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The evaluation of SUBTILISIN BPN's thermostability

transformation effect on a single mutation
XIA Xuan, MA Shuai, WANG Qin, LI Xiaoqin"
(School of Life Science and Bioengineering , Betjing University of Technology, Beijing 100124, China)

Abstract: The modification of protein thermostability is one of the major topics of protein engineering, where the
strategy of residue mutation is widely used. This article aims to establish a method of evaluating the effect of the
mutation results. In this article, we chose Subtilisin BPN' as our research object and picked its 9 point mutations as
our research samples. By using molecular dynamics simulation method in 4 different simulated conditions, we
compared and analysed some parameters between the wild and 6 mutated proteins, collected 4 parameters of them as
the effective parameters, and established the evaluation method of SUBTILISIN BPN’s thermostability transformation
effect on a single mutation. We used this method to evaluate the other three mutations’ effects, and found the results
were completely coincided with the existing data, suggesting that the method can be used to evaluate the SUBTILISIN
BPN's thermostability transformation effect on a single mutation.
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Fig.1 Spatial structure of Subtilisin BPN’

BIFAIREE AR o 18 0E, BB L3R B 3
= ,/J\f;kfﬁ%%{}é’ﬂﬁzﬂfﬁi( Asps, \Hise4$ﬂ Sery, ) o Kl
Ha] WL B YT T B N ERTE B KA G, o 3R



%34 z

O HINYB OB ERNARERTHNRERATEAA 173

Jefr T4k R, BISRTE B P& il A H A
HE—ABRIR,
1.2 HEFEEAEBRTALRMER

VEEL 6 ASC56 1 ELUERA 0 R = 2 AR 2
PR 2 A8 AT AR A 8 X 42, B AT 4090 k2 S161C
G166R'"™ | G169A'™ | S188P'* | K213R'™ LI M
P239R"™ | & 1 g P A UK BT B AR 1 BPN %
H 6 ANGASRI Tm B K 60 °CF A 3 Ik a] | ix
PIAN B R U A 25 0 (0 AR B . ph 3R P s
ATLAE Y, 78 A 58 A8 U 1 JA RS R 5 i 1 B AR AR
Ferhr Wild R EF A= AR SR I 2R UG

2 ik

21 HEAREABRTENEREE

M PDB #0422 T 4R f# BT BE R 1.8 A Al B
FFRIER 1 BPN S K 4544 (PDB : 2SIC) , #4514 1)
E §E/E AR RIFEAS . FIFH SWISS-MODEL #47 [7]
T A 9513 1 I8 6 NRARIR IS5 H4

*1 #HEAEREABRERTENEESIT
Table 1 Information statistics of subtilisin BPN' and its mutants

Wild S161C G166R G169A S188P K213R P239R

Tm/ C 58.5 / 62.1 59.6 60.5 / /

Half life/min® © 18  21.5 /
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Fig.2 The ramachandran figure of subtilisin BPN’ and its mutants
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Table 2 Average energy data simulated-370 K_0.2 ns ( kcal/mol)

Wild S161C G166R G169A S188P K213R P239R
BOND 3631.02 3 657.82 3 651.54 3 642.59 3 645.81 3 672.87 3 644.56
ANGLE 2 933.49 2 949.9 2 951.81 2 946.09 2 954.84 2 965.67 2 963.89
DIHED 725.97 704.65 720.19 714.47 709.15 710.07 701.69
ELECT —-117 436.17 —-118 094.58 —-118 138.68 —-117 743.47 =117 795.77 -118 766.8 —-118 328.82
VDW 490 288.28 571 651.11 576 507.12 573 173.32 573 218.7 577 288.55 3270 080.17
KINETIC 400.14 400.85 401.19 400.91 401.26 403.03 404.67
ABOND KFO0 26.8 20.52 11.57 14.79 41.85 13.54
AANGLE KXFo0 16.41 18.32 12.6 21.35 32.18 30.4
ADIHED /NT0 -19.52 -5.78 -11.5 -16.82 -15.9 -24.28
AELECT NFO -658.41 -702.51 -307.3 -359.6 -1330.63 —-892.65
AVDW XFo 81 362.83 86 218.84 82 855.04 82 930.42 87 000.27 2779 791.89
AKINETIC KF0 0.71 1.05 0.77 1.12 2.89 4.53
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Fig.3 The RMSD curves ofSubtilisin BPN' and its mutants in 2ns in the molecular dynamic simulation
Fz3 370 K 2 ns BRI FHEEZEE (keal/mol)
Table 3 D-value of average energy data simulated-370 K_2 ns ( kcal/mol)
S161C G166R G169A S188P K213R P239R
ABOND KF0 1.29 6.40 1.64 3.46 1.77 2.61
AANGLE KF0 0.69 9.56 0.57 23.14 7.14 10.42
ADIHED NF0 -16.28 -18.01 -11.33 -19.00 -6.31 -17.47
AELECT NT0 -174.54 —-442.08 -179.24 -211.91 -886.69 -1631.37
AVDW KTFO0 17.67 33.01 19.61 34.84 70.02 151.19
AKINETIC KFo0 29.51 39.27 28.69 31.16 124.09 239.71

