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SCPE, A S0 0 1 AR G M S IR T LipA AR, [ 455 ) MR Bk 7k, A ELE 20 Mg
i LipA AT, ksl e A B IREH 3 MRANAK LipA-Asn'®Asp, LipA-Asn'®Glu
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it LipA 2872844

KR HwR/RTER, NRUIRE A, TS, S0, AR R

5 W g i i (Triacylglycerol acylhydrolase,
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AT 7 T 5 i A4 0 1 2 R A B, (R
v i T 3 H R Ak, i R S A AR 7 R R
UL T AR -

PRHPR A H AT R PR 1 Y 98 AR A Il Oy
¥+, —HEAEYMEAR GG Z T R (EHEER
A A RIEK B, msesEsk, BT EAR T
R R 52 B PR 07 32 B A AR E I i T
fa Bl R, WA T RAVH TR . L
Reetz #{#% My AU A BL 2 50k Tl 70 1 2 BE 1R
B Ak B-factor fE AR/ Sy 0 358 52 i i 73 1 44
Tt 2 Pk B T TE 2 BE IR SR BL 9 7 A s AR, 4R T
F R 32 AR 1 A1 R A 4% R (lterative saturation
mutagenesis), t KHL4E/N T RARSCESS &, AR
R 7 2 S AR P R ek 2 7 AR Y Bt b e bk
22 15 11 0T AR 5 1 1) A AT K A AR R A R
R, AT SR, JERL AAGR B
IR S R RS M BT A Sy i e b e, REE— 2D 4
IINGRAS SCJE W B o Floor S8 M AL T, WA &
150 /> AR AR 18 9 2458 J26 v PR s e 1) 2 WL s Tk
J (Apparent melting temperature)& 5 1 23 °C,
60 °C FRIEWIZEK T 200 175 Y i A Ube ke it o<
(Haloalkane dehalogenase)#vka 5 P2 A8 A 7
5y 3D 4itfE R8T T, & n] HHE it
HAERE MR AR, W Zhou FEF AR H FREHA
K fiF T 110 235 R4 B4R (motiy ) & 45 P IR A D I 1) AR
PR SRAS RN Wil 5 A2 1A, 50 °C T Ryl AR
SEVERE R T 100 518,

AR FH F 53 2503 1 BRAR I = sk
2R UE I A A TR JRTER ZYBO002 (Burkholderia
sp )l ZERTHIIBRIE R, KBRS0 0 L SIS i
LipA, 76 TMP 403248 T2, Al R 4ty
W R AR LT, R A AR B A B — S TR

IO Syt — A 4R I U A I R
A3 WAL AR 10T TR B AR 4 v R E (WL
BB R =535 80 °C) o AN SCHE I A= 15 8.2
%3t . T eV LE AY Burkholderia sp. ZYB002
JI U il ARG A PR G AR A 3 e e DR A
AR, RIGEA AR E T, Tk B AR R A #A
FUE MR AR, SERS B0 UF T B AR 1 w4 Pk
Rk

1 Mpe &

1.1 8
1.1.1 E#k 5344 Burkholderia sp. ZYB002 ik
FH AR S5 5 TS - 398 P 43 8 S s IR A D) s
B gm A HE A lipA B H X ) AR 88 1 4 A ik A
lipB Hi A S50 % P $2 58 NCBI AZ R ¥ 4 (8
S5 EUT68869), FikEiiAk pACYC-lipAllipB &
H2H R KH R E. coli BL21(DE3)-pACYC-lipA/lipB
AR S 06 = M HI AR
1.1.2 TEE. 519 %A : PrimeSTAR HS DNA
Polymerase. QuickCut Dpn | FR il 12k P 7] i A s 14
73 ) DNA Marker YT E AW TROGE) A
R/ F]; Wizard SV Gel and PCR Clean-Up System
TR G T8 2 A% L) A BORA IR A 7] 5 4-
fili 32K H H: B2 g (p-Nitrophenyl laurate, pNPL)Iy T
Sigma (K E) vl ; AR W T 0 E AV HARA R
oy al(AbaT) s HoAtaGR 4 B A . AR LB Al
HE 51Xk 1.
12 SUmAENTEE LipA PAREEMIBTERZEALR
PRy 32

