•d 
h1 d1,ttn~u1,h t1t."t,, l'\.'n -.1m1l,u .,nd non-..,1m1l.u l'OJ'\ m1.--.. 

tht:fl' 1-. ,1 tr,,dl·•tifl l'lo\:hH'\.'O ,1u.ur,11., ('-tmal.u prutt-m, 
h1und .,II rn-,k1n, hHind} ,tnd (0\l'f.lgl' (,1mil.u prokm, 
h1unJ ,,11..,mlllM pwh.·m,) ,1 p.ut11.ul.u thrt....,hold cho.....,.-n 
ltlm .... ptmd-. to., p.uhn1l.u u1,t•r,1gL' fh\• uppt:r gr,1ph 
nMp-- t~ul th1..· 1.it:p..·nd"•nn t'I 1.0, t:r,1g1. on .,n ur,lL, lur 
.,II f'()',,,'1hk thr1. ... huJd ... in p,urn 1'-l' Bl ,._, r ....,,.udw,. 1lw 
ltl\H'f v.r,1ph gn1,.-.. lht.> -..11rn.' d,11,1 h1r J""-,J.81 \I.ii 't',m,h1....., 

Th1..• t'1t:lh:r ., thrL..,hul<l, thl· mon• tht..' n"pt.'(. 11, l' l un 1.. ... 
,1ppro.,1lh th1..• uppt:r n.:,ht umll'r fhL• ~r,,ph, ,t:p.u,,tl• 
t,.,_.h\ l'l'O two \\ ,l\., of ltm,1<lcnn~ h\ o l'O/\ m1...., tn ht· ot 
,1m1l,1r fund1t•n (1 l Both h,1\c' thl' -..1nw hr-.l I d1g1t, 
l'); .1r1..• 1,om1..•ra ........ Cl ( c; l (2) 8<1th h,n 1..• 1d1..•nll1..,1l I C 
numb...·r--, 1..· ~ . .u1..· \t,mdda11..• r,1u•m,1"-l-.. (:; 1 211 l h1..· 
follll\\ln~ ~on·, .l~l'_ ~1,1..·n. (1) f'll>l. pam\l"K.' 'l'qlll'llll' 
1d1..·nt1h. (11) Vbl, d1,t,lnll' from I \t.,'-iP-thn.•,huld 
(1..-qu,1tmn C:!H. and (111) r ,~11. 131 -\Sr ,1nd PSl-131 \t., I 
r \ ,lllll.... P,11 r\\ l'>l' ..... ,1u,:'nll' 1d1.'nllh \\ ,l... ob, 100-.h 
mfonor to thl• oth1..·r "'(or1...., DIS/ p1..•rfurmL•d tx ... t for 
h1~h h.•H•I-. of .tccurac\ ..\m.m-. mJrJ... th1..• potnh ,11 
\\ h1Lh lhl• -.1Jt1i.,hl,1I ",Cort.'-. .., t.ut <,utpt..•rform1n~ tl1t..· 
l l'-i~P•thn ..... hold Thl' trani.,1hon com ..... pond-. to ,1n 11,t..r­
d1,t,1ntl' arnund ll Carro,\ ., in l"i~un• 1). 

t1<.,1ng the unb,a..,ed data '-,('I. k....,.., th•m 10" .. of all the 
J:iltr.., found ,1t SO"o .,equcncc 1dcnlit) had id •nhc,11 
I number-, (F1gun.- l ln!:.Ct, b lack cur\'l~ ,, 1th dark 
ordc.,). Another \\'ii) to 11lu..,tra te the ~1gmficance 
of b1,1-, \\ a., to look up the le.•, el of accuraC\ al a 
cut•off for \\h1ch ~'u of all e1v,m "of identtc,11 
fu n tum "ert• found (c1..wcrage). The bia")ed e.,11. 
mJh.:• .,ugge..,tcd a lt~,l"l .ibm e 90°0 .iccura y (Hg ure 

I in-,el, gre, brokl•n-hne ,urow), while the 
u nbia~"Ci (",t1mah..~ .,u~~t.·..,kd a le,·el below 150!, 
,,cniracy (I 1gurt.~ 1 1n..,t.•l, hl,1t. k broken-line arrow}. 

PSI-BLAST powerful, pairwise sequence 
identity bad 

Plottmg tht.• ,ll1..Ur,11..\ , u, ul\t.'r,,~t.• (l-quation 
(1)) n.' \ 1..•,1ll'd ., numbt.·1 ol t.'\Pt.'(il'd re-,ulb 
(1·1Murt.• :!). I ,r ... th (k..,J Bl \'·ii ,1..•.udw, lound more 
... ,m1l,1r t.'n/\ mL'"' .1t mt,,l It·\ d.., ,ll Mcurac, 
(l-i~llrl' :2. upp1..•r ,,•1,11· 1(1\\1..·r gr,1ph ... J llm\l'\l'r. 
thl' full po,,t.•r ol (><.,) UI \'-ii "t.·,irdw ... did not 
()(;(llr ,11 h1~h 11..•,l'I ... ,11 ,lu.Ur,ll\ p,llr\\l.,l' Bl ,~r 
,1nd 1x,1 Bl \t., I lnund hll' , <ll ,1II p,llr.., with 1dt.•nt1-
c.:,1l I l numl·wr ... ,1t It•\ ,,f.., ,1b<1\ l' ;:;· . ,1u.ural\ 
¼..•1.:ondl,, p,11r\\'1....,_• "'l't)lll'll'-l' 1d1..·nt1h pro\t.'(.i on(l' 
,1g,1111 to b1..• ,1 h,1d llll',t-..llrt' h,r tund1on,1l ,1m1l,mh 
{I igt.irt.• :!, tn,1nglt.·, b1..•lo,, ,,II ntlwr hnt....,). In p,u­
tu:u l,u, it .,n ,1utom,1tH .• 11rn<,t,1tio11 nwtli<xi lw•,1,.,J 
on p,11rwi--.t.• ..,t.•qut.•nu• llknllh 1gmm.•d tht• lcn~th 
of .111 ,1lignnll'nt. 1t "ould gt.·1wr,lll' ,1 1.ugl' numbil'r 
of 1m:orn'l.t ,1..-.1gnnwnt.., ,1t H•n high lt•H·I, ot 
p,llr\\ ''l' ,1..•qu1..·nn· 1d1..•nt1l\ I h1\\ l'H'r, l'H'n lvr 
,1liµ.nm1..•nt, (,t rt.•,1,011,1hlt.• lt•ngth. th1..·rl' .u1..• m.m~ 
p.11r, nf diflt.•n•nt 1..'11/\ m,1li1.. ,tt 11, th .1~lH' lcH•li. 
(lf =;(l'', p,lff\\ l'L' ... t•qut•n1..t.• 1dt.•nllt~ (labll• 11 

Ob, inu..,J, . mo..,t ol tht.''l' ... 1m1l,1nllt.'" .Ul' ,puri()U, 
1n th,1t tht.•~ n . ...,ult from Lnmp,irmg d1H1.:n•nt 
doma111.., or c1r'-' b,1"'t.•d on r,1th1..•r ...,hort n•g1un, th.it 
,1rt.• ,iligrn.'\i \nothl·r re...,ult ,, a, th,1t tht• d,..,ttinlt· 

from the• 11'-.'-.P-thr,•shnld (,·qu,,tmn (2)) perfnrmc-d 
bl'lll'r than Ill \'-. I I , .,lues lnr h1>;h ll•,els ol 
,u:cur,1c.:~ (tr,1n,1t1nn point.., l,1bdk•d b\ .unm, m 
f 1gtirl' :2). \noth1..•r mJK,1tm11 for thl' pt)\Hr ol 
l'SI Bl \'-.T "•'' th,,t 11 n,n,idt•r,,bh 1mpm,c-d th< 
pt.•rformann•, 1..'\ t.•n "ht.•n u.,,n~ the n,ll\ l' ml'a..,ure 
of p.11n, ,...,l, ,t.•quenn• 1t.kntih to mfor fum:taonJI 
,1mil,1nt~ t:;(l', (0\ l'r,1gt.• \\ ,,.., rt•,1thl'd ,lt 50' 
,1nur,1n b, pt,( 13l \t,f .1nd onh ,1l I'i''u ac:curaC) 
b, p,Hr\\'i...,t.• HI \C., T (I 1~urt.• 2 opl'll triangll'~). 

BLAST E-values bad for high level of accuracy 

I 1hun• :! did h1dt.• tht.• po,,,bh mn,t ... urpn'-mg 
n,.•..,ult l'H'n \t.•n In" I \,1h1t'"' did not v1l'IJ IOO­
anur,1n 111 111lt.•rr111g ,111 four I numbc:r­
(1 1gurt.• 1, nghtmo..,t gr,1ph-.) I o r t•,.implc, "on!~ 
86",, of th,• P•"'" 1sc• Ill \', I hit, with E • 10 
had 1c.ll•nt1c,1I I' .1nnot.1t1on...,; .it tht.• ... 1me ,alue51ol 
I 10 onh (,';'',, n l ,,II hit, found b, 1">1-BLA 
had 1dentic,1I ,11111ot,1tum..., In contr,1 ... 1, d1,t,mce-j 
mm,' th.in 10 frolll th,• 11<-,',I' threshold r1eld 
ll'\l'b cJo...,e to 100" .. ,1nur.11..\ I urtht.•rmore, u~in~ 
the I ISSl'-thr.'Sholu to tr,,n,kr I ,,nnota11o; 
PSI-Bl <; I perform,'ll lwtt,•r th.in pain, 1' ' BIJ\ P· 
e, en for h1hh le\ \.'I... nl ,u:n1r,1c. , ~he 11

1 thn~..,h old.., bec,1me \\'Of'l' th,m tht.• Bl.AST f-,,1 Ue"t 
a t le, el<., th,1t corrt.•,ponded to I IS~P di'>t,,nce't 

., round O .ind to I \ah.it.•.., . .iround 10 ~•
1
:~~:; 

111 I 1gu re 1) nothL·r ... urpn'-'-' \\,,.., th,11 ,er ST 
I , alu'-"' (< 10 ') of the P'"''""' llLA 
.,1..•arche'> d1 ... tingm1.,hcd mor1..• ,10.:ur,1tel} th,,n ]O\\ 
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Table I. fa • .1mplt.~ for enLymt.~ of c;1milar <.,equence and different function 

Protcm I 
Protem 2 

l',11r I 
'\.1mc.• 

\d 

\c 

l',ur:; 
'\,lJTlt" 

Pur h 
,.,ow 

I ' 

l'.11,; 

