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Abstract

We propose o novel deseviption scheme of protein
buckbone conformation that can model Hhe impor
teret factors of protes siructure formation. suck as
glebal tntcraetion and geometrie constraints, Thes
r’-"r'.':'frn'ph:mr sefeenir repgreserts w pratein conforing-
tion with sevevul sypnbolic sequences of maltiple lew.
ris of abstruction. Each symbol in the sequener di-
nates the oluss of whstrarted tepatoy af swbeor for-
veatiom wiil fhe size specific to the lewel Low fepel
sequeteeces af Mis deseription veprnsend fiee etrug-
tures of high resolution. ol lagle level sequencos
tepresend the abstracted topoloyics of lurge seale.
The clussification of protvin backbone subconforma-
fromy of warious sizes 5 the most wnportant buse
Jor thas descrepiion scheme,  This has newr been
tried so far due te the complecity in dealing wnih
the nurriher of degrees of freedurm in suheos forrmn-
tions, However, the proposed terliitee solved this
profles by abstracting the topology of mddle and
farye scale subconformations. This buear ezpan-
stome beehintgie ertracts o fiored number of paran-
elers as the expansion coefficionts from the eo-
ardinate represendation of subconformations.  Tn
this case, the simple veverse-transformation Sfram
fhe expansion coefficients reconstructs the three.
rimensional topoloyy of u subconfornution.

The nuelysts af the relation betiveen TRIRETY $irud-

ture af w vegion and the seheonfomation af that re-
aruse ol eweky fevel i this description hedps fo moide!
frntle Jaeal qomedd glodud intevnetions of pratein slre-
fure forsiation,  Ferther, the stafistee anolysic of
muerlapping patterns of hwo suliconformalions mod-
els the geometsie constvamts inporient fm- a struc

fure prodiction system in generabing o conforma-
fion whieh 15 geometveally sound,
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Introduction

One of the wost significant aspects of protein strieture
prediction is the deseription schenwe of protein confor-
widion. The conveutional prediction methods nsually
wilopt the sequence of secondary strnetures as the de-
seription of protein conformstion {Chon and Fasman
T4k Despite its popularity, such a description suffors
two inajor problems.

L. Sinee the description is only concerned with the lo-

ral comfurmalion. it is impessible for the prediction
methods Lo inehude the global interaction hetween



distant sites in the primacy structuee (Branden and
Toowe 91 Asai ol al 03 Metfessel and Sanengper
HEAR

2 The deseviption does not have the sufficient infor-
mation for recoustrneiing the three-dingensional con-
formation.  This weaus that the description does
not Lave complete information of three-dinensional
confornation. It s ppiessible to poddel  three-
dimensional gosetoie constraints.

Thus, 1t d& diffenlt Tor e .-\'r"r'u|||_l.'-|_|'_-'.: strueture pre-
diction schemes 1o duchude the boportant factors aml
eoustraiuls of protein struetuee formation, The aeci-
racy of Lhe secondlary structnre prediction is. therelore,
toer proor tooweet the practical demands o spite of all
te improveinents propuosed so far {Garnier et al 78
King and Sternberg 00 Odan and Senowski 88: Lim
T4 Dol et al 88 Colen of al 261, Also. o metlod bo
pack the sequence of secoudary structures into tertiary
aties 15 necessary b predict the thee-dinensional confor-
nuation besides the secondary stencture prediction, Tl
h‘:]'ﬂii.'l'}' sbrietnre |)!1"l:|.;H'T.j{!|;|'|_ frour thee SO [ 50
onclary strietures i3 vet anotler o feult problem (Co-
len of ol 820 Fasman 89).

We propose a novel description sehome for profein
Bl bone vonlormation that can woddel the aforemen-
tioned siguilicant factors e consteaints. T this scheie,
a pratein conforniation s deseriled big weealtaple leaels of
abstrmction. At cacl level. A symbolic seqience 1ep
resents the protein conformation. where eaeh syiibol
denotes the class of subconformation of that level sie.
A low level sivuenee represents the fine conformational
structures, suclas secomdary striuctnres with faicly Ligh
vesolntion, and a high level sequence represeuts the ab-
stracled Targe-seale or global topologios with low peso-
Lt

Ther et iiuportant base of our schewe is the clssi-
fication of subconformations of varions sizes, Dhessprite
a lob of classifications proposed so far. they ave, in
general. concorned with sl sobeonformations of a
fixed size, snch as those of bwo or theee vesidues (Miller
et al 931 Siwce the nnmber of deprees of frecdom i
the topolopy is almost proportional 1o the namdeer of
regicnes i a snbeonformmation. i is hard to formalice
a uniforin wethod to classily the subeonformations of
dillerent sizes.

