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(3. TEIETHILE KFr L ARB 5B 1Lk faif  223814)

o OE: [FR) AREEMEEG T g A% 2, 12233 ERAEE R ZaMRA]. [B6] 2
A6 4% & Rhizopus chinensis CCTCC M201021 g 584 r27RCL 4T 4 Mt AT I 3T, AR FHZ
BaaAsz e, [ %] vA Disulfide by design #F Jf & r27RCL & F & @ 46 % 7 s —Ad 49 R &
fik, 135 75— R A, AR Ak PCR 72 AR T, FAEEFBE P RAKIR
T, [4R] REREH m9/10 (S85C-Q145C)5 74 Al &% r27RCL A8k, 60 € T 49FZ A5
FREFHT 4545, TalBRFHT 42C , MEERRERE, TR SRSEHENE =, =T
B2 ¥ & L &9 85C Fedi T ad ¥Esk Loy 145C TR R s, MR Gigegize e, [4#] &
ST FIAFTIE AT A B R A B RAS R

KRR EARERE B, RALT M, —dE, FMXIT

Rationale design of disulfide bond in Rhizopus chinensis lipase to
improve thermostability
WANG Rui'*?* YU Xiao-Wei'** XU Yan!?"

(1. Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi, Jiangsu 214122, China)
(2. School of Pharmaceutical Science, Jiangnan University, Wuxi, Jiangsu 214122, China)
(3. Sugian Industrial Technology Research Institute of Jiangnan University, Sugian, Jiangsu 223814, China)

Abstract: [Background] Poor thermostability of Rhizopus chinensis lipase limits its potential in
industrial applications. [Objective] Rationale molecular design was used to improve the
thermostability of r27RCL (from Rhizopus chinensis lipase CCTCC M201021). [Methods] Seven
eligible cysteine pair mutations were selected according to the prediction of the Disulfide by design
algorithm. Mutant gene was produced by whole-plasmid PCR and then expressed in Pichia pastoris
to obtain mutant lipases. [Results] The optimal mutant enzyme m9/10 (S85C-Q145C) showed
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improved thermostability with a 4.5-fold increase in ti;» at 60 € and a 4.2 € increase of Tn
compared with the parent enzyme, without compromising the catalytic efficiency. A disulfide bond
between 85 cysteine residue (located in 2™ B-sheet) and 145 cysteine residue (located in 4™ a-helix)
was introduced into the lipase according to the cystal structure, leading to the improved
thermostability of lipase. [Conclusion] The thermostability of fungal lipase could be greatly

improved by newly introduced disulfide bond.

Keywords: Rhizopus chinensis lipase, Thermostability, Disulfide bond, Rational prediction

g B M (Triacylglycerol acylhydrolase , EC
3.1.1.3) N4 =M H B K g, 2SRt it
e Wi H e K e H e IR, (R RE AR 1k
B BRI A4 AR R A e Ak . R D) 2
M TARSE . Bdh . H125 . BRI, iR
T IR A, AR R e R AR E MR
£, BR% T BT Tl H i RN o

A B 5 % A AT RO T b DA TR 3 Y A B0 Aot 9
A4 Il HR A 5 31 — & 42 4R B8 (Rhizopus chinensis
CCTCC M201021)B), M 5 [ 45 3 A5 iy il 25k [A]
ProRCL, JF7EEeaREEtE AR SCEl 1 r27RCL AR
KM, ST HAE R SRS L 4RI SR A Tl AR
RN B2, B TERE RN iR,
B2, SR T AR AR T, Fi, 2
) r27RCL RFREMARA B, AT LI TE 1%
B 04 Tl B S B, anda b iAol &g, iR Re s/
FETRINE, SR B aR, RN A

