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Abstract

Homology modelling, currently, iz the omly
theoredical wal which ¢an successfully pradict protein
D suucture, As 3D structere is conserved in
sequence famities, homology modetling allows 1o
predict 3D structure for 20% of SWISSPROT. 20%
of the proteins in PDB are femoie bomoiogoes i
anpther PDB protein, Threading eechniques atiempt
to predict such remots homologues Based ca sequence
information. Here, » new threading method is
pressnted.  First, for a list of PDB proteing, 3D
structure was projectad oato 1D smings of secondary
suoncnre and relatlve solvent sccescibility, Then,
secondicy strocture and acceasibillty were predicied
by peural nerwork syswms (PHD). Fiaatly, the
prestictad and observed 1D suings were aligned by
dynemic programming. The resulting allgnment was
used to detect remote 30 bomologues. Four resuits
stand ow. Firstly, ¢ven for an optimal prediction
(sasignmant bacsd oo known stoctare), only abown
half the: hits that ranked shove a given threshokl were
cortecily kientifled 2 remo homologues; only about
23% of the first bits were cocvect.  Secoodly, real
peecticionms. (FHD) were pot much worse: abowt 20%
of whe first i were cormect  Thirdly, a simple
filtering procedune improved prediction performance
toy mbout 30% correct frst bls. The correct hit mnked
among the Byl ibres for more than 23 oul of 46 cusés,
Fourthly, the combinatinn of the 1D threading and
sequence alignments markedly improved the
performance of the threading metbod TOPITS for
toutvet srlacted covet

Introduction
Reducing the sequance-siructure gap by homology
#odalling. Large scals pene-gaquincing projects produce
data of gene, and therefore proiein sequences, al a
breatheaking paca (Johogton, e al, 1984, Ollver. &1 al.
1992), However, the three-dimensional (3D ) sorycwgre is

| gMbreristicas 30, thwea-dimenricasl; 10, oae-dirmcrsisas); PDR,
Protein Durs Bllkﬂ.lmﬂﬂﬂﬂr“mﬂd 1D sructiures of
E:u.l SWISSPROT prows sepsanon; DESE, dus
sacomdary Fruetus and solvast socernbilily far
dm!ﬂmﬂl dasta bass 5f recmols homologunl
ﬂhﬂl]ﬂm,]“ﬂh Brofibs based based maural ssework pradiction of
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kmgwmn quly for a minocity of the known sequences,
Although cxperimental structnre determination is -

sequence-scnctunt: gap is increasing. Correndly, the only
telinble way to predict 3D sooctore 1 homology
modelting {Greer 1991, May and Bhindell 1994), A

lnmlominPDB?
ﬂrmdm; tachnigues may becoma a Xecond

comprehensive ool There we tusiry remnts bemologoes
(Holm sod Sander 19948}, i.c., prosein pairs which have
hnmuingm.‘.n stroctures but Do significsst padrwiss -

Bowie, et al 1991, Brywot and Lawrence 1993, Elseabery, .
et al. 1991, Jomes, et al, 1992, Nubilkawa and Matsuo
199, Ouzounls, et al. 1993, Sippl 19930, Sippl and Jark:
1994, Stppl and Weitckns 1992, Wilmares asd Bisenbery

proteln structures caneed by subtle chamges, e.g., the
eachange of a few residoes, This permis acconts
detectice of errors o experimentally determined
structures (Sippl 1993b). Howevet, thrending impliss a
search for coarse-gruied similaritdes rathar thes for fine-
graincd differences. Is there another way to predict

strocture when bomology modelling la oot applicable?
1D} predicvions are generaily applicable and kave
becowe significantly berter.  In gemeral, 3D structure
camnot be pradiced ab initio . One way oot it 1o simplify