A large-seale subeonformation is comples becanse of
thier Targer wumiber of degrees of frecdmn. Some abstrac-
tion ou the subconformation’s topology is needed to
reduce this cowplexity, (i Lechiniegue does this by lin-
carly expanding the coocdinate representation of sul-
confonmations. A fixed series of cxpansion coefficients
1= obtaiued as the cesull of the expansion. With slizht
modification. these coeflicients would become nnmer
cal parameters that represent the topology of the sub
conformation. Further. we cau control the number of
parauelers by eutting the expansion at an appropriate
onder. Henee, the whole conformalion of a prrotein is

[ =

deseribed with a set of syubolic sequences where each
syvinba] denotes the class of a subeonforation and the
ilifferent scquonee vopresents the topoloey at e differ-
ent level of abstraction. There are three advantages i
sueh o wedti-level description

1. The analysis of the relation between the topology of
a subcontormation and the priwary stmeture of that
vepbon at cach deseription level models both the lo-
eal. dntermediate. and global interactions of protein
structure formation.

20 The statistie analysis of the overlapping patierns
of nelghbwring sitheonformations wocels ihe tleeee-
dlimensional gt ric constramts that leads tle [eris-
diction wethod to zenerate a protein conformation
which s geometvically sonpd,

3 The reconstroction from the wonlti-level description
titir the original theee-dimenstonal coordinate vepre
senbation i= mathematically possible with an tolera-
ble ervor. This means that the multi-level deseription
can approximate Lie whole information of the three-
chimuensiona) vonformation,

Thuws. hased on this description scheme. we can inclnede
st fuctors of protein serneture formation in the o
eliction.

The organization of this paper is ns follows,  Fiest,
a munetical vwepresentation of subconformations is cde-
seribved i detail. Second, a elustering technique for the
classification of snlwonformmtions is brielly mentioned.
Thirvd. & modeling techuigue of geometric constraints
of subeonformations s illnstrated. Foweth, we show the
examples of protein conformation deseribed. Tifth, we
show the exanples of the statistically modeled geonet-
e ronsteamts. Finally, we conclnde with aur vision of
protein lertiary stracture prediction using this deserip-
tion schewe,

MNumerical Representation of
Subconformation

This section descrilas how to extract a fxed number
of numencal parameters representing the topology of
a backbone subeonformation of any size. Let us cou-
sider the position of the & atom of eacl vesidie as
the representative position of the residue in a protein
conformation. Let N be the munber of residucs in a
subconformation. It requives 3N parameters (X, Y.7 eo-
ordlinates for N C™ atoms) for the complete representa-
tion of the subconformation’s position. oricntation aed
topology i the three dimensional space, The number
af pavemeters 18 equal to the member of degrees of free-
dom. regardless of the phiysical or clhemisal consteaints.
The three degrees of freedom for the subeonformation’s
pogition and the other three for its orentation wust be
subtracted from the total munber of degrees of freedom.
Thns, 3N — G 4 the number of parameters for the com-
plete vepresentalion of the subconformation’s topolagy.



Tlis is. obwionsly. almost proportionsl to tle nnuler
of vesidues w the subeonforination,

Wi howoever, enn admedt the abstruction af TERrEsen-
tation of the topoelagy to be changed wccovding to the
sizeaf the subconformation, This 15 becanse low lovel
sepuenees represent fue colononational struetwres al
wost without abstraction. and, thus, high lovel se-
snenees only have to represent abstracted Lopologies
of Lurgee seale conlormations. The woodur of TR
ters iy be so fixed that it is sfficient for the complote
reepivsenld aton of the =mallest subwonformations ab the
lowest Jevel, Thus when the nninber of vesidues i
subeonformation of the lowest Jovel deseription is e,
3 x5 — 6 =10 s the muuber of paruneters,

Tor odstain the fixed wumbwer of patanwters from gl
topolopy of subeonformations of any st certain Enear
g s G applied to the conrdinete vepresontation af
o suhearformation. The set of the oxpansion cocfficients
obitained becones, with =lpht modification, the st of
parneters reprezenting e subeunformation’s topol-
ogy- The nugber of parancters may be controlled Y
eitting the expansion al an appropriate order heciose
He segmifiennt coefficients watieelly eppenr wf W Loswe
avders i the linear crponsion. The simple reverses
trausformation from these parumeters peesust fiets e
three-dinensional tapadogy of tle silwonfrmation,

Suiho ovfrarmmation wink 5= i Waighivs

/ riin -
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Figure 1. Alsteaction of Subeonformation s Topology

The procedure of exiracting the target parmneters js
s follows, First. aoset of arthonornal bases for linear
expansion is provided, Second. the set of topologieal
veetors 1s introdueced s the ahstracted forue of the sole
conformation’s topology by expanding the comdinate
representation of a snheonformation. To pormalize the
orientation of the subconformation. a sel of wnit vectors

gpecific to the subconformation is determined by Lwa af
topalogical vectors. Finally, the set of targel paraie-
ters X Vi Zy i ealeulated as the sealar products of
it vectors and topological veetors.