'·'""' 

Al1gnmc.•n1 
~-qucnu.• identity ( length 

q,I 29 

dul, 1~1ptr (I t 1::? I 14) (1111) 
\l 1dl(' l'lldtJC. h1t1n.1..._, \\ l'\h ::?b prli.Uf">.(1r 
Jiu, pmtt•in lunt1111n, .i.. ,1 Jdl·n.....- .ig,im,t 

lh1hn-l11nt,11nm~ fun):,ll r,1tht~l·n, 

11, llr1•h'>i-. 1•1 lhe I ~ fi-lmJ..1>,t.., 111 

\...s, d\ I >-,:lun~1m1nt• P'1h mt·" 111 lh1tm 

~-
<\ t.1 "•'Ull'if( 1h.l lll::?100) 
\\lt·n,1.11~-n11..iw 

21 

I • nti.d m h~ul.l1111fl ol u•llul.u md.1l't1h,m 
Ii\ t.il,lh.,.n.: tlw ,\ntht~I .. i,I a St'\:tlfl,I 
m1-.."''fl):1·r, \\W 
\II' J =i 1.\tlll \\IP+ r\mr™""rh,111-

'" 
chit• ("l•f'lr II<- l:? I 141 (101) ~ 
\.,.1.fK" t·nJ,-.htllnd""' \\ l'\h :?I, rr1'\.UN1r 
lh1, rr,,11 m lun .. tum, ,1, .i Jdt'O!W.' ,1,,;,11n,1 

t 1111111 u>nl,unmg funi,:.11 p.111-K~1·n, 

I hdwh .. ,., ,,11hc- 1 ➔ Ji•lmlo..1t,;t"" 111 
\ ,llt·I\ l-o-i,;Ju._1,.,..1mml· f"'lih ml'" Pl ch1t1n 

-, 
):Ul\,1 P""'•n ere.,., 1 4lf%2J 
I nJo~lu ... 1n.i"'-· \ pn, ur-.c1r 
knJ1•-l 4•Jh:lu,.in.1"4.•) 

I mh1h\Jmh,i.. c•f 1 ➔ Jl-o-i,;luu..,.JK 
hn~1,,;,..., m u·llulo•...,_• 

-h ~ 

dh.1, ,, •• ,,1 {I(. I::? 1 l) l"'''I 
\kl,·h,,t,• J,·h,Jn~,-n,1...,• 

;-i:. .,.., 

rn.,.u r'ol.".ll" (ft i:;::? I 2) [:?I:?) 
\l,1k·, l,lll'l1i.1c.d,Ht• 1'-(1nwr,t"'-· 

:"I :?I 
rpbl pl,1ftl (IC. :? -; '." ti) J:?4C.:?I 
I)'\ \-tlm.,t,,1 R'\ \ puhmt'f',N' II J.u):,1.._t ,ubm11I 
()'\ \ -,l1•1""'fkh-nt R'\ \ pohnwrJ'C.' 1.11.ih"'(.., 
!ht• tr,1"'>(r1plk1" cd D'\ \ mto R'\A u,mg tht· 
four r1b1tnulll"l,..1tl1• tnphtl'>ph,ltt"' ,1, ,ub-.lr.11L-.. 

\ '\mk1Nth.• tnrh, ... ph.lll' .\ 

r\ roph,,,..ph..ltl' R'\,\(rt) 

f,ll ;!h 
Jp,,g hurn,m!IC. ::?77;")(121QJ 
I)'\ \ r'h m,·r,,..._. );,1mm.1 

IISSP·d1 .. IJl1(t• Bl -\~I [-\Jhll" 

p; ::?lxlO 
lp2b chic lo. (f·C t; tW 1 l) f !t,271 
D'\ \ t11P''•-.otn1.·ra'>t' II. P-1-.cv, mt· 
C111"1tn1I 111 h1polc,;11 ,ll ,1.it,-.. 1•1 I" \ b\ 
lrJn,1l'OI bfl•.tlo..lgt· ,lnd ,u~"'llll'OI n·11•1mng 
v( l>'\i.\ ,1r,10J, fof"''"",mt•r.iw II m.ii..t.,. 
J11ublt·.-.1r,10d brt.•,1k, 
\TP-(lq"'l-rkft-nl bn·,1J..1~t· p.b.YJ,:,t· .m,I 

rc.1,•1nm~ llf tf«1ublt• ,tr.ioc.f, ... l ll'\ \ 

h 2h 
rlJ..l JKthfl(. 1-113-•J r.,;J 
f'ho,rh.i11J\hJ11.J\IIC1l l-l,.1n.i .... 1 

\Tl"+- I rhu,ph.111,hl IJ m) Hk ... llt•I 
\l>P + 1-rhc,..rh.lti,hl Id m\l► 111.,..11ol 

l-rhc.l»ph.1k 

I J(OJJ.:! 
"-J~1· Jn•mt·!H ::?71 llr)IH I 
£\l"''l"""lfll d1.inl):l\wr11I J..m.t'.M.· 
Rc.-qum,1 fl1r tht· m,11nt1·n,uu.,· ct thc· phut,► 
fl"lt•ptcir. th ,,t,..,c,-nu· l,·.1J, 11, rh.1Nomt·rt• 

1~~~~t:llon Ju,• 1(1 d,frtln ,. rhc..,phohpid 

\II' + l.2-d1.1t\lghu·Hil :> \()I' 
I .:!-di.k,lghll"rol \-ph,,..ph,ik 

n :!➔ 

mJhp fl.il,1 (J ( I I I S2) H'il) 
\l,,Llk Jl·h\Jn~t•n.t..._. f'\ \l>l'J 

Th,• ch111n1pl,1,ht '\ \Df'-tll·pl·rkit·nt h1rm 1, 
l ...... ,-nt1JI h~r !ht• rhc.111 ... ,n,1-K. .... , .. (. j l\tlt· 

.illm\ mg pl.int, 11, unum\t•nt th..- rnlbl,·m ,,1 
ph1111•n..,p1r.it111n m C ~ rLmt,. '\ \l>f' \11>1 I 
.,~l1\1h ,lll' 111lc1"\l·rl 11,.tl1"1t.d,J:I,· 111 m.1l,11l• 
in chlompl,1't, 111 mt.•,orh\ II u·JI, t,1r 
lr,m,pc.•rt to thi: bun<lll· ,h,·.tth u·II, 
I \lal.tk' '\ ·\DP( t I 11,.tlci.•u•t.lll' +-
"1)1'11 

Q l7x Ill 
rrc-J.. ,.1n.i1 u c.. , 1 1 ~.,, 1.c;,;11 
Phc.,..pho1.'r'l<llr,nn,11t-c.lrb,;,uJ.m,1. ... -1.,1r1 

\TP + 11,.1!11,1u·l,1tt· \1)11 + 
ph,,..pht1'l'n•1lr\ru\Jh• + ( (l 

I 1111111.t'ioh 
gth br.itil (IC. ::?C. I II-') f'."'t,j 
<.,lut,1th11>1tt' \-lr,1n,lt.•r,1't' 
C.t-nJu~a1u..i11tn.Juu-..l):lu1,uh1,,.11.·tl1,1\,ldt· 
num!x·r (lf ,-,,~t·lkllh ,10J t·nd1,:1•fk11.I'> 
hHin1rh,,l,1, dti.tn1,h1ft..., 
R\ + ~lut.,thwnt· II\ t R-t..-);lut.1th1un,• 

Ill 
ul't.::? \i:,1'-1 (I(. t, l::? 1'11117::?I 
L b1qu1t1n"(t1"jll~JIIO~ l'll/\mt· t•:? :?ti l.l>,t 
C...tl.lh""--.. tilt' un,1!1-nt ,tll,11.hml·nt 111 

ub1,,U1l1n hl t•lhl·r rn,1\-m, ul1'.::? ... ,Ull\1' l>ll 
h1,h1nt ... , 1t I'> f<"llllln"ll hir pi,..tn•rh~.lllc>n 
n:p,:ur ,,1 L: \ -,t.1m,,~t"l.l I>'\ \ .inti ,,..._m1l,,111>n 
utic::! ml"l.11,11,.., l•l-Jt·pt·nd,-nt ul't ,t<ll\lh 

\fl'+- ul>1l1uttl0 + rn•ll"1n l\'>llk. \\II' ♦ 
r, niptk,-.rh,th· + pr1•lt·m \ uh1(1Ulh 11\ ,nw 

llfltl:?li 
t\JI dn>mt· (I(. I h I I) f:?:H!o:J 
t.\.:! + ,,1lm,1dul1n-n..,pi•n,1\,· .1d1•ml,1ll· 
1\1!,1 .... -
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Table 1 CootVlued 

'" 

J',11r 12 
,.,mt• 

lh 

'" 

lh 

\d 

Enzyme Function Less Conserved than Ant1c,pated 

-----

,-\hi,;nmc:nt 
lt-n~th 

I0\1,IH-<l m tht• n·pht,itton c_,t m1toth110Jn,tl 

l)' \ 

\ -IA'tn,,nu1.k,..,1dt· tnpl'lt,..,J'h.lk 
\-p\n,pl\.,..,,ph.lh.' t I)\, \111) 

nh 27 
1,;lr hum.1n1(t :?ii 112)11'\h ... l 
tn,uhn•hl..l· ):nmth t,t...h,r I rt,t'J'h•r rn,ur"'-,r 
lh1 ... n..'Ct•ph•r tnnJ, m-.uhn-'.1l-t• .,:umth t,,.iur I 
1~1 I)\\ 1th ,1 h1~h .ithnih ,mJ l>:I II ,, 1th 

1,nH'T Jllln1h II hJ ... , I\ ""'tnt:-pn,tl'IO l,.m,1~· 

,ldl\ll\ 
\TP +- ,l rn,h-10 hnNtlt' \l)I' + rn1lun 
1, n ... •nt· ph, .... rh.,t,· 
t,Ci .. , 

m.l,U P"'-"•"' I I l c;.:? I ::?) 121:?I 
\bk-, Lkl"11l,,.lu'l.llt' 1,omt•f,l""-" 4m,,,U) 

r.,1h,,.1, ... ,,.,~,h,m ,,t l\ r,,.,1m:. h,urth .. 1q,. 
t,1t.1boh,m ,,t pl'K·m l,1\,1m~. tilth ,1,·p 
-l \1.tlt·\ l,K,,.-hl,h\'l,lk , -l lum,11'\ l,1,,·h-.tt\'l,11\-

40 

'" h.lcin d l h 1 I Cil IQ-UI 
1 .. 01\.'un I tR\. \ ,\ nth\'l.l'iol" (1""11el11.nw tR\. \ 

·~,1'!>4.') 