M TR T ER RSN &
L BUKMERL, TEREESE, oAb ] LUK
FIRIEST, RSB T NIPED), R AeE BEs 14 i
RHMRRDO, [ f5r | A BRI 2
= B E R 0 TR £ . Le SFU BT T
%, e i5 B CalB (Lipase B from Candida antarctica)
gl AT 5 H g, Hi R N
(A162C-K308C) T 60 € T TofHIEE T 85€
50€ NAEFEHARER T 4.5 fiF; Tan S02FIHEME B
TR, mBEYCE &N S PcLipl (Penicillium
cyclopium) # 51 A T — 4 — Wi # ® A
(V248C-T251C), 43 %] T KW #1 i (Escherichia
coli BL21)F1EE 7% ) (Pichia pastoris GS115)H13&
ik, SEGEEAHEL, R0 35 € R

FER T 4.5 F5F 12.8 £

1L B MBS r27RCL 3L 296 R R, Hd
TAEBEREIE A T 3 0 —hisE, 2 B C56-C295,
C67-C70. C262-C271, 3 ¥ — st IE ¥ r27RCL
FIEBR T B M fae H = ity 5 S B E U3, AP
JAAT, O BTV R AR R AR SR 1 R 4
FRLRUSISI, B, AWFSE B ER r27RCL 43T 2K 1H
FIAEEERRIE & 5t , ] Disulfide by design
AL, SO T T R M RE T L BT
PEFABNL A, A HE R AR, @
2 18] B B ) B R AR o W AR E

1 MRSk

L1 EZRFIFLE
QuikChange® Lightning Site-directed Mutagenesis
Kit, Stratagene ZvF]; Sal I, Dpnl. PrimeSTAR GXL

DNA Polymerase.. Premix Tag. PCR F=#4lifk il & .
DL2000. DL10000 DNA marker, 44 T (Ki%E)
HIRA T ; BERFEEN 241 DNA Pzl &. 5149,
FORiREGRA &, YNB, DTT, 4 TAY TR HiF)
A B H o PCRAY. HFE4Y, Eppendorf /2o
1.2 EHRFARRL

KIGFFHE IM109 ., i 5 R B EE Pichia
pastoris GS115 Fi4E4 % Rhizopus chinensis CCTCC
M201021 ALK =R 77, EHEW E coli
pPIC9K-proRCL CHis #1 P. pastoris GS115
pPIC9K-proRCL CHis Mut"H A< 5256 25 ¥t
1.3 EHFHE

EeIRFERERE 3L YPD L, MD., BMGY #1 BMMY
FIRBCHIZ I Invitrogen 2y F) 4 58 AR e BE 268 Ft
1.4 REMNSHEE

LIRS R r27RCL M AT RE T A A 75 7E At 4t
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JWFFER4, I Disulfide by design 4%} r27RCL
AR5 # (Protein data bank &3¢S K 4L3W)iEA 7
I, T B BERE (3 Angle)dbF+97 (£20)Ff i B98 —fi
. LI Pymol BRI AT RS G A AR S5 A HEF TR,
Zor TN R B, 5 LR I e A = B A
(S172-H284-D231)H .0y Z EE R S172 FyH 0 9 A
FEI A0, FE Rt B S5 T 450
SRR, MR ] A& PRI

A [ — P E AR S5 A R AR AE R e, Wl

x1 ERRESY
Table 1 Primers for site-directed mutagenesis protocol

Fie OV W — i B0 B-factor {8, BUER KM —XF &
ERA IS
L5 ERRT

K PR 2 SRR &, DL 4 ROk
pPIC9K-proRCL Chis Mut™ N84z , &34 58787
MG (ER DT AR PCR. 25 pL RBRZ
10xQuikChange reaction buffer 2.5 uL, 4% 25 ng,
514710 pmol/L)#% 1 uL, QuikSolution reagent 0.75 uL,
dNTP mix 0.5 pL, Quikchange lightning enzyme

