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Update on protein structure prediction: results of the 1995 IRBM

workshop

Tim Hubbard, Anna Tramontano and the 1895 IRBM 'workshop team*

Computational tools for probain strecture pradiction am
of great Interest to molecular, structural and theoratical
blologints dus to s rapldly Increasing numbser of protekn
soaguences with no known structura_ in October 1945, 2
workahap was held at IRBM to predict as much as
posslble abot 1 pumber of proteing of blokogical
intgvest using ab /nftle prediction of fold recognition
mathods. 112 proteln sequances wer collected via an
opan invitation for target submissions. 17 wers selectead
for pradiction during the workshop and for 11 of thess a
pradiction of soma reliabliity could be made. Wa
belleve that this was & worthwhile sxpsrimant showing
that the use of a ranga of indepandent pradiction
mathods and thorough uss of exlsting datebases can
lead to credible and usaful ab inftle strociure
pradictions.
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Introduction

In December 1994, there was a meeting to evaluate the
first ever large-seale prorein stoucture predicton Competi-
tion, which ran for meost of 1994 [1,2]. The rasults were
instructive in that fold recogniticn methods [3] werc
shown o frequendy idenify fulds compatble with a
target sequende in rhe absence of dorecruble sequence
humology and uselul & ieivs predictions were made for
targets with many homologous sequences |41 We felt that
this progress had to be cxpluited by bringing wgether the
authors of the most successful methads o produce models
o proteing of biological ineereer,

The scientific communiey way invited, via announcements
on the internet, to propose saitable wrget proteing for this

experiment. The eriteria were <et such thae che prediction
of the proposed proteing would be helpful to che biological
cammunity and that no bomologous protein of known
structure should be present in the darabase, All 112 sub-
mitted proein sequences were automarically analvzed in
arder i collece aw much inkormation as possiblc belore the
workshep and screcn out targets with obvions homology 1o
known structures,

Ac the beginning of the IRBM workshop, the authors of
this repore selecred a subset of 17 proteins, judged w he
suitable for predicrion by a number of published and
unpnblished methods (Table 1) and during the next 10
thays attempts were made to predict 4s much as possihls
ahout them. A flow charr of the steps typicully used for
predictions made during this workshop s shown in
Figure 1. Dersiled information and relerences ot most
methuals are poblicly availuble via the World Wide Weh
(WWW) together with the relevant Bibliography on the
selecred tatger proteing and the full workshop repons [5].
A summary of the results of the Jifferent methads used For
cach of the 17 prateins is shown in “Table 2. For 11 of these
proteing, & feliable prediction wr o wseful level of detail
could indecd be obained and is critically reviewed here.

Pyadicions

For one of the target proreins (TO092) s cluster of sec-
endary stuctural units could clearly be idengficd, bug
litls wonerete information conld be ubrained about the
way they interact in three dimensions. In two cases
(U amad TO214) some specific long-range interactiony
conld be identificd widh sume confidence, bue thore were
insufiicient dara to detcrming the entire or exaci fold. In
the remaining cases, either the relative position in space of
mast secondary structural segments could he seeounted
for (T0167), or 1 possible match to a known fold could he
identificd (TH 12, TO119, TO127, T2, 10145, TOLT4
and TO217),

Turger TO09E i the pittogenuse S-chain of Kbododwcrer
rapsaiadyr, an enzyme thar catalyzes the reduction of male-
cular nitrogen to ammonia in nitrogen-Tixing micronrgan-
isms. Nitogenase consizts of rwo metallo-proteins, the
Fe-protein and the MoFe-protein, Their structures have
heen determined recently and show that hoth are o/f pro-
ccins. The Fe-protein is compased of two identical sih-
units coonected by a 4Fe—dS cluster, while the
MaoFe-protein is an {aB), tetramer with scucturally similar
a and B subunits. Fach af dimer conrdinates twi types of
metal centres: the FeMo-cofactar and the P-cluster pair,
Ar low levels of Mo, an apparenty lron-only protein

Y,
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Table 1

Frogramd used at the wnﬂmhop.__
Frograrm [rall Typo

BLAGT [6], FASTA [T]  Peirwise sequenca database searchirg,
und SSEARCH [8]

BLOCKS [¥1 Swarch oguivt BLOCHS databasr of conedrdd
Tegicna Laing BLOCKSEARCH program [14],

MOTHS [11) Bowrch againnt PROSITE matd databass.

