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B OE: (Fx%) R BLBE)5 M8 B (Candida antarctica lipase B, CALB)E-A 4851 49 BE & i &
M, RAEIEKAREAE LR A Tz T kA EE, [B 6] £%RE CALB RAMILA e Aah b, 7
% CALB ¢ # A2 2 M., [ %]1 KA Fm s PoPMuSIiC #= FoldX it CALB B e A8 2 b R T4
B, FRBRABRKAG T ML Bt —F imik. FAE &L PCR EARALKLEA calb ¥ 51N 10 A%
SR, FR&BAE GSI15 P A%, [£R] ARE Al46G. A151P. L278M ¥ 4LH 2485 CALB
ARAE RN, BERERT RS E, A REIR A146G-L278M A= A146G-L278M-A151P 49 # A8 7
MR #H—FRE. 5HARML, REIK A146G-L278M A= A146G-L278M-A151P 4 & R AL i
EHRET 5°C, TR ET 3.3°C A 4.2°C, sk, A T8 LS8BT R 3) /) F o &
B, AR FEFAR, REIK Al46G-L278M F= A146G-L278M-A151P *F B An LEEH) B B 5095
Fahy, B3 LB R keun/Kma R ARG 4.1 42, BiE T 3hh FAER, KoTFKFHEAT
R EAR A146G-L278M A= A146G-L278M-A151P # A% 2 M 5 a9 huh]. [4548 1 RAFR KA 69 24K
i+ R kT3 5 CALB 9 AL 2 RATZA 30, i FR7TAE A Hft, Tk A B3R 3 AL T Mg 2,
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Rational design to improve lipase thermostability for ester
synthesis
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Abstract: [Background| Candida antarctica lipase B (CALB) exhibits excellent ester synthesis activity
and is used widely in biochemical synthesis. [Objective] This study aimed to improve the thermostability
of CALB based on retaining its excellent catalytic performance. [Methods] The potential thermostability
mutation sites of CALB were calculated by the prediction software PoPMuSiC and FoldX, and further
selected according to the spatial position of amino acid residues. Ten single point mutations were
introduced into gene calb via the overlap extension PCR and expressed in Pichia pastoris GS115.
[Results] The point mutations A146G, A151P and L278M could effectively improve the thermostability of
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CALB. Based on single point mutations, the thermostability of the combined mutants A146G-L278M and
A146G-L278M-A151P was further improved. Compared with the wild-type, the optimum reaction
temperature for A146G-L278M and A146G-L278M-A151P were increased by 5 °C, and the 7}, value were
increased by 3.3 °C and 4.2 °C, respectively. Besides, the kinetic study of the enzymatic reaction of
synthesis ethyl caproate shows that mutants A146G-L278M and A146G-L278M-A151P had higher affinity
to hexanoic acid and ethanol than the wild-type, and the catalytic efficiency kc.a/Kma to hexanoic acid was
4.1-fold over that of the wild-type. The mechanism of the thermostability of the mutants A146G-L278M
and A146G-L278M-A151P were elucidated at molecular level through molecular dynamics simulation.
[Conclusion] The rational design strategy adopted in this study is effective for improving the
thermostability of CALB. This strategy can also be used as a reference for other industrial enzymes to

improve their thermostability.
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WA 22 B2 BE G Wil B (Candida antarctica
lipase B, CALB)JE& i 317 &L B BRI &
M, -84 33.5kD, BAILG S EE G
iz —. 1994 4, Uppenberg ZEUMgbrakia T
CALB MR EEMRTH K itk Zity, CALB HANE
Il Tt i 7Y () A Ak = 156 1A 25 4 (Ser105-Asp187-
His224), 1 Thrd0 1 GIn106 JE M4 G725 1R, [A]
B EA — MRS A 142, CALB fE—Fh
L T EFEIR, A EC T ARRR A, AR
b K. lR . TG YR . &S
T BN @A EILTERER, AN, CALB ZEIX
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S BRI T A e BV AT L HAT T
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FEVE, E TR 2255 ) kA AR
Vb, DUE ) AL R 35 1 AR 45 G i 2 B
Bt sEmg 2N Akbulut 25 i L R
P v TN AT TR A 05 T ) RS M R
AT A 5 AR (L3-3) () FL TG 4331 EE AN SR A
fitfim 6.4 F5F0 8.2 4%, HIZZAIRTE 50 °C TP
W T 9 . WadE M BEILSEM, Zhang

