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il 8 A PR E PR B AR, BEE RIS
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BEHMS TR, JRBS B ERCR .
AR P10 AR A el Rt 2 1 A AR T
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il b2 20 4R, F T E ) EAL SR S ek
RA&MEGE I, R 7RI R B E MRS
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WA Mol s i BRIk, BEE Bk Z
(EE 15T 3D SEF B AT , 455 Bk BRI A= )
FRSEN T B, T HE R (ECE R ) R
W, FAEE/INED smart Z3 78 SR, PR IR 1S AR Y HR
T E PSR A RT3+, ARAS T et ke
4n Floor Z¢ 1k Sphingomonas paucimobilis it
Jiji £h it (hal oalkane dehalogenase) LinB Al 5% %if
2, M\ 150 G AR AR /N SO v i i 3 2 5 1
HERT 200 Z A% BHE SR A 1R Wijma %L
Rhodococcus erythropolis #7# M- 1,2- 8 E AL W1 /K
fi#% i (limonene-1,2-epoxide hydrolase) H i 57 %142,
WAL 64 DIEARIRRY /NI SCRE D, e S 21 4
PEE SR R SR A, Hh SRR e SR
2 W45 55T B (apparent melting  temperature) M
50 °C # ) 85 °C, PREfiHtE T 250 245,
B i 10725 15 (cavity) /& i AL A
A 28 BE R AE K SRIRZE T £33 (packing) A 8 0% 1
TE R 4y F RSN AL 25 0T R [y &
B 2 J R A 5 PR S A D BE R SE R AN [, 2
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G AT G B -4 = 010 e O ey (BT WAL 8
A S R HOR RS 2 M . 4nXd Bacillus circulans
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49.6 fif. AWSCHGE TP BEARY, @it
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HL ARG LipA S IAEAREE 1 LipB 1144 itk (K]
I AR 5256 % e A R3S NCBI R R B0HE 2 (8 %
5 EUT68869), Fik#HiiAk pACY C-lipAlipB
HH R E. coli BL21(DE3)-pACY C-lipA/lipB )
H AR S50 % A IR AT

112 TEE. 519 &iAH: PimeSTAR HSDNA
Polymerase. Quick Dpn | YUK AR 7>t
DNA Marker ¥4 T 549 TR (ORiE) A FRA ¥ 5
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W 3898 22 A (AU ) AE IR AR AT FR A | 5 A R
H RIS (p-nitripheny laurate, pNPL)IT Sigma
EEYAR; AERWTRHEADEREGRAR A, BAEF5mE 1.

F 1. ZAKSLEFTFAR PCR 3|43t

Table 1. Pairs of the primers used in this study

(E50) s Ft G R o Birat . ASSEHe i F i 5%
TR G W% b A= AR ) AR () ey A PR ]

Primers Mutation sites Oligonucleotide sequence (5'—>3') Tm/°C Annealing temperature/°C
BF1F LipA-H®P ATCATCCTCGTTCCGGGGCTCTCG 65.8 62
BF1IR GGTACCCGAGAGCCCCGGAACGAG 69.0