WPSEARCH Sacear IMgdemantation o the Smith-WWatarman

aligarmew! an @ ragnivety parallel mechee,

BCANPS Database scanning Laing 2 derivabve of the Smith—
‘Waterrun sigarihm (3 Barion, enpublithed daks).

hbprkam [12] Multipla ssquancs wignment

CLUSTALW [13] MWultipla ssquancs shgnmaent

AMPS [114] Muttiple sequence shgnmant. The kMBS paclm-ga aleo
P ey sther funchona,

GCa 15 Sacumnce 4nalyiss packLys.

DASF 14| Pro:calculmted declionmry of seoordany sruciure

SCOP[17] Saructiral clasaification dete b,

THREADER [18) Fiokd rcagmitian: usis doutée dynamic programming ke
align 2 fwrgel sequance o a aruclurs while waluating
e rateh umng conlimaoes gtatistically dedwsd
premnibaln.

ProFIT [19] Fald recognitn: aligre o furget sequsncs bo o
Mrcture white svabsating tha malch using 3
condinuaus Matistically darived patsnbal.

MAP Fokd racognition: mduoms w esaontey siructme
prsclictacen ko 8 akring of sacardary $trciural unita and
than apsrchan thy srociurs deinbass {ar compatibly
domaina (G Bartan, ynpubkshed datal.

Topita [20] Fold recogoition: tekes secandary stnacure pradiction
and accawsibility prediction af PHD & irgut.

HWM 211 Hideran Markew resduls are derved from mullisle
Ba Lt Wagriments and can ba umad g seargh
mequancs dutalewas for disfant ralstianships.

PHD 221 Prodicta ascondary stnsciure, accessibility and
trarariombrann halicas.

RLUNPRED A colaclion of samlng secondary Mruchurs pradiceion

mathieds (G Barlon, unpublishad data).

CORRELATION [23]  Pradicton of lang-tange conlacts batween rasiduee
frore ormleted mulsticons.

SequenoaSpace [M]  Pdtion of functionelly imporant eecduse.

PREDEA [96] Pradiction of kang-range imteeactions batwaen f-sirand
redicuen in B-aheats.
GLASE "Graphical Languags for Assamhbily o Sactndary

Structures' usad to cormbine predicted secondary
atruciura, pradecied long-rangs Intemctiong gnd
informatioes fom mlfiphs aaquanca gl i
arkblw all thin informatiog ba be displyyad whila tha
pewchcted secondary siructursn can bo manipulated as
bt it 30 wilh the graphics program kaight §

R Leplee, unpubdmbed data),

(FeFe-protein) is expressed with 2 shorter B subunit
{lacking the MNaterminal domain which wraps around the a
subrumit) and, intriguingly, the complex contains owo addi-
tonal & subunits. whose structure and  fanction are
unknews, Our resules indicated that the nitregeenase §-
chain is mainly helical. The single B-strand predicred hy
IPHEY is incompatible with an isolaced {olding unit, so it is
gither incoerecely  predicred or must be par of g
protein—protein intoraction, parhaps forming an interface
with another subninir in the (afi$l, hexamer. Consistent
with the above, fold recognition programs did nor produce
a plausilile model for chis Peserand, but their alignments
with the two four s-helix stroctures (2560 and 2HMO)
placs hydrophobic residues in the core of the seructure, as
would be expected if the model was ronghly correet, Ie has
been proposed chue the B-chain plavs 3 role in the stabi
liwation of the quarrernary structure af the hexamer, and
that it is located near the N-torminal region of the @
subunit, king on the role of rhe missing shore N-terminal
domain of the B subunitin the MoFe-proteins, This latter
fragment comprises four o-helices and o Bestrand, as
wnllld rhe § subunic acearding tooour prediction. This sim-
ilarity may be coincideneal, howaver, ax the sequence of
the & subunit is ahour twice as lung as che N-erminul
demain of the B subunit,