\II'+ J"'4.•kmuw tR\.\1114.') ~ \\11' 1-

ru1•pho,rh.1h· + 1"'4.1!,·uc, tR\. \did 

h) 10 
l,1,:! \t·,N d l 211 'w1) !IN~J 
I illt\ tl(hl ,, nth.I~· (..uliuml ,llrh.t) 

l ,t.tl\"'4..._ thf torm,uu,n 11! long-ch.un 1.111\ 
,ILl\1-. tn,m Ju•l\l·l1i \ ntJlon\ l•l u \ .ind 
\. \l)J'.lf Jh._~., ~ul,uml ulfltJ11l!', Jom,un, 
h•r di..\ j \.trner rri•lt•m "\11\t'-ll\ I (.1e,t,.ur"·r 
rrok1nJ tt"llU\l,ht• ,mJ "\-1"1'1.\\\l-{.11..\l-<Jttll'f 
rn.,kml \ oth.t-.c Thi, ,uhumt Ulllt\liJ'l.th Uw 
t,mJing ol 1ht.· "'' l\ ,ut-un1t h• tlw ,•nl\ me 
\t•mpl1.·, 
\,d\l-l,1\ + n m.1l,,n,l•l11\ 2 \. \IWII 

lon>:•1.h.un IJlh JuJ + l/1 + 1)(. 11.\ + 1r(._(.) + 2 
,,\. \DI' +l 

hO 10 

rllol H•.N ftl "\ 1 I ;;I !hh4) 
I ,,orht?-,phohJ'-l"C.' I rl\'\;UN)f' (J'hly,,1-htil1p., ..... • HI) 
Ctt.11\"-"' ttw rl"l,.i...._. 1,t t.11t\ ,t\111, trom 

h "''l'ht"'pht.•hptd, 
2·1 ,..._,pht..,phdlld,ll..hoh1 ..... + 11 

ghu·n1rho-.ph1dlt•l11\t_• J l.1tt, ,11.111,mk,n 

,-
t~fo2 lu~ru (l (. 2 , I hi J (4rN) .... 
l)1h,Jr1•hpi.'lolm11!1.· ,u,,1m hr.1n,ft•rJ-...• 
:::~~~,·nt 111 2-,1,1»:lut,ir,tk Jt•h, dr,~t·n.l"l 

lht.· 2·11\11J,;lut.u.1t1.· til·h\ Jn'):1.-n.)-...• u,mpk·, 
t,lloll\'t-.. tll\'O\l'f,lllt1lll\t·f',,1110,,1 

2·<1'1~luto1r,,tt• 111 ,u(1,.10\l-lo \ • (. 0 
',uutml-(.u\ + J1h,Jn.,l1po,1m1dt· <.o.\ + 
'·,u11,.ln) IJ1h\Jn.1hpoo1miJt· 

,, 
frl.. humo1n (I(. 2 - I 1121 J~J;;I :?'I 
I, fl"'lf1t•·rnu1.·m l..1n,1-...• I Rt... (nu,lt·M hflY,,lJ1l' 
proll'm l..m.1"-• R \K.) ------

l'mll·1n2 

Bl \<,J l-,.1lllt.' 

\ll·ml,r,U\f..' '"'"ind ,,1lm, .. tulm 1'1'.\111,,, 
,1dvn\ 1,1 C\tl,,~• 1n.1<tl\,1tum 111 th1, ,,, d"t' 

kad, 1t1 ,1 1,·,nnmg ,tnd nwmon .!d,-.:t 
Rq:ul.11111n ,Ith\ lh"\I ti., l \ (2 ♦ ' 

t,tlnm..lulm .m..t l prt1ll n 
,11' , i; "' 1, '"r- r\wrht,..,rt1.11 

t'1U\l\1l' 

i; l • 1 0 

p1ru hum.mill 11 h1 1J1tl) 
l'n11t-1n l)rt"'lllt. rtu,-;.rh:'lt,1-...• u t'rt un.i,r 
R1·~ul.,tum,,1rr0t,-... 1muhm~" ll1w11.s.:1 
an,t .,dlu-..1011 "udt h ~n ,, lh 1.untrnl tumur 
ft\,l'k ,1"41 m1:IJ l,l 

l'roh 111 tuo,IOl' ph1 rh,llt If \ l rrOk"ln 
l\r,,..uw 11rth1.•1•h,,..,ph.1h: 

, 10 
~ .. 11 l'Ufll. ... I I l .:? I Iii! "'2"1 
<,lut.1th1ucw "t tr,ln h:r, /, t.1 c i-. 

R\ glut.1th1urw 11 ~ <,-glut,1th11'11'1l' 

0 01'.l 

!"l't\J ~Uht•tll lli:?h)("\J"\) 
JI l..1ct,1m,,...._. rr,'luN.1 i1x•mc llm.t"i.t} 

I n.,~11. ... llw 1•rg.m1..m 111 ,11th-...• f"'l\11. lhn 
,,.., ,1 c,ub.,n -.c•ur, 1 

\ ~ 1.h t,rnl + IP ,1 sul,..,lltuh-..1 Jhtnunn 
.Si.ti 

0(1.l:?l 

.. ,~I hum.mill lhl.:!Jf71;?.J 
(.,u.\n\ \Jh' l \d,1"4.' -.ciluhk lllrh,1;? dum 
c.,:. ... ,lrltJ :?I 
11.h ~u.m\ 1 \I \ ,i.1,,-...• 1111 t,,nJ1nt,; h• the.- P·I 
~ul•uml 

0 11 , ... 
nwth .1r,11h 11 l I.,,,., •11 J;.,11 
(. ,,t.uhumirw 'Y -.\ nlh,t"4. 

(J . ..,u\tll\\l-1 h1•m1N uw + 1,\-.lt-llW.' 
,,, .. 1.11h11m11t(.• .. ,h 11\.lh' (.1\l,li.h,r 

f'\ tllhl\,II ph,,.,,,ft.,h· 

I Jtll; 
r:?t,t, hum.in Ill'' ll11)(;;:q 
.,._,rm,· thr,"111\tnt' 1•roh'ln rh,,...rlt.tt,,...,. :?R 
(,lt,11\ II\ -.uhumt. ti , ... ,1t,ritl 

L,1k1un1-1.lt·pt.·ndtnl 1.,1ln11"lul1n ,t1mul.1h.J 

prukm f'h,,.,ph,tt,1w 

\ "'"'"'rh1,prutt·lll 11 l} ., pr,,11.·IO +-
1)rtho11h,""Ph.1tt· fth1, ,•n/\ nw 1, -...•r11u­
thr1.'\lllllll' "Pt" lh1. J 

'l 2 h x Ill 
h""•r t,l\ po (I(.. I h I :?I I ur.,,J 
I lt.•,ll-,t,1lil~• 1.'1ltt•n1ti1\lll ft'll·ph•r pn,uf"-l>I' 

((,C..-t)(mt1...,tm.1l~u,u~t.~ 

!ii•lf/111111,J) 

A,, 

Enzyme Function Less Conserved than An11c1pated 

T~ 1 Continued 

'" 

lJ,. 

\d 

• u I"' 
,.m, 

,J,. 

'" 

l'ollf 1'"i 

,fl'!l' 

'" 

lh 

\d 

J',Ht 20 
\..,nw 

\d 

Pmtcm I 

Alignment 

,"11u,·nu• 11.l1..·nt1I", ( length 

\ 11' -1 rr11h•1n l\ f11"1Pt \I )I' +- rn•k•n-

1\ fl .... lnl' rh,,..,rh.11,• 

..., \h 

~l pwtrlll .;-4 b,i -4~1) 
< ,lut.un.1h' I ..._,1111,11.t, h, "h· i I ,1mm,1mut.1...,, 
l ,11.,I\ t11. .,t 11, 11\ (,t-1 anun,,-;;. 
'''''f'' nt,mo,lh ,; ,1m1m~1"' uhn..1h• 

l)t');r.,ti,1tu,n 111 \l1•u~k ... 1r.1mh.,I IJ' \ It .1,t-. 
rn~rt ..... l\vh In ,11' h•; .J,rt,IH)fl. rt•k1,m);_ 
i; rtu ... phl•flUl(\(lltUtl\"llllJt, 

7 
•rlo• pl,11d IC. :?77t,1(24i;2J 
I)'\: \ ,In, h.,,I R:\ \ f'('h mt·r,N.• 111.iri,:;t""I ,ub-

urut 
l )\. \ ,l,·J"'t'Tli.l,·1,1 R"\ \ t"'t•h nwr,1"-· ,.11.1h ""-,.. 
th,· tr,m,rtphon t1I I)\.\ 11111) R\. \ u,m~ thl· 
h•ur r1~,nud1."l1"11k lrtf'hl"'ph.,1.h..,. ,,, .,ut,...tr,11, ... 

\. \.ud1.'l,._IJt· tnpht,..,rh.Ul' 
~ \ f'' r1•ph,..,ph.11,· + R' \(11) 

;7 2K 
~!lb "trmu (I(. :? ~ I i.1114"."h) 
l,luu""\ llr,m,t,•r,t"'4.'·1 pn"l'.UN•r (i,:;tl·t) 
11nxludu•n 1,f t·\lrJ1.t•llul.ir i,:;lu",10'". th.,t ,trt' 
1hou~ht h• pl,l\ ,1 1,,.,., n)ll· m th1.· dt•\ d,,pmt•nl (

1
1 

tlw ,1,•nt,tl pl,u1u1.• lx'\.Jll"l' ,,t th,•1r ,1b1lit, 1,, 
,1dht:n· tt, .. mo1•lh ,url,u.t,.. .1ml m1...J1.1l"· th,· 
,1AArt·~,,1111n 111b,ttkn,111.dl, .,mt t,w;,J 1.ldm .. 
..,u, u""· + ( I .h•,1lph,1-ll•t,;luuM I) (rr) 

o-lruth"N.' + t l.tt-,lll'h.t·l>•t,;hu,.1,.,\l) (11 + 11 

~..:! \n'1'l (I(.. 1 2 I "\I) (1'll2J 
\mm11otd1p,tlt••....-m1,1IJ1.;l1\ dt· Jdt\ Jn~d\,1-...· 

t.,ri,:;t• ,ubuntl (.tlph.t·,lffllntl.ltltr,11l' r1.-<lu1t.l"l') 
c...,t.tl\"t ... thi.· .1dl\,ltlt1'l ()f ,1lph.1·,lOlUltlo)l.hp,1tt· 
t,, \ l l'-Jt·pt.•mlt•nl ;iJ,·m l,1111•0 ,mJ tlw 
H'\.lu, tn»t ,,f ,1111, ,,11.,I ,1lph.1•,1mm1l.hhp,1tl' lo, 

