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Investigating Binding Area of Protein Surface using MCL Algorithm

+

Kwang Su Jung - Ki Jin Yu" - Yong Je Chung™ - Keun Ho Ryu™

ABSTRACT

Proteins combine with other materjals to achieve their function and have similar function if their active sites are similar. Thus we can
infer the function of protein by identifying the binding area of proteins. This paper suggests the novel method to select binding area of
protein using MCL (Markov Cluster) algorithm. We construct the distance matrix from surface residues distance on protein. Then this
distance matrix is transformed to connectivity matrix for applying MCL process. We adopted Catalytic Site Atlas (CSA) data to evaluate
the proposed method. In the experimental result using CSA data (94 selected single chain proteins), our algorithm detects the 91 (97%)
binding area near by active site of each protein. We introduced a new geometrical features and this mainly contributes to reduce the time
to analyze the protein by selecting the residues near by active site.

Key Words :Protein Strucure, Surface, Bioinformatics, MCL Algoritm
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w37 98] Consurf-HSSP(Homology-Derived Secondary
Structure of Proteins) HolE{#jo]&old 7je] HEES
Z2HR5a, HEFo] B2 Fo3 e Agrt 9 ArE
AASRALE o] e SURENETS 7] A %39} of
v e} XW] T2 daxA o A3s #49 AlelEY FH
o} ZA iy YA E o

=3}
Changhui Yan[11]& #2 AR glo] &4 AlO|E o]

Ab Z71eb Addel 9 oAl )& o] &sto] #4)6t
drd w3 DSSP(Database of Secondary Structure in
Proteins) Z21H& o]&ate] dld WO WAL e}
W= ASA(solvent Accessible Surface Area)E
gl gddte g2 548 7w 849 AolE o4t
79 A SAHS ASA% o] &3te], FHRT wuag
oful =2 7o) Bty EAE FESNh FE2E 5
AL 2A78k B287)(SVM : Support Vector Machine)E
3 g4 Alo]E9 ojuw-2at VB RRFaled o9}
o] M Algade] Fi opn| At 37| E AdEA o
e} T oAt 718 o] gt

T.Andrew Binkowskil12]:= CASTp(Computed Atlas of
Surface Topography of proteins) HlelEIHjo] 2o A EA <]
ARG FE3o EAs9. gud 2AE Ak o]
=4k &7 BAS B4 Ay, ZAdAE ““—%“4 O}U]‘“

A RISk a5 obuedl 2717

=43

ERAAE T4 obl=at 717 Wl R 2o
EAL PASE ol 78] Ad HESE BE B
woh o gl 4R 40 GuS wweb) s, of

oizak 7)ol X E vEhlE cRMSDSF &9l WHE
Uehl= oRMSDE A4S

Oliviero Carugol13]= J_%"—‘!Ei(eigenvector)g} T8
(eigenvalue) S o] &3te] whild T #X(patch)& w213t
3, F Az 1 FHe) 400 d4E FAE Jﬂ 2 a1
FAEE o oud ZHS dastdoh 417 4R x,
y, z HEE 41x3 49 DZ E&83, DY xh]sgaﬂ(’ o] &
dlod 3x3 Y4 72 wWEsit}, P4 785 FI AdE 2FA
E 41 YA Eakgells ARE Jehda, 7 s e
THXE o]gste] FHAe] HYE HwaR E‘r. Oliviero
Carugo= 41709 QA5 Adeet ¥y, f-2je 24 okelg &
7] TR obm it 27| 2070 Ao

Susan Jones{14]¥= g¥rd oz chalz-chuly A 28 o)
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(32! 2) connectivity graph G2/ ol

MCL processE YERE (23 1)ollA Wt dAE= o
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9% Aol 2YPZE MCL process Ao A @A), 9
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259 Aot AL wrE o EdE(attractor) S LFEMY
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713 e RS 94 g Ul g ) 2 2% sd
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Sl