Target TS is cthe preprotein of the tick-horne
encephalitis vitis envelope ghvcopretcin M (privi), which
interacts with the envelope glveoprotein E tof koown
structure) and blocks irs pH-dependent fusion activiey, A
model of pri could shed light on the mechanisiy of virus
replicarion, activation and recepror hinding, The programs
consistently predicied wlb-B proteins of three main fami-
lies: immunoglebulin {1G)L  plastocvanin (PLG)  and
retinol-binding-protein (RBP) like folds. The RBP fold
was discurdesd because it has many more B-sorands than
predicted for prd and s fold s incompanible with the
predicred presence of three disulfide bridges. An inital
analysis of the model lased on several 16-like fulds and »
'L Wnld revealed that only in the laoer conld the six con-
served cyseeines foem three disulfide bridges. As prd s
believed o Interaet wich 1, we lonked fur correlated
mutations  between the rwo multiple sequence alipn-
ments: the correct prM mode] should cluster any pre-
dicegd eorrelated residues onee the extermal surface, Whoen
the srromply predicted conwacts are mapped onto the ovo
possible models for M, unly in the [Gobased fold do
they clster topether on che surface, Neither an 16-hased
or 2 PLC-hased mndel is therefore consisrent with alt our
resulrs, Prid is likely oo be an all-f “sandwich’ or 4 ‘barrel’
fold bur we cannnt exclude a diffecent topolsgical arranpe-
ment of scrands consistent with both cysteine distribucion
and correlated mutation localivarion.

Human aA-cryseallin {rarges TOL12) is an cve lens protein,
usually found in large aggregates with oB-crystalling a-



Flgure 1
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Schamatic guide lo glepe used in siructurs
prachchon ml the warkshop. Relerences for
the methode are given in Tabke 1.

Targat
Epquance

Ssquance database saasch:
BLAST, FASTA, SSEARCH,
MPSEARCH, SCANPS, HMM
Multipla slignment construction:

Distant Pileup, CLUSTALW, AMPS,

homologuals) MacHom
hvi
Fold recognition methods; Multiple
THREADER, ProfIT. MAP, Topils alignmant
Foid s
candidate(s} Secondary structure prediction:
FHO, RUNPRED
Comadated mutations:
CORRELATION
V Tres-detsrminant residuas;
Eval “ " i SaguenceSpace
) uation: ab i E-shnet pairing:
Lileratura GLASS pradicier | PREDBE e
data data

and B-crystalling share S0-60% sequence identity, Provi
ously ublished secondary stoacture redicrions suggest
the presence of two similar hydophobic Besheer-rich
motifs connected by an hydrphilic a-helical reginn. The
fold recopnition cesult with che most convincing align-
ment wits fromy ProFTL oo - and y-urystalling, which both
have the same fold bur share anly 37% sequence identicy.
ProF Ul alse sdentifies B- and y-crystallin for the aB-crys-
tullin wich plausible alignments. "There are four pairs of
canserved residues in the alignment of «- and y-cryetallin
which all map ac the surface of a region of the second
donuin of yeorvstllin, While g-orvselbin has seven con-
scrved evsreines, a-crvstablins have only owo, bt in the y-
crystallin-based  model  they  are in a plausible
conforation o form o disulphide iridge, This evidence
reinfrced vur view that the eaoryseallin family is compati-
hie with the Bfy-crvsoallin fuld.

Targer TU11Y is the human arylamine M-acetvltransferase
T INATLL 9 eytosolic enzymie that catalvzes the aceryls-
tien of arylamines from acery) coensyme A Tt is widely
cxpressed in human tssue and, cogether wich its pulymor-
phivc imvalogue NATZ, i respansilile for metabolism of a
number of xenohiotic competmls, The possibilicy of a
domain stoucture wirh separate binding sites for coenzyme
atdd solstrate (aceeyl CoA and arvlamine) ud been pros
posed by the group thar submired the protcin, Align-
ments produced by ProllT for the owo porencial domains
were compured with the PHIDY seeondury stiucture predic-

tin fur the targer protcin and che TISSP information for
the propesed Told, The alignment to 1CB1 is convineing
and although the alignment m IKNB requires numerous
inserions and  deletions, none interrupts 3 secondury
structural element, The CORBRELATION resulis were
visualized using GLASS and used w map the NAT1 sec-
ondary stnetare clements prediceed by P} onto the
corresponding secondary strueture elements in 1CB1 and
TENR. The results very convineingly sugeest that NATIL
cansists of two domains, the first an o-belical region
similar to caltindino and the second a4 B-sandwich with a
Fold simmilar o that of TKNB.

