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WD 2005/ 076010 PCT/ | N2005/ 000037 1 COVPUTATI ONAL
METHOD FOR | DENTI FYI NG ADHESI N AND ADHESI N- LI KE

wWEOROFEIdE) OF THERAPEUTI C POTENTI AL  Fi el d of tPET/IN2005/000037

present Invention 5 A conputational nethod for
i dentifying adhesin and adhesin-1|ike proteins,;

COWﬁﬁUrﬁ%féﬁKH ETRRIT ROR N CoshE3EC Oepes
and O9E 6%'1(}[@ lt’ﬁ‘(ﬂr N iE
prote| ns |aI "Xrur

progress in genone sequenC|ng prOJects has generated a

Eladgéthelpntsent IoVentivherred i o protei n sequences from
&L}I%lr {3 al%&ﬁnd fogslden ﬁ]zng E}g %ﬁcﬁ A }{eﬂgthlé% E_Ig)texPs corr%puter

sy)sfteqn rfot @erﬁsmingoﬂnel métbat; |a0d|$em.$nanﬂ patdisgensding | ddhesin and
abI us to devel op novel nol ecul ar approaches to

&fe@ﬁeﬁl A necessary step in the successful
mtgmzatmmn aru:l suh&eq&san&t* ahichest at i on of di sease
’lﬁg mer en Q % NS b3 tt Ee’ e% ragd a tgnad efmf‘)erred
I £f°g25‘“‘e°'F f“sg 7% ﬁﬁ%‘P BIEACBHR HBGERE 281 Eoae® SUPRFY
pisteih 8bdqiendern Gt asfe&dhagmﬁlsnst itais enmteatthattﬂhaeawdﬂabxhty of the
0 hos rec

A T O P g i 1 s R AT

chablesd togmélmﬁovenmbtébﬁar%pmys evemibadthelOA trepak PGP in
|nterac£50n over the st decade a

have reveal e
U el EIRBLRIRR PR SURGSIPR Pages Ao 195 i 36 by Tl

paihag&lbeaheA%imaﬁidmet&h&ﬁ&eﬂ@tl al information on t he
%gene3|s of adhesins 20 and _the regulation o

il pathageny cacqds sgyeatl| RIpfEBS kepwn g adhesmg dhgt hediate thir
aHﬁEil&{c:@tt@OlQ)st ¥BIE Nk Recsthorl) ambRiblagls, afh8HBAMR1Ar Smatrix for
attachnent “nedi ated by pili or flnbrlae Sever al
sugcesbii selonignteni Auvesiigationsaiie thise RtimaRoreray. of phost-pathogen
ik fidnQer tlhb Past Qgcagéb%‘ﬁ‘{f@x@%lé&rh a8 aﬁﬁ Qieidhesﬂ%slh 3 variety of

receptors al so has been gained (Finlay, B.

PRRP g mErobey ﬁesembwsw}@n@eéeﬁegnqt@nmdm hleg@@vvélﬁ [BeagHns
h@ CtH§ R5hdRh 96 LbiyksAIRERENR LehiBhE O%E eoft th% bgé understood
col oni zat 1 on process W zenmann, et ). However ,
magbandgmesciffbpetenad laghagdncp irattachuent me‘élelthé bV mél trefambieasn Several
aﬁh}‘b};xé ldl\ésmts glsg Ih%\el wlah %Por?elauﬁl C?d@{t]lgﬁj l@l&eﬁ%&ifbﬁ?@&ﬂh@%&gﬁ

es n-| ro elfrns an elr uncti ona
hobtae@ptosralspdng bmmlgambd GFeﬂzyy, B®. ahdiFalbow,cdh19%7). n

bge%cla h e f he% 9 tVh cmﬁngevglgﬁm%{ gﬁ%g Q)?intLu% oz{dhlgs?f?st toD %rggaqg the

O-q(l)

1on’ b
cbtmmzumm Process (ermh]mx; anzli@99)e ﬂbwdvernths lspetcethl Ifg)le of particular

eri.ment al |, systens., 30 One..of the best .
<R P Ber v AR s B PR SR RBRIES by adhesintke
padttias muethdir ﬁiﬁdi(ﬂlhﬁdlarahyrlzhubn 1s(1ikefyl torhidi r@EOnlﬂli de:xlﬁmﬁhg the
B RS BRS80S S R g
f&ﬁﬁﬁﬂ@ioﬁ@ whichRhh be @EOAR sﬁﬁubﬁﬁdxp&lmdaﬂ‘ﬁmmtdlel styytpmsj V pili

Pseudononas a ru osa

SS a
QT3 P SEeIoRd medkapeEe f A LA B RETrpept arsjated
Bl M Rhbde e le%rﬁ&ﬁe (FERB A Pyl Mh@&ms%f K398 Nia coli (Mavrer,

L., Orndorff, P.(1987), Bock, K., et l.(1985). Other examples of pili group adhesins
include type IV pili in Pseudomonas aeruginosa, Neisseria species, Moraxella species,

Enteropathogenic Escherichia coli and Vibrio cholerae (Sperandio V et al (1996).
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WD 2005/ 076010 PCT/ I N2005/ 000037 2 Several afinbri al
adhesins are HWVN prot ei ns of Haenophilus influenzoe

w@ 2@s/0768ehi | f gaar de 2000), the fil anent ous PCT/IN2005/000037

hemaggl utinin, pertactin, of Bordetella pertussis
(Bassinet et al 2000), the BabA of H pylori (Yu J et

Sveral QbR Ay mya"g@ ﬁﬁ%%t&elﬁg on%&zJ}Jh?lus influenzae (van

enterocolitica (Neubauer et al ) The intimn
$cbtltgparde 2p001 éﬂﬁrﬁlqmmgusdfemsgm epdacisgehperdetelle geatussis

(gggsﬁg e 26‘&8 ttpg ﬁét?] BELO ld?‘ﬂ(ll?% e‘s? ok 3R Inc?ﬁ'le @’ladgqgﬁ@sm of

ass esI NI ne Mk protei n of
Yérenzb%kdi @copn@u (Nrmba@x eHrzlaZQQﬂ) Hhei 1nﬁmuvem@éor grsteincelip of

%tergpaﬂ%zo%g%% 'E. ‘coli k]‘:é,liEl ar%ﬂ[ ?ng %?E cieaf@ 912’%8% ?ﬁher

reptococc ds® gor et A
cﬁmdsAf adhadify; infludts Mpdkip mctemoﬂ&’ledml@u&eanduaésm of Brinfighzue

St repto us p e t he Psa
& Rt e ot tag (B bl S Soa SR, of
SoapeaRb&ud fordokic@ghad apgrovh inhsa, FnhB: Dﬁﬁapl&ld;che:us aureus and
['1ul.a rtussi s vaccine
SEF ot 7 A Shrafeodis s Go T iher Skttt Hganrriss
whoomsng cough (Halperin, S et al 2003). [mrunization

with FinH is hein evaluatedfor tec ive imunity.
AaPrs e~ aRIA 68 GHHRSInE PRBI S LTS R L Bk
dhtakiing SFHAPARL P&ifabifin RSB partussiPsRAcduSatbel 4ggnt of whooping

imlgl nvgs{{ﬂgét I g%rg;js ?f?saz a’!g)gg)(e négxwt I alplgatl%%cxlé/{]tﬁ aﬁclm Ibsg etnrelg e% uatedc' for
?ﬁf&'ﬁ‘\}ez Hun @ity @84thdt SpatidgtniBaD Acolia(ih@gériasi (}W&,d c|i1 r ROGO% ein
or devel opi ng a vacci.ne .agai nst H | ori 1( %
epg;coccg@gggumop\zagy]}%ﬁég p@n%lgﬁqspgeéecggq%@ﬁ ia Vaccme candidate
ahidst ARPRSETRcA @?s%@g Rhpold) 81Nl 208). BahReizh@n results with BabA
pr ot €ct1 on agal nst seudormnas aer Ugl nosa i nfections.

@wg@ rsb@mdngrome far Heslopingriel Vasame sigainti Kerylerdt(Eritg Gyt o
Zeﬂté Bk %E@Je' SRALRL BLERGn WechRDAr baHS evhluiBd for

con g and pensive. As an alternative, honol ogy
Bl@mcmn dgginstshsdudopronfsearidinoge mfachens: dent i fi cati on of

?qﬁ’ﬂ o a@eglg%ldg Randst ke gﬁ&&ﬁgw @oﬂv%ntﬂﬁ’ﬁf éiépehﬁeﬁt@lemethod

of genone organi zati on al "2001) and
mﬂahmbwo tinie ccoxpzatnlwd exgfeReive disian ah@m@trvezh@tolwy sp@yoigis used

%?af:ﬁllta?ei 3 1d%nq(}i%21ti n (%f é&eﬁ&”ﬁ%i@% hon%ﬁ%edtﬂe  LQWINE the

ona i 'ons when gues are not
ﬁnumtsl ah@khome kmgaaxzatmn f¥diforr 4/n20013 expd epic anethibplie (patiays
l., O
Bl%éegalg gﬂve{rﬁ% gtg A ec%hlﬁg’lo,llé e 8lt i )”‘ it {so:lé)grégs{}lgt %?E(g :;]r{' §IIOW1ng
abﬁtxkinaﬁﬁ%mﬁortshehanthel ihcxheldgtms ateemcm fsre:qgmikyeélara(:@na@eqr the

Sy ies 2Pagtenca Bt Sr R RE finbiPaD RS phdie Blecd on s
CRNHIQER lids e HOHEDIE ifdSonty Alwun 60Povet the tpmlqm/\motm sdédllelces

30 Artificial ur al ks tq.identify adhesin

it e 300D PGt e e ML ps e S akialorih & Byt abbey

BIRWHoQ RN bif seifce fdé oSG ppta&r Sondtgibd Mt Hhdk gmereaf the
al carried out sone t.he early ts. to cl.assi

AL N TG 69 At S S RANGAT™ L B F ghsetes

BPRhYSE B Wik SKYIERNGicRbecdim] 983) .

Twenty years ago, Nishikawa et al carried out some of the early attempis to classify

proteins into different groups based on compositional analysis (Nishikawa et al 1983).



10

15

20

25

WO 2005/ 076010 PCT/ 1 N2005/ 000037 3 Mre recently, the
sof tware PropSearch was devel oped for anal yzi ng

w@r@sermicequences where conventional ali gnmePCTAN2005000037

fail to identify significamly simlar sequences
(Hobohm U. and Sander C 1995) PropSearch uses 144
| U8
GRARY, OB RLERREKLER Pl goPhOli: AEGUEEHERA Bopences
wmwemoﬁalndwnsewmnls efady rtd 1d@qulﬁse mggéicalﬁlyt $imilar sequences
ba R I t L: :
PAIRIE wESHEBE.S) 15, FORRARY LB s AR A rbeis o
masteldlsedluen@s de aletettopqsmb]ecshea:ml bn funbtwtab rdladionshdps between a

[ I ast .t a et ed 0 n I
B R g ST e e RP F S SR R A BBl o
;2&915]19 havélbggeused taldehdote sofbedest foe Iﬁéﬁla‘mgmeomturﬂ proteins in

0Si |onal roperties, . Their,,0 s to.
ng faé’éi’lDBIagts% POttt £ I’Jﬁg dy ‘?C’%‘fr &0 RY j trmng
ﬂuﬁamwuwnmamkg&egge efldI2601)i s di stinct from our
softmar SPAAN. t h t f ocuses on adhes

ns and D .
Zepssy ! T iiecisp deOnaming Agid|cORRoNHPRbEPPHEh oGsir obicetive
d@&@ edfiti Riuresiop aitaphithapard Potkiay/ i M&ﬁﬁdefalczparum This
npositi onal properties includi n soel taéﬁ oi nt

laﬁlaﬂr&ﬁfrﬂa OHE IR HE I’?ﬂ’é“SE%ﬂ‘b ef%fﬁl :Hf&ems

H\v&%h@ﬁ%ﬁpgﬁog@m@&wﬁn 15 functional role of pr ot ei ns
hat are refractory to anal ysis using other sequence
}a?bloblﬁ i Bandsislae 47dr44 cprarositional preperies Fislydpgaseslectric point

4@ bafny ad’éﬂi %ﬁ@d(ﬁﬁep@i@e e ﬁ§§?ﬁ‘(ﬁi fid CRhérite RARBIRSS I)Ih %)utatlve

i ssue of adhesins and adhesi n-| |ke prot el ns,
fupgdionad gqle olgprotsima ARt arRFrefREIRENIA 2831y H UsigPtsr ﬁ@lu%ﬂnaygnment .
Iﬁgédeaﬁpfo%eg QiK€ PRIl dhaPF I EAL. rﬁoﬂoﬁﬁ'xoan\daﬂfah@éfsdof ﬁH’t‘ %f)écﬁ‘ﬂﬁily

gr oups. This was a CUYIOSIty driven exercise
adgueprt thaissup of edhysinpandrdhesiviiieapoteint, vfichds the f@}‘@ﬁ Pﬁ\ﬂ?w 0
I@lﬁl‘ﬁﬁé{v&a na‘rllth(f"{d %)ﬁ%fngﬂf Qt!ténlrﬂ‘lc_ rtopél%tsﬁy Bﬁ)télﬁsomto various functional

intracellular protelns IS work “did not address the
greups €This waschasivsity daiven exghrdssibut ¢vekimallir lsedtiorike dexplopment of a

S%Pc%alfe 96 %%SCI%(‘IIH&I%P%?\%I ce]y1 ﬁfr%{cgiﬁp %‘Oglf mﬁ@c?ellﬁllfalo fn%ﬁrﬂt iR &bk

research grou to envisage

dmnhmmidteesgt}le oésud: hfadhesibsantd slpedin-Gled pnotcmsTWblch ns tntfoane of
d of this application 25 provides novel proteins
‘orrespondi ng gene sequences. Adhesins and

’Hﬁilh,eﬁdne -dfi the aﬁjmhemulﬂ;edmeshaaihegrhqst hypatteageble to env1sage the

I S..the fi st.ep 0|012at
rthoofigy oo vt teRicalge 1 b iy e, mhlled Wi tblidon
lﬁbﬁdésmava pebteifyund @sirgporikhgmac saaeercey. rrul at i ons

si.ng, adh Sln roteins derived fr ens.
A1 S St i et 58 fal Beeh e B, AR e first
sdpl iffelomgaion $>1f a B06st ?bﬁ hd&obis] fatio géﬂ%al\tt&ﬁibth ug;enmdAVm foused
atégogen is act ug encount ered, Qe survei | I(? 6
SIEn Vacrine RS poisingy RALSFiS PrOfPRG JaRNRg from
Palfogerah vakdhi ﬂﬁﬁmﬁigdl bedywill Rh®S a6 tiNHe aRsteeplifad lagﬁnst
t he pat hogen throu corrpl enent nedi ate cascade and

asherins fpreihat Rathogen pythagan i astiglly pRgounteterd the gyrveidance
RESiSH CH AP $dbkhive SR OYRMAsihd) bind them through antigen-antibody

interactions and neutralize the pathogen through complement mediate cascade and

other related clearance mechanisms. This strategy has been successfully employed in
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WD 2005/ 076010 PCT/ 1 N2005/ 000037 4 the case of
Whoopi ng cough and is being actively pursued in the

i nfections. Cbjects of the resent Invention The main
object of the present invention is to provide a
ERY q in@ad Adhgs] .
FRof YiRpEhg PR S beip kB0 hiold D, BERRE o PRl
@asmcﬁélper@bqiﬁunarwraq:tnwfecttqnsn is to provide a nethod for
n ins with unique conpositional
6 a?tgct{eilrglptg ?%@rngéslﬁput ative adhesins indifferent
B&t llna:ge]b;;:pt Yethe pmenmmlvemnbp escto phbvidhe ¢ompaftioeal mehod for

ene nce n t he
1g%rg1\£¥m%a(ﬁlgsd% (:)nsd}'I a%iﬁe lge gtel #J t?lfra%e%ltlg gtglg[ ﬁa? Ve
Adnelied pbjeti civaérﬁloSummmomlfe d imethpd é&emeehmgethé lpmnelﬂs with

conput at i [ n
SRS Rb TR sTEr e e Rt SR PP s
Yét, anmatibbjag of e aeditien ¢epbaidiag tad ddel dflgeﬂts saiene® bidotling
eguences, usin five attribute nodul.es of software
A e e g b B NS RERPRHES 1 bl ok
$ﬂ@ﬂﬂ@nﬂyhelﬁﬂegdn} I,dueaﬁ@ﬁ;jde frgquegm es, (iv) charge
osit1on, rophobi ¢ osi ti.on,
Kf mfﬁ@nflﬁaet%ﬂdtﬁoé entfying athes R adhsep: ARG said gefhod