\. \!)I'll 
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Protein 2 

11 P-d1<,t,mce BLAST f.,aJU\• 

Rt.."Ct.•ptor for th'-• f uH1 hNl•.,t.-iblc t'nh:m· 
ltl\lO mad,,-dl\' ,11mul;:ite-, the ,t«Umulatmn 
uf c(,\lfl m mammalian cell, e,pn ... -.mg 
CX.-<; ,11..,_, Jctl\ at,"CI b) th~ l'ndogt'nc;lU" 
pt,,11Je gu.tm hn 
(,JI' '\,r.-<\thcC,\IP+p\nlph1,.,phdk 

4 r.;-x 10 
g,1lol l'ltlh (((.. H, 1ll/114::?hJ 
-4 \mmobuhr.tlt.' .1min,1tr,1n-.1t-r.,"'4.' 
(. .11.11\ 11, .,,11, ti\ -1 .1mm,it.u1.100;1h· 
:!:•11\Cl);.lut.1r,1k -.utC1n.tl1.· ~:m1.tldth\J1· 

1·);,IU1,U1l•'"" 

2.H I h ,c 10 
.1pt.·l r.1t It ~ '.! qq l"-1 ('ltil 
l)\; \-1,,runm< llf JP\ nm1,ltn11. lh') h )4' 

Rt·r.ur- 11\IJ,111, ,. ll' \ J,1m.i~,-,, m tro 
m,\\ h.t\t' ,l r,llt· m rr\ltt'lhOfl il~•lln,t nil 

kth.th1, .mJ ,uppn...,-.u,n 111 mu1.111,111, 
rt•n1ou-s t~ Mo,,.l.1n);_ );_n,ur-- tn,m Hw "\ 
t1.·rm1m 111 lh1.• l)\; \ ... 1r.1nJ l'irt•,11.., i;1.1ll•tJ!t"1.I 
b\ 1001,mi,: r,1J1.1hun, ,md lol1."l•ffl\C1n 
f-nJnnudt"llh ti( dt•J\ Jv;t· n,•JT ,,runnic ,.,.. 
,tp\ nm1JmK s11, ... to rnxlmt, '"'h 
i;.pftc.,.,rhJtl· 

■ 

., 0002;; 

~n~ r.11 ti·(. 'I -1171 (Ill I 
t{,\tr-1nh1b1lt.J "\ i; -<Hh, ph4.,..ph, .. 
J,,..,tL-rJ ..... • lo 
\l.1\ pl.I\ ,1 n1l1.· 111 f,ll mt"1.1t-c.1h,m 

(,u.m,,..,int• 1 ~ -c\dll pht?'<,rh.ik + JI 0 

iu,lnt"'me Ii ·rhcto.ph.tk 

i; () 11 
,1m1b ,1r,-..1(f-C..12111(4\'oi) 
\lpha-am,LN.' ""''"m" "\B pr1..,,ur-ur 

lmpt•rt,ml 1t1r brl•,,l.J,mn 1•f t•nd,~p..·rm 

.,1.u~h Jurin~ );.t·rm1n,1IM'" 

FnJ,,t,,,tntl\'"1" 111 t.4-.ilrh.i•>tl"'t"1J11. 
hnk,1,;t ... IO t•h);,tl!'l.l(d\Jrttlt ... ,1rkl roh' 

..,lt.,hJnJt ... 

r. 00h:! 
kl? H'J"t (l t to 2 I 1) F'H) I ,in~,h.11n•t,111, 

,KiJ-(..1):\ h~J-.t•2 
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Corresponding sequence ,dent,ty for 100 residues 
tO 20 3<0C 40 50 60 

100 

~ 80 
0. 

" E 
[ 60 

" 0 
1l, 40 
"' c 
" u 
if 20 

~ 80 
0. 

" E 
~ 60 

" 0 
1l, 40 
"' c 
fl if 20 

PSI 

~30 -20 · 10 0 10 20 
Distance from HSSP-threshold (/(1dent1ty.length)) 

EC1 : n 
-+- Accuracy 
--0-- Coverage 

EC2: n.n 
Accuraccy 

--¢-- Coverage 

Enzyme Function Less Conserved than ~ 
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I igurc J 1,t11n.1k, h1r ,1u,ur.1n .:md ulH·r,,~l' at p.:trt11.ul,1r thr .. ·,hold.., Tht.• uppl•r Hr,1plh 1.h ...... nbl.• tlw p,..·rh1rm,1nn· 
1.11 r,11n,1,1,.• 131 \">I "-l'Mlht..,, th'-• lo\\1.•r Hr,1ph, that of ll<.,J Bl \'"IJ "'l",m.Jw.., I 1lh.,I -.\ml-,.,11, ,md bl,,lJ.. hm ..... dt...._nt,...· 
,ll1.Ur,11., qx•ru.·nl,tH'-" (lf ,1m1l.u l.'ll/\ m1. .... ,11 Fi'' l"ll thrt--.hold), 01x•n ,, mbol-. ,md ~n-, lllll"' lh·~ nl"I\' t(l\ t•r,t~t.• (j"l\'ri..1..'n· 
t,,~t· nl 1.•n;, m1,..., h1und ,1t HIH'n thn .... hold) '-t1mil.u1h ot l'lll'\ m,,llt. tunl 1um ,., mt·,1'\Jrt'I.I b, lhl• 1d1.•nllh 1.1t tht.· fil'l 
I ( num~•r Uh1ll-. lm1..·-. \\Ith ordl...,}, th1.• llr,t h,o I ( numlx·"' (thin luw, with lTO'>"'-'" ,md + ). tlw llr,t thr1.'l' llhtn 
lmv, \\ 1th tn,mHl1....,). ,ind ,111 lour I ( numbc,•r,. (tlllll-. luw-. ,, 1th d1,1mond,) I lw J.?,r,1ph, on tlw h:lt ,uml11Ml"'l' th1.• J,.,. 
l,mH ... fn,m tlw I l'-,C.,P·thn.-...holJ kquiltum (2)). lOm .... pondmg 11.•, d, ,,t p.11rw1-...• -...,1u1.·nH' 11knt11\ 111,r ,1h~nml·nt 
11..·n>;th-. ol 100 r1....,1Ju1. ... ) Ml' ,h(w, n 011 tht.• top .1\1, lor un1.•nt.1hon fh1.• gr.1ph, on the.• n>;ht pl,1t th1. lo,_;.1r1thm ,,1 thl' 
HI \'-tl I -,,1lul-.. (noll' loJ.?, to tlu.• b.i....._, Ill} llw Mm\,-. m.irl-. th1.• P'1mt-. bdm, \,h1lh lhL• lll..o'-,f'-thn ... hold tx,(,nn­
mil-n,1r Ill th1.• ,tali,tu.,11 HI \'-, T ',(Or1.-.. (l·1,.;ur1.• 2) Tlw dl'to11IL><l \W\\ of th1.• / \ ,1lul-... ~I\ l'll Ill tlw m-.d-. ,hrm' till' J,llJ 
onh tor ,1m1l,1nl\ m thL• hr-.t .md ,ill l"C. numbt.•"' I or 1.•,.impll•, li<t ot ,111 ,m.1, nw fMlr'> found ,ll .1 1.,1mmonh u~.J 
Bl \'-,J thn..,hol<l 10 h,1,1.• four 1dl•nt1cal I t. numbt.•r-. Th ... • <l1ff1.•r1.•nc.:1.• ht.'h\l'l'n p,11n,1'>t.' Bl \c.,I .rnd IX..! Bl \'-,I 1' 
1h,1t llw pr1.'\ iou, ftnd, l1....,, th,,n XO". of ,,II p.l1r-. ol 1dl•ntu.:,1l I l numb,.•r ,1t that , .1luc.• ,, hill• tlw l.1tll'r lm<l, fTI(lfl' 

th.in 4' of th\• 1d1.•ntKJI p,11r-. \Ju..,t ,urpn-.mgl~. (.,aim . .., N•low lO d id not ,ufhn• to ,,111.'I\ tr,m,lt·r l'll.l\ nw tunl 
tum In umtr,,,t. ,1.•n h,~h d1,tJnu.-.... from thl• I Jc.;<.;r.1hn ..... hold 1mplll'd H"kl' .. ,lll ur,1'-, m tr,10,krnn1,-: hmdum fnun 
ht1m,1l11>;u1...., 

1111 __ 1 -----
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PSI-BLA T f-,aluL...,, l lowevcr, thi was compen­
"",h...:.d b) a con..,1derc1blv higher CO\"er,1gc. For 
"ample, a t f-, ·alue I, I I-BLAST found 68". o( 
,1II ell / \ me, \\"ith ,imal,1r fir!-tl r numbe r at 9Jt10 

accur,1e~. "hilt• the.• pc11rwi..,e Bl.AST found onl) 
'l-1' a t 9-t" ,lt..c..llrclc..\ l lw d,r l'rL'nt mc1m t~plw., or 
en1\ ml..., {hr,t I(. d1g1t) ih1d ,1111 il.1r ,1c,ur.1n· Pt·rsu, 

Cll\t'r,1gt.• (Un.,·, {d,1~,1 rH1t ,hown). I l,1\,l'\l•r, for 
hHirnJ,,...,.., 1 I t 1 1 tr,rn,IL•r of th,• full I(. 
numhL•r \\ ,1, ,1gn1l1l,1nth ,, '!,....,L' th.,n f(lr ,111 otlwr 
rl,, .... 1....,, for h ,l.._l.._ 1 I(. I I mMgm,1lh bt.'ltL•r 
In umtr,1,t. llw lon,1..·n ,lllllll of thl· hr,t I"(. 