Target TOI2Y is human phosphatidylcholine-sterel acyl-
teanisforuse ([LOAT), a ventral enzyme in the extracellular
metaholism of plasma poproteins. Although there is no
overll sequence similaniey berween LCAT and other
lipukes, the sequence containg the PROSITE lipasc
pateern. Fold recognition using ProFET not only identified
a lipase fold, but produced aligniments such thae the active
site residucs are perfectly aligned bevween 1LCAT anpd hoth
ITCA and 1'THG. A medel of the protcin based on the
identifizd fold has twe potential proeblems. leis known thae
LCAT vontgins two disudphide bonds (Cys?4=CysS8 and
Cysd37—-Cys38t), but in the ProFIT alignment w {THG
only ong pair of evsreiney map o residues sufficiently ¢lose
in space, and for che alignment o 1'TCA neicher do. Fur-
thermore, the PHIY secondary  structure  prediction,
obruined wsing o single sequence, and the secondary struc-

A
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Tabla 2

Prediction rasults.

Targat TO0A2
Saqueonce lenpth
Farnily size
% idantity
PHI
RUKPRED
THREADER
ProFIT
AP
Prediclicn
Submitied by

Turget T0OS?
Prediclion
Bubenitind by

Targel ToH9A
Sequenca length
Family siza
% idantity
PHE
PRECED
HMM
TOPTS
PraFIT
THREADER
CORRELATION
Prediction
Submilled by

Targat TO111
Prackction
Submined by

Target TO112
Sequence langth
Family size

G dentily
PHD
RUNPREQD
THREADER
HMM
ProFIT
TORTS
FREDER
MAF
Prediction
Submitted by

Hitrogenase ¥chaln of Rhadobacher capsolalvs,

132

-]

AE-53%

coma

Similar to FHD-

1DSB A chinon, inestion domwn {twe slantad o-hairpined end 2HMZ Haur o helia Bundis),
1PV A (EF hand: two we-haiming).

2568 ard 2HMO {up-down-up-down Four o-halie bumdhes).

Upa-dewen four erhelis bundéa.

Eugan Keahn, Facully of Chermieiry (ACH), Univarsily of Beabo!old, Germnny,
Dichloromathane cehglogansse repreasar DomR.

Mane.

Stephane Yuileumisr, Mikrobiclagischas Institut ETH-Zurich, Switzerland.
Propaplida, anvelces ghycoprstaln M (pril) from tick-barne sncaphaliis virue,
a1

18, six complelaly consarved cyeleines; faw large ingartions and delalions,
2302

%o 7 @ high reliabiliry, excepl Ior lirat {-wagment, which becausa of ite lengih may contein iwa B-ateanda,
8 [: extra R-ntrand predicted in PHD BB-7 keop; B8 and A7 inlernal and antiparalial; B8 edge [ strend.

FAG hitz are 1G-ke fedde, Second hit (2TEVY iv alsc a B-sandwich.
1GHike: in Wop five and oibar all Bfolds,

1G-tike fmecand hit 1CD8) and 1PLC.

K5-like and RGP,

Four gtrang cantact positions berwean the priv and E molecules.
B-sandwich or harel, possibly 18 ar plasiacyanin fold.

Aran Marchiar-Bewsr, Ressarch Institute of Malecolar Paihology (IMP), Venna, Austria
Macrophags migration inhibtory fector.

Mone,

Greema Wiglow, 6/222, MH, Balhasda, Margand 20852-2730, USA,
Human of-crystallin. :

1723

B7: alignment optimized using MPSEARCH. No significant sequence similanty wea found fa b and C 1ermini of emall

heat-ghochk proteins and thess were encieed, as were larga insarts in 2ome uh-grysialiin sequences.

1 A=kt

Pradominanthy B.

Pradaminanty B.

IM3EB-A {o/f proteind, 1AM (/A protain) amicyanin {pina fstranda) bul poor 2 seores,
Intedaukin 1 {all- protain].

Rlavodoxin o/} and - and P-crystalin,

1GOF galactese ondase (alb3), Poor Z scoras.

Signal for one par of paradel B-strands.

Many B-mandwiches,

[ify-corpatalin fold.

Giraeme Wistow, 6/222, NIH, Bathazda, Maryland 208832- 2730, USA,
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THREADER, PraFIT,
TORMTS