MCL 22 8£2 expansion? inflation @4bo] whEzl o
gl
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2 sygozn Wy 3t o]FofA (1y oA 2zt
779l wEEL & wre d4d ARrE X1 9l vt
FAI B kEE B2 #$E /AR Atk olE matrix
Fe2 Hdol shEstth 28 29049 Cp, Co, Gy & CiE

o]
MCL €¢xn8l&g o)&ste] Fadd 232 Yepdd.
2% 32 MCL process®| ¥HA ot}

Expansion® ZF matrix A ¥ (product)& ©]&43sle] 2§
matrix®] AlFE #Hste] Axtdch (23 3)lAe 3E matrix
(Markov Matrix, M)9] & %(column)& &7} ofd 7}
cell valueZ FAHD, 3 4 7+ A 39 o] 1ojt}. M
> 0¢ wEetE MER™ matrix® r >19) real number

1. 29 E GE o] £3589 Graph Matrix GM A4 T

2. GMS #E73 Markov matrix Mo #3

3. M = M* (Expansion)

4. M = I' .M (Inflation)

5. wreF M = M olghd, 3ekAs} 4ThA) whE

M = M® ol2hd, F¢.
(3! 3) MCL Process

ojg3led, AlF A4 r& E9 Z cell valuedl -’:ﬂﬁ}cﬂ A&
# o 49 #E matrixes LMot I & Yol A1 Al

puldl

AF r& ©]43% inflation ¥AMAbolt}h, Expansion ¥}
mﬂat10n 9AE HEZo] WA, & dAY expansion #
inflation ©] &4 ] vlc}h matrixe 3 4o A9 o] 19
FE matix FEZ WIHm olE dgdAe MCL
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Ad A1516,17,1819)9) ¥ F 7] distance matrix
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A AREEHATE o] =FA P BW ]9 dF A
e YERT] 93 T g @) kel AdE A
stk 71&9 @i E distance matrixE 3719 Cad] 91X
g 7]F22 distance matrix® TAIE=H whele], =
Residue Centerg AH&-3l9th Cadl 9A= A3 gz A
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A (2)2 Residue Center®) x H¥E Axt
13

T

o, yef
A3 o At A (29X, Ca, & Ca
et L, az, & 7t side chain atom® z #F3
& ottt $ev #9 27] 7+9 Euclidean Distance®
AFeted distance matrixZ AAetATh A2, (28 4)9
7} cell value: Residue Center 78] Ae]E veldi),

AA71eke] Al vefulE g4l e gre 08z,
12} opm] b Adell A 18 Are AR 13
A7 Wil W& gz (29 49 distance matrix?_-
connectivity matrix2 HEHTE A7|A FHd HE
He A71E =& connectivity® zrevba spA s} 13]
3l Thekgh distance cut-off valueE A-gstgom, #4 Azl
T 58A 273 connectivity matrix¥ MCL process <]
input matrix2 AREECE g AIAM connectivity matrix
o gl tisiA o kA8 g

=1

Loy
a

I
N

M ol

1o,

:}_1‘

3L
i

+

aal aa2 | aa3 | aad4 | aaS | aa6
aal 0 5 8 12 13 3
aa2 5 0 6 9 8 20
aa4 8 6 0 3 10 16
aad 12 9 3 0 2 8
aad 13 8 10 2 0 S
aab 3 20 16 8 5 0

(32! 4) Distance Matrix of surface residues.

4. MCL 2112|159 8

Distance matrix®] E& 4 g DyE Graph Matrix GM

= M
S AAsr] s /Dy Wk} distance matrixol A E
e cell value7t 1 91l 9l ¥bH Connectivity graph G
9] Graph Matrix GMol A =& cell value’} B Fa3 9n)