I igure -I l~"-1htr,1p l',p1.•nm1.•nt to L"lim,,tl• thl• mflu• 
l'Oll' lll tlw ....... 11.'\.IUlll rn~1.•dun.· I ht• 'l'I of rl'prt",(,.•ntJI I\ L' 
pn1kt1h \\,h d1, 1d,x1 r,rndomh mto ,rn,illt·r ,ub-.c.•t.... 
wnt,1mmg Ill -o , ut th,• r1.·prt. .... 1..•nt,1l1\l' protein, Th1.• 
JI\ 1,10n \\ ,1-. rqx•,1tl'\.I IOO tmw-.. .ind till' m1111m,1l ,mJ 
m.1,,m.1) , ,1h1l..., tmmd f(1r t.·,uh '-t'I ,,t•r,• r1."lnrdc.'tt (,,) 
ThL• gr,1ph, 011 h1p ,)1<n, tlw d1ff1.•rl.'llll' ~'hH'l'll tht.• 'l'_1' 
,,11h h1glw,t ,rnd lcmL...,I (mm m,n) ,i,cur.in .11 l'Jl.h 
thrl ... hold tor ,1 numlx·r ol ,1.1L..., of tlw r.indom '-l'I'- lop 
ldt p,,nd t•iv, llll"' ,, l'r1.• l.on-.11..krt.,t -.11n1l.u 11 lhl'\ 
-.h•lrL'LI tlw h~t I(. munlwr top nght p,mt.•I ,111 fou r I ( 
d1~11-. \\L'rt.• r1.·\.fu,r ... "-t Ill l"'1.' 1dt•nt11..,1I \\ hilt• n.-..tnctm~ 
th1.· ,lll,11\ ,1-. to to in· of tlw on~m,11 rL'pn."-1.•nt.1ti, l' 
Pn1km, n..•-.ultt.•d m "g111f1t,111I d1fft.•n.•n1.1."-. lhl• ,phi-. of 
=-.cl 7tr .. g,Ht' rl'l,111\l'i\ ,111111,,r r1.-..ult... (b) The.• lm,1.•r 
gr,1ph tump.u ... -.. ttw r,...,pt..'tll\1.' 111111 rnc1, ,,1lm ...... 1t:,~!;~~ 
d.11,1 ,hm, 11 m I 1g11r1...., I l tht.• mm m,l\ ',,lut: 
rnmpd1.,l «m till' b.1-.1, of ,uh-..c.'h uHnpn-.111g 00' of the 
or1,-;1n,1I r1.•pr .. -....•nt:1t1,L' pn,tL•1n, c.-n....,,t...., W't' tlw number 
tif p,11 r, 1,b'>t.•r, 1.'(.i ()\l'r,111. th~• rt ... ult-. ,i ppt.•.tn.'li 10 bl• 
1ndt•p .. •ndt•nt of tlw p,1rtJnd.1r d,i1,1 '-('I cho-.1.•n 

d(g1t hyprolase wa; a, erage, wh,le transfera"" 
<E 2 •. ) had the best consen ·at,on o( the class 
(first d1g1t). 

Results are not sensitive to selection of 
dala sets 

\\hm usmg onl1 JO"., o( the dat,1, the L",llmatL>s 
d1ffon-d con,iderablv behn.'Cn cfrfferent ... ub<,t•t, or 
the reprc'Scnt,,tl\ e protem, (Figure 4(,1), Ill' 
number marked b, filled triangk~). HmH•n.•r, thl• 
rl...,ult, b .. "l.:ame rather , 1.1blc when cht)(hJnK morl' 
th,m IMH or the rcprl><..entatlH• pn.,tem, rl•,ult-. 
d1ffon><l lw Jl...,.., th.in four pc..•n:ent,1gl' point, 
(I 1JlUrL' 4(a) ,md (b)). I ,pcxtedl1, different r,m­
doml~ ,ho<,«_:-n ,ub~t, \ .irll'CI mo,t m thL· rc..-gmn m 
\\ hKh the ,1ccuracy undcrgo1..•.., ., -.h;irp tr,m,,twn 
from ,10.:uratc d1,tanct1nn to m,1uuralt• d1,tmctum 
(bl•twL't!n I ISSl'-thr,"-hold, or 10 ,md 0, •~1u,1t1on 
{2)}. Th, ... rd,1tiH• m ... 1.,b1lth of the t.-...hm,1IL'" for 
tht• accur,1n wert• not c,1u,t.>d b\· lht• fact t!Mt th1..• 
rl-...pl''d1n:• n.~1on \\,h not ,ufficwnth p<.1pul,1tt"'li 
b~· l.'ll/\'ffil' pair... r,1ther the "ph,,-.e tr,11h1tinn 
occurred m the region or h1ghe,t count, (ac_-,........_..., 
111 I igurl' ..J(b)). \.ote th,11 ,uch a ,harp tran'ltion 1, 

.1 dt....,1r,1blc foaturc of ,1 thre-,.hold, ,mce 11 foc1ht,,tt.., 
lhl' u-..e or a , 1.1bll• ,ind ,unt ... ..,ful cut-off for 
",('quence ,111c1I~ '" The tran...it1on w,1-. ,hJrpt.lr for 
the l!<;SP-di,t,mCl" th,,n for the Bl \~f f-,,1Ju,.., 
(Figure 2, Imes ",th diamond, and orclL-.J. Th" 
wa.., '.urpn'img, 'ill1Ce the Bl .:\ST£., alue'l l'"\plmth 
account for the background ,tah..,tic..,. \\ hill• tht• 
I 1c;5p.c.f,..,tance ,,ccounh for thl' b,,ckground m ,1 
n!r\" emp1ric,1I, ad h<if \\ a, 
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figure ~ Compar1-.on b.•hn.~n rL....,ult .... for c.iiffl•rt.•nt 
~.-h Thl· n .... ulh gJ\ en for tht..• othl•r group-. \\ l'rt.• com 
p1lt-d tr\"'1m thl• rt.,...Jl'.'Ch\ l' pubhc.ahnn, Dt.•nh 
\ 'a\t.>nc.:ia• u ...... •d tht.' -,trudur.:il ahgnmt:'nh gent.'r.1h.-J b, 
l) \I l, lodd rJ al O u"'4..-<l '\t..'t.>dlc.•m,m· \ \"un""h Jli);n· 
mc.:nh t"' ,l,mp1lt.• 'it.'t:JUl'n<.1..' 1dc.·nht\·. and w,1..,on t'I id' 
u"-,J l.,m1th \\"att.'rman ,1hgnm-..•nt, The thuJ,.m .. -...., of the.• 
Im"" rt.'pn.• •ntmg pn .. •, 1c.)u-.h pubh.,ht..--d n...._ult, rt.'flt."'l:t, 

tht..• c. .... um,1t...-d l'ffc.lr mar~m m r •admg the \·alu"" off thl' 
publu:ahon, Thl' ,alu"" from \\·1t""'."ln t'I al (brol-.."'" ~fl'\ 
!mt.•) d1tkr from th1,.• othc.•r r'-..,ulh m two w,w, (I} tht..• 
,·.1lut...., .uc.• cumul,,ttn• pt•r1..entagc....,, ,md (11} .,1milant\ m 
functtc.·m 1, ddm1..>J a-. the 1dent1l\' of tht.' hr-.t thr1.'l' Ft 
J1~1t, (for comp.1r1•,,.-m, lht.• unbta"'4..'U d,tlil -...•t u"'4..-d ht.•rt.• 
1, ,h{lwn for th1..• , . .rnw ,ond1t10n" bmkl.'n hlili:k hm•) ,\II 
othN r1....,ult-. ,lrt.' il\ l'r,1~1.." mer bin, of h.•n pt..•ru·nt,l~t.• 
~,int.. ([A•nh & \',1lt..•no,1, 1 Todd t"t 111 • 1

) or o, 1..•r bm, ol 
h\\.' pt.'rct..•ntil~t.• pomt, (all bl,11..I-.. hn1..,..) .• md tht.· 1.;nll'non 
tor C('lrrl''- t clJ, .. 1h,ahtm ,, •"' !ht.· 1d"•nt11, <lf .Jlt I L 
numlx·r--

1dl1 nhl\ ' lh·o group-.. fmd th,1t tht..• hr-..t digit 
b'-'Allh to di\ t..•rgt..• onh bekm 2.'l' .. , 1 1 on1.;• group 
find-.. d1, t>rgt.'IKl' alrt..•,uf~ bt.'lo\,. :;(]·· ,. ' 1 \II pr'-'' 1ou-.. 
Aroup-. U"-l'li fo1rh -..m,1II data i.,l'l.., (trom ,,bout O"-' 
to .1bout 1{)1' 1 comp,ul-d to tht• .,bout ;;o,ooo I\. 
u-.l'd lwre for tht..• unb1,1-..t>d -..\?l), non'-' t....,l11n,1tt.•J 
the e,pedl-.J i.,tandard dt..•\'1,1t10n for till' t.•-.t11nate.., 
g" en Thu..,, 1t ,.., fo1rh difficult to comp.ire thl' 
d1fft.-nmt re-..uJt.., in dt..•t,111 \.c\ crth1.•lt.....,..,, dli group"­
(includang tht..• r'-•..,ult-.. compilt.•d herd appear to 
agn"t' \\'!thin thl' hh.L•lv error margm ilbu,·t.• lt.•,·eli., 
of 8()0 pa1rw1"'l' ...,cquenle 1dt.•ntit~ lkhn'('n ~ 
and • )''.,, the n.."-..ulti., from tht.• b1,1'tlxi •-ct (I 1gurt..• I) 
appe.ir i.,t11l rl'ltl l l\ ch -..111111,ir to thO'->t.' obta11wd b, 
two of tht.• threl' group.., that ,1gr1.;'t.' m that rt.•g10Tl 
,, 1th ealh other• 11 In the .._ame m terval, t lw 
unb1<1~'<.i n,...,u lt-.. dt.•, 1ate mo":tl from the b1a..,ed 
one.., 11 ',('ti., d1ff'-•r among"1t each other for le, t.•1-.. 
bet\\ een 10 and =;()''o; below lcn ,:,I.., of 20"u pa in, 1',(' 
~qut.•nce identity two of the ":tt ructur1.•-ba'tl•c.l 
rt.•-.u ltr..,' u approach the le\C~I ..,uggc"'ted b, the 
unbw'>ed ... c t \ ·Crall, tht.• two t.....,llmate-.. for th , 
pt.•r formancc of 1'51-81 .A T alignment.., g l\ t.•n on 
the unb1aS<.'<1 data set here, and by Todd ,•I al 
agrc"' th ' mM t (H);ure 5, filled d·,amond, and 
opt.•n i.,quare<,). The unb1ar..,ed d ata -,et r\?\'ea led that 
for pair compan r..,01h, _ ler..,r.., than 10''0 of all p,11r-., 
.1bm e 50"11 -,equcnce 1dentih had full\ 1dt.•nllcal 
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E numbers, rather than 90"o a, suggested by the 
biased set (Figure I m,..,t, filled orcles). 