Iu the following subsections. we shall mention the
procedure of extracting the parametors i detall Fipsi,
we dliscnss the conditious for the orthonormal bases for
linear expansion. Secondly, we llstrate abstractod fea-
tures of a subeonformation’s topology, Thirdly. we dis-
cuss how b nomoalize the orientation of & subeopfoo-
nadion and bow to obtain a fixed number of tareet P
raneters froan that suleonformation. Iy the snlaser Lingg.
we farther prove that the total number of non-trivial
paraeter representing the topology of a subeonfor-
mativn witle N eesidoies is at guost 3V — G, Fiually. wie
briefly deseribie how to reconstinet the subeonformation
even there 35 an msathicient momber of subeonforination
pHarE s,

Orthonormal Bases

Thee set of bases for the linear expansion in this study
mst b arthonormal o e diserete syster. A spe
cinl set is thos vequired. One of the simplest sel of
bases s defined by polynomials. Let N be the num-
ber of components of the base, Let @y, denote the
ithe component of the base of bth ovder. This 15 sim-
ply defined by a kth order palvosmial of o Epalr ) =
€ F e, eart | el + s epr®. The orthonormal
comdition for this set s,

A1
0= z PN Nk )RR
v (1)

N
1= 3 foma)’
=

DPlease nobe w43 = 7, is not necessarily comstant. Sipes
the maxinuun number of bases is equal to the number
of coponents of the bases. we can define a set of N
bases with NV components from Oth to (N — 1)th order.

Lhe sumnation of afl components of each buse. o
cept that of Oth erder, must be equal to zero so that
the fopoloqpieal vectors generated by these bases should
e independent of the subconformation's position. This
condition is antowatically satislied becanse of the o
thogonal condition with the base of (th order. wihose
components have the constaut valne as is defined Ly
the 0th arder polyuonnal.

N-1 N-1
1
0= Z EN DIV N = == Wy b
=ik VT g
N
therelore, (b= Z N L k£
=l
2]

Topological Vectors
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Figure 20 A Subeonformation and Tts Major Topologi-
vl Vietors

Let 5, be the positional veetor representing tle position
of ith residue i a subconformation. The operation of
the urthounrnal base 2, to the seres of the posic
tioneal vector 8, generates the topological vesetor Ty as
Hlie espansion cocticients of the Boear oxgausion

M1

Ty = Z en S, (3

=g
The wegleot of Ty is just the subtraction of the deprees
of frecdonn for translational Lransforation, hecanse the
posilion of the sobeonformation or the translational
teansformation does not mflwence the other Trapundinzi
cal veetors ax bejow, For b # 1.

Nl N—1 N =1
Ty = Z EnadS + 1) L WS, 1t E YAk
s=il . w=0l =l
- l WS
=0
(4}

where € 05 an arbitrary vector represendmg a transla-
tiomal transforgation.

Figure 30 The Four Bases and The Corresponading
Topological Yectors

It i< hportant to know what these topoelogical vee-
tors represent. Considering the propertics of the lases
nsed to generate these vectors.

1Ty vepreseuls approxumately the diference between
Hie pien positions of those residues near the first
vesidue and those near the last one in o sobwanfor-
npationn, The length of this vector may be, therefore,
considered as the alstracted length of the subeonfor-
matiomn,

20Ty represents approximately the difference betweon
the: mean position of those esidnes at the mwicddle aned
the wean position ol those tear the Hest and Jast ones
i s snbesnformion, Thus, the the length of this
vertol mepresents how the subeonformation enrves,

3 Ty olwionesly reprosents the twist,
4o Ty vepresents the peeander.

Howee. this set of topalogical vectoes are the abstracted
formn ol the topology of a snbeonforeation.

Target Parameters

The divection of the topological vectors depends on the
orientation of the subeonformation.  To obtain o set
of paraanelers vanaant of votational tvaosformalion,
thee orientation of the snbeonformation must e normal-
vl Letons introddnee aoset of anit conrdite voeetors,
e, ey e, for the suleonflonation to e representesd,
Thir comditions for those nnil veetors are 5o detornginmd
that Wi dlivection of T b= always the smne as that of
ecawd Tyois in the plane delined by e, and a.. as
Lnarfowwe,

Tyow.>0 Tye.=0. Ty-e, =10

.
Tyoe. >0, Ti-e, =0, Ty e, =1 r'".']