£ et (28 5% Graph Matrix GME W3 distance
matrixE YeRAT

aal aa?2 aa3 aa4 aas aa6

aal 0 1/5 1/8 /12 | 1/13 1/3

aa2 /5 0 1/6 1/9 1/8 1/20

aa4 1/8 176 0 1/3 1710 | 1/16
aa4 | 1/12 1/9 13 0 12 1/8

aal 1/13 1/8 1/10 172 0 1/5
aab 1/3 1720 | 1/16 1/8 1/5 0

(3 5) connectivity Graph Matrix GMZ HEH=l distance matrix

2 oA71A (28 5o dZdAdAe] O cell valueE o
A A Ao FAE doldrr (2¥ DellA AdF3 A
A9, graph G9| attractore attractor 99 cluster® Al
AT o714 el iy gdolA WiwEA wAsE
W715S attractorZ Al o5 =& 3o 71ER
£ Hdodsio) o} ok o) 24 Ao o] = e g wRe) o]
= attractor 4G FHA Hi, G2 node(B7))$F =2
2 Fd28H7 34
ol AT e
g Axltstd, Wz

connectivity & 7} Al FHol o]E FAoz

2 7hsdoe] Ay 2 tgaae] Al
AR 7 EY, vy g9 3y uiwn
Ao ke AAead
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r _>L

4.1 uiele) Hotof ofo| it Bl

B 4E48E Aot WS 1PHE o He o
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& Y gooz gt wudel B4 AES ¥
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& v 59 Aache ded veld goe @) dw
% Adkab] S8, $ev CSA [6] dlole o)z e
ole) © Al wAe] BHAE 2T AT
EW A& F287] 9% RasMol [20] T2 1dg ALgs
R 7 BHAelE WzRE A 298 0e @]
5% desgn. 4% dd9 e $8e AAsw 0
0 e Fyan

W) MEESE AWSE AN St mRuY vl
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= 3

8] GLY(Glycine)& #told o =3

=8 1311% GLYS ©hid gu A% 7474 wiwrs}y)
u’ﬂ 37

=]

(2 a/EAA)
/ZAA )

(3)

THelAe B4 A7) dide AAE A (3)9] BERo)A
Aadrh AAs)e & oA g9 7719 AA A4
HYeER T, AAds)E E4 7] AAY 7HTOM HM%‘ 4

1 il
20t AA@9 AAa)E 7H7h bield 99 P 714} %ixﬂ i
Tob vy g9 e] 54 7] AA NS4S e

B)IA AA - 102
oA FdetA WEs «lﬂldﬁ‘r ‘AA <1
kel g EudA o wng AL
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(33 6) ofo|cth HiY=
aal | aa2 | aa3 | aad | aaS | aab
aal | Waar | /5 ) 1/8 | 1/12 | 1/13 | 1/3
aa2 | 15 | Waa | 1/6 | 1/9 | 1/8 | 1/20
aad | 18 | 1/6 | Waz | 1/3 | 1/10 | 1/16
aad | 1/12 | 19 | 1/3 | Wae | 172 | 1/8
aa5 | V13 | 18 | 1/10 | 172 | Was | 1/5
aa6 | 1/3 | 1/20 | 1/16 | 1/8 | 1/5 | Was
(28 7) diagonal value OI€8t connectivity Graph Matrix GM

49

A% 7MY (28 De

2 #3E distance matrixE HAF 1, Wend 3 olv|x
401] 3k 7EAE YEL (07 8)2 o] =R ALg
A MCL processe] AA A whA o]t}
5. Validation
2l iy e o] &ste] MCL <ag}&

inflation factor?} 3%o) A1

ABer & &
(Glycine), TYR (Tyrosine), SER (Serine)<-
GLU (Glutamic acid), GLN (Glutamine)®t} ¢ =& 715
connectivity Graph Matrix GM2.

Al 2Askle. 2

HAeke FrE Sel2uE A4

o
=
il

9l5o}  HIS (Histidine),

a5
H
A

Distance

Matrix
M

Distance

Cut-off
P R=]

)

3l distance cut-offE t}oks}t
gd FHeY g4 AlC]lE TR

Sl wlAe] 9} wlelg

GLY
LYS (Lysine),

el A= FE FILE ] precisions AMEHSTh
Agats o] AFE Ast] v ZE weid 499
HolE adght}

(1] vid |4

Bl GG AME AV|FHe rE AHde
EolE2M EAALlE 7+ 7] 7 7P 7hbE 207K 24
g Hgrt. ¢y njrt ﬁ“’\}O]EE ojFE W FE ¢
Fetmz, HiI" K99 A7V Ae)E udE o,

