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Structural classification of protein domain based on template

match and pyramid decomposition
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Abstract: The classification of structural domain is one of important approaches which contribute to explore the mechanism of
folding and the relationship of protein structure and its biological function. First, this paper mapped spatial structure of protein
domain into C_-C, distance matrix which could be further regarded as gray texture image. Next,it modeled two distance func-
tions for o helix and B strand/sheet by considering their geometrical properties, and used to find their gray patterns in distance
matrix image respectively. After that, it applied the techniques of spatial template match and pyramid decomposition to present
the composition feature of « helix and B strand and the multi-scale topology feature of B sheet respectively. Furthermore, in
terms of the hierarchy of structural classification of proteins( SCOP) , performed domain classifications on structural class and
fold levels respectively and compared with other methods. Finally, the results of domain classification show that the proposed
method achieves the accuracies 90. 7% and 74. 6% in the first validation strategy, and 93.8% and 78.7% in the second vali-
dation strategy respectively. The comparison with other methods validates the presented method can perform domain classifica-
tion effectively and outperform its competitors with both the higher classified accuracy and the more compacted dimension of
feature vector.

Key words: structural domain; distance matrix; template match; pyramid decomposition; image processing; classification

0 37

LT 1T 19— S = 5 ) 22 P T 5k 5 4
ZERIR, A URAT R 128 07 2, T LI B R T 9 2
YIohe, RAE—IhRER S st R — N E A —
AR AEERIR,, 2B A ST A ph 5 M R, 45 RS T 3 —
By LR BT BEEMEEAZR ™ o fiPiA %
ZERPFRIEAY S, B B S IIAUR SN U5 PN 4S
IBERBEAL AN, B R 9 [ U S0

T TS R 5K 43 2 AE T i B 47 B A X 1 TR B
TRt Frg ) B 5 DR L 55 4 SO0 S 9 5 T EL A T AR o
B S5 R 3 BB RS A R T AR BT RN T T4
KB B E AT R E RS D BAR SRR
TRIT IR J I S YT S5 FR R =
KM ca) TSR 404 5b) JE TSI s0) T
JUTEARY S o D74 a) ) ) — 26 88 158 4 B 25 1) 43 A 47

YRS BHI: 2011-11-28; fEEIHHA: 2011-12-30

TE—E WA , FE 4 U [ 45 MR AT, A5 310 25 A 43 A
TR =S B b W/ A Y i<t b ot < M| E vt Ak e A |
W R ILZ MFRINE R . ik b) BB A ST —Fh
P SeFe7% , SR 5 R FE A 56 119 PR T ELE A7 45 R AE 437 , fEL 7
TEE A T 5 1 SR AR IR, T FLE B AT RCR
AR, X TR 25 8 FUREE MG S R TG 5 5 R i 4
B Ik o) W A BB ST A LA 3 B % T 2 22 A i B
BRI (123 [ 554 4 JR R R AE , 0030 L 2 i 2%
FRE AR Sy vk o i T B A AN A AR A A
R T LB 20 T B AR (S S5 A A 22 A T D A = 4
LR RS B S T E RS G R, R R LR
T T SRR A M AN LB LA 55 ) 485 4 - 3% e
AR

RSO 1 A A R PR, 485y — s R 1) TL AT
P, M FRRAR C BO RS 20 20, 30 0 T — ol () 2 1 5 45 Hg
EFREOT ¥, BT SR BURHE B SR 4E %, I BE S 7040 I W 8 1

EEWA: BXAAMAFELTHAA (60872145 ) ; 1 L5 A 5 K &4 5 T 817 A

(201104682) ; A &3 X KB R B ;@A T X FAMBFFRA R (JC201164) ;@b Tk X F ML LRI FHA B
TEERIN: 2EF(1977-), B o BmEraA, #1344, WL, T2 % 7 & A BAL A2 X5 A ¥ 12 B $ % (jlanyushi@ nwpu. edu. cn) ;
KT (1968-) , %, #3% , W4, LA F @ A FAAGE A2 XA



