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Abstract

'ri ":. :nrior challcnges in bioinlbrmatic! i! to chrracterizc novel protcin sequon(cs. It is drlermincd l)) making
*ith lino\1n prottin sequcnces stored in protein sequcnce dalabtscs and ltmil\ databases. Itr0lein

{---t-ir\.1rt compnrcd mainh b} me.lns ol sequence alignments. \o}r cla)s, \'ri-i0us bioinli)rmlltics pattcrn-
'.1 ':- : .n nlltho(ls hlve boen dcvelope(l to etcode conser\cd regions ir thc scquonce illignmcnts. lhcse conser\'e(l_t: :\ rrr used (o cbtrttctorizc particular protein families, \rhich in lurn highlight\ the functiou and struclure of
-.:'i!ir Proleins. Ihis stud)'conc€rDs an invcstigation ofa range of biointbrnatics ser\iccli, dttabascs t d sofl\rare
-i r,.ibl. on the \\'eb in characlcrizing a no\el protein sequence irnd its function. l'hc potencr ofthcsc bioinli)rmatics
:r.r ! hes been assessed br idcntifving x rctintl protein bacteriorhod0psin (llR) of thc 

^rch^eoi 
IlalohactLtiut

.r.lndruttt. ll is I lrilnsmembranc protcill found in the cellular membrano ol these orgaDisms and functions as ll light-
lrir €n proton pump.

\:1 $ilrds: I)rotcin prcdiction, Bioinfirlrratics tool. Protcrn
- )!',lLlcncc dalabasc. f3acleIor hoclopsin

;lrlroduction
- -:::: ule the biological nioleculcs tltat carry olt essential

-: -::oni in er.ely ccll of livrng organisms. l:ach protein has

- -:::quc amrno acid sccluence that is spccified by the

..-.:.rttde sequence ofa gelle clcodirg tilis p]oteiu. l-hese

:.-: rmluo acids chains folcl into cor-r-rplex stluctnres
... '.rng thcm to perlonr luDctlons. One ol thc lrain airrs

:rolnlbtmatics is to charactclizc nor'cl prolctn sccluences
- :ral lircy can bc sclled as Llscll"tl ntfonlation for' lirlulc
i:--lloSt5.

'' :ro\cl ploleur scqucnce can be characterized by making

-..:'rparisori rvith the krown sequcnces stoted in sequence

:::lbascs aDd lami1y dalabases. In recent t1ne. \.ariolls
^:-rlnfor-malics loois have been clcvciopcd itr supltolt ofthat.
.::.c tools atc n]alnly based oll scc]uencc alignment
.:-.,.uding pairu,isc and rrultrplc scquencc aligntrr.nt and

i:rous scoling [ratriccs. fhe n]ost freqllcnll.v used method

.L-rtrtlrrrg protcrrr. r'el.Ltcd lo ir (lu('.. \e(luqnc( . ro

--:::h a sequence database using pailwrse alignment tools.
.. --:r as the BLAS'I and l:ASIA plograr.ns 11, 2l lhcy find
'--:r:]r of local srmilality betwcen sequcnces. Again,
, . r:i otl]er tools exist that cnploy diffclcnt pattern-

-- -:.rlron mcthods to cncodc coltservcd tegions it't thc
'::. scqlrclrcc alignmcnts ofa lamily ofproteirs. Iliese
,i:.:J rcgions are used 10 charactclizc palticular
-.--.': of a prolcir family, which Ltsually relate to
- .. :i.rnctionality or stlucnu:al significances ofmemb€r
- --. . rc family based databases basically lall urto tluee

-: :::-:sories depending on thcil use of sirrgle motrf
: - ::. e\.IO l-llr), n.rulliple motifs (BLOCKS,

:: lull domail alignments (Plolilcs, Plarr) lor
:.--r .ollselvcd rcgio|ls il'l thc alignmel'rt. l-hc
.: :.r.:d approaches, for cxample, pclfolm well in

diagnosing shoft. functional sitcs: r'rlultiplc nrotil dcprndcnl
approaches work besl in Lhe iliagnosis ol lamilies and

sublanulies: and thc dontaLn-based nctllods nhicb crcatcs

profile on that. tend to rvork ncll in thc diaqnosis ol'
supelian-riIies.

