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A Protein Sequence Prediction Method by Mining Sequence Data

Sun-1 Cho'- Doheon Lee'! - Kwang-Hwi Cho''
Yong-Gwan Won """ - Byoung-Ki Kim''*'

ABSTRACT

A protein, which is a linear polymer of amino acids, is one of the most important bio-molecules composing biclogical structures and regulating
bio-chemical reactions. Since the characteristics and functions of proteins are determined by their amino acid sequences in principle, protein sequence
determination is the starting point of protein function study. This paper proposes a protein sequence prediction method based on data mining
techniques, which can overcome the limitation of previous bio-chemical sequencing methods. After applying multiple proteases to acquire overlapped
protein fragments, we can identify candidate fragment sequences by comparing fragment mass values with peptide databases. We propose a
method to construct multi-partite graph and search maximal paths to determine the protein sequence by assembling proper candidate sequences.
In addition, experimental results based on the SWISS-PROT database showing the validity of the proposed method is presented.
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Protein Expression Profilingg B< @3 d7xE4
=283 #49 dge) Fda JAH1-3) ol Hed 22 3
GAE AR o|FAY. WA, 234 A7 % F(2D-PAGE)
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23 &4 IFE Protease Set of Fragmentation(PSF)e]
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RMV o] ufd tjido] Hru} oE E9], <Pepsin, 59841>3}

Ze Bl 2Zbo] JriH <Pepsin, P31946, 15-20, VLAAIL,
598.41>, <Pepsin, P40956, 110-115, LVAAIL, 598.41>,
<Pepsin, P56231, 19-24, VLIAAL, 598.41>3 & wuf3
A= 31& 5 Atk olx B 27l Mde] ‘VLAAIL,
‘LVAAIL, ‘VLIAAL' %4 3fv7F 2 5 &S 9ngid.

4 ClE 28 JZE o/ 3 =2t MY

3.4.1 4% £ 2Y=g o8¢ 274 HE duF

gl Mg 27k FHe] BEAE s 98 uF
¥ 2828 AHgETh g% BE gz 22 gEe4e
xESE 92 F 3 9=A BE FHA9 w29 A
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(E 1) &2lE 1 : Multi-partite Graphel 7=

@ 32]Z 1. Multi-partite Graph®] T2

Int: G=(V, E,P), and Vi, j vy, v;€ V, P(v;)+ P(v;)

Qutput : Multi-partite Weighted Graph G = (V, E, P, W)

begin
for (all connected edges v;, v; is not empty) do

PlusWeight (v;, v;)

end

g8 F 194 A 49 Fode oed g

PhesWeight (v;, v;) : HasBridge(v;, v;)7} true| 21} SameProtein
(v;, v, R)°] trueeld 715 increment

HasBridge (v;, v;, Gy) * v;9] suffix?} u; (u; € G,)9l prefixe] i
u,-9] suffix7} 1),’9] preflx°]‘£ true

SameProtein (v;, v;, R) : 27 do|EHo]l& RN v, v; 7t BL
g dE dAEE true

(E 2) ¢8| 2: 3/F20| Z= B

g1 F 2 HABdol F2 B4

Input: G=(V,E, P W)
QOutput : Max Weighted Path

begin
MaxWeightedPath := NIL
for ( v; &€ V is not empty) do
begin
LocalMaxWeightedPath = GreedyMWP ( v, ) /* v; & start
vertex */
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if Weight (MaxWeightedPath) < Weight (LocalMaxWeightedPath)
then
MaxWeightedPath := LocalMaxWeightedPath
end

end
procedure GreedyMWP ( v, )
begin
if (k==|P|)/* |PlE HE|A] 7+
else
v; = MaxWeight (vy, vie1) Vi, 1 < i<k P(vgy; ) + P(v;)
Max WeightPath = v; U GreedyMWP (v; ) /* ¥+ ordered
merge */
return  Max Weight Path
end

A E 294 AHgEE 59 Aoe dgn 2o
Max Weight (v, vae1) © veSt 928 FEAH P(vpsy) A F 715
A A9l ==& return
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Bl B9ag 54 Pastel 47 B 228 QFeka &
A RMV iAol ofs) @& F mAdo] ‘VLAAIL, ‘LVAALL,
‘VLIAAL'Y ®, QF : VLAAIL, LVAAIL, VLIAALZM &
AW HLE ol J) gAY oy 2FY Y B8
T 4tk <E DE A $RY 145 AgAEL W,
A 2Fe WY B50] 47 A8 BFa ok

