W35 HE3IW R E MR CH KRB ¥R Vol. 35 No. 3
2014 5 H Journal of Huaqiao University (Natural Science) May 2014

X EHS:1000-5013(2014)03-0316-05 doi:10. 11830/ISSN. 1000-5013. 2014. 03. 0316

G/11 KRR gl IE pH ERY TN A
H5RERIERNXFR

MR F . KA

(e K2 AL T 2B, fmgt I 36102D)

E: SEARRBEEFHI 5 0 N, fa) s (oD & C v 3 A48 3743 50 A 425 31 B 4 B e 3 i 1) 4 g
B SRy 58 AL i AL 38 3 T I3 4 BT (PCAD J7 IR 4R T 4 e 90 I 4 B 48 3 R A B D 0 385 pHL AL 1 AH 64 L 38 1Y
APV IR A B AL SR ) LR BP i 28 9 2532 17 2 50 BF 78 45 S 26 W S i R ML AR A5 1 0000 A5E AR ) T el
2 M 45, Horp RBF 32 R[] L SR A A A . 2 000 40 T 45 S S 7+ T o 6 0 40 BR 38 pHL (B M 56 1 35 o 5 A
KRR HaXE A 0. 68,45 BN 25 R 55 3 H5 i L85 R — 20

KB RKEERE; AER: R ROl BP MM BRI RS

FESES: Q55 XEkbRER: A

AREMERG(EC3. 2. 1. 8) & —Fh i S0 Tl IR, o] 73z 0 TR 3 40 & A8 47 k. AR SR B Tl 1)
A AT R R /0 i 46 Tl V5 P o R v S A A 4 s DT A 55 AR AR o 2 3 4K T X SR B i s e R
T2 4G T P A ZROME Tl ks 2 T R R TS B 45 1 o T AR BT A 1 P R R T P RO AR —J R i PR
B 3 7 R A R 5 T Ao i PR TR K AR A T s A L s T R O SRR IR L AR A SR AR
T RO 37 W 9E B T R RBEEG AT 43 F/10 0 G/11 K%, T G/11 KA BB /> T 5/
1717 L 45 4 5 7 B, R I L 508 A5/ S B R 9 10 4 A R X 2R R I B S A T Rl SR
— PP 1T (rational design) , B 58 & 2848 s — B AF B4 B 11 (irrational design), & [ # 1k, & & R4
H A WA (75 S e 1 i AR 1 BT A 2 A 5 0 [l A AN T 5 R B 1 BT 5 A BT 2 DRI M. AR SR
FAA SR i e 5 00 15 8 A dsc il pH B, A 1 U PR ZH M Bl pH(ELOC R AR B 1B 1R 4R 5 T i e
15 pH E 2 R S H A B O AR OB G i o SR e SR R ME R DUR m PR A . A PR A RS R
AR RBEBG ) S IE IR 5 fl pH (B G R H 8 BP i 28 W 45 15 AL, I FLIROCIS S 0 i 0 45 SR R 3 40 1%
THCUD) J7 % o ) 8 52 3 R 4 ol FH 5l pH B G R ALY

1 #REFE

1.1 E#ERIE

G/11 ZEHRAR MR 1Y 51 >k J5 T UniProt (http: //www. uniprot. org/) » A S8 i £ 5 ok I8 T 3¢
BRL6]. 73 ANARRMEEG 1D 5 K dw il pH (H, 13k 1 FroR. & 1§ 1D S R RBEEFZE UniProt 5048 5 1)
W5 5 pHop oA SCHIR H 41 T8 1 A 3 W it 1) fc 38 pH (.

X o pH ELTE — & 0 Y o JBCHS b (R A SO0 i 1) 220 B R 2H 1823 A il B A7 Bk iy B4 56 L.
KA AAURT LA 42 BE P 9 1) S 6 R 4 A » 38 AT AT 3R 43 B A S FR 4L B T 5043 40 #t i MIVSP 85 {:
SE 8 2R 2% B S R T L weka3. 6.8 B T8 . LA AN AR SROBE G rh 42 B 5 I BT A OFF Il R
FF A0 3553 3 B 43 5 3R R e 50 N i o C g S o ) 3 ) 14 20 220 25 R 1) 2H 1 4 LUAE S pi 2 I 4%

W EB: 2013-09-18

BEMEE: SOLWAT) 0. B, TENHAEYFE LS5 EY L THIPISE. E-mail: zhgyehh@hqu. edu. cn.
E4TH: EFRHARBEELSEBTH(21376103); fHEA A RB IS BT H (2013]01048)




%3 PRI, 45 G/11 AR RNERERIE pH K B0 K HC 5 0 B 0 B 1 O &R 317

A SR ] e AL A A S B ) i p LA Ay 4 R i
# 1 G/11 ARRWEEG ID 5 M dnis pH (H
Tab.1 Xylanase ID in family G/11 and the optimum pH value