®nptibigg sOPEVfceEputink IR @t;ﬁdhbénws&sammﬁfés bE@Blein ¢ itGicdshBing
adhesj n and adhesin-1i ke proteins haV| ng probabjlit

f5re ibig mofluled o spiv TPl AR (B ampnasacid Arcgumpige.elii) mltplet
SaRbRN iRy dipsyiiae rﬁ’@qﬁ&cte@ e(lﬂE&hB@G copBkitide NS (aﬁﬂydrophoblc

proteins encodi ng adhesin and adhesin-1i ke proteln

PEPAFIHYY e ‘ihﬁtamﬁ?laéfnet‘fﬁle W@%W%rﬁaﬂb Af fs computed

fﬁf‘é%@tﬁgﬁt% ha 1d51ﬁﬁ¥1ﬂé aRefthediMMRANIhQ M- T8l Rb8Hs hivifg probablhty
onput at i onal d for identifying "adhesin and
QEfth?elS ian aflicria (Belotset BiS1; saimpuivesistsa: iooppfirsingghe methedioind
s of protein
% gggﬁag‘ﬁ [ebgu%sge?lﬁmﬁ%q A\@Qég?? &ha%ﬁ%léﬁﬁe Fte%lgof sof twar e
]S@Md,de@czr)ptmmoﬁdleqmesbnt begoterci es, (ii) multipl et
%cc )¢ 1%513? Yhe Sresen m(ve]?i (ﬁl rg?iges fﬁg gl gl%ggtlaﬁ iorial Er‘ekhozl oL 1d’egt?fl){mg
ztdhesna aihd ﬁdh}:slﬂl-llkﬂ qnmains,25ud\lﬁtevhod l«:o(n@f\ilk\i)lg fstnps eﬁcdmmpﬁtutg1 éle

S s PeRe b LT R hhEdeatBi YR BEphger
m,f'(@&hﬁnd Rayeqasncies, (i) mbitiplet frequepest, €iii) Sipsﬂitﬁm ffeqtiencies,

R P e R

NdtGoik! @I fol BACE I it confuekIEive atthiButkd) wed ideatifyir @t @8hesin
to a 30 _computational method for |dent|fy| ng adhesin

i crdhesnelfenpiofeis s Beaplabilivyof beigg 1#8 pdh ising 0-°1; 2
<§) R&r YstenPfor fARRHdPe mﬁma%ueg@ﬁ& ARaSRAeid Lo %ahesm

protel n sequences using five  attribute nodul es of
@dﬁéhﬁsmkhkﬁ@mmn& software, wherein the attributes

In an embodiment of the present invention, wherein the invention relates to a

computational method for identifying adhesin and adhesin-like proteins, said method
comprising steps of:
a. computing the sequence-based attributes of protein sequences using five

attribute modules of a neural network software, wherein the attributes

Gastric U cer and Ui nar yPCT/EN2005/000037
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WD 2005/ 076010 PCT/ 1 N2005/ 000037 5 are software, (i)
am no acid frequencies, (ii) nmultiplet frequency,

W@ oos)p760ad pept i de frequencies, (iv) charge conmpOBIN20GI)00037

and (v) hydrophobic conposition, b. training the
artificial neural Net work (ANN) for each of the

conput ed t (i
adhesin and %e,?ﬁ)t f‘mﬁlg aglﬁloftr an‘f Shgﬁﬁgﬁl{ﬁélxiﬁ%u%&? "
of bei ngdlae;ptldd HesgiencieRady) d@rgﬁ? C(@nlﬁﬁl’ﬂonl amda v tHydrophobic
enbodi mané0 t&? present invention, wherein the
inventionr es’toa nmet hod V\herelnthe protein
sequénce strznsmg ticaartificialf weoral Patvvok CANN) dorleacty of ths compaked
10 mul tic II %r oraaﬁmsms. In an enbodi nent of the
present i erein the invention relates to a

met hed, mbl&ffgmg tltd’]ﬁlhes”m)hﬁi mdlea‘quik pesteias Baviriyt @obebdity of
fromthe pat hoge ct e rom a group of organisns
conpri Si nge Haem)phl | us influenzae,

Ih'einbﬂi@nbélﬁﬁ@'imet@)df Qhd preL\é{lE Qﬁ'leﬂtﬁﬁi? WHRRUTERI ifvention relates to a
Mycobacteri um tubercul osis, Rickettsiae prowazekii, 15

W%X}’F@ﬁ‘ﬁﬁh@ PEIteR sgaencss 1%ﬁ‘pt§1élpql dron gathegeps, eukaryotes, and

RHEMLRFASEHSndTUt ans,  Strept ococcus  pneunoni ae,
Nei sseria meningiti des, St rept ococcus pyogenes,

e Géﬁe@m%taﬂfl thejprseahventian.ov keraip (hecnFeipn Feties g @ method,

qid Mo obmaARRcted floth ¥
UG ED SR QEHRNES o TR EIOR A M g ViR flofh &/ Bloup

afherganisniso domprisinge Es¢heviehie | ao, iacaoplsivs hofsnengy Hebicohsgter
;5)901‘ ty?%ﬂl&sjm z%alﬂgi[zctzf W%ag%ﬂ&mqabetrf)ﬁoﬂ ﬁ&'%}fszae prowazekzz

rnvé erein the invention relate$ to
Prephyoanargs rg}jngiws,c é’hﬂgdém ﬂmﬁal an@m‘pmwesmws,t ﬁtéepfococcus

equen
e e
&Ivewamgteﬂ?esmratqry SYI}drmﬁe asodiaakiung@@oronavist (3ARShot her

I% n\//eg natno ?]rt anl 1me11tprfe ﬁ)%Serslﬁnv ﬁt%@ S%Ferme ik H@ﬁwd of the

o<t % OW N
mmﬁmf 1s@|nby—hoﬁlon)@9)%ethbm still another’ errbodl ment of

]%’125?1 pr S ?ernh%raao %III% ?{}1]] IPV\ggel‘gﬁléveln he Ih%}r{ﬁ(lel‘glhleql’rllver FOH re?a%es to
meinameaus‘mﬁgml cﬁm@osmcsnalsltmbdrtmnﬁmeemqmmdl ment of t he
erein the . inve t|o r.el at.e

t
A Ao RPN PR By ~ 5ED P gT VP e (o2

Ilil@tﬂ&déhﬁw)hng@@rﬁ&iv&yloﬂaléﬁcstm%l nput Ilalyer 30 one hi dden
and an out ayer. In sti ano

rrbl antberrgpdipat % SRt FOEREPB R 8 vepfign reates to
maﬁﬁmbagﬁm@@gﬁﬁc{t@fmm nunber of neurons in the

i nput | ayer are equal to the nupber_ of input data

I‘yépﬂ arothegy embadimentefithe prgseat invention, wherein the invention relates toa

method identifying adhesins from distantly related organisms.

In still another embodiment of the present invention, wherein the invention relates to
the neural network has multi-layer feed forward topology, consisting of an input layer,
one hidden layer, and an output layer.

In still another embodiment of the present invention, wherein the invention relates to
the number of neurons in the input layer are equal to the number of input data points for

each attribute.
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WD 2005/ 076010 PCT/ 1 N2005/ 000037 6 In still another
enbodi nent of the present invention, wherein the

WO pwsotdoon relates to the "Pad" is a wei ght edP¢T/means/000037

sum of the probabilities friomfive conputed

attributes In still another enbodi nent of the present
inv nt i e invention re
I ano er e \‘t\{ht% glgosft f gregeng 1I1V6n jon, 1 kl%gl\/ i % glvgrft%glhrelates 0

thm‘ Paﬁlmwagnwd lmetaemm of the prob&ﬂmeqﬁemd"eze cbmpmbd iith'lbutes

I{lﬁ Qﬁ({}lé%t rng)ﬁcl'hfn ?fo tg E)%gegg Ergf%n 100, \évr K m t € 1riv][:e1\1li41 rglia{és to
epel fraifed Mgwbdlieassipisho ﬂrobﬁblktdya;lam bf bsiag deaydhésﬂrrfor the protein
conprising a central processing unit, executing SPAAN
§ n@?hn1 gi ving probabilities based on different

Iakhl hddtHee 3muadimgnt/&fttﬂefﬂr§sbai inMeatisg whdeinhe knvaibni relates to a

built other prograns o assessi.ng attri butes, all
COPIBHER SYSHT, f(ﬁenfg*foyma&ﬁ*c aieﬁleﬁ L ki g\/ Sl PapTsiPe 2
c@htral Wb kkirgh Bni€ edkeEiding PRGOS Spr@arhl n gffwr@l prebayistick RAsed on
screens of the above nenti oned i N response

differens attribptpy pang Avtficial Neyral NWP%@@ alewlkeothelr rPf%%ri“P‘F of

ARNNL AR JAIMERLed0h 4 RRmBRE&SNE dcBMsat bP TPUMAELGIA on
the invention relates to a_ set of 274 annotated genes

véReohs prptralecssHng It dighlays the spresis OﬁﬂtﬁtaéPY?smerﬁladegO@E@S
ih Rspoke PQSer iniis; bR H2Rr inkd?fadd devlceanot her enbodi ment  of

the present invention, wherein the invention relates
In tith anagher egpodigsntipf ﬂ&M@iechlaYenﬁ%fh Sdersife b iHgntiteefes to 2
s@ﬂg 2@@' Qﬁﬁ)’teft‘ed dhBs éHcQ&n?é ﬁﬁlesﬂ? a¥d dfesai-fke piBte¥RShavBRSHPID

In still” another enbodi ment of the present
T&mvﬁﬁﬂbéﬁ3 mhereln the invention relates to a 20 set

f.. . '

B FRRE DA oS A e RG] sl
sehe 106 dgpetheticahvgsnes enodinghasthesim andhasthsin-dike proteinse havingsSEQ

Ibﬁq% 6§ﬁ£7$§8105 hypot heti cal adhesi n and adhesin-Iike

terns. o EQ ID Nos. 280 to 384. One nore
Ie rmlib ahiathen embbdibet qftiesmedent inveation, ovherein theanventigrerelates to a

i Ny, rel at.e
ST ML B RN s

Ihasle anotiter teimbocﬂﬁleﬁtmfphﬁ‘ @tdenmnialentied, vdereas the |l iaventch relates to a

S ORI 458 S BRIB bl D SR b

G@QH&IB @ﬁbo&iﬁ@ﬁtﬁifﬂh@;&é&&m meeﬂtlem wieredn thieriaveyitichi 4lid relates to a

RSt 200 L EONn et olos SSRAPER ALARE et op e

d[o &taﬂ(b'rg,l ﬁieth‘éd a%&ﬁlﬁdzdhnt Q&mpT, ogﬁ@ftsFlﬁAgS $p s? GEup ldnyeg-hldden
a edi ng a_ protelin sequence I.n or ne
1&%&@5 & rﬂj‘gﬂ e b SEUBEEL I Faﬁf §?C&lﬁn<[ea]thfeln each

reloR WO bihdr§ ditReibeemdnasiRbeoted tEeadR nelton B tHYlsubvogiett 1Byer

attribute A represents an am no acid COI’TpOSItIOﬂ

fax identiying a@qswpqré*éb?ﬂrblﬂ%? REptaIg vheEih 3 RIPAM steps comprise:-

%t r :f&gfn pr(ﬁ?{l\é%&lﬁh& th fIAQ?JQt foﬁﬁatc ?%Hpﬁ%bésblg% e séqlﬁ@nce
qbr@mepkﬁn Etpg‘[a] figough\the g@od(ggs na|r(1§d 1@@ IQAH athdR]herem attribute

@tréprréspllr& Gn ano acid composition, attribute C represents a charge composition,
attribute D represents a dipeptide composition of the 20 dipeptides [NG, RE, TN, NT,
GT, TT, DE, ER, RR, RK, RI, AT, TS, IV, SG, GS, TG, GN, VI and HR], attribute H
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WO 2005/ 076010 PCT/ 1 N2005/ 000037 7 represents a
hydr ophobi ¢ conposition and attri bute Mrepresents

wa@eioso7@ed d frequencies in nultiplets to quane¢t/IN2605/000037

types of conpositional attributes of the said protein
sequence to obtain nunerical input vectors

resp ectiv ..each aof. the,s el [
PREORant o HEPP CarhoR e e Q[ FRy RS i
frgeaeRs iim guubipléth e Guantifyes iypas of nmuposuwaloﬂslbgm aif e said

in ste b] by .the in neur o
p§?t§1H gra@uekc%m)egbé?lﬁ ntlwglg)(ﬁ[] f‘PBgii’ VeC, or%eu e(rgzlt]l]ga ggrte Qﬁﬁﬁlof the said
atFiButb Wh&einOthe RUMBITi afleri¢ah ﬁhﬂnt veabdoris 10%r[c] @axcbssmg of the

S e L S S R e

Wik iR Chusdbeinét Seurdhh) @r@puﬂ tb e Mﬁﬁbeﬂaf nmmsrh:ar m()ﬁt vectors for

neurons in_the dd . t

BRI TS SR AP DR RGE TR B B) PR RACHERge o
bRt BRgHic WigRAChieAR! Widrkin kedprivd Liadnhber of eduratslin e hiddgn
synaptic wei ghted signal s obtai

leyee vestdstprmingd dhrowahy e@%%mamtwa %%‘ “Hn%}r’%g%\%‘?"le?‘f‘% Jfaﬂt‘% best

efpeéh B8 e&h%ﬁb&&k mdw%cﬁﬁnge rnéaaieﬁ%ilmg @%/Filtpﬁp “{eag}ltea&lgaels RBtaied
dhesin by each network nodul e; usj.n

foveiiop diidb thr MRS Layet fo8 Ssomung ?fe%jplrob%hﬂl‘gt‘@ e[f81] eqcly protein
%@I@H&t £eA9n s g [h] Rebei QPR by @lh RetwBfOmBie; &&[gctﬂe
I ng an adhesin denoted by the Pad val ue, whi ¢
méw@halemobﬁbﬂlélv%@l&‘g@edcffom BeP [ dprgompating s s} Pmbabélsty of a
ﬁ%ﬁ' ggent:é %\%11‘1? aﬁlpac{hgdm Albiddey Ql?esﬁc&'\ﬁttt%dvf}lfcﬂcfs| DWeighed

correlation I's a measure of the strength of the

Preg @ftth@mdlvmmalsnrpbalbﬂlamwedém%@?m andyihe pgsacippd %WP“
consi sts of
IO G A SR
Imcmﬁcmoﬂimombodpmw of theesesellltnnmtlbn, \alitﬁlj@h éliie @nbb@ﬁur@nlﬁyer
| 1<t
e
Ior gl encthers emB@lihent crfuthbl peent 1rmeaupne nelicesin 1B lidden layer

di frequenC| S or char t .
SRR SRR BT b I B S SEATRRRN A4 B Hipte
Reokkickpns fof difeptify Es@mhcwm\B@nfdroah,arngmﬁbh end 30 for
og{ t. | ayer conprlses of neurons to deliver the

Bydraphebig spresition. probability value for each protein

&S stHP QHEMEE embstEMEt! ofC &el Prosedf iftwneibn, adthasinn meanﬂput layer
their characte(ﬂ;gtlon are i nport ant &qr sHu g n% o
SPEISTRTTGEERS 1ol At BHR XAHCT BRPHRGIIR YF YL oA protein
fqhdned.at i ons. W have enployed Artificial Neura

Net wor ks to devel op an al gorjthm SPAAN Softmar

Hertificationonf Byvel adhsens sndothelr sharactsrizatign, ar p}F‘BP’é?‘ﬁ §°fu§?4¥¢}‘g

NREPAho R NP Kifohs i@ tes@EfndvA 04tk ink YoréiN@®ng We Hav@baplBged
usi hg 105 compositional properties of a pr ot

égq‘ig@h Neuraldpatwreks ¢ deyelop ap ?lggrlxtpsn %’lAeAg}I EYOLrtErg %or Prediction of
ﬁcgngrAﬁ%QnﬁQQ PSS Ilsﬁr%m&ﬁmeﬁ@tkvoﬁéf HRE cal iRAEY i dBesin

strains. N showed 89% sensitivity and 100%
yp@me wisdrigr Y05 norapqsé@naldamr@fét oft py protgingsedpencySPAAN could

co%@(l;p Zé&%@wﬁgﬁahlﬂ?e%%{ é?iggs%7from several bacterial species and strains.