PCR =4 £ 7% Gk B 5% %) BARE
PCR product name Primers name Primers sequence (5'—3") Annealing temperature (€ )

ml G49C-Fm GCTCACTAACTACGCTTGTGTTGCTGCTACTGCTTAC 57.5
G49C-Rm  GTAAGCAGTAGCAGCAACACAAGCGTAGTTAGTGAGC

m2 Y73C-Fm GCAATGTCTCAAGTATGTTCCTGATGGTAAGC 52.1
Y73C-Rm  GCTTACCATCAGGAACATACTTGAGACATTGC

m3 I80C-Fm GTTCCTGATGGTAAGCTTTGTAAGACCTTCACTTCTCTTC 57.3
I80C-Rm GAAGAGAAGTGAAGGTCTTACAAAGCTTACCATCAGGAAC

m4 194C-Fm GATACCAATGGCTTTTGCTTGAGAAGTGATGCTC 55.3
194C-Rm GAGCATCACTTCTCAAGCAAAAGCCATTGGTATC

m5 F83C-Fm GCTTATCAAGACCTGCACTTCTCTTCTCACTG 55.5
F83C-Rm CAGTGAGAAGAGAAGTGCAGGTCTTGATAAGC

m6 D149C-Fm CCAAGTTGTCAAATGCTACTTCCCCGTCG 55.4
D149C-Rm CGACGGGGAAGTAGCATTTGACAACTTGG

m7 V130C-Fm GATTATTCTCCTTGCAAGGGCGCCAAAGTTCAC 56.3
V130C-Rm GTGAACTTTGGCGCCCTTGCAAGGAGAATAATC

m8 A133C-Fm CTCCTTGCAAGGGCTGTAAAGTTCACGCTGGTTTCC 58.9
A133C-Rm GGAAACCAGCGTGAACTTTACAGCCCTTGCAAGGAG

m9 S85C-Fm GACCTTCACTTGCCTTCTCACTGATACCAATG 54.8
S85C-Rm CATTGGTATCAGTGAGAAGGCAAGTGAAGGTC

ml0 Q145C-Fm CCTTTCCTCATACAACTGCGTTGTCAAAGACTACTTCCCCG 57.8
Q145C-Rm CGGGGAAGTAGTCTTTGACAACGCAGTTGTATGAGGAAAGG

ml1 P194C-Fm  CCAACGTGAAAAGAGATTATCTTGCAAGAACTTGAGCATC 55.3
P194C-Rm GATGCTCAAGTTCTTGCAAGATAATCTCTTTTCACGTTGG

ml2 G220C-Fm CGTCGACAGCACCIGTATTCCCTTCCACCGTAC 58.9
G220C-Rm GTACGGTGGAAGGGAATACAGGTGCTGTCGACG

ml3 A213C-Fm CGGTAACAATGCATTCTGCTACTACGTCGACAGCACC 58.7
A213C-Rm  GGTGCTGTCGACGTAGTAGCAGAATGCATTGTTACCG

ml4 L244C-Fm  GCCTTCGGTTATTGTCACCCCGGTGTC 56.8
L244C-Rm GACACCGGGGTGACAATAACCGAAGGC

FE R RIZAR T FR B ER T AR .

Note: Underlined ‘mutant’ bases for Cysteine.
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0.5 uL. PCR JZJW2%1F: 95€ 2min; 95€ 20s,
55-63 € (GRJGRERIET Y TufdiE) | min,
68 € 11 min, 3t 18 /Mi¥F; 68 € 5 min, PCR =
Y12 Dpn 1IH AL, AL R IGHTFR IM109 J&3Z 5 411
WAHTE S E T H 5 K (100 mg/L)AY LB P | . BRE
FRPE FE R TR R Uk, , 2474k TAY TR (1)
e A B AW . RN RAD TN a8
pPIC9K-proRCLm CHis.

1.6 E:EERHBIERNAE

W4 978 1 S B Bk pPIC9K-proRCLm CHis JH
Sal 1 44k, WAELEEARIEERE GS115 RS2 A4
B8 WL ¥REEA 1 g/L LML AL TR 5 80 pL 85z
SN A, BE 0.2 cm vk BB
UK EFCE 5 min, B 1500 V #H . STZIA
1 mL 1 mol/L INFEEEFN, 30€  H53% 1 he ¥
WA T MD A b, 30€ K5k 2d.