Ve 2 P R AR e M BT R B CALB A8 14
23G5 1 195F1, Wen 25 g 1 B-factor 140X
N BR EC I B IR W Lip2 #4752 B 5ol
FHICEP A RS, JRAFAYSEAE 1R A103S Fl T117G s
B R EE, 50 °C TR B4R S
T 2.7 5 52 . BEHHENLEE AR I AR
T, VAR R IETRIT S . =i Sl
PGB WA R AN AT, SR B AR BRI
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A, BT TE AT DA AL 5 Sy o ) T 2%
i s AR A AR A SIS IR
AN s H SRR A R IE R A B e PO
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& V209L/D262G/E190C/E238C 7E 55 °C #1 65 °C
2 SE A IR B AE A 102.5 fAD 20 5,
Damnjanovi¢ Z£P5@ 5 MR D40 Loop XIfdEeE T
PR E NS D MEREYE, BR Loop XY
ZE73K A38-46 DYR 7E 70 °C BYTE P32 B DYR
#5117 1. KRR CALB $ufaEdk, Park &%
5+ 8 112548 F1 RosettaDesign 3.7 1% 5 CALB
TRTE AR E P2 A, B 0 e A9 B AR
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PEA TR B 1988 1A A251E, HITE 50 °C Hy2E R
REY 2.5 5%, (HHEHE P T —F, Kim %2
24 B-factor fHF1 RosettaDesign 815, f/aikis
T AEEN T 2.3 °C By CALB 287814 R249L, it
PEH CALB 1RO VT 5 B-factor {H Y Z2 M7 5
HHATRAE, Xie ZPSE] T, (EHNT 3.6 °C 1
D223G/L278M HIPLHARZEAE A

FEAFMITE A HAEAG R E ARG 12
S b EEN S, I PoPMuSICP Al
FoldX?V 2 FH A= W15 B 27 (0 R B0l 9 A48 % 2
R AT E A R REAG IR . #HRZFN AG
(mutant)/NTEFET AG (wild), FUZRASHEA
JR AR E WA IR . #5578 )5 AG 3, Wl
W% 58 28 A F 8 U E . Kumar 2500784
X Cu/Zn 48 AL 1 B AL il (SOD 1) B3 E 1 1 WF 5%
H, R T 8 FTEE A R TH, 45RE
] PoPMuSiC F1 FoldX /2 fefE it ik, Ao
K FH PoPMuSiC #l FoldX 314 CALB ¥ 7 e &
PEOZ A, TEMR B CALB I RAEALMEREM LR 4R
HPFoE e, R 2ok AR A AL T 1 3 = i
RASK, IR F s 12— o b T
CALB 248 Fii AR sE A L . ABF5E ¥
B CALB 1 Tl FHERAE T — 5 i H R 38, [lAe
MfEHT CALB (3R ML Bt — ks St T
S AR

1 MRS
1.1 EHRFABRAL

KIGFFHE IM109 . EEARERE GS115 K Jshs
pPICZaA 1y A SLB0 % {5 .
1.2 FEiLFH

LTI calb BH . 51, Genewiz 28
Al, R A TAB NG 1Y; PCR ™ P4lifl
i Al &, Omega 24wl ; 1 3€ % & (zeocin) ,
Invitrogen /A /] ; DNA Marker, 51 Marker., PR
P N VI Not 1. EcoR 1. PrimeSTAR, TaKaRa /2y