BF2F LipA-D*M GGCTCTCGGGTACCATGAAGTACG 61.9 56
BF2R GCCCGCGTACTTCATGGTACC 61.5

BF3F LipA-D*vV GGGCTCTCGGGTACCGTTAAGTAC 61.7 55
BF3R CGCGTACTTAACGGTACCCGAG 60.4

BF4F LipA-D#R GGGCTCTCGGGTACCCGTAAGTAC 63.8 58
BF4R CCGCGTACTTACGGGTACCCG 63.4

BF5F LipA-D* ACGGCATCCAGGAGATTCTGCAAC 62.1 56
BF5R CCGTTCTGTTGCAGAATCTCCTGG 60.5

BF6F LipA-E®Y CGCGGCTATCAGTTGCTCGCTTAC 63.2 58
BF6R AACTGATAGCCGCGCCCGTTC 63.6

BF7F LipA-N#2L GGCGACCAAGGTGCTGCTCGTC 66.8 62
BF7R GTGGCCGACGAGCAGCACCTTG 67.0

BF8F LipA-V¥ GACCAAGGTGAATCTCATTGGCCAC 62.2 57
BFSR CCTGGCTGTGGCCAATGAGATTC 63.0

BFOF LipA-AZi%y CCTGCTGTATTCGTGGGTTGGCAC 63.4 58
BFIR ATCGCCGTGCCAACCCACGAATAC 64.9

BF10F LipA-AZ%9| CCTGCTGTATTCGTGGATTGGCAC 61.0 56
BF10R ATCGCCGTGCCAATCCACGAATAC 62.4

BE11F LipA-AZoL CCTGCTGTATTCGTGGCTGGGCAC 65.8 60
BF11R ATCGCCGTGCCCAGCCACGAATAC 67.2

BF12F LipA-AZoC CCTGCTGTATTCGTGGTGTGGCAC 63.4 58
BF12R ATCGCCGTGCCACACCACGAATAC 64.8

BF13F LipA-A%oM CCTGCTGTATTCGTGGATGGGCAC 63.1 58
BF13R ATCGCCGTGCCCATCCACGAATAC 64.5

BF14F LipA-TZ0L AAGGTGCTGAGCCTGAGCTACAAG 61.6 56
BF14R TTCCACTTGTAGCTCAGGCTCAGC 61.6

BF15F LipA-N?y ACGAGCTACAAGTGGGTTCACCTC 61.3 55
BF15R TCGTCGAGGTGAACCCACTTGTAG 60.9

BF16F LipA-E®%V ACCACCTCGACGTTATCAACCAGC 61.7 55
BF16R GAGCAGCTGGTTGATAACGTCGAG 60.3

BF17F LipA-vZ5L CAACCAGCTGCTCGGCCTGCGCGG 73.6 63
BF17R ATACGCGCCGCGCAGGCCGAGCAG 74.6

http://journals.im.ac.cn/actamicrocn



1538

Yanru Liu et a. | Acta Microbiologica Sinica, 2019, 59(8)

12 PIREMRRNTEG LipA SRR T SUERM
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FI A5 B b @ A Ae e PE R D LipA
RAKHE FSCEMEAL RN T 1) FH
Castp™” . Voronoiad™@F1 Cavel™ #4754t LipA
3D G35 AETE 1 28 i B it B LS 0 1 2 O
PR AR EEAI R ; (2) ArHrdffiae ik 3 AN T
S5, BRIV LipA 178 B B LS IR A% 5L 21 %,
IsC e ;s FAIH FoldX Pt |- ik s SE iRk Sk iy
SRR T30 5 () ik e SR H i REAR
fb/NF-0.5 keal/mol (95848445 It — 25 FI
Castp i H 28748 5 25 IR FRAR /NI AR A, 2%
ARAT 45 ) B T 572 A B8 78 i 1SR
(4 M BRI A2 B rh, R AR 2
AR, FIREEE TRBEARGIARE; &fFRRE
Jei, DE RS SRR S AR RGN, T PPA 25 B
RN 5 (B) H— 20 e - i PP S A8 AR T .25 Ji
R A AR
1.3 R lipA R SCERIE

R L5 19r%t, LLUERL pACY C-lipAllipB
SRR, RIS PCRY IS 5| A4S, PCR ¥
M. 95°C5min; 95°C, 30s; A5 Hyxt
iR K IRES %3 1, IBRAHE 30's; 72 °C LEfi
6 min; 25 MEFR; 72 °C ZE{H 7 min, F/] Dpn |
WY 37 °C T Y] PCR 7144 6 h B4
s afifl [k s Pl 4L E. coli BL21(DE3)., 7%
FE R8I0 P B iE
1.4 WIS lipA R H AR R B35 2 Rk Fof
Tl VR P 1 25

BRIV LipA K ZEAE 1A LipA FHBHE 1 &2
HE X 40 26(2017) M0, 0 IEAR S LRI LB
WARRE FRIERE I 2 ODeo i5%! 0.6-0.9 J57, MMAK
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WeFE A 1 mmol/L /) IPTG, 30°CiE5H:3% 16 h,
BOOBUETR, SBERRE, FRREOIER
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1.5 HHEWREWE
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LipA A 4 8 e i
1.6 BB EEREE AW &