S NRIDTTE LipA $AEEE P BV AR 28280 s i
BEHPANT : (1) FRWIlE LipA —RA5HRBRIAN R
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F1 AZLEEMA PCR 3149x
Table 1. Pairs of the primers used in this study

Primers Mutation sites Oligonucleotide sequence (5'—3')" Tn/°C Annealing temperature/°C
BF1F Q34K CGGCATCAAAGAGGACCTGCAACAG 65.3 60
BF1IR GTCCTCTTTGATGCCGTACCAATACTCGAG 66.1

BF2F Q39K GGACCTGCAAAAAAACGGTGCGACC 65.3 60
BF2R CGCACCGTTTTTTTGCAGGTCCTCC 65.3

BF3F N40R CTGCAACAGCGTGGTGCGACCGTCT 68.5 63
BF3R TCGCACCACGCTGTTGCAGGTCCTC 68.5

BF4F T79E GCGACGGGGGCGGAAAAGGTGAATC 68.5 62
BF4F GCCGACGAGATTCACCTTTTCCGCC 66.9

BF5F A97K GCTATGTTAAAGCCGTCGCGCCCGATCTCG 70.2 60
BF5R GACGGCTTTAACATAGCGCGACGAGAGGCC 70.2

BF6F A100K CCGTCAAACCCGATCTCGTTGCGTC 66.9 62
BF6R CGGGTTTGACGGCAGCAACATAGCG 66.9

BF7F D102E GTCGCGCCCGAACTCGTTGCGTCGG 71.8 62
BF7R CAACGAGTTCGGGCGCGACGGCAGC 71.8

BF8F N125E GCCGACTTCGTGCAGGAAGTGCTGG 68.5 63
BFSR CGCCAGCACTTCCTGCACGAAGTCG 68.5

BFIF N125D AGGATGTGCTGGCGTACGATCCGAC 66.9 62
BFIR ATCGTACGCCAGCACATCCTGCACG 66.9

BF10F S135K CGGGCTTCGTTCATCGGTGATCGCC 68.5 63
BF10R CCGATGAACGAAGCCCGGTCGGATC 68.5

BF11F Al40R GGTGATCCGTGCGTTCGTCAATGTG 65.3 60
BF11R ACGAACGCACGGATCACCGATGAAG 65.3

BF12F N144K GATCGCCGCGTTCGTCAAAGTGTTC 65.3 62
BF12R GATTCCGAACACTTTGACGAACGCG 63.6

BF13F S152K ACGAGCAAAAGCCACAACACCAACC 63.6 58
BF13R TTGTGGCTTTTGCTCGTCAGGATTC 62.0

BF14F T166K CTGCAGAAACTGACCACCGCACGGG 68.5 63
BF14R TGGTCAGTTTCTGCAGTGCGGCGAG 66.9

BF15F Y175D CCGCCACGGATAACCAGAACTATCC 65.3 60
BF15R ATAGTTCTGGTTATCCGTGGCGGCC 65.3

BF16F N178R TACAACCAGCGTTATCCGAGCGCGG 66.9 62
BF16R CGGATAACGCTGGTTGTACGTGGCG 66.9

BF17F V199K GACCGAAACCAAAGGCGGCAACACG 66.9 62
BF17R GTGCGTGTTGCCGCCTTTGGTTTCG 66.9

BF18F Q262E CTCCGGAGAAAACGACGGGCTCGTG 68.5 63
BF18R GTCGTTTTCTCCGGAGCCGCGGTTG 68.5

BF19F L278E GTACGGCAAGGTGGAAAGCACGAGC 66.9 62
BF19R TTGTAGCTCGTGCTTTCCACCTTGC 63.6

BF20F S281D CAAGGTGCTGAGCACGGATTACAAG 63.6 58
BF20R GGTTCCACTTGTAATCCGTGCTCAG 63.6

BF21F N285R CTACAAGTGGCGTCACCTCGACGAG 66.9 62
BF21R GAGGTGACGCCACTTGTAGCTCGTG 66.9

BF22F V305R GTATGCTGAAGATCCGCGTGCGGTG 66.9 60