Statistical scores are better than sequence 
identity, but not necessarily best 

Two group.., e ... t,1bh...,hl'c..l th,1t -,t,1t1-..tK,1I -..core~ are 
betil.'r 111dicator-. for tht.• -..ill"Hl,1rit\ 1n t..•nt\ me func­
tion than ,Ht.' le, 1.;,J,,. of p,lirw1",(.' -..t.•quence 
1dent1t, 1 ui.,mg 1.hfft.•r1.;•nt H'r ... 1or1-.. nt c..h-n.1mic 
programmmg ,1hgnnwnt ml'thnd-.. ,1nd d1fter~nt 
-..tatJi.,llcal '-t(Ormg ·•,dwmt..•-.. Both th'-• b1i1'>t.-d .Jnd 
the unb,a~~ data nmt1rmt>d tht..•...,1.• hnd111g, h,l"t.'tl 
on both p,11rw1sc• Ill \'>I ,rnd 1"-,1 Ill \<,I r.,,,Iu,., 
I towe,·er, norw nl tlw-..t• group, nullu•d that a 
thre..,hold relatmg -..1.;''-lut..•nu• 1dent1h and ,1hgnm,mt 
length (t..•quallnn (2)) pertorn1l'd t..'\ t..•n Lx•tt"•r than 
the ..,t,1t1 ... t1Cal Bl \t;T -.c.:or1.;• ... tor high lt..•H•J..., nf .10 .. u 
ran \ partin1l,1r point ,1ppl1an.•d tu bt..• of mtert.....,I 
to the comm unit\ of t3l \t; I u....,.,r ... '-'"-'n I -\',tlut..-.. 
bekm IO did i1ol ,1lw,1y-.. 1mph '-nrrt.'<.:t tr.10-.ter 
o the full I annot,1toon (I 1i;ur,• 1, rii;ht p,111d,) 
Ba-..mg tht.• tr,1n-..fer of l'llt\'mt.• func..tinn on the 
I fS5P di-..t.inn• pr<.l\ t.'<..i mrn.:h mor'-' rl'li.1blt.• m thi, 
regime of gre,1h.-...t ,Kcur.il~ "itat1-..tic.1I Bl .\",T 
~on,:,, outperfnrmt.•d tht..• I ISSP· thn-...hold nnh m 
thl• regime for whu.:h 1t 1..., no lon~'-•r \',1hd {bt.•hm 
0). Prt.•, 1ou-.I,, p,1irwa-..l' 131 \Sl -.1.•,1rcht."'t h,1d not 
bem rnmpMl'<-1 to the popul.,r rrnhk•-basc•d IX.I­
m \', r '>l'M<he, llnth d,1t,1 ,\'l, (b1asc>d ,1nd 
unb1a-..t.-<l) -.uggei.,lt.>d that .,t an, gi\'t'n thrt."hold. 
l~ l•BI \ST re,,cl,1.;-... a -,1mil,1r CO\ l'rag'-' ,,... pa1rw1"-l' 
Il l \'iT but at h,i;h,•r k•H•l, ot ,1«ur,ll\ (hi;ure, 2 
and 1) 

Are thresholds for conservation of structure 
and function similar? 

\\'hNl two "tl'(Jlll'nle-. an.• , t.'r\ -,1milar ,,·e can 
..,afeh mh.•r th,1t the, lhl\'t.' ... imil~1r ..,trudurl"" The 
twilight ,ont• ch,u~lltt..•n-..e..., till' rt.•gmn of -..t.•quence 
..,1m1lanh· m wlm.:h Wt.' can no longer rehab!~ infer 
-..tructur~,I -.,1m1lant~ from -..equt.•nn•. 1 h'-' 11 P­
thre-.,hold (t.•quLll1on (:!)) opt1mc1lh -..1.;•p.1rdtc..,_ tht..~ 
-..a e ,ind twilight 1ont.•..., for -..trudural i.,1m1larit\ 
Surpni.,mgh, thii., thrt.•i.,hnld npt11ni-..t.-d to c.:,1 ptu~ 
-.,trullural -..imilanh ,,1..,n pro\ t.'ll more..:• ..,en-..it1\'t! in 

1dl'nhfrmg t.·111\ nu-... of -,1mtlar fund1on than the 
..,1,111-..tical UL ST "<:Ort.'"' for di-..tJnu.·-.. aboH' 0 
(ngurt.' 1, MrO\\'-..). nw ",t.'()lll'TlU' (Oll-.,1..' r\',ll!OO (1{ 

i.,trutt url' ,ind t.•111,·mt.• funllinn d1fforcd at the 
point <ll which the tran<,1lmn trnm "Jale to t"·1hght 
, on• occurrc<l \ ht.•n c.:on ... 1dt..•nng two en1yme-. 
-..1m1lar 1f th•, h,1d idt.•ntK,11 IC numbt•r..,, the 
...equcnce i.,1gnal for th,.., -..11nil<nil\ got blurred 111 

much g r ~atcr d 1-..t~1nt:1.•-.. than thl' ... 1gnal for c,1m1
-

lanh m 1,tructurt.' ~<.m...,L•qul•nll\', two protein" of 
r..,mHiar ..,t rullur1.• of lt..'n d1 rl'r 111 tht..• Jet,111, or their 
en, , malll foncllon <,., prnnh.•d out be orl'-

1
• 

1 

Nt.•Vertlwk•-,i.,, ,1 t an I ISSP d , ... tanu• .ibo, t' 0 ("1milar 
to ., Bl. I ..,corl ' 10 ') .,II p,11r-.. ha, t..' ..,in11lar 
... tructu re.'" and about 70 (}",. of thl'..,l' pai r.., ha, e 
1denllcal ,~ number, (hgur'-' 1, ld t graph..,) 

,+, 

Enzyme Function Less Conserved than Anticipated 

\Vhen con !,1dermg two n/ym~ ~1milar if the 
belonged to the ,ame class (first C. d1g1t), the tra! 
"'1t1on from "><lre to tw ilight occurred much later 
thc1n that for r..,tructurc. In fact, more than 90110 of 
.,11 crv_, me~ hdonged to ',Jmil,ir clai.,":t("; at d istance, 
<11 which 11.•..,..., th,1n I0°o o ,1ll pai~ h,we .,,milar 
i.,trudurl'.... I ltl\\t'' t..•r, lht..• mo..,t r..,tnl-..mg difference 
\\,1 ... till' .1b,l'llU' or .1 m1d111ght /Ollt.': 90"n or ,111 
p.11r-.. <.ll ,11111l.1r t..'11/\ nw-. 1.ould bt..• dl'll'clt..'<.l ,1t Jen•li., 
.,b<,, l' ~l ·• ,tll ur,,'- \. 1 t.•. l'\pt.•rt-.. could hopt• to 
1dt•nti1, tlw ,1b,olult.• m,11onh of l'n/\ mt.•-. th,1t 
bl'l<mg to ont.• ol tht..• ...,1, d,1 ....... l • .., In ,nntr,1-.1, l'\ en 
t..•,p,•rh t.ul tn tdl'nt1h .,bout lJ(l' .. of ,1II -..tnictural 
,1mil.1r1t1t.·, tnHn "l'l]ttt..·n(t..' , \nolhl'r ,,mil.u,t, 
bl'l\\\'l'll tlw ,on,l•n,1t1(m ,,t l'll/\m,1t1l tUnct1on 
,md ..,tru1. turt.• ,, ·" th.it both \H'Tl' l h.ir,ldt.•ri..,t,l h\ 
rl'l,1t1\l·h ,h.1rp tr,11h1tHllh from ,,,tl• to h, ihght 
Jlw ~,·1wr.,I ltmdum,11 ...,IMpt.• ol tht..• Jl<.;<.,p. 
thrl·,h,,ld 1, t.' pl,111wd h, ..,,n1pll• ... t,H1-.11c,. 
,1lthough tlw prt."t.:1...,l' t..'1.Ju.1tmn (t..•,1u,1hon {2)) 
•'PP'-',lr, ,onwho,\ ,1rh1tr,1n In 1.1d, tht..• thl·orl't1c.:,1I 
tr,1n,1tum funltum m.1rl-.1ng tlw lint.• bl'1\,l'l'n ...,1gn,1I 
,rnd no,...,,, dq"l1.;•nd-, on tht..• p.uti,ul.u dl't,11!-.. of tht.• 
,1hgnnwnt ,1lg(1nthm. 111 p,trh(ul.u <lll the ...,uhi.,h­
tutum n1.1tn, d,n ... l•n. J.., tlwrt..• ., hiolog1cal r1.•,i-,on 
b1.•l11nd tht.• ,11111l.inttt..·, 111 th'-· tr,m...,1hon., from ... ,,ft, 
t<, h, 1hght tor '-'n1, nw fund1on .rnd prott.•m .. truc­
tun•., flwn• m.n b1.;• D1tft..•rl'nt fukb r,m p1.•rform 
thl' .... ,ml' tun1.;t1on 11

; 
1 I ltmt..'\ er. tht..• ... urpn-.mg 

corrl'l,1t1011 bl•hn't.'n nm..,t..•n ,1hon of l'll/\ mt.• rune• 
hon ,ind ...,tru'-tur'-' rn,w mdll,l l t..• that c:nn......,•n a lam 
of ... trullurt..• dnH'' tun.d1on to ,1 l,irgl'r t..'\11.•nt th,1n 
\\ t.' lllcl\ h,\\ l' l''Pt.'dt..•d 