M2 3 3 MR AU [A] A9 1 0 DL B 1A

RRTTHR]

e AL R I BT

i, it —4

M, AT 78 3 EE AN A2 (1 1

G B L IR 1] X6 445 2R Y 52

DU HEAT T SIS ] R RSEAEL , ASEHUA AT [ 46 0 A s o
HEg—F /0.1 ns, HEER ZZ(H LR 4, K 4 P IT
A RE B AL AR BSR4 52 U ] Y
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Table 4 D-value of average energy data simulated-370 K_0.1 ns ( kcal/mol)

S161C G166R G169A S188P K213R P239R
ABOND KTO0 28.24 22.54 12.99 9.92 42.66 35.94
AANGLE KTFO0 16.83 17.88 12.6 16.95 30.76 32.34
ADIHED NFO -20.71 -5.23 -10.84 -16.16 -15.68 -22.89
AELECT NT0 -709.11 -761.07 -357.57 -286.86 —-1375.41 -1 398.69
AVDW KTFO0 81 380.1 86 241.45 82 899.86 82 898.0 87 023.74 2 780 035.63
AKINETIC KFo0 1.14 1.4 0.28 0.26 1.77 4.34
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Table 5 D-value of average energy data simulated-300 K_0.2 ns ( kcal/mol)

s161C G166R G169A S188P K213R P239R
ABOND KXFo0 26.50 22.53 11.96 15.07 40.72 -18.33
AANGLE KFo0 12.99 16.37 9.58 17.27 27.75 16.70
ADIHED /NF 0 -21.62 -6.17 -12.20 -9.34 -16.68 -24.37
AELECT MF0 -645.23 -754.77 -314.13 -369.21 -1 308.89 -141.11
AVDW KFo0 81 373.66 86 255.29 82 898.83 82 924.26 86 962.73 2779 595.18
AKINETIC KXFo0 0.48 0.34 1.05 1.35 1.91 3.81
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2.897,

itk Hrae AR S B EIVER O R,
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ARAFIRR 6 Pl RE I 22 (B FLXT N 1Y Tm 5 5 1
P77 /7 B2 /K % ( Spearman ) A5 PE 43 HT, 99% & 15
JETT B OBUMI RS 55 () A5 SR UL ER 6, Hoh Ry 1
HR4rE G166R .G169A S188P AY Tm A 5 &1 fit it
ZEH YA R Z B A OC R 8, TR TR
S161C K213R ,P239R Y Half life 5 4% fE & 2218
Z A AH OC R AR, A DG 28 BI0BR O 3R 7 A G 1 i I

xR 6 EEEZEMEE Tm\Half life HIHHX R

Table 6 The correlation coefficient between the energy
difference and Tm\Half life

ABOND AANGLE ADIHED AELECT AVDW AKINETIC

370 K_.0.2 ns 1.0 0.5 -0.5 1.0 1.0 0.5
370 K_2 ns 1.0 0.5 0.5 1.0 0.5 1.0
370 K_0.1 ns 0.5 1.0 -0.5 0.5 0.5 0.5
300 K_0.2ns 1.0 0.5 -1.0 1.0 1.0 -0.5
370 K_0.2ns 0.5 1.0 -0.5 1.0 0.5 0.5
370 K 2ns 0.5 0.5 -0.5 0.5 0.5 0.5
370 K_0.1 ns 1.0 0.5 -0.5 0.5 0.5 0.5
300 K_0.2ns 0.5 1.0 -0.5 0.5 0.5 0.5

MFE 6 7] LLFE H . ABOND AELECT 5 &8I 1)
Tm AHSEPER R |3 RN KT 0.1 ns BUAIE R
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ARTE ProTherm U8 EAICE LR 7, Fh 2 PR
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Table7 Records of subtilisin BPN’ and its mutants in protherm

Entry Protein Mutation Tm pH Measure Mesthod
2525 Subtilisin BPN'  WILD 58.50 8 DSC Thermal
2525 Subtilisin BPN"  Q206C 63.20 8 DSC Thermal
2530 Subtilisin BPN"  N218S 62.50 8 DSC Thermal

1 Entry 1% FTE ProTherm ZE 4 i AR 1R, DSC 2R I & 1 77
B 2E A A

Notes: Entry is the protein identified in the ProTherm Database, DSC is
short for differential scanning calorimetry.

FRARE 3.3 1 5t 0 B U FATRE LA L R
PN R AR | —A> TCRL A8 1A L o BB 1 Y 9
1303 Fah Jy2 el By A B fiv 44 O Wild, BEAUIZE 2R
W 8 R,

xS WEHAEMAFHEE

Table 8 Average energy data simulated-test samples

Wild 0206C N218S P239G
BOND 3 630.29 3 643.25 3 644.41 3 629.31
ANGLE 2 934.32 2 935.15 2935.03 2 841.47
ELECT  -117 407.45  -117 678.21 -117 795.68 -117 399.86
VDW 573 104.33 576 431.71 576 458.31 490 270.61
ABOND KT 0 /NTFO 12.96 14.12 -0.98

AANGLE KT0 /hT0 0.83 0.71 -92.85

AELECT /hMFO0 KT0  -270.76 -388.23 7.59
AVDW KF0 /NMFO 332738 3353.98  -82833.72
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4.2 it
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