Understanding thc Iclatiolships betrveen ptotcins ts olicD
not straightforward ihis relationship is mainly dcpcndcnt
on scqllence homology. l-he paltcr-ns of coDservatioli changc

as the Iegions of similalitv bcconrc smalLel and smallc|
thcn aligning incleasingly clivcmcll scclucnces. Ullinlatel),.
Lt can be Vely dilllcull ol cvcn rmpossiblc to (Liscovql

whether thc aljgnntcnt lcplcscltts a sin.elc but highl)
divetgcnt lanily wlth a commoD lunction. or a signiilcaut
sttpclfanrilir composed ol scvcral closcly |e1aled but

functionally isolated lami1ies. lltis lepresents onc of thc
rnajor challenges in biouilolmatics now a day. ln tliis studl.
a rangc ol bioruibrmatics sclviccs. clatabascs and soliralrs
availablc on the Web havq bcen rnilized in aualyzing a

protein seclucnce. 'l'his incluclcs idcntrfication of thc prolcin
family u'hich sclvcs as tilc sigiralurc of its potcnlial lirncliolr
aDd structure. 'nre potol'lcy of thcsc bioinlbrniarrcs tools h s

been assessed by tbe recognitiou of a kno\\ n rclrnal proleir'l

bacteriorhodopsin (BR) ol the arcl)acon Holohu(rcnu t

2. Materials and methods

In this strLdy. a 262 amino acicls iong protcin scquellcc with
accessior.r no. l'029-1i in L nil'rotKll. r,clsion 15.12

(http:irw u r', . uniprot. or-q unipror ). is selected as the larget

sequerce. The BLASI lools blastp and PS.l-lll.AS l of
version 2.2.22 in \CBI (httn://\\,ww.ncbi.nlm.nrh.g9!l
BLAST ) are used to find scqucnce similarities with dcf:rult
paramcters and BI-OSl.lM62 substrtution matlix 13l. Ihc
target database used ill thesc searches is non-redurldant

sequence database (ru). It is a compositc database

coutauring 1lon-iclentical sequclrces fiom publicly availablc
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prir,rarl soulces: Ccnllank (lDS translations L'1l S\\iss Prot

L 
) 1. PDI] L6l. PIR lTl BI-AST can idenlii! gencttc

sir-niLaILlies bct\\'ccll sequences based otl high sc''lt tng

scciucncc pairs lll-i\Sl scal-ch has also prorided a crude

nreuns of classill ing the sequencc basecl otl dic sinrilarlt]'

L-hc 1amrl1 ancl lutlction ol tlic itttended scclucnce are

idcnlilicci b-,' searchrrrg tfic ptotern lamill clatabases fo

locatc kno\\1'l sequ"'nce pattc ls (rc-ee li) I']ROSl I!' 20 t)

.latxbase. rcleascd ol'i Norcmbet 2008 is sealchcd though

S. - rl'lo.tt. ot I 'Pa'r plli cur'u' ' "l\er
(http:' r\\'\\'\\,.expas) cl-iitoolsrscl1psite httl-ll) B''- searching

p1.rn21.0 database lEl. using the web service nlaintained b)'.

Sangcr ilNtillrtc (hllp:r pfan sanget ac uk-') the kDowr]

protcin .lorrrair'ls (basecl on ptofiies) bciongins to the

sclcctcd scqucncc alc itlcntified Itl otdct to vaiidatc the

lcsulls obtaiued fiom Pl{OSITL- aud }'lan PRlNlS -19 0

clarabasc (basccl on flDgeryrints) l9l is scarcired tluough

Jringcr l,r.iltSc an (ljsurg l;PScan option) sult

(hnp:'', u t'rv.bioini'.manchcstct ac u-L fingerP RINTScan )

n'ith ticlatLlt pararDelcrs arld Bl OSI'\161 matnx'

l;urgcrplir-Its arc grortps of conscrved ulgappcd nlotiL that

alc obtatnecl tlon nlultiplc scclucncc alignnents and

ir-rtcnclecl to dcrjve potent signatl[cs of Ian-rilv nlenibctship

l}r'ough itctatirc database scaNir8 ll0l Additionall-v the

intcgtltcd plotcin family databasc i c lrterPro l 1 1l has also

bc"i l,.tue.rigatcd providing a mote cohclent viov of the

lcsults.