B MD P EA K His Ak T42R3] 5 mL
YPD %P ,30 € 250 r/min $53% 16 h, 8 000 r/min
B0 5 min WAETH A, BEEAHHSREEL 4] DNA,
PIFEER 2] DNA A4, L a-Factor F1 3-A0X K |
TS T PCR ¥4, 25 pl WA & . Premix
Taq 12.5 uL, #itR 25 ng, F. F#F514#(10 pmol/L)
% 0.5 pL, ddH,O 11 pL. PCR JZJi /4. 95 €
3min; 95€ 30s, 53€ 30s, 72€ 11 min, 304>
PE3; 72€ 10 min, 4 3BT AY R B TR
1.7 EHREHMIRIA. Sy Dt

PR T HR T8 25 mL BMGY 3555
i 250 mL FEHLH, 30€ | 250 r/min 15373 ODsoo
% 4.0, 8 000 r/min &.0> 5 min WA, ] 100 mL
i) BMMY EE&ER 4, fif ODgoo & 1.0, 30 € .
250 r/min 46£E8E3%, £ 24 h #MI 0.5% (FRFR L)
B 3Rk, 96 h JGIAERR, 8 000 r/min B>
5 min WA FIEHR -

B 25 mL & B ISR R T R R 2T
7E 250 mmol/L BRI LIy B s 1, W
P e, I SDS-PAGE BHT4l I )5 ,
FHT 5 17 B B A B e e i w2 il o [Rlesh, L

Bradford 5% 4G4k RIS B9 RN B A J PR
WA E A HCEE ;. B pNPP 321610 2 A4k B S 69 |
THIBC B B8 AVER R RS : 78 40 € | pH 8.5
ZM4 T, 1 min 74 1 pmol ¥HEFEARE S & & X
S 1 A8 7 B K AR B s B (U)o

BERLMET 55 € FHAEF 10 min, LA
r27RCL %% BB 1% 110 100%, 15314 282 Bg5% 8 1% /1
5 127RCL My H3E . FrBEG SRt T e =
AT, T B D A B R
1.8 KL F MR

FIH pNPP 350 4lifk J5 (19 5 2R R Bl I e
pH K pH Fsett, DI IRGE IR MR R e &
60 € THIEEH, 60 € TR IANE B AN
10 U ZlifbEgT 60 € TACHE, AR 15 s HUkE, vk
% 20 min, FEEE S min, MEES . B G E
T N RIALHERT 50%A9ITE], B ARG 60 € Y
B tino Tm (HREALIRE FE —ERG,
el BRI [ A R S0% IR, T fELI 22 T 5
10 U 4l fLEf T 40-65 € BYFREE T #Ab2E 30 min,
UKIE 20 min, T 40 € e BgE . YRR O ROk
FA) S0%HT, ZFAKE IR B B WA T (L

L pNPP A A JEE 00 52 Ak 5 2820 g 7 B A Ko
TN Kead {8, Ko 180 2 SR FHSUEI B E I . DU
AR, YR L EE 25-1 000 mmol/L.
1.9 SRTTAE ARG = LE L5 IS

PINEHiEE r27RCL FhiAR%544) (Protein data bank
TSRS AL3W) AR, A PyMOL 3R %) 975
H 15 186 (%) 3 G5 AL A TS AR e M4 T o

2 ZR545H
2.1 REMEBERE

L) Disulfide by design #{4%] g i i r27RCL #
PRI T TN , 5 e EEHE(x3 Angle)t F+97 (£20)
0 BRI 17 7 o s B K DL N 3 e B
BABAEA 5 AP EFE R S172 9 9 A JEREI N AR,
A B 130 MMBRESI] B A GRS, 3
Pl T 7 XU R SR (R 2) e AT TR
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x2 THIRERET
Table 2 Seven pairs of disulfide-bond mutation