HKM
Pradiction
Submitted by

Taba 2 {continusd)
Prediction resuhs, . . .
Yargat TO119 Humman arylamine N-acetyliransfarass type 1.
Eaquenca langth 260
Family niza 14
i ideniity 28-95%
FHD wucuPBRARRPuuBuBARRpR
FreFAT In Iragmsnlation mode: resitiues 1-78 Cabbindin DAK (1 GB1}; 71-256 fibre prolsin irem human adenovinm typa §
T1kNE).
CCORRELATION Specific interactions pradictad betwesn e N-lemingl domain and residues on one face of the B-sandwich damain
traatad on the 1KNB tamplate,
Pradiclion Identifiecl an mutti-domein: N-lerminal a-hele bundle; Ctanmingl o fold.
Submitted by dohnt Sinclarr, Untearsity Dapariment of Phammacalogy, Oord, L.
Target TO12? Human phogphatidyicheline-sterol acyitransfarase pracursor.
Sequance lenglh A40; towiduaa 1-24; gignal pagixde.
Fartiily size 6 + 2 proteing of unknawn funglion,
U iddartity 20-B30
PROSITE Lipase family (residues 175—184),
PHD (single sequence) 18 B-mirands and s o-heiican.
PraFT 1TCA angd ITHG {panps).
TOPITS 38 flavocytochramen; 3125 lipasas.
Prodiction Lipase tokd.
Subemined by Cerla Vinala, URS Molecular Biology - FUNDP 800D Nemur, Balgium.
Tergsl TO129 Grerth arrest and ONA demage Inducible protein (Gaddss).
Banuance length 186
Farnily size 5
O idemnity E5-58%
PHD uBufopuficp
THREADER tPNE, 1ACF {profiling: 1+ B) and 3CHY {ilnvadorin-jke fold: daubly waound o/g}
ProfIT ACHY (favadoxing and 1PFL iproflin).
MAF Damain I| of the A-chein of 1 PR domein | of the B-chain of 1WSY and a3CHY {atl 2/ B with mainly B-ghests),
PREDERA Same B-strande aa PHD and conafatent with pariisl topology.,
Prediction Flavadasin-like fold,
Subrnitted by Jong Park, MRC Canire lor Protein Engmeering, Cambridge, UK,
Targat TO14% M4,
Sequance length 240
Family mize A7
% idenity 20-75%
FHD afoePafpuefueafona
CORRELATION Mary correlations batwean precicied sscandary siructure sisments excepl Irmeclving the firet a-halix,
I third' Regirand and the lasf w-hali,
MAP Siring al secondary alructural elements used for searching excluded thres fistad above: mononuclaebde-bnging

fadn (1ETL, 5PI1, 3ACK eic); L-arabinoss hinding peotein e (2L
Parelled B-shewt aurounded by soma o-helices. No nucleatida-binding folds.

v,
Clagssc marsnucleclide-binding fokd.
loel Osune, Cuermavaca, Maralos, Mexica,

A
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Taire 2 {cantinued)
Prediction results, o _
Target TO167 ET protein (VE?_HPV14) froem human papillomavitus bype 18,

Sequancs lenglh 122

Family size 48 (partial saquencas discerdad}.

W ety 20-79%

CLUSTALYWY Final alignment abtained by manual adjusimant; two coneerved Cys-X-X-Cys motifs,

PHD a BB R a P ilow raliakdlity: «-belia,, f-airand, and B-stend ).

RUNERED Consistent with high reliability prediction of PHD.

TOMTS 1PRT [partutesn o+El,

PraFIT Complate ssquanas: 1PRT; residues 45-88: 5PTI, 10XT, 1KNT (/20 BPTL-like folding class, B R umith,

MAP GRS domain Il {residuss 385-478: n+f).

THREADER Remsdues 45=08: SPTI.

CORRELATION Mostly Detwezen al and B3 B2 and B3; B2 and #4. Weeker conlacle are pradicled batween B2, BY and 2.

PREDAER PHD predicted atrends confimmed; possible additonel antiparallel sirand at C tarminus; A2 ard B3, A1 and A4

antipasallal.

Pradicton Zing-binding donain with BPTI-like maotif,

Subemiltad by Pater Hjslmztrom, Departmant of Molsculer Madicine, Karolinsks Inatilute, Stockholm, Sweden,
Target TO174 Small subunit of acetohydroxyscid synthase Hl frem E. colf {ILWH).

Sequence langth 160

Family aiza f1

Oty idamtiny I-87%

FHD BRRPRwpBBmPABRaR

RUNFRED Gonevally agreas with PHD, but r-heliz, could algo be a B-etrand,

PraF(T INDS (nuckeaide diphosphate kinasa). Same bit with the yeas! homelogue (0% idenlity),

MAR Mainly [ profeing.