Lhe prediction wak, £.g., by projecting AD sroctre onin
sacopdary sruchos (FHDsse) and solvest sockisihibity (FHDasx);
L "

j el
f‘mﬁmlmﬂﬂfdmsnmm




projeciion of 3D strociure prediction of 1D from saqwsnoe

el 1D
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Figurs 1: 1D threading: and Bosckmana 1994)). Third, the resuiting mnltinte alignmant

aligaing 1T predictioas with 3D structure.
First, for a ks of prowims with known 30 sinsctam {bypically
proddns usicos in tarme of pairwiss sequenca idandty, { Hobobm
and Sander 1994)) projectioes of 3D structure onta sirings of
sacopdary srocturs and relstve salvent acceasibility
Astignmeols wars comiptited (DSSP, (Kabech aod Sandar 19431},
Sacond, & rearch saquencs of Wsknown struchore {50US) was
aligned ngainet the saguence duta base {SWISSPROT (Baimoch

was Usid as Input to nearal setwork aystame (PHD (Rost md
SMIWEMNS“IM}]“WM
eecondury structiow and schvend seoras|bility for SOUS. Poarsh,
pediction aod observation wers axtracied ine conpoend
of a six Letter alphabet (Hb, He, Eb, Es, Lb, La) the swing
predicted for the SOUS was ulignad sgaine: the srin gt axtrmoted
from the dats base of chservad sorucinm

10 sarings of secondary strocture or sotvent accessibility,
The accarazy of predicting secondary souctare or
accessibillty has been improved significantly using
evoludonary information {(Rost msd Sander 1903b, Rost
and Sander 1994, Rost and Sander 1994b, Wako and
Blundel] 1994). 1D predictions are wsefol in many
respecis. In some cases, remote homology modetling can
be based on 1D predictions. Is such a procecurs restrictad
e selecied cases, or cam 1D predictions be used, in
generad, 10 dewtcl remote homologues?

Fitring 1D predictions into 3D siruciyrer.  Stucwral
alignments show that secondary stucire and acoessibiliry
is conserved between remote homologues (Rost 1999). In
other words, therns are conserved, global motify of 1D
strycture, The idea of the 1D threading approach
introduced bere, i3 to detect remote homologues by
aligning 1D predicdons to known 3D souctines, The
approach is coneeptoally simple but wtere are many
difficulties in details. Some strategics (o optimise free

EiumcmwmhﬁmuwmmIHMﬂnh
VEIL

Materials and Methods

Aligning predicted und obeerved 1D girings

1D marify indicative for fold Tha principle idea of
threading 1D predictions into 3D structuzres {TOPITS) fa
the following. Protein folds can often be described by
secondary stuctare modfs (Orengo, e Al 1993,
Richardsou and Richerdson 1989} , this requires
some information ubout inser-segment dxtances. But, in
some catss, comparizons of known secondiry stroctune
and accessibility are solfivient o ot least formalate the
bhypothesis that the vearch sequence (SOUS) is remotely
bomulogous to & cenain soucture (Bowia, ef al. 1000,
Bowie, et al. 1991, Sheridan, et al. 1985). Here, the kiey
was b compare 1D sirings of predictions and observations
to detect emoto bomologoes. A pracenditon for this
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cODCEDt L0 be stccesaful i that 1D soings are conserved
between rematn bomologues (Roat 1995).

Detecting remore homologuer by [D streciure
alignmenrs. Dynamic (Neediman and
Waasch 1970, Smith and Waterman 1981) was used 10
align predicted and observed 1D siings (Figere 1), The
string predicted for SOUS was all gned againg al! proteing
in & get of woigue PDB stoctures. Thoe program used was
a modified version of the multiple saquenes alignmeny
program MaxHom (Sander and Schiweider 1991, Sander
and Schnelder 1004},

Marging saguence alignments and 1D threading.
Below abomt 25% pairwics sequence identicy, sequence
alignments become blurred However, sequence
informatlon is even for very low identity,
Unformumately, the signal is obfuscated by noise. The 1D
TOPITS threading was combined with sequence
alignments by simply exiendiog the six-leasr atphaber (o
strings with & x 20 different symbols. The relative
codtributon of sequeésice informadon was naned by adding
a 1D threading comperison matrix and a usoal seqoence
allgnment profile matrlx with varying reistive weighis,