Zt A7 E R FHE eSS AAFH JRE "tk

5.1 DataSet

2= CSA [6] dlolEHle] ~2RE 97 dd A &
%39 ok Catalytic Site Atlas (CSA)E 49 33
4 Eof 7\}7]9} 84 AlolE AR E A
olEf o] ~oltt CSA delE o]~ 32*7}

of 2o F ol [LPE} Aol Holste &
399t RasMol [20] =2a3e ¥y %}71%
3 ARgEA R, 7 wpelg Friek s 2HE 207 77
Aestao. 24 AAT ANe g7 A vl
dg g

[S 2 BE=]

=

o e
N
i

N

=g olr rlr

ol i Ho Hm tpw

Jl

52 78 2 2H

8 FY2EE 9rtely] 98l Ze148H9 precision®
cluster score® A AIEA T cluster scores ZF ofn) :Abe]
THEAZEH ALt vigly GG Hiss Az
AR Fe2HE 08 B2 MSAES e 4).

[l |

mtn

Z(WM+W ot W)

aa aan

cluster score= = (4)
n

(4ef2] #& E82H
MCLY Az A" Zerg 2 luster score 7}

%3, 824K precision®] 2 F2HE Yeldo 7t
Z A 19] cluster score® 2 (Y= 74]"&&] 1, precision
2 (52 AtE,

