Yy PRAL2F 24 4R ( Wuli Huaxue Xuebao)
June Acta Phys. -Chim. Sin.,2004,20(6): 587 ~ 592 587

FRREAMB/K MY TGEV £ERAE_RAEREERI=MN -

AL aRA F &
(BRI B2 R, HOM

310027; 'WITLR2AT BT 4B Pt S8R TRESLEE, 7

LEE  EHEL K XK

315100)

fE M TGEV 3CL # H G RIKGEH i &, WF98 T TGEV 3CL 4 1 i Z SR A4 B 0K 22 8] 1 3 e R 7K AH B4R
.25 5 e R A R A AT PR 22 43 5 5K f# Poisson-Boltzmann 5 FE A5 2], 5 K AH EAFE 18 1 43 B 57
Al R PR R AT H] . B E TR pH E X TGEV 3CL & i — SR Ui B FLgi KO B R 52, 78 pH {8
5.5 ~8.5 B, ZIRURHE A BRI RE B R AL BERIETK 1 REER /N, B FEIZ AR # A K AH AL
PR R F AR TG AT, IXAF G 300 45 fh T s 244 . pH (BN i B i ML RE M s2 R F ik A i g, &
B F A P R 0 o PR s Wl S R RS BB A A AR 22 ]

B3R
RESES: 0645, 0647

FAG G 8 W RS2 — R U™ I TS Xk Fi
K R I AR REAE 1) 55 5 B Al P A% ey, I 5 45 ek g
BLAYE R (SARS)—HF, 3594y Sl R 25 il 5 | B2 (1) I
WA AR YR B TR B R
(transmissible gastroenteritis virus of swine, TGEV)
() 3CL % (15 SARS 3CL(Cys like) % [l LA
v A R T A e A A R ST RS ) RS
#l| SARS 3CL #E [ i =425t it [ N AMRH= 5K
DA = Y 25 0 [R] P54 A SARS 3CL 2K [ il — 4 45
¥, UL A 98 TGEV 3CL 2 [ [l 1Y) 45 44 5 AE XF
SARS W25t B R 35 X .

Ahand "W 57 & B, bR B 3 B A B RTIR &
P17 MBS 1 ok TR R St U SR A e — i 52
B H BT YIREFR, 1 AHTAAR S 1 89 U0 F R i 3 8 1
23 H O BRI G BURE & T2 IR A — SR AR 58 B
Ja WA RE L DR T R B T O B G A
HAYG e RAHEER

TR EEO S E N R A AR, KT
SRR R KON ELAE L AR E &
— G . fE S FKF b E A B TGEV
g R B 2 2R 11 SR 22 18] 4 AH BLAE O A B
T A AL T X6 TE A A TR 3R AR 45 4 1 o e 22 (1)
MR R, T R AEY SRR B A E S L
JSE SARS i B PE AL L S A4S R,

2003-11-11 U NI, 2004-02-17 W EIE MRy . BER A B
IS (20173050) RN H

TGEV 3CL I Rk,  HAEN,  SikKER,

{ (E-mail: zengmin @ nit. net. cn; Tel: 0574-88229517).

pH{E

AL TGEV 3CL KK AR 254 (1POU)
AT, 5 PR T L% %% TGEV 3CL R Ak
BALURRD SR 2 ) e A KA EAE . R AR I3
fill EBRA ST T ¥ R R pH {EXT TGEV 3CL —
AR RN B K AH B A RZ ), 45 3] T 5 45 g 5L
BG4 — 45 R, T A TGEV 3CL 43 T 4515
T RE S Z 5 T 78 B2 i — 7 (1 BRI A