1D predictlons by combining evolutionary
Information and nearal networks

Alignment set of knowa Siructures. 3D wructure was
prujecicd onto 1D sings of secondary st and
solvent acceasibillty uzing DSSP (Kabsch and Sander
1083). For secotdary structarne three staies were used:
belix (H), strand (E}, and loop {L); for retative solvent
acceasibility (wo states were diatinguished: buried (b,
reladve accessibility <16%), and exposed (e, relative
gecestibility <16%), The 1D projections wers extactsd
for a st of unique 3D struciores inio Kix-letter-strings
{Hh, He, Eb, Ee, Lb, and L) and siored ae alignment set.

lati_a | tald lam_A | ibme_l | 1hov_A
Ielr A | LexS lema 1dhr 1dri
lago La lgmf A | 1gpl A | 1bsc
had A | 1 thd | imbe | tmin_a
Lnpx lasb_ B | lomsf tomp 1pa_A,
iph 193 e | um 11l
1k Iwsy_A [ Jaza A | 2gbp ik
cep I L | 3dEr Jard B [ 3gm
Jich 4ilb Sldh Il e
Gon%

Tabls 1: Duin st for evaluation
As 'trus’ mntats bogologoss all pairs ware taken thet are lised
in the FSSP data bace files {Holm and Sander 19944);
jpebid faap, and that &t mot contained in the covrispoading data
base of sequence slignments (HS5P: Sunder and Schnwider
1394). For il 48 prowins the PIYB identifler {pdbid}, sod if one
chain waa upad 1be chain identifier (_X) aen given..
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1D predictions by PHD, Both secondary suvcmre
and aceesibility are conserved berween 3D bomologues
with significant pairwize sequence identity (Rost and
Sander 1994b, Ros, ot al. 1994). This conservation can
sucoansfully be used for predictions. Ona way s 1o fesd
information derived from muitiphe sequency Mignments
input intp peamt network sytiems (Rost wul Sander
1993b, Rost and Sander 1954a, Rost aiwd Sander 19945,
The pedral network predictions (PHDse:, PHDace) were
used a3 inpur 1o the threading procedore.  (Note: the
predictions used for threading wene obtaited by crots-
ﬂﬂdmm.mSOUShdnhmMumum
petworks wsed for §D predicdons)

Adjustiog free parametars for aligament

Basing the comparizor marix ox data base countr. T
strings can be aligned by simply matching identical
character pairs. However. o effsctively align protedn
sequences, maiches have to be weighted (Altchal 1991,
Dayboll 1978, Henikoff snd Henlkolf 1992, Mclachlen
1971, Pearson and Lipman 1988), Which is the best
weighting mariz? Some of the proposed comparizon
mairices appadr favourable, but thers is oo clearly best
method (Hentodf and Henikofl 1993), The ssume applies
fox the comparison matrix usad to align predicted snd
chaarved secondary stroctire and accessibility. Varioms
straiegies were exphored o fnd the optimal mairix (Rost
1905}, The most succeasful (datn not shows]) Wit i oae
iata base counds:

uu-uFﬂ-an:-lm,mr.-q—‘ﬂi m

for alt §, } = Hb, He, Eb, Ee, Lb, Le, Le., all stabm for the
firss and seoond siring inthe alignment. <x> gives the
aversge of x over all sisies | vl and J are the como
Irom the dats base. 'Which data st shonld be chossn for-
cotnsing? Two factors inflnence TOPITS. First, the
information thet is lost by projecting D structure oo
1D, Second, the insccoracy of TD peodictions. Thos, i s
& prioei not clear whether commis shonid be based on (1) &
set of stroctumlly aligned pairn (resgliing
mairix dubbed M3 in Table 2), or (1) o0 2 set of predicied
and gheerved soings for the same protets (Le, the foll
Otatrix defining the per-residue pradiction accuracy of a
Mmmmmsmmm.mmh
Tabla 1),

Choosing gap penalties acconding o preferenca in
mm: or correctness.  Ooe cﬂllplluﬁu witli

dypamic progranvating iy the opiinul

p@uhiu{\'lnmmdv.'m 1954 Thupﬂm.ﬂ
choice depends oo o content, La., te partculer protein
family. In general, there is a trade-off betwoen coverage
and correciniess of detection for the cholce of the fron gap
pammelers gap_open (pemalty fof opening a gap} and
2ap_elonganion (pepslty for continuies an opes gap).
The relstive values were nod 80 crocial; alf resnin will be
given for; gap_elongation = 0.1 x gdp_cpen .




