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Meyerhofstenge I 83117 Heidelherg, Crrmany

Braondary strnetune prediclion pecently hax surpasaed dhe T, beved of avernge acenrey,
evalunted on the single residue states helis, sirand and loup [(Q4). But the oltimate goal is
relinlile predictiun of tortiary (threedimeasionil, 313 stractuee, not 1007, single residue
acenracy for secondury strueture. A comparison of pairs of stroeturally homolagens prodeins
with divergent sequenceg reveals Ul considerable variation in the position and leogth of
wrentlary straeture segmentys can e gecom mealnted within the sene 30 fold, T therefore
sufficient to proedict the approximate loeation of helix, straod, turn and loop segments,
prowichud they wro compatible with the farmation of 313 alrueture. Accordingly, we dofine
here o mreasure of segment overlap (Sor) that is somewhsd insensitive tesmall variations in
seeonrdary struclure assignments. The new sepiment overlap measure ranges frem an
igneranee vl of 3T, (rancdem prodein paded) efe @ cuerett beved of 720, e 1 prediet on
methed based on sequence profile inpul Lo neural networks (PHID) to an avorage $19; level
Bor lustiiclogous protein paive, We eonclode that the highest seores ma ean cedsoboh]y
expect [or seeonidary stroctnne prediction are a single residue acenraey ol £, 867, nwl »
fractional segament overlap of o =000,

Regasrda: soeondury struetuee predietion; prodiction aceuraes:
secomdary atracture sopmenta; evaluation, Lomealogous profeips

1. Introduction
{a) Sfmplify the pradiction problem

Protein three-dimensional  (301)  struckore o
determitanl by thie wogquence (Epslein of of, 112,
Antinarn, 1973), The 3T structure of & new sequence
o b preecictad Trom the sequenee fuicly securately
it homeliygue with significant sequenee wimilurily
existy in the data bank of experimentally solved 3D
miraciinres (Chothin & Fenk, TG Tuylur & Drengo,
1989a . Overingtan o nf, 1580 Summers & Karplos,
TR Sehineider & Sancder, 19810 Veiend & Saneder,
1", Halm & sander, 1002 Levitt, 1002; Tu}'lf:r,
1952]. However, for probably more than 802, of the
predeine with kwown  sequence [Bameh &
Bocckmann, 1992}, thers 15 no homalogue of known
AL sivoclwee {Bernstein of of, 1877, Sehneider &
Sander, 1901). Tar these proteios the prediction of

F Abbrovintions wad: 41, thve-dinensionaly @,
ovetall perereaidus identity in 3 stades (helix, strand,
ll.mph PO, Protoin Vata [ank of kpeown thiase
dimensionnl atructures: PHTY, Profile petwork from
Han1delberge (3 levels of networks for the prodiction of
srrnndary atenetare]; TSP, 1ictionary of Secrmdary
Rtravtures of Proleins; Sor, segnent overlap: Bwisaprot.
dlata bank of known sequrnera, HESD, datnbren of
Haamheey -derived Structures and Seguenes aligmnents
T LOTY T

A2 DS HE TR L T4 S W)

the 30 struckure prews insurmonntable diffienltiens,
The way vul is Lo reduve the problem o s simpler
o Chal is amenable tooa partiod solution.

(b)Y Secondary strurture ai 70 % single
raxitfie Aerureey

One winw of wimplilying the prsdiction probdem is
ta prajees the very complicaled 302 structure onto
ane dimehsion, e, onlo aosteing of secondary strue.
ture asuignmentn for cach residue, Sach a rednetion
i possille, because proteing form local conforma-
tional putlerns, wich as helices and strands {Pauling
& Corew, 193] Boehute & Sehirmer, 1978 Brindén &
Toeze, 181} Yuricua prodiction metheds have boeen
developed over the laal fwo decades (Twin &
Robson, 1970, Finkelstein & 'litsyn, 1871, Robsun
& Pain. 1971; Kabal & Wu, 1073.0h; Napgano, 1973,
1977 Burgean ef of, 1874; Chou & Traman, 1974,
Tods; Lim, 1974; Nagaoo & Haseguwa, 1975
Maxficld & Seheraga, 1876, 1970, Chow & Fasman,
19%8; Robson, 1978; Nagano, 1477; Garnier o el
1998 Colen o of, 1984, [9HA; I'titu}'n .
Finkelstein, 1883; Taylor & Thornton, 1983; (Hhrat.
el al, LT Zveleldl of of, 18T, Biown of of,, 1988;
Canenel & Golmard. 1888; OQinn & Sejnowaki, 1988;
Holley & Karplus, 1989 Taylor & Orengo. 19508
King & siernberg, 1800; Knoeller o ol 1900;
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Nishikawa & Nogurehi, 1991; Rooman s rf., 1941
Muggdetom of al., 1502 Beluluery & lost, 1992- Zhang
el al 1992 Muclin & Shavlik, 1903 Rost & Rander,
1Wita). The implied gonl for such methods is to
reach IO, aecnrey, svidiuted in leemin of mizng |
residur  slates. Fur thres-state predictinng an
averiyge acciracy of Gy 2 U, hay bean rcached, an
improvement of ahont five perecniage poinds [Rest
& Swider, 19935 Whal is noxi?

fed Fumetion nnd 3 sbzucthire uee Wieee comaeronst
than secondrry draciure

The ultimate goal of secondary structure predie-
tion i fo predied thies axpeets of the 3 strucetume
that are importand T funcetion. Stadics af protein
evolution whuw thed the overall 30 fuld and the
preecise powition of funetional renidnes ars cotiserved |
snel thos important. The record of evalution also
reveals Wt there s conidershle varation of
seeandary stroclure within one 3D family, 8 the
precize extent ol gecetdary struclure is apparently
nol ersential for the formakion of B0 ot mod ae, Ity
analogy, for & correcl predictivo of the 313 fold it
muy b aulfivient t preedie secvalry nbroelure at
lens than 1009, ACLITAY.