BF22R ATCACCGCACGCGGATCTTCAGCAT 65.3

BF23F A306E GATCCGGTCGAAGTGATCCGCACGC 68.5 62
BF23R GCATGCGTGCGGATCACTTCGACCG 68.5

“Bold nucleotides: the mutated sites.
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LA A, BAR D2 B an 42, (2) Fl
FI YASARA B i BE B AR TG LipA T 1
O G TR 5k Ser® (4 Ak IE M PO i Ak = BE
fA-Ser® His?® Asp®™ - I A Bk IRz —) 9 Al
FEL LA PN A8 BT A 2 SR A O (3) ZEHERR ki Mk
O B LI i S B FR AR B it 1, R FoldX ¢
{4711 Rosetta X4 g i LipA oAt £ i e 3 g
BRAEHAT MBI ZEAE , IFIHE I A AR IR Y
B i AE AR AR BT (4) L AAG<—-0.5 kcal/mol
(FoldX x4/ #T)F1 AAG<0 kcal/mol (Rosetta %X
53 B )W Ry R it v 1) 2 A8 AR Y i S A e
HIF LIk 2 MERAEFICE, (5) FIFH YASARA
BRAEXT B AR 5 - SR v Y B S AR A R = )
ZERIHEATAIAT . I BRE5 4 B A4 0 2 A5 A
(6) TIPS, #—LFI A YASARA i it
FT53 0T, T 58 A8 67 pid 1) 28 SR TR ke i 5 J) T 2
BERR TR I 22 [R] RETE IR 98 AR 1K, AR A S 5
IR 5
1.3 JEES lipA 2[R AR g

DL pACYC-lipA/lipB Mk, FIHZE 1
HEIYIXT, PCR YK Bk, PCR ¥ 14T
H: 95°C5min; 95°C30s, Bk 30s (B A
%% 1), 72°C6min, 25 MEF; 72°C 6 min.
PCR ¥'#fi W& ik e, MA 05 uL
QuickCut Dpn | BRI VIEF(25 pul PCR K b4
FR)37°CHgPI 4h )5, Hilk. 4ifb Hiy™ 9, I
¥4k E. coli BL21 (DE3)/@ 2541, WA
T ARSI, IR ORI 3% 28 W 72 w73 5
43T o
1.4 RIS lipA B RH BB AN FRE

W I e 565 UE 15 B A0 AL AL R3S 5 omL
LB R (& 34 pg/mL WA ER)H, 37 °C,

220 r/min R 5T 12 ho 35 29 (VIV) AR R
FE5) 20 mL LB £ 3239 (% 34 pg/mL AR XK,
250 mL =), 37 °C. 220 r/min }53% % ODggo
15 0.6-0.9 i, A IPTG ZLHJFE X 1 mmol/L.
30°C. 220 r/min ¥53% 16 h &, B.OCEHEIK. H
pH 7.4 20 mmol/L Na,HPO,-NaH,PO, 2% iz i 1t
BB 10k, FFEH0T 8 mL AR A (0 2% nh i i B i
PRAAC o BT TR AR TR P R RS G T 4, 4%
A%y . ALFRESE] 6 min, IHE 35%, TAE 2 s,
[B]&K 2 s, 4 °C. 12000 r/min, E5.0> 10 min, 4
IEW, MRS, TSRS
15  BETEEEEE Ml

Pl o T T T 7 00 5 SR L gk T EL Al
JNEAR 28 B 5 v 2 Bk e o 04
1.6 FEesE T 1R R i A Iy T 52 A0 1Ak Ay i

i s AR R e 0 2 125 B X A 25
Fe A 5 AR VRN i i 55 MY AR B AR Wi AE 55 °C Ab3
12 min J5 BRI , 0118 AR AR MRS R T AE
RIRRIBG Y SR, AT
17 BENE BILRA R Tso™ F ty, BOMIE

Tso™ Al tuyp FINAE J732:5 B4 Zhao i Arnold™l,
HR S8 O L RS U E IR R S S X e
naEta
1.8 T3z