SPAAN showed 89% sensitivity and 100% specificity in a test data set that did not
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8 contain proteins in the training set. Putative
adhesins identified by the software can serve as

w@odaosotdoad preventive therapeutics. The presenPCT/IN2005/000037

i nvention provides a novel &onputational nethod for

identifying adhesin and adhesin i ke proteins of

c& %rgllt‘é ncs) ﬁ]n r}?f(%lttg ﬂlg tse(’g %/gc%t e %léSIH%gllrd]gﬂtlf%g btyh[ﬁ Q&%va%en tcan

sadhespﬂeﬁthewmﬂuﬂhﬂqmnmﬁurther prOVides nem1|eads for

di dat e, gene e

ﬁe eeSe ns mient“t)rh%’fos\rges‘f 4LRRE! g %mo PV an‘[féoed (rﬁdge?g@qutaidb%sm

aa@ mddiasﬂ.rhhﬁe pidudiss ob nipdpatitico paﬂentmkt Nudle Ipantmhluﬁﬁ, the present

.cal cul at i of several sequen attrj bute

iR, G o fano Bl e S5 S By L T B R pep provides

madhesdsnfop rd@ieﬂiipﬁﬁ:nﬂ 61f chnfiidet %’&hesp ahd gy ISncoa'diﬂuﬁroteirlﬁ én f1:h<31r
rese i nvention or identificatj .0

PO A i, PTG AP ek R C P BBt et D i olves

catigsén of wveitae keyGerice QraiBités Adembir GabRgRat afdigdes diti o ahe

et of. ca ates for. function acterization
gﬁfﬁ‘ﬁn t"g 'f“!&@fle (I,iroé"é‘i‘ise‘“ d‘i@i’ﬂ‘éi’i‘t ?igenﬁihﬁi”&a#‘? B’i?%enéi‘i’éien“‘m is
uiaéfm R deabficaliol bM@E adhebil9eReiRs B HitiEeAio BSdanishhb STIR aﬂﬁésm
of candidates for further testing in_ devel opnent

of
P& NI editFiaRta SEAANICE sCONRHIYS, 2apch R SORULAFS: Y fwRdenal
cBReastiAfod ﬁi@o Q%e@ietgen@@i cﬁh micRodH=9% ShdSrotediRs. Further,

present. netho ers noveI in the principles used

thase Prefeing GowstitugT a Nely P%Pandidétewcfnk Surthgr jtesEing it yleypdgpment of
p?&@ﬁﬂeﬂﬁerﬁ&ﬂﬁ&r Reko! fe lpRARIGHS oY ehd JiMCRN SHRAR adhesin
conventional nethods. The presént nethod is based on
P@ﬁﬁp%Sitional properties of proteins instead of
ar
Tglgﬂ#?s{éﬁrtngélgcggl 5 Iv?l&h dﬁg ?hﬁmﬁféé Qs %ﬁslp ﬁle rﬁﬁ/ef '8{3 Neural
Networks ris iflendily gt edheansbebmngpcti QOtiebfa*lqns ckad time consuming

' e |
BT FiOERAR Jrth P S°BEL R orlFRGSorel Riobehes of
pmteihysns@aémii seqypec nmmnaatliso Aherdfoes |thw erthognbdsathe tahdity to
i&’e%lgp %Sl t d aa%&aesi erh%e prg hi%s d§ IS Qe%ﬁre]it bglgn Vi a wide
preven |ve ﬁerapeu i CS, curren 1 15 63
phylggenem/ wbmmt Themre(hctMS tn‘fade ﬁtqm ﬂlﬁsrmaﬂlocbﬁresrkadlﬂys{dnﬁable
esent .inyention .
Rl w@EndeRt R P Bpea e R O i Hes e Bienial o
at@bionite fhecddvelopmertt of QﬁWQbrd\&hﬁveadlhﬁﬁtu’hcp,rﬁheh Bsrrditly requires

t her apeutic ote tial. The v i on ularly
hbﬁé’s‘EYfip Stegt m, ieqi’i‘ﬁ“i?&iﬁoﬁskqi gg’ﬁit’i ?‘3‘/" H‘epr ot ei ns
"IIhB ;des‘eﬁierrﬁeinogeiréiafés&ocﬂ cHAHNARARIS methdd SBr ﬂed tRstifbation of

é can used for, devel oping preventive

i“e Bmteﬁiif‘&é frgrangitis potentiynbift v sading pathigtiarbiiepgibes
al rﬁ')@@[t hétoG iBEHHSShdhe AN Prodhilesi différbitereRbRELHMPathogéhs OThese

t herapeutic potential which conprises calculation of
adAsingsplsiHs pany b&rvafid far dyeleping greveiiye therapgutissye sequence

2k bttt §§®m§\ﬁ£fﬁ>ln¥l’me%ﬁBdn@r fehthyinf QEMRRCH a%@sin'—lﬂie%otems

frequency di peptide frequency, Charge conposition and
of Jprapshishpionsisliybish cpwprises n@iculwfernﬁ Qi erinRysifipnal prapegies

oot o 208 BFa0 T8 BT NBboRY 0By, Mulipi

frequency, dipeptide frequency, charge composition and hydrophobic composition; and

z

then training Artificial Neural Network (ANN, Feed Forward Error Back Propagation)



10

15

20

25

30

W@ 0o5/0t@10 onal

9 using these properties for differentiating between
adhesin and non-adhesin class of proteins. This

conpositional attributes of query proteins and
qual i fyi ng them as adhesi ns or non-adhesins by a Pad

K aReso RO 1ot Ryl PR ARHRR B4 ngREgBUEREN of
rapiding dbés¢ompuakienab methed irsolvas pantifyipenioé compesitierbattributes

-y ldenti.fied, adhesin.an LA-1i ke
0658, RS WET ST LA, AR S . e
(@bebibpyneriteingfan ndkesinp r Ehegmésementdngoma pawstfut for tidkatificaion of

tested..n. it | . i tal. .nod t )
Pl R Sl Qs T BhAMEE Sl Trefl SR et
adtidvdsdnd adhaimlilegsoteind tdostitple@tset stsandidagesforodevelepmerk @f new

The jinvention. provi de set .of .candi date hesi.n and
ekt R st OIS Panethal BB B g GefBe g Seems
rbadiliy Niaradéviah, Ui ¢enés eaSodiigoie biridicRtet ddRdsamid tad kesin-TReproteins
nmet haq of invention is based on the analysis of

Pt P8 sequence attributes instead of sequence
PRtikentisn plviesh tited chlidawsdhbanahd 8nREhKke pRItEREMd their

thod is | ess dependent on sequence . relationshjps .
°Rfige gehss Lardpithep Fyaliation P BEPEYR %fppeﬁgq,g,e'lfh%lple&od of invention

it B892l i InythB GnAGHE ST Pt Adudie Htsib@dd Inktehi® bBk&fhence patterns
(ﬁ%?ﬁnlsns. The inventiqQn provides a conputationa

Hest o vifpeinali RrRFe & 13sPRIMEtied s Jessadaperdent orgsequence
18l ShiPs lahd ShdsrOleeditss Wi fienfinl béwdri ¥ iddRI#yiRE adhesins from
Net wor ks. The proteins terned adhesin were found to be
ety celetpd qreanissh Thn invertispapspYyides 2 crapptations) mefhod, which
ift'(\?i\l'eg UsreBBddHO0 98 NahesmO IR BENGRI-keS BRMEINC BSing UK AEHial Weural

be " identical or honologous to proteins that are
Networgeniee protéipgpformed edhesin wereufoapd do bBypredicteddj with a high

p@ﬁﬁm@gﬁ@gdt gg.@} O?Q?%‘?‘? ;éét?o B.| s%%udﬁésﬁlgv,ee ces tummed oyt fo be

short -l . esting i n el opnent o
idemiical e diomeloousnita| raetion ghat erceintipéniatrintiliseiad s virdaxedBy

B bl Qo RERCLE iR S p R B S ot in
deedidrencdt oOmganvasemd\doreiulationse &5 elominate ndiseages Namizdr byofrarious

alrs, te of release and Total nunber of
I%?%%%@H%?”&%%?e 3. Prediction of well characterized

DESBGRIPTION OMTABILERIS bacterial pathogens using

N.. Tabl.e 4. Anal ysi predi cti ons made by SPAAN
“gﬁﬁgkﬁ%ﬁ%g§§§R§m%ﬁwgyﬁ%3?§%F%cted 30 pat hogeni c
Tablalti GipganisthaNHne, Bccdstion tiibdrS Nambler(afhasd pXErspDatdet release
' ins predicted by SPAAN in the genones

atj ve .adhes
awi?téio“‘i‘??“rgﬁﬁf@e‘ﬁ?- WO 2005/ 076010 PCT/ | N2005/ 000037

Thble 3. Prediction of well characterized adhesins from various bacterial pathogens
using SPAAN.
Table 4. Analysis of predictions made by SPAAN on genome scans of a few selected

pathogenic organisms.
Table 5: GI numbers and Gene IDs of new putative adhesins predicted by SPAAN in

the genomes listed in Table 2.

met hod i nvol ves quanti fyi ng 105PCT/IN2005/000037
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Table 6: G nunbers and CGene I Ds of hypotheti cal
proteins predicted as putative adhesins by SPAAN in

wo b@sgemones |isted in Table 2. Table 7: The |PGI/IN2005/000037

198 adhesins found in bactdpia Brief description of
t he acconpanying drawings 5 Figure 1 shows the Neural

A L S T L

zltdhssimgrxya&mm}btrsthe)geriohm istedtiefatgdé 2.pr ot eins in the

es. are shown. (b) Pairw se
sequzuﬁ%e g?ﬁﬁ?% ]inE)EO% ‘?S“r%aa?lﬁ adhesi ns wer e
Eﬂéiaremﬂ;ﬁidnmﬂﬂngac&m&tng\ﬂ/rmﬂgpl otted on X-axis.

s REP RN AR fieedls I he o quadrant

FigureeX shb@s agésement dfsBpANtdsmn defSefl tasadataspt ogr am was

W £ e g GRTao TS SRR P B b di, e e vl

1afigdd t ar@ rsRbeh.N(LY EPHIRAGE ﬁequéthasItaﬁbnslﬁ@i nong NHe RIIRELHE EFere
tabul ated output. The out put _Tahl E}goont ai ns. one row

sd psing GhUSIesn W ‘i‘%dtHl‘ﬁ@dtoﬁeX proYRshisegred indisatesimpyar
@ﬁ@h(c blok & AdnMAIhBRE IDRG. ard pWRkd Mt & AYRIRER format for clear
probability of these five rmdul es (Pad) and the
P8RTEYYon of the protein as described in the input
SERHEN R gfabl Gras THitRn SR Va8a /gesalﬁaéﬂeﬁa@ladsgﬁﬁléh (¢t Linux 8.0
Softvvare for Prediction of dhesi ns and_Adhesin-1Iike
‘itﬂeﬁi‘t“ég §ESteN8 Fap RRIDPUAST INRSTHIB rakeopisaitputapretsin fRgpences in FastA

HARM h @ BlodubdS, BE&R bhBe: TAY B Il iR Sntab& 18R8ach
mul ti pl € nodul es, the running t hese 20 nodul es have

pelsin lising e arebistoupity w"estaebj of thi dive sodulsn| ayweightgd ayesage
bbb of &demoﬁ%qw F&i the IﬁEH?:HBn of ih%?rcﬁaﬂtaé 'dQécﬂged n

rotern sequences In the fasta fornat.

ot seanepce fidg Joiscolwargfis edlled SBAANS(A quft\égr@ ﬁomPredleﬁlqn of
{ .
l\@he?ﬂ? aﬂ@)ﬁ’dhesgﬁﬂ&lﬁgtgﬁ% gsu]géas ?nglf Igér:t{vrrgt% )cz%&‘lt ?édﬁ\%ge fOé) vright

rotei n sequences 1 n

lmsrheam iladg Afltheughe thasy sdﬁvaodwhasgmdltlalﬂ modtécsl, d@ {uRping, ofBhese

mocgulﬁlg) havedb n n?elgra%%il il autor}lgtte %dergr only %eefls to {un one
ions 0O am no aci 3

d%nninandont aining protein sequences |n the fasta for mat .

WO 2005/ 076010 PCT/|N2005/ 000037 11 Qutput: File

cont é frequenm es of 5 groups of am no acids

forme he basi s their Hydrophobicity and nonents
of t Impﬁt. BRSEdtRiRg ProtditsePldicaRlifl Bk fastaalhatpl et s. c:

Output: File containing frequencies of all 20 AAs for each protein in one row.

charge.c:

Input: File containing protein sequences in the fasta format.
Output: File containing frequency of charged amino acids (R, K, E and D) and

moments (up to 18th order) of the positions of charged amino acids.

hdr.c:

Input: File containing protein sequences in the fasta format.
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woriosiopdoed s of each of the 20 ami no aci ds.

Input: File containing protein sequences in the fasta
format. 5 Qutput: File containing fractions of

querydi pep.c: Input: File. 11 containing protein
sequences in the fasta format. File.2 containing |ist

of t h(?utfﬁkg ri:iilfeic&?c?ihiln%:f% Qgtrnlcgg 3f 3 Eﬁogég)gf?z;n%iﬁcg aﬁ:c’l]sa%o@éds on the

Qutput: "File conta requen peptides
| i st dusip theirfifydioppelticifyi dné nPmefd of teir pesitiong uptiefth oider.t he
input File. 1. train.c: Input: File containing

fol | opinpdieteci fications - 1. Nunber of input and
out put pgrear'réters. 2. Nunber of nodes in the hidden

| ay eraputl HildconhiiBS proteirt Rguentaiimihe GastaairhAat e and test

data files. . 4. Learning rate, .coefficje f npnent..
5. MERTRETHE ABipE &%H%F‘%‘? pnlet a{ ik Q.P ﬁl@?ﬂeﬂw:ms-
Qutputs are as follows. 1. Qutput of the trained NN
for tqwertdgsdp.cdata set. 20 2. Val ues of the weight
connections in the trained NN. 3. Sone extra

i nf o BBYY He-hpeidining arotgimepquensesdn fiefestaformptaput . Fil e
cont ai ni ng; 400 1 jofq] j : .
Pt and i pa i IS Bl ek o Qepiics B BEIA0 s,
t he HPwawh Hilgygentaning Jreqpepgies obihe dipepides digtedl fp the ifput File.2

4. NagE.of vl ihidleSnGR 2 ni ng val ues of the wei ght
connect iaong Eorl tergﬁﬁec} 'kIN. 5. Nane of the output
file. 30 Qutput: Qutputs for the query entries
cal cira®€d by the trained NN. WD 2005/ 076010
PCT/ IIII}IZIJOtc)%{l(Q((‘,)O%?a%‘l?i f’slil st anede%r dﬁc: _Input: File
cont arning- protei e SeqiBcRE A "Y¥Ssta format. Qut put :
Fi | e cort dlumbag fidpnt aidougrepeateasi n fasta format with
all the,n in haracters renoved lying within a
sequencé: ﬁé,m:bf"rlﬁélf’geé:mﬁ‘ﬁbﬁl??n@?r% contai ning protein
sequences Named ethatrdigingBialidate and test data files.

4. Learning rate, coefficient of moment.

5. Maximum number of cycles for training.

Output: Outputs are as follows.
1. Output of the trained NN for the test data set.
2. Values of the weight connections in the trained NN.

3. Some extra information about training.

recognize.c:

Input: File containing following specifications —

1. Number of input and output parameters.

2. Number of nodes in the hidden layers.

3. Names of the query input file.

4. Name of the file containing values of the weight connections for
trained NN.

5. Name of the output file.

Output: Outputs for the query entries calculated by the trained NN.

PCT/IN2005/000037
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Qutput: File containing protein sequences fromthe
i nput except those which are short in Iength (<50
W@\2®p/0agd0 whi ch contain any am no acid ot her tPemnIN20e5/000037
20 known am no acids. 10 Th2 five attributes: Am no

Acid frequencies Amino acid frequency f; = (counts of
ith idin the sequence) / 1; i, =1...20,1 is
t he %gﬁggﬁﬁgf the protein. Miltiplet frequency 15

Mul t llﬂb@& silatéhtAehg ﬂl%fénﬁs%qﬁweaaﬂ@faymm@t stretches (X)"
where X is_any of the 20 am no cjds_and n. i

S
i nt eduptPYt: Fle sprtaiping gesiein FSAFRFeRIN fagih o wﬂb%t‘%& ney/Hine
freq%ﬁﬂﬁét&%raﬁoxka@ymgamﬂﬁga@&lwfeel n the nultiplets were
conmputed as f(m (counts of ith am no acid occurring
as nultiplet) / 1 ©Dipeptide frequencies 20 The
freqd@ﬁ&ﬁ of a dipeptide (i, j) f1 = (counts of ijth

di pe e . j ranges
from &&b'?t )E%)Cénltt %lﬁ%gl%t)een eggeﬁdg?% é%nl pept | de repeats
in p@ntpun§1brcenian1prgrprauam seqrenagriom eahputexgape §somhich
gL ; teglge st é)#ng Ilerl]l f@% ?\ﬁ\af S&H(%n Mhta §} :ﬁ’@i%lug& 984§ Yther than the
(Harub&mdwﬂhmabatﬂgg). Thus we |ncluded the dlpeptlde
% uency 25 nodul e. The total nunber of dipeptides is
’eﬁgf Bt mal training of Neural Network, the

AijxAddﬁt@kaﬁemunber of input vectors to the tota

umber t_connec ons be arou

R G P G g B O ISEPETA! g -+20.1i
thel@npthfof € prdrein. di pepti des whose frequencies in the
ﬁ@je in data set (469 proteins, see database

%ﬁgd%ﬁ$¥ﬁ§ were significantly different fromthat
Milthles 26 Befalbashdmsialyasst stﬁ&&ﬁs 3}@ Wh@ﬂé@( RSy UB#hBQ0 amino
t-test. The frequencies of, top ﬂﬂﬁﬁldes (when

aidsARd ads phingqger > 8eé@%fﬁ6‘f“ﬁ§"1%ﬁr ad’éhe graltplgts. ghe fgqyercicgiof the
ﬁmﬁlg 8didls thﬁ‘éﬁulftlﬁlétstv&bré fnpiedagl Network. These

di peptid (using single letter |1 UPAC | UB code)
i@ =FéEf>urrm WEW“IUG’PCld'P‘FWHDE asygylmders/ 076010
BOTidNIA5LRA0037 13 ER. RR, RK, RI, AT, TS, 1V, SG

AND HR;, Wth frequency inputs for_ 20
tho&mqed@s ofadlipptide (i D T feounie il 5@9@%@) { Ketal dingptide

Lok ﬁ&ﬁltoggnnectlons is 588, and is in
§M' f d éﬁﬁ e criterion of avoiding over fitting
El‘hiiﬁ deer dmpuk thak slipeptideheeppaip in proteigt @rec ympsirtagh gyrg@gctlonal
g{ﬂe@&ox?%f qi% (%llﬁh%l& ot ?Q)g%g%lt%%r}ﬁ ﬁ%{_" g&%i Eﬁrei{soggllb&fri;a@that

properties o al ns at Iven
b1n@$touﬁiitrmogén (iﬂmtfgddet anmi99). a’ﬂiud Sye mclyded:ﬁpptmee freguency
]ocfh%q?] ar g ?12 1her gf dgpe%{l(?e% eﬁ{dosfiérco%tiglgl &at?rﬁng bk édrglﬁe't@&k,
the ratio of total number of input vectors to the total number of weight connections