() Fomporison of seeondoey structure i prodeine of
Ewnaene sractiee

A detailed compariven of the serondnzy wbenetuen
ol protuins belonging Lo the same stryebaral tamily
shiovws (13 that 1 rewsonabde ol oy senndury sl
ture prediction is not to sreive al 1, in the
werall Uerevestule  peer-resicues gevuracy, bul
reach seme B0 ke 832, and (2) that the THP-Fesidd e
een paridon i ool sufficient to nssess the presence of
segrients in MY fser seetion 23 Too weemn of g
segient measure, defined here, 31 homnlogue pairs
A choser 1o T, dedontity i1 heir seenTwlary steue-
fare stringe, but there is atill some cariakion facee
section 3. This variation remaine even il the eom-
puriuen i eestriotedd T the sores of the prolcing gaee
section 4],

2. Single Resldue Measure: Protelos with
the Same 3D Fold Differ by 12% In
Secondary Structure

() A test sel of paier of proteivs of simiter
Fr atrurture

Do proteing with wimilar AT struetuns have jden.
tical sevondary siructure? & simple way to cheek
this ix lor compare proteine within ane stenebineul
family. A astructural family can be defined  a
eansiiting ol proteins that haove the wame 313 Told, 4
Jwdged either visunlly or hy steaclural nlignmwnt
{Holm # al, 198%). Here, we jndge straetoral simi-
ity an Ul binsis sl seepuors eriterin, ms oalilratod
on struelural alignment in carlier work (Chothin &
Lewk, 1086; Schneider & Sander, 1991 To sssembie
a tert set of paies of proteine ol similne sirgetaee wie

took &l protein chaing from Protein Datn Hank
(PLIB) that have a sequence identily exceecling
A mebative dooa pepreseniative et oof ot icin
chains (Hobohm e al, 1002). Two exampies are
shown in Figure 3. The representslive sel ju e
anme ws that used in an varlier study Gor the evalas
Livn of the predieton method PHD [Rost & Sander,
IEEL "Ther st Wit oo prvdainm pnies thus gt bled
(dubbed PIBOR. Table 1) comprises 140 aligned
puird. The secondiry struddume state was aasipned
based om the 3D co-ardinates acenrding 10 TSNP
(Robseh & Bunder. 198371 To allow rogdue by
rowid e cOrrisc, e Aranlry STuelees wops
bronght inte reliable alighment nsing the nnsinn
avirh secquencen, The alignment was jerfurmmed using
o atandsrd dyvamic programiming alignmend e
Mthm, with insertions sl deletions confineedl to
lewspin wncl The endn oF Balions aned st raneds (Sehaeider
& Sander, 1991}, Although sequenes alignment has
some inlemwnt inmecuracies conpured 1o 213 wtrue-
ture alignment, the neenraey of aligiment wan
decmead suflicient for the purposes of the statisiies)
invastignlion of this paper,

th) Bimitar 200 structure, yot different mecpdn py
steueture. 12% on aeerage

Par tlw THY predvine paies, the pereontage of iden-
tiral serondary slrocture syimbols bl weoen fwao
strings i =847, {Table 1; as a control, 1he
reaull of alignments hetwenn predcine of elissimiine
30 strocture, dubbed BAN, s alan givent, A
surpiving rosull is thal the secondary structure
ilentity varien constderhly armund this avernge.
with a alundard deviation of nine percentage points
{distribution in Fig. 2], This devielion is a6
intrinsic feavare of protein families (Chot hia & ek,
Wity The value iv comparabie L the stasdnel
deviatinns of single residue aeruTeey fur varinos
predivtion methocs (Rolson & Carnier, 1004; Rost
& Bancler, 10034, Methods that peediel wun oyepe
geenndary strueture for a lwmily of homolngous
sreionies Therefure eannat T expeercled Lo T moee
preciee than the naturnl variation observed in stre-
tural Munilies,

() I waratdabde savintion in sevomdurg stewelure

What ia the meason for 129, averngs elissirnilarit v
in secondary struetnre symbols Tor homnlogous 51
structures? The pelneipd soukes of varigtion i e
plastic Tesponse of protein stewelures fo varintions
fHh tine acid seqnence within oe streturad Tamily
{Chathia & Lesl. 19486}, The variation in mecindary
strueture is attributed to a sensitivity of the hack-
b 1o internelionn Tobween wesid s far et i
sequence and clise in 3D (tertinry interaetinms
Kateleheek & Relwraga, 19iH, 19649, Anfinwen &
Scheragn, 1575; Kohson, 1976; Maxfield & Seherwga,
19781 Thy formation ol secandary structure cap be
Thimght of (o bee infuenesd by 1w termea:

= I|ﬁlm:]ul + '”"lﬂ!‘l"
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Table 1
Per residue eomparfaons for PO prirs and prediciion methods

L .\'m,r o Q8 GF Gt [arr," f'.rrrrph Cur Infod
PN 2124 14+ LETU ] B 1.2 &6 17 Rk
PRI o LIRS i [N LA 1] e LKA =7 N-&1 LTy
RaN: 12182 LT e 33 M 4% nng ol fHild (O
i1 N H L) T T b T Tk L] [0 [
TS o= B4 14 TEE T e I iy 57 L I T B

LLHSRE. a vet of 120 prirwise non-honulogous protein elmins s luken from protein data bk of 311
atenetapen (PFTIRL PR in wensmrnl {07 singig o Tesmmeutlengertin Hes thin U2R elsgbtid DR cordinine wll
pairs witly wn alignment length af =30 residues, and the seguence identity <059, and ahave 1he
Tesgeth depunchand cut ol given Ty TISSE far afmiliedly in 300 stenctwn (Selieior & Sandes, 19017

PELRHE core. values for the core segroenty of TS, §e all segments for whieh the eelative
acrensibility vl an Toaet half of sl eewicines | <000 § —arveibilily mximal woeendldlity, where 1le
values have teen taken from DI (K ahah & Sanulder. 1880).

FRAN, trrm AT wen of L35 prbednnn aligranenl oo were taken o bid el 5 mnd 109, prariise
seyuence simdlarite over an alignment length of mare than B) residues. Thus, these paits are Targel
disaimilnr in dheir 3% steactwne,

PHIY neurs] network systen prediction of seonid ATY stimetore in Jutate. PHIY way Lewted with
fmltiple eroew wididation o Ahe wmme st of dnigue T2 chmjis gsed Ve genotads i sl of TR Jmirs

{Rosl & Ryenler. 1WA

LR romie vnliaes dor Ahe care segmentu nf PHID (e aliose)
", mannhier of residues in the data el & g tineuler of proteins in e At st
o e Qo Q). prerentager oF pret sewicdue adlepraty hatwpsn 2 wenrivlury wirgetyre sbringe fer all 3

staton, aned Tur heliy, strgwl sl I,

feurr,, Corry, Doy ve the Matilew v comedntion coefficients [(Matthewn, 107hH].

du. mweapumen the inkarastion defned by

3
o i, — i Ay=lnd;;

fafu- 1 4
¥onN - § btk
i

LR

where X s the number ol residuce in the data bank, up 1he vowmlier of residuer predicted to be in
met IRy Wil £ by Ehe nunnler of el oleersed Lo e w3, /el A, the aumiber o rosidues
presdivted tao beein § and nheerved 1o beoin j (Bokt & Sander. 196954

where 7 Ja the pecondary atrueture conformation of
a peotedn, O desoribes the parl thad s determined
Iy havad dnterredions, il LR ! [T EETTOR T TR
by global interactions. OF course, the assamption of
aadelilivenoss 5 nothing but o rough Gt orelor
approximation. {riven this eanvept, the variation in
secondary structure between homobognes ean e
split into fwer ferms

identity in mecondary stroetuee for & peir of Lome.
loguus proleins=
idemtity an locally formeed secondary stenet e
+identity  in globally  Tormed  secondary
siruciurne.