P I T T 05 4000 R B €12 R I
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Ik I AR P A 0 2 2 BEOR e A O 2 3R
FEH R U T LipA RIS AR RNR il LipA #H
WEIHFE R E A BT ; 55 °C /K 12 min 5l
HE T UK BB, RN FE 30 minf5, 435l
SE BT A RURR I LipA K 225 IR LipA 5%
AR o G R AR WG R T A R DT LipA A
P v i S AR R IV T LipA .

1.8 HRMIHG I IRAR R Too™ A ty, FIWISE

Tso'2 I ty, M 5E 2% Zhao F1 Arnold®,

Too™ INSE : W5 TG LipA(Zk 2 248 14) & F
45-70 °C #Ab TR 12 min, KB Z % .
W 7 R 15 it Fe 365 B Iy S5 0 I IS 11O
H1 B3 A T T Sl AR Ak BN G 1Y) SO%6H i XoF 1 1Y)
T

tye IIINZE : 76 pH 7.4 BIZRIET , KRN T
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55 °C K I AbHR, R[] b B 0] 2 503000 7 g s it
BRAR TG o 4 N Ui T 5 4% Tt 0 A 22 oK b B AR s
Tiff T3 75 SOYOHS Xof 1oz 14 Ak BB ] R Ky B i g ) 2
-3 .U
1.9 FahfiEsl

FIH Gromacs 5.1.4 #AF X Rg D LipA f 28
ARfA LipA-His®Pro/Ala®Val 75 55 °C F #1747
B, A H RMSD (B 178k 3, LipA
R RAFR LipA-His®Pro/Ala®Val i fk = BE A iy
His 345t 1L ALFE . 72 CHARMMZ27 f13%F, &
V- TIP3P KA FHIZSTHARE T, B Na™F
WK R AT, LURBIR ., KRS &Fhn
/NS 0.9 nm. R BE R B (steepest
descents) X} R FrRERE e/ ME, H NVT Fil NPT
Xt RG A Er, RGN 328K, KAk
1.05 bar, 7EM &AM F#ATHTKN 40 ns #Y4r+-3))
VI i

2 HRFLH

2.1 JBAES LipA 3D G HTE = B M H A
JE B R LR BR H 4 i

F|F Castp. Voronoia Fil Cave & {415 i i it
LipA ) = 4EE5 i AETE R 23 3 H 2390 R 351
20 M1 24 A4~ o 3 AR A I Y 2s E (12 1)
N H PRI A R 20 MR 2 AT DIEH,
ASTRY R A S Y A B 2 e Y S SRR B Y A
{PE—FEH 2 5
2.2 JRWiEE LipA RS (R FICE M

XF bR 3N AN Ay 2 B VIR ) 2 LR B
F, FIA FoldX B, Mystdfimsk bik s Emsk st
S AB R HL - SCPE (i ifE . AAG<-0.5 keal/mol

VE e e P m B 2825 1), JE3K4% 68 4~
BHPEZRAR IR s XFHTIAR 68 > Z8 AR A (14 23 s 2 Al
Castp Pl J5 , iR 10 4~28 ARG KBy 22 AR 1K,
A% 58 MAFG U AR A8, AR i
it} LipA PR R HLFSCPE (3R 3).
2.3 JEBIiEE lipA E A 5238 SCE

