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Abstract This paper proposes a method that discriminates signal peptide and predicts the
cleavage site of the secretory proteins cleaved by the signal peptidase I. The preprocessing stage uses
hydrophobicity scales of amino acids in order to predict the presence of signal sequence and the
cleavage site. The preprocessing enhances the performance of the prediction method by eliminating the
non-secretory proteins in the early stage of prediction. For the effective use of support vector machine
for the signal sequence prediction, the biologically relevant distance between the amino acid sequences
is defined by using the hydrophobicity and substitution matrix; the hydrophobicity can be used to
predict the location of amino acid in a cell and the substitution matrix represents the evolutionary
relationships of amino acids. The proposed method showed 98.9% discrimination rates from signal
sequences and 88% correct rate of the cleavage site prediction on Swiss—-Prot release 50 protein
database using the 5-fold-cross-validation. In the comparison tests, the proposed method has
performed significantly better than other prediction methods.

Key words : Signal Sequence Discrimination, Cleavage Site Prediction, Hydrophobicity, Substitution
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o7k AAM, v, =0.002,7, =0.0¥ o 95.8%°1, ¥,
7} 0004914 0.0084F019] BEL <F 97% AR HIE
A U3 5S¢ BTk

4.3 MM HERAX 0F

AzMEE 2Fgsln Y= ARE 579 HEAER
TS e, 4719 FRAER grsia UesA & )
o] Az WA o3 2R elFA(5-fold-cross-
validation) 7I¥eg 30¥& whE Ao HEL ¥
At EARE FAHHE FELRE ADHA o)A
o] mAst 018l n A9 opvlmAbE AMSEIYI, AA
ga 23" T AA AEAANE AL ZE 9



A5AT BRG] e B A

o

a8 5 74,79 @ 4 ¥ 4% (%)

% 8 YA 43 A-8€ Feire

AP & P-4 ag-FHT
v, 17 15 19
c 2 1 1
oA 001 0008 0.008
Y, 0.006 0.01 001
¥ 9 HEYH dF AZE (%)
A ag-SA8T a@-FAT
88.0 93.1 87.0

Ni

& 7Igez

olel mAish olF9) n,7hel ofnlmit

2 Uy 2HE G557 98 Agstan. Aeaxe
zd'm% g3 49 72 ZE AR thalA 4
& Avstel 714 & AN skl

ANEZAE BEx vl E Swiss-Prot release 40
9HALEE ARSI DA 45E A% HevE
& TItRTHE 8]

¥ 9% Swiss-Prot release 509 thate wWAEFFA
& AMES AR GS4Fe FFolt. AHYES
LHYNE 84S st F3E 8% A5HE
Eolch, tiREe] ABME dF PPANAY AaMY
of Zo|7} 71 2F-FATY FFo] JAYEoY 2T
-S4TR T @3k

4.4 J|1& MSMHNS Bl djm

AR FHE o7 =Fo Uxd AHEH vns
Q3il, SignalP YAHE °)&3ly Hmdyd T =
2o ERELS AME U2 HAIAEE A8z JF
3 vlmo)go] ofuAgl, tika AFYS dob B 5 AU
. 7238 w(1-3lelvt PSORTI4], SubLocl6]9
e A o&A4%FeA SignalP[51v SVMIT]
S A WHEG AzSITH578]. SVME A1-8-3
< HH71E AENEe] BEnke S8 6%9] 7}

g4 9% 601

YA E(false positive)d ® 80%°l3te] FEx, 8%<]
7V =(false positive)d ™ 80%3E] FY=E B
ey, ® 594 BXo] 71UAEI 6%Y W, SEN&
98.9%0°]E2 A3 W9 A5 E2& ¢ F Utk
SignalP V2-NN2 A3 GAENN DY E 45
sle Agzrt SaAasd BAETE 43 FH
e AT 846%°10, SgAtae HRERT HA
A e ALoe 79.8%010H, 7MFARE 183%°lA
oHEl £ =79 WA FESAE oS3 43
E 98 B9 HFFoz 8% AFZE el
REIFAE AMgsReEz SaAEd HrixiEst
AXA gernzg B =F9] wyo] SignalP V2-NNXE
o AsEt Eoh