lhc potcltial transnen.]brane (l'\1) donains ir the selected

,",1,t"tt." nr" higl)lighted by ntcaLrs of hydropalh-v proltles

using ProrScalc plogram ol l:xl'as-v plotcourcs selver-

(hl1p:' \\'\'\\''expas)' ch' tools' pl otsc;r le html) JalVierv an

ahgrl-nctll editot

(httpr 
" 
s'l rv jah'icu orgr cxamplcsi appiets html) wtth

arnonatic nrultiple alignment program CLtlSTALW 112] is

also ttsed to represellt tluhiple alLgun-iettt ol the seiected

proleln \\,ith the otlicr scclllcnces of its faL-rily'

3. ILcsulls and discussion

hl this scction, the potcl]cy of differcnt bioinfolmatics tools

n chatacleLize the talget sequence as the bacteriothodopsin

protcin is preseDted along rvith sufficienl details This

inr'"rtigutinn includes prediction of the protein famLly as

*el1 os-prediction of its function along vitir sonle structural

rclcr,ancy

'lhc targct secir.rcncc is searchcd against nr(Non-redttndant)

tlatabase ustng the blastp ptogram of NCBI This has

g.n"r.t.d ,t.tor. tltun 50 sLglificant hits t'ith E-value smallel

t'han 1 ' l0-t" Ail of these seqllenccs belong to bacterial

'rr):Lti lvDe p-otein' lobtai rccl ltottt onttoratton' Wirlt the

1,,-h..,' 1 -,rtu" " 10' q< o dc.1lll. ' lhe Dlolein

Nlitra Kabir. A. S. \Icl \4Lrkal'r'ar.u llossaitt and Llpania Kabrr

bactct iolhodops irr (BACR IIAI-SA) in llolttbutrct rutn

sulinanonhals has been diaguosecl as lile most signiftca[t ]1ll

in orclet to validate thjs search resnh, the iterativc Ill'ASl

scatch ptogtam PSl BLAS I (based on l'SS\1) is also used

ftris gi,A.it search also cLiagnosed rl'le same rcsuh []LLt it

is not al\\a)'s uue thal tile top lrost stalistlcell) signLl-1cant

hit lrom BI-AST search is also the nosl biologicallv

relcvant So. Lt is likely that the quer) 1s a bact'riorlloclopsrn

protcin rvhich belongs lo bacterLa opsirt 1ami11

ln ordct to rbtarr molc btol.rt'rc- l lelc\r"l c'rll' n r'l\" '

fan-ril,v databases searcfiing ate the most ilrportant lneans

ey uligning a new sequence with the representative family

-.-UJr.. rt is possiblc to identiiy consetr,ed rcgions whicll

cnsute its family membership and in turn indicatc lts c|itical

.nrr.r,rr'al s 3nt'lcall.e or llln'llunrl ttrl" Ilctc lo rl

different databases PROSITE. PRINIS and InlerPro l'ia\ e

been searchcd to charactcl izc the targct seclueDcc

'Iluough PROSIfE search. tuo djilerent hits are lbund by

t\\,o distinct pattems lhe first hit with accesslon Llo

P500950 and iclentificr BAC'lEllIAi- OPSI\ I iLrdicales

rhe baclclldl ol<lr' \lendlLrrL llre oth!l hlt \rtlr ac'^ ' r'lr

no. PS00327 and identifiel BACTERIAI- OPSIN RftI

replesents tl'le baclerial opsins retttlal binding site fhese

t\ro patterDs are ver-v iInpoftant in allo\\jng the specilic

dete.tiort of bacterial opstt'ts 'fhese proteins are retinal-

contatl]ing ptoteins forurd in extremel,v halophi)ic bacterta

providing ligl.rt-depeldent proton transport and scl'lsoIy

nrn"tioni. From lhis tcsult. n is identihcd tliat the clllcrv

protein is a bactclial opsins 1!'pe ploteil But therc ale al

I.u., tlnce types of bacte|ial opsins includrng

bacteriolhodopsin. halorhodopsin and scnsoty rhodopsin

having the same intendecl pattems so lrom this PI{OSI l-E

,.ur.li r.r.,it, it is not possible to say specifically to \\hich

qpe of bacterial opsln' the query belongs A more speclJic

result is obtained by Pfam search (dependent ol Hidden

Markov Moclel and Pro{lles) lt retr'ttned a maLch uhich

represenl\ a bacteltot\odcpstn-ltt"' plolclr l)'mJin

laccession no. PFO1036 antl rdentificr Bac rhodopsin)'