Tlhese unit coordinate vectons st sacisty the condi-

Fignre 4: The Unit Coovdinate Vectors and Topological
Victors

tions thaut 1) their length is cqual to one. 2} they are
witially ortbogonal, and 3) the vector produet of o,
and ey b5 e as always,

The target parameters Xp, Vo, 2y representing the
abstracted topology of subconformation are calenlated
as helow,

XL' =T -e,. Fi.' = rri"ey- zi. -T'. L P :’ﬁ}

obvionsly, Xp. ¥, and ¥z are always equal to gero. They
shall be peglected,



The subeonformation ran be represented by 33 — 3
paranieters using A tnpulr:glrul vieetors,  Sipee the
umnber of possiblie bases are at wost equal to the nu-
b of vesidues & e a subeonforuation, at nost N — 1
topologicel vectors excluding Ty for the sabeonform-
Lien may be generated. The total nwmber of possible
paraaneters is, therefore, 34 -3 = J(N—11—13 = 3V 6.
Thiis s eomal to the nuber of dearees of feecdo in the
topolopgy of snbeonformations with & residoes as men-
tisanedd Brfore,

A fixend womber of Lopet pacincters 15 obtaiped
by cubting the lnear expansion at the appropriate
fixed order for the subeonforinations of any size. 1o
sur ease e paraseters . XNoo A Xy Vil 2.
Xy Yoo 2y representing the topaology of o snbeon-
[brmation are obtained fromn fo topologieal veetors.
T Ty Ty and Ty which are in burn generatod by fony
bases @ i 0N 2 PN - P e

Reconstruction of Subconformation

The reverse-transformation from this wonerieal repre-
senbation of a subcouformation inte its coordinate I
rescntation js:

W
8 = Z W T {7}

=1

whore S, pepresents the veetor Trom the 1genn presiLionn
ol Ll restdnes to the position of it vesidue in the sol-
voltformation since the pesition of this subconformation
bias adveady been nornialized to the wean position of the
vesiclies in this subeonforoation by woglecting T,

The topology of & subconfornstion with wore than
five vesiclues 15 abstracted by e insnfficient e e
(< 3N =6} of paramicters. Tlus, it eannot be Toverss
tranaferied {‘Xn{'tl}' fromn ils owl insuficient JRATAIN -
Les. The reconstriction of Lhose ];u'gr- siheouforina-
tions 18, howeser, possible provided that its component
sibeonforinations ane knoww, Tt s becanse the rela
tive position and orculation of the component subeon-
Eortations agsinsl tle parent subeonformation can be
calenlated as the Lhree topological vectors of the com-
ponent snbeonformations from Otl te Zud,

Let A be a subeonformation with N residues. Tet B
bis the snbeonformation with L{< N ) residucs. Supprase
Aeomprises B at thie offset {{< ¥~ L) s topulogica)
veetor Ty o is calenlated by,

(B |

TF.J= Z ‘i’i._‘flr-“sl- [S:'
=i

Since the exact S, caunot be calenlated from the
iusuficient winber (< N 1) of A's topological vee
bors Ty the approximated positional vector 5 ali-
vectly reverse-transformed from the insnfficient mmber
ol topological veetors is. fnstead. nsed. Tls, approxi-

Subconferramaiion A

Appreviniated Topolugy ef 4

Figuee 3 Toapolosical Vevtors of The Component Sl
i I i
conforimation

usateel T g A= Ta ) s calealated as below,

t+ =1
) I
T'o5— 3 wrji-nS,
MM ()
whene 8 Z I}“'N.’-‘IT-;."
L]

The low order T ;i the good approximation of co-
vesponding Ty oas loug as M is wot =0 moeh sioaller
”.I.H.I:I |"'IF-. ]“"I'q'i.llh'l' t.lu' ‘;II-'-.I'{‘ I n[ ]n'w {:1'|_|+I-| iy ]_11_- I.\.'Ql-l]
apprimated by tle superposition of g e, Thus, the
velative position of ff agicnst A = calealated s T gy
the relative arentation is calenlated as Ty | al T'rg.
The exnet Uy, iy be calenlated by ilerative approx-
imation. Henee, the topalogy of Ligh level subeoufon-
tation way be reconstoueted by the inforwation low
it i bt e of its Low leve] subeonformations,

Classification of Subconformation

The subconformation represented by the aforenen-
tioned numencal parameters shall he classified by the
statistic clusteving. The purpose of the classification is
net for the cheincal or biophysical analysis of subeon-
formations but for the classification of their topalogy.
Any clustering techuigque is applicable as long as the -
sultant classification satisfics the condition that tle well
populated region in the parameter space should not be
divielesl.

We provide an original method which involves s hy-
pevcubie histogram so as to detect the well populated
regiogs i the parameter space. In this method. the
population of the data is counted in cach hyper lat-
bice enbe in e dimensional puruneter space where 1 is
e wnber of data components. After this process,
the well populated and pooly populated regious shall
be detected Dy the population in eacl cube just like a,
histogram. The elusters are formed by merging the ly-
perenbes acconling to the population in the cnhes



the Focliden distance botween the cubes, The Jrosibion
of sach cluster's center determined as the nean st icn

of the data v each cluster i inflnenecd by thue size of

hyper enbes and the eondition under which the ¢his
ters ave forined sueh s the thresholds in merging. It
shonld b therefore. refined by iterative TPVt
s followes,