The hyputhessa b A hat e dilfeeenees in mneondary
struetnre for paire from the mame 313 family aitri-
bule maindy to the seemad term (PFohl, 1971, 1020,
[Zerliann, 1074; Bolwon & Puin, 'Iﬂ?-l.n,f},f_p,

T addtition. the concept of seeondary slruclume i
somewlint jmpreeiae. L paedieular, dilferent autlvrs
arrivie at different secondary stret v Roesighiments
for the samie protein, either by visng) inspection or
by alilerend featnre oxtreaction algorithme {Skhemae
ef of . 148 Woodenek o w, 1992; Colloc'h et af,
1833 Too reduee Ahe indlueawee of this impeecisinn,
we nee here an sotomadic method of accondarey
structure assignmend fron the 31D co-ordinates that
i bk on detection of prerindic repeetly nl'h_lrn:ll'ugvr]
honderl  piructure  (kabeeh &  Sander,  19830)
Thowewer, an n resnull of w sharp outedT in the hivdra-

gen wnd energy, very small variationa iv 81) co-
ardinates can tead to the addition or deletion of one
ar more rewidues st the ends ol o helis ur st
Even for arquendce-identical strieluren, such varia-
Linos can neeur s the resalt of crvelal packing in
different crvadal farms oe asa resuil of experimental
error in strivlure determination (Brindén & Jones,
10 ALl of those fardors wlio conleibate {0 the
varisglion of secondary structure assignments for
sequence-dissimilar protelns within ame o ructural
family anal thos introduee on ainoying techniead
complication inta the Reld of seenndary structere
precdictiens. The madn variation, however, semire ae
the resnlt of seqiwnes changes btween homelogos
profeins, Any method that predicts an averape
straeinee for an entive Tamily luw to take Lhie
inherent imprecizion inta account, on average nine
pereentage poinds in the single residue meaanee (@5
We now diseuss if the comparisom of secotdary
alruclure in terma ol segments can veduee This varia-
tiom of 12( M9, {Fig. 1).

3. Segment Overlap Measure: An Attempt to
Evaluate Slmilarlty of 3D Structure at the
Secondary Structure Level

{a} Rimple aseessment of sequmenf PRy

There nre three simple measnres fon assessing the
qualdity of priclicted secondary siructure segments:
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Figure 1. Goal of scgment based muesaures. ceduction of
virintion i wecsrhelary wtrwelure wlonticy for prrotuin paim
of the game steucture family. The secondary structure
nteings liffer for predein paiva feom e anme sbog-tare
family. One goal for defining segment based measires is
it thie varlation is ameller Gie  gegment han for o pue-
readus compatrison. @, Variation in pecomiliry whruetyre
withine ome protein fumily of the swiive satructaee frelatod b
e family vepresentutive); O, reprenentative of werietyn-
fainily (used s referones for computation of the varation
in !u't'm'lnt]luj' Ahruetire) O, moepuenees with bl grotam
310 sernetune ty the repreacatative: outer virele, variabion
in secandnry atrgedane fioe o poraesidune ompaFiRan (G},
inner rvirele. variation in seeondary straclure for a
it l baped] compartann;, —, thoe arrowr indicaste (hat
the segmient-lmaed measury should be chossn auch bt
Che vavriation frudine of eivcle] decresaes,

{15 dhe nunibar ol sepments in the protein, {2} che
average segment englh <L for i=x (helix), §
tatrand) and L {leop). ie. the sverage nminber of
resicdies in o helix (=85 for PIAIS) sl (51, or
lonp (60} segment, and (%) the distribotion of the
numbier of segmenis with leaglh thistogramt, These
meastibes are related. They are aweful in chargeler
izing prediction methods, in partioalar, methods
with fuirly high single resitlue pecuracy (), vl s
unreatistic distritution of wegmenta (Rost & Rander,
199734),

by When are twn segments tdenfival

A wore eomplicated allermative is the coant of
idenbival megmendn, TTowever, the whbem . immidi-
ately lesds to difficulties. In the example of Figure
Al{u]. whomlrl the Leliz segments i prodiction 1 sl
2 hoth be counted as identieal to the ahscrved halix?
Or neither of the two? How should the two helieal
fragments in prediction 3 be evaluated? Then i
obviously more than one way of evaluating agree-
menl oF different wegawnt sssignments, As o wsull,
no generally accepted segment nweasure has ercegol
in the literature, although the need for cvalusting
serondary alruciare oo oa apgmont base has been

printed out by quite & number of authers (Cohen of
al. 19R%, 1860, Tuyior, 19%4; Taykr & Thoroton,
18584; Cahen & Kantz, 1080; Beoner, 109 Trrowe)|
et al., 1002 Steenberg. 1992; Thormun of of., 1962,
Beomwr of af 1000 We have altom il (s system-
atically investigate & tumber of different dedin.
Liong,  These  are  deserilead in cdetail in the
Appendions,

(¢} A new measnre: fractivnal copmenf
arerlag oy )

The fallowing wegment meaaure sitikes 0 ol
enpromigs hetween permissiveness and precision.
T i e o weveenld dcdonw; 015 wllovw some viriation
al the ends il serments: (23 provide a alicling seale ot
sepment overiap that gives intuitively expeoted
valmes in oxteeme cnaea; sl (33 2ive bow volaes e
vandom predietions. The measure simply conniy the
fractional extent to which two sogments overlap,
with amne wllowunes Tor non-matching wsidues ni
the endw, There is anly one adjustalle parameter,
the arvound of slhow b,