AW R

Mutant enzyme Cysteine pairs
ml/2 G49C-Y73C
m3/4 I80C-194C
m5/6 F83C-D149C
m7/8 V130C-A133C
m9/10 S85C-Q145C
ml1/12 P194C-G220C
ml3/14 A213C-L244C

22 EERT

XF 2.1 A ki 7 Xt AE A TS
(F 1). VL pPICI9K-proRCL CHis At , it 4
KL PCR §4, AR 9878 Ot A L PRAR TR,
pPIC9K-proRCLm Chis (&l 1), Dpn I Bk 2454k
[Tk, #{LE. coli, #gi E. coli pPICOK-proRCLM
Chis TAR . @it F 4T, BEARFARN A
i
23 EARBIEEMNMESRIE

% 578 [k pPIC9K-proRCLm L Sal 146105
L L He AR ERE GS115 RS2 48, 76 MD Fd Bk

M I bp

10 000
7 000

—4 000

— 2 000

1 000

500

250

1 £k PCR 145825 it pPIC9K-proRCLm Chis
HOER K [E

Figure 1 Amplification of pPIC9K-proRCLm Chis by
whole-plasmid PCR

IE: M: DL10000 DNA 4 TEinifE; 1: A B
pPIC9K-proRCLm Chis (10 345 bp).

Note: M: DL10000 DNA marker; 1: Amplified pPICOK-proRCLm
Chis (10 345 bp).

AREFRIGIRAFL 100 DMEALT, S Ik R AR IOm
PCR Y34 i) 1 i PR L BH ¥4 4k - P. pastoris GS115
pPIC9K-proRCLm CHis Mut". #|H BMGY 1 BMMY
R Raf e mA R RS, WS 84 h ek
F#IK 8 000 r/min B5.0> 10 min, FFHERHERT 25 mL &
P LW TSERNZ T, 7E 250 mmol/L WK M i Hisf
WA EAD, WEANEOEBW®E, HAH
SDS-PAGE 3 #fralifb s . HEl 2 Al%l, ¥l
H%E A2 TR RN 37 kD [AIF, L) Bradford
P di AR HTJE B9 O B B B R 1 AR
HHcEE, AR pNPP Ll 4l Ak il 5 9 F 3 B
PR PR I BERS , alifbgh R 3R 3,

I 2 3 M kD

26

E2 m9/10 EELL SDS-PAGE FLik[E

Figure 2 SDS-PAGE of m9/10 before/after purification

FE: 1: m9/10 543 96 h J5 R AME LW 2. ZFiBig; 3. 4if
J& ) B #8 F m9/10 (37 kD); M: &[4 T-RIRHE.

Note: 1: Fermentation supernatant of m9/10 after 96 h induction; 2:
Flowthrough; 3: Purified m9/10 (37 kD); M: Protein marker.

73 BERHEE r27RCL 1 m9/10 YL LEER
Table 3 Purification results of lipase r27RCL and m9/10

atfl R

Purification results ZHROL merly
N SN 2120.0 2094.6
Total enzyme activity of supernatant (U)
RS 4198 4122
Specific activity of supernatant (U/mg)
afifk B 598 S BEE 1569.8 1506.1
Total enzyme activity of purified lipase (U)
aifk B H) & H LI 12653 1158.6
Specific activity of purified lipase (U/mg)
4 {44 Purification folds 3.0 2.8
4fi{k 4522 Purification yield (%) 74.0 71.9
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24 7HZHRBERTRRRE MV

e 55 22 AR FEHES (3 4), Horf m3/4 F1 m11/12
FIBES N ™8, AURAF r27RCL i 11(8.90x10% U)
1 7% 11.8%; 1 m1/2, m5/6. m7/8, m9/10 F1
ml3/14 [HERGEA BT TR, HERILRRIREE 70%L
Fo HiERET 55€ T AL 10 min, L) r27RCL
RSN 100%, FE&RTEEREENS
r27RCL A Eb4E . ATLLE H, m9/10 R e b T
B, m3/4, ml11/12 B8 EF, m5/6 Fl m7/8 5
PR R, m12 A Foe i FRER™E . Bl m9/10 i
FERAR, fEdE T B A9 R B R ik s
P, Pk m9/10 TG LR SR .
2.5 RTASAHEE m9/10 FUBESF MR
251 HREREMREREM