L. The center of each eluster is ealenlated as the mean
Pesition of its initinl members.,

2. The whole data ave diseriminated it the elnstors Ly
their Enclidian distance from the clisters center i
thie sense that the data shonld Buclong to the chster
whose cvneer i3 tlie nearest of all e ot e

3. The center of clusters is again calendated feom its new
e bers,

Lhis procedure is dterated until the position of cach
cluster conter converges, The poorly popmlated ols-
ters is disearded during the iteration.  the dhiseardod
ddata shall be diseriminatod into the newrest active ¢lys-
bor ol Ll mexf iteration. The wnagher of clissters eage
e controlled by wonitoring this nuniber diring the it
vration. We adopted sixteen as the mumiber of clusters
for vacll subeonformeation siee,

Modeling Geometric Constraints

Tl gevmetric constraints shall Te edlelerl by apalys
g all possible overlapping patteris of two olasses of
sttheonformations. 11 two subeonformations can e
tmetrically share soversl rosidmes o) overlaps. =uel an
averlapping pattern shonld appear frequently in the real
protein conformation. Thus. e frequency of each over-
lapping, paltern in the real protein conformation miay b
cotisidere] as & stochastic constraint of protein confor-
LYENHTHTR

Aﬂ‘!'.—uu-r.--,; srabn A AF Proeating EEL St T L ETTTY

FiA 5
Fuoltwwing niobcayisesgiinn Fodkanteg inhooformeion.

H5 overlaps AP at offsel 2 B3 overlaps A5 nt offset 2
Figuye 6 Orverlapping Patterns

We ilefine earl overlapping pattern by 1) the cluss
of preceding subeonformation. 2) the class of tollowing
sitheonformation amnd 3} the offset in e overfapping.
The offset of 3} denotes the relative position of the ini-
tial residuc of the following subconformation Against
the position of the initial residue of the prececing sub-
confornation in the primary structure, For instance,
the o S-residue subronformmtion of class B overlaps a
D-resichne subconformation of A and the initial resicue
of B is the second resitlue of A can be descrilid as "B

overlaps A9 at offset 2. We define witial residie of a
sibeomfornation as “th vesidue” not “fist residue”
Mot that the offset in the pattery of smwall subeon.
formations is stengly constrained by the two classes
of snbeonformations invalved in the paatlern sinee the
stall subconfurmations are elassified with high resalu
tiom e tleis distribntion of the offsct is peaky, O the
contrary. the offset of the pattern of lage subeonfor-
makioms i ot s mel consteained as that of snal ler
s sinee the clssificetion of large: subeondformation is
ronegh aned the disirilmtion of the offsel is fuszy.

The complete representation of the ove tlapping par-
ternus of barge subeonformations regnives Large toatdwer
of pavameters bevatse the nnwber of prossible oflset js
almest proportional o e size of the sitheon formations,
The bt of pariiaelers, however, can L reclnece] po-
mirkably like the afiveinentioned absteaction Feelindeg e
applied oo the alit metod topadosy of large subeonfor-
mation. The linear cxpansion absiracts the distrilmition
of the frequency with respeet. Lo the offset. Thas. ouly
five cocdlicionts or parameters gl < | < 4) reparesen t
Eloe dlistbmtion even when the pamber of prossililee off-
sebois Leeges Let Lobe the ammber of Prossibile offact.
Lot £ T the froqueney of overlappiig prttern with pe-
speet to the offset & The same orthonormal set T
a W clefined iu snbseetion 2,1 may e applied for this
CXpabision as helow,

Lol
= ertifi (10]
az Tl
Let % be the wunher of vesieaes (U procedimg sub-
comdorination, and 3 b that of the [ollowing one, Lot
ns tnrther ddenoie 5 as the elass of Hue preceeding sulwon-
formiation and B e ol tlue following oue. Let {0 < { =1}
denotes thee weder of the coefficiont of thse representing
thie abstracied distributiog of fregmency. The stochasii
cally mendeled geonetric constraints of overlapping pat-
tern shadl be deseribed by the table of probability coel-
ficients ":"N.'-a‘..ll'.!-

For those overlapping patterns whose two nkially
overlapping subconformations have the same nuher
ul residues N the possible offset § is resteeted to those
sitiafy the condition 0 < 4 = (N =10 hn the other
hand, whew N is sreater than M. the prossible offset
is restricted to satisfy the condition 0 <o (N = M),
sinee we restrict the pattern to be those whose larger
subconformation comnpletely comprise the smaller one.