Sorting the fhreading lin and choosing cut-off
rhresholds is cruciol  ‘The simple alignment score is pot
sufficient to sact the final resvits, as it depends for
example on the length of the search sequence and the
secobdary struclure content, To remnder a value
independent of the specificity of one alignment, the
alignmeny scort was normalised (Sippl and Jaritz 1994):

= <En
BBy &
%x)
where E; 1s the alignment acore £ for the hit at positiog
of tho chreading list.

Moasuring expecied detection sccuracy

Definition of timple measures for accuracy in delecting
remole homolopues.  Given B Ut of ‘une' remole
bomologues and angther of predicted bomologues,
various meatures for accuracy cam be defined. The most
impontant 1s the simples: bow many of the fizy bits and

Less saict is i coi ibe agnment Ibst for a given scare e.¢.
2E st a given threshold & and to coqnl the percsniage of
mmhluinlhsﬂmnininnllm

correct first hies with 7% » 8
Qo =100 X = hinwithE > 8 “

Data set for evatuation
The expactad pradiction acouracy depends oo the dath s&t
coosen Tor cvalmsion. So far, most publicadons oo
threading used only several ‘Tavoorits tent cases’. Such x
pacechre is racher arbimiry. A more ressonable appronch
woutld be o select & List of unbque proseins (Hobolm and
Sander 1994, Holm and Sander 1994b), w0 comgpils for
each of these proteins all emots hanologues by stroctoral
and the 10 compane the threading resalts with
the list of all remote homelogues found. Here, 2
preliminary reatisation of this cancept was pursoed. The
resulis given were based oo atructursl of 46
protein chains (with 384 aligned pairs in tal, Table 1;
the list is sdll o0 smail for a standard set; a more

correct?
Qv = 100 number of carrect first bits & comprehenzive list Is being collected).
In number of all proteins
Qpned- () | Qplea @ Qe £9- (3) for tilter with:

for rank ford= Sength alignment / length saq 2 >
marix  go |} 2 2 153 0.7 [H] s o4

PDB M3 3 26 26 L1 41 28 Hu 24 23 k] |

FDR M3 5 18 27 52 36 &2 16 13 12 13

FHD Ml 1 19 2 23 21 n 19 13 10 10

FHD M1 k| 15 K1H 47 k1 ] E, 23 IS 13

PHD Ml 5 21 2 41 M 8 1. 26 19 17

FHD M1 2 x| 17 & M 21 28 26 21 3

PHD Mlsym 3 19 19 k) 5 23 23 28 P& n

PHD Mliov 3 17 17 k) 7 19 il n i} sl

PHD Miep 13 19 N L1 il 17 15 15 1% s |

FHD M3 3 17 x| 25 20 21 23 28 21 19

PHD M3 5 15 19 41 2% 19 19 17 13 17

PHD M3 B 15 17 41 35 15 13 10 3 13

Table 3; Accuricy in detecting remats bomologos
Both for an alignment of PDB with POB jopuimal LD threading)
and & TOPITS lignmam of PHD with PDB {predlction with
obiervation), the detection sczuracy is given for varions
COMpATisne malricss, gan open paaaitles aod different hreshelds
for cutting off ibw List. All valucs a8 [eCENiAZe AVETLZES OYEr
46 threading saperiments (Tubla 1}

Abbwwvistions for comparison matrioss: MY . counn bated on
strucihural alignments; MJ , cousts bssed on camgaring
predictionn of 1D with cbservations: Mlinvy = M 1y, in..

traraposed of MI; M.q.ld[j 'foﬂ+MI;jy2 . i.e. symmewical

avesaje berwanz M1 and Mlirr, Mizep , mirle optimirisg e
sepazalion between tindom allgamenty wed ramots homwologues
{Rost 1993).