ZE R IR r27RCL FZEAERE m9/10 (3R EH
EHMBEIRE ., WK 3 Fiw, $ r27RCL M5
i m9/10 T 30-50 € I EE, 45REY m9/10
P B 1 IR BE R R AR R AL WAk S R T
25-65 € I FE I Bl PN AL BE 30 min, 2K i & 20 min,
M5 HFR AW (B 4). r27RCL 7E 45 €© P
30 min J5 BHETESE 50%, 50 € FHCE 30 min 5L
FELEIEIR R . 2208 m9/10 G E R A8 T
27RCL, 7E 25-45 € THALH 30 min, EEIGIYA]
R 90%LA 15 50 € FHLETE 30 min, BHIE R
25 50%; H 55 € FHLLPE 30 min J5, S JLT5E
4k, JRIAEF r27RCL FIZ5/E m9/10 78 60 €
TR T W2 5,
%4 SRTMEGER 55 € ARG SRR G
5 r27RCL % & BERIELER

Table 4 The comparison of the enzyme activity and residual
activity after 55 € heat treat between mutants and r27RCL

RAL T B BRANTE 77 HE
Mutant Enzyme activity Increase rate of
enzyme (x10* U) residual activity (%)
ml/2 7.45+0.25 —56.30+1.43
m3/4 0.62+0.12 +6.50£1.75
m5/6 8.56+0.34 —6.60+0.26
m7/8 6.77+0.29 —13.50+1.53
m9/10 8.78+0.09 +49.20+2.05
ml11/12 1.05+0.08 +2.80+0.56
ml13/14 7.49+0.14 +1.60+1.41

L0 -

.-:ﬁ

:?- B0 - __-____.-"'
2 —3
= Bl o -
o s— 1 2TRCL
[+
o —o—m¥ 10
2 40}
=
[y L
s

20

u 1 1 " 1 " 1 "
an is 40 45 k1l

Temperature (*C)

3 JREEXT r27RCL F1 m9/10 5&FIHIFZ00
Figure 3 Effect of temperature on the activity of r27RCL
and m9/10

252 Bi&E pH M pHBEEM

F| FH pNPP 354} r27RCL F1 m9/10 f4 £¢3& pH F1
pH BB MEFATIE . 25K, MX TR
r27RCL, m9/10 fy&iE pH (B 5)F1 pH fa gt (& 6)
JUTERBCA AR
253 EEEhHFEDHR

Ll pNPP MBI E r27RCL 1 m9/10 H i 5h
T1BH R 6 iR, 2788 m9/10 1 KnfA HE
27RCL NFET 22.4%, Ut B 228 [ m9/10 %t F g4y
PNPP FE RIS 5 A0 Kea [ELIEA TR, Kead K TE
AN, AR G A RCR I L R 256 .

oot —
—':I—.c|___-qlll
F ROf T Y
- )
el Y
= \ \
ER B — T T
P 1
= o —o— mH 1 LY
z | v
= 2 Vo
' \
1] —bh—o—0
i | 1 i i 1 i
0 30 4 50 Wl Tlr

Temperature (“C)

4 REXT r27RCL #1 m9/10 27 A F20
Figure 4 Effect of temperature on the stability of r27RCL
and m9/10
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&5 JRYAES r27RCL FRLEHEE m9/10 7£ 60 € THIF
AR Tw
Table 5 Half-lives (60 € ) and Tm of r27RCL and m9/10