1 HEAZE
1.1 =MERFSFIEAB_BEARTENER
A 3C N PDB FEH HBL T TGEV 3CL(1P9U,
resolution 0. 237 nm) "' S AR S5 #4) | TR Ay i 1A 45 ) v
A DB B A4 A8 bR B G 3T 43k 3 A g
FLMN4EF Sybyl 6. 8! 4 FFABFR, I 4 Ak A& Hi il
B AU D B AT R S s G LR R . T AR A R
e R BE T RRIAALAE 500 2, SR 5 SR F 3L B d
AL RE R AL 500 4, AT bE S LEAE 5> 1 B 12
A J - [ () A & PR 48 . A B 11 BEIA 1nm
JELRE WK 2, PRIEEE 1A 2 98 A g As ks ]
KA Gromacs F2J7 7, £ 208 K F XA R AT 15 ps
943 F 30 J1 2% (MDA, BRI K 1 fs, MD #5
P B 1) 5 o A8 S A O 45 B 1 N T v 18 4 A
¥ig . K1 A4S TGEV 3CL & 11l — Rk =
Yrgh R, 4 TAEAE SGI-02 EIE T AR, F5EhT .

RS



588 Acta Phys. -Chim. Sin. (Wuli Huaxue Xuebao), 2004

Vol. 20

E1 TGEV BRIFS 3CL ZEEB AN
Fig.1 The dimeric structure of the 3CL

proteinase from the TGEV coronavirus
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Table 1  Polar and nonpolar solvent accesible surface area (S) of the interface residues in the TGEV 3CL proteinase dimer
Chain Residue 10? Sa/nm* 10? Sw/nm?* 107 *°- S, /nm? 10 YN 8., /nm? 0 (%)
TGEV A 10Ser 0.00 13.96 1.40 12.56 100. 00
TGEV A 16Cys 0. 00 0.13 0. 00 0.13 100. 00
TGEV A 111Phe 0. 00 0.13 0.00 0.13 100. 00
TGEV A 158Phe 0. 00 0.13 0. 00 0.13 100. 00
TGEV A 159Val 0. 00 0.12 0. 00 0.12 100. 00
TGEV A 287Phe 0.00 0.13 0. 00 0.13 100. 00
TGEV B 2Gly 0.00 28.97 9. 54 19.43 100. 00
TGEV B 7Ala 0. 00 33.01 8.92 24. 09 100. 00
TGEV B 10Ser 0. 00 36. 74 9. 86 26. 89 100. 00
TGEV B 114Leu 0. 00 3.77 0.07 3.70 100. 00
TGEV B 127Val 0. 00 0.38 0. 00 0.38 100. 00
TGEV B 199Ser 0. 00 0. 24 0. 00 0.24 100. 00
TGEV B 281Gly 0. 00 36. 14 14. 54 21.60 100. 00
TGEV B 295GIn 0. 00 20. 42 1.92 18. 50 100. 00
TGEV A 123Ser 0.12 70. 39 37.25 33.13 99. 83
TGEV B 124Val 0.12 64. 63 26. 64 37.99 99. 82
TGEV A 138Ser 0.59 93.23 20. 81 72.42 99. 37
TGEV B 139Phe 0.13 15. 80 1.13 14. 67 99. 20
TGEV B 283Leu 0.38 34. 08 6.29 27.79 98. 89
TGEV B 268Leu 0.13 10. 72 0.58 10. 14 98. 82
TGEV B 171His 0.13 10. 43 0. 54 9. 89 98. 79
TGEV A 137Gly 0.25 17. 64 3.65 13.99 98. 57
TGEV B 6Met 0.63 40. 57 8.13 32.45 98. 45
TGEV B 4Arg 2.48 145. 96 68. 96 77.00 98. 30
TGEV A 124Val 1.18 62. 02 23.48 38. 54 98. 10
TGEV A 281Gly 0.74 37.16 13.79 23.36 98. 01
TGEV A 280Tyr 1.43 68.01 19. 16 48. 85 97.90
TGEV A 7Ala 0.74 34. 04 10. 16 23.88 97. 84
TGEV B 282Ser 0.47 20. 65 2.93 17.72 97. 72
TGEV A 276Thr 1.78 71.62 33. 64 37.98 97.51
TGEV A 9Pro 2.39 81.61 5.90 75.71 97. 07
TGEV A 1Ser 3.99 100. 04 25.79 74.25 96. 01
TGEV A 126Gly 0.47 10. 49 1.17 9.31 95. 51
TGEV A 271Gly 1. 96 41. 45 19. 52 21.93 95. 28
TGEV A 4Arg 6. 64 134. 50 73.44 61.07 95. 06
TGEV A 143Thr 0. 59 11.79 0. 88 10.91 95. 00
TGEV A 272Phe 4.87 89. 59 36. 81 52.77 94. 57
TGEV A 122Gly 2.01 29. 81 10. 05 19.76 93.25
TGEV A 2Gly 1.38 19.45 4. 11 15. 34 92. 89
TGEV B 138Ser 5.77 76.95 14. 46 62. 49 92. 50
TGEV B 280Tyr 5.52 72.25 22.51 49. 74 92. 37
TGEV B 3Leu 0.12 1. 58 0.01 1. 56 92. 25
TGEV A 139Phe 1.01 12. 67 0.75 11.93 92. 06
TGEV A 296Met 0.63 7.79 0. 30 7.50 91.93
TGEV A 3Leu 0.86 9.82 0.52 9. 31 91.28
TGEV B 137Gly 4.12 42.70 19. 22 23.48 90. 34