In detail, given twa strings of secondary stracbone
Aymbale, we define (fur illustration, Fig A1{e); for g
detailed detinition, con (A3 in Appendix 1)

i 3 miney [s: 55] + ¢
X IMaXaY {1 3,)

whens & in Ul Glad smber of resichas, The sul-
aetipt 1 or 2 labels cither the proteins heing
compared or Uie observed {uswally subsceript 1) and
predicted (usoandly siebaeripn 2) wienetume. The s i
taken vver all segent pairs s={s, 55}, where s, and
gy AR Lwu segmonits Thol lueve in eommuon al least
oo reridae position in the same secondary wlene
ture, Asymmeiry hetween the twe sogments is
inteadueed i dhad the woight bew (5,70 the length of
sy. usaally chosen o he the sepment in the experi-
oienlal ateuviure (Sor of olbwerved), The actus)
nverlap between the two segments is minoy, .0, the
number uf residues for wlich buth Bghlenly have,
c.gooan H {helix) in oumitmon, while maxov is the
tutal exteni of both segments, ie. the number of
rewithien Tor which vithor of U 1w hus, sy, he
asvigned state H (Fig. Al{e)). The accepted varia-
tim & wasurcs a ratio of 10 when there are only
minn ddevintionn at the ends ol seginents, nn ofion
dbserved in struetoral homologues  (Taylor &
Orengo, 1988, Wil & Thornbon, 19, Pererel o
ef.. 1992, Hulchinson & Tharnton, 19941 it s
chuosen such Lo be smaller than minoyv and smaller
Huwte hadf the length of segmont s (§=128 Fwr
short, intermediate, long segments). The ratio
Mty iAo a conmlrained to o maximum value of
14 e the allowanes cannot lead to a “nure than
perfect” valoe of fraclional overlap,

S =

# fen{s ). {1}

L

(il) Fractional segmient wierdiipn nre Brers uformatiee
than single resifue merurncy

Helices and sheets for the mast part constilute
the o of & glabalar protedn siraebaee al see pnuwoee

.
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Figore 2. Distrthution of secondary struvlure lentity per alignment pair fur PIREN, (0] The distrilmtion of
e por-resiel e identiny per P10 paie and (b the oty insepments [Soe) ue s, The averse identiy in 6, por
pair s HEA™, with 5 standard devintion of B0, For the segowent measurs, S the average i #3030 with a
leaidurel devintion of 34, 0d und Jdp. Tlo dopeieleney of the acnfes an the segueilee sinilarity for g1y mied See ame

Mot entes ] e

conserved than leap regiong in evolution, This is
borne oul when eomprring the oxperimenlally
known  stracture of  lomelogues: 1he wegment
overlag Ko ol 2 paiss in eleandy highor o lelioes
(20 el for stramds (0350 than far Tinp regions
(570 The average See over all 140 pairs is abom
7 More impear it 1y, the et thad Sur seores wee
shilted toward the 109, mark redalive o the dangle
vesielue meores (Fig 1) andicates that e segend
mesisnee i vk informutive aboud e 35 leetuee
than per-residue ratios, as s idesl seoring system
wotthd gve HKEY, for any paie with e sane 343
fold. Tndesd. for some 109 of the protein pair che
acgrvenl overlip Ser lovones T, o value never
reachel for the single Fesidie measune €4, and for
the majority of te pairs Sor is lavger Lhan 839

(Fig. Z{a} to {e)). The lwo examples in Figure 3
{'Il‘-ul'|l'~' illunt bl Ll Fvl\'tllliagtt al vaniparing the
areandary sbructure an the husis of spgrvents esther
than single pesiduca.

4, The Cotes of Proteina with the Same 3D Fold
Driffer Less in Secondary Structure

Intuition sngpesin that the variation in sseonelary
shrmelure within oo sbenetare fnmily b= lose i lwe paee
of the protein and that restrivting seenndary slruc-
Tare campavison dopreed il vuees may be agood woy
to raplire the csartiee of 3T similaridy. We hpve
quantified thic intuitive idea and ghow {hat the
effiwed i vl bt s Toee eiough G woeennd dediig
fivm and standard wsage of a com-based measure.
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Sdfy ... HHHHMWHWHEH. .. .EEEEHFHHURH. .. ... .. . EEEE...+..0u.. EEE. .HHHKMH. .. ...
3dfr . ...HHHHHHHHH, . .. EEEEEHHHHHH......... EEEEE........... EEE. . HHHHEHHHHKH
Bdfp .EEE. . .HHHAHHHHHH . EEEEEEE.............. HEHEEEEEEEEE, ........ EEEEEEFE.
dfr -EEE...HHHHHH HMH. .EEEEEEE..,,...EE. .., HHHEEEEEEEEEE. .. .NHH.EEEEEEEE,
seores: per-residue 846% (27/97/1%)
sagment averlap 97% (96/9%/97)
il
1£41 . HEHHHHHEHH. _......... HHHHHHEHHHH. . , , ., EEEE...EEEE....EE... .........
zlz2 . HHHHHHHHHH......,.. ., HHHERHHHHE . . . ... EEE..... EFE....EE............
FE.7 ) . HHHHH. . . . HHHHKHHHARHK . . HHHE. . HHEH . .. .. WHHHH. . ...
2lz2 ... HHH......., HHHHHHHH. . ... HHHA . HRHHHH. . .. . . HHH. .. .. .
BCONLS! per-residue 0% {R2/R0GT)
segment overlap 93% (100 10K/93)
(bl

Flgure 3. Pairs of sovandary stiuvture strings fmim buemaologows peiteina. The sequence identicy hetween the aligned
Frginent of () Belfr tedibyalrotolnbe podyidawes, Eaederiebio eofd] manl b iy drabeilate tedurtmee, Leefubmee s vy ia

W, that Twtween the fragments of (hy 16U (10%] FAR

traginent antilysynne antiboely) and 2172 thrrimymed 155

Cliven mee the per-powicline wearts Bie Sealnton mnd for egel weennila by struetuee Cvpo Tin lywekets, D i atranmd o) wenl
the segrnent overlap for 3-atstes and for oach secondary struelure bype fhelicatrand; g, The alireeint s fiwed nee

H. Twlis, B, strmnd, T, [rerps frmt )

) A smple definition of pratein roves

The 309, Teant expoed segments were tnken ko
represent prolein eores, We selected all segmenis
lur whicl e relative solvent avvessibility  was
=010 for maore than halt of the residiie of thi
segment (values detined az in D8P Kabseh &
Bwwler, 108k, Mauminn o ol 188 The
secondary strnetures of the 140 protein pairs of
gimilay 313 fold (PDUBSK) wore then evaluated in
teems 0l singh rewidue idenlity anel wsgmiet
overlag,

(D) s dbrwrturead variobion in protein cores

The segenent. overlup aeores ineropsel Iy nhagd
three pereentage peints (Tahle |, Fig, 4) which Jeads
T Se=10 averugel over the three peron iy
atrnedure states, aned to 880, for Twlices wned 139,
for wheets {data net showal, By restricting the
evaluation fo protein eome, the seares of holjeos und
shents increascdd more than i the ease fur singhe-
tesitlue comparisons. However, n measure wivlding
TV, Tor paite from the same structane family s
nal achieved] this way

i) Mewtrict cvabualion uf prediviion methods i the
Frdein core?