x1 ATESRLHSY

Table 1 Primers used in site directed mutagenesis

519 5zl
Primer Sequence (5'—3")
calb-F AATTGAATTCTTGCCATCTGGTTCTGATCCTG

calb-R AATTGCGGCCGCTTAAGGAGTAACA
S50R ATCTTTTGATAGAAACTGGATTCCATTGT
S56M GATTCCATTGATGACTCAATTGGGTTAC

Q112L GTTTGGTTGCTITGTGGGGTTTG

A130C ATAGATTGATGTGTTTTGCTCCTG

Al146G TGGTCCATTGGATGGTTTGGCTGTTT

Al51P GGCTGTTTCTCCACCTTCTGTT

NI181V GTTCCAACTACTGTTTTGTACTCTGCT

G226R TTGATCATGCTAGATCTTTGACT

N264P CTTTGCCAGCTCCAGATTTGACTCC

L278M TGCTGCTTTGATGGCTCCAG

T ARTE TR SO R, T s SRR B 5 | Y 1E
J I 5E A H AR,

Note: The underlined base is a mutation site, and the primers used
for site directed mutagenesis are fully complementary in the
forward and reverse.

A); T4 DNA 40 . BRI N VINE Pme 1, New
England Biolabs /A A .
1.3 HERE

R HAKER LB (+zeocin). YPD (+zeocin).
BMGY. BMMY, ¥ Invitrogen 23 H] A EE IR
BERB T WL -
14 EEMNHF

AKTA FEO4EAL, GE AFl; Blsa KIGeE
TR 1) SR BB AL, Agilent 24W]; 2R
fim AL, Waters A H]; PCR 1¢, Eppendorf 7%
a); WEHR{Y, Thermo Fisher Scientific 2\ o
1.5 CALB B7EMRIAE 4L = B9 T

B @B CALB #h{A454(PDB ID: 1TCA)
P52 24 F PoPMuSiC 1 FoldX #F1 11155, Al K
TR AAG AR THEFY , IR ES AG T %
RBERINL . AN, SR PyMOL WU HH N 2 S
MRIRHAE B AL b S AL E, DA IR Ry
AL RABKT CALB RS T A B2, LACHE
R — G PR R AR A5
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1.6 ERRTREHEKRIEE

WIS VI Not 1. EcoR 1Y calb FEH,
HEAEFRIRBUA pPICZaA, HHEEH B pPICZoA-
calb, VAT R pPICZoA-calb AR, HRHEFE 1
BN S Y, RAEZEM PCR HAMES
A RRASRL . SR HBRAPE N DI Pme 1 B2
T AUTRL, Bl LS 2 R R R IR S AN
WA R YPD (+zeocin)F-Hz, HkHCBH 5 5e
PCR HiiE, #RAFELAREM GS115/pPICZaA-calb L
RARN GEAB TR o
1.7 FHHEEHBAZEK CALB HIRIE

5 55 A B (wild-type , WT) K 2878 85 4 T bk T
AR YPD (+zeocin) X2k 1555 2-3 d, PRI v 2
Fh BMGY 15##3E, 30 °C. 200 r/min 553£ %2 ODg
4 2.0-6.0., 8 000 r/min &.[> 5 min J5 7% LiE, ¥
LR EAES ZE BMMY ., # BMMY BT 28 °C,
200 r/min }53%, HERE 24 h A0 1% FEEE S, IF
IUREN 2 FF 55 1% ODgoo . B8 MR TG, 3 3
SDS-PAGE 431 H (925 [ A A5 0L
1.8 CALB By4hifk

KEERIE, T4 °C. 8 000 r/min =.0> 5 min
Wt R BEWR , A K VR ) LGS B BB
. MK R BEW E T 20 mmol/L pH 8.0 1
Tris-HCl 22 Ml THagEdT, 2037 15 h, FFETH Sk
SR, 2R TR PR TR ) B A R
W, BEERE, SR> 10kD 1)
RIS E AR BT, BESS P QFF BHE T3t
#EA74liAk. HF CALB HAT pH 4.0-8.0 ) {2 195
Hy IXARPY, PRHGTE pH 8.0 50, CALB (34 HL i
JUFRE, HI CALB FRAEhIEg B . I
LB, WA A LTS K BB
i, TR KA bR
1.9 CALB B & REEE NMNEF %