From this. 1l can be said that it ts a b actct iot )iodopsin

protei[.

Based on the database arulotatiorl it is also known tllat all

the bacterial opsins including bacteliorhodopsin ate integlal

membrane proteins conraining i helix transmemblane (TM)

domains, the last of u'hich contains the attachnent point for

a photoreactile cluomophore, retinal flSl fhat is

bu.t.riolhodoprin has a seven-helix structural n-rotil' $hicll

.nrur", io U.iongutgness to ?TM superfanrily fhe PRI\-I S

database search can provide more elficienl er idence

suPPorting lhis
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Protern Predrctron usrng Btotnformatics Tools

Fig. 1: Searched outpul retumed by FrngerPrintscan

The algorithnr employed by FrngerPrintScan to

search PRIN'I'S provides rank-ordered hits based on

combined motif E-values. For the query sequence, the

PRINI'search has revealed only one diagnosis named

tIACTRLOPSIN (accessiotr no PR00251) which is a

7-element (motif) fingerprint for the bacterial opsins.
'l'his fingerprint is also a signature of having 7

membrane-spanning domains or transmembrane o_

hellces (20-24 restdues lot'tg each). A better

appreciation of what such diagnosc means is gained

by plotling graphical vrew of this nlatch as shown in
Figure 2 Wherever a motif matches above a glven

threshold, a shaded blocl< is plotted to mark rts

location. from N to C-terminus, indicating matchcs

with each ofthe seven transmembrane domains.

Fig. 2: CRApHScan plors showing the results of scanning the selected sequence agains! fingelprint BACTRLOPSIN (The

bacterial opsin lamily signature). The Y,axis represents identity score (in percentage) of each tingerprint element (0-l00 per

rnotif), whereas the X-axis denotes the amino acid number in the sequence A shaded block is drawrr witlr the width ofthe

nrotila]1d with the height of the % identity ofrhe match wherever a motif nratches

l.r ll :l il

6

e
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.\ morc cohere|t biological tnterprelatiol-t be lound liorr F'igLLre ,1. l hrch lepr esents thc rnulliple
liLnctional end structlrrrl rrlerincvi ol Fr -ltgnnter".. ^l .cquc. .L ' rio ,. r\'lI. I flnrrlv

I'L'
i,L:

i!,:.:L.r;t:, "

ilolillillirl

Based on thc mrillrplc aligfnrcnts shorvn rn l_ qure l.
one rralor leaturc thal is obserr,ed is thc occLLrrcnce

ol severr relatively hydlophobic regiofs rn the
prinrary scquefces thal contair large hydlophobrc
resrdues (residues marl(ecl as blLLe). lhe pelrodic
drstrrbutior o{ hydrophobicity is consrstcnt uith an

llpha-helrcll couformation l'hrs leature pro\ rdes that

the quer) coftains se\,ei lransmembrilrle helices (corc

rcgrorr). lt rs also prorccl through thc hldropathl
prcflles (Kyte & Doolrttlc) ol the seqrLence generated

\\,th ProlScale As shorvn in l'igLrre 3. motif 3 lcalled
hclLx C). the regron encodcd by PROSITE pattern