bk 58 MRAR RS E 1L A E(#R 2 1S
25 PR AR I 1 B AT A 2R I HL T8 A8 A o Mg
23 Jis o e — > HA AR 1) 2 AR R GEE R 1Y
GEARL g, B} I B 8 AR G SRR AR FE LR 4), Al
FE MRABRHOR, Mg SN, 5] AR AL
k., T 3 5B hiEEFENRDER
LipA-Asp®Leu ARBEM AL, PRI SE B A 2
10 > lipA AR, FFH XTI 10 425 Y
KA » LT3R5 . BRI LipA 225K B4
FaENE TS L X LipA-His™Pro Fl LipA-Ala*Val
FEI N BHE 800 (53 31 8 F56 5 A2 s Fes 6 a8
i, g 2), FEubIERL I, kAR 3 hE
T4 5 2B (LipA-Aspva . LipA-Asp®Met #il
LipA-Asp”Arg) F1 45 6 4> =5 i By & 48 1K
(LipA-Ala®le. LipA-Ala®®Leu. LipA-Ala®°Cys
Il LipA-Ala®®Met) ., £~ 28 48 1A (1) 58 728 5500 U
4. B Jn R O AR AT 0 g A A R R AR AR
LipA-His®Pro Fil LipA-Ala®*®Val 72 hnsss,
55°C F#UbBE 12 min J& , 781K LipA-His®Pro,
LipA-Ala®®Val F1 LipA-His"™Pro/Ala®Val f)5%
% T TG W AR R A R T 29.9% . 33.7%F
60.0%.

2.4 BFARINRRTEG KHRMIBE R ALK Too' A3 E

S PR T I U S B RR R R R R R D R R
AR Tso™® i1 00 7 45 SR AN Pl 1o BB A= IR s g
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#< 2. PERAES LipA 3D 9 F4#Ith, % Castp. Voronoia #1 Cave ¥l H o= Bz K H & R B4 5% 2L 4B R
Table 2. Predicted cavitiesin the 3D structure of LipA using Castp, Voronoia and Cave, respectively

fl:l?r\:l?;r :;Zv(;tge! nng Castp Voronoia Cave :jr\::k?;r ::;Vétgelsl nng Castp Voronoia Cave
1 Pro™3 + + + 7 GIn*? + + +
Sert’ + + + Gly**® + + +
Leu®®’ + + + Val?%® + + +
Leu®® + + + Arg®’ + + +
2 Asp® + + + Pro®* + + +
Asp™® + + + 8 |1eM0 + + +
Gly™’ + + + Trp?® + + +
Gly® _ _ + Trp?® + + +
Glu® + + + Glu®® + + +
Tyr® _ + Prot + + +
3 Ala?3 - - + val®’ + + +
e + 1638 + + +
Asp? + 9 Thri2 _ _ +
Ser?0 - - + Ser?® + + +
Thl’245 + Trp209 + + +
Leu?® + + + Al + + +
Phe* - - + Al&™ + + +
Asn?® + + + Leu®™ + + +
4 Asn®? + + + val?”’ + + +
Leu® + + + Thr?® + + +
Val® + + + 10 1e* + + +
Serl0® + + + Asp® + + +
Thrl® + + + Leu® + + +
Leu®®® + - + Val®® + + +
5 Leu® - + + 11e*® + + +
His!® + + + Arg®® + + +
Thr?® + + + 11 Ser® + + +
Asp? + + + Thred _ _ +
Tyr*® + + + Asp?*? + + +
Trp® + + + Ser?* + + +
val% + - + Thr?® + + +
Ala" - - + Asn®® + + +
6 Glytt + + + Leu® + + +
Al + + + 12 et + + +
Gly*®t + + + Leu® + + +
Asn?® + + + Leu® + + +
Asp™®* + + + Val® + + +
Val?®” + + + 11ett? + + +
Ser?68 + + + Trp*® + + +
Lys™®® + + + 11308 + + +
Ala®"™ + + + His*! + + +

+: Amino acids found in the predicted cavity; — No appearance of amino acids in the predicted cavity.

actamicro@im.ac.cn
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% 3. IHEAEENRITEIARAAEE LipA BIR TR F3XE
Table 3. Computationally designed libraries for rapid lipase LipA stabilization