FIFH Gromacs 4.5.6 #X{4F4E 55 °C 4514 T XJHF
A= BURE it LipA i 3 S BHPE S AR R 3E AT 433 )
B, A EL RMSD A fbfa#h . 4» 13 J12#
B S35 CHARMM27, 3% 5 J5 1 [ 5
BTN BEE N 0.9 nm, [REF, [ K% 5]
HES NG P BT (Na'/CI), A ADl R G0k
HL P . R G BE T LAk R U BE T B 7 (Steepest
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7% NVT E 1 NPT V55, 75 R S5 5
FIVELEE 328 K, JF J7 1.05 bar ., % 998.3 kg/m° i,
T A G WATHHE S 1 ns i MD 434707

descents),

2 HERMQM

2.1 PREMNER HAFEEMAE LipA R4
A H T SCPE R

FIF YASARA # A, XHEHLM LipA 3D 4544

M, DABEES Ser™ 9 A ShkRiE, TDKF Ser®

His?® . Asp? . Leu'” F1 GIn® (§f 3 M SLask i H
LA IR IR SRR L, J5 2 DRI ER
SRR BB B AT ) SRR AR AR ) S 40 AN SETR
BRIEHEBRTE S A5 Fl Z 5k . A AAG<-0.5 kcal/mol
Subm e, FH FoldX 4 e ) RE DL T8 A48 SCIE
511 MRARAR; LA AAG<O0 keal/mol Jyfrife, F
FH Rosetta 14 % i) iz $U0RFH 58 48 SO B 322 AN
TR, G iR 2 MRARIKCENG , M 14
BERE R A T A RAIR T SCE .
FH YASARA #ff, ZE—1FAk ik 711 A58 ik
) 3D 4hikty, TR S [E) 45 1 v 5% B S [B] S5 H A5
PR RARG , ZAf15 1 MUE 341 DR
FRIMOR B 7SO (3 2) XF IR 341 A8 Ak
— o, RIE 27 D SARRAEAE R RN
(& 1),
2.2 SRADHKIIHE 3R J S AR U

B 27 AAsEd, LipA-AsnArg Fil
LipA-Asn*Lys  LipA-Ala'®Arg F1 LipA-Ala'®Lys
LipA-Asn'®Asp Fll LipA-Asn'®Glu ., LipA-Asn'"®Arg
HI LipA-Asn*®Lys . LipA-Val'®Arg F1 LipA-Val'*Lys
g [ — L SRS R AR B AN [ B ik ik . 7
55 1RO SR, (U T 275 A LipA-Asn®Arg
LipA-Ala'®Lys. LipA-Asn'®Asp. LipA-Asn'®Arg

actamicro@im.ac.cn

A LipA-Val™Lys, FiRRARGRUE)E, & HAT
WE BN, PR X RN 5 A 1 AN AR AR (A
LipA- AsanSGIu) DR L SEBRAN 23 AR AR (AR T
TRENRABTAEER 1), mALMFRIE, K
WA 20 MERABRWEAE N . Ho 3 DR
(Tyr'”Asp. Asn'®Arg 1l Asn®®Arg), ZIRSLISE
RYJBIR, BORTERANT S & T IR LR %
A%, AR B AR AR . AR
AR B AL F A 58 A8 A3 BRI 0 A% R Y 1) 45
R (N GC &k, WMISUFHNSE)VA K, RS,
PCR 4" 341 R AR A FE i — Ak o AN R 5874
TRAYZRASRON N 3.3 NRABIK LipA-Asn'®Asp
LipA-Asn'?Glu il LipA-GIn?®2Glu 45 B 4= 14 ik 1)y i
LipA, #RE A MR 5 . 55 °C 4631 12 min
5, 275K LipA-Asn**®Asp. LipA-GIn®*Glu #i
LipA-Asn**Glu fF% A G #2087 E 7Y LipA 43 51145
5T 40.99% . 52.3%F1 57.69%.
2.3 HFA: RUAR G B AN PR B R AR R T
AT E