[#4<)3) x F2H
by @il inflation® distance cut-offel we o
[

g Ao & EuxHE M F Jd3 oF M FL
precisions Zti= ZEl2HE I vhulde] gix F#Ae

Markov Matrix M & & | |

—
FCell Value : V, = 11V, 7 P N TR YRR Ve

et

(

Weight factor : Inflation J -
Amino Acid Frequency

M = FrM Else, STOP

(3

2l 8) MCL 22|ES &8st =y 4=
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I et best cluster scores o]-&sto] &€ 687) BA 9 ‘cluster
o2 H7} 715 & cluster? precisiono]th. clusters] 7] score’ @& ‘Best'Z VEMISAT Second cluster scoreE 7
Z ueld 999 7] true positive F712 BHE AL, I = custer’l 4& ZeAHZ BEEdcd 9 wwz
oo 7] clusterel] o #HE wily g9 W2 F (97%)0] <] ZHtt. Second cluster score o83t HEH
F¥ false positiveo| T}, Wl wllYg g9 27|E Fol 2370 @A <F 1>9 ‘cluster Score'olA gt ‘Second’ &
Z233E clusterd % & precisiond ZEtHA 5)FE YERH ST
ge2He A9 29 me} best HE second cluster score
¢} EA inflation factor ¢ distance cut-offE A& & Precision= —]%ILFF (5)
o, 7b £& precisiond 2= cluster® 9 mldtch 947 ©
Wz F 7t A B2 best cluster score®] FE F SgE 970¢ distance cut-off value (11~19 A)s} 871
HAHE 2HE 687 M A(72%)E &3l <& 1>9A inflation factor (1.2~1.9& x¥sted 947 delds Hgst
(E 1) o Aol 24 DataSete] 947 EHUE S&et M 24
Ee num Pdb Represgn‘tative AcFive C%uster Description
code Precision Site Score
Oxidoreductases 15
1.1.12 2alr 0.92 In Best Aldehyde  reductase
1.1.1.158 Imbb 05 In Second Uridine  Diphospho-N-Acetylenolpyruvylglucosamine
1513 1ra2 0.93 In Best Dihydrofolate  reductase
1513 lvie 1.0 In Best Dihydrofolate  reductase
15.1.28 1bg6 1.0 In Best N-(1-d-carboxylethyl)-l-norvaline  dehydrogenase
1721 Inid 1.0 In Best Nitrite reductase
1733 luox 0.7 In Second Urate oxidase
1812 laop 0.72 In Best Sulfite reductase  hemoprotein
111.1.10 la8q 09 In Best Bromoperoxidase Al
1.11.1.10 lvnc 1.0 In Best Vanadium-containing  chloroperoxidase
1.11.1.10 2cpo Not  detected Chloroperoxidase
1.13.12.7 Hei 053 In Best Luciferase
1.14.15.1 lakd 057 In Second Cytochrome  p450cam
1.15.11 leso 1.0 Out Second Cu, Zn superoxide dismutase
11511 2icw 0.81 In Best Cu/zn superoxide dismutase
Transferases @ 17
2.1.1.6 1vid 0.89 In Best Catechol  o-methyltransferase
2.1.1.45 lich 091 In Best Thymidylate  synthase
2.1.1.80 laf7 0.92 In Best. Chemotaxis  receptor methyltransferase cher
2141 1jdw 0.68 In Best L-arginine-glycine  amidinotransferase
23.1.39 Imla 1.0 In Best Malonyl-coenzyme  a acyl carrier protein transacylase
2.3.1.41 lkas 0.42 Out Second Beta-ketoacyl acp  synthase ii
231117 2tdt 092 In Best Tetrahydrodipicolinate  n-succinyltransferase
2.3.1.129 llxa 0.92 In Best Udp n-acetylglucosamine o-acyltransferase
2331 lalb 075 In Best Citrate synthase
2.4.2.29 Ipud 0.83 In Best Tma-guanine transglycosylase
24.2.30 la26 092 In Best Poly (adp-ribose)  polymerase
25.1.7 luae 1.0 Out Second Udp-n-acetylglucosamine  enolpyruvyl transferase
25.1.15 1aj0 0.8 In Best Dihydropteroate  synthase
2733 Ibg0 071 In Second  Arginine kinase
2.7.4.3 1zio 1.0 In Best Adenylate kinase
2763 lhka 094 In Second 6~hydroxymethyl-7,8-dihydropterin
2811 Irhs 094 In Best Sulfur-substituted  rhodanese
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Hydrolases 42
3.1.1.- lagy 1.0 In Best Cutinase
3.1.1.3 2lip 0.68 Out Best Lipase
3116 1bs9 10 In Best Acetyl xylan esterase
3117 2ace 0.75 In Second Acetylcholinesterase
31.1.29 2pth 067 In Best Peptidyl-trna  hydrolase
3.1.1.45 1din 062 Out Best Dienelactone  hydrolase
3.1.147 lbwp 0.58 In Best Platelet-activating  factor acetylhydrolase
3.1.161 lchd 1.0 In Best Cheb  methylesterase
3135 lush 0.89 In Second 5 -nucleotidase
31348 lytw 095 In Second Yersinia protein  tyrosine phosphatase
3143 lah7 0565 In Best Phospholipase ¢
3168 lauk 1.0 In Best Arylsulfatase a
31112 lako 1.0 In Best Exonuclease iii
31214 1cfr 071 In Second Restriction  endonuclease
3.1.30.1 lak0 093 In Best P1 nuclease
31311 la2t 1.0 In Best Staphylococcal  nuclease
Hydrolases (continued)
3214 2eng 0.78 In Best Endoglucanase V
3218 1bvv 048 In Second Endo-1,4-beta-xylanase
3218 lexp 1.0 In Best Beta-1,4-d-glycanase  cex-cd
3218 Zhis 0.76 Out Second Cellulomonas fimi  family 10 beta-1,4-glycanase
32110 luok 0.83 In Best Oligo-1,6-glucosidase
32117 2061 0.35 In Best Lysozyme
32118 leuu 061 In Second Sialidase
32118 n9 1.0 In Best Neuraminidase N9
32121 1chg 0.83 In Best Cyanogenic  beta-glucosidase
3.2.1.60 Z2amg 094 In Best 14-alpha-d-glucan  maltotetrahydrolase
3.2.168 1bf2 Not detected Isoamylase
3231 1myr 0.91 In Best Myrosinase
34.11.1 llam 0.71 In Best Leucine  aminopeptidase
34.119 lal6 0.8 In Best Aminopeptidase p
34178 1lbu 094 In Best Muramoyl-pentapeptide  carboxypeptidase
34.19.12 luch 1.0 Out Best Ubiquitin ~ ¢-terminal hydrolase uch-13
3.4.22.40 lgcb 0.79 In Second Gal6 hg (emts) derivative
34.23.1 lamb 1.0 In Second Pepsin
34.24.17 1hfs 0.56 In Second Stromelysin-1
3.4.24.17 1slm 0.69 In Best Stromelysin-1
3.4.24.36 1iml 0.52 In Best Leishmanolysin
36.1.3 1kaz 0.63 Out Best 70kd heat shock cognate protein
3617 2acy 1.0 In Second Acylphosphatase
36.1.29 5fit 0.95 In Best Fragile histidine triad protein
36.4.6 Insf 10 In Best N-ethylmaleimide — sensitive factor
3815 1h6g 1.0 In Best Haloalkane  dehalogenase
Lyases 10
4117 1bfd 0.61 In Best Benzoylformate  decarboxylase
4.1.1.49 lag2 0.5 In Second Phosphoenolpyruvate  carboxykinase
41217 1fua 1.0 In Best L-fuculose-1-phosphate  aldolase
41225 2dhn 067 In Best 7.8~-dihvdroneopterin  aldolase
42215 1slt 0.79 In Second Sialidase 1
4239 Seat 1.0 In Best 5-epi-aristolochene  synthase
42.99.18 1bix 1.0 In Best Ap endonuclease 1
429918 Zabk 0.51 In Best Endonuclease iii
431.19 1tdj 0.8 In Best Biosynthetic  threonine deaminase
46.1.13 2plc 1.0 In Best Phosphatidylinositol-specific ~ phospholipase ¢
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Isomerases : 3