AW 200 pL CER/BELE(1.2 mol/L)HI 2T/ P
$E(1.2 mol/L)IEHAWL, BEfEAA 10 pL B ,
T 45 °C. 200 r/min 3%V 60 min, 4

J&, 12000 r/min #.0> 2 min, W EIERGHEA TN
TGO T, Al BR LR i
SAETERI & DIRIREE AR, A
#:°A Econo Cap-Wax (30 mx0.25 mm, 0.25 um),
WG EE 90 °C, fR+F 1 min, 10 °C FHEZE
200 °C, PRFFS5 min, KRIESEEE 225 °C, #FHEds
MR 225 °C,
TG )AL U I L TERE SR 55 T
1 min PZAER 1 umol CFR ZHRFTTT AR & LN
1 AEEE T RAL(U) . AR5 NARIE AR Z L
TR & . BEETHRAR T
1 11

X=X —
2t v

‘ A
E@ﬁﬂﬂmU:Zﬁx%ﬁ%xme6xM

b

A, Aw: REFES =Y 5 N PRI TR Z
Aw: P SRR EIAZH; Sew: PRk
E(g/L); Ve ROVBIAR(L); 1442: CRROTRI
JEE /R i (g/mol); ¢: S B [E](min); v AIARY
B AT (mL).
1.10 T, EHINE

Bralifk 153 CALB & T 20 mmol/L pH 8.0 1Y
Tris-HC1 28 M h s drid i B 2PPA . B2 1 mL
(RSB ATTVRLVE Ry s R R, SR FH 257 1 4l 3 (S0
SEFERR I T (EL
1.11 RERERBREREMERNE

W Sl A W Sy iR R, IF NG R T
35, 40, 45, 50, 55, 60 °C T2 60 min J5illE
FRASHE , i€ CALB (i VIR E, LAk
64 100%.

WS R AL B Sy B E T 45, 50, 55, 60,
65 °C THFHE 60 min, #RJ5F 45 °C NllE A
W6, DARBETT % F 09 R IE Y 100% , DI E
CALB TEAN AR T Ay E P .
1.12 FZH 4, BINE

B RSB E T 50 °C Y, 3 BIIER 90,
180, 270, 360, 450, 540. 630 min, FfiJ5illE
BRAEEIE . LAK I E 0B A IE O 100% . L
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In(BRARTHG X F I RIVER, TG, Br
AR CALB 7EIZIRE T 1Y R 3E W2 keo
CALB 7 50 °C T B (00) AT i AT AR
1%: tip=In2/kqo
1.13  pH 2 EMRINE

BEASE pH 220 : 20 mmol/L FrE R -7
RN ZE v (pH 3.0-6.0), 20 mmol/L BEFRHI 2%
W (pH 6.0-8.0), 20 mmol/L Tris-HCI (pH 8.0-9.0)14
K 20 mmol/L ik R 4 - Bk MR &L AN 2% vl WX (pH
9.0-11.0), Kalififi /- ilEF LR AR pH A5 il
HACERZY 17 h, B IE SR AR, LA B
100%, M5E CALB fEAIR pH T A&
1.14 BRREFNFSH

43 S E 1 AS [ 3 B2 14 R/ B BE(0—7 mol/L) Al
LFE/PEHE(0-2.4 mol/L)IEIEI . H4E 1.9 ARG
M Trk, i EH AR — AP (1.2 mol/L), X
R —NIEYHREE, WE CALBEAFEYIRET
PRGN R . SR %X GraphPad Prism 8 X 5K
WA R TAE SIS, 115 CALB X} I C R
() Koy Ki Rl koo T2,
115 SFHAFEUS R