When the evalvating of seeondary strucluee is
appliod to vompurisom o alwerved amd prelicted

wa: T s dlakn'y cmciune idenaley In %

§ )
g 2

Flgure 4. Alwolute valuen fir nsasures T PLE posirs

- B4 e

amd prediction methods. Percentuges ol u-resl due
aceurdey wnd the segimenl based measured defined o
Appendis L Fee the abibroviatjons s Tald 1

strings, the seares for the core segments are alwe
higher W for the prodein g o whole ([ wimilar
inerease in wecuraey for predicking eore resicdues s
absi deseribed for o diferent meihod: Boaman e al.,
02 Rootagy & Wodnk, 19923 However, {he
inerease ix smaller for the prediction method than
(o Ui 300 wimilur paies (Talle 1, Fig. 41, This reaylt




Protein Seeondary Strueture; Bedefiving Prediction 19

el Hm 1%  ME
el e )
Idemuley random FHL 1D puin
TR o
Ly ' — N
avetlap segresd pordicalon
ik FHO 300 pabew

Flgure 3. Relelining the goal of seeondary strgotae
pvdiction. Hecondary stemeture prediction puethols (like
PHI® runge between the lowur limit given by o randem
pesscliction of 35 to 577, el the appeer limil given by the
cinripurisin of paie feom the mome 3L family . AR to 0%,
The gardd raf forveliction is nud do meneh Y, bt Lo e
A clost as pweeible to the $0%, vulue for the segment
g,

canfiems the fact thal sny secondary structurs
predivtiun method iy on average worse in copturing
Al infermation than 31 structune prodicted on the
basis of aligrunent of elearly homolomous sequenees,
Toowmmmary, we do et see 8 oalrong magen (o
intraduce the compartaon of cores am a standasd for
evaduation of seeondary sbruclures.

% Conclusions
[m} Frone IS bo 880

Firat, careful comparison of the seeondary strye.
ture assipmments of structural homologues, ie, of
proleins with espentinlly identieal 300 wlewed aee,
reveuls a striking devistion from 100%, identity: the
1 residue identity in seconalary stoucture Tor 140
pair: of homolegous steactnee 0 wbout £ =
HR( =M%, Thin value stts an upper limit in per
rediclnis I'H'i'l“‘ilﬂ':ﬁ-‘ rl"ll" whal F‘*‘{'"ndllr}' siruelanre
prediciion can reasonably be expected to achisve, A
lower limil in given by o comparisan of the
seermilury strueture of 30 dissimilar aequences;
A, Bo the targnd range for seeondlary slructure
Aecurney for wingle resid ue cotnty s sedelined From
the previous range 359% <, <1002, 10 the new
ringEe 450, < 0 = =80, (g, R,

(B} Feam single reafdue wwemanre to
Ll T T T

Beowtel,  pegment  baswed  comparisons  capture
hetter the reality of weoondary s fued ure segments
as fexible elements than do per revidue sccuracier.
Torselewr 8 Tovst ™ enwatsnte for sogment com o,
we have eompared  different. ways of defining
apgmont meadures. The Dewt brade-off between Lhe
gral of whrinking the variation in seeondaey wtene.
lure within o 313 struclure family and the lemp-
latiom o intpodee &0 exeessively  permisive
eriterion is given by the fractional aegment averlap,
o This weare meassures the extent of segment
il\-“"l‘]l‘l[l with o maxitnal deviation of about twn
residucs a1 both ends (more Tor lunger segments, sqn
tAR)), S weorrs ore at abwul pide within & 3D

O Spvt & SoyP
80+ - A0
g 7 S L
5 ] [
md e g e . .._.'.'_'..._.._..:_'m
% a5 [ :65
E &0 2 - 60
ﬁ [ X
g 1. S S SN S, 55
.E. s"_ ................. L. LT TERRT ETEETP I S — X
F Y
4% —rTr L
5= &0 &5 m 75
preduction accuracy measuned in Q3
T Tt 1)
GORM | SIMPA D
SepmentB3

Figure 6. Perresidue and segment comparison of
prediction weeureey, Eaeh point i Che se bee plot TR
getite the 2 aceutacy waluws for a particular prediction
methual: pur-tesitlue accuracy @, and angment overlup
Sor, The 2 avrvick sf pinta {eircles and trinnglen) are for 2
wiys of calenlating the segment accuracy: lor So™ the
average over seginents in weoighted with the length of
ubserved sepments teyn (17, for Sue®™ of the predicted
regmonts, The SpeP pnints sefir o e prahadality thad
predicted segments wre correct, The data wel and the
ot hode wee given o the hegend o Talie 2.

family. The measure is invariant against limited
divplecement, Jonglhening und shortening of the
smments. Given Ahe end tolerRnee, the rewdilzad
varianee of some 100, indicates Lhat the lnss of
mlormation by using secondary struciure ratler
than full 311 structure i not catded by ambignitics
im pasigning the edpes of segments. In practical
applivations, he it comparigan of two experimonisl
structures or comparison of & predicted and an
observed structurn, the Laeget range for fractivnal
segment overlap is 377, < dov g = 0%, (Fig, 5).

The fractionu) segment overlap measures, Somt,
i.p. the fraciivtinl overlnp weightol by the Jength of
the observed segment and Sm® je the fras-
tivna) overlup weightel by e length ol vhe
predicted segment, provide s reasonable slep in this
direetivg by attempting to capture ihe intuitive
notzon of megment smilieity, We theeelore propiose
to apply Sox for the cvalustion of prediclions along
with the single rosidue measure )5, Exanples of the
analysis of prediction methods naing per-residoe and
pegmient neasures are shown in Table 2 apd
Fignre 6,

The following questions remain open Tor further
analyrin, Doed the devistion of Soee from the ideal
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Table 2
Per renicdur and segueend comparisons fir predicting wethods
M Sggiiiet EHZE* LiCHElL] s M1 TFHI | TS EAXY
gt L K] Wy LR et
-1 Alk /27 Ea BTk il
411 S an- el A1 bt
L] o ol 25 L3+ LLLH |
0l AT LR Tt HiY Hilyi]
ETL] g ! T HF-o Fy2
TR e :[KE L 143 431
A NG irl P +H Tl 17
rTarles s ] iz K2 124 FLE
- R 134 5 g1 11-) — .
<Tmg it # an 52