53.1.8 1pmi 092 In Best Phosphomannose  isomerase

53.1.24 1nsj 0.70 In Best Phosphoribosyl  anthranilate isomerase

599.1.3 lab4 1.0 In Best Gyrase A

Ligases @ 7

6.1.1.10 lah 092 In Second Methionyl-trna  synthetase

6.3.2.3 lgsa 0.63 Out Best Glutathione  synthetase

6.3.2.4 2din 1.0 In Best D-alanine--d-alanine  ligase

6.3.2.9 luag 0.78 In Best Udp-n-acetylmuramoyl-1-alanine-:d-glutamate  ligase

6.3.3.3 ldae 0.59 In Best Dethiobhiotin synthetase

6.3.4.4 lgim 0.74 In Second Adenylosuccinate  synthetase

6.5.1.1 laGi Not detected DNA ligase
Aok wekd =& diAe 7 2oz AdEHUL, 7 & HoErh 13 < PAME M =L 2009 1 F
walde] 3 3 F2l28E distance cut-off$} inflation 2B S W 23S veldol 917 @A g
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(B 2) HE SHAEH2

i%‘% x“Ur 7}
A 5=
‘1mlai radius = 12A 9} inflation -
dozd Yx 2YHEHE
<E 2
133749 distance cut-off value$} inflation factor ¥l Z3

mla's best cluster scoreqt

M £2 precision

ool e HE

s
A 674

-k second cluster score® TEECA H

23]

— T
CARIIE

S A A

17 E+=

1.82

radail=s
27 &

%39 precisiond %
917 @ Fel giE FYAH

g x5t

gt

Distance Inflation No. of representative
Cut-off Clusters
11 1.8 18
11 1.7 13
12 1.7 12
11 1.6 11
12 15 9
12 1.6 8
11 1.5 8
12 1.8 6
14 1.7 5
14 1.8 5
11 14 5
13 1.7 4
13 16 4
16 1.8 4
13 1.8 4
14 1.6 4
17 1.8 4
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13 17 58 64%

14 18 58 64%

13 18 5% 62%

11 15 5% 60%

12 15 54 59%

12 17 53 58%

14 L7 53 58%

1 1.7 50 56%

13 15 49 54%

2 13 48 53%

15 13 48 53%

2 15 47 52%

16 18 47 529%

11 14 4% 51%

14 15 4% 51%

11 18 & 49%

15 17 2 46%

1 15 41 5%

13 15 41 45%

17 138 40 44%
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