%

must be around 2 to avoid over fitting (Andrea et al). Therefore, we identified the
dipeptides whose frequencies in the adhesin data set (469 proteins, see database
construction) were significantly different from that in the non-adhesin dataset (703
proteins) using #-fest. The frequencies of top 20 dipeptides (when arranged in the
descending order of the p-values of t-fest), were fed to the Neural Network. These
dipeptides were (using single letter IJUPAC-IUB code) NG, RE, TN, NT, GT, TT, DE,
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weecwanrences of the charged am no acids.

acids in a given protein sequence was provided by
conputing the nonents of the positions of the

characterize 10 the patternd of distribution such as
skewness and kurtosis (sharpness of the peak) we have

t d b
RS e O SRR, RN 1 DU D9 ) s
@x p%)e dipeides @nd G¥putueonsoimethe sanf lagergithee tar mmnber sodyWelght
eclt1§1i1f 1%88' aﬁ& E i L&?@g'@mﬁy n;?.eno‘ﬁ 'y %c%lnfté 5\9 n‘%ittmg.:

arged am o aci ds

Mpaﬂt&rpom t |hons (cj)f char ged_ am ng acids Xi f:
B bl anek SRR A A A Re 06 M R S Ee ey

Gpdntmsro(ﬂ dre sme rchamse&qut 2)tgivahn Iby f, he(c&hll‘tk cfathsiged whindgcids) /1

Py R Shrieraatme PO SRR e e e

a¢fmsaﬁ d pived pﬁftelﬂ.%ghleﬁcfdjﬁfﬁs prasided by l@aﬁl@dmfgrthg&ﬁ@ﬁ&ﬂ@m; the
0 Sens VIt an pecCl i cit .on m at aset of .
RPsHigRs ﬂfls 8 R8T ACeS (P 29 phereeq B @ldaf g’é‘F?jé’PmﬁPfé gpcterize

thé pattehD &ﬂ&ﬁﬁnlﬁlﬁion sd&ﬁﬁéJékeWﬁbsb ARy m@igﬁr(ghaesness of the peak) we
nce hobi.c conposition 25 A given

erfor
%P’%t“é?dn %lqtaefﬁafss e ffigrivuien pafsanef a}er@argaé iteilueh i the
Jyebneqhobi ¢ scores of the amno acids according to
Brendel et al. (43). The scores for f|ve groups of
Hhrigeperalepressiony to goippte groments pfa giyen quder; say71' s T, N,
I@)-rri(oraerfrﬁcfmé%t oH}he pbstilork Of chAyge®Pamifo abxas W, (+2 for L,
M. Foll ow ng i nputs were given for each of
the %(ﬁmp—xq,)(a) f: = (counts of ith group) / (total
counts i n pfhe prote| n) i ranges froml to 5 (b) m; =
th order nonent of positions of amino acids in ith
@h@fa{?{m T mean gl pasiienpoficharged anno @ady 076010
PCT/ I)NZ%§4IQQ9g$%harggﬂ Aaih 5&& of 25 inputs

representing the rop ho I C conposition of a protein
wer e Neaumber Olfhharmno didswpthk sedPbeeer at i onal e f or

ﬁﬁ'n@cﬂnmm{osl 9Ma2ack AT (A3 %ﬁg{e egpggw Bor %Htﬁnng;g,yl 90 Bl

charge conposition inputs er a
i G8ditiompo Siequennglof phapet 4mies acifls an@ rtlwelang;th aff ehen protein. The
n 5 us redi ct t B, oo s
RREARF S 18 oo vk R bac b b, SRR Syt oma
mﬂ‘;nla&sett lobadilesips axpglarontadbesof. Momews of Grdefppentashandl9 were not
uctural or functional relationships

’%‘ﬁ}é‘ B]%%s bte stg L
15 NP VHEW é)g UeENPE End sequences in the database
ﬂMﬁmbamdp&mﬂler 1995). The approach defines protein

A given protein sequence was digitally transformed using the hydrophobic scores of the
amino acids according to Brendel et al. (43). The scores for five groups of amino acids:
(-8forK,E,D,R), (-4 for S, T, N, Q), (-2 for P, H), (+1 for A, G, Y, C, W), (+2 for L,
V,L F, M).

Following inputs were given for each of the group

() f;= (counts of i group) / (total counts in the protein); i ranges from 1 to 5

(b) mj; = j™ order moment of positions of amino acids in i group; j ranges from 2 to 5.

Si nc ePODIME00L000037
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wa ovgloador@nd doubl et ami no acid comnposition,

sequence dissimlarity (or distance) as a wei ghted sum
of differences of conpositional 10 properties such as

wei ght, isoelectric point1¢protein property search or
PropSear ch) . Cbnpositional properties of proteins

R%’ (ﬁ‘lﬁqnﬁl%efé H5en n% p’le hgiirop og)ﬁc g)?u 398&? {)192{ ropegno&/eerle W& to

acteria and api ¢ prote
tﬁ’b é@mﬁ Netwdrkl I‘Zhepmlummk( Fuegige, mcmnena;l was2Q0it)as dlélsmflbed in the

onéh%%e%é%.omn Zre statistical nethods,
r nci pa %y5|s sel f-organi zi ng maps,

"Eakeln m@e&amnowl sElb5 memp@dnmmelpmekms of o giSEAPINfeiv@qitvewere

ertles in the five nodul es
ng%lﬁﬁ?ﬂ%ﬁ%c e??@& § Mul tipl et frequencies,
ﬂep@}ﬂtMa&ﬁProfpS&ﬁct]ﬁﬁEEB a44 céihﬁd’sgﬁ)nﬁ:lqbfbmhdsl ¢fprotein sequences to

AR K (T NI N

sequienbds| ihithé GﬁtSbasé (IE6PoRMCAnG Sandd) 1095). Dh @roatd defines protein

fre uenci.e 0 0 significant, dipeptides are used,
3 36 R (B sty SeRa tet CENPEREe oR composional
I{rf);see@asemu Bf sigdl@r gaddcablen emal st§d (Bmpdsition, dflecula) vamdht,

onents of 2nd to 19th order), and 25 for dr ophobi.c
IBSIRSBS RAY{PYOAGR REPPESK: fegech, & rPéopae%rg@r fregosipgug! propaties of

1961014P Rave dlsd K¥en Ksed For dlcﬁ)n sé@&of\y\?frot@ns ib ba%en@rgl dpicdplast

for P, H),. (+1 for
tprgetiyl profeipgingflasgrodzumn fa%mgn oteees 16&6 01y khe pmpertles used

He®d b0 \WMdtGtical nRA4RE %n&&aal%%oﬂén@ 4Rat &@@am)?%aﬁi‘zmg naps, and
pOS| tions of am no acids in each rou rom2n

sypeivispdegural etyrozks. NeBRbAN, we h@@dlwbl%ompeﬁlﬂ@mal b@@krtles in
tHé %gf'ﬂ)ﬂ&l@s N@M&hm'b‘ek}é\ﬁf ke cidkd Qtulti Dgllaﬁ i o 19691(:@5” D&)Gﬁude

d gift fromCharles der son, art nt of
f&ﬂnmeér (Shicgen cempaatiany a@xﬂr@t@b@ CQanQﬁétogl tThe st of 105

p?ﬂ}%elrtliég Susegx?ﬁ 8&51@1’&3[‘1 #8 %@ r Ebﬁle it a tﬁl{(eﬁmgéj O?> 901‘ I\ﬁﬁl’ﬁg ets

wor k architecture The usé her e
freqrrericias, 20afpe Pifepdt- fragnensied (Tappsl sm@yﬁcant dipeptidesstreused, based

APPSR LT O S U T

P)eandonoments of 2urhtectogid orler), eamlriZSuﬁo'r Hyjirophobtiheomgsitioh &mino

8 S SRR PP Sadndf B By RIS D L,

H), (Hdf foeAc k&, Weay &), (12 fornlg, V,ITpEtM). | Aatedl of 35 ﬂ@ﬁﬂs @m&tited of the
rectl fromthe i.nput ta, rea t he. st at es, of
Rl Fieghty Gt Eoup SHeBR CoaoBotnE SPGaris i each
gr@lfpcﬁdrﬁmndfdﬁﬁoﬂdef (1 + exp -(who +wigli)), 5
mhersq 2 is the bias weight The back propagation
was used to minimze the differences between

A If&d foprad legdr BakPMbpaaRtbnt NeursleSetnotk Wat Riel. T1Tee ogram is a
thousand E%cles (epochs) of iterations are

med.
grles W eApslerson.dPepargRt oy Gommprist ﬁ?l@?%?olméo State
Ulﬂ@diil’ryf F6 Coftins 11D 80523, anderson@cs.colostate.edu

Neural Network architecture
The Neural Network used here has a multi-layer feed-forward topology. It consists of
an input layer, one hidden layer and an output layer. This is a ‘fully-connected’ Neural

Network where each neuron i is connected to each unit j of the next layer (Figure 1).

et BeNeloes7000037
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womshrained optimally for each attribute.

poi nt the network produces approximte target val ues
for a given input in the training 10 set. A network
ThuBCT/IN2805/000037
networ ks were prepared. THh& schematic diagram (Figure
1) shows the procedure adopt ed The nunber of neurons
. f. u
e et by SREMRURH P G Th SR i By input
dae/er onsssigned Arectlynfomctht inpup uﬂlatay sdters th@f statbreofibridden layer
acid 1 S .att.ri bu The opti mal nunber of
ﬁlgﬁ?%snagegomn@ﬁedwtged %m?lg)];‘e"r vvas det er m ned t hrough
dxper (Imreatpa{wenr fopl)x nim zing the error at the best
och for, each tvvorklndlwdually An upper limt
ret’ﬁ’élsttg? lf’s‘f‘fﬁ]ﬁﬁer of wei ght connections was set to
It foaclf plopggation algorithith @as @bedi mpfummeetﬂ&r gifft@né¥ Webtlveen the

%&g [CB %th t ngﬁgﬁg{gﬁgﬁf&%@h ﬁ%ﬁ%/fllé’?‘?ﬁ??ﬂ Icw%%lmﬁs oFhteratidris are

poiiasit Subdajueidyl, HidIbds€&p ol fethWhiniringh ekBr @as @BAkified. At this
exec t ed on a PC under Red Hat ver, 7.3 or. 8.

PRET e ORIBYORK REPGUGES APRTmals tareﬁtevahea 9 3 voput iy Eektgammg

ggtf or and optim zes using the validate set through

back ropagation. The valjdate set was different from
ROV T S g ined optimpllycfar eqch atirilpie dihug five petworks wiststpagnated.

aub eshdamtiveliSerRAl (FIRRY 1) WRowtS B bildCedudhddpRlie TRE tnumber of
itself as test set tor 25 grellmnary eval uati on of

fREORseinf Be PR c2YH dVasoeaybt Bi e tyEbey gk inpghdyge points for each

aRfitue abi Sthnifle 20 ARPLE fdr D Mﬁﬁc&@&lei%tﬁ%ﬁtﬁﬂeof the amino acid
probabrlity (‘Pad val ue) described in the next section.

TPIBPOS{iOR ﬁmbgteé etlht) pptipel7 ngrabrs sefngeusens Hgthe hidden layer was
r%23 non- aéﬂ %Héﬁm% ﬁ%e& ns z@q %&%?@lgz’dﬂv\mcﬁqgr cach
aftyiork mimdaml&t/ timeipperinztifoe e tesal nnerber afiredlight Panedtionhwas set
% gdhft of ﬂQe taigguljf-ﬂ)gr of ?}QQ{ \%gﬂo&ttb Wsid 0{71 ?t%a‘é@ﬁ eétg'd é\rg?iously

hew dat & e sequences t
@fxndwaeatnl)ng set. Each network assigns a pr obabl lity

. o
Pttt broBfito Am AR Tlal S cBma el SERNEL S61e Tifensp ©
sattxeoried 6 @ BEhindert Reddat héiur yeah 3 adBOSTIE net\h&k Rasl trained on
05/.076010 PCT/ 1 .N2005/ Q00 Q
HROHEIE SR HSPSD ST SR TR o, GRS I fproueh back
pfo@ag‘aedn e vatiddte adttwak Wiffegent frohithe trhining spr. Sinad)ithé hymber of
puts are_obtai ned. Final predi ct n, was ,conput ed
SE R e SSRPE PR ot maPeou RS i Tl B VETE R 6 set for
bteﬂigﬁ’gir}s wmhmfuoﬁ lae tmrp@ﬁabndnbé hBtof mm fcheViG}achBiD dﬂ b&ﬁelauEn to
a

D PH *
fFempsg e IV‘E@? d*aVFrem lyrefaebﬁec@ cﬁi‘i})éﬁﬁﬁ%m injjqppextsection. The
Rambalbd nad)36f7 ra@Hésins AR@ ¥8Cnon-adhesins. The validate set had 102 adhesins

and 123 non-adhesins. The adhesins were qualified with a digit '1' and the non-adhesins
were qualified with a digit'0'.

During predictions, the network is fed with new data from the sequences that were not
part of training set. Each network assigns a probability value of being an adhesin to a
given sequence. The final probability is computed as described in the next section.

Probability of being an adhesin, the P,y value
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fci = fraction of correlation of i nodule of the
trained Neural Network, Were i = A (Amno acid
wo c@goeqed es), C (Charge conposition), D (D peptT/ie2003@®0037
frequencies), H (Hydrophobile conposition), or M
(Multiplet frequencies). The fraction of correlation
ci_represents the.fractipn of to ' t

Oy EBHET B Bt op e PR RS Tor 88 HRES.
Tian; fidhgebability Ouiphitshye bhigintd. dinak gredetion wes oompited tdsd the

el ieh b Py E e 5B oraarEe, fm e
podpagat i on Neural Network was used. The program was
downl oaded fromthe web site with perm ssion fromthe

aut hor, Charles W Anderson, Departnent of Conputer

Sci gippese, Gob orado Pt # e b egra tyfe, Fort Col lins, CO
QQEZWw@WW—SW i stical Analysis
20 Al statVstical {)Po edure$’ were carried out using
W=orresdility By@elmddMecr osof t  Corporation Inc. USA).
Sequence anal ysi s Honol ogy. anal ysi_s \}Aﬁjs\}ecar i ed out

fGsT Herction obgostelafier shighpldnotdhe tained¥eayal Nepyorgy

Whbleschuly eAmalo 488 Bequbddidsy, CONERENE LodPBEtIth) A abaseid
search (@a?crl’?l é)r- 25 eélgue,r Sét gFﬁZ%QZ)O%Thé y%lhol g Feplde
fsemeneiess EhUBEwEoRs compasiignarr MMyt dregrensient new
PRPRIHSNbE E3R1akiOh £ RS resEiRY Bl GRERAtor ¥talCnirith @@k were correctly
appl i cations such as diagnostics and vacci nes. The

pPged (PradavaRt] 84 Drowitdes: hOWY 8 d@ined notygk on the test st

ey & RORALy Rl ale AR I BRI RS &%@&%n?.and their encoded
proteins in“their functional relevance to preventive

NemwabNetworks. 30 The protein sequences of both the
|85 R warky bl th RERS|ARESH was 8. Th
)govvn %g‘gaerg e?%%gétiﬁ%b% | slt [ ﬁg‘.ﬂ%}at abase %SNatei onzfl P ﬁ{nr\gas
daymid@ided &oinribd wely sitenidh namission fionaBe puthessiharles Wobederson,
[ : )
Bt e Sl 5B SO B0 BB Bl ! (i o023,
aidersoRD e @dostagenadlly, ami no aci d conposition, nultiplet
onposi tion,. di peptide conposition, charge
%tgﬁ%bcgi%fl%ﬁs'%nd hydr ophobi ¢ conposition were conput ed
AN statistipalt @rocpdiaey anse Wartiddeput rusidgl Migiesgfe. Exdake (Microsoft
(?ttri utg}g )e conputed for all the proteins in both
S

PHBOFHY "The sequence-based attributes were then
Semdndetnhly®isn 5 Artificial Neural Network for each of

he protein.attributes. Adhesi r lified
{ifpRo g araIy i g G CHRERE e RS e it fh d994)
BLAST (Mitsdhunad dly199ey; ICIHD qidhedvedAddndin dhtabasblessamh (Marchler-

Net work was used to identify potential adhesins which
Balist ¢! 200%)i saged to be useful for the devel opment of

PhLVESL bMBneRBHRAGH O aficra®idl pafilogens present new opportunities for the
development of clinical applications such as diagnostics and vaccines. The present
invention provides new leads for the development of candidate genes, and their
encoded proteins in their functional relevance to preventive therapeutics.