K A Gromacs 4 75080 12448 5317 -
25 1 A9 ¥4 5 M3 i 22 (root mean square deviation ,
RMSD) AL Fh i 57 B A8 5 MK 7% (root mean
square fluctuation, RMSF)73Jl2kH gmx rms, gmx
msf 2 ¥ P8, 5 7 09 B E 2 42 (radius of
gyration, Ry)Wi#id gmx gyrate #7145,

2 GR5406
2.1 CALB BEARIEE AL S B9TN

234 PoPMuSIC il FoldX (35458, LI
FERFRIEAE R AL P RS AL E, AR T
10 M S ToAE , HARBARL S I3 2,
2.2 GS115/pPICZaA-calb BY1EHR % B

WRPE 7 1.7 HATEAFE GS115/pPICZoA-
calb WHEML K IE, S5 FUNP 1 TR . B & et a]
3N, S . BRI AN ODgoo B MG N . K15

F2 RTI[AEBAIEN
Table 2 List of mutation amino acid (AA)

TR fiig,  EPAERIEIERR  RREIER W
Tool Position Wild-type AA Mutation AA Name
PoPMuSiC 130 Ala Cys A130C
146 Ala Gly A146G
181 Asn Val N181V
264 Asn Pro N264P
278 Leu Met L278M
FoldX 50 Ser Arg S50R
56 Ser Met S56M
112 Gln Leu Ql12L
151 Ala Pro A151P
226 Gly Arg G226R
281 —a—Activity 030 24
—=—Protein concentration Sl
24+ +OD600 0.25 g
2120
520¢ g
E 020 £ {18
S 16f 21 s
= =16
= 12F 0.15 § S
5 =414
o
< 8t 0.10 2 115
2
4+ g
{0.05 £ 710
0 -8

20 40 60 80 100 120 140 160
t(h)
1 GS115/pPICZaA-calb HI¥EHR % B ih 4%

Figure 1 Fermentation curves of GS115/pPICZaA-calb
in shake flask

144 h B, HEAWREIERZ 0.25 mg/mL, G5 E]
22 U/mL, ODgyis8) 22.0, (HIEAEEGH, BES
(BE-KAT Pt , vl RS H M e R AR 5
5578
2.3 CALB 8941k

CALB 4k 5 SDS-PAGE 43#riniEl 2 fr
TNo AT REAR, 2i4bJ5H CALB & ii—, 4l
FERFIIkAE, W] QFF BB FIZMrREA St M
BBk & WE i 4l fb 19 8] CALB, &35, (A
QFF BB T2tk CALB M IalCR N 32.7%, 4l
TRAEHCH 1.54 (36 3).
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> 5 C. &80 &
& N TR TN SN S IPAN SRR
& o R R AR SRR
R o
S (9 443— = ——
RIS 29.0— =
o W& ’ ;ﬁ
97.2— g ~p o & &V
66.4— d b ,\:1* \} \:1*
EN NP LR LS
‘brs\é' bb‘ /\% \b“o \b‘b \c)\ \b(b
443— - DA A R S S
— - M- T
20.0— w— 2.0—==
3 BNMRTRAEERKR) SDS-PAGE
20.1— —_— Figure 3 SDS-PAGE of each mutant supernatant
14.3— w——
r 135
. 80 Il Residual activity
2 CALB #{LHI/FH) SDS-PAGE 70 f EJ Activity 130
Figure 2 SDS-PAGE of CALB —~ b
s 60 _
S 25
. e g ) 50F —~
*3 REGPLH CALB BYEIRE 5 -2o§
Table 3  Purification of CALB from the culture S 40 g
supernatant ERTY 1152
alifl 9% CITES Al A A Z 1102
Purification step Activity yield (%)  Purification & 200
K Culture supernatant 100 1.0 10} 15
4lifif Purified enzyme 32.7 1.5