Items r27RCL m9/10
ti/2 (min, 60 € ) 0.85 3.85
Tm (€) 45.0 49.2
AT (€ ) 0.0 42

100 - i

—a—2TRCL

s RO —9— mé 1 K

Hil) !

i

Relative activity (%)

20

30 .10 7.0 B0 0. ([X1]

5 pH Xf r27RCL #1 m9/10 & 195200
Figure 5 Effect of pH on the activity of r27RCL and
m9/10

101

w— 12TRCI
= B0 om0
< a0
2 a0k
.-;3
=

20+

i} 7.0 5.0 k] 1ihA1
pH

6 pH %t r27RCL 1 m9/10 72 E MBI E MG
Figure 6 Effect of pH on the stability of r27RCL and m9/10

* 6 [RIGEEFISSEERE m9/10 HIE NFSH
Table 6 Kinetic parameters of r27RCL and m9/10

Le KECHEL AL AL fEAREE
Enzyme  Kpn (mmol/L) Keat () Keat/Km (L/(mmol-s))
r27RCL 0.304 18.90 6.22x10*
m9/10 0.236 14.52 6.15x10*

3 WieE4R

LIRS Wi W r27RCL SRS B, A H
PyMOL {4 5 725 R i It (1) 53 ¥ 45 40 iE A7 155 40
(B 7), WFFE AR a5 BRAES 1 v] RE P AR 1%
Wi o AP B IR 2278 (S85C 1 Q145C) Bl i m
LM, N TEORSNRE, Tk
HLEN (S172-H284-D23 1)(&% 5 43 ) RN S B i 015 1
O FR o BEEMIEE Loop HY“Fa T-45H” (3 3
43 )0 HEMX PR AN 2828 AN 2 B %5 | S Mg f A1t BB 178
b, Bh 1S EE I e WAER T I — a5

Tt SEARNITE LIRS TG, Hithk
TR T HAMR G, fE4ERrm R ai et m
BBV EZEAOEM. UFEEM, ComshEa R
A R R R E, RGO Rt e B o+
ISR . o — M I o S20E S 5 — MR AR
RS A RN Y o 88 TEZ B, £E p¥TE LA
T,

[ 8 J& S85C N Q145C X — X it AL A J5
) = A L5 I . 85 2 BIR N T B2 & I,

Y1)

7 I m9/10 REM SREE

Figure 7 Mutant cysteine residues in m9/10

T SREIRA AL ZEIR(S172-H284-D231); EEF T HE
A RRBT S RO B o BIER B Loop W35 F4H4”;
LB AR 2 N EERR VRS m9/10 HpitE ) — s R A
{37 /5,(S85C 11 Q145C).

Note: The catalytic triad residues (S172-H284-D231) are shown in
green; The short a-helix linked to the ‘core’ of the protein structure
by polypeptide hinge residues, called the ‘lid’ region, is shown in
yellow; The two cysteine residue (S85C and Q145C), forming new
added disulfide bond in mutant m9/10, is shown in red/pink sticks,
respectively.
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Figure 8 Three-dimensional structures prior (A) and after (B) mutation of m9/10
T {35 Ser85 1 GInl45 (A)ZR MO @G, #£E B FHEAM T Cys.
Note: Residue Ser85 and GIn145 (A), showing as red and pink sticks, were replaced with cysteine and created a disulfide bridge (B).

145 {57 A AN T od B2HE 081, 3475875 521 B
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P 275 [ 85C N 145C AL ¥ —hike, FasE 1 B2
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PIFR A AR, 53— 7 T2 B TR R I R B
BT M O 7 SR T 454, AT LAYS /D% i kS
PEP= R R AR T LI 0 7 A b A
JUF- B 2878 B (A AL 16 240 R TR R 88 R R ALK
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By F NI R, (AR RE LK A A T Tl Sy
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B, RASENEEEE S TR

VI fg oy T IR E A B B b, KM
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PERY RN, PAFRINRNL 5 75— J7 i a] 212
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