(E 3 g =5 289l o

Wy 55 aF

% 1: | QFLL:VLAAL, LVAAIL, VLIAAL
sa-1 | QF12:HHGAAHHCL HAHAGHCHL

- QF 13 : HMGGMK, HGGMMK
3 9. | QF2L:VLA, ALV
Za- | QF22:AILHHGA, ALIHHAG, HAHLIGA

= QF 23 : AHHCLHMGGMK, KCLHHHMGGMA
2% 3: | QF3i: VLAAILHH, LVAAILHH, AAVLLIHH
#4-M | QF32: GAAHHCLHMGGMK, GHAACLHMGGMKH

<#E 39 ¥iF 52 257 <E 4>9 RMIZ} vy &
o, B4 (29 DAXAE A ¥4 71§ == ‘VLAAIL
3 o& #gad ==5& Adt (39 DAA F2
29 MEEL 71 2F9 =4Ed WAHE FE MYE
oltk, & 1Ee MAEL dAle NAFEHE AR o B
AR ALGET gF 28 2dZE TFHE7] Al 71Fol
HE 229 48 JEAY =E5E A5t 7 A9
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{E 4) Residue Mass Index2! Gil

2 A ik oAl MgE A A 4 %
Pepsin P 31946 VLAAILL 15~20 598.41
Pepsin P 31946 HHGAAHHCL 21~29 982.44
Pepsin P 40956 LVAAIL 110~115 59841
Pepsin P 56231 VLIAAL 19~24 59841
Pepsin P 12487 HAHAGHCHL 3B~46 982.44
Pepsin P 23654 HGGMMK 39~44 660.30
Pepsin P 31846 HMGGMK 30~35 660.30

EAE 008 2UlEE oA g AR Y
A 341004 AXNE FHQ, BEA HLo] siEvte] R}
YolejHlol 2o 7 wwWAe) zztog FEEHO EXA9
A RE wpzlch

[ VLAAIL LVAAIL VLIAAL ]
///
L d Iy
( HHGAAHHCL HAHAGHCHL ]
' 4
HMGGMK HGGMMK

(a3 1) 7|1F =9 s ofE B8 =

4 £W VLAAIL'S ‘HHGAAHHCL' <IA& QF 229
‘AILHHGA 7} B2l 9&& 3t Slcth sfustd ‘AILHHGA’
9] HFAPL ‘VLAAIL'9 HPAL2 wix =i ‘ATLHHGA'S
HojAE ‘HHGAAHHCL'Y FFAM} ol X =7] d&ojtt <X
5> I% 29 2§ 3 FoiA 2EA MEE R RE 9R
£ HAF1 Qv gy ‘VLAAIL'S ‘HHGAAHHCL
Ao 7EAE 1 29k E=J, VLAAIL'S ‘HHGAAHHCL

- <E 4>9 RMIoA ‘P31946°0lel= e Tl 27}
9 Aoz IUHnE oY NFRE 1 S¥rh VLAAIL
71ExEg O& Hdeie] RE =3 Aol EuY
02 71F8 Addsid 9 #4A4& vEdn

(E 5 22|X| MEE IR U ollXl

il A By Mg
VLAAIL HHGAAHHCL AILHHGA
LVAAIL HHGAAHHCL AILHHGA
HHGAAHHCL HMGGMK GAAHHCLHMGGMK

(¥ 2 "WAel B4 ¥ /MEAU 239 tE £
a#jzolc). B dilde Fr AY ZAAY EAE dF
B8 =N 7 geES BsAl diY BRskeE 3R
g F3E A s@dEUd %4 Z(Hamiltonian path) &
Az & 4 gtk e NP-completedt EAolmz 7
HAQ AT W ©&(greedy) LREES o] £FTH11-
131 2t #ElAe sle oA Fof 7H5AVE AU ==&
dAZdse) AA FHElAL AR ARE F3W o 3R

Ag A27F 48 75 AR /M wodxn 23 gl o
Ao ¥ N9z ARAsE Aotk waA ¢ dAdAE
AA Ael A2(Maximum Weighted Path)E A= ==
9 N4¢e #¥F VLAAILHHGAAHHCLHMGGMK'®| E}
A @ide F1 Ado] Frk
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2| T4
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HMGGMK HGGMMK

(38l 2) §ME C}E 28 =
4 §E % do 2o

B =2 Ao g ) Ad 549 AETY UF F
& ¥ T (multi-partite graph)ol & vt HgF AE
G0 Z BFYE 4Z3) A8 AEgo)R d9E &
At} Pentium I 500MHz Dual Processor, RAM 512M
9 A8 @A AH, A3 doJel= SWISS-PROT Release
40269 112892 dEE F NG ZAo] BAR HE 63749 &
WA g Jodz AdEy viAe geld(unknown pro-
tein)2 7}A o] ALgstdY. A9 42 E trypsin, chy-
motrypsin, thermolysin, pepsin, elastase, endoproteinase
Glu-CE AH&38l9a 7153 2282 chymotrypsindl &3 &
g 2452 AYsqd oF 2 19z 7+ §F
wuld 58 AL AR 99 A2 gAE g 9, g8
(greedy) &18)Z3 RE A2Z gA8l=(exhausitive) &
APE0R 77t AL 3o vk 4 A o3
A 7159 o] g & FEY FRH A o] njAY @y
Foldlz 7HEsta 4y dHolgE YA Axle MEH
YRR dx&tgch was AR Hued BARE G485d
child qdg AAAE Fi(greedy) ¥aF EHFAS
gag = gk 439 A Ko ARt g&
A 7AEXS G4 Fo wel A AdE dei A
Al GZSeRE B4 e,