Other aspects of protein function may be 
conserved differently 

I C numbt.•r..., <.·,1pturt..• onh one .,..,pt.'Ct o( protein 
fundmn hr...,th, th'-• ., .... -..ignment 1.., ,,,omehm, 
.ub1tr,1n· two t•,pt.•nmenlalii.,h ma) t1i.,i.,1gn d1ffer­
t.•nt numbt..•r-.. to the .... ,me prokm. ~xondh, the 
full I t. numb'-•r dol-... not dc,cr1be ,ti! l he dela1I-.. 
.,bout .1 p,1rt1cul,,r function there ma\' be coni.,1der• 
,1blt..• , ·.1ri,lt1on b1.' t \H't.'11 two protein.., or 1dentic.1I 
I ( numbt:,r.., 11 Th1rdlv. t.:'11/\ me.., d1f er from other 
fundmn,11 d,1,..,t.-..., foi- 1.•,ample, the ..,pt.-c1fic1t~ of 
tht..• b1nd1ng <lf .ul11bc.xile., 111.1\ be c.:on'>l'rH•d differ 
t.•n th from th,1t of l'll/\ mdl1c ~1d1nh \ \ 'In lhL•n 
ftxui., on I numbt.•r,'> \ \ '-' m,1, ,u~ue lh,1t the 
l,irg'-•..,1 ..,,ngll· d,,..,., of 1.•,1..,tmg prolt.'111.., Ml' 
t.•n,~ llll'-.. b1.•l,lt1..,l' .1bout 10 SO"o of all pmte1m, 
\\ 1th '-''Pl'flml'nt,111, ch,1r,1clNl'-t'd unction ha,e 
en/\ mtllll ,tdl\ 11\ I Im, e, er, lht• re.11 rt.•<1<,(lll for 
biomform,1llc.:.., to pKk. I l numb"~r.., i-.. that the, arl:' 
,, l'II .111not,11t..•J ,md ,Ht.' numbl•r,, 1 t..'. can bt.• com­
p,1r1.•d '-• .,...,,h on l.uge U.i t,1 ,ch . ror e,,1mpl"'- '-'H'n 
lht.• unb1.i-..1..•d re-..ulh ,, t..'rl' b~i...\.'d on O\ er 60,000 
p.11r-.. of 1dt..•nl1t-.1 I I C n urnberi.,. 1 lcnce, L'' 1.•n if 
thuu ... ,1nd-, of l'\pt.•nrnent;:i l ,1nnol.it1on-. \\ t•rt:> 
\\ rung, thi.., m.1, -..tJ II not 1mp.1ct the r1....,ult-. con­
-..idt·r,1bl\ Lnfi.,rtun,1 teh, \ \ l' c,1nnol ... tn th 
gener.ili"t' the l'..,ttm.itc..., for \\ ht.•n ,n• c,111 tr.111..,for 
I n umb1.;•r ... from homo logut....., to other a, pech of 
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function. For example, Dev~ & Valencia• c,hmn'Cl 
11_1at the trani:;fer of acth e .., Ite... i nfonnahon r1."9U1rt....., 
<,1g111ficantly higher le\ els of r..,equence ..,im1l,1nh· 
)han the transfer of E numbers. Wilson et al, 
ound that non-en,) mat1c funct1on.., ,ire c.~n 

a, erage, Jes~ con:-cn t.>d than en.tymat1c fonciion .. 
\ tore work remami., to be done to c~plorc the con~ 
-..t.'n atmn of protem function further 

Impact on estimate of annotation errors 

Thl• difft.•rem:ei., behn'l•n the bi,1"-l.-d ,md unb1&1..,<.-•d 
t....,t,m,1te.., 1mpa.ct ei.,t1m,1tt...., for t.•rror-.. m g'-·nomt.• 
,mnot.1tion-, • t.;.1\ \\l' find .\ -.1mil,1nht....., .,t P~I­
BI \ST I-, ~lul'.., to fhen \n' fmd. on ,l\ t..•r,,gt..• 
0 . .\' \\1th f-\,llut.•i., behn't.'11 IO .md Ill lhl\\ 
did the l...,t1m,11l..., of ,1c.:c:ur,1n d1ffor b,.:hH•t..·n tlw 
bi.,..,t..'l.i and thl' unb1cl",l"tt -..t.•h 111 tht..• ,urrt.....,pnndmg 
mtl'n,1! of £-\',1lut.•,' If g1..•nome ,1nnot,1tit,,,... tr,1n,­
ler onh the first IC. d1g1t (e g. hHlml,1....-), th,·n the 
lt.•H•I.., of ,1Ccuran· d1ffort.'<-i b, .1 t.1dnr ot 10' It 
.1nnotahon.., tran..,fer ,111 four IC d1g1h. th'-·n thl' 
l...,l11n,1te pnwidt..>d b\' the unbi., .. t..-d ,\.'I 1mpltt..•d ,m 
t..•rror mor'-' th,m :!O hml'-. higher th.in ,111t1np,1it..'d 
prt..'\ iou ... ly The good ne\,-., w,1i., th.it mort..• th.m 
9.::;" .. of lhe annotation-. tran..,fornng onh tht..• fir.,t 
fC d1g1t ,ire l1keh· to be rnrrc'<.t 

Materials and Methods 

Data set of enzymes with experimentally 
known function 

Th1.• dat,1 "l't of l'nt\ m1.."- of known funll1on ,,t..·r'-' t,1k1.·n 
fn1m lhl' cummt mt.•q.;l'r of S\\ J~'-.-PROl • ",\\ /',,~ 
PROT Ill'\\ .... 2'),,q:; proll•in, h.1d ,,nnot,Ht-d re num­
N.•r-- In thl' nt..•,t ,ll.•p. I t•,dudt,1 all th..N• pmtem, for 
\\h1,h e1thl•r <'f tht• folkmin~ ,1ppllt..-d (1) H. numbt.•r 
cont,1mt.>d undt..>c1ckd d1~1t ( -); (2) mor1.• th,rn on'-' f( 
number \\ ,,... gnt•n (donM1n,); (1) th1.• kt.·\hurJ, nm 
l,lllll'd ont..• uf th1.• .,\\Ord .. PROIJ.,\Ul r Pl:T \Tl\'[- B'r 
t.il\111 \RITI. or 8) HO\!Ol ()G) Thi, rl'Ciud1on lt.'ft 
26, "\.12 en/\ ml nf l•,penmt.·nt.1lh .1""'Hn'-aJ functu,n 
Tht.' re cJ.1-.,1fic.:,1t1on U'>\...., ourd1~1t, 1t,,1.1..-.1h funl1Hm 
Tht.• f1r-t f(_ digit d1"1tnp11,ht..., tht• h pt.• of l'nt\'m,111, 
,ldl\ ah 1. c,n,1Jor'-'liud,l't..,. :!. lr,rn,fl'r.l'-4.''· 1, hHiml.,...._ ..... 
-I 1\,1..,.,. .... :;, 1-.oml'r,ht. ..... h. hH""' ... Th1.• ,lx:tmd re. d1~11 
"P :"(,fit. .... tht.- -.ub,trJll' (<"lr1.'liud.l'>t .... ), !ht· ~wur lr,1n,-
fernxt (tr.10 .. f1.•r,l"l..,), lhl• I\ pt' of bond (hH.lml,1'-l-... 
h ,l"l...,, hg,1'-(_-...}, or th'-' I) pt.' of rt..'l,rH,rn1-..1tum 
ci,,,om1.'ril....,...,). Tht.> third ,rnd tuurth ti1~11, pro\ tdt• mor1.• 
det,111. (fur ,,n 1.·,tdk•nt ,un "-'~ of ,trudur,11 ,1,pt'tl.., of 
"'"'' m,11lt func11,m, "li: Tu<ld l'I ,,I 

11
) 

Reduction of bias in data set: idea 

\ny J ,11.ib,1"4..' of tod,n nml,lllh h\ll d1fkrt.•nl -.,;irh ol 
bi,h I ht.> fir.I 1, dut..• to tht> p,1,t ,,1nd c:urrl.'nl 1.•,pt.·nmL·nt.11 
ll'(hnlljllt...., ,rn<l tht..• h1'LI" of l'\pt.•rmwnt.11 r\~,m.:h I h"· 
'>t.'CO!lli 1.., dul.' to t.'\olution.ir\ Jl\l.'r);t.'nu.• thJt f,nour1.'I.I 
ncutr,1\ muMl1tm..,. thu-. h'-'nl'r,1tIn~ h,~hh ,11nd.ir rro­
tctn" \\llh ,ltghth d1fkn•nt fl',11Url .... r,p11.,11\\ . \\l' ,m_• 
u-.c..>d 10 ,Knlllnhng for 1h1, bi,,.., b, woupm~ pnd""''"" 

11110 familic.•-. of homul<~U1..., JI \H' \\,rnl t<l "-"'t1m,1t1.• till' 
,
1
uur,1n u, tran,ft•rnn~ funt11on Ill thl' ,unl'-''l of 
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gcnomL' ,:mnot,1tion, \\ Chan~ to b,i-,c o ur ana\y,1-. on dat,1 
,,l'h that h,lH' a n..-.cJundan,\ .,,m1lar to that of c ntm.• p ro-
t ... >oml..., In order to rcdun• the b1a'> from tlw ~t of 
L'l1/\'0l'-..., of 1-.nt.·m·n unclton !Bl, first \\ C ha\'c to Hl'nerate 

,1IJ..1gain..,t•all ahgnmcnh (Bl x {Bl- Then, \\l.' h.i\l' to 
,hoc.,._ ... the ma,1m,1I -.ub.,._.t of the know n~fu m.110n '-t.'l 
that fulfil.., the con.,tr.1mt th,1t rn.1 p,11r m that .. ub-.t_•! 1, 

"'l"qut'.'m:t.> -.uml..ir !UI. Thc lcw,t b1,,'>l-<l ..:omp.iri••,<in 
\H'IUIJ mm t,.1-.c ... 1.1t1',t1c-. on ,111 pair.. lUI x IL.ii 
\lthnugh th,-. \\C.lUld ... 1111 \ 1dd abnut four nulhon 

u,mp..-m-...,n ... for thit..• "'4..'l of l..m'lwn 1.•1u\ mt....,, the.• problL•m 
,.., th,1t h, Jdm1tum of ~, !UI, nom.• ol tlw fou r m1lhnn 
p.·ur, h,1, ,1~mf1Lant "'t-'((UL'l1U.' .,,m1l,1nt\, I l'. \H' ,.11111ot 
dl'rl\l' a thrL ... holJ frir tr,m-.fl'r of fundum bt.•hH"-.'ll \L'r\ 
,,mil.u pwh..·m-. ton'-4..'qul'nth. \ H' h,1\ l' hl .11.:cL'pl •,oml' 
(11 lhl• L'"\1-.tmg bi.1.., m 1131. 1.l' \H' h,n l' to mdudl' ,oml' 
p;tir ll,mp.m",(m, w1thm thl' r'-'P"-......_'nlJ:ll\l' f.1m1hl.._ JUI 
Otw \\,1\ to J,, tlw•, ,.., b~ ,1cu•ptm~ rnll' ,1Jd1hon.il ml'nl· 
t-il·r from L',llh larn1I~. \ 1drJ1nH IUl x 21U) pair, I hw,l'\ l'r, 
I hlund th,,t thl' rl ... ultm,; ...._,t ,)f about l'l~ht rn1lh,m ,om­
p.u1"'m" ,ippt.'J:rl>d t,ir too -.mall ,1 d.1t,1 'tl't to dl'rl\ l' 
rd1at,ll· l-..ttm,,11.. ... (f1~url' 4) Thu-.. I b.1 ... lid tlw l ... lim,,tl..., 
on hHl Jlkrn,,ttH" (ll b1,N .. 'CI ...._., IBI x IBI. currl'· 
-.pom.tm~ hl 71Xl m1lhnn pair-.. ,ind (2) unb1,,.,._~1 
-...·t ILi X rn1 LOrrL .... l'(,ndm~ h"I ',:,! mJlhon p,11r,. 

