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Abstract After the Human Genome Project finished the sequencing of a human DNA sequence,
the concerns on protein functions are increasing. Since the structures of proteins are conserved in
divergent evolution, their functions are determined by their structures rather than by their amino acid
sequences. Therefore, if similarities between two protein structures are observed, we could expect
them to have common biological functions. So far, a lot of researches on protein structure alignment
have been performed. However, most of them use RMSD(Root Mean Square Deviation) as a similarity
measure with which it is hard to judge the similarity level of two protein structures intuitively. In
addition, they retrieve only one result having the highest alignment score with which it is hard to
satisfy various users of different purpose. To overcome these limitations, we propose a novel protein
structure alignment algorithm based on MRPD(Maximum of Residue Pair Distance) and SG (Similarity
Graph). MRPD is more intuitive similarity measure by which fast filtering of unpromising pairs of
protein pairs is possible, and SG is a compact representation method for multiple alignment results
with which users can choose the most plausible one among various users’ needs by providing multiple
alignment results without compromising the time to align protein structures.

Key words : Protein structure, Structure alignment, Structure similarity measure
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A 9] 10. CAMRPD

CAMRPD(S?, S®, MRPDrpeshoa) = true (if 3T,

MRPD(TiS?, S®)<MRPD threshoid)
= false (otherwise)

CAMRPD7} true§l ZA-$olls S*eb SPe] me 27 A
Hol| st dd Az FollA MRPD7F MRPDrthreshold
£ 9x g 48 29 dSS 9 O

6 M=% D2l

I8 62 B =EddA Xﬂ"PO]’%
18Fe] Adzelth 1) HA A
TS #& HARE o] &3l FALE
7Iwto 2 A% CFP(Continuous Fragment Pair)&<
et 2) & CFPES 9484 CFPRET fAlEE
SRul ALz ke AV|EL X gs= SPP(Super
Position Pair)5& #<th 3) 22 SPPES THOE
ALgSA HEE FERE &3 ASP(Aligned Sub-
structure Pain)E< A4she #AFES BHEHoE 3
gith 4) viA e R BE FY AAE ol&dl SGE A
‘gt

6.1 CFP 37|

Ado] w7} F3HE 27 A8 €3 MRPD
g 94 9 BE SS9 S50 B5S Faok &
AT BE S5} 55100 s} zhzt (29%-1)
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TS

Y 6 AehE B

Super
Paosition

M) CFPRHE FHOE AMESTHE 7-8).

¢xE 1. CFPZ7]
1 CFPSET = @ /* set of sub-structure pair */
2 for each(SS;* that consists of continuous
residues in S%)
3 for ea(:h(SSjTS that consists of continuous
residues in ™)
if(CAMRPD(SS:®, SSi™, MRPDcre))
CFP = pair of (SS%, S§;™)
insert CFP into CFPSET
sort CFPSET by length
CFPSET = select CUTOFF¢pp of CFP from

CFPSET

0 N O O
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gk AHolA Fopdl CFPE 9% 2r|itoz 74
o =
]

-~

&34 ke W)

ﬂ]-_v} Hl A

il

Utk wEkA o DP?%]Oﬂ A

39l SPPE z+=th
3 A= <R6QS, Rio®, Ruu™, Ris™, Ru™,
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ol oAl WER 7457 Hoks <R4QS, R:™,
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Igks olgs oy /e CFP2 FA4E SPPE %S
= dth o] W SPPE Y IZ o]E FA Hu F=
(Maximal clique)S = WE[20, 21, 22, 231 &
A Ze & Stk 7| FElae a8z BE =
=7t M2 dEdE B o=z goHy Hu Fga
£ ou3d b Fgadr &aA ¥e FYPaE Z9
"ok d2 o a¥ 794 (D, @), {®, ®), {B),
O}, (©, @, @) ZtZt FYPAAL 23 (D, @,
@}yto]l Hd Fel=z0lth