Abbreviations for scors: po : gap open peaally, monk § mnd
rank 3 . parcantage of protaing for whick the cormot kit was s
rank L or 2 of e Ureading liss mormiz} > n . oll kits { , with
Z{l) » b + 0,006 * Jaogth of alignmeni (where 0.004 Ix an
eonpirical constant derived b tinsarly fit the distrihation of the -
poore Vi. the aligtenant length), numbars given are: perocolige
of wll correct hita for thae cot-off; fiker for length of aligned
sUeEnce: percentapes of correcs fles ranking hite for that fllke.
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=t PDB-FDB, M), jom3 =t PHD-FD'H, M1, tous
=—gum FHD-PUE, M1, gom} ==0==PHD-FD'B, M1, go=i
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cumulatlve pecosntags of proteins
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pasition of furet comect hit
o

=

=

Flyurs 1: Ramk of irm correct hit

The mnk of the firet comectly detacted remcta bamologus vi. the
cumuiative pereenlage of prodeing for which that ank had been
fimt Rasull for 1o Migament of PDB with PDB (mabrix M3
(Table 23, gap-open =3); and of PHD with PDB {matrix M1
(Tabla 1), gap-opan = 3, 5, 8). For example, far belf of the
proteina. the comeet hit ranked among the flst thowe bits
delacied by TOPITS (gomS).

Resulls

Loss of distance information by 1D projection i crucinl,
When the dueading was performed using known sirings
of secondary sructire and relative sobvent scoessibilliy as
search srings (optimal predicdon scenasio: PDB against
PDB), the percentags of tomet biss sbove a given z-scom
cut-off {&q. 4) was st best some 60% (Table 2), Wlthow
applying » filter, the percentage of correct First hits (oq. 3)
was only some 23%. Thus, the fold modfl was captured
by 1D information, but for the majority of cases the
projeciion onto 1D redoced the information too
dmastically. Predicdon of sscondary structme and sclvent
accessibility raies at some 60-80% sceuracy. This errar
margin was reflected, as well, in 1D threading (PHD
agningt FDEY; the percenemge of comect hlis above a given
Z-5000 cut-off (eq, 47 was sbout 409%, and the percentage
of coerect flrst dlis aboat 20%, .e. the accuracy falls inio
the range of 60-80% of 1he oplimal perfoarmance. For
maore than 40%: of the profeing, the first oc second bit was
cormect (Tabla 2), for about 0% the correct hit was
among the firyt six predicted homologues (Figare 2).
Moxt suecessful compariton malrix reflects
inaccuracy of 1D predicrion.  For differem scoring
matrices, detection acruracy varied by four percentage

3 ISMB-55

points for the first coomect it the parcentage of cormaly
detected homologoes for 3 given 3-score cut-off varied by
about 11 perceatage points (Table 2). Three resubes stick
out from soalysing the performance for varions
compatison matrices. First, the most successful matrix
was the ape for which the counts {&q. 1) bad been based
o0 the performance of the 1D tenral serwork predictions
(M1 in Table 2). Second, a dramavically incorrect
sorategy such as slmply using the transpasod of b best
mairix (M1) had a retatively stnall effect on the detection
acowracy. This wat sorprising xy the best matrix was not
symmatric (indeed the symmetric aversge betwoen the

best mateix M1 and its cansposed resulted In the lowest
accuracy, Table 2). Third, the highest percentags of -

oaryect bity above a given z-score cut-0ff (eq. 4), yielded a
matrix that had been opdmised to distdogmish beiween
mndom alignmenta and 1D bomelogmes (Rost 1995).

Best resuits for gap open penglty of five. Changing
the gap cpen penaity from ooe o elght increased the
percentage of correct firg hits from 10 1o 23% (Tabke 2),
These numbers over-emphazise the Inflnence of the gap
penalty. 'When considaring u histograny of the correct
ranking amoug the flrst 10 aligremens hits, the alignmens
proved relatively stble (Figare 3b). Oversll, 2 gap open
penalty of five wis found 10 be best (Figare 3b, Tuble 2),
Ooe encoaraging resnlt wat that w00 Jow gap penaities
were obviows without knowledge about the 'tros’
bomologues, £.4.. 3 gap open penalty of ooe resotted in

with (00 many insertdons. oo aversge, cwery
third resldus wis & gap.