CORRELATICN Moatly betwean {1 and B3, 37 and fB; P9 and a2; 36 and a1 and B5 and PG,

Pradiction MDP kinase,

Subrnittad by Taiona Elhayam, Ben-Gurinn University of the Negew, Bear-Shava, Israsl.
Targst TO176 Syraptobravin homalogus 2.

Prediction Mona.

Submithed by Miriern Eizenstein, Daparimant of Chamical Sorvicas Weizmann Inelitule of Science, Rehovar, Toracl.
Target TO208 ParRt or S5thB8.

Pradiction Manw,

Subrmrttad by Kenn Gerdes, Odense University Departvent of Molecular Biology, Campusvej Odanea, Dermark.
Target TO217 FuC,

Beguanca [ength 76z C-terminal domain

Family sire 50

% idenfity 23-555%

PHO agoa

PROSITE Haliz-turn-helis e,

FRECEB Complete pratein: idenlifid two-domamn slructura: FislC: no B-slrards: FrdN: resulis in sgraemeant with the

hamalogous known strusiure,

CORRELATION Maowlly batwsan =1 and o2 1 and n3; o2 snd od; 03 and 24,

MaF 1AVR, 1LMB, 1UTE and 2HMC [all a-hakcal).

THREADER THYP and ILEA footh o-helicall,

Prof1T In Fragimantation mace: FidM: 1NTR FidC: 1FlA and 1HCR {all a-halical DMNA binding).

Pradiclion Hahg-lutn-halm, DNA Binding.

Submitted by

Damal Kahn, INRAMCNRS, Castanel-Tolosan, Cedax, France.




Tubla 2 {continued)

Reviaw Proteln struclure pradicilan Hubberd & 2. P84

Prediciion results.

§05 acidic ribosomal proteln Fa (5. cavavisian).

Target TOZ1R
Sequanca lengih 81 (M tarmirugl.
Family aire an
W ideniity 40-60%: 21% betwasn P1 and P2
FHD amoo
TOMTS Four e-helix bundlas, reprececre {three o-helceal and glabing tall e-halical),
FraFIT Al iz-halical protaine,
THREADER Al o-helical. sspecially small represacre and BNA-binding proteins.
CORRELATHON Moslly batwesn’ al ard od; 02 and 2.
Pradiction Faur o-helices.
Submittad by Allgran Valaneia, CHE-CSIC, Madrid, Bpain.
Terget T0220 Heat-shock/chaparcns protain Grpe (Hep24) fram E. cadl,
Pradiction Hona.
Subrmttad by Afgnen Yalencia, CHB-CSIC. Madrid. Spain.
Targst Thddq Ctermingl dommin of a-habulis from Sus acrofe.
Pradiction Mana.
Subrmitted by Affgniso Valancia. CNB-CSIC, Madrid, Spain.

Databank codes (261 144, amicyanin; 1ACF, protiln | 1 AVR, annasin
WV, 1CB1, celtanding 10D, od8; 1058, daba (gisulfida band formation
protein); 10XT, hasmoglobing 1ETU, slongaiion lagior Ty [domain [);
1FIA, Fis protein; 1(0OF, galactose oxidase; 1HCR, Hin recombinase;
THYP, hydrophabic profeir frem soybeen; 1KNB, adanovirug typs 5
fitare protain; 1KNT, callegen ype vi; ILEA Loxd roprasasr DiA-
binding demein; TLME, lambda mpresserfoperator complex; 1HDE,
nuclecside diphgaphate kinaso; | MTR, MTRC receiver domain; 1PFK,

ture uf these folds overlap well only uround the active site
cepicn in the Prob I " alignmenes. This coold just reflect the
bigh variabiliey of cthe Fpuse fuld, hewever, and so we sdll
belicve that LOAT adopos a lipase-like fuld.

Gadd43 frargec 1290 s involved in growth amest in the
case of severe PINA damage upon ioniving racintion or
oontact with mutagenic substunces, which is a cnacial event
in preventing cell death and propagation of heriable
generic errors, Coddds seems to Tind o twn domains of che
proliteranng cell nuclear antigen {PONA) wirh its N-termi-
] Y5 residues. Cadd45 is predicred bere w be an e soge-
ture with either o Flavedonin or a profilin fold, The effevt of
profilin an the setion of epidermal prowih Tagrors hinted ata
possible Liological reludonship o Guddds, bur when we
searched SWISSPROT with an TIMK DLuils from the align-
ment of 24 profilin sequences the sequence of Gadddd wus
net fuund, TTIREADER and ProlF1T were tun for the
sequendce leust homologons o the wrge in che ylignment
(mouse hivI318 proteink, The highest scoring scmicore
with busth pregarums was JCHY and ehis fold s abso consis-
renl with the parallel B-sheer intergtions predicied by
PREDBA. 'These results sugpest that the Aavodoxin-like
fillel is e pluusilile than the prafilin fadd, “The threading