CFPE 2704 A"six CAMRPDE A7 %

duYES °11alz 20] 713 WA ZE CFPEol
I A= S e CFP-Q} CFPi& Agdt(=
3-4). 29 v CFP¢ CFPE FA3tn e QS

ZE ANES T ANEE %‘——‘% Tz P2 y4
FHE 5). 2L oz SR ANATHE 6). A
ek S 7F MRPDspre] fAME S wHEsh=9)
FZ CAMRPDE |83 #AARIHE 7). CAMRPD
WEsle 4% CFPS CFPE === st o]
S AR AZFs) 2YZE AAHIHE 8-9). o] F
Ho) 225 3, FYAE 7= CFPES ol &
HH SPPE F4%tHZE 10-11). uiA=te.2 Zol7} Z
< SPPE AAS7] 98 SPPES Zol2 F sl
*(H CUTOFFspp7 el SPPRHS FHo 2 AMSIITHE
12-13).

mln rulm _&

g3 F 2. SPPEY)

1 SPPSET = @ /* set of sub-structure pairs */

2 GRAPH = @ /x graph */

3 for each(CFP; in CFPSET)

4 for each(CFP; in CFPSET)

5 §'¥ = CFP® UCFP®

6 §'™ = CFP"™ UCFP,"™

7 if(CAMRPD(S'®, S'™°, MRPDgpp))

8 construct nodes and an edge using CFP;
and CFP;

9 insert them into GRAPH

dolEbw o] 2 A 34 A A 5 5(2007.10)

10 find maximal cliques from GRAPH

11 insert maximal cliques into SPPSET

12 sort SPPSET by length

13 SPPSET = select CUTOFFspp of SPP from
SPPSET
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1 ASPSET = SPPSET /* set of sub-structure
pair */
iter = 0
while(iter < ITERCOUNT)
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ASPSET' = @ /* set of sub-structure pair */
for(ASPi in ASPSET)
MRPD’ = MRPD of ASP; + ITERMRPD
T’ = transformation of ASP;
T'S® = structure transformed from S% by T’
ASP’ = extended sub-structure pair of ASP
whose MRPD is not over MRPD’
10 insert ASP’ into ASPSET’
11  ASPSET = ASPSET'
12 iter = iter + 1
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SCOP(Structural Classification Of Proteins)[25]9] 2]
A EFaE SolA =udDomain) Rtk FARETF
HAx oL (Super—family) Hthe FAME7F 2 9
Y] (Family) %9 fAIREE Zte o9l Fxo 4
< A3l 2833t

A8 1. MRPDcrpS} MRPDgppe] 23

MRPDcrp¢t MRPDspprs 2793171 $131A41 WA CUT-
OFFcrp2t CUTOFFspp, ITERCOUNT, ITERMRPDZ
ZFE3] IAY F2 g 7242 500, 300, 200, 0.1ASE
A3 & MRPDcrp= 0.2AFE 1.2A7FA] MRPDspp
€ 04AFE 24A7MA WHSAIAT A9 A9, £ 179
2+o] MRPDcrpet MRPDspp7} 242} 0.4A T 1.6A Y
7FE & SG-Score 0592 AU wElAd o] AY
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F3 AxE F 20 Hth ol MRPDerpdt
MRPDspp, ITERCOUNT, ITERMRPD®] ke 747t

04A9 16A, 200, 01A <& Ak&3th ® 2004
CUTOFFcrp® CUTOFFspp7b 212 200, 408 ‘dojA
W g8 At A 2L RS ¢ F Atk RS
CFP$} SPPe] W57t ZH2h 2007 40 E2 Foll= o