It = Gmportant to note that a very frequent class
of subconformations has many chages to overlap any
class thongh a pare cliass has fow chance, Thus. the
frequency of overlapping prabtern shondd be normadised
by the frequency of the class of the subeonfornations
in the patterns. When the probability of the ollowing
subconforination in a pattern is requested. the patklern’s
frequency must he divided by the fregquency of the class
of preceding sulonfirmation, When e probability of
the preceding one s reguested. the Patlern’s frequency



st he ddivided by the that of the following one. T7
Ehper veapesbod probability 15 concerned with the pattern
iselll the frequency of the patters should be divided
by both freguency of preceding and following snes and
then, the freguency of the pattern should b teneltipslied
b thiae bokal nnmber of subconformations invelved in the
analyss. This normeadveed feequency divided by Tatl,
frewpueney of classes and nmltiplied by the total meaber
af subeouformations evalnates how frequently it orenes
regavdivss of the frequency of the classes.

Description Examples

Tl elaban et vsed 1o this stndy was obtained from PDR
i Taby 19920 The total woaber of ontries is 1237 ol
the total nmmber of protein cliains is 1836 We sclected
466 backbone chaivns whose wotuad homology of tleir
aning acil sequence is less o 80% after the paivwise
aligmpent.

The data set of NV-pesidue level is olstaimeld Iow wal-
culating the pine paraneters of all the possible sieb-
comformtions with N vesicues inoall tlie 2eleetxd prn-
tein chains, We elassified the snbeomformations of
SALTRRGD and 120 (N — 2% 4+ 1) vesichees auel ol
todmeal thee siscteonw elasses for cacl size of subwnnforma-
tiom By the aforementioned clustering tochnigue. The
-“JT:'JHHI}'"“‘ fl-'{-'l-il]. A ko P oadeaote the olasses of sitheonfor-
mabions. The population of cach elass s shown in this
tihle below:

[ T Hiwe af Subeanlarmation
il n 17 x| [ 120
Fil FETEP S D1 N L AGAT KELT] FONG
| J&01 L] RN L 102 IGIR 156
L finiss 3387 1181 A60E JG8 LEATH
I¥ A0 iR 4100 403 3142 40
E RN 3318 HIFIN 4474 3170 1445
F LA 3447 3250 420 3ETH 2343
G 4227 327 4881 HEE 3772 1473
H 32A0 502 AT ann bt 1 1745
[ sl EELrh 3965 2015 aLva 1970
1 M2 3578 3506 AREN 2925 LG
K 2630 £386 04 3T Ja41 1000
L I21n 4179 I8 140 anTh 32TH 1434
M 2572 2715 4223 14T 0G3 2345
k1 Fr 10 4328 88 Ja5T 11 1750
] ITEI 4730 5702 £305 byt 21460
T 00 449z G124 dddd J2i0 2062
Teeal | S1VIZ TO3I — TITE4 oGO0 52043 S30GD

The conformation of a Mrotein GTIM-B (B cliain of
TRIOSEFHOSPHATE TSOMERASE) is deseribed in
this seheme as below, where 8. 5. means secoidary
slrweture. We ean gee that at the Soresidue level, the
position of symbol A wsually corresponds to that of
helix denoted by h. and those of P.F and C nsually
corresponds to that of sheet denoted by 5. This means
that the sequence of five-vesidne level well corresponds
to that of sceondary stroctures.  Likewise, we way as-
subie that the sequence of 17- or 3-resicdue level wonld
carespond Lo the sequence of super secondiry strue-
tures. Also. the sequence of 65- or 129-residue lovel
would corvespoud to the sequence of demam or glabul
strueture,

Lowel | o i 2 E]
TT1In

(1] EEEEEJ]

a3 FFFOOBNNDDDDDFFFOONNNNY

17 FEGGHMMMOODDOAAAAAADERPPPLEDDHT

] DODDDCIPPTREEREAALALRARFEFLPPNNLADD

) HLEPLPPPPMCCCHEBAAARAAALLAAGIFPDIECTRP

55 55555 hhhhhhhhihhhh g8
& ] B T

124 PPIARARRAARAREY

G5 | JIIIILLIHEEFEFFFFFFFFFFFFFFIJJLLLLLLLLAA
3% | DDDDHHEHHEKKERLLLLLLERREDODT T T IHHINNLLY
17 | T1GGIMNNCOOOBEEFPLLEFFHHIRKGGE])IPPLLEAGA
0 [ DULKEHRAAAAAFFLNEMGLHDDDOPEFENNNNMMELLEE
i | PFCHBAGMAAALAGKFIBG.]OFPUDHOHDIETGIDGILOR
5. 8. | sss hhhhhhh 55555
] ] N 11
© 120 | AMAAEEFTEREEPPPFFCEPTARARRARIJJJJFFFFFFE
G5 | ARFFFFFFFJJJGGGLLLIIIIIIIILLLANEFEEEEEEE
33 | MGOGONOONNNNDODDCHHEHF FOOBE BRDDDDMMMODLL
17T | ABOPPLEFFDHIIGGGERFPPOOCCOCEARARARRERPLE
| BBACCIGLPHOOIIEERBAC IGGBKEREAAARARAACTIG
5| AAAAANEPMECIDECBARRAANEPCEAAALAAALAARANE
S. % | hhhhhh ssss  hhhhhh hhhhhhhhhEhhh
T1z 13 12 & -
P FIARRARAARAALLLLFFFPFFFPPFFFFFFFFFARAALA
GO | JGBGGUGGEKKREERLLLLLLLLLER KK EEEOO0KKDDDD
43 | LLBJIIPPPITIIIHFFOOEEEIIIPFROCCCHEFOOLLL
T | EFFHHEEKGGCIMNNLOCODAAAAAAARAABBRCCERLDD
9 | LPHODDDDIKEBBCCIGEEFAARALA L ALACEENEREAF
G | CLPLPFFCHOBAAAANEMMAAAAAAKAAAAAAGIOBAARA
£ 5. ssssss  hhhhh  Bhhhkhhhhhhhh hhkh