- 2082 -

it E R AR

529 %

P R A A E BN A ME R, HARAG TR 4
P EEHE 32

1 ZRERRERENXSH

1.1 BEES%ERE

VAR TS SE V AN SR B, D0 LB R e ] 3R Oy
DM = | dm, , =dist( Coor, ,,Coor, ) o HHr:1<p,g<N;Coor,,
JEH n ABRIEN C, V5T 1) = 2 AR R [] d s dist 2208 BR G BE B
AR B B — b SO A, RV B — R T 2 0 g Ky
—AEUGAG K A TC R N X AR R A

R T 2 R ISR O T A
LR MR TR ES A o BRERN B B, Horh B B A O
W ARAE I 0 U] R ROPAT R AT . AR A
FRILL, A o BRE B B LA B B 2 i X TUART A [] > S
K, LEAREHEIT AL o 28 w/B Ma+B, TET
RN %, IR RN 1 ELAT AR TR T A, B i) — 9 2%
e BT HA AR R B HES R hasHe

AR SCE S AR A I A 5 ot v M TR T A g K R A
ARG AU EERE T BRI AS F b S5 F A
1.2 o BREAEBEX

BT o BEHE S TIPS # , 7 LA T AL op AT R — A
FRARIEN C, JET BRI B SIghesst h b A C, JRT
ZIEERS . BRVEA & C, R FII% 5 R 1, W45 n
1 C, JFEISS R 11 C, S5 2Z AP B A] e SR

L, = /P (1=2cos((n=1) - 0)) +((n-1) - d)> (1)

Horpor FORIBHE AR d FIRAHEE C, J5F 1 S5 vh il Jy 1)
B (IREE) 50 FORAHED C, R I IR HERE f o X 26 S50 B ME
AT NHRLF ARG r =2.34,d =1. 54,0 =100°, A R K
ERIE

MR RS, AT LA B B A I P 3R 3 o BBUHE R I B £
A, BT MR A AT I o B SOREEAUR ],
P R B R, R IR R I (E )
1.3 BRpERMERERX

B & R P S (Y A B B, AN TR B 38 11
JBEZE R 2 R AT R Sk . 181 2 O B & R R B A
MRARIEN C, JRF R EE, o BA R SRR C, BT

E1 4ithig(dlhbga 1= H]
S B L ol AE B B AR R
ER IR B

B R C, T % 50 1, UL dy KR PAS €, IR
TZIB WIS d, Fon g s MREA 2 -4 €, I 1 Z Al
B EE—A C, T RIS C, JstT B g al e SO

B2 EBpE A KSR ERE

dy x(n-1) N
B — n HEE

s ; 2 2)
«/(%“"-U)W%—(‘;—Z) n AT

Hrh.d, =3.84,d, =6A ,n=1 & C, JFTH5,

&3 SR T B B i W I Y SR 1 TP e R TR
FORZG RN,
1.4 RETEETBERHMERER

SOVAT B & R B P G 1] S ) AT RS B, P47 B &
PH P45 E 1) AT I JBEAG 1, 5 IS AR 1 B8 7 90 1 NV
i AR IR 8, C Wi 20k 23, AnIEL 4 FR . B & A AR
—AREBEBIRIEEN C, R T 95 % T p, wJa — DR AR Gk 5
0 C, T THET ¢, K g>p +h k ZHIRBRATSHA
R ) IR AR BRI

o
cE'l—::;y N Y
Ve P 9 p 1 @a2
O3NS0 rtl g1 + ! 1
&) © 7@ $EQ§H_ mE 2 ? 1 : T
3 oL ¢ +2 q- !
L3 R ¥ T L 2@ @1
3..(\ NG I==El .- ¢
. - (a) RFAT (b) FAT