phisphatruciakinesa: 1 PFL, profdin i; 1PLC, plastocyaning | FMNE,
praoliting 1PRT, pedussis taan; 1PWA_ parvatbuming 1TCA, lipase;
1THG, lipasa; 1UTG, weroglobing 1WEY, trypteshan syntheaa; 2688,
cylochroma BSEY; SHMO, hemanphring ZHMZ, hamarythrin; 2LV,
leycina/isoleucinatvaling-binding pralein; HASE, mannope-binding
prolein 3 {lectin domam]; 3ADK, adenylate kingse; ICHY, Cha¥
prolsin; 3GRE, plutathione raducteas; BF21, Ras-p21 protain; BPTI,
trypain inhibitor,

programs hd nen alipn the predicred Naeeminal helia of
G5, bar i is worth moring that thiv region contuins
sevenil conserved negatively charged revidues thar may
interact wich 4 positvely charged grouve un BONA

NifA (wrget TUl4%) belonps to 2 class of buctertal
enbuncer-binding proreing thae stimulaee the expression af
genes recparcd for niteogen fiaation, Nifh is composed of
three functionally different domains. Experimental evi-
dence indicaves that the isolared central domain (240
residucs) reraing irs biological function to stmulace 174
ranscription. From che data ohmsined, we propose that
this is o tlassic momanueleotide-binding fuld. The 3ALK
fadenylare kinase) temyplue best fies with the predicced
clisters of correluted mutations.

Target TO16Y (hunman papillomavirs 76 B7) belings to a
family of anslunming proteins involved in che pathogen-
esis of human cervical canver. BT is homaelogoos o the
gdenvvirus E1A oocoprotein and might have a similar
transfurming mechanism, E7 binds cine in a 11 melar
ratio and contains two Ovs-X-X-Cys motifs in the C-ter-
minab pact, important for zine binding and dimerizacion,

bur noe for pRB binding. Kither both motifs chelae che

__r
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same Zine ion or cach zing is coordinated by rwo Cys-X-X-
Cys aneifi, ane Feon cach menamer, The PHLY predic-
tion correlates very well with the O results in the
absenee af zioc (PIID: oehelix: 16%; B-strand: 25%;
Claper a-belix 165 Bestrand 27%; CDzine: o-helis 29%:
B-strand 11%). Aceordimg te this predicrion, the firse Cvs-
N-XNLCysonotif is lcated between strands B2 and B3
Fold recupnivion predicves 1IPRT-like una BITElike fuids.
The struetural alighmeat to these templares Je st corre-
lae well wirh the PHD secondary strcture prediction,
but all these Balds are consistent with g rerrahedilly
vhelated zine by the two Cys-N-X-Cvs motifs, ooe within
the B2-B-huimsin and the ader ac the ond of a-helix,.
Cuorreluted mutations and prediction of B-strancd pairing
are consistent with such a zinc-binding motif, Fald recop-
nition is unlikely to And o model for dee entine sequence
due ton the presence of the zing, as none of the potentials
used D these programs takes into aceount the efferrs of
mctial s,

ILWVH foarger 'L'0174) ts part of 2 multimeric complex and
interacts with a dimseric large subuit that belonps o the
acetnlyctate svnchases family. Yere litde is known about
the small suhunir. The fold recognition resolts, the
pattern of eonnserved residues in the multiple sequemve
alignment and the corclation berween Bestrands in g
putitive ventral fosheet support the existence of 1 cons
served ventral core gompased of theee Bestrinds and one
ee-heliv which is comparitle with the INIIC hic found by
PraF [T, Although the TNDC secondary structure and the
FHTY prediction Joonoe perfectly sverlap tthe seeond pre-
dicted helix corresponds o g strand in INTXY, the theeud-
ing alipninent b5 very convineing It omans some of the
ILVIT eonserved residues wo positions conserved in the
INDC family a5 well. These conserved residues cluscar In
space when imapped vow the INDG strucoure, this Jefise
ing rwa regions, one corespunding te the hinding site, the
wther to Interface regions of 1T We are confident chat
the luecor represents o reasonable mudel fur 1LY,