A (http://www.cbs.dtu.dk/services/SignalP/) & %38
o HuHrtE £33t SignalP 3.0[6] Swiss-
Prot release 40.00}3}2] A58 g&HAUc} B =F9
1S Spase-HS(Signal PeptidASE based on Hydro-
phobici ty and Substitution matrix)gtz HHEHT
Swiss—Prot release 40.02.2 353ttt s5AE9
AFE JAYYEL 12157, T&-48TS 32570, 18-
FPTL 1297)°1th. FFAtEe E5YHd JAREE
A7) Ysix =7[819 WHOZ Swiss-Prot release
500014 AEME A8 E F23831, Swiss-Prot release
400 A=t FBH 5= AAINAL EF, 2149
ADYR Y oluibe] FR/e o ANE 333}"‘1
HZAQ FriAsE @Atk B see
ANELS U, 2F-2A4FE 1137, 2F-¢A %

417} o]},

TP Fo *]EH%E q&= /‘1%"1] EHE}“] A
Ag ASIRL, FEE A3t AsAMEe] ofd A=
X FAAR 80%E AMEetRI, WA 20%E H7t
of AHg-ettt. g WM 303 wHEIlY HAag o
elidth. SignalP3-NNe| SignalP3-HMMRETE RE
71EANA Aol OB 2 SignalP3-NN$} vlw sty
Az BEA = SignalPolA F33}= D-scoreE A
3l ). Spase-HS® EHAZ -0.28 AME-EHTL
F 10Z7elA BHio] B =§9 Wyo] IYYEY
SENE A3t SignalP3-NNRT AzAME sdy
ol &8tk 18, FPY] Af-oe At o]
BAEGREAA A5l i?‘] ok, dAEY] 49
A7t REINRZ o] FEIA Fycha AAX
¥ 119 Aye AZAdE AEsA gE"a, dug
7‘]5 AgEA <SE vigolth AUgd WHL AN
YHYAE A5 EFAA 453 A5F4E B

=



602

m o
=

ARTEE =SR] AXEY o0

® 10 AZANE #d 4% (%)
Spase-HS (SignalP3-NN)
AN E a%-24T 2F-FET
ACC 98.0 (94.5) 965 (95.1) 97.8 (96.5)
SEN 98.8 (99.4) 99.1 (92.9) 100.0(92.7)
SpP 98.7 (89.6) 95.8 (89.7) 96.5 (92.7)
FP 55 ( 9.6) 8.7 (14.0) 55 (23)
X 11 A99A 42 A= (%)
Spase-HS (SignalP3-NN)
AN E ag-S4d 2g-FRT
89.7 (85.4) 96.5 (85.0) 90.2 (80.5)

5. 2& ¥ g=o7

B =2dAMe uAY oprikit MEo] MIAMEE
Zsta YeAE A5, AIZMEE e RS
2 9ZE ZAfoe FABHRAE dSse e At
3lAtt 7189 AIANYE dESFHHAAE ofuxAte] F
Fob Mg A ARE ALREAT, Ak wHe]
AE opvxitel ME/3EH EAS o3t 4
F3E AHEE olmeite] AEF U JHEE $A
g FR} XEPHG AME3t olv|:=e] A
QA FAES o83l olmxat Mdzte] A”E A
3d et

Agket WS 71Ee] WEER nBud A oEF
gxr7l A $4E AL AT F Ak FEA4e]
A B AH5E Hols SVME anFog HE3F)
A3 AAeHA " oln|ire] ME/HEHY EAAS o]
231971 WEolgtn AdEch

=EoME A4S o83 AEAEY EAY9
ol AGYXE FA317] At AdY T4 HEHHY
o o3t &gAe HEs Feligdd o8 AdEHA
FAEHE ARG 2Rl AEAY VY-S o
AA st3, olvxito]l A=) WAEH=AE Lo}
2 £ Jdt &9 Zd(solvent modeD)g ©]&3 HIY
ol Lizl(folding energy)& AHE&E Agolth =3, &
A AZME dFo] 71EIEE 9 dHHo=E
Mg Aol
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