r-rcores of correct hity do depend on aligament
feagrh. The micoal bebind the aligronesy y-
score (2. 1) had been to render sooves independent of for
cxampis the allgnmen: kngth. However, Lhe z-scores of

depend oo alignment lengh, The
z-scores could be Gtied by a linear fonction of alignment
lengdh; the rato E-soorsfalignment length was 0.005 (a
similar result appears o hold for other threading
approaches, as well, Michael Braxenthalsy, Manfred
Sippl, Duvid Elsenberg. peivate commimnicarions), This
linear Mt was used 10 determing the thresholds for
romputing the percentage of carrect pradiciions ahove &
given cut-oif (eq. 4). Tha percentage of carrecs bits sbove
a z-seore of 3 (+0.006 * alignment leagth) was shout 40%
for the best matrix (M1} with a gap penalty of
five (the highest valoe was 47%, Table 2).

Improvement of correct first hits o 25-30% by
Siltering the lisi. Vil inspoction of the thresding
alignments revealad thar false potitives conld often be
sposted simply by ignoring all hits for which the abgned
protsin was much looger than the sligeenent. This waa
sucoessfully used 10 automadically fllier te threading Hat
The effeet of aoch 2 simple procedure was an
improvemesnt 10 sooe 25-30% covect st bits. This
result ralsed the bope that by sppropesaly Altering the
threading list, detectlon accuwracy conid be improved
hmrl;mm However, perliminary resalts were tiegative,
50 far,
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fline; > 0.8, > 0.7, and =0.6); and (b) for gap-opea peasities
between oos and sight. For all remols the comparison matriz
wik M1 {Tabla 1)

Further improvement by combining TOPITS and zequence
afignment.  The antcipated scenwrio for using a
combination of 1D struchure and sequence aligiments was
te start with m pequéncd sligrment, and hen to fune on the
10 sroctioe comiribution stepwise. The hape was that
coorect hits wounld tank ot 2ay, the Grst ) positions in alt
alignment Lists, l.e. tbhat the siabllity of a hit - not
pecessarily the firsr - conld be osed 0 gain decection
relinbllity, Only town examples are pleked oul 1o Ulaatrale
the pottible beneflt of 2 combination: tie TU-elongation
factor (1em) and ihe synthase {1way), For
both, TOPITS found & comrect bit &l positlon four of the
lisg (5p21 for l=tw, and Miv for 1wsy). Using a 30:50
mixtpre of 1D sruciure:saquence, ras (Sp2l) appeared u
the iop of ke TU-clongation factor list, and the
periplasmic binding protein ranked a1 poxition three of the
tryplopbmn symbass Hst, Furthermaore, in both cases, the
cambination of the two different alignment Lists {siouciore
anly, structure + sequence}, would have glvea not only
the comect flret bit, but as wekl a correct second and ibird
hit. (Note: all hits were in the range of <15% pairwise
sequence identity, i.c.. undetectable for sgquence
alignment, alone.) For such 3 50:50 mixtore the
percentage of cormect hlts above A 2-scove of Lhres was
more than 65%.

Concluslons

Yet another thranding approack? The qulck render may
be confused by the similarity of TOFITS and the firm
threading approaches (Bowie, et al. 1990, Bowie, ot al.
1991, thuflﬁﬂ)hmdu-(dﬂndndﬂhhg
descriptions of 3D stroctum (secomdary strectnre,
acceasibdlity). However, the differencs is o prinedplie one.
Conventional threacting mathods describe 31 stracmirey in
wrms of profiles or o it locally (over &
mange of mﬂms]mim 1D stracturs, #_
mmummwmm
and accessibility (TOPITS) starts Donk & peoflie-
independent, full predicuon of azpects of D structue.
This has two consequences for the strenpth of TOPITS.
First, the cooperativity of protein somdture is keo into
acoount, as the alignment is not done by gliding windows,
Second, TOPITS enables the predicdos of remote
homology for 2 paic of sequences both snknowh in 3D
structure, thos permitting to possibly predict fusction of
two pootins thai cannot be allgned besed 00 soqoence
informanion, otly.