The protein sequences of both the classes, i.e. adhesin and non-adhesin, were
downloaded from the existing database (National Centre for Biotechnology Information

(NCBI), USA). A total of 105 compositional properties under the five sequence
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pat hogeni c infections. Accordingly, the invention
provi des a conputational nethod for 10 identifying

wa@adesrdi@and adhesi n-1i ke proteins of therapeuPCT/IN2005/000037

potential, which conprises:17 1. preparing two
conprehensive dat a- sets of adhesin and non-adhesin

ns from_ publicly available t
Bt Pt 560Y aiiouh, coihel MR RaR, ipeptice
S&ﬁw@h imgfe b}’i@@dc@hﬁtdsigflaﬂta@a @ﬂmbhtg)lcp canhpésitiegaenaagpuied by
t e public avaj | abl e protei sets usin
el oS SR Soebanee M- BRETfigti>tdhbued for all the

Mtbﬁiﬁ;l iASotNthe /c‘ldﬁﬁé?sbsn T Keqd@ﬁ@t-lﬁsdfasamﬁ)ufeg “Nﬁeuﬂﬁh used to train
Net wor ks ( SPAA tifi

h
RBATRGH Sk obk T s SB s P ain AT Loy W aflied by

ﬁq‘ésdl gﬂ I I'Tgarﬁr Rhadihbditsywyel q;llehﬁddll byakeadifioro’a rlFlratﬂ!;z e3¢ frained
to the query protein

5 i denti.fyi % N
AFisiab pEAls Yowiort RS it yo RGBS RePilit AT ahogen be
Livada 14\ ﬁe‘ fusghialor MR H@Jeloyﬂkiﬂo oK préehere Mhie@sbelties against
SPAAN, 20 5. validating conputationally the proteln

pabegehis e@fe%tsmﬁ Hesoarsengly, dhepayeaHen BIo¥IdeyA corppyiationplgneiadrfor

{daReity ﬁ?%h&fn%@'aﬁhe%ﬁqm% 'ﬁ?&&ﬁ S¥aherefiidpRGRN whadhl Wmprises:
characterized in the gﬁat ogen genone. In an

enPrepATive o gfomprRhiensiveedatd- mﬁs phadhssipapd pogadisscrrolgi from
i gﬁggﬁiﬁ%ﬁnf&ﬁ%(ﬁ{bmﬁ&gﬁ%mw@em fically but not

to organi sns such as Escherichia coli, 25
E—Ia@lmbhng eempuigtioneliyz the sequeiice baisd ettabuigsyaf gq protein sequences in

%é gmlﬁméf&ﬁ%% %ﬁ dMs%Qbﬁ%r ongwﬁlfyu la@&é-l\éﬂegs KSftware for

ett pro Por p nas "gi ngi val i s,
Brudigtioh of Adlesinesnd Adtesiegiko prtaurssmgthens] Netwaky GRAA2s

R R L Y

&/mlngnmg m&&bﬂmvade suotabhafvr pugdhe8i0, Tha atechéigpery protein and
gggp &ng ad esm Okeg:{r? %eﬁ]le qI nvg Gott%n?s wﬁiﬁ Ih];?l%@%tf trained An icial

e-base I"den ication
NemIaENmoﬂilmﬂmmm SEAQN; ential, conprise am no aC| d

i.tion, npos t|on hdrop abi ci.t .
ot G hRPRT R PRl aiele DRl pognsils by
Eéﬁpﬁﬂﬁ@%ﬁﬁthe\mo%wtaz&@q&nmm N?@&Bél%ﬁm chafcterized in

egtéodi nment, the non-honol ogous adhesin protein

& $AY™MBe conpared with that of known sequences

of at BRGSARIAT 6f RDRhvetifdn MO ProthintsBQueni® €ai athy 1Rt fkgeficn an
In an enmbodiment of the invention, the s

quences Of. ,
sepapism, speciemtlys byt ik dinbied &) ﬁggan%lﬁp?‘%cgea% G’Zﬁﬁlé’%lg coli
ﬁaeﬁ%ﬁpceﬁzfﬁt%a& | StRGcddackAD! B%0r% andcBplusient | plehloniae,

by the net hod of invention. . Anot her enbodi nent  of
Mreohasieeiiti dwbear ﬁéosefo nRisteiiagy SrauerenpP B RE OROREN B gvalis

STl Jirep S | PPN QBERMpnB gL, N
r%gﬁcﬁlflll tlees ggged on di ftfaer ent ﬁattrl butnes JSI n eisseria

Previngitiges Sirigacostusegases Hreprievia Bai im0y ayese espigatory
%Sln(ﬁﬁr?lg assb&iBted coronavirus.

In another embodiment to the present invention different sequence-based attributes
used for identification of proteins of therapeutic potential, comprise amino acid
composition, charge composition, hydrophobicity composition, multiplets frequencies,

and dipeptide frequencies.
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attributes, all stored in a nenory device accessed by
CPU, a display on which the 10 central processing unit

walz@ploaspso t he screens of the above nentioned prPOLINR0B5/000037

in response to user inputdg and a user interface
device. In One enbodi ment of the present i nvention,

a the. or gani sns sy the r nane
b o PRGOS o iR B R PR sRerde b BRparea
dé&h dhat ef larowngeqnemces of th&"rabéuec applib5tloT1h & tlhm m«fdtadthogens

e of t

I o B R At i s b 00 B, ¥ s rins
hﬁn;ﬁ(se séqummés bbseljignces Madised dirp@alﬂés 3 :hﬂ Goidesifiztl by the method
gl élon in any manner. Exanple 1 Operating SPAAN:
A Burpose of the programis to conputationally

Babther ainBodhREMLOIS 15%L GHemen- bxaseﬂnpuaartgykibmt esSmpriset e central

rotein sequences. program wor ks follows: Th
b R o Ot AR it i DieBbtes ey o Gigerent
hvtritiaiel / vl mlﬁmap NGl Neﬁagiék \wRd 6n Sailesthsyyprohame &ifgissessing
<organi sm nane>. faa are converted jn the stan
FEt %}V rB gt BRMARGdgyies aserssrd ph ﬁab f @gtthe
&dntll Efo@%ﬂgsuﬂﬂl‘ﬂ"' Hﬁﬂafso MRuicesent e the db(fxfeeﬁlgﬁﬁoned programs in
attributes of protein sequences (a total of 105

eévﬁeéemseﬁwutﬁaﬁ%evw aderfage davices npdul es). The

ﬁP@H@ErﬁQod@rﬁ&R%ﬁ”&ﬁeﬁ%eé&ﬁ{ fiviREn e pAklad Of tR€rPanisms such as
di fferent Neural tworks. Each trained network

theisingms, Wraps oerabrion rymbes iy NCH dgiabssg andh otighdapils gregivan in
fuaLy. protein. The 30 final probability (Pad) was

cal cul ated as wei ghted average of these five
Thadinyerdigalis ﬁm’@bra@qplamtqde@th tipy belpenif diet 'Slloweing ctimmplesyivhich are

e e e R e e e

RGNy InRAGS5/ 000037 19 Input/CUtput format: Downl oaded

E ; qnd their format: <organi smnane>. faa: file
®Stores the annotatlon and the proteln sequence.

Dp@mMngSHAyﬂﬁornat FASTA 5 ">gi.vertline."<annotation>

6 oGRATee ponmpaas i poTRIRogBIY, SR S iNB e d
itiribnees bf &t phiteie s@enogb.ut am ne- rich protein
ggﬁ%%%}%g%%as HHHHHAHHHHYYGEEHHHHNAQQHAECQAEQQ

The internet  downloaded  FASTA format  files obtained  from
http://www.ncbi.nim.nih.gov were saved by the name <organism name>.faa are
converted in the standard format by C program and passed as input to another set of C
programs which computes the 5 different attributes of protein sequences (a total of 105
compositional properties in all 5 modules).

The computed properties were fed as input to the 5 different Neural Networks. Each
trained network assigns a probability value of being an adhesin for a query protein. The
final probability (P,y) was calculated as weighted average of these five individual

probabilities. The weights were determined from a correlation value of correct

prediction during test runs of each of the five modules.
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>gi .vertline.3261822. vertline.gnl.vertline.PID vertlin
we 20308000 PE PGRS PCT/IN2005/000037

M GDGANGGPGQPGGPGE L YGNGGHBEAGAAGQDRGAGNSAGLT GNGGAG

GAGGNGE GGAGAPGGEL CEDGEKGEFADEF TCGFAQGGRGGFGENGNTGAS

- TACEAGGE LI CDGGAGGAGE GGAGGVGEGEEEGAGGTGEEG 15

REGDGEDGCEDEGET GGAGGARGAGGAGGAGGBW. SGHSG

‘ REMACGAGCGT STGTNPCKAGAPGT QGDSCGDP

g Yl Tab
e amsn%;lalg%A?m R bbb B L BB,
]BMthﬂﬂFMﬂiaua?AFﬂ’[oﬁt ein Nane >gi.vertline.32454344. vert
%$ vertI| . AAP82966 .1. vertline.orfla

et S coronavirus Hong 1 0.05683
1&&9&&613 O 441338 0. 50304 0. 029503 0. 260485 Kong
ZY-2003]..>gj . ver i Jine. . .
S G OaA e erne A DR P ectvs Pisingo o ebyteine
,{1 ef®Or onavi r us Hong 2 0.639235 0.166721 0.054583

5385 0.453498 0.462452 Kon Y 200

M@iﬂfb‘?&@@%)&@é&@%&%{wﬂﬂﬂ G EEHAQQHABORARRC
AQQQ%%Q% ﬂ%%g@o 92 QSXth Qorgng\?}rlasol—lgﬁlsos 14
igouiny. @gb@@we@%gwegé% Berbonarsiions
Il(vlﬁbGmgﬁgré(?t@ﬁ@%gGAG%%MGGHG?Am@A@MNS&GUGNGGAG
GAGGNGGIGGAGAPGGLGGDGGKGGFADEFTGGFAQGGRGGFGGNGNTGAS
GGMGGAGGAGGAGGAGGLLIGDGGAGGAGGIGGAGGVGGGGGAGGTGGGG
VASAFGGGNAFGGRGGDGGDGGDGGTGGAGGARGAGGAGGAGGWLSGHSG
AHGAMGSGGEGGAGGGGGARGEAGAGGGTSTGTNPGKAGAPGTQGDSGDP
GPPG

>gi.vertline.. . .

Table 1: Output file format given by SPAAN

<organism_name>.out

SN | Pa Pc Py Py Pum P.s-value | Protein Name

>gi.vertline.32454344 vert
line.gb.vertline. AAP82966
L.

vertline.orfla polyprotein
[SARS coronavirus Hong
1 0.05683 | 0.290803 | 0.441338 | 0.50304 | 0.029503 | 0.260485 | Kong ZY-2003]

>gi.vertline.32454345.vert
line.gb.vertline. AAP82967
1.

vertline.orflab polyprotein
[SARS coronavirus Hong
2 0.639235 | 0.166721 | 0.054583 | 0.935385 | 0.453498 | 0.462452 | Kong ZY-2003]

>gi.vertline.32454346.vert
line.gb.vertline. AAP82968
L

vertline.spike glycoprotein
0.65111 | 0.91150 | 0.43869 | 0.54394 | 0.92404 [SARS coronavirus Hong
3 1 4 6 4 4 0.690247 | Kong ZY-2003]




vertline.Orf3a [ SARS coronavirus Hong Kong 4

0. 464324 0. 655003 0.179503 0. 008700 0.241573 0. 300970
wW@Y602003)0 Where PA, Pc, PD, PH, PM are the outpCit/m2005/000037

the five Neural Networks. 2&xanple 2 organi snms and

sequence nunbers Table 2: O gani sm Nane, Accessi on

| ]

uners—Ngnber—of —basepaits;Bate pfretepse —b-ando o ——
Tot al nunmber of proteins anallyzed Organisrrllh% |\Frtl1[l%eAAP82969

Accessi on |Nunber | of Datle of rlel ease| Tot al
base¢ pairs of proteins| E. cali O 17 H7 cheggg&)rga [SARS
5498450 7-|Mar-2001 5361 95 H. inflpenzae RebhdNeyif9O0%ng Kong
1830 8.383830-0385m01 8679408 09.008000 |H.24B3y3 P0.30039D| NCOOEP

1643831 10- Sep- 2001 1491 21 M pneunoni ae NC_0009

6 01 9 12 ercul osi.s H37Rv NC0D009
i&‘f E %ge]f)ﬂ @‘(ﬁe 2‘7“1’“‘8%@ ‘%’ gve NPEHIERPIRS st 1 ai n
Nﬁ&xﬂﬂ@@ otdahisbdAnd GeqReRe 2088835 Madrid E 63 P.

i ngivalis W83 NC 0029 2343476 9- Sep- 2003 1909 50 S,
%111%%(ﬁePrgazgmsN?me,zlﬁ@?aﬂ%@%&v Nusahys g besg_papy Datp gBrelease

é‘r{?i%talﬁ&mgerd'ﬂﬁ(ﬁaﬁs ,Q{éily'éngC 0043 2030921 25-Cct-2002
1960 pneunoni ae NC 0030 2038615 6- Sep- 2001

Qmslsmé\éanw meni 1 Mseios NEmgesaf 21Bafa obrefersesellopdna.
2065 serogroup A bgt n [basezRit91 | S pyogenes| of proteins
RzaEEY37 INC 0034 | NSQ9026 | PdAs430, 200Ma12061 85 SB61

pal | i dum subsp. N@50009 11138011 7-Sep-2001 1036

H. influenzae Rd NC_0009 | 1830138 30-Sep-1996 1709

H. pylori J99 | I?I7C_OOO9 1643831 10-Sep-2001 1491

M. preumoniae I%IIC_0009 816394 2-Apr-2001 689

M. tuberculosis H37Rv I;\?C_OOOQ 4411529 7-Sep-2001 3927
2

R.  prowazekii strain | NC_0009 | 1111523 10-Sep-2001 835
Madrid E 63

P. gingivalis W83 NC_0029 | 2343476 9-Sep-2003 1909
50

S. flexneri 2a str. 2457T | NC_0047 | 4599354 23- Apr-2003 4072
41

S. mutans UA159 NC_0043 | 2030921 25-Oct-2002 1960
50

S. pneumoniae R6 NC_0030 | 2038615 6-Sep-2001 2043
98

N. meningitidis | NC_0031 | 2184406 27-Sep-2001 2065

serogroup A strain | 16

72491

S. pyogenes MGAS8232 | NC_0034 | 1895017 Jan 31, 2002 1845
85

T.  pallidum  subsp. | NC_0009 | 1138011 7-Sep-2001 1036

pallidum str. Nichols 19

Severe Acute | AY29131 | 29727 11-JUN-2003

Respiratory  Syndrome | 5 14

(SARS) associated

coronavirus Frankfurt 1

SARS coronavirus HSR | AY32397 | 29751 15-OCT-2003

14

1 7
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pal lidumstr. N chols 19 Severe Acute AY29131 29727
11-JUN- 2003 Respiratory Syndrone 5 14 ( SARS)

wasmsor@ied coronavirus Frankfurt 1 SARS cor onP@T/INES05/000037

HSR AY32397 29751 15-0OCT-2@03 14 1 7 WD 2005/076010
PCT/ 1 N2005/ 000037 21 SARS cor onavi rus ZJO AY29702

/9204 4L

5? “5?3 ﬁ”ﬂ/@ %o Aﬁz_mf 52?3@ Zor'c;n 9W‘Y %@382%?35736
VALY i " Su-O RS—egr 21714
%%?mfﬁv ’ﬁc?%o ‘ﬁ PG 1 Z\%ﬂ? SARS at‘?éﬁfé%bﬁ?usn\lc_oom
’707!:1 0 Cnn '7”0\; Q 19 f"ADQ o064 Qv US Tort ’/_\‘¥27411
%&8 FREVTED 2‘?@8% CARBbor o MaT 2408 AY27848

AUG- ')002 12 SARS-corofavirus AY27855 29736

oo Ot

éf% UL- 26 apius :6%%7%‘ F25RAS cor|dRAY PRI 015

848 29725 01+MAY-2003 11 8 Edanple 3 The

SRS cprangyisrsed f NG 8Mial d9Rur al |INeSBt003ar chirbect ur e
i mplenented in SPMAN (figure 1) A given profein_ . _ |
S4B§ cerrzavires ToRSTIANGTHelt | PR7Hi r st |pibMAYs®3t hreugh
the 5 5 nodules!®, C D/ H and Mto quantify the
SHRY soropgeisusdFDeo npy278480naP754t t r i HuiBesUGARI0AN 39 acid
conposition, C._(Rarge conposition, D: dipeptide
Sd8fposi t ¢avonavirut hAY20855di pEI36i des |(ANGUIREO3TN, 1|1\|T, GT,
CUOHKBE] ER, RR, RK, RI, AT, TS, I\}, SG G5 TG
SMRS cbiavirlis Biptr pAYaDE48 ¢oossi ti qrol-NAYARI030 q? }
frequencies as MiBtiplets. The sgquence shown'is part
of the FinH precursor (g1 5524634) of E. coli.

Example 3

The multi-layered feed forward Neural Network architecture implemented in SPAAN
(figure 1). A given protein sequence in FASTA format is first processed through the 5
modules A, C, D, H, and M to quantify the five types of compositional attributes. A:
Amino acid composition, C: Charge composition, D: dipeptide composition of the 20
dipeptides (NG, RE, TN, NT, GT, TT, DE, ER, RR, RK, RI, AT, TS, IV, SG, GS, TG,
GN, VI, HR), H: Hydrophobic composition, M: Amino acid frequencies as Multiplets.
The sequence shown is part of the FimH precursor (gi 5524634) of E. coli.
Subsequently, these numerical data are input to the input neuron layer. The directions
of arrows show data flow. The number of neurons chosen in the input layer was equal
to the number of the numerical input vectors of each module. The network was
optimally trained through minimization of error of detection based on validate set
through back propagation. The details are described in the methods. Each network
module assigns a probability value of the protein being an adhesin based on the
corresponding attribute. The final probability of a protein sequence being an adhesin is
the P,q value a weighted average of the individual probabilities and the associated
fraction of correlation which is a measure of the strength of the prediction.