Tha- pewdiction metlesla ors Segriwent 8 (Kabecl 8 Samder, unpul dinked eromfley, RIMI'A (Lavin of
al., 18mG); GOTELIL ((dikent o al. 1987), and PHIY [Hort & Samler. 1530 These are marked witlin * to
ernphanizn bt They were evuloabe] o e seb, given bl (noke Bae Tdle D aod U s e o bes
givee for FHIY wpply to another set. deacribed in the Tegend to Tabde 1), The mensumes i expluined in
the legreral o Tadibs 1 nned it Aggsenddin 1 Mo, vew Eles weniivm for Ehes il el al nply thae
heliz wnd strand seprnenta. Thus. S becomes diree [y compstible 1o a=T90 ge the lather g helic 2 nd
stemnd nly. = e e averig T b ol licliod wegmeits, = L > ot vsepige lesagth ol pen e, For
vimparikon, {he observed experimental averages (D4 in the wme s are. < L, -8 and
<Tiey=1 The aenunny valies for hormuhgumie pudes (1I0RER, Tabde 1wl e pudrs (EAN.
Table 13 provide & point of refereme (hh runge betwesn woperfect prediction (PTIROS wune 370
wruetre) nad o Fatalom o (AN

Fvalustion set * & #et of 45 newly determined protein structures. Thes 38 protein chaing were
chomen Fraem & mineds lisger Padoin Daude Buak el e ol Hgt Theyt wll Diwwe leset L 250,
(For lengile =80 similarity 10 umy of the priveins wsed for the development of the methods (10,709
remialien wilh M0 2 2 B g, Ly The pnsteins wee Tisdvd Iy ke wnd PEY idewtifies | boere
aviilublel: tare. acelyl vholinecternne; Tl antifreese poly peptide type A: Lol sntihacterind pritein:
vidiein & fe-terminal imain)i Teos, ehodewtersl sxidae, lepk L o AME depenrlent juotein Lo,
Ldf H, ohefensin ITNP-3; lend. gluiathione svtilhase; 1Ry, phorphorarrier; Lty phicnaem v e
Tl A, granuhevie truleEiprha g l'|>1l:lrl'|.' wbipnulnlivg Bl e, rhnpasibeing kel LT T
vontrol profein of facese B il O coprailed homeudomain eimples with DN AL Theb, mdhonuelemse H
cmain of HIV- | pvsrae dpoerditaee e, heat ghock protein hacgie B itod)nal Ty aweis]
biliog protein; Linab_A. mannnse binding profsin & Jeetie domaing Insb_ 1, neweseniniduse siticloe
I werine peotedpass inhiliter; Trop, ol T e of primer. Loe 3 eoieibomdeas: S8 Ly,
Alpilbiy virds capail prolein: 20l lasic fhooblase grm il fuctor 2ghl, pnstein G dormaing: 2pk4.
human plaeminegen kengle 4: Zhip 1 Tigh povten ind wron aulfar proloin, TR BT T AP T TR T T
bindiig protein; Bea_f, GON4 lewvine zlpper: #orx, thioredesin: denf, wioe-finger TINA Giruling
datriwin: Foal. emdawe Sp2l, CH-ne |F2T provdeine [wmine weids 1 o 1D, AT LT, e T
#lycoprtein brpe T aet 1, wtin feomples with LNAse [, wre, Are repressor TES A Tinding P e
ek, eyilin depencent kinnw: rare. «h® lemaln of tyrowian kinmwe wpe; lpsdl cenll, f anlanit of
HarBevichia el DXA polveerans 1] bodsenzyme, bsk, yewst hesonkioas b fuxd phiols, Hawyoprclein
relntesd B hweterind Jneaferase; nilk, nitegenase nidy b m-iron, k3, phosp b linositad 5 kanaae;
palr. phihalite eosvgennse peductass; oot POL - specifie dabrinin: mmas-aw, retibggd X meephin o BNA
brinling dommin: s, v wte (yrosine kinsow bewmmforming profedn; abd wpectrin SH I hommlagne deosein;
uba, KNA-limbing domin of UL ansll mudess eiliucdeeproisin 4,

¥nlne of 1000, doeeeane il inslowd of 0 particuior
methal for the asaignment of seeondary structnee
fhere DRSIM w consemsus of various methods, as
recendly analysed by Colloeh of o, (1993}, 0 unel ¢
Can the residusl variation be regarded as & “non-
stationary' o “unifimn nome™ (Robeon, 1974
Foebaon & Pain, 18720.b.0]% Toes a meanurs exiak
that in betler in cnpluring the aspeets of 30 suruc.
ture eoutainel  in o one-dimensions]  wbeings o
seeandary structute thun the combination of per
residuc and sogment ncanores peapoeed Lere? Our
analysis shows that it s not straightforward tn
tlevelop such measures, and that some wimple
MeRATIPes {on ™ TG and anTerlr o, Appendix T
and 11) tend to overestimate the performaence of
prichivtion mwblel,

() The ullimate goud of pure serondavy

wlructire prodictinmss

Far more than two ieendos pesenrchers by
alttempted to reach secondary atructure prediction
of TR meceracy. Naw thul oo single eeaidoe
acenracy of §, =707 has heen oxevisled, the goal in
shifting. Reaclhing 100, in per-residue seore is not
o rensonable gont of seeondary strgetine. Tnatead,
we propose to redefine the poal in terms of g
segment wind 8 perrosidue seore. On the way to
tertiary sboactare prediction, s rensonable mext goal
of weeondary structure methods iz to reach three-
sfnbe [i(‘l"ﬂ‘ﬂi[]li(' aned AOEITIENE HUGrna eloker Lo Hll*!-"
(on o representative dala set of at least [0 anigque
predeing sl withe multiphe ernsr validation).

-
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ATEENIIX T

Definltion of Three Measures Based on Secondary Structure Segments

Here, wo define Hiree measires for U overlag of
segments Ihat wre easy to implement, First. 6 1onse
erilerion [y deseribing whal an expert upon
sight wonbl term as nhont ideniiend (e camprralde
mewsure wae propwiscd by others: Zhang of of, 1902;
Cerlofl of «of | Ik, Stulte of e, T3 Second, o
sirict vriterion (e for matehing segmente which
treats the sepiments as fixed ohjecls acoepting
mrrginal dhevintion al the edges {Fig. A{), nn oven
more stringent messore has been introduced for
helis/nemn helis predictione by Preanell of o (19027
Thirel ihe fractionel overlap (Sop), e, for a helieal
seginonl, this 4 the nomber of residues Tor which
here s a helis in both sivings <divided by (he
number ol renidues for which either of the twa
abeings D nc helis {Pige Alge)) Adididunally, a
mesnre inkroduced earlier in che terature (et
ix thewerilnd,

{u) Lwiwe eriterion for voerluyping segmenta oo

The locse eriterioa fur matching argmenls i the
tength weighted peroentage of all ronghly overlap.
Ping seginents:

el l Yot s M enls, ), (AL

wherr X ois the number of all residues of 1he prulein,
or the aligned feagtnent, len {s,) the length of
segmoent v for wequete 1. @9 5 sep funelion,
which for helix and alrand in given hy;

1. if segmicent o
—
i, il

and Mo loup repgions:

ulﬂﬁu ‘Hl. H‘I}= ‘
0, elae.