16 17 18 19
12| AARAAAATFFFEFEEEFFFFFFEAMR

G0 | DDDEKEENEEEEEENNNODDLLLLEEERR KRR KKK NNE
33 | BJ1JIPPPFIIIHNFFODRRRRETIIEPPPPCCCCHFFOOL
17 | DHHHEKGGGGMNLLLODODMMAARAALALAABEBEPPRCE

% | FHHDDDIEEBBCCJGLHIKERRAARAAARAAAAAACIGEE

T | GIOPPFCOBAGMGIEJCLHBAAAAAAAAAARARARRANHE

5. 5 | hhsssss hhkhhkkhhhhhhhhhhh

20 T FF] 23

20

iy | EEEEAAAIIIIITIIAFF

33 | LLBBJIJDPPIIITIIHHKKKKELLLLENNKDDD

17 | CODDHHHHIIGGMMNNCCOOOBPPRLEEDFDIGGMERNPS
4 | BEAFFLHDDIIFPNEEBBAAAFACCJCLHOCT IEARCCER
G | ARRAGTFPPFFIEPCOAGAAAAAGIEGIOIPLPDAAAGYE

5. 5. | hhhhhh =as hhhhhh s58s hhhh
24 )
125
i}
33
17 [a[u]
9 | BAALAA

Gl AAAKARAC
5 5. |  hhhbhh

The wext partial descriptions of three protein confop-
mations show that 129-residue level of the conforna-
tiom of SMBA (MYOGLOBINY i very close to those



of 411E (ITUMAN HEMOGLOBIN ). We ecan assutne
frone these description that the [29-residne level de-
seviption “DDDD,."  shoald be a feature of Globin
Fauuly.

Hevwever. e T20-vezidue evel description of 4FXN
(FLAVODOXING. which does not beleng to Globin
Family. s also “DDDDDDDDDDY. Iu this case, the
topology is very different al the 33-residue Tevel de-
seription.  This mesuns that. the abstracted lopalogy
af JFXN's global canformation s close ta JHAR-C o
SHHR-N. bt the glebal fopology o et wp of the dif
Fovent comgpeiretad sebeenfortaedians or super secorndoryg
sfvabeeries,

[ISTE T 120 Koadar lovel
VA OOOODDODOOHIND DOD0D
4HHE-C | pbDODDDODDODDD
IHE[3.[} | DDDDDDDDDODDDDDDDD
4FXN DOODDDDDDD
ot of 33 Tlesilne Lowvel
LT EEEEEEEEEEEEEDCCCCOCCREREMMOGGGGEEGE
{HHR-C | EREEEEEEEEPFPPCCCUCHAFFFOGGOGGEGGEGE
4HHIEN-LY | EEEEEEEEEPPPPCCCCCEEKEEXMMOOGGGCLGAG
JE¥N DRDDHFFFOO0GGGGGCCCHHHEKKEELLLEBEEDD
Part of & Hesilue Lowel
oMIEA HHEAAAAARAAAGARAAAKDAARAAAMAAARRNAR
JHHE-C | OBAAAKAARAAARAKMAGHARAARAAAAARAAMKD
JHHTETY | COBAAAEARAARARAAGIPDARAARAARRAAARREDA
JFX M PFCEPDHEMAARARAAARARARANEIFIMOFCHEBAG

[ this way,

il 'F]Tﬂl.l!ill ['(Pllfll]':llilll(]rl {ll'El'l’iIHH] IIJ.l ‘Llljh

nenlts Jevel deseription schome shows how the eonfor-
rot o 3= bt wp of the component =abeouformations,

Examples of Geometric Constraints

e

- e, Y " N T...\'.
AS-AS "‘i N ps-ps
' '\
E L

———

K5-M5 A3=I%

Fignre 70 Geousetrie Coustraints of S-residue Subeon-
formations

T alada set for anadyzing the geometric constraings is
o same s that of the previons section. We analyzod
all overlapping patterss with homogenemis gemuetric
constraints, that is. constrmints which lave U suoe
subeonformation levels. On the other hand. we ouly
analyeed overlappiug patterns of adjacent levels whicl,
bave beterogeneons geometric constraints, that is. con-
strainds [or diffevent subeonformation levels.