Example 4

Performance of SPAAN assessed using a test set of 37 adhesins and 37 non-adhesins

that were not part of the training set. Matthew’s correlation coefficient (Mcc, plotted on
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10 Subsequently, these nunerical data are input to the

i nput neuron layer. The directions of arrows show
waladog/ofdooww. The nunber of neurons chosen in theCT/INR005/000037
| ayer was equal to the nuiber of the nunerical input
vectors of each rmdul e The network was optinmally

i thisndl@ hRGda X
\{) gﬁﬁ\% ggagltne set ﬁe%%%f baz k pr ops)agaglﬁon axis)
(ﬂgtrail) s’l“larl\éatdlew&rqotrehluonnstlhﬁmed@s hods. Each netvvork 15
nodul e assi n pr ty value of the protein
JﬁN E& the —correspondi ng

Med #

attr'E;WeFFNﬁﬁNﬁfF@(befENA@'PMIf@) of a protein sequence
ei ng_an adhesin is__the Pad val u ted avera

Bhert BT A<, Foriles oS b NeEbeveh il T HalsAd ey B Fais

Ndgagtes On of correl ation whi ch |s a measure of the

strength of the_predictiagn. npl e 4(@ gﬁ Lngnce
Ryre B oduesass BYs we .nﬁaa%hets@gtlv &Breradradhosingdie Mgt Prgtoe,
whérdd®Ro AGMRSInG Ravel 1R P MNRLR. TRis Kidwh a@ﬁesin@ Qflﬁl'P@d WlveGbove a
set. Matthew s correl ation coefficient EI otted

gy \ireSle ALF7 BERL BOSPITFS FMROISESIIIT0PR-2 29611\8 ‘ﬁs@? y YaBie below
all the proteins with Pad val ues above a give TP
thehgimsgrhtreshOlol aye trael negatixesathe yensigifvity (finais Zjven ‘bmg( )
Matt hew s correl ati on is defined as: (TP * TN) TP*(IE—?-;

FN)  Mc = (TN+FN (TP+FN)(TP+FP) Wiere TP =
speaifecitPo SSpt isveisen B . Niadpat negatives Fle thobalcgses, wherein a
Positives, FN = Fa Qé Negatives. Here TPs are

IRGNE SaSin IHHSP 2 Aud B ARRE BleRosch MrE@BRI 8imilaAYERIFN non-
have hi gh Pad “val ue, whereas non-adhesi ns have | ow

apbesinaith e Paivels Highswihan diecbipaes thipsheldoues tolsenue faltsarpaitize. A
r
SR, BOSRAChet Ly POSE. SR I ERSKITH M gyt
carve (smoetmégat Witk . Kitideansors pom:lattoyt cegfifidient R verd- BP9 TRhe
+EN ifiGi

v%rrﬁ S}ntacgfoth %e?getlgglsée%% @ﬂxg%eeﬁ%'t \g%?g ?:B{;EII(I&]%L Sffd second
chdtrmye nis hegdatRa)l was Ichaseh eseefetehem (vetteak fatted nineh tee glgotify. the
Sl m I arI on- dhes
gAY MRSn td%e "Choge ﬁwe res k#ﬂ%%g ?faggﬁmé? L#&Pondmg Pag
valisithieskold AvastthBlorAgtthis dt,y pdhey foeshald, Soraué Spfwere ®Bdand 1.0

U ARRE B 3 oA o M SP3T BH V

R;pezﬂﬁd attginéd B aghddin® 428. 0.939ein ldmnipaxsaiiLie he It}n:brettlf:altaltteinable
the |cal curve (where first derivative vani shes and
It “derivative is negative) was chosen as

ahfpiesce (vertical dotted line) to identify the

maxi mum Mcc = 0.94 on the gbseryed curv%actsh wn

ATFERFL of e AN PREB }ﬁ:ﬂ?\ﬁl@ac}bgﬂns from various bacteria pathoggns

Table 3. Prediction of well characterized adhesins from various bacterial pathogens

using SPA AN.

. Disease . a . P,g value®
Species caused Adhesin Host ligand (Range)
E. coli Diarrhoea PapG (27) a-D-gal(1-4) B-D-Gal- 0.84-0.76

containing receptors

SfaS (5) alpha-sialyl-beta-2,3-b- 0.94-0.94
galactose T

FimH (63) | D-mannosides 0.96-0.23°




val ue threshold was 0.51. At this Pad val ue threshol d,

Sn and Sp were 0.89 and 1.0

respectively. Note that

WO b@shomidoes not drop down to the x-axis becaPCEIN20e5/000037
hi ghest 20 Pad val ue attaingd by adhesins was 0.939 in
conparison to the theoretical

attai nabl e

limt of

1+-0—FExanple—5-Assesshent—of—SPAAN-eg—we ll}%‘d;“
adhesins from varioys bacteria ﬁé’g%ﬁﬁ?rya bl ¢ 3,
Predi ction| of wel | cﬁ‘é‘i‘r&’é‘t(ﬁ X 7 A w81l rpesRin 4P Pede 8
bacteri al pathogens [-25 using . i usede |
Adhncm I—hcp hgand—P PG (e HQQEK@P ag-1)Gal i D arf 86985
8274 | pgah (174MP5- D- Ghkunfin BfuRlidlGeCONt abBing
‘”ﬂf‘%?tzéﬁtors SfaS (5) YA sial Y| -heta-2 3-b- 94
gal actase FinmH ( 63) ligtfinosi ¢buma @Q}U@u@f_}sc% 0-93-0-90
H. APR5I7 60 100%ETAl 09RHOARPSY | sk lioside-GM1 , | 0.85-0.73
tj\%zom ne- phosyrgIRgy | gt a8 tim %,}%?g formof - hos ?
K. greunonige e pt Bireuo®s - 0 MED H|090 Bps© (jgcBal al- | 0.82 B
4 Gal 0y:86- Q. 85 t ypealbBelphited rsﬁgau@rmnacdﬂw\é
B. ‘%%us ) heI |g T el I@P . 97 i sfrfage plyesohjiiBeH a §§
hurman conJ uctrval C@lPeadtin93- OIfléprinkl. i nf | uenzae| 0.43
Y. dhasbedlitioh |NEiteroitis 9 0aNE (618) | Bl mteghivgangl i osi deq GyB-0.79
S. kw8 0. 73 | BentliNe UM ¥pae (FNeUMBAarMiycopldtdiN Pe V| 0.88, 0.87
col | sgcn O] 8ziB- per|tpagsi S V\h)ggwgg, @ﬂélﬂhat etlp g8
sugars on cell- U. 83 g6 SURLRGE &%Bﬁﬁéiﬂl ugal 63s, 0.84
StrdppbdoRtls! N I ntegrins (AR YV ENERIgRMI U1 Ca — 1078
corBET 0C0! [ Lo FRHA (VonhS T PRlbidReclh 887079 —S; 063
mut ans Dental Spa (@&3 &dl i va &oiﬁé_%r% U ﬁl et 08
0.87 Carips PAc Salf Sﬁﬁﬁﬁ)g' Y éﬁ;vary 'lxqomﬁelu SSPA| 35 0.84
Str ? dobe o e aljy, g m'uo 7089
EP? % Mﬁgﬁf ! ETer‘hﬂzgecagc Isiaﬁb O f al?v%ry gl coprotem 0.89, 0.73
Strep tococcus Scailet Protein F Fibronectin 0.49
pyogenes Fever
PsaA (5) Human nasopharyngeal 0.82-0.78
s . cells
treptococcus Bacterial s
. . CbpA' / .
preumoniae Pneumonia phosphorylcholine of the
SESA/ / teichoic acid 0.81-0.49
PbcA/ PspC )
Streptococcus Valve . . . .
parasanguis endocarditis FimA Salivary glycoprotein fibrin | 0.76
Streptococcus . .
sanguis Tooth Decay | SsaB Salivary glycoprotein 0.71
Enterococcus Empyma in | EfaA 0.83
faecalis patients with Unknown
liver disease
Staphylococcus | Food FnbA Fibronectin 0.8
aureus Poisoning FnbB (3) Fibronectin 0.78, 0.77,
0.69
Helicobacter Peptic BabA (17) | difucosylated Lewis® blood | 0.87-0.68
pylori Ulcers group antigen

* The number of sequences from different strains and homologs from related species

analyzed are shown in parantheses.

b Rounded off to the second decimal.
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ScaA Co-aggregation 0.71 SspB (2) Salivary

gl ycoprotein 0.85,0.84 Streptococcus Tooth SpaA
w@aloswaaoyo gl ycoprotein 0.89 sobrinus decay PAPCR)N2005/000037

Salivary glycoprotein 0.89240.73 Streptococcus

Scarl et Protein F Fibronectin 0.49 pyogenes Fever

. PsaA . Human nasgpha 0,.82-0 . :
S0 OGP SP L RSk 9608 ol s ORI SHS:
Sfm_@ﬁdglb Qhigki6dwd g &a0 frolhRamela bpbindiid. BecepPbEMH Pypeins,
ei choic acid. Streptococcus Val '
a1 g9 EORPER BT FO78 > e o Rea dies o
c%?)tt. g?@giws@mg@r%ﬁ?i 8 alega SedBmBapreaasoy byl iy cmph eosten(129
. .sangui s, Enterqco E in Ef ..
amEa cagidsk t}ﬁ‘ﬁt it @%bﬁﬁc%ﬁaﬁ o&ﬁxﬂ?\;@? %}H?@%@é Sgirotem is a S
gég?mnmhggﬁgggglFgeq%ngA Fi bronectin 0.8 aureus
soni ng Fn i bronecgtin .0.78, 0.77 0.69, ..
y Givp SR RPE MeBIHA (89 VR RISl s depg frpits and
s%s@%n@né%ﬁ(@ol@ér clmk@ri U cers ou -anti en a: The
Jnunber of sequences fromdifferent strains an
Hdeeilsgin Gopdis abp knewn Rpalimegive aﬁa?ﬁ)éga g‘?"é %ﬁ&’\mc j4y total

. f !
LR et A R A R

Epump?%nsz 54 were fromE. coli, 6 from Shigella
A%gﬁﬁ%ﬂ%w foy%x%gmmﬁ%‘?el AREGs! Fon® g&ﬁé&%ﬁnﬁﬂci’a& V@S1 i 3-

Imurium Except FinH proteins, the
aj.est had Pad 0.51. The 2 exceptions (gi nunbers:

E%?24%3/6,.1778448) were fromE. coli. The gi:5524636
®PE&i’'n is annotated as a FinH precursor but is much

Thb abt-bom¢la@ociarastmel SRAAMN )assesen intbhey adhevitiernd wm-adhesins
(%gﬁ%%%%ﬂﬁnggléérr?448 protein is a S. typhinurium

Figure 3 (a — ¢). SPAAN is non-homology based software. A total of 130 adhesins and
130 non-adhesins were analyzed to assess whether the predictive power of SPAAN
could be influenced by the sequence relationships. (a) Histogram plots of the number of
proteins in the various P,q value ranges are shown. Shaded bars represent adhesins
whereas open bars represent non-adhesins. Note the SPAAN’s ability to segregate
adhesins and non-adhesins into two distinct cohesive groups. (b) Pairwise sequence
relationships among the adhesins were determined using CLUSTAL W and plotted on
X-axis. Higher scores indicate similar pairs. The corresponding differences in Py
values in the same protein pair was plotted on the Y-axis. Each point in the diagram
represents a pair. Arrow points to protein pairs of the FimH family with high APyq4
values in spite of high similarity: Since one of the FimH proteins (gi: 5524636) had
very low P, value all pairs with this false pegative protein show high AP,y values. The
protein (gi: 5524636) is of much shorter length compared with other members of the
same family. () plot for non-adhesins. Data are plotted in the 4 quadrant format for
clear inspection. Note that among protein pairs with CLUSTAL W score < 20 the
majority (82% in adhesins and 86% in non-adhesins) have AP, < 0.2. These data

support the non-homology character of SPAAN.
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°. These proteins have been annotated as proteins with a putative function. These

sequences were analyzed using CDD (Conserved domain database, NCBI) and BLAST

searches. Adhesin like domains were found in these proteins.
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d. These proteins have been annotated as ‘hypothetical’. These sequences were

analyzed using CDD and BLAST searches. Adhesin like domains were found in these

proteins.
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within the cell. Hence these proteins may have remote possibility of functioning as
adhesins or adhesin-like proteins. Therefore this set of proteins have been incorrectly
predicted as adhesins or adhesin-like by SPAAN.

J. These proteins are PE_PGRS, PE proteins. Several reports (for example Brennan et
al.) indicate that PE_PGRS proteins may be localized to cell surface and aid in host-
pathogen interaction.

k. Lipoproteins (Ipp, lpg, lpr), PPE, outer membrane, surface, transport, secreted,
periplasmic, extracellular, ESAT-6, peptidoglycan binding, exported, mpt (with
extracellular domains), and proteins annotated as ‘hypothetical’ but found to have
similar functions listed here using BLAST and CDD searches.

l. These proteins were of the following functions - glutaredoxin-like thioltransferase,
putative involvement in molybdate uptake, ATP synthase chain, sulphotransferases,
S.erythraea rhodanese-like protein M29612|SERCYSA_S, unknown function.

™. These proteins were the spike glycoprotein with antigenic properties, and nsp2, nsp3,

nsp6 and nsp7.
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1{3E&d4@@5“ NG1H4RCt | Pidtive ShbliaNRExdtein| i ke

Ioltransferase, putative |nvolvenment in nolybdate
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13364036 915465 translocated intimn réceptor 1ir
13360740 912615 putative major pilin protein
13361582 917317  putative ATP-binding component of a transport system and

adhesin protein
13364754 913683 export and assembly outer membrane protein of type 1
fimbriae

13360484 917767  homolog of Salmonella FimH protein



Escherichia coli 0157: H7 13360742 912619
hemaggl uti ni n/ henol ysin-rel ated protein 13362986

W@ 100EPoput at i ve ATP- bi ndi ng conponent of a trBOEIN2005/000037
system 13361114 913228 putdtive tail fiber protein
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Lfic sin__ 13362687 9 87. putative
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13362692 915681 putative finbrial-Iike protein

1333800585 2078824 putette bt mofsimpleeijs®&onponent of a
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of
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13360879 912479 minor curlin subunit precursor CsgB
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13361127 913212 outer membrane protease precursor
13363210 916442 putative lipoprotein

13361104 913238 major tail protein

13361709 917446 putative major tail subunit
13359725 914366 outer membrane pore protein PhoE
13360875 913765 curli production assembly/transport component CsgF
13362170 913927 putative outer membrane protein
13361473 917203 putative BigB-like protein



13363900 915704 putative finbrial protein precursor
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13361982 912846 putative outer membrane protein

13360129 917032 a minor lipoprotein

13361817 912692 putative outer membrane protein

13360233 917507 membrane spanning protein TolA

13362837 915218 putative outer membrane lipoprotein

13362328 912985 putative colanic acid biosynthesis glycosyl transferase
Haemophilus influenzae Rd

16272254 949521 prepilin peptidase-dependent protein D
16272928 950762 immunoglobin A1 protease

16272129 951072 lipoprotein
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4154510 889297  putative Outer membrane protein

4155432 889515 putative outer membrane protein

4155623 889671 putative Outer membrane protein

4155700 889739 putative Outer membrane function

4154740 889426 Outer membrane protein/porin

4155692 889743 putative Outer membrane protein

4155594 889648  putative outer membrane protein

4155680 889719 putative Outer membrane protein

4155217 890243 putative Outer membrane protein

4155958 889905 putative Outer membrane protein

4155201 890259  putative Outer membrane protein

4155013 889232  cagisland protein

4154974 889032  putative Outer membrane protein
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BI?EXCHEQ SC}%771 18 Mollicute specific lipoprotein, MG307 homolog, from M.
genitalium,

13508176 876797 Mollicute specific lipoprotein, MG307 homolog, from M.
genitalium

13508175 876848 Mollicute specific lipoprotein, MG307 homolog, from M.
genitalium

13508106 876953 involved in cytadherence

13508350 877112 similar to phosphate binding protein Psts

Mycobacterium tuberculosis H37 Rv

15607496 886491 PPE

15607445 886592 PPE

15610644 888270 PE_PGRS

15608588 886605 PE PGRS

15609627 887941 PE_PGRS

15610643 888256 PE_PGRS

15607718 887725 PE_PGRS



Mycopl asma pneunoni ae 13507881 877207 involved in
cytadherence 13507880 877268 ADP1 MYCPN adhesin P1
wa3We82:80 877211 speci es specific |ipoprotei n PABRRXBABE0037
877124 species specific |ipdprotein 13508179 877071
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Rickettsia prowazekii strain Madrid E
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WERIBGRSB10 15610524 888151 PE PGRS 15609490 88BODBN289¥000037
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3%%@%3 |u€$%ﬁ2¥pr%?%FﬁﬁﬁgEX a%h@%%ﬁ%g 2551409
Mb46Ps ot e@i5FR07HUt Rinhagelutitid pAISHHagH 52375 extracel |.ul ar
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30063758 1078834  putative fimbrial-like protein

30065431 1080671  major type 1 subunit fimbrin (pilin)
30063366 1078379 flagellar protein FliD

30064308 1079668  outer membrane fluffing protein
30062613 1077555  flagellar hook protein FIgE

30061954 1076843  conserved hypothetical lipoprotein
30065173 1080393  putative lipase

30065425 1080664 minor fimbrial subunit, precursor polypeptide
30064485 1079637  putative fimbrial protein

30062615 1077558  flagellar basal body L-ring protein FigH
30064307 1079452  outer membrane fluffing protein
30065601 1080859  putative glycoprotein/receptor
30062118 1077025  putative fimbrial-like protein