24 BYARREMASBITFIE

XTFEERY) 10 PRISAE PRI T R eI 5 A= Y
BIRRIEI TR b o AR R W SDS-PAGE
EanE 3 s, Htk GS115/pPICZoA-calb-S50R
il S56M JLFAFRILHINER, 20w HEATKk
FEAR 0.05 mg/mL, HMHEFZREE, HeRAd
PR AMEE W R S B AR AU Y, RBIA 3
0.2 mg/mL FIEIKF-o

R AL TR, TSI A I VR A
T PEVI AL T A 25 5B Rt o R R E T
50 °C FHFHE 180 min JGMIEFRARME, LIARIGE
(1) 2 PV EREG R 100% ,  [) Esf-0 555 58 728 Yok Tl T 114
oM, 25N 4 PR, £E 50 °C FEE 180 min,
SRR A146G . A151P Fil L278M H#da e PE A
Frgw, FRAREENG R AE A 2,00 1.5 A
2.8 f%, W& EF ARG 077, 1.2, 0.97 fi%.

WA A 287 A146G . A151P il L278M
WATHA, WS AR K A146G-A151P,

0 —0
AR TN R C RPN R T S Pt
QA Q\\ ?,\309»\&6 P»\S $\%\C{ﬁ’6$¢6 \:f\%

B4 RAEYRTHRRFERWAREER L EREE
Figure 4 Thermostability and activity of the mutants
and the wild-type in the supernatant

A146G-L278M . A151P-L278M K = 41 4 53 A {A
A146G-L278M-A151P . £ T A 1 AT
HIRIEME , 2275k A146G-A151P L E HEFI
fitg 76 B AR F B o R AR, [ K R ARk
A146G-A151P, ARG AR AR E M AE
FGAR IR ISR R

SiAp B AR BRI R 285K A146G-L278M . A151P-
L278M., A146G-L278M-A151P & B2 15 2 AH I Y
Slifify, D P AE RN AN RASRLEEGAE 50 °C ¥
A 180 min J5AERAREEG , VIR E 00 K A
H100%, [RIEHI A % e v A TG T, ZE RGN S
. AR A146G-L278M. A151P-L278M .
A146G-L278M-A151P 7E 50 °C %5 180 min J5 5%
ARG BB AR 1.7, 2.1, 1.8 f5. R4
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90+
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50r
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20F
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I Residual activity T Activity

L L
—_ 3] S
W (=] (V]

S
Activity (U/mL)
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L
W

B5 REARFERMRREEREEENLR
Figure 5 Thermal stability and enzyme activity
comparison of the mutants and the wild-type

J&, RARIK A146G-L278M Fll A146G-L278M-A151P
(1 & BETG )1 5P AE AR Y, HRAR{R A151P-
L278M MERA RS A BT PR, Bk, F—4
F XS S A146G-L278M HI A146G-L278M-
A1S1P A THIESE
2.5 T.ERNZE

T BRI E LSRN 6 FiR. B4R T, 4
M 562 °C, RAIK Al146G-L278M Fil A146G-
L278M-A151P Y T, (B 435120 59.5 °C F1 60.4 °C,
A3 B HCBFAE RUBR 2 T 3.3 °C Fl 4.2 °C, il BOH
PEFBA B = B-factor {H I ZEMEA s iE 475878,
Xie 2P CALB 1 T fHARES T 3.6 °C, Wik
FIAUH CALB 1 T (H3EE T 1.1 °C B4k,
Kim 22945 4 B-factor {f Fll RosettaDesign & 75315
T T fHISINT 2.3 °C ) CALB 2784,
2.6 ERIEEENEEREMERNE

SR ek JEE IR RE RS PRI e 5 SR ) an il 7
MK 8 Wim. tHIE 7 WLUEH, 228K A146G-
L278M Hl A146G-L278M-A151P ) id S v i BE A
50 °C, HEPAERMEIERERS T 5 °C; i
kSR TE I, B A AR S AR IR B TS 2 B E T
B, (RPN AR PR ALE i T T 1) Bl T o T AR TR
HE 8 T LIF H, 245K A146G-L278M Fl A146G-