The clintinet jion botween elix wwd strnnd on 1he oo
hand and Inop oncihe rdher, stems from the evidence
that loup regirms are more variable inside one soue-
L 'rnl'nil}' Than Lwlicos el strande (Britielin &
Tooze, 1991: Tesk, 18910 A consequence of the
dotinition i that twe picees of halix sre not
regatderl an & consecntive segment even if the gap in
belwoen s small. For example. the example fur
prediction 3 a0 Figure Ak pieldp ot =00
because mome of the two helix segments overlap with
theee or more: rosidues of the observod holiz, The
other two predictions in Figure Al{a] result in
WY, curroct. helix segments.

[al
1.%3.5.7.9 e
whurrved .HHHHH . . .
prediction 1 . . . HHHHHH 100 IR
peodbctive ¥ .HHHH . . .. 100 IOR BOR
predicrion 3 HHH.HHK. .. "*% "™ 1N
[b)

- JJIHEUIH . . - HHHHE . .« RHNHH , .. HHO3kINL . . .HHHHH . . HHHELI.
-HHHHH. . . - .EHHEH . HHAHHA, o HHEHHE . .HHHAH. . . KRRAHK.
+a HHHHN. . . BH
. MEHHH ., , ANHH!

— -
o) — —
o - 03

Flgure Al, Three exampls far predictions, The Table
gives the segment moaaners a8 defiwd ooegon (A1) 00 (AT
for the heliers shown, (b Tloatration of atriet overlap
et S clifferent puies oF arings ave slhown, Bach of
these seores at THEY, for ™5 (o] Tlluntration nf fracrion
overlap Soe The fractionsl overlep of aevandary stegeture
segments iw e samooovsr A1l guotients bBetwoen the
numher of conzerutive teaidues fme which both steiogs
bivve, e g, nn ' 1wk the mome position aned (e numbrer of
residues for which vither of the @ strings hos. eg. 2o H.

strler

(b Strirt eriteriom for ovecfapping segmends ov

A far mare striet eriterion far cortectly matehing
seEMenty A

it _ _:: E gpLeial trig. mo M en (o). (A2)
i A

of sepuenes 2 overlops with
al least half of the segment 5 of sequence 1

1, if the loop s of seguenee 2 overlaps with at least
twao resinliges in Hhe leop region s of seyuene ]

wilth the step funetion heee chosen s

1 AE [fens, —tonin) < 8% qnd
[Pegein ) — beg{s e 547 andd
[ened (s, ) —encltng )] = deret

0, s,

ﬂslritl[ﬁl A H’I] —

whee bog {2y 1 marks the first resdduc of segment v in
sequence 1.end (s;) the last residue of this segment,
¥k Lhe aneeptod deviation. The whepe Funwlion
G"¥ uenrees that nnly segments with equivalent
length [+ &) and with exactly cgual placement
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E %) are counted. Wi sl §90 1

Tew(a,) II tals IH in ll'l||1 tas lﬁllﬁ 10 2(]' .

Aririct | ] r a2 I k- | L] | 3
The acesplunce of a deviation is justified by the
potential ambignity of wssigning the seoruulary

Where minoy deseriles the neminator of equadion
(Ad), ie. the region for whicl both strings have the
ratie Aymbal ey Hy, maxoy the desuninslor, 1e,
ihe region for which sither of the two have e.g. an
H. For the examples in Figure Aljn} Soe® yields 3y
Lo R

For the compacison of & predicted with the
abserved wecoiilary siruclure, twe versions are
merpingfal:

8o = Bor ns in cqn (A3). with sy heing the obseryod wegraenis,
Hoe™d = Bor aa in ogn (AR). with s, being the predicted segments.

strneture . e elgos of segments, Bxanpdes | g
3 in TFigure Al(a} yield == example 2
m,l-lri.-1= 1K) ?n

Both, the laose (o™ and the sieict ferenTleny
measure for matehing segments reguire arbitrary
choicon Tor froe parmneiprs (@' @nrlal - guriay
Furthermore, two predicted segmenis of, oz, helix
in one string with one loop residuy in betwern are
nok v aluated an one, Thuw, ome af the Lelicat FHCH
is effectively iznored by both measures,

{0} Fractional averlap of seguients Ry

A Tews arbitrary measnee g the fraction of the
mimber of residues that vveclap in Uhe twn seritents
anel b number of  residues wpanned by hoth
segrments (Fig Alle))y

|QFH'E =

¥ mi|1{r~nd[s,}; ending)} — max[hegin, ): bugfaghd + 148

The first deseriles the enrrectness in prrecdicting
the ohserved wepgments, the second the prabahility
thai a predietod el s eoapreed, {Rabseh &
Sander, 19335],

{d) Urerlnpping segients defined by Tagylor ox Toveer

Analparithm for s sleernal ive SERMENt accaracy
mensre his been develuged by Tuxher (18594 T his
procedure, the first step iz to exelude ton shor
2egmendn, e helioes dhorter thun five resictues weel
brands sharter than three residues. The seeond LIy
is the fullnwing conversion for the predicted strue-
ture CRAYRXX X XXX where ejther X =11
and ¥ =K, or X=E. and Y =H. The thirl wtep 5 |
eounl {starting  Trom the € teenings) identienl

—

B

where min e b} is the minimum of the twa inlegers
o and A, oand wmax o, B} the maximom, 3 is a
parameter for the accepted (maximall deviation
capturing  the observation  that  delnition  of
seenndnry stracture al the eodges of segiuenin might
oot sufficiently caplure the 3D reality (Tuvlor &
Orengs, 10800; Wilmot & Thormtan, 1900; Derezel of
el 1M2: Huichinson & Thornton, 3L 5 ia
eibher =0 [(8oe®, or it is pestricted by [Soe®0™);

dg min{[mﬂ;xnt[.-a1 Hgd—miney{ay 8% wminny (5, 45

-
> max{end{s, ); end{sg}] —min{begis, ) begts,Frt )

]

segmeldy of regular secondary structure (helix or
strand}in the Following way. Suppaming, segmont |
of sequence lisan X (=H, or E). Then. if B TPUE T
2 haw at wny ponition of Hat segment as well an X
the seyment s connted ae identiond and (he nlgr-
rithin  proceeds with the next segmonl -1 in
sequenee LW ahall refier Lo (hin e an orTorler

fen (5
5 {

APPEKINX 11

The Merlts and Fitfalls of the Four Measures

The meamires introdnesd in Appendix T interprel
soeondary slrocbun: segments aw flexible ubrjects
that are counted as jdentical wven if Wlightly
dizplaced, stretehed  or  compressed. Do these
twtwren show thal the diforence in sereoiclaey
straetare for 1 homaelogous proleins is cagpedl only
by the edges of sepgnoents?