d: dimer; m: monomer
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Table 2 Formal charges of the ionizable groups in different residues at different pH values
pH
Residue — Atom 3.0 4.0 4.4 5.5 6.3 7.0 8.5 9.7 10. 4
OD1 -0.05 -0.25 -0.36 -0.48 -0.50 -0.50 -0.50 -0.50 -0.50
Asp OD2 -0.05 -0.25 -0.36 —-0.48 —-0.50 -0.50 -0.50 -0.50 -0.50
OE1 0.00 0. 14 -0.25 —-0.46 -0.50 -0.50 -0.50 -0.50 -0.50
Glu OE2 0. 00 0.14 -0.25 -0.46 -0.50 -0.50 -0.50 -0.50 -0.50
Arg NH1 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50
NH2 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50
Lys Nz 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 0. 50 0. 00
His ND1 0. 50 0. 50 0.50 0.43 0.25 0. 08 0.00 0.00 0.00
NE2 0.50 0.50 0.50 0.43 0.25 0. 08 0. 00 0. 00 0. 00
Tyr OH 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 -0.07 -0.50 -1.00
. o1 -0.07 -0.31 -0.40 -0.49 -0.50 -0.50 -0.50 -0.50 -0.50
C-tecrminal
02 -0.07 -0.31 -0.40 -0.49 -0.50 -0.50 -0.50 -0.50 -0.50
N-tecrminal N 1. 00 1. 00 1. 00 1. 00 0. 94 0.76 0. 08 0.00 0.00
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Efffects of Electrostatic and Hydrophobic Interaction on the Stability of the TGEV Main
Proteinase Dimer*

Zheng Ke-Wen Yu Qing-Sen Zeng Min' Ma Guo-Zheng Wang Yan-Hua Zhang Bing
( Department of Chemistry, Zhejiang University, Hangzhou 310027, ' Key Laboratry for Molecular Design and Nutrition
Engineering of Ningbo City, Ningbo Institute of Technology, Zhejiang University, Ningbo  315100)

Abstract  The crystal structures of the TGEV 3CL proteinase is used to study the electrostatic and hydrophobic
interactions between two monomers. Solving the Poisson-Boltzmanne equation using the finite difference method
is used to calculate the electrostatic potential. The solvent accessible surface model is supplied for the molecular
surface and hydrophobicity. The electrostatic and hydrophobic interactions are explored in the condition of differ-
ent pH values. The electrostatic interaction energy, electrostatic desolvation free energy, and hydrophobic desolva-
tion free energy show smaller values when pH values are between 5. 5 and 8. 5, which indicates that, in the condi-
tion, the electrostatic and hydrophobic interaction are favorable to the stability of the TGEV 3CL proteinase
dimer. The results are consistent with the experimental condition for the crystallization of the TGEV 3CL pro-
teinase dimer. pH values have stronger influence on the electrostatic desolvation free energy than on the hydropho-
bic desolvation free energy, which implies that the electrostatic interaction is the key factor to the instability of the

TGEV 3Cl proteinase dimer in acid or alkali condition.

Keywords: TGEV (transmissible gastroenteritis virus of swine) 3CL proteinase dimer,  Electrostatic
interaction,  Hydrophobic effects,  pH value
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