100F —WT
— A146G-L278M

sk — A146G-L278M-A151P
2 60
o
£
= 40t

20t

0 -

35 40 45 50 55 60 65 70 75 80 85
Temperature (°C)

El6 REKRFERMETAREADNER
Figure 6 Differential scanning calorimetric analysis of
the mutants and the wild-type

1201
100

80r

601

- WT
| - Al146G-L278M
40 ~o- A146G-L278M-A151P

Residual activity (%)

201

35 40 45 50 55 60 65
Temperature (°C)
7 REFRMFERNRERNGRE
Figure7 Effects of temperature on the activity of the
mutants and the wild-type

110 e WT
—a- A146G-L278M

100 —o— A146G-L278M-A151P
& 90t
B
=z 801
2
= 70t
<
=
S
7 60
[

50F

40+

45 50 55 60 65

Temperature (°C)

B8 RLMAMFARMEEREM
Figure 8 Effects of temperature on the stability of the
mutants and the wild-type
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L278M-A151P ZEAR R EE T E 60 min J5, 2
SEVEE TEPAE R, 7E 50 °C & 60 min J5, 28748
1A A146G-L278M Fl A146G-L278M-A151P A5k 4s
15 20 2 B AR A 1.36 51 1.49 5.
27 ¥TH 1, B9NE

FEFET BT 50 °C T I & AN [ B[] 0 2 5 A iy
W, DL In(RAREE )X EVEE, g5 RaE 9 Br
No MR 112 AR, AR AE R
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Figure 9 Thermalstability of the mutants and the wild-
type at 50 °C
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Figure 10 Effects of pH on the stability of the mutants
and the wild-type
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Figure 11 Effect of the hexanoic acid concentration on
initial reaction rate
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Table 4 Comparison of Kinetic parameters of the wild-type
and its variants
Parameters WT

A146G-L278M A146G-L278M-

Al151P
Konn (mollL) 1.118 0233 0.204
Vinaxa (pmol/(min'mg)) 162.6 139.3 122.4
ke (s7) 90.78 77.78 68.34
kean/Kma (L/(mol's)) 8120 333.80 335.00
Kinp (mol/L) 2.273 1.189 1.302
Vinaxg (Lmol/(min'mg)) 1 218.0638.9 499 4
ke (57 680.05 356.72 278.83
keats/Kmp (L/(mol's)) 299.19 300.02 214.16
K (mol/L) 0.132 0.432 0.520

1+ Kina M Ko 7393878 CALB XY O R A Z A B H 4,
Vinaxa F1 Vinaxg 7302678 CALB X4 BRI 2 B ) e K S 1o 3k
%9 kcatA %n kcatB ﬁ}%lli%/T\A CALB X#r&‘q@a%%ﬂ ZA@%E(J%/“:}BE& )
Kip 4 CALB Xf Z 5 4P 4K

Note: Kma and K are the Michaelis constants of hexanoic acid
and ethanol, respectively, Viaxa and Vs are the maximum
reaction rates of CALB with hexanoic acid and ethanol,
respectively, and kcua and keum are the turnover number of hexanoic

acid and ethanol, respectively, Kijg is a competitive inhibition
constant for CALB by ethanol.
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RASKT CALB i 56 5 X I 485 4 I 0 AT 3 IR R Ay
. & 13C SR T AR (R AR IE O, R
AR B A R ) [ AR A 25 i KRR 0.5 A, #
B CALB % 1A 251 1 % S EAE SR 5 A2 AN R,
FRASFFARNT CALB B L5 1 UK K520
W73 AU i, KW CALB RS fS
BEHERT C, MM IEEA P NI, (HRERZEH
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Figure 13 Change of CALB motion trajectory and
structure within 100 ns

F: A ¥R ZZ(RMSD); B: ¥ KA (RMSF); C: [
HPA2(Ry).

Note: A: Root mean square deviation (RMSD); B: Root mean
square fluctuation (RMSF); C: Radius of gyration (R,).
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