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Prediction of thermophilic proteins based on physicochemical properties
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Abstract ; Thermophilic proteins can keep stability and activity at high temperature, which are ideal materials to
study stability of proteins. Developing a valuable method to identify thermostability of protein would be helpful for
protein engineering. In the present study, amino acid composition and physicochemical properties of protein have
been thought of being related to the thermostability of protein. A reliable benchmark dataset including 915
thermophilic proteins and 793 non-thermophilic proteins is constructed for training and testing the proposed model in
this article. We define protein samples using physicochemical properties and component of amino acid, so we design
a descriptor which will combine dipeptide composition with nine physiochemical properties of amino acids. The
results by support vector machine (SVM) with 5-fold cross-validation show that the best accuracy is 92.74% by
using 290 features when the parameter gap is 0, indicating that our model holds very high potential to become a
useful tool for the research on protein thermostability.

Keywords : Thermophilic proteins ; Thermostability ; Pseudo amino acid composition ; Physico-chemical roperties

WGV U W) e IR B RO A, ok, ANDIERS TR Y Y BRI R T AR R 2R e L,
FEAET H P g ARG VR B SE R AT S A T N A X g AR A v 2 11 AR 7 P L3R BF 58 A W %
WS EADTINVIEA TS EERSHWAD AL REMEER ER i E F e LB G
REMYOC R LR B I T IOm R B (A= A 0] . BE e (ERI AR 11 BT 91 A5 IS g AR g v e
55— W LA W) Methanococcus jannaschii BRI T AR 2D
SRR B A AT, BFEE T R R 2H (B i) N BT 91 H RS G e SR 2 A R e M e A T B
(7 Bkt HoAR E VERL AT TR A B ER DY, 4R IR T BT i 9 — A B SRR AT A S R

r#s B 81 .2016-06-26; f& 5] H #3:2016-07-20.

EETE . U148 B RS E (2015]Y0100) ; ok s B AR 55 9% (2YGX2015]144, ZY GX2015Z006)
YEE TN IR, 2, W AE  BESE U ) AR {5 1.2 ; E-mail : 18200234053@ 163.com.

« BISIEE MR, T W50 R WA S0, 858 7 W . A 015 82 s E-mail : hlin@ ueste.edu.cn.



2 4 #H

=4

& % %15 A&

FFHVRE, SRR A iR B W R —Fh o7k, it
A, R IR A S SE R 41 AR A — Se 5 L T
HUS T3t e a3 A4l Bl DNA FEE
1P 3 S 454 5 B K A8 AR B
FEHUBRE R R AT Z 882 s | DL SR 2 e
Horr iy e

FETE A R 90 45k T LG g AR 1 R AT I
M, Liang %61 fff P JERRFR A AR 5 [X 43 g 0 5 0
IR, Zhang 55 F F Z BCORN 2036 1 41 4 oK IX.
SYEIR S g R AR, e T A8 SRR B A
86.6% , )i K Gromiha 1 Suresh" Al fi 1A E IS 2= 45
TUAI , TERRZE I 25 i SE Al T iz FH S SR 4 15 3
B H AT LEERS AR T 89% , Montanucci agla]
iz FHSZ A ) S AL 2 T00I A 1 5T RS 1 | jackknife
B SR U (R TR FE Sy 88% . Wu 2515 414332 vk
TR A TN B 11 5 RS P, L TROIIORG B 7E 80% L)
b RV EIX R ARAS T A A A5 R E F
KA Frde e,

FEA SCHIIFSE i, A 3 T G046 915 S AR 1
1793 ANHAEREIER 11 7E P AR T 58 A0 b o 0 4
18 FHA SRR — R4 0 Fn LA BB AL I ke ik
BT R RHE 8 2 Ty 25 A ok EA T RRAE B , A
TR ALK IR G AEE AR T, A SO Ry
RS BB A T DA /5 T00ORG B, 223 Ak iy 290 4
SR T T B 22 B IE fE B R GA F] T 92.74%,
Jackknife 38 S UESE S R 91.69% 1 g K 1
F191.42% Wy -{E W8 FAHE 12 TE 8 #0019, L ROC il
LRIHFR 0.963, BRI ZR WA SCHY T AR ki
BREAY AT LI 2k X A AR 7 90 T 0 G A | I
T AT DA R 1 HA AR e o, B A AT DL T
AN R T REZ

1 ARSIk

1.1 HMEHIEE

TESATRI IS | B AR 1 RN E B AR 11 43 )
MG HURFIAE RS B HLAR RS . S T 4RIE
MR T TP ) TR AR i AR R IR
FAERE 8 60 CAE A g AT HLAA FRil A= 4 I B 1 i
IR BRI, B 30 C AR Ay Al g #oA ML il A Kl
JEE 04 e e T B A %F NCBI HL 1126 4 4y ik
PR 20 A= 1 1) o A6 R I B EA T I i, A 136 A%
BRI 2 (A4S 17 Al AR 119 ST ) R
2R,