¥ 2 CUTOFFcrp®} CUTOFFsppe] ¥islol] w& SG-Score

CUTOFFspp= 7} ¢18]59] w9 Ao ALE-E n CUTOFFsre 20 40 60 30 100
A AFOIRg o] 55 T A e CUIOFlF(;gP 0550 | 0550 | 0550 | 0550 | 0.550
e MRPDerpet MRPDsprer A3hs A9& WA 150 0546 | 0558 | 0558 | 0558 | 0558
Ayt Fof| CUTOFFerpet CUTOFFsppE ARSI 200 0.557 | 0.566 | 0.566 | 0.566 | 0.566
upxj2ro 2 ITERCOUNT ¢ ITERMRPDE AR 3t} 250 0551 | 0563 | 0563 | 0566 | 0.566
GALET} o} =AU e thula pxzo] WSS b} 300 0539 | 0562 | 0566 | 0566 | 0.566
E l MRPD(;FPQ]' MRPDSPPQI %i].oﬂ Ul}% SG*SCOI‘G

MRPD MRFDse 044 084 124 1.6A 204 244

0.2A 0.370 0.497 0536 0538 0533 0.483

0.4A 0.363 0.520 0577 0.590 0585 0.556

0.6A 0.453 0.522 0.567 0.582 0.581 0.568

08A 0.482 0.501 0539 0574 0576 0.568

LOA 0.499 0.507 0.560 0572 0574 0.566

12A 0.498 0.505 0.541 0559 0.567 0.558
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¥ 5 1ATP(E)$} cAMP-protein kinaze |2 &] & o]&

@ 58 2%
Similarity CE Proposed

Target Protein RMSD
PID CID n Level N |Z-score] N [SG-score

14PM | A | 350 | Domain | 033] 336 | 79 | 336 | 093
(tradeoff) S HA S Fe=th E 4904 ITER- 1CDK | E | 350 | Domain | 038] 336 | 79 | 336 | o092
_ N DR | £ | 350 | Domain | 046| 336 | 79 | 336 | 042
COUNT7Z} Z71stell ulg} g8 Algte] A¥Ho=z & 1CTP | E | 350 | Domain | 150| 303 | 74 | 316 | 081
7k, 3 3914 ITERCOUNTY} 303] o]/, ITERMRPD TPHK | _ | 298 | Famiy | 150] 255 | 72 | 255 | 076
’ ) ’ . KOA | _ | 491 | Family | 270] 258 | 71 [ 274 | o051
7} 1.2A olAY ul SG-Scored] F7}ko] AZS & 1KOB | A | 387 | Famlly | 278 260 | 71 | 280 | 036
2 o] S5 A8 < . 1AD5 | A | 438 | rFamily | 253| 237 | 70 | 250 | o048
T vk we 5§ AdYelMd= ITERCOUNT Kk | A | 317 Family | 275] 260 | 69 | 260 | 039
ITERRPDE 747} 303 12A 2 A3} 1CsM | [ 298 | Family | 242| 249 | 68 | 249 | 060
1ERK | _ | 364 | rFamily | 260| 254 | 68 | 267 | 053
1IN | A | 298 | Family | 225] 253 | 68 | 257 | 058
¥ 3 ITERCOUNT®} ITERMRPDS] ®W3lo] mE SG- 1GOL | _ | 364 | Family | 260| 254 | 68 | 265 | 052
UsT | A | 298 | Family | 245] 253 | 67 | 251 | 057
Score URK | _ | 306 | Family | 331] 244 | 85 | 256 | 046
-~ - 1FGK | A | 310 | Family | 350] 251 | 62 | 255 | 052
ITERCOUNT 10 20 30 40 50 1FMK | | 452 | Family | 282] 245 | 62 | 251 | 045
ITERMRPD TWFC | _ | 366 | Family | 306| 240 | 56 | 256 | 047
0.4A 0.378 | 0.498 | 0.550 | 0.571 | 0.578 IKNY | A | 253 - 429 | 112 | 39 100 0.09
08A 0459 | 0559 | 0577 | 0582 | 0583 me || = = a15] 58 | 3% | & | 0%
1.2A 0.509 | 0.572 | 0.580 | 0.581 | 0.581
16A 0535 | 0576 | 0579 | 0579 | 0579 % 63 7S g2 wwd Hus adsty A9
2.0A 0.549 | 0575 | 0.577 | 0.577 | 0.577 CE$} vt 23 Axto]