BACl lrl{lAI- OPSI\ l{E] . includes a conserved

firnctronally rrrlpoiant argrninc (R) residue which
scems to be involved in the release of a proton fiom
the Schiffbase to the extracellrLlar medium |41. The

scventh trrrsnlenlLrllne domain (ca11ed helix C).
encoded b), PI{OSl ll'- pattem UAC fl-lilAl-
OPSIN ltl:ll. inclLLdcs a conservcd rctinal binding
lysrnc (l() rcsidLrc l hal js, the retrnal chromophore is
attached as a Schiff base 1o Lysine rn this pLLtative

helix C. Proline (P) resjdues in transmenlbrane o

hclices arc thc general strllctLLral feature of irtegral
mcmbranc protcins. llactclrorhodopsin lolds rnto a

scvcn hafsnrcmbrane hclix topology wrth shoft
jntercornectjrg loops due to the presence of proline
residLres. I;rom Ijigure 3. it is observed that'l-N4-2,

l-\,j-l and I M-7 r.e. the menrbrane spannrng helices
B, C and F contarn conserved prolrne resrdues in the

middle A proline rcsiduc in thc middle ofan alpha-
hclix produces a bend in the hclix (provides

flcxibillty in protern backbonc) rvhich ards lolding
'l hat rs. thcsc rcsidrLcs hclp thc h0lrx {o adopt thc
optimal dispositron to establrsh rnpoftant helr\ helr\
pacl<rng interaclrons. As a result. thcsc coftribLLte to
protern lolding and ibrmrng rctinal brndjng pocl(cl

Helix C. D afd C coftarr conserled aspaftic ircrd i I)r
residues which arc imponafl lor proton lrafslocll:oI
to the retinaL Schiffbase ll,5l Amrno acids on I \l l
.nd IV-- 'le rr C.-r d C 'n ^- le.or'p..e . " -
hydrogen bonding networl< that prorides a pati:rrar
along which the proton is translocarec Thrs path

contains charged rcstdLLcs

Additionally, InterPro dalabase scarch has valrdalcd

llle Jbovc rdu'rilc.rrr, n \ t_ ricusi orl

lPR00l425 and 1PI1018229 lhus from allthe results
obiained fiom tsLAS'J scarch as wc11 as pxrlcin
family database analysrs. it is concluded that. tl'rc

query sequence is a bacteriorhodopsin protcin

structurally havifg a topology ol seven

transmembrane (J \y') helices and tlnctions as a lighl-
driven proton-translocating, punlp by converting the

energy ofprotons rnto an clectrochemrcal potcntral

lioll3lmJl

.;r::r.:r i31

',,i ,', ,q

Il.lii6 (Il 6l lloilll ftlil

l ig. 3r N1!ltiple aLr:!rnrcnl oi a scl ol Lractcrrl opsfr protein seclrenccs frclLrclrr.r B \(_l{ ll \l-S,\ prolein. lhe fmrri.s
l.rbellcd as N4otrf l MolillL)elorglo jlnir,rprinlllAClRl OPSI\. This alignmenl is obr.Lrncd lionr.lalVrc$

[1oli,5 [H.5r



{. Conclusion

P--orerrs ltre the biological workhorses thal cirny olLt

csscntral lunctions (individualll, ol as a group) rn

$cr\ cell of li\,rng orgarislns. A major challcnge in

bloinlbrnrrtrcs rs to characterTe no\ el protern

sequences i.e.. deternrning their lbmilres rvhich aid

lhe srgnature lor their polential functrof and struclure.

ln lhis s1udy. the pairwise and farrill brsed search

.tL.'J. lr. \. pru\( r IL( r .li\Ll..cr,c'. in

recognrzllrg a known retinal bacteriorhodopsir'r (BR)
prolein (fion] its anrino acid scquence) u,hich

r..rr.LrJr,. .r. - ,r,lrt.Cr'\cri p1 r"rr I' rf r')

lrrlobacteria llul this tisl( rvould bcconrc clrlllcu t

,rrr,l r 't. .r.- c !t g v . . r: .',r. r'..'.. o.
drvergcnl rrember o1 a lamilr Sti11. thc cxrsting tools

could rol characterize a large nunrbet o1' rtnl<nown

pr-oteins Ihese challenges need inrprovcd diagllostic
tools and analvsrs $'itl'r a l]opc that ir thc rcar llLture

all thcse unknown proteins ha!rng significant
firnctronalrty on lrVing organisnrs NoLLld be

charactenzed significantly. Fumher. rhis result can be

scrved as uselll rnlbrnation rrr developing various

broinlbIrratrcs cliagnosr s
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