M UniProt Hv AR 4l 55 4 W B2 1Y b i 43 1 A
136 A Az A HLA ik Bmg SRR /g AR 17 81,

R T ORAIEAS S EHE Y R S DU G R DL T i e 2P
B () EAFRLHRZ S FINERME %, (2)
HEBR 1 0 51 b 2 b SO BREE (il A« X7,
“BTHRI“Z") ;5 (3) HEBR & A HAh & A 7 B F 4
(4) HEBsE A TREIN 5% [R5 56 2 e i e/ m {5 BE 1
EE, BSR4 DREER SR 1329 4
RGN 1R 1 250 N IEREIE 1 .

X HLAR A 25 B S v R IR S A A L
TUARTFH 4 an SR Fr 4 22 AR ADURE 55 i B RR AR 41
AR R B TR B E & B G T HAR R R AIG,
TSR T 5 —A A O 27 ) £ SR DI 25 o, A
FTREF= AR AR S5 R . A T BR R TUAT B G I
far ST CD-HIT 30E SR i e 26 7 81 B,

CD-HIT Ry FEA T B 2 Je X T G 008 4 JL 1
1) AR P E A1 A BV AT HE Y, DA K i —
FIPIWE R —AIFHNIE, SRIG U BRHELE 17 (1)
25751, CD-HIT AL AEMS T Bt i) R 45 S AT 25
BRIUAYR B, 00T DL LA AR TR) A Bt 4

AR SCHEHU — Bk A A 0.4, KBR ¥ 5 ALEE
PETE 40% VL L I)P A G , e 0 B0 L 146 915 4
REINAR 1A 793 DN IEREINVER 1, 5 2015 T 1 7084
FEAAE R BG4 S, HHARIR T .

$=8,US,. , (1)

X B TEE T L 915 IR FIREA
793 MAEERE AR FF5 U " RRWAT
LRITEE,

1.2 HFERER

FE WG PR 1A T R AT R B o 2Ok I
EE AT R —MEE S I, — MR
IR A TR A3 AR 1 T3 9 1Y) A R
NI

P =R,R,R,R, (2)
HA R R, Ry R S NFREATFEA P 1Y
B2 B3, Lo LA B PR AR A
BT RAEMAR, BT R Z P A R T H
FHRSEA TR (T, e 40 BLAST \FASTA 4§, Xf T
— A1 RUAR BT 51 B £ 0 2, B A 00 45 SR AT A 2
ARG, T AR A 56 AR B9 5 2R AR B (R
S —NANAT ZA [ R 76 25 0 000 4 v A i)
FE 5 B AR 51 a0 SRR BE 1 4k 2 A 6 R A Al
VEFH . DRI AE 2 P 40 2 IR DU s v o
FEAFREA, PhEIERA ) FREAFRFIE—1
Bz A, PR LR AL 4 (PseACC) T R
— P REAS AR AT W ZRAE 2 ST 9 S B 24, B
R RB S I B 11537 37 1) S L R 4 AL, T L R A% 4
W R A FER 5 (B A PR R B Bk . BT



514

JIREHE 5 - HE T W) O g P 1 A T 3

PhE LR A 43 WORE S, A SO T — MR B IR
B /- R E AR A 57, JF Hk A7 T 2 sk A 9
TEFEE, B gap (EMN O BUEY 9, %78 PR 22 Jik iR 5k 3 (]
[EB7 M 0 2] 9,
¥ g-gap — KR IR AL NORACE E AL MR 4K,
It LSO B T PR 8 L7 7 91 () 2 LR
FIGF B DX A1 | 3 i 26 B HS SR BEIA] AH DM | 7E B6 v
AR T 400+nA 0 RN BAE T, £oR
s (I
P = [xl...xmxmﬂ...xmom]T (3)
Hop
F(1 < u < 400)
x, = (4)
7,(400 + 1 < u <400 + nA)

nl/.

2 n,

AR (), f, FREA P KA R
IR AR (S) Hon, BARnEAT P HE u A
TR IR A AR AR S BRI KA B B
A 400(20%x20) A, F ik 2 BE R AT A2 RAE A 1 5T
AL

N BRI T R, A (4) 1,
W T A B AR DG, i AR A 25
3.

Jo = (5)

1 L-1
T, = H ”
1 I - 1}; Fok+l

1 L

1

TZ:L_lkZIle:,kH
1 L-1

T :L_lkngklwl
| L2

T o == le+(l<L)

1 L—Zg_l k k2 (6)

1 L-2

T+2‘L_21; Hy .