Are 1D gructure motifs sufficient fo deteet remote
Aomologues? Aligning strings of observed secondary
structure and solvent accessibilicy motrally (optioad
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prediction) yleldad more han 50% correctdy predicied
temote 3D bomologues, when the aligranent List were cnt
off at a pre-defined (length dependent) threshold for the
alignment z-score. However, caly every fowrh hit that
ranked first in the alignment list was comest. Thus, even
the best-case scenarin of 1T threading i pather unzeliable,
Aligning 1D predictions and gbserved 1D strings,
decreased the datection accuracy w0 about 20%. The
teduction from 25% o 20% comparss well with 1he
expected accuracy of 1D predicrions, Encouraging was
that the correct emote homologue ranked in more than
70% of the cases amoag the firm 2o bin. As for all
threading appeoaches, the obstacle for TOPITS was to
tedoce the number of falsa positives, o ib other words 1o
appropriaccly sont the resulting alignment Jist,

Con ihe alignment kist be filtered or resorted? The
ouont simple and effective way to fllter the alignment lisy
Wik 10 conzider a5 correct hits ouly those for which the
tligned sequence contained bess than 0.6-0.8 tmes moee
residacs than the allgnment of (it sequence with the
scarch sequence. The resulting accumcy for 3 comecily
detected remote bomologne ranking s the first position of
the alignment reached 30%, A farther improvement by
simitar fillers and a resorting of the rasult List bassd on &
differently compiled z-score (Sipp! and Jariex 1994)
appears i be feasible,

How stable are the alignmenss with respect ta frea
parameters?  The results enabled 30 favour cae
Mpﬁmmulxandmevﬂmfurmewmpmalw
over othery. As finsl gap-open penalry five was chosen,

COmMpariscn mabix the one that was based on
county reflecting the 10 (PHD} predicton sceuracy. The
Structure-derived mmrix waa {nferior to that marix. Thly
Was surprising, as the dominmnt shocticoming for TOPITS
Wit 10t ihe limited accuracy of 1D prediciion, but the Logs
of ioformadon by projecting 3D structure omto 1D,
Althougd, optimal values eould be disttnguished,
PErfONnance ACCUracy was not oo sensitve with reIpect
to » small chawpe of the free parsmeters,

Can TOPITS be combined with sequence alignments?
Preliminary resolts indiente hat & combination of 1D
stuctore and sequence alignment could improve the
accoracy of detscing femots homologues. This
promising trend will have 1o be confirmed. Different
relailve contributions of sequence and 1D soyctare
alignmenis couid be combined by a set of logical rules w
increase the relinhibiey of the meshod further,

Can 1D pradictions br used 10 predict other aspects of
3D structure? Yes, remoe 3D bomologues can be
detected, but only me best every third aulomatically
detected bit is comrect.  Mean-force potential based
threading approaches, at least, the more elaborated ones
(Sippl and Jaritz 1994, 5lppt sod Welickus 1992}, may be
mom accurae (n analysis of any thresding method bas
30 far been based on a larger data ser, thus, there is no
datz for comparisons avallable, yet). However, this does
ot gt all Imply thar TOPITS L5 useless, Three scenarios
<ould make TOPITS become an important conmibution 1o

ne  1SMB-85

improved threading methods. Firsy conventional
thremding consumes apywoxlmaely wa times more CPU
time. As the correct hit ranky in some B0% of the cases
among the first 20 hits (Flgere 2), TOPTTS could be used
&t & fayt pre-screening.  Secoud, sven when conventonal
approachies implicidy predict secondary sgrocture and
accessibillty, TOPITS uses completely differemt
information than potendal based thresding. VYariows
independent thresding methods conld be combined to
yﬁdwﬂmumhbhﬂrudh;mulu,hmmnhﬂyﬂ
0 be proven. Third, io rottAst W odber threading
mMWmmmmwal
Eair of proteins both auknown in 3D soocture,  Thus, it
mﬂhdmmum&emﬁmaﬂm
for the prediction of, ¢.3., peoteln funetion. .
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