A TR U 5 LSO AR D B S AR IR Teo™
MEgs R 2, TR LipA 1) Tso™ K
51 °C, 3 /IERUN I i 15 il 58 A2 (A By AR RN
i B Too™ 394 — ERREE RS, 4051 : 55 °C
(LipA-Asn'®Asp) .56.5 °C (LipA-Asn**Glu)#il 55.4 °C
(LipA-GIn®*Glu),
2.4 EPARIAR TG K IERLN AR R t, B
i g

S A R AR D5 LE A0 g 17 e 58 A8 1A o
TELE AN 3, B A BUJIR 5T LipA 19 ty, 24 5.20 min,
RASA LipA-Asn'®Asp B ty, K 11.6 min,
LipA-Asn*®Glu #y 19.8 min, LipA-GIn®%Glu Jy
13.5 min,
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Table 2. The thermostable lipase LipA mutant library designed by computer aid and the corresponding AAG value
of every mutant

Mutation site

AAG/(kcal/mol) Mutation site

AAG/(kcal/mol) Mutation site

AAG/(kcal/mol) Mutation site

AAG/(kcal/mol)

G3R
G3K
TV
R8K
D21Q
D21E
A24C
A24E
A24H
A24G
A24L
A24R
A24N
A24S
A24D
A24K
A24Q
L271
E28P
Q34R
Q34K
Q38R
Q39R
N40K
N40R
T43R
T43L
T43K
T43E
T43I
V44l
A4TV
ABTK
AB7R
AB7N
ABTE
K70L
T71A
T71L
T71K
T71E
T71Q

—0.7785
—0.5344
—-0.8362
-0.1200
—-0.1930
-0.3920
—0.5588
-0.6514
—0.8405
-1.3081
-1.3944
-2.7022
-1.3826
-0.0110
—-0.1850
-1.3030
—05320

-0.1160
—2.1582
—-0.9208
-0.5994
—0.8354
—-0.9360
—0.0860
—0.3750
—0.9446
-1.1647
-1.1706
—0.0350
-0.3740
—0.6242
-0.9243
-0.2760
-0.6817
—-0.0150
-0.0820
-0.6738
—0.5249
-0.9591
-0.9708
—0.6674
—-0.8760

A128S
A128D
V129K
A128K
Y129S
V129L
V129R
V129E
Y129A
Y129T
Y129N
Y129Q
L134R
L134D
S135T

$135Q
S135R

S135K
S136Q
S136P

S136R

S136K
S136E

V138L
V138l

S138K
Al40L
A140K
A140D
V143L
V143l

N144R
V145L
V145]

V145R
T150R
T150C
T150K
S152K
S153T

S153R

S153K

-0.6913
-0.4540
-0.5161
—0.7085
-0.8340
—-0.7060
—0.9818
—-0.2590
-0.3040
-0.4570
—-0.4930
-0.5260
—-0.8425
-0.5611
-0.5618
—0.6608
-1.8750
-1.4986
-1.2996
—2.4084
-1.3254
-1.6446
-1.1263
-0.9007
-0.5829
-0.6372
-0.9693
-0.5391
-1.0960
-0.5951
—0.7605
-0.7610
-0.5312
—0.5654
-0.5241
-0.6940
-0.7912
-0.9236
—0.6748
-0.4030
-0.6373
—0.5605

AL86T
A186V
A186K
T192L
T192N
T192H
T192P
A194L
A194R
A194K
A194N
A194S
A194Q
T198R
T198H
T198D
V1991
V199H
V199L
V199R
V199K
H204K
H2041
H204L
H204M
L206F
L206Y
A210C
A210L
A210V
A210T
L218K
L218N
L218S
L218T
S219E
$219T
$219Q
V2201
V2207
F221D
T224V

—-0.5100
-0.5580
-0.6990
-0.5124
—-0.5048
-0.5344
-1.4413
-0.5913
-0.6576
-0.1120
-0.1400
-0.2260
0.2890

-0.8394
-0.5816
-1.0785
—-0.9693
-0.6688
-1.0340
-2.1772
-1.3822
—0.6588
-0.8610
-1.2558
-0.5532
—-0.7061
-0.8394
—-0.5386
-0.6448
-0.5816
—-0.2900
-1.0785
-0.0050
—-0.1150
-0.1760
-0.4060
-0.3770
—-0.9693
-2.1772
-0.7750
-1.3700
-1.0490