Reduction of b ias in data set: procedure 

(I) \h~n .111 :?n,'\-42 l'l1/\ ml.., ,,gam,t l.,,,h ntht•r b\ 
p,11f\, I",(.' Bl .\'il (:!) <.:,1mptll· I !SC,P-thrl..,hold (L-qu.1t1on 
cm tor l'J(h patr (1) I md .,It p,11r-. hl-..d\ to h,1\l' ,1m1lar 
-..trullurl.., (I l4i.<.,P-thrl'"hold it 0). ,mJ n.,orJ thl• -.ill· 

ol l'.11,.h ,u1.h ,trudur,11 f,1m1h {-t) Sort all p,11r-. b\ tlw 
numlx·r ,,t ml•mbt.•r-. m thl' rl-..pt'lh\l' ,trulturJ\ t,1m1h 
,ind h, ll'll);lh (tor t,,mthl-.. ot -..1m1IM ,11\.') (Ii) C. lu,tL•r 
p,111°' b, ., -.1mpll• );rl'\.0,h .,l~onthm th.it -.t.ut, trnm thl· 
h)I' ot till' "''rll'li p,llr h-.t I ur m,t,mu· fnr thl' hr,t pn,­
l\.'111 Pl m thl• h,t du,kr I ,, ill llmt,1m ,111 proll'm, th.it 
Ml' morl' -.uml.u lo Pl th.1n ,1 u•rtJ1n thrl-..hold .-, '\ok 
th,1t thl· "'rhn~ of thl' li-.t of p,111°' 1mplit..., \\ h1d1 prr'llt.'tn 
1, lh,-....l·n •" thl• rl·prl-..l'lll,1h,l' ('-l'\.' bl'lm,) I hl• numbl•r 
,,1 du,h.•r, \\l' ,1bt.11n dl•p,:nd, ,m tlw 1.ho1n• ol till' 
tlm ..... hold • \ '"' ,HJ In ~t.·m•r,11. I\' .,f 11)1 ,., m1t a 
lim·.ir tun1,. t1un hut ti ,.., n1n-.t,1nth gr,nnn~. 1 l' till' 
,m.,lll-...1 it );l\l .... OIW ,1n~k· du-.tt.•r (,111 ri.11r, ,,mil,tr), 
,1nJ till' ht~l1l',t ,, rl-..ult-. 111 :!n,'\.[! du-.ll'r- (no p,11r , 1m1-
l,,r) \ l'tlclrl, 11 ,._ n,-.t dl'.U \\ hu.:h thrl...,hold to ,1pph for 
tlu, rl,tunJ,rnn n,tud1on If \\L' 1gnor,• thl• n .. •Jhl\ ot 
prnkm ,trudurl ... ,md ,,mlt.'I\ l' .,._,1ut.•nn-... ,,._ -.nllpll• 
,trmg, ul :!O ll'lll'I°', \H.' l,m lOmp1ll' lhl' pn,b,1bihl\ th.1t 
h,,, p.utu:ul.ir "-'}Ul'llll" .lrl' ,1mil,1r b, 1.h,,nll' 
<.)l,,1ou-.l,. th1, prob.1h1l1h ,._ \l"f\ 1,n\ h-.r .,· p,1tr \\tlh 
Qq r~~lf\\ ....... 1<ll•nt11.,1I rl ... ldUl ... ,llld \t'f\ ht);h for., p.ltr 
\\ 1th ., r•un\ l"t' 1dl•nti,,1l rl·-.1dul-... lnkn.-..tmgh. ''l' 
(lb"tl'l"\l' •' tr,1n-.1t1on lx•l\\l'l'rl prol1,.•1n.., llf ,1m1l,1r ,truclurL• 
th,1t ,.., ,, lmo-.t ,,._ ,h,1rp a, .1 ... 1.1tl•·tr,1n,1tron m ph\-..it:, 
l hi-. (tb,1.·n ,tlion ,uAA'-.._,t., u"'"A thL' pnmt uf thl• tran~ 
-.1t1un to dl'luw thl' thr1.•.,holJ u ..... -J to du..,ll'r In p.,rl11.u• 
~·;;~d:t1t~~1<ht.' the.· thrl-..hold fulf1llmg thl• fnllm\ 111~ 
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fulf1lil-d <.1qu.ition (I). ,\ fll"r colll'lhng J II datJ, I \ ~flfiL'CI 
thJ I thl• ma1or rL....,ulh \H'rl' tndl'l'li 111'4..'11"'1h,c to the p.,r. 
t1n 1l,1r choin• or thl• thrl....,hnld u..._,t h1 clu,te r Further• 
morl', thl~ rl....,u lh "UAAt"ll'li th.,t th1, m 1h.:1l choice 
111J1.'\.'li \ 1l•l<led thl• m1l'-ol ,1.1hll· r,•,ult, hn,1lly. I tL....,led 
JitL•m,,tl\ l' \\',l\, of ,nrtmg tlw 11,t ,,1 p,11r,.; m p,irticular. 
m-.k•,1d ol ""'rltn~ h\ t;umh ,1/l' I -.ortl,t h, lon~l..,l pro­
k-111,. ,ht,rll...,l pntkm. ,rnd ,1lph,1l'l·I I lw numN•r of du,. 
ll•r-. .,t ,1 gl\l'n thrl..._Jmld d1th-n"1.I 111dl·l,i fr1m1 tht.•.,ortmg 
h, l,1m1h ,11L' 110\H'\l'r tlw n..,ult, d1,pl,l\l·d \\l'rt' ntll 
...._,n,1t1, l' h1 till' ,orhng 

Aligning the enzymes 

l\,1'1 d1lll'fl'lll ,1l1~nnwnt ""lwnn..._ \\Nt· l·,plc,rl,J (II 
p,11rw1 ..... • Bl \"i i .md t~) ('M..,J Bl \'-d Ilw p.ullluLn 
pr<,l<xol tor hndtn); ... 11rnl.mt11.°' '"th ,....,1 Bl \'-ti ,1ppheJ 
tlw u,1.1,11 prl,,l\lt1(11i-. h1 .1, tlld drill .md 1"\ollutt,,n 
~•.udw., \H·rt: rl·,tndl,t ht thrt"\' 1h'r,Hh11,.. ,,nd thl' 1h:r 
Jhnn p.ir,1nwh'r (1/-,,tlm•) to to \\,,... sd lhv "4.'Jrch 
d,1t,1h,l'-l' \\,l'- <.,\\('-t'-t-l'IU)) t lrl \IBI + PDB' 
I m,111\. L'll/\ nw p,11r~ ,,t 1-..n,-." n lunl 11011 \\1.·n• l'\lr.1,1,,J 
from tlw rl-..ultmg Jll.,f.BJ \l.il ,1h,-:.nnwnt-.. 

Scores for measuring sequence similarity 

Tlw ,1mpll•,1 ",l\ to nw~1'url' ..._'i.llll'nu· ,1mil.mh , .. 
p,llf\\ hl' '-l"qlll'llll' 11.knlth 11.' till' J'l"rl.\.'111,l~l' ut rl .... tJu, 
1dL•nhl,ll bc.•l\\l'l'll hHl pnlll.'111, di\ tdt,1 b\ rl..,1Jm.., 
,1h~m-<l (nut lllUntmg ~,tp-.) <.,inu• .,II rl..,ult, \H'rl' b.N.J 
on Bl \4i.l Jnd IX.I-Ill \~I .,li~mm·nt,. onh ,1.111-.hc.il 
"4.0rl'' g1\l·n ll\ thl-.....' progr,1111' (I -,.1lul'') \\l'rl' u-.cd 
I in,1lh, tlw J1,t,111u- 1nm, till' I f<.,1.iP-thr1.-..holJ (l>l'•T) 
\\,1' t.h,pl,l\l'd, II, ... gl\l'll h, 

/lh/ l'//lf 1/SS/' /'/11/ 1 ,II 

1/'-i"'/' PIP/ I rh 11 

{ 

llkl 

+ 1h01 

14 <; 

tori 11 

tor I 1'i0 

hl·rl· ii O "hl'rl' I 1, tlw ll·ngth ,,t tlw ,,h~nmenl 
6'.·h,l•t:n h,o pn,1l'111,. l'IIJI , .. tlw P'-'rll'nt,,~l' ol pJ1n., ,...., 
1<ll·nltl.1I rl...,ldlll-... ,md ,,......,,, PIPftlh 1-. thL• rc\t',l-d 
1 ft,l.,P-thrl .... twld for tlw ll·H·I ii \, dl•"-nl,. .. -J ,1bc,nL', I 
dH""'-' ii I lo rl'\iuu• lhl· b1,1, I hml'\l'r, to n1mp1le 
J1,t.1nl1...,, I 1. h,t-..t• ll1l' thrl..._hold of iJ O 

Defining accuracy and coverage 

I u'>l-<l lhl• toll,," 1n~ dd1111111111 

inn( numt,-r 111 .,mul,1, 1 ... ur ti•un.t .1~1H· 1hri--.hulJ) 
numl,·r ,,t .111 J'·"'" 1,,1111,I .,i,.," ,· thrl--.h&,IJ 

Jll 

lt1n( muul,·r 111 -.sn11l,1r r,111 .. 1t11111d ,,l"'''' tho..J,olJ) 
m1m\-o,·r ,11 .,II nul.u r,.ur 

\, 1th tlw thrl-...hold-. gi, l'll h\ (I) 1x•rll'nt,11,;L' pJ1r., i...e 

'>l'l}Ul'llll' ldl'tlh l\, (2) Bl \ l.il ,~1 Bl \½ I 1-,,1llll ... , l)f 

('\) d 1,tt1nn• from 11c;~p 1h rl...,J10ld (l"-}U,1t1on (2)). J-ur ' 1m· 
plicil\, I d1,tm~u i-.lwd onh hl'l\H'l'll l\\t) ,1l ll'm,1l1\l'" for 
·..,1m1l,1r p.1ir" ( \ ) I hl• 1 c.. n umlwf"' .Ul' tulh 1dl'nuc~I. 

1 "-' ,1 11 d1g1h Ml' tlw -..1ml' ( B) I hl· f1r-.t d1~1h of thL' f 
numlx•r, ,lfl' 1dl•nh,,1I, 1..• ~ both protL•m, .Ul' hHlrol,1-.c..• .. 
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Estimating the error of the results 
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