The first. resmll i that for the PDB paies, onty
ot (eqn (AL)} and Sev™" teqn (A3)) reduse the
varigtion in the secondnry stroclan of 30D homolo-

gves, However, oven for the stricl meqnure oenie
tegn (A2)) 10%, of all protein pairs scare at 100 v
[duta nal whown!, wherens ne pair reaches 1 @y of
1009, (Fig. A2).

The seeomd resuld i Chat nome of the measures
renchen the ideal seore of 1007, tFili;. A2} Chowenl 10
thiy line eome the loose criterian, g =B Doy
this renn thiat Ldn meadare is Qe Best 1o reveal the
degree of correlation between similarity in 313 and
soetaulary wiructuro? Or are the #0%, values gcner-
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Figure A2, Per-nwirdue identity al sogment similarity
fur 'S paire. For all P paies the por rosidue 3-state
aecuracy iy comparsd to the 3 measires for matehing
pegments introduoed in Appedia 1. For the feactional
ovitlap 2 ddiferent choieen for the aeecplod deviation
{8, und Sor™"} are given, The measurs are given as
e mgem,

whetl by an artifuet resulting from unrealistive dis-
placements, or extensjons of the rogments? The goal
i thul the seeondary strueture strings of a prolein
pair are evaluated awn identieal if, and only i the
pair hag similar 31 structare.

Helives  anal wheels are evolutionsry  imore
eanserved than loop regions. Thiv eannot be made
wut on the level of the commenly used single-rexidue
gqualients, te kg regions yield o slightly higher
percentage of identical vesidues than the helices and
rlrdn (Fig. A2). The looae acgment  meamire
amplifies this eifect, To conteand, the striel eriterion
and the fractional overlap result in higher values for
helieon [Sur?™ a1 5 wnd for strands [(Soo™0" -
3251 than for loop regions, thus clearly showing the
higher degree of conporvadion ingide 8 wteneture
family fur helix and wirand. Thin result. suggesla
that both the Ivwe segment criterion and the Jrer-
residie identity fail Lo captume an inpurianl aspect
of 21 struetures,

The question arises whether Lhe defined moessures
are sharp enongh ta reverl cereniinl similaritios in
3D suructore on the Tevel of sseondary structure
adrings. Te i oul we Lake o preddiction mothel
(PHIY, Table 1) and & set of protein pairs with
pairwise dissimiter 31 structure gdublbed RAN,
Table 13, TF the segmont based measure does meed
fralures of the 31 strueture better than single
reridue buseel mataures, the guotionbs ‘segmontiper.
rosidue” measure whould be higher for 31 homo-
logous prirs (PDBSRY thin Tor 313 dissimilar ones
{RAN]. RBinee methods fur the precivtion af
gecundary slructure trom the sequence are otill less
uitaldie (i prodict essential Ratunm of 319 steuctione
than alignment procedures wsing the sequence simi-
larity with known 3D structures, the quoticnts
(megnenidper rogidne mewsnme) shonbd alse tend 1o
be: smaller for the prediction methods.

Tl ruoiients betwesn the scgment overlaps wml
per residue accuracy are Fghest for 313 hamalogous
IS paivs ondy for on™™ and Hor® For the loose

- 1 | | 1 L
E‘ . [- 03
i
i F
E EN ::41..1
JL R _E_- T 0.3
E 7] T T T T it
Metakure = EIIT L
will a= oW e gl g g pyfmer

p

Flgure A3 Katiu of sugment similarity and per residue
identity. Plotted am the quetienta: fsegment. [ BRI e
resitlue measure)- L Thuw positive values indicate that the
peRment meastine woate higher (han the singberesiue
guantity. The yuotients <re chosen o enable & U AT -
w0 betwost bsulte with diffenmat ahmoute values, o the
prediction method PHD reaches scores taveraged oyur the
datm wot by e Chan 1o prervestitape pobnts below the
valuea for FIBIS [abbrevistions ane s in Toble T To
foake the S messure comparalle, it abes ean be
evaluated on helives and stramls anlr, given e Ty,

criterion e™™ for o™ and for the relaxed froac-
tional nverlap, Foe*®™ the prediction method 1PH1»
and the 31 dissimilar Pairs RAXN score relatively
higher (Fig. A3} For oo™ thix mainly stoms from
the increase for loop regions that are covmied as
identical il only fwo residues overlap (Fig, A2y
Surprinibg in. that the accoptanoe of & devinlion in
Sor, slthough hest, reflecting the flexibility of the
segments, wema Lo rediee e strenpth of this
megsure inexlineting the informas lon about the 8D
relevant information contained in the secondary
sheucknre stringa. All three, the lows criteriop apleare,
o T and the lractional overlap Sov®?%, arom Lo
have a lendency Lo introduee arbifucis, However,
for Bee”® thin tendency is wtill very weak. This i
confirmed by the reaulis for helix and strand only
{Fig. A3}

The conclusion is that segment criteria do not
seare &l 1%, Tor similar 313 proteins, bul thes
caplure information ahout the correlation hetween
secomdary and J1F wiructure that cannot be identi-
il on the lovel of por residee comparisons, An
excetlent prediction of three-state seoondary struc-
bure weall yield aboul the fullowing acares: G,
85%.: Infn > 05 {see captionm of Tnhle 1 T,
0%, B 28500 Su™ offers & reasonubic
trade-off between the goal 1o mduce the varialion in
gecondary structure inside a stracture family and
the atlempl Lo aveid not sufficienily diseriminatory
measiires stemming Mrom too relasod constrainds,

The analysis dearly shows thar the relaxed
madatibes (o e S gl e overstimate U
identity of segments of two secondary structurs
steings. Howawver, it is not clear cot, whether or not
the striet mverlap, @™ ix more sensilive o falee
predictions than the wegment overlap, Son. The
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chuive of the weyment overlap mcasure (nbrvr) was
miadnly mulivaied by the desire 15 reduce the varis.
lirn in the wevcondary alenctune of protein v Froam
the wame 3D family (Figs 1 and ).

We thunk three colleagues at EXBL: Goerrit Yrend wnd
Ulrike Giibel dor wlptul dinewssions, oml Michsel Sebarl
fir contributing software tools. We alio thank 1 he referees
Ferr Flisie vonued ran i e vriLiviegy Lanl, 1. Il woe windi 1
exprers aur gratibinde to all thore who makes oo nrdinates
ot oxperinentalty s deteriined proteine 3 steuelures
availahle,
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