V240D
V240Q
V240K
L243T
L243S
T245K
T245N
L246R
A247L
A247R
A247D
A247V
A247E
A247Q
A2471
F249R
G250N
G250A
G250K
G250l
G250T
G250E
M255L
Q262E
K269E
K276D
L278E
$279D
S281E
$281D
S281N
N285R
N285K
L294K
L294R
L294N
\V296L
V2961
V296K
A299L
A299V
A299]

-0.178
-0.246
-0.321
-0.051
-0.240
-0.921
-0.147
-1.205
-0.570
-0.871
-0.008
-0.115
-0.201
-0.223
-0.399
-0.517
—-0.450
-0.576
-0.767
-0.716
—0.347
-0.507
—0.832
-1.464
-1.712
—-0.087
-0.112
—-0.533
-0.659
-0.109
-0.124
-3.381
-1.936
—0.645
-0.517
-0.378
-0.715
—0.655
—-0.967
-0.927
—-0.622
-0.736

(G
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(832 2)

T711 -1.0157 S153E —-0.6592 T2241 -1.328 A299R -0.734
T71R -1.1490 S153Q -0.6412 T224R -1.308 A299C —-0.893
T71D —0.0460 S153D -0.6851 T224K -1.789 A299Q -0.599
V72l -1.0980 S153N -0.0520 G225A -0.571 A299T —-0.047
AT4N —-0.0620 S153V -0.2740 G225L -0.745 A299K -1.059
A75Q —0.0850 N155D -0.5002 G225K -0.772 E302P -0.971
AT751 -0.1030 T156G —-0.7054 G225D -0.876 E302Q —-0.238
A75K -0.1090 T156A —-0.7947 G225R -1.012 V305R —0.586
AT5L -0.3200 T156R -0.9517 T227K -0.563 V305Q -0.038
AT5E -0.5730 T156S -0.6136 D228K -1.126 A306L —-0.555
AT78R —0.9365 T156C -0.8422 T229S -0.558 A306S -0.651
AT8S —0.6248 T156D —-0.7406 T229E -0.919 A306Q —-0.504
AT8K —-0.9667 T156N -0.8129 T229Q -0.875 A306E -0.067
T79P -0.9351 T156L -1.0726 T229R —-2.095 A306K —-0.157
T79R —0.9866 T156P -1.0719 T229K -1.584 1308M —0.642
T79E —0.7094 T156K -1.2328 T231Q -0.783 T310E -1.226
T79K -1.0755 T156E -1.0154 T231R -1.979 T310I -1.043
K80R —-0.8256 T156Q -1.0131 L232Q -0.171 T310R —0.556
A97R -0.8281 N157D -0.7379 L232E —-0.296 T310K —-0.843
A97K -1.5113 L161E -0.5420 L232K —-0.458 T310Q —0.888
A98I —0.6848 Q165K —0.5024 L234A —-0.895 T310N —0.636
A98L -1.6157 T166Q -1.7472 L234G -1.366 T310S -0.331
A98R —2.2462 T166N —-1.5465 L234R -1.456 A312L —-0.534
A98K -1.4528 Al170Q -0.5121 L234D -1.209 A312M -3.206
A100L -1.4349 Al170D —0.5624 L234N -0.214 N313A -0.632
A100R -1.3800 Al70E -0.0770 L234D -0.220 N313K -0.903
A100K —-1.4495 A170T —-0.0830 L234K -0.012 N313Q —0.656
D102R -0.7704 Al73E -0.7490 L234K -0.309 N313H —-0.544
D102E -0.6733 T174R -0.9199 V235G -0.045 N313L -1.870
D102Q -0.7028 T174N —-0.0700 V235A -0.169 N313R -0.136
D102N -0.5314 Q177N —-0.0650 V235E —-0.304 R3141 -0.043
V1041 —0.7344 Q177K —0.3540 V235T -0.431 R314N -0.249
S117M -1.3885 N178Q —0.9495 V235S -0.523 R314E -0.322
N125K -0.0370 N178L -1.0417 V235D —0.563 R314A —0.358
N125T -0.1110 N178R -1.0936 V235N -0.631 R314Q -0.389
N125L -0.1610 N178K -1.1880 V235L -0.811 R314K —0.422
N125D —-0.1960 P180R —0.8366 V235I —-0.575 R314K -0.518
N125] —-0.2750 A186E -0.6911 V235R -0.793 K316R —-0.543
N125Q —0.7590 A186S -0.0020 V235K -0.773 L317R —0.949
N125E -1.3540 A186D -0.1090 V235Q —-0.786 L317K -0.564
V126L —0.7786 A186L -0.0510 N239R -1.611 L317N -0.077
V1261 -0.8724 A186C —-0.2560 N239K -2.227