Tleese figires show Low frequently the subeouforma-
tions overlip. The hovizontal axiz indicates the offset
Al L wertieal aods indicates the T]l\ll:;-‘u.h:-ll.it_'!.'. that 1s.
thee norngadieed Trequeney of the pattern, o this case,
the frequency of the paltern s divided by the fregquency
of preceding subeouformation s class.  The doresidue
subwonfornmation A5 which corresponds to helix is a
continaons =ubeonformation. Thus, the frequency dis-
tritmrtion of AL amd A5 with vespect to the offset is
flat,  The fregueney distiibmtion of PS5 s wot so
Hat s that of AS=-AG thongh PS5 which corresponds
to g kimd ol stesowd s oadso a0 contineens subeouforma-
tiot. This naesns that AS s more continuous than P
Tl fregpuoney distribution of K5-M5 suggests that KO
nsually overlaps M3 at offset 1oand i vavely overlage
ab tle other offset. P amd A5 havdly overlap as shown
in Fignre 7. osinee helis is geompetrically very different
:r]'lllll E-C'I'il.lll.t.

] |
A9-AS 1 DY-#5
- | T e =
E9-A5 T -I R9-RS ]
- :
e N -

Fignie 8 Geometrie Coustraints of 9-residoce and 5-
vesidue Snbeonfornations

Sinee the S-residue subeonformatinn AD corresponds
to helix. the cowpoucnl sabeonferiation here shonld
belong to A5 The ligure shows that the frequency dis-
tribmtion is Hal apd Lhe nemoalims] freguency at o any
offset is almost 1. This weans, when b class of sul-
conformation at f-residue level is A% oo olher class
of subconformation at S-resdne level than AS can o
enr at that region. Likewise, DY which corresponds to
strand shonld Le built on PS5, and the fignre shows that



the normalized fregueney diseeilbmtion at any ofset of
D9-F5 i avonmed 0.5, The B-residue snbeonformition
E9 vmaadly ovewrs at thee heginning of helis. Thos, BEY
slimldd pormit A5 at avomwd offset 3or4, The peobabii-
ity of gecnrrenee of A5 at the vegion of EQ shows that
AL Binaelly ocenrs at offset 0 or Lo bat often at offsce 3
[INES

T thids way. the statistically wodeled seometrie con-
stridnls show Tow the subeonforisdions overlap and
bow they arve bt on the compowent sulaonforma-
tiois, Tlos, these geonetrie constrants wonbd great by
nnprove pretoin stenctuve predietion.

Conclusion

I thix paper. we lave proposed o modticheeae] deserig

Vet schenee of protein conformation. io which the fine
stenetnres ape represemtec] at e o level wieh Tighe res
olntism aal the global <treetoee b the high level wills
fow resardution, A low Lovel sleseription corresponeds wael
ton tlie sepuees of a seeondary stenetnre. Foether, the
dliseviplion gives the information af how the global con-
Foornations s bl up of conuponent sieheonfrmeations of
WATI g =],

The aclvanitages of this selwawe ave that: 1) we ean
vkelel e comstradnts between the sabeonforntion auld
the prineary strwetnre at eack level, T beeal Lo alolial.
21w can wwnlel e gewmoeteie conslbaints ol predein
e fornation. and 31 0 protein comformiog deseribed
in this selieme can be vevonstoneted into oFzinal three
limensional conlormaiion.

Frequencies of averlapping patterus of subeonforn-
tiens iy be used as stockhnstie coustraints o predict
g protein toptiary structures. Tlenee, we propeeas 2
preciction wethod that predicts the protein confonna-
tisn in Lhe sense that the topology of 4 suleonlonna
Eion is wef ouly deterained by the gy steneture of
thatt rogion bt also consirained by tliose sneronndiey
ob comnprising subwonfornutions. A scheme of stochas-
tie reasening shall b nsed to tpslement this preciction
wethonl. The stochastic constrnints of that selicie js
devivest Trom veal prodein conformation data.

Feeent vesulis of oo prediction svstem which con-
baans the statistically quocdeled geometvie consbmines
show thut the et of geoletrie constraints T HTIvE
the predicted conformation reavkably,  This predie-
B systen firse proediet= the class of snbeonformatio
ab every wite ol every lovel fron the primary steoetnre
at thal region regardless of the geaosselre constraints,
Then. it refines the ronghly preeeliction by introducig
tloe peoietyie constraints,

Mow that we Lave aonsthematioadly well formalized
deseription seheme of protein contormation.  Pattern
recognition techuigques can then appliod to wodel the
relatints between the pringey strociures and the con
tormations.  This edeseription schenw also enahles e
vesearchers tooapply partionlar algocitlons b Dnelede
geolnetrie constraimts in their prediction systems. The

wnlti-level adeseription scheme shall be an boportan
e for the protein structnre prediction.
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