E3 gt (dineua ) H

SHRILERPBITER g : .
R G PRI R R E

Hi &l 4 AT LS AT B & i B PIAS IeZ 18], i A5 %
R EIRIER 5 Z FISEET p + ¢, BT ARCEAT B & 7E
BRI NAETE BT X ALY T 18] EAEAE AR ] SR I 1Y)
HAMRKIRGAZ) s HCFAT B & F B B2 18], BT A X
P BRI P 522255 T q - p —k + 1, T AR B A P R
FRRBUNAETA T T XL T 0] EAFAE IR BEAR R SO I Y B
GRXIGHZ) . B 5 BoR T 4543 dlneva_ )47 5747
B &R BIBORE, B P B E R, F7R IR IR R IRV

2 FHERE

2.1 ZREH B ITTHRBHE

[ Sy B 2 6 e PRI 4% X A X BRIy, i L R (SR Y
L EARBHT AR . B FRE (p,q) FIKEE f(p,q)
XTRRRE A p A C, RTFEIE ¢ 4 C, R TRIBE S
dm, R ST AE— 2 I R B R 748 R R A5 B K
FERE

WAL VA EREEA N, W B ROI(region of in-
terest) A] & LA

ROI={f(p,q) lgep,p+6)!

Hrr:.6=5, |86y ROT /R E &

p=1,2,-N (3)

B AT ST AR AR R
B REER (Aisdiness ) 6 T = H&HERAFEHNROL

X o BRI AL B B b AT A3 S S AR SR AR

Ly L, Lis Ly Lis
Ly Lty Lty Lty
T, = Ly L, Lis [A={apBl (4)
Ly L,
Lt



% 6 M

AT, F A THRERLBEXSMEOEOREMNEY L

- 2083 -

Xof ROT RIS A 7 A5 A DG L, 30 5 7 i) Sy S 8 66 % 199 32 %oF
FALR XFEA] LA 8 B — A5 2% g B R 5 H s o2 1, )
ZREER B BRAE P, W] T R E
#A
N
Hodr#a HIEEEE XML LR T o BGRB8 B
GERE N AEEEEALEK,

2.2 ZREBERRINAMSFLE

PE B A B X R BHE B & T RS H R BRI B
B =AW S T R A A RS B & R4t 2
EH I i BT B 15 B, o 3K TE SRR T S5 M il & 1 B &
HA =0, M B AT S FEM ORI EXRTEE, b, &
FUREER AR R b = A XIE Sy ROT, I 22 RUEE 73 A AR
A TIE R . w o LM ROT X

ROl={f(p,q)lqe[p+6,N)| p=1,2,- N (6)

7} ROL Je H =3 0o i IR

Py="r.A=1{a,B} (5)

~5BER
1 2 1.2 2
v 3 L, 3.2
e L L, -
(a)ROIL (b) ROIH) (c)ROI (d)ROIK)
— R BEME =Ty
E7 BEEEERGERLS R
T SEXT ROI AT BUE SN , & LT -
1 ifA<f(p,q) <A+2
Bi(pag) = { )
0 f(p,q) ekR;

Hop:A =5, Ry FORSE ( POMRSH j A KR W B & ) bl
JRARFIE AT E SOy
Ppis :M
’ #R!
Horp o P FORES § ORI AR | A X R, IS EMFAE, #R) %
IRHS LRI A KRR B

3 ZB/ELH

LI AR S AN B 7 B0 2K Z R St , S Al
P S FR L A oA B0 FH 428 1 3 bR, SR = FH R AIE
MG 2 a) SFYIZRAE ST 10 28 LERUE (10-CV) , i i Trn;b) £
YIRS LA 2RI foft T S0 AR AR A 7 3, 325 Ind
b)) F U Zrde 55 0k 57 MR SE B I B — A Bde 42 R AT 10 28
B, C A8 AL, AT 5y Ry = AT
3.1 1

A TI T o BRI B B A Y BT BURE
fIE(FIFRELTCLL BURRAE , G AB) , LA S ZRUE B &l #h#h 4l
JAFFAE (FIFRH PN AL BURRAE ) AT , v RUBE S R 280 43 31
1.2 F 3, 20 5C A L1 12 f L3, B e b4T 1 24 41402500,

(8)