41 JVEX| <} R ME FALTS| BAH
EL 7 Zz o ddd 27459 Fu AEEd UF
£8 T3¢ =(multi-partite graph) ¢312E& H L3l A4
¥ oguld 3y M3 vAe gddR sMAsta §jge A
A dud MEde vws & A (2F 3olA HolE: et
2L A% AAE B9 ol ued go] X + Utk
V29 (score)ol FE4EF APoq 53 AEH
AA 89 FAH (similarity)o] e & & + AUtk
Ade FA 242 Needleman® Wunsche] 418&&
o] &3l tH14, 15].
$e A3 23 239 A R LR MENY g,



FAEE oJujgith 715A]9] fo] $R AE F /M 22 (D)
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e A ARE ALT AR, 25/25 & 12H AT A
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& 779 AGE 100%8) FAHE Hel 22 glo] 2
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e 1 il N9
GLLSSLSSVAKHVLPHVVPVIAEHL
8A SE NI A

T, 25/2%5
IGLSSLSSVAKHVLPHVVPVIAEHL
63, 23/25
GLSSLSSVAKHVLPHVVPVIAEHLI
58, 20/25
GLSSLSSVAKHVLIPHVVPVIAEHD

66, 20/25

Simitarity(%)

2 40 60 80
Score

I ¢ Protein candidate sequence I

(3% 3) 7ISxlet A ME RAZe| A

42 E20| 2 tE MY ofFel HET oA

vy Ade Auds) dd 488 149 S0 B
w9y D dde) A%y ARE 24 ¥ A, (29 4)
AA ol vlsh 2e 4T BAR HAT. o)k e 2
o A4 5 Ak

0 2 T
Number of applied proteases

(2 4 ARBE F249 T MY 0E9) ZEY A

ME HIOIEHIOIdE S8t T ME o=V 265

7b BEE Wdd AdE A

gk, A4E 67 AHERE dE 91%
A A Q&L A & £ 382 ¢+ ddh o=
Ad 297 & o7 9 545 ALE§e s A B
YA Mg F7F T3 wE MG d429 AREE Ft
A& e Aol

5d &

gl 547 AE 452 diFe] E47 75 A7
A Alg F8% Eoketa ¥ 4 Stk Protein Expression
Profiling & H]£% 7|&9 A3e 7y og dWd &
AL G¥d dolguolxe SFEo] gle Ak AT
Hlmets oA HRd FFE 7k FH MFo| YR
Po| BAstn g}, Gdd dlojEHo]ze| o} FET
A & NZE gdL 458 5 givke A7 Aok

B =8dxE o BAE h@stuA doleutely
718k gl AH4g o= 7]dE Adsiad BE9 MALDI-
MS ZHE AHgste] diE MEE $4 2 458 5 ¢l
T EARFeln AAAQ ZHelztn & £ gk B4
auld ddas(protease)E JEFOEN, AR FHE o
W2 zzhg dojullm, & 27 A% AHue} whild o]
ElHlo| A8 o] &3l TR NEE At =E, A2
FR N9Y 2R F3) AA) /AEE 2R%] AA, o
F ES 9= 75 2 Z2 g4 JEE AdsATh A
3 A EL BHEE 4S8 WA SWISS-PROT
g gojEuol2d e ¥EHA dHd MEZ AEE
ol YL AT B =79 dndEE H4sd e
oud T8 H4ds vixe) awdz sbgskn §ET AA
gz qde vug A3 dEE 100% FAS BRe &
1 E gBFEE #AE 4 Ak

£ 78S @4 43444 7 Be] AR 9lE MALDI-
MS Az gd 49 EAE dfdsis 443 42
Holtl, o2 thldo] Ng2¢ Aojd o=w 7AW 2
S AyF Uiel o AFAAH A ANFAJ F&T
Aol E & vk =3, Ly NIdERE ZF 2748 9
237] Wi g @A REH lFe dig gAE
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dlolE o] ~(RMD7t E&Edte] HE A45& AR 3=
e A4 25 dded, d4 9 53 A
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H 240 g dAE By FF IR HEY 8
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