30064099 1079223  lipoprotein

30062616 1077559  flagellar basal body P-ring protein Flgl
30063546 1078596  putative fimbrial-like protein

30062940 1077910 putative outer membrane protein
30065426 1080665 minor fimbrial .subunit, precursor polypeptide
30062779 1077721 putative outer membrane protein
30064194 1079329  putative lipoprotein

30063365 1078378  flagellin
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30065431 1080671 major type 1 subunit finbrin (pilin)
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(E, I c, NnpAB)  308delage 1080410 mi nor | i poprotein

%@8%%@; %%@%élzcgygﬂﬁkyﬁn Li§gpal - Ii ke protein

M nor cur ern 'subuni t precur sor
Z00G®380 1DRIBD72 ppuativd inwebrenet oteimenbr ane | i poprotein

RIS DGRBS oI ORI Pt

BBrEyss oc omeuss 7mu tpﬁﬂilSﬂliMﬁdln@ﬁrE%&ﬁlﬁlOmlaﬂB&ﬁ.& Carbastsgleptidase

RO 0 IR BB 5308t &L b pept dog! year

24379528 1029536  hypothetical protein; possible cell wall protein, WapE

24379231 1028158  putative glucan-binding protein D; BglB-like protein

24380488 1029325 conserved hypothetical protein; possible transmembrane
protein

24380291 1029139  putative amino acid binding protein

24379342 1028247  putative penicillin-binding protein, class C; fmt-like protein

24380047 1028904  putative ABC transporter, branched chain amino acid-binding
protein

24378698 1029755 putative ABC transporter, metal binding lipoprotein; surface
adhesin precursor; saliva-binding protein; lipoprotein receptbr
Lral (Lral family)

24378708 1029768  putative transfer protein

24379427 1028331  cell wall-associated protein precursor WapA

24379272 1028196  putative amino acid transporter, amino acid-binding protein

24379641 1028511  putative ABC transporter, amino acid binding protein



24379087 1028055 cell surface antigen SpaP 24380463

1029310 putative nmenbrane protein 24379075 1028046
W@eosordolio n- bi ndi ng protein 2b 24378955 102796FCT/IN2005/000037

peni ci |l li n-bi nding protein3fa; menbrane

car boxypepti dase 24379801 1028662 gl ucan- bi ndi ng

rotein C,.GbBC 2#?79528 1029536 hypot hetical protein;

GESFYTCE ST HBT ™ protei n, WApE 24379231 1028158

PYbEoEve gigeian- [WhoEhdEndHOieke D BglB-1ike protein

24380488 1029325 conserved hypot hetical protein;

P8Y%EBhI e PASHS mebpinrebindingaieit 24380291 1029139

BobRlEve @aRap a@hﬁa&!pﬂlﬂéiﬂgspm&&%&g&r24379342 1028247
putative penicillin-binding protein, class C

PP | | KB4BTDt eiGholip4gg8thaArotdi@dB904 put ati ve ABC
t ort ra ' 1 N0 aci d- bi ndi ng
%?ggéﬁn f%g¥%698Q%ﬁ%%?ﬁ@ﬁ%ﬂ¥§gkgé ABC transporter
- 1FB9IRe bi M3BOEP | | fhplwtignding moteiace adhesin precursor;
I-wa- bi ndi protein: |ipoprotein.receptor.. Lra
L L T S S e R
Misotret merdABHEA27491028331 cel |l wal | -associ ated protein
15?%@? son)yﬁﬁﬁ 24379272 1028196 putative am no acid
Lort@ ani BBV BEBTHEPEYSBr ot ei n 24379641
15028241 putadd Ve phBvd JusieImEil SbteirdM NO_aci d bi ndi ng
protei n WO 2005/ 076010 PCT/ | N2005/ 000037 35

187328t 0c EYE pndupsHAdAdinRe 15902395 934801

ve- biogigdng e 10
1@%4262& gogg?mng g%%%"%"éﬁ’%%o 1%%%3%2894 Sur face

a7 B282 n P Jor e dimbsiek proitis P4 O4Gr (9Bi4B59 Chol i ne

Ladhng j n 15904036 933487 Chol i ne binding
%?%gg?n %&g%ggosggﬁs 33069 Chol i ne-bi ndi ng protein

133923796 WBI69 Aputativeyliioprofeld acet yl mur anoyl - L- al ani ne
lz%gsge)g [sseria.meningitidis Z2491 15794121 907145
S ve an@“BHET ORC®I5794144 907168 put ati ve

153684 fdobdd PhefafidmentARPESin906275 truncat ed
pilin 15793460 906456 A-specific serine

I
1é7]%”588% pt | 2953 truncated pilin

15793283 906274 truncated pilin

15793475 906471 haemoglobin-haptoglobin-utilization protein
15793406 906401 porin, major outer membrane protein P.I
15794985 907333 adhesin MafA2

15794344 907836  putative lipoprotein

15794622 908118 hypothetical outer membrane protein
15793599 906604  pilus-associated protein

15793763 906779 putative periplasmic binding protein
Streptococcus pyogenes MGAS8232

19745214 995235 putative secreted protein

19746570 994224  putative penicillin-binding protein la
19745593 994771 putative 42 kDa protein

19745813 993958  putative adhesion protein



15793282 906273 tinbrial protein precursor (pilin)
15793337 906332 adhesi n 15793253 906243 putative

wo esprotei n 15794356 907848 putative | i popr OPEI/IN2005/000037
15793684 906699 putative nmsfbrane protein 15793290
906281 truncated pilin 15793283 906274 truncated pilin

7 75 906471 haenogl ohi n- hapt ogl obi n-utilization
é%é%é%n %¥g§%40@u§B§W@Thﬁﬂ?W%ﬁgmﬁ?8¥ outer nenbrane
p7ass2isn Pd525057 &Ry HPI dddciacdpdich Maf A2 15794344
907836 putative |ipaoprotein 15794622 908118

HaeRet i TRO2but eraHinbingriel piofiei n - 15793599 906604
B7hgiRoas saa g4 ed RElEhRinkrdid{bs 906779 putative

eriplasmc binding protein Streptococcus pyogenes
932 4994521 4uB06238 eprelape pradeisaser et ed protein

B SR NN oo ot 16745015

963088 puiEioie ddpdbi bnkprodie(fgB\O 2005/ 076010

R 00 37 36 .19745225 994839 putative choline

kﬁ%&ﬁogg ﬁ%ﬁ?gﬁﬁ qf@?%%%iép 5250 streptolysin S

15539101l at exb1p90X eitpt prok&id ¢G820) 995021 putative m nor

tgil grotein 19746909 994105 putative lam nin

LafdLP on 2618985560 regsp Pt at i ve cel | envel ope

NS &rb@SBus 1r eponema pal | i dum subsp. pal lidum str.

Ni chol s 15639714 2611034 fl agellar hook protein (flgE)

33899809 2611657 spifse piotest Bil$ARS cerprayjrug Begbitntd] 2610909
otein C (tpL : rotein D

%?%F%g SARS corgﬁ%%??%éﬁgi%%%%gg%%ﬁgﬁghgggﬁein S

R2SXR32cor onavi r uspike glyedpuri¢in JPARS208%36ms M Ke protei n
S coronavi rus..HSR.. 1 3218734 Lke .

B ool ' [ ARG b dEoS s 13 AR CSronavins Tw1]

30421454 ' putative spike glycoprotein [SARS coronavirus CUHK-Sul107]

30027620 S protein [SARS coronavirus Urbani]

29836496 1489668  E2 glycoprotein precursor; putative spike glycoprotein [SAR.S
coronavirus]

30795145 spike glycoprotein [SARS coronavirus Tor2]

31416295 spike glycoprotein S [SARS coronavirus GD01]

30023954 putative E2 glycoprotein precursor [SARS coronavirus
CUHK-W1]

30275669 spike glycoprotein S [SARS coronavirus BJ01]

29837498 3C-like proteinase nsp5-ppla/pplab (3CL-PRO) [SARS
coronavirus)

29837501 putative nsp8-ppla/pplab [SARS coronavirus]

29837503 putative nspl0-ppla/pplab; formerly known as growth-factox-

like protein [SARS coronavirus]

29837502 putative nsp9-ppla/pplab [SARS coronavirus]



30698329 putative spi ke glycoprotein S [ SARS

coronavi rus TWL] 30421454 putative spi ke glycoprotein
WO SMRB76@o0 onavi rus CUHK- Su 10] 30027620 S pr OPEI/IN2005/000037

[ SARS coronavirus Urbani] 39836496 1489668 E2

gl ycoprotein precursor; putative spike glycoprotein

[ SARS coronavirus] 30795145 spi ke gl ycoprotein [ SARS

coronavirus Tort] 31416295 spi ke glycoprotein S [ SARS
Telde an aypothsti€aDtdteidd G218l pupathiivee adt@sigs oy OPFDAN| in the

recu .s,[oc{. L%@%ﬁ_cor onavirus CUHK-W1 ] 30275669 spike
& ‘W%Bsr% B [ SARS coronavirus BJO1] 29837498
(BdtalninkaBerpf plosdinsas SNSp5- ppl a/ ppl ab (3CL- PRO) [ SARS

cor.onavi rus]. 29837501 putative nsp8-ppl a/ ppl ab [ SARS
Pﬁoé‘?l‘bﬁgvi 9&%%%9837503 put ative nspl 0- ppl a/ ppl ab;
nfhif@berer |y known as growt h-factor- |ike protein [ SARS

cqoronavi rus] 29837502 putative nsp9-pp la/pp | ab [ SARS
Ee@%%%%@i”ﬁi 2005/ 076010 PCT/ 1 N2005/ 000037 37
1383bss 6: ofdspet hetical proteins predicted as putative

adhesins by SPAAN in the genones listed in table 2
1336800 nﬁh%’@? of proteins = 105) Protein G Gene ID

2800 G040 13360244 912369 13359909 014808
113389583 99MB816 13361172 913156 13361131 913207
l%gggggggggééééé 13360571 912499 13362197 912893
13361172 913156

13361131 913207

13359780 914422

13360571 912499

13362197 912893

13362260 912399

13360947 913505

13361464 917196

13361635 917367

13362421 916655

13361463 917195

Haemophilus influenzae Rd

16272115 951058

30995442 950581

Helicobacter pylori J99

4155526 889586

4155712 889748

4155632 889684

4156035 889468

4155499



13360947 913505 13361464 917196 13361635 917367
13362421 916655 13361463 917195 Haenophi | us
wo nfosoenzeae Rd 16272115 951058 30995442 9505BAT/IN2005/000037
Hel i cobacterpylori J99 4138526 889586 4155712 889748
4155632 889684 4156035 889468 4155499 WD 2005/ 076010
MgCT/IN2005/000037 38 Mycopl asma pneunoni ae 13507870
OPYSHa PEEIESS9 877245 13508109 876868 13508025
1807084 §3H0BF838 876784 13507883 877183 13507871
877239 13507944 877056 13508241 876750 13507942
135p9385  §8BAY840 877387 13507867 877242 13508201
1508044  $R3%Q7941 876985 13508114 877397
Mycobact eri um tubercul osis H37Rv 15611014 886198
13980291 738BHR420

13507838 876784
13507883 877183
13507871 877239
13507944 877056
13508241 876750
13507942 877055
13507840 877387
13507867 877242
13508201 877044
13507941 876985
13508114 877397
Mycobacterium tuberculosis H3TRv
15611014 886198
15610173 887320
15609513 885515
15608094 885411
15610958 886155
15607528 886436
15607678 887473
15609587 885760
15610708 887227
15609526 885246
15611033 886225
15609028 885094
15607730 887771
15609121 885813
15608255 885951



15609513 885515 15608094 885411 15610958 886155
15607528 886436 15607678 887473 15609587 885760
WA B@507@% 887227 15609526 885246 15611033 S88BRREN2005/000037
15609028 885094 15607730 887771 15609121 885813
15608255 885951 WD 2005/ 076010 PCT/ | N2005/ 000037 39
1%%@2 40982%é 39 15609124 885815 15607734 887797
t si owazekii strain Madrid E 15604649 883964
1360904822 3883472 15604659 883996 15604417 883217
Por phyrononas gi ngi valis W83 34540233 2551594
1@%V58¥|a8?T%Qneri 2a str. 24577 30062687 1077638
RINOA. WAOR04AS M3RRA3681 1078754 30065435 1080675
30063891 1078983 30063211 1078195 30065233 1080463
130364387 8834531 30062638 1077590

15604322 883472
15604659 883996
15604417 883217
Porphyromonas gingivalis W83
34540233 2551594
Shigella flexneri 2a str. 2457T
30062687 1077638
30062956 1080449
30063681 1078754
30065435 1080675
30063891 1078983
30063211 1078195
30065233 1080463
30064387 1079531
30062638 1077590
30065236 1080466
30061839 1076721
Streptococcus mutans UA159
24378864 1029452
24380475 1029319
24380237 1029088
24379203 1028139
24380480 1029320
24379275 1029489
24379291 1028216
24379295 1028215
24379804 1028663



30065236 1080466 30061839 1076721 Streptococcus

nut ans UA159 24378864 1029452 24380475 1029319
WQ@4B802@70 1029088 24379203 1028139 24380480 ROBORAG/000037

24379275 1029489 2437929140028216 24379295 1028215

24379804 1028663 WO 2005/ 076010 PCT/ | N2005/ 000037 40

24379162 1029417 24378987 1029363 24379179 1028118

253+ 66 19998107 24378827 1029444 24380216 1029067

224738t 0CQeBag3 pneunoni ae R6 15902140 932867 15903446
934616 15903916 934001 15903848 933609 15902832
2033%> 18332872 934804 15902152 932889 Nei sseria

2g?ﬂﬁ&9itﬁ§ﬁﬁ0¥2491 15793668 906680 15794714 907603
t rept ococcus pyogenes MGAS8232 19747011 993608
249/887024 1084465 19747012 994373

24380216 1029067

Streptococcus pneumoniae R6

15902140 932867

15903446 934616

15903916 934001

15903848 933609

15902832 934332

15902372 934804

15902152 932889

Neisseria meningitidis 72491

15793668 906680

15794714 907603

Streptococcus pyogenes MGAS8232

19747011 993608

19747024 994165

19747012 994373

19746396 995057

19746651 993824

19745883 995045

19745912 994077

Treponema pallidum subsp. pallidum str. Nichols

15639844 2611061

15639720 2611059

Table 7: The list of 198 adhesins found in bacteria

PapG (E. coli)
12837502
7407201



19746396 995057 19746651 993824 19745883 995045

19745912 994077 Treponema pal |l i dum subsp. pallidum
wa@reos/oMioehol s 15639844 2611061 15639720 26110POT/IN200F000037

7: The list of 198 adhesinglfound in bacteria PapG

(E. coli) 12837502 7407201 WO 2005/ 076010

PCT/ 1 N2005/ 000037 41 740&2@% 7407205 147096

4240529 7407203 42308 327 78746 18265934

26111419 26250987 2610QA82%5 26249418 13506767

42301 78745 129622 147092 13506906 7407209

147080 281926

4240529
7407203
42308
7443327
78746
18265934
26111419
26250987
26109826
26249418
13506767
42301
78745
129622
147092
13506906
7407209
147080
281926
7407199
147100
78744
SfaS (E.coli)
477910
264035
42959
134449
96425
FimH (E.coli)



7407199 147100 78744 SfaS (E.coli) 477910 264035

42959 134449 96425 FinH (E.coli) W 2005/076010
wEANsLMIOOS5/ 000037 42 26251208 26111640 552HGBEN2005/000037

29422425 5524630 294224382 29422415 10946257

29422419 11120564 29422457 11120562 29422459

5524632 29422455 2942242% 12%%422451 29422449
29422447 29422445 29422 9422437 29422433

26111640
5524634
29422425
5524630
29422435
29422415
10946257
29422419
11120564
29422457
11120562
29422459
5524632
29422455
29422453
29422451
29422449
29422447
29422445
29422443
29422437
29422433
29422431
29422429
29422427
29422423
29422421
29422417
729494
1361011
1790775



20422431 29422429 29422427 29422423 29422421

20422417 729494 1361011 1790775 WO 2005/ 076010
WEDMSONDO05/ 000037 43 3599571 29422441  12620GEEN2005/000037

29422439 5524628 1787779431742472 1742463 15801636

25321294 12515169 11120566 24051859 24112911

13360484 15800801 15830279 25392018 25500156

12514120 1787173 1612896899516501811 16759519

29422441
12620398
29422439
5524628

1787779

1742472

1742463

15801636
25321294
12515169
11120566
24051859
24112911
13360484
15800801
15830279
25392018
25500156
12514120
1787173

16128908
16501811
16759519
24051219
24112354
30040724
30062478
6650093

5524636

1778448

Intimin (E.coli)



24051219 24112354 30040724 30062478 6650093

5524636 1778448 Intimn (E coli) WO 2005/ 076010
w5005/ 000037 44 17384659 4388530 1389BFEPIN2005/000037

15723931 4323336 4323338444323340 4323342 4323344

4323346 4323348 4689314 PrsG (E.coli) 42523 42529

7443328 7443329 1172645  HWM (Nontypeable H

i nfluenzae) 282097 HMA2 J(Wﬁf%/peabl e H influenzae)

5929966 Hi a (Nontypeabl gsgts3pnfl uenzae) 25359682
25359489

1389879
15723931
4323336
4323338
4323340
4323342
4323344
4323346
4323348
4689314
PrsG (E.coli)
42523
42529
7443328
7443329
1172645
HMW1 (Nontypeable H. influenzae)
282097
HMW?2 (Nontypeable H. influenzae)
5929966
Hia (Nontypeable H. influenzae)
253596682
25359489
25359709
25359628
25359414
25359389
21536216
25359445
HifE (H. influenzae)