PELERMEE 1 PR,
F U (0T A TTLH AL A N SRR AE B4 43 2K 1
‘ R/ % i T/%

g e CIEOES =1

FEE AR Ind All Trn Ind All
AB 2 86.3  86.2 8.5 39.9  47.3 44.6
L1 1 8.1 74.8 78.1  25.6  28.8 27.4
12 3 74.8  74.0 76,9  51.8  55.6 58.2
13 7 8.1 81.0 8.0 623  68.1 74.5

M1 1 AT RUAR 6 T E45H 38, AB R ik £ = Pl 56 Uk 55 i
F I U 9 00 SV SR A o 5, XA S A Y SR S
iR RITE B I — S5 X T S T, BE o i RO 4
T, F# DL SR P SRR SR J3E 88 0, L3 AR Ak A BT AT 0 fi
GO R R B Ar o AN, BR T L1 ZAh, Hofth ROBE 24 #1241
PR AE AP AR T AB FHE o 33 Ud W3 M AR B 3
T PR LT AR B O L, AT AT & AR
Yoy i Lo
3.2 X2
TERE AN S B BT AR AR5 ¥R MU AL B 2
JE AT, RUBE 0 A 25 ) R0 96 UE 5 W 32 45 b — S B A IR
SIEHEAT T 18 LM Z R ANER 2 R
K2 fHAEERER 2R E

GLAREE R ERZ/ % &1/ %

Trn Ind All Trn Ind All
AB+ L1 3 90.1 90.7 90.1 40.9 51.4 50.3
AB+ 12 5 91.4 91.2 91.3 60. 4 64.2 67.5
AB+ 13 9 93.6 90.7 93.8 68.4 74.6 78.7

WXt R 1 AT LA 6 T A28 T AL A R AR B A
T L Y B AP R AR RRAE o A, AB + L1 H AB 4334 T
3.8% 4. 4% f13.6% , [RFE, X FIrETFmE, d6FAEH
e T X 1 B S i B AR AR AE o 40, AB + L3 LE L3 23514
T 6.1% 6.5% F14.2% , WA, it X FLEHMEE LT &
TR W 50 i RURE A 380, 2 A 9 A 10 40 28K 1 ¥ 3% 4
.
3.3 ;K3

R TR A SO R A AU R 41 A RRAE (AB +
L3) 430 5 22 A 8] — > B3040 2 0 SOk AT T X [,
AR SRR (8 A 0 3t 3, mT A R 2 — 25 (f ) Ind
WO TS W HEAT A0 JAT A 12710 5 55— 25 Ui AL 6 4
SRATAG A 2 2 T L 3 R4 2y RIS T IR 7

DLRRT HE SR
F3 T Ind BIESRME 17 IR L
Tk FRIEAERL M2/ % & F/ %
ik 12] 125 N/A 56.5
k[ 13] 125 80.52 58.18
k[ 15] 125 N/A 61.04
itk 14] 1007 83.6 65.5
k[ 16] 1007 87.0 69.6
S 9 90.7 74.6
F4 [ AN BEIESR NGB 7
Fik HRAE 2L S/ % dF/ %
SCHR(17] 125 84 74
ik 18] 183 N/A 78
AL 9 93.8 78.7

XTSI A RFE W, A HL 2 A HAh 7 3k, A SO ik AL RE
AT e i ) 7 2R 2, T ELRAT U LA VAR 1 ~ 2
PR o

4 LERIE

ARSORF 8 BT B = 4l A A5 A N B R B



- 2084 -

it E R A B R

529 %

W, A5 2R I LA BE TR 5 (e Bl B A 1 R4
o BRHE U B B C,-C, IR T HEES R H, 73 Hr T AT
AT B & A AS AL, IR a3 25 T AT A B B A R TR
X IO AR R BE R o T K BE A AR DL G, MY A T R A T
USRI RRAE s T8 5000 i, K 1 2 RUBE 44 $h 4l
AL o

A2 3BT T 3% R R IE AR S5 F S AT B R I 2R

AR FH AR , T HSR 1S 1R FAS [ 20 S04 4 DAL URFAIE

AP RBOR, IF 5 Z A AT 205 I AT T X . A5 R R

W, A SCO7 R — Rl SO 8 S Iy 207 1

SE

[1] #TE,FE TR ATELEMEHE G R MR EZLASH
[J]. A2 53R,2010,26(12) :1145-1153.