Mutation site AAG/(kcal/mol) Cavity volume changes/A® Mutation site AAGI/(kcal/mol)  Cavity volume changes/A®
LipA-His®Pro  —2.027 -32 LipA-Val?Leu —0.804 —-40.3
LipA-Asp?val  -0573 -18.2 LipA-Thr®Leu —2.324 —255
LipA-Asp™Met  —0.823 -18.2 LipA-Thr®®%val  -1.871 —24.4
LipA-Asp™Arg  —1.061 -18.2 LipA-Thr®®Phe —0.628 -19.9
LipA-Asp®Met  —0.656 —40.3 LipA-Thr®Met —1.230 -25.8
LipA-Asp®lle  —0.661 —40.3 LipA-Asn®val  -0.537 -21.3
LipA-Asp®val -1.113 -12.6 LipA-Asn®®lle  —1.102 -21.3
LipA-Asp®lle  —1.548 -12.6 LipA-Glu®val  —2.209 -7
LipA-Asp®Met —1.419 -12.2 LipA-Glu®Pro  -1.328 -14.2
LipA-Glu®®Pro  —0.927 -12.2 LipA-Glu®Lys —2.169 -18.9
LipA-GIu®Tyr  —0.581 -12.2 LipA-Glu®Ala  —1.269 -0.6
LipA-Asn®Leu -0.962 -225 LipA-Glu®GIn  -2.370 -13.9
LipA-val®lle  -0.617 -28.7 LipA-Glu®*Thr  -0.843 -21.2
LipA-Ser'®Ala  —1.050 -5.3 LipA-GIn®Met —1.265 -10.7
LipA-Ser'®lle  —0.943 -225 LipA-vVa®*Tyr  -0.618 -12.4
LipA-Ser'®Cys —1.050 -225 LipA-GIn®?Leu -1.577 -12.8
LipA-Ser'®Asn  —0.825 -5.3 LipA-Val®*Trp  —0.688 —43
LipA-Thr'®Leu -1.566 225 LipA-Val®*®Phe -0.766 -17.7
LipA-Ala?®val  -1.043 -16.1 LipA-Val®*®*Met —1.008 -15.7
LipA-Ala®lle  -1.620 -54.1 LipA-Val®®Lys —0.567 -10.1
LipA-Ala®®Leu -1.156 -54.1 LipA-Val®®Leu —0.848 -17
LipA-Ala®®Met  —0.659 -54.1 LipA-Val®®lle  —0.655 -56.4
LipA-Ala®’Cys —0577 -54.1 LipA-Arg®™®Leu -1.5157 —40.3
LipA-Asp®®Phe —1.641 -21.3 LipA-Arg*®lle  -0.597 -20.8
LipA-Asp®®Leu —1.746 -21.3 LipA-Val®*®Leu -0.524 -14.8
LipA-Asp”®Met —1.838 -8.1 LipA-His*Phe —1.506 92
LipA-Thr?®val  -1.530 -52.6 LipA-His*Met —2.993 —41.2
LipA-Thr**Met -0.511 —45.9 LipA-His*Leu —2.587 —46.7
LipA-Leu®Phe —-1.029 -11.7 LipA-Ser'®Thr  —0.500 -225

% 4. 55°C &2 12 min BRI REREIF% KEGE
Table4. Theresidual activity of different mutants heated 12 min at 55 °C

Mutation site Increase rate of residual activity/% Mutation site Increase rate of residual activity/%
LipA-His™®Pro 29.9+2.9 LipA-Ala®®Leu -35.8+0.9

LipA-Asp™Met —-1.4+58 LipA-Ala?°Cys -18.0+7.0

LipA-Asp*val -10.0+4.8 LipA-Ala?®Met n.d.

LipA-Asp™Arg -11.9+0.5 LipA-Thr®’Leu n.d.

LipA-Asp®lle n.d. LipA-Asn®®val n.d.

LipA-Glu®Tyr n.d. LipA-Glu®val n.d.

LipA-Asn®Leu n.d. LipA-Va®*®Leu -19.9+1.9

LipA-va®ile 11.7+1.5 LipA-Ala?lle 7.8£0.7

LipA-Ala?*®val 33.742.0 LipA-His™®Pro/Ala®®val 60.0+5.7

n.d.: Not determined.

http://journals.im.ac.cn/actamicrocn
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1 Tso'> h7 53 °C, HENilFZ7E (& LipA-His®Pro,
LipA-Ala®Vval il LipA-His"®Pro/Ala®*Val fiY Tsp™
BT R AR W A — e B R, i
57 °C. 55°C fi1 61 °C (& 1).