¥ 4 ITERCOUNTS®} ITERMRPDS] W3l w2 A

HAZL
ITERCOUNT
[TERMRPD 10 20 30 40 50
04A 0434 | 0.722 | 1.039 | 1.349 | 1.618
0.8A 0.490 | 0.767 | 1.025 | 1.273 | 1.510
1.2A 0474 | 0.768 | 1.078 | 1.345 | 1.642
1.6A 0.506 | 0.760 | 0.999 | 1.230 | 1.385
20A 0.426 | 0.658 | 0.885 | 1.113 | 1.334

7.3 CE2te| M3 Znt vl Hg
Abshe 7IHele o

o shtel AE ZAArE Fe= B =EFe] FHHPAR

Hue ojgoh thal 22 2

#3719 Aed Ng Hlugess gxe gg

ad 4 slok

2 =5
A ARsE e Y AdE wwst otk oY)
Similarity level> AZE 3s¢= d9d 3z %
SCOP®ale] w& A}

posed= Z}

=< SG-Score®] F84& AFE7] A F A
o] ©id FZ ZZ(Fold) Ubiquitin-like¥} Protein
kinaze likeoll ©3te] SCOPQl &7/ wWald] wel =w
Ql(Domain), ILe(Family), 773 ¥ )(Super-family)
Atele] SG-ScoreE &3 Hth Tt =HQd, 3
4], 739 Add &3 e dnd FRET vas
A3 242y 0.916~0.505, 0.754~0.415, 0,441 ~0.271 3=

¥ 6 IMZN(A)S} NTF2-like sj=e]7+e A8 A}

Target Protein Similarity RMSD CE Proposed
PID CID n Level N |Z-score] N [SG-score
1jb2 A 127 Family 071 | 120 6.7 122 0872
loun A 127 Family 029 | 124 6.8 125 0.926
lask A 127 Family 036 | 124 6.7 126 0.863
lar0 A 127 Family 029 | 124 6.8 125 0932
lgma A 127 Family 077 | 123 6.7 123 0.907
lazk A 127 Family 071 | 121 6.7 121 0.897
1jkg A 140 Family 143 | 118 6.2 120 0782
1jn3 A 140 Family 145 | 118 6.2 120 0745
1of5 A 221 Family 169 | 112 46 116 0.696
1g40 B 219 Family 1.80 | 114 41 111 0.682
1g42 A 201 Family 192 | 110 50 110 0.643
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¥ 7 INKS(A)®} Nuclear receptor ligand-binding

domain LS FH3 23}
Target Protein Similarity RMSD CE Proposed

PID CID n Level N |Z-score] N |SG-score
1sgn A | 261 Family 192 206 6.8 208 0.685
1sr7 A | 259 Family 195| 207 6.8 208 0.683
1a28 A | 256 Family 202| 210 6.7 209 0.678
12 A | 261 Family 177 203 6.6 203 0.681
3ert A | 261 Family 248 201 6.5 203 0.659
3erd A | 261 Family 2.00] 210 6.8 210 0.697
1sj0 A | 248 Family 189 101 6.3 193 0.682
1gwg A | 248 Family 185| 207 6.8 208 0.699
lgkm | A | 255 Family 226 | 205 6.6 206 0.674
12 A | 271 Family 197 192 6.2 195 0.644
li7g A | 287 Family 248 | 218 6.2 216 0.651
1s9g A | 251 Family 156 183 6.8 195 0.690
1ifc A | 251 Family 165] 210 6.9 210 0.742
1kvé A | 230 Family 158 | 208 7.0 209 0.749
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[1] F. S. Collins, A. Patrinos, E. Jordan, A. Chakra-
varti, R. Gesteland, L. Walters, and the members
of the DOE and NIH planning groups, "New
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