Hof, HY L R b RIS heA RIS o

AL A A, T 1 DL R 2 e

i =h'(R) - h'(R,.,) (7)

AR (T, 1 (R,) A BRI n i
AEPE R I, AT LA LT A SR TRR AL

n _hg(Rk) _<hg(Rk)>
R = e (R ) ®)

1.3 HHEfFiE
AT (3) 7T 50, FH 400+nA PMFHIE R R BN E
M, 8 T REMEAS B e U R E LR | {7 22 i ok ik
TTRAEGT L B R IE(E AR THEY |l DL A 2Ok Xy
TEFT 43
2 Z xu(i’ -]> Z Z xu(‘x!]) ’
; TTLi mi - gmi

F(u)=

o PR ] RS
(9)

AR «,(i,7) FoRTESR | AT 7 A
FEARBISS w MFIERIRAE ; m, RoRH | AR
FEAB (ARSI RFEA ) m, =915 N,
m, =793 HAEMERE ) . AR AKX AT T w
FEAEXS LAY AT Z0 B F BRI R AR X 43 v TR
H SRR R RE ks, s F AR SRR
it e AR
1.4 SHFEEN

AR AR T FAE Xof 8 P Jo A 7 T gl A 2 1 B 2
AR, rRRINEIRZ AN 2 BROR A, fih 2 M)
2 BRI R-AR R SRS I I TR B 43
v, X/ INFEA Y 23 AR SO T S AR ) ALk AL
s i

1) HE ML ( Support Vector Machine, SVM ) ¥
S H AT AT AR 2 9 0 TR, SVM By A
SR A0 R W5 T B, SRR L et SR
TR LASEAT 3 2 DL AT A IS . Il B2t A%
PR TeIESE AT 2R B b A I G AR 3 i
BTN AR LA (0 S 0k B AT TR AL I X A
RS T A A v A B ()RR ) £ ] TR S ) o
TR L ) Fre i K, SO ] LA AR
ST AL XU e/ MERY BRIE 2 b S ] FE AL
BT e 2 2 ) vh S 40 S8 - T, SR AR 2 )
AUREAS j Z T B B RO 26 RN F . AN SCiE i RS 48 R
HEAT 5 478 38 SCHAIE , e B R A ARAE . SRR ]
HLATLAH libsvm $RFALKE1T
1.5 iFfhigtR

FEGE AP AG 56 rh | X — A~ 45 a2 19 3 R4
Pa4E | jackknife Ko a6 REfE P2 A i —JC RO 2SR BT
DATESEBRI ] o e 28 B R PPAL O ik i ERE .
T TR [R] AR SCHEARFAE 57 18 (14 1 B v g T 5



4 £ W

& % %15 A&

s Rk, ik th MR EE Z E s H
jackknife Ky UGS 6 SR . T B
P (Sn) Rt PE(Sp) , HERR (Ace) , DB R B
(MCC)A DIFTHRVAL . X 4 DMSEGE LT 2t
CEREER

TP
Sn = (10)

TP + FN

TN

Sp = 11
P~ IN + FP (11)

TP + TN
Acc (12)

" TP + TN + FP + FN
MCC =
(TP x TN) — (FN x FP)
(TP + FN) x (TN + FP) x (TP + FP) x (TN + FIV)
(13)

Sn,Sp,Acc BIFEREN[0,1],MCC JER N[ -1,
1], XH FN(False Negative ) 2/~ 8 5 M AFEA
{HE 5L FJEIEREAR ; FP ( False Positive ) 378 #% H &
HIEREAR AHEESIE R AFEAS; TN (True Negative) %
IR E Ry AREAS S5 AR AR A TP (True
Positive ) FRPHE R IEFEAR , A W IFREEA,
(ASCEREA N ERE A, AR R AEE AR |
X 4 et g ARG T B v e AT L
A 4 ASAN[R] Y £ RE R S 00 7 B P 2R G ) P RE

A, Z N E R 26 (ROC #hZk) RE el R fik
JE R S PEBOR DLER A PEAN 43 26 45 1 5000 P B, ith
AT AR R i A8 An T DL B R LE B[R] 43
KAFNEREIL S o & BBy SERE X R —A4~ 402
s VU FR) BB 38 FH TS [ 1) SR O B A T —
RN TN AE R, 2 iCE PR RRAE M 2k A0 A A
PR 5 R M R3S AR BRah— R Ry rP A AR
I DR T R 53 2R A5 AN [R] ) Wb o A5 30
SENEEEESZ i RIS

2 RS

2.1 PR

TR 5T 45 F4 AN R Hh 2 R 1) ) A 1 47
BT EE A, IR B S P A T
A, e R i K | R K R SRR )
BESLIA B —COOH AT 1) fiff 125 % 0 — NH, JE A1 it
BER 25°C I Y A R TEAR SO IR v BR T LA
ASEI AR AR AR SN =R R A T, 43
SRR RIE e AT, JUH R
At tE R B T A (4) ~ (8) .,