1D pHop 1D pHop 1D pHop 1D pHop
Q14RS0 6. 00 P36217 5.00 Q12549 4. 00 Q5NDZ1 7.00
P48793 5.00 Q9HFHO 5. 00 CoLZ11 3.00 Q59962 6.25
QIEWS9 6. 00 QIUVEF9 5.00 Q21018 2.90 C6FGW6 2. 60
P81536 6. 25 Q6QA21 5.00 A4GG22 5.75 Q8J1V5 6. 00
P35809 5.00 P48824 4. 50 A3QRI7 6.00 DIFNQ6 6. 50
Q7SIDS8 8. 00 P55330 5.50 QIXGE6 7.00 Q7ZA57 8. 00
Q6VAY1 3. 20 Q35401 5.00 Q84F19 6.00 Q9HFA4 6. 00
A217V2 6.00 Q2PU02 4. 60 Q59256 7.00 D3KT79 5.00
QI6W72 3.50 P55332 5.50 A5HO0S3 7.00 077398 6. 50
Q92397 2.00 043097 6. 50 B5SYI8 6. 00 P26220 6.00
BoFIU1 3.00 B3VSG7 4.75 Q3HLJ4 8.50 D1K]JJ7 7.00
D2KPJo 8.00 Q58G72 7.50 C7F433 6. 50 Q8J1V6 6. 00
Q6U894 6. 25 QIHGE1 5.50 Q2PGY1 5.00 P17137 5.75
Q71835 5.50 Q38Q19 7.50 DI1GFES6 4.50 B8YQ34 6.25
P45705 8.00 Q4WG11 6. 00 Q8J0T4 5.50 Q8JOK5 3.50
Q43993 7.00 Q8RMN7 6. 50 QI6TR7 2.00 QI6UV7 4. 50
P55328 3.50 B5MO0C6 8.50 QIUW17 4. 80 P55333 5. 50
P33557 2.00 QO6RH9 7.20 Q06562 6. 00 B5A7N4 5.00
QIUUQ2 2.00
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Tab. 2 Result of SVM prediction based on linear kernel

ZH N ¥ I i C i 4B
C e MAE RMSE MAE RMSE MAE RMSE MAE RMSE
0. 50 0.200 0 1.12 1.52 0. 90 1.14 1.05 1.32 1.07 1.38
0.05 0.000 1 1.05 1.36 1.00 1.26 1.06 1.36 1.28 1. 60
0.01 0.700 0 1.28 1. 60 1.28 1. 60 1.28 1. 60 0.83 1.12
100 000.00  0.300 0 1. 20 1.59 0. 99 1.28 0.92 1.23 1.28 1. 60
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Tab. 3 Result of SVM prediction based on RBF kernel

ZH N ity I 3t C ¥ E4E
C c y MAE RMSE  MAE RMSE  MAE RMSE  MAE RMSE
1 0.100 0.500 1.00 1. 40 0.84 1.17 0. 86 1.16 0. 89 1.18
50 0.150 0.001 1.04 1.41 0.92 1.18 1.04 1.38 0. 88 1.19
1 000 0.001 1.500 0.97 1.28 0.97 1.29 1.01 1.31 0. 96 1.27
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Fig. 1 Relationship between experimental and

4 TR (U S5t T 25 5L .
M 2% 4 ATH . 22 o) R (v) Sl 0. 06, 325 2 5 (MP)
h 0. 2, BRE RS SE(NHL) Jy 8 B, DL T vy 20 56 1R 41 1 iy A 78, 3% fe il pH(E #6192 5 Ak iR
228 1.49 A pH HHAL P34 % 3222 8 1. 09 A pH {H AL, HA R AT LA RCR.
4 BP 44 TN 25

Tab.4 Result of BP neural network

predicted transition temperature obtained

28 N iy I i C 3 & B
v MP NHL  MAE RMSE  MAE RMSE MAE RMSE MAE RMSE
0. 04 0.6 11 1.76 2.36 1.14 1.49 1. 30 1.75 1.37 1.81
0.08 0.7 5 1.65 2.27 1.24 1.69 1.49 2.06 1.77 2.38
0.06 0.2 8 1. 80 2.43 1.09 1. 49 1.31 1. 69 1.31 1.72
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Tab.5 Optimum result of 3 segments in the three different models

JE 2 R A% ] BIL PR &R BP 22 f %
RN E
MAE RMSE MAE RMSE MAE RMSE
1 0. 90 1.14 0.84 1.17 1.09 1.49
N 0.92 1.23 0. 86 1.16 1.30 1.75
C 1.05 1.36 1. 00 1. 40 1. 65 2,27
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Fig. 2 Relationship between principal components and optimum pH value
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Tab. 6 Relationship between 20 amino acids and principle components in xylanase

4 TR
s : AR \
T THI%
Prl 0.850.2A 0.2T 0.2N 0. 3G 0. 3R
Pr2 0.6G 0.3N 0.2F 0.2S 0. 2K 0.2D 0.2A 0.2R 0.3Y 0.5T
Pr3 0.6G 0.5T 0.350.3Y 0.2A 0.2K 0.2N 0. 21
Pr4 0.5Y 0.3Q 0.3A 0.2R 0. 2G 0.2K 0.2F 0.3D 0.3V 0.4T
Pr5 0.6N 0.3S0.2Y 0.2R 0.2V 0. 2P 0.2D 0.2H 0. 2F 0.3G 0.3A 0. 3Q
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Prediction of Optimum pH of G/11 Xylanases and the Relationship
between the Location of Amino Acid and Optimum pH Value

LIN Yuan-qing, ZHANG Guang-ya

(College of Chemical Engineering, Huaqgiao University, Xiamen 361021, China)

Abstract: We divided the xylanase sequences into three equally segments named N-terminus, I-terminus and C-terminus.
And then, we calculated the amino acid compositions of the whole sequences and the segmented sequences, respectively.
The amino acid compositions were used as the input values of these models. The principal component analysis (PCA)
method was utilized to analyze the relationship between the amino acid composition and the optimum pH. The uniform de-
sign was used to optimize the running parameters of support vector machines (SVM) and neural network (BPNN), re-
spectively. Our results showed the predicted model obtained by SVM was better than that of BPNN, and the SVM model
based on RBF kernel was best. The results of PCA showed the correlation between principle component and optimum pH
was best in the I-terminus with the R=—0. 68, which coincided with the result of the SVM.

Keywords: xylanase; amino acid; support vector machine; BP neural network; uniform design; principle component a-

nalysis
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