A128N —-0.6060 A186H -0.2580 V240E -0.170

Al128L —0.5365 A1861 —-0.2640 V240N -0.141
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Table 3. The difference comparision of the residual activity between LipA mutants and the wild-type LipA

LipA mutants Increase rate of residual activity/%

LipA mutants Increase rate of residual activity/%

LipA-GIn*Lys 3.52+1.14 LipA-Alal*Arg 1.25+0.51
LipA-GIn®*Lys -8.899+0.600 LipA-Asn'*Lys -1.070+1.067
LipA-Asn*’Arg 2.56+0.65 LipA-Ser'®2Lys -8.35+2.15
LipA-Thr*Glu -1.55+1.22 LipA-Thr'®Lys -9.12+1.56
LipA-Ala®Lys —7.83%1.25 LipA-Val'®Lys -9.60+0.26
LipA-Ala'®Lys —4.23+0.26 LipA-GIn*®%Glu 52.30+2.13
LipA-Asp*®Glu —6.92+1.53 LipA-Leu?Glu 0.85+1.53
LipA-Asn'®*Glu 57.69+1.43 LipA-Ser®'Asp -9.80+0.23
LipA-Asn'®Asp 40.99+1.14 LipA-Val*®Arg -1.210+1.413
LipA-Ser*sLys —6.39+1.75 LipA-Ala*®Glu —7.63+2.56
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Figure 2. The difference in Ts™ value between the
wild-type LipA and LipA mutants. The Ts™ value at
each temperature was the average value of the three
independent assays and the errors of each Ts'? value
were presented as the standard deviation.

Figure 3. The difference of the ty, graph between the
wild-type LipA and LipA mutants. The residual activity
at each temperature was the average value of the three
independent assays and the errors of each In(% residual
activity) value were presented as the standard deviation.
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Computer-aid screening of thermostable lipase LipA from
Burkholderia sp. ZYB002

Yanru Liu", Bingchun Zhao, Panpan Dong, Liging Qiu, Jianzhong Huang, Xiaolan Zhu,
Zuozhen Wang, Zhengyu Shu”

National & Local United Engineering Research Center of Industrial Microbiology and Fermentation Technology, Engineering
Research Center of Industrial Microbiology, Ministry of Education, College of Life Sciences, Fujian Normal University, Fuzhou
350108, Fujian Province, China

Abstract: [Objective] We improved the thermostability of lipase LipA from Burkholderia cecapia ZYBO002 using
protein engineering technology. [Methods] Lipase LipA mutant library was designed and screened using the
following software, YASARA, FoldX, Rosetta, and Gromacs. We screened 27 thermostable lipase LipA mutants
displaying the salt bridge effect among the resulting library of 341 variants, and then further screened using the
site-directed mutagenesis technology. [Results] Three mutants LipA-Asn***Asp, LipA-Asn'®Glu and LipA-GIn**Glu
displayed improved thermostability. The Tso'? value of LipA-Asn'®Asp, LipA-Asn'®Glu and LipA-GIn®®**Glu
increased by 4.0 °C, 5.5 °C and 4.4 °C, respectively. The half-life of LipA-Asn**Asp, LipA-Asn**Glu and LipA-GIn***Glu
at 55 °C increased by 2.23-fold, 3.8-fold and 2.6-fold, respectively. [Conclusion] It is feasible to screen thermostable
mutant from the computationally designed library.

Keywords: Burkholderia sp. ZYB002, lipase LipA, in silico design and screening, salt bridge, thermostable mutant
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