[2] ANDREEVA A, HOWORTH D, JOHN-MARC C, et al. Data growth
and its impact on the SCOP database; new developments[ J]. Nucle-
ic Acids Research,2008,36( Suppl 1) :D419-D425.

[3] ALISON L C, TIAN S, TONY L, et al. The CATH classification
revisited-architectures reviewed and new ways to characterize structur-
al divergence in superfamilies[ J]. Nucleic Acids Research,2009,
37(Suppl 1) :D310-D314.

[4] NANNI L, SHI Jian-yu, BRAHNAM S, et al. Protein classification
using texture descriptors extracted from the protein backbone image
[J]. Journal of Theoretical Biology,2010,264(3) :1024-1032.

[5] DARAS P, ZARPALAS D, AXENOPOULOS A, et al. Three-dimen-
sional shape-structure comparison method for protein classification
[J]. IEEE Trans on Computational Biology and Bioinformatics,
2006,3(3) :193-207.

[6] DOKHOLYAN NV, LI L, DING F, et al. Topological determinants
of protein folding [ J]. Proceedings National Academy of Sci-
ences of the United States of America, 2002,99 (13) ;8637-
8641.

[7] KOTLOVYI V, NICHOLS W, TEN E L. Protein structural alignment
for detection of maximally conserved regions [ J]. Biophysical
Chemistry,2003,105(2-3) :595-608.

[8] CHOI'I G, KWON J, KIM S H. Local feature frequency profile: a

method to measure structural similarity in proteins[ J]. Proceedings
National Academy of Sciences of the United States of America,
2004,101(11) :3797-3802.
[9] TIMOTHY H, IRWIN K, GORDON C. The theory and practice of
distance geometry[ J]. Bulletin of Mathematical Biology,1983,45
(5) :665-720.
AT, RIET. AR EAGRAFAE A PR A A KGRI &R
FiklJ]. A $IR,2009,25(2) :106-116.
[11] HSU C W, LIN CJ. A comparison of methods for multi-class support
IEEE Trans on Neural Networks,2002,13

[10

—

vector machines|[ J |.
(2) :415-425.

[12] DING C, DUBCHAK I. Multi-class protein fold recognition using
support vector machines and neural networks[ J]. Bioinformatics,
2001,17(4) :349-358.

[13] CHINNASAMY A, SUNG W K, MITTAL A. Protein structure and

s

fold prediction using tree-augmented naive Bayesian classifier [ J].
Journal of Bioinformatics and Computational Biology, 2005, 3
(4) :803-820.

[14] HUANG C D, LIN Chin-teng, PAL N R. Hierarchical learning archi-

[N

tecture with automatic feature selection for multiclass protein fold clas-
sification[ J]. IEEE Trans on NanoBioscience,2003,2(4) :221-
232.

[15] a7, &%, K8, 5. AT LR TNRERNLGE ORI
EFRAMNFRLI]. A F 5 Ay itk ,2006,33(2) :155-
162.

[16] LIN Ken-lin, LIN C Y, HUANG C D, et al. Feature selection and

—

combination criteria for improving accuracy in protein structure predic-
tion[ J]. IEEE Trans on NanoBioscience,2007 ,6(2) ;186-196.

MARSOLO K, PARTHASARATHY S, DING C. A multi-level ap-
proach to SCOP fold recognition[ C]//Proc of the 5th IEEE Symposi-

[17

[

um on Bioinformatics and Bioengineering. Washington DC: IEEE
Computer Society,2005 :57-64.

[18 ] MARSOLO K, PARTHASARATHY S. Alternate representation of
distance matrices for characterization of protein structure[ C]//Proc of
the 5th IEEE International Conference on Data Mining. Washington
DC: IEEE Computer Society, 2005 298-305.