FEZR [T 0 45 48 R ) RE v 22035 I 00 B 356 P 1Y)

MR RIS B HEEAHMER, WIS R
(B i F A A RAR g Y AR
A LR IR RS 5 WO AR (R 2L 58 T 20 AR M
BAR AN T S BE R 1 - 24 28 A8 fa B 1 o
TR S SR 6 5 P (I 2 R K AR A LA
BEEAR R AR S B T AR A A bk R v R
A E R
2.2 TMTEE

BT A A0 LA B, A ST IS #
400+9A RHE, BITEAZR(3) ~(6) T n=9,8 T HE
43 5 S AT REZ IAHOCAE B, W A TR, A SR
A=10, I, H1 490 2 1) 1 32 7 A B080 4 v i)
A TFEA

A B S5 i T M B, Bk s HLA B ORS JE
B RRAE , UERBETE TR AR 15 81—
UFRRRIESE  (EJ 490 MRRAE Y BT A T RERY 4L & 1
BEHKKT BT R HENLR AR ST, BT
BRI R B6 T A REAE 4L A PR REIR R AT RERY, hy
WRIEME B A (9) B F Tk 47T RHE
i, B AR YRR N R AR X N 1Y F(E K BN AT
HERP | SR IE R SR — A AE B LA e K FAE A9 RRAE
SVM TH5FORS B Ok, #e IR P R B/ X i
P AREAE B U N B /T — A~ FRIE 4R AR K B R E AT
SVM HHRIZRHIE R S E , XA R — HE A,
B E /N FAEFE R S 22 S, B — IRy
490 MFIE . FTLLERGJS SVM T2 7% A N 1) 490
AKERE, e 1 F E KB NHES 5 —A>
REAE XS IOE O 0 7P R0 X O PR 3, i —
TE X 107 RS B B 245 2] 490 AN HRAE X B 14 FE N
1k, RS 3 BAE B | 2 A5 31— o o A B8 6 7 ) A
TR . FETHRMETR SRR , o 4 ik 2 8 0 2%
Y733 8], AR SCHZ S 114 R i 2 SF g S B 28 1) T
B

TAESEL gap WA 53 ML 0 2] 9, Fr LATE 21t
T 4.900(490% 10 ) AN HEAE 5 X Ny A RS FE | 15 43 10 4
VE B ALR KRS BEVE I ALAR  FE T R R A br &
53] 10 ML, E 1R, 24 gap =0, B AR
290 FHAEXT I RS BE Sl 92.74% | %A B Sk Bt v kG
&, HH jackknife K35 1532 A0 & 290 AN FRAE A9 15
B 15 Sn=91.69%, Sp=91.42% , 3B iZ AR GEMS 1
FRE R

R T X 290 ANMRRIE— H TSR AR 2% AR AL 1Y
PERE, K 2 th2 1 T ROC i<, WK R ] LI
I 2 A 3 e S RN TOUE Ak A il 28 BB AR T g
P HAEBRE AR 32, 7E jackknife 28 KT 5
i ROC HhEL T (1 THTFRE H0.963



JIREHE 5 - HE T W) O g P 1 A T 5

T RFEG T AR ] B BCE 4R iR i WEKA
FATANE DU DU Sl j 4% B HLZR AR =
Py stk — DR A SR R, TN 25 R ORFE 3R 1
W ERAER T R B AR I R AT DUE Y SVM 2 T
N AR 1 9 S B T

96

0 O
= =T W ]

xR
[

Accuracy/%

~1
N

~3
[\

=23
*

0 100 200 300 400 300
Number of Features
Bl $EMEER"
Fig.1 A plot to show the feature selection results
# % B WL HL TR (http ; //swxxx. alljournals.cn/ch/index.aspx ) (2017 4
5 1 1 DOI.10.3969/j.issn.1672-5565.2017.01.201606001 )

1.0

0.8r

=
=

Sensibility

=
=

o
)

0 i g . .

0.2 0.4 0.6 0.8 1.0
1-Specificity

B2 SIER 290 MFAETE jackknife 22 XIGIE A ROC #%k

Fig.2 The ROC curve for the model with 290 optimal 0-gap

dipeptides in the jackknife cross-validation
T XA FR ROC ALY 0.5,

®1 BEBETREENER
Table 1 Comparing the performance of different algorithms
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Algorithm Mmcc auROC
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SVM 91.69 91.42 91.57 0.822 0.963

Naive Bayes  85.90 86.76 86.30 0.725 0.901

BayesNet 85.03 81.21 83.26 0.663 0.918

RBFNetwork ~ 91.04 84.49 87.94 0.774 0.956
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