25359709 25359628 25359414 25359389 21536216
25359445 HfE (H influenzae) WO 2005/ 076010
wEOhs0MdO05/ 000037 45 13506868 13506870 135PGBM2005/000037
13506874 13506876 36887845 3688790 3688793 2126301
1170264 1170265 533127 535169 3025668 3025670
3025672 3025674 642038 M kD (K. pneunoni ae) 127307
FHA (B. pertussis) 171545@3506péttactin (B. pertussis)
33571840 YadA (Y. enterog@ijskhga) 10955604

13506872
13506874
13506876
3688787
3688790
3688793
2126301
1170264
1170265
533127
535169
3025668
3025670
3025672
3025674
642038
MrkD (K. pneumoniae)
127307
FHA (B. pertussis)
17154501
Pertactin (B. pertussis)
33571840
YadA (Y. enterocolitica)
10955604
4324391
28372996
23630568
32470319
SpaP (S. mutans)
26007028



4324391 28372996 23630568 32470319 SpaP (S.
mut ans) 26007028 WO 2005/ 076010 PCT/ 1 N2005/ 000037 46

WA ZRE/MH760RAC (S. nutans) 129552 SspA (Strept oCBCT/IN2005/000037
gordonii) 25990270 110097%6 CshA (Streptococcus
gordonii) 457707 CshB (Streptococcus gordonii)
18389220 ScaA (Streptococcus gordonii) 310633 SspB
(Streptococcus gordonii) 835226 3220006 SpaA
PRt (SRimeCCUS sobrinus) 546643 PAg (Streptococcus
sobrinus) 217036 47561 Protein F (Streptococcus
pyogenes) 19224134 PsaA {&%épt ococcus pneunoni ae)

5825@84oc0lI2 QRN 920458 7920460

25990270

1100971
CshA (Streptococcus gordonii)

457707
CshB (Streptococcus gordonii)

18389220
ScaA (Streptococcus gordonii)

310633
SspB (Streptococcus gordonii)

25055226

3220006
SpaA (Streptococcus sobrinus)

546643
PAg (Streptococcus sobrinus)

217036

47561
Protein F (Streptococcus pyogenes)

19224134
PsaA (Streptococcus pneumoniae)

18252614

7920456

7920458

7920460

7920462
CbpA°®/ SpsA / PbcA/ PspC
(Streptococcus pneumoniae)

14718654

2425109



7920462 CbpAe / SpsA / PbcA/ PspC (Streptococcus

pneunoni ae) 14718654 2425109 WD 2005/ 076010
wEansMdDO5/ 000037 47 2576331 2576333  31538BEI/IN2005/000037

9845483 19548141 Fi mA (Sufeptococcus parasangui s)

97883 SsaB (Streptococcus sanguis) 97882 EfaA

(Ent erococcus faecalis) 493017 FnbA (Staphyl ococcus

aureus) 120457 FnbB (St apAy¥®8toccus aureus) 581562

21205592 13702452 BabA (jkkedshgobacter pylori)

13309962 13309964 13309966 13309968 13309970

13309972 13309974 13309971838943309978 13309980

9845483
19548141
FimA (Streptococcus parasanguis)
97883
SsaB (Streptococcus sanguis)
97882 .
EfaA (Enterococcus faecalis)
493017
FnbA (Staphylococcus aureus)
120457
FnbB (Staphylococcus aureus)
581562
21205592
13702452
BabA (Helicobacter pylori)
13309962
13309964
13309966
13309968
13309970
13309972
13309974
13309976
13309978
13309980
13309982
13309984
13309986
13309988



13309982 13309984 13309986 13309988 WD 2005/ 076010
PCT/ 1 N2005/ 000037 48 13309990 13309992 13309994
w@\dwant@ages: 1. The net hod hel ps in di scoveri NBCT/IN2005/000037
put ati ve adhesins, which ar® of great inportance in
drug di scoveries and preventive therapeutics. 2. The
nmet hod is useful in predi |Bﬁ)the adhesi ve nature of
even unique proteins, 5 because it is independent of
the honol ogy of the queryl33082%i ns with ot her
proteins. 3. This nethod Fﬁ &%%y to use. For
calculating the output, o 9 e amno acid sequence
Advalitagest red as input. No other information is requi red
to get the roatj.on apout its hesi ve_nature.
12005 %?76‘6“1@%3‘1*? SPHOBE putatiss 2 g@mm@e@ fmofsgeat
MADElmMnce/M ﬁiﬂhg al,sco-ffeﬁes, an&@ie@éiﬁﬂe tﬂére(p&ﬂﬁl)

Appllcatlons of neural networks in quantitatiyve

25t r ubhemethad isiwsirlin perdigting H@Wﬂb%“"&fnaﬂ‘if%%"rvﬂ yniggesproteins,
r edugdcaae it iNRisPeh®ns of e MablogyNEMhe hery2REtind 83k offler
2. Altschul SF, Gsh W Mller Myers Li pman

DJ. (A9BO%- Basic | ocal alignment search tool. J M

3Bi ol Thig hpdtdh, is 403 1611%3 Por cﬁﬁzﬁﬁﬂh CgttheLou ehi grtge Bmino ac1d
Maitre B, Housset B, (Gounon I SO (200 Rol e
adhesspanCa Y [edyRech s iippuf. erﬂwn %ﬁ(’ﬂm}mrﬂstfP%Wéatp get the
bl t ARk Cabls RihesBondigke! | a pertussis. Infect

[ mun. 68(4), 1934-1941. 10 4. Bock, K., et al.(1985).
Specificity of blndlng of a strain of ur opat hogeni c
Escherichia coli to Gal al pha 1----4Gal-contai ni ng

gl ycosphingolipids. J. Biol. Chem 260, 8545-8551. 5.
Brendel, V., Bucher, P., Nourbakhsh, |I.R , Edw n

Bl aisdell, B., and Karlin, S. (1992) Mthods and
~algorithnms for statistical analysis of protein
sequences. 15 Proc. Natl. Acad. Sci. USA 89,

2002- 2006.
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2. Anethod as clainmed in claim1l1, wherein the protein

sequences are obtained from pathogens, eukaryotes,
wa@p@sowoto cel | ul ar organi sns. 3. A nethod as cPei/medoi/woo37

claim1, wherein the proteiSh sequences are obtained

15 fromthe pathogens selected froma group of

or gani sns co&gi|3|n%$gscherlchla col i, Haenop
hi | fefigste | HetRc Sbatctemkyy Mor McFaddepptids rﬁihnelder G(2001)

pPneunRipAtring W&&)%ﬁ@tt Sl kdiny LR C L R%d %xtra%h&lf %Jrﬁ' | R€lear-

prowazekii, Porphyrononas ~gingivalis, Shigel

f 1 exrf@pqded Sreewprs ©b Elgmodivm Falspargpy @%@C@@éfczre@ms Gene 280,
pneun@nigae, Neisseria neningitides, Streptococcus
pyogenes, Treponema pallidum and 20 Severe Acute
Respiratory Syndrone associ ated human coronavi rus
(SARS ). 4. A nethod as clained in claim1, wherein
the nethod is a non-honology nethod. 5. A nmethod as
clainmed in claim1, wherein the nethod uses 105
conpositional properties of the sequences. 25 6. A
method as clained in claim1, wherein the nethod shows
sensitivity of at least 90% 7. A nethod as clai ned
inclaiml, wherein the nethod shows specificity of
100% 8. A nethod as clained in claim1, wherein the
nmet hod hel ps identifies adhesins 30 fromdistantly
rel ated organisns. 9. A nethod as clained in claim1,
wherein the neural network has multi-|layer feed
forward topol ogy, consisting of an input |ayer, one

hi dden | ayer, and an output |ayer. WO 2005/076010
PCT/ 1 N2005/ 000037 54 10. A nethod as clained in claim
9, wherein the nunber of neurons in the input |ayer
are equal to the nunber of input data points for each
attribute. 11. A nmethod as clained in claim1, wherein
the "Pad" is a weighted |inear sumof the
probabilities fromfive conputed attributes. 5 12. A
method as clained in claim1, wherein each trained
network assigns a probability value of being an
adhesin for the protein sequence. 13. A conputer
system for perform ng the nethod of claim1, said
system conprising a central processing unit,
executi ng SPAAN program giving probabilities based
on different attributes using Artificial Neura

Network and in 10 built other progranms of assessing
attributes, all stored in a nenory device accessed by
CPU, a display on which the central processing unit

di spl ays the
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screens of the above nentioned prograns in response to
user inputs; and a user interface device. 14. A set

w@bood/pdcoannot at ed genes encodi ng adhesi n and PCT/IN2005/000037

adhesin-like proteins, 155khaving SEQ ID Nos. 385 to
658. 15. A set of 105 hypothetical genes encodi ng
éfhgsi n and adhesin-like proteins, having SEQ ID Nos.
659 to 763. 16. A set of 279 annotated adhesin and
hdhed} prmpufasiops] megiodfoniderBiErng Bilkes and adhesin kS pra?@nsl Faid
A set,dfoat8Rnh atiecal adhesin and adhesin-Iike
proteins of %E%’Q%o%ébr\fgg 280 to 384. 18. A fully
connéct edconputing thesequeaecbafalrasgpibutesof rirdteini safjuehledsuging five
Net wor k bgsed. .o e conput at i onal t hod as cl ai ned
inclaim1, ggen%??%%ln(@fcao?&éaﬁl nleér‘]Np? b S?dgviaé?’,w Tep i%ﬁf’d‘étﬁnﬁ’utes
| ayer andaran(iparbipatacidafyeuenndes,clii) andtiptartrgedey, () dipeptide

said sequ .25, . rein each neur i I, nar ..
gt nonB i Bl Bubiet S B nidroPghic Sreonison
subs équentraihiay e ertifioal heben Nefworh gANK RS e b tRMBEHLRA five
i ke prot aefm%lslte V\,h?r ein the program steps conpri se:

[a] feeding a firaB ei n sequence in FASTA format; [Db]

pr ocessi nigeiitifging elgpuaiesin el aihegaHlike pot@Rs Daing fovmaly of
the 5 nodul.es gﬁ&ed A C D Hand M wherein
attribute eﬂlgraé‘pfﬁg%g w) &7 &M no aci d conposi ti on,

22t t 1 iAbmbBodad ERMRISAIHIA €RALAH O HPQRSHh tsk ncé%ta[ré LBdkEq
D represents a dipeptide conposition of e 20

di pegf’%“d’éﬁmﬁm eufgryotypand pypiticeliplar preanipls. ER, RR, RK,
3R, ATmethstl ad Maine® in GBim TCwnin i Q i
PCT/ | N2005/ 000037 B5 and’ ERI i P}[fﬂtggg e?‘gegr%%g%f?%‘ed
a hytPephopatosersrslssied fiom asrenrefiorganisms colprisipg Eswdatichia
am NeAGbEEANERE i | 1 ntify s .
types of glqérposi {t}?}gg%le’ glte%%é%élﬁt e@k %f’ Atg%cgg‘g %5’%2% p\é% g
sequidedbacigrivht afuheawnts.i cBicketisivput prowatediis Porphyromonas
resp i £ OF . h aid attgl butes wherein,
o ELFaYE Byl AR Sirch 8Bl R B SR PR nonice
pr oc¥esierig wéningditdasuSeeptomiccisnprigenteC tToenakt daleklm Bnd

step v 1 . 1N euron |. to obtain sj s,
aher oGt R gk B S p GG Ror @i sy G RBor
4of némeethodilas ictyiaed e clatn sl fiferebaale adethiol vt nof-Hymology

pro§%g%i@g of signals obtained fromstep [c] by the
hi dden ?ayer to obtain 10 synaptic wei ghted signals,
Swher &imethddeasoghiingmilin D & wiireil @t @BiBod Bsdsh®5 Bing6i8ional
| ayer was QEESrnined t hrough experinentation for

m ni Qﬁ)}}ﬁrﬁe@ sequences.

6 A method as claimed in claim 1, wherein the method shows sensitivity of at
least 90%.

7. A method as claimed in claim 1, wherein the method shows specificity of
100%.

8. A method as claimed in claim 1, wherein the method helps identifies adhesins
from distantly related organisms.

9. A method as claimed in claim 1, wherein the neural network has multi-layer

feed forward topology, consisting of an input layer, one hidden layer, and an

output layer.
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w@bdaoaionedo from step [d] to the output

the error at the best epoch for each network
individually; [e] delivering synaptic wei ghted signals

assigning of a probabilitysvalue for each protein
sequence fed 15 in step [a] as being an adhesin by

ch petwork dule: and [f], usi t he individual .
ggo b a)g Heﬁ?’fi &8 rcr;g ) %ldle ecgal?r 0 P?} @fe%%? é‘jl“‘s%fr OISR it fre input
t he flayeahre pqwld adbthé hiybed bf iapyidak @bintsFeORAe S&iHue. Ng ﬁn .

dhesi n denoted. by . the Pad val ye,.whi.ch is. a weighte

Jer aﬁg@e%r’d £ gla’[‘?%ilwﬁ%h Vgl?eaﬁ‘d% Ol T 57 VEtR e e sREn
step t]ﬁdiﬂrol&ibditiehﬁoﬁ&ﬁ@G&ﬂélﬁéﬁheftﬁiﬁﬁtbd.On Ef ]E:or {1 el ation

ichis 0 a asure aof the_ stren of the .
ﬁjediﬁ:t”?eg}?% ﬁsg?fg%leﬁe‘f‘mﬂ?lw é’sWETrS\IPr@gltl iFpinef grehvar, assigns a

wher gidbabiligy valRWE bEIBEAOMhbRY R tHeQRRbiEk&quehcea total of
neur ons correspondi ng to 105 canpos)tional

05 .

r opéY CPBRUMCH YS! Hgf RsHRIIRE daifdied; B clednd.1epid system
wher ebips hi delfal lpadeBdsingORMY, | sxBsutik SP‘I@HNoﬁl%Eram giving
represented as 30 for am no acid frequencies, 28 for )
mul t iPpRO&kilitiesasqdcm diliferend attribnges uging AirtifésyaliNsaral Network and in
fr equemCcH@ss prd@rahRl of CRREER: SRATRAR! bl QporéDh 30mEREyry . device
hydr ophobi ¢ conposi ti on. .. Anetwork as clainmed’in
cl ai Aropgsed m&%ﬁrﬁ dipdayoen phich [the eontraloprpecissieg upit displays the

Neur QfSerk Of ARl dbY VR REQUARI, lahy
val ue for eggh p%?é@ﬁn%q%&grﬁce. %%née% oand a user
mterface device.

14. A set of 274 annotated genes encoding adhesin and adhesin-like proteins,
having SEQ ID Nos. 385 to 658.

15. A set of 105 hypothetical genes encoding adhesin and adhesin-like proteins,
having SEQ ID Nos. 659 to 763.

- 16. - A set of 279 annotated adhesin and adhesin-like proteins of SEQ ID Nos. 1 to

279.

17. A set of 105 hypothetical adhesin and adhesin-like proteins of SEQ ID Nos. 280
to 384.

18. A fully connected multilayer feed forward Artificial Neural Network based on
the computational method as claimed in claim 1, comprising of an input layer, a
hidden layer and an output layer which are connected in the said sequence,
wherein each neuron is a binary digit number and is connected to each neuron
of the subsequent layer for identifying adhesin or adhesin like proteins, wherein
the program steps comprise:-

[a] feeding a protein sequence in FASTA format;

[b] processing the sequence obtained in step [a] through the 5 modules
named A, C, D, H and M, wherein attribute A represents an amino acid
composition, attribute C represents a charge composition, attribute D
represents a dipeptide composition of the 20 dipeptides [NG, RE, TN,
NT, GT, TT, DE, ER, RR, RK, RI, AT, TS, IV, SG, GS, TG, GN, VI

| ayer fBCT/IN2005/000037
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20.

21.
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[d]

[e]

[f]
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and HR], attribute H represents a hydrophobic composition and attribute
M represents amino acid frequencies in multiplets to quantify 5 types of
compositional attributes of the said protein sequence to obtain numerical
input vectors respectively for each of the said attributes wherein the sum
of numerical input vectors is 105;

processing of the numerical input vectors obtained in step [b] by the
input neuron layer to obtain signals, wherein the number of neurons is
equal to the number of numerical input vectors for each attribute;
processing of signals obtained from step [c] by the hidden layer to obtain
synaptic weighted signals, wherein the optimal number of neurons in the
hidden layer was determined through experimentation for minimizing
the error at the best epoch for each network individually;

delivering synaptic weighted signals obtained from step [d] to the output
layer for assigning of a probability value for each protein sequence fed
in step [a] as being an adhesin by each network module; and

using the individual probabilities obtained from step [e] for computing
the final probability of a protein sequence being an adhesin denoted by
the P,4 value, which is a weighted average of the individual probabilities
obtained from step [e] and the associated fraction of correlation which is

a measure of the strength of the prediction.

A network as claimed in claim 18, wherein the input neuron layer consists of a

total of 105 neurons corresponding to 105 compositional properties.

A network as claimed in claim 18, wherein the hidden layer comprises of

neurons represented as 30 for amino acid frequencies, 28 for multiplet

frequencies, 28 for dipeptide frequencies, 30 for charge composition and 30 for

hydrophobic composition.

A network as claimed in claim 18, wherein the output layer comprises of

neurons to deliver the output values as probability value for each protein

sequence.