FisJ (turget TO217) is involved in the oanseriprional acti-
vatic of nitfogen Mlixation genes, Teis fonned by wo Nerer
minal phospherylated regnlarory domain {128 residoes)
aod @ Crterminad transeriptivnal activator domuin, Fix)l
The: striwrare of the Fix]N demain can be modelled by
bomology (3% homology o INTRYL The soacture of
FigJC domain shows ne obvious hamedopy with known
stenctures and i is presently being studied by NMR spegs
troscopy. All our resalts are consisrent with the hypothesis
that FiJC s an all-hebival protetn with a helis-tum-helix
el similar b0 that of IFTA and THOR, For our remigh
modelling wsing GLASS we wsed ITHCR, the TNA-
hincing domuen of Hin recombinase complesed with
FINA This allowed ns ro rentueively prsitivn 4 DA mol-
veule inceracting with the Fix ) modet and verify thar che
residuc ditribution in ehe interacting region is consistent

with our medel, The lase predicred helix of Fix]C was not
mendelled a3 there i mo correspumding segmenn in 11CR.

Turget TU2UA is & protein called Ple which belongs 1o a
family of very acidic rilesome-binding prarcing (1 pre-
tersd that are phospherylaed when bound oo flbosomes,
There are rwe subfamilies ('] and P2} sharing 21%
seguency identity, P oprsteins form liercrodimers (1M-142)
and twa such dimers farm a pentamerde complex with the
M) protein. The Noenoinal domain of P proteins s
oeeded for FI-1"2 complexs fomuation while die C-termi-
nal parc of P proteing is highly charged and likely o be
expased to the solvent PL s predicted o contain four o-
helwes, with conracts predicted herween ol ool wd
(strong) and a2 and @l (weak) hur these interactions
cuuld be either intermolecnlar or intramoleenlar. Cun-
gerved, perhaps funedonally impomant, residucs are found
in the rozin between a2 and &3 and SEQUENCE-
SPACE dentitied cree derenminant residues {i.e. residues
able ro discriminare beoween sub-familics in a muliple
sequence alignment} in wl and a3 of Pl und a? of P2,
Fold recognition algorithms failed o idenity o cleur can-
dicdare fld. Despite the scquence similarioy between P
am P2 and che similarity of the secondary steocture pre-
divtions, there are shvious differences in the distilingan
of enrrclated mutations and rree determinant residues.
Thure are also clear asymmetries in the predicred contacts
Devween Poand P20 These prediercd struceora) differ-
coces are likely to corrclare with the functional differ-
ences between the two proteins.

Concusions

Chiwe dmportane conclusion of this experiment js that most
uf the targer proteins selected conlil e predicred with
some reliabilicy by taking advantage of rthe availability of a
number of different methods. Titerpretation of the resules
was helped by crineal evalvagiun from the anthors of each
method and, in 4 number of cases, from an expert in the
abdogival wnd experimental backpround of the tarper
taking pare in the predicrinn.

One dupnnstic of a reliable predicdon that emerped
during ¢he waorkshop was the agreement berwesn the
results of different independenr methods, Whether or net
this will purn ek to be 2 reasonuble criretion will be veri-
fied only if ynd when an experimental structure is deter
mingd. It is cnconraging o note thar in the few cises
where there was already sugpesrive (but not significuny)
information ahout the stoucture, the prediction results
were able to independendy suppoct this. Fur example,
oeA-crystallin wus predicred o huave o Fald similor o those
uf other coystalling, and a lipase seructure was predicted for
 sefquUence contlining a disgnostic lipuse motf. Similarly,
the presence of o helix-turn-helis sequence motif o the
Fia]C seguence was nodeed only after this fold had
alrcady been correctly identificd,



Ax menrioned above, prediciions were made o different
levely of werail, In some cases a clear nusdel structure
eould be identified and this allowed mest of the importanc
features of the protein to be mapped into three dimen-
sions. In ather cases only the mugh arangement of seg-
ondary structural elements could be predicred, bur
experiments could be designed tw buth test and iroprove
snueh proediy omons,

Tt should be nored thae ehe length of die warkshp
imposed limics un both the number of trzets thar cuuld
be selected and the nmber of methods thar could be
ired onoacl af these, We expere that & number of the
non-selevted targets could dlso be predicted with similar
levels of confidence and hope that the public availability
of the raw aiilysts datu, via e WWWimsed database [3],
will fucilitate and enconrage the prediction nf these ton.
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