2.5 EyA: RUFR TG X AR B SR AR A ty, AW E

S A ARG 7 55 AR E R I a2 B R Yty
e 25 AR 2, B AE YRR DTS LipA 1Y) ty, h
5.2 min, i #EE I8 i 28 25 14 LipA-His®Pro,
LipA-Ala®®Val 1 LipA-His®Pro/Ala®*Val [ ty, 43
%2k 50 min. 15 min £ 120 min.

26 PAEIRITEERAER LipA REHBEEN
S FHLH

LipA 7355 15 o7 i 4H 2R 58 28 M i 2 e )
AL 923 R BTSN T 3.2 A°, T4 210 {3 i
RIRIEL AR 5, T AL B 28 I A R/
T 16.1 A% (&l 3), 1k Xt A 1 T PN B 5 K %
.t (hydrophobic core)#F 17 HEPE &k iE , 4/
2S5 AR, R R A Y K A% O B A
J& (packing), A B T & 8 F T4y F iy AR E
PRS0 o1l 2 S R — R . A
Fea s N Wi B 228 14 LipA-His®Pro/Ala®val (1)
RMSD 1 £ 45 57 A= BUNR 7 1 LipA 79 RMSD il £k
B AR () 4)

(A) .

O Hiss

—=— LipA
100 _ —— LipA-His"*Pro
| —— LipA-Ala®*Val
S 80t —— LipA-His"*Pro/Ala*'*Val
ES!
= 60
e “
E 40t
=
7 I
& 20F
0r

1550 55 60 65 70
T/°C
1. FFERBRREE R HBEAEE R TR Too P ERYE

Figure 1. The Tso™ of wild type lipase LipA and LipA
mutants. Error bars represent standard errors.

—=—LipA
100 —— LipA-His"Pro
—— LipA-Ala*"Val
§ 80 —— LipA-His'SPro/Ala"Val
E 60 |
g
E 40t
=
& 20
0 L
0 30 60 90 120 150
t/min
B 2. FAERPERE LipA REBBERTIK ty, Y

M E
Figure 2. The ty, value of wild type lipase LipA and
LipA mutants. Error bars represent standard errors.

©

B3 WAEMRTRRE RSN
Figure 3. Cavity model of lipase A and lipase A mutants. A/B: Comparison of cavity volume between lipase LipA
and lipase LipA-His"™Pro; C/D: Comparison of cavity volume between lipase LipA and lipase LipA-Ala®®Val.
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Effect of cavity-filling mutations on thermostability of lipase
LipA from Burkholderia sp.

Yanru Liu', Xin Li, Panpan Dong, Jianzhong Huang, 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] To improve the thermostability of lipase LipA from Burkholderia sp., a series of cavity-filled
lipase LipA mutants were constructed and evaluated. [M ethods] Amino acid residuals consisted of cavitiesin 3D
structural model of lipase LipA were predicted using Castp, Voronoia and Cave, and then computational libraries of
every amino acid residuals were constructed using software packages FoldX. The following types of mutants were
excluded from the computational libraries: (1) volume of the cavity was increased; (2) value of free energy, AAG,
was over —0.5 kcal/mol. Total 58 mutants were screened from the computational libraries, and 17 mutants were
selected to verify the mutation effect. [Results] Thermostability of lipase mutants (LipA-His™Pro and
LipA-Ala®Val) were improved and Tso™ value of lipase LipA-His™Pro and lipase LipA-Ala®*®Val increased by
4 °C and 2 °C, respectively. Thermostability of the superimposing mutant lipase LipA-His™Pro/Ala®®Val was
further improved and the half-life (ty,) at 55 °C increased by 23.1 times. [Conclusion] Cavity-filling mutation was
afeasible technique to improve the thermostability of lipase LipA from Burkholderia sp.

K eywords: Burkholderia sp., lipase LipA, cavity-filling mutation, Tso™, half-life
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