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Enhancement of substrate specificity towards unsaturated long — chain
fatty acids of Rhizopus chinensis lipase through rational design for
efficient hydrolysis of soybean oil
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Jiangnan University, Wuxi 214122, Jiangsu, China)
Abstract ; Fatty acid specificity of Rhizopus chinensis lipase was altered by rational design for efficient hy-
drolysis of soybean oil. The enzymatic properties of these variants were studied. The reaction conditions
of hydrolysis of soybean oil by the lipase were optimized by single factor experiment. The results showed
that a series of variants were obtained by site — directed mutagenesis. Compared with the wild — type li-
pase, the variant HQL showed enhanced specificity towards unsaturated fatty acids and increased hydro-
lytic activity for p — NPP(C16) by 2. 72 fold. The optimal temperature and optimal pH of the variants
were 40 °C and 8.0, which were consistent with the wild — type lipase. The optimal reaction conditions of
hydrolysis of soybean oil by the lipase were obtained as follows: reaction time 24 h, mass ratio of water to
oil 1:1, dosage of lipase 500 U/g (based on oil mass) ,pH 8.0 and temperature 40 °C. Under the opti-
mal reaction conditions, the hydrolysis rate of soybean oil by the variant HQL increased to 98% due to the
increasing specificity towards unsaturated long — chain fatty acids, while it was only 80% for the wild — type

lipase.
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112 F2E5]

PrimeSTAR HS(Premix) .Dpn 1, Big 11.Sal 1,
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100 mL,

L1.4 (U5

PCR % &0 ML, Eppendorf; H 3K A% | % 12 5 5
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FE PR, AR OE S SR 18 ] .

®1 REMRAFHISIME pPICIK F3I54
5149 sl
[285Q FW TTTCACCTCTATCGCTGATCACCAAACCTACTTTGGTATTAACG
[285Q RV CGTTAATACCAAAGTAGGTTTGGTGATCAGCGATAGAGGTGAAA
T286Q FW CTTTCACCTCTATCGCTGATCACTTACAATACTTTGGTATTAACGAAGG
T286Q RV CCTTCGTTAATACCAAAGTATTGTAAGTGATCAGCGATAGAGGTGAAAG
HQL FW TTCACCTCTATCGCTGATCACCAATTAACCTACTTTGGTATTAAC
HQL RV GTTAATACCAAAGTAGGTTAATTGGTGATCAGCGATAGAGGTGAA
Al116W FW GTGGTACTAATTCCTTCAGAAGCTGGATTACTGACATGGTCTTCAC
A116W RV GTGAAGACCATGTCAGTAATCCAGCTTCTGAAGGAATTAGTACCAC
1281F FW ACTCTATCGTTCCTTTCACCTCTTTTGCTGATCACTTAACCTAC
1281F RV GTAGGTTAAGTGATCAGCAAAAGAGGTGAAAGGAACGATAGAGT
5'A0X1 GACTGGTTCCAATTGACAAGC
3'A0X1 GCAAATGGCATTCTGACATCC

1 :FW. forward ; RV. reverse,,

1.2.2 S BB R DA TR R 1 R B 5

P F A B AR R T YPD [ A B 77 3k (35 250
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30°C 200 r/min ¥R ¥ B 3% 16 h, B & A & & 19
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TEAN A IR EE (20 ~ 60 °C) N #2545 M J7 12500 2
BRI B T T I35 7, LA e = IS R AE O B S 100%
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53 EL ] 0. 05 mol/L 1) B R &% #h & ( pH
6.5 ~8).0.05 mol/L [y Tris — HCl Z& 1} (pH 8 ~
9).0.05 mol/L fyfi iR £6 2% #h (pH 9 ~ 10) , ¥4 i K
Sy HIINAE LR AN [R] pH A9 22 ol FERRHE SR
DN i DT RIS 7, A B v 035 R AE O Bt IS 100% |, A
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5% pH X578 B J1 W52 B 7 LR AN TR pH
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W 77, AR B 8 okt B SER AR W TG 0, %
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ARG 2 he FRER G 2 E5 k5 B N
JEHIRFES & A0, i RIT N R - 2 - &
TR - CFR(80:10:10: 1) FI bt — Lk - H R
(80:20:2) , FEMUZR ST W0, 53 B9 159 2 193l 55
JEMIBRE T 10 mL HZEH A8, A 1 mL 2%
H,S0, - FI =&, 80 °C /K % 30 min, UM Fb (5%,
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NaCl {59 20 1, R ZUHR 4R i 8 g0 o 2 I 1
JEIE CGE A, IAGE T A TG /K BT BR A, SRk e kA

A
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GC 44 : DB — Wax {034+ (30 m x 250 pum X
0.25 pm) s EAERD 1 s Z0dat bb 50+ 15 A 1R 2
225 °C; #AN A, Tk 30 mL/ming SR 45
mL/min ; 235 i 450 mL/min; £ FFHE , 180 C 1%
1.5 min, L) 10 °C/min J}3| 210 °C , {545 2 min, 4k
Ja LA 5 °C/min JH3 220 CHREE S ming KIAE 10K
&5 (FID ), i B2 250°C, 4 > A b A6 I B[R]
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TEZHE(S GC 6890N SAH (435 AR U % H
T AR — A7 R S R D R A R L 75
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2.1 HMCERGR B R T A K AR KB R
S i

BRIP4 A P A4S 2 SRR 10 S b K M A S A6
FEPA R /N4 TR 25 0T fiE 23 5% W I D I 1 NS 0 4
PERO Y DR, B AR BRI IR 45 B 1 AR
THRABAL L, I 4% Ky f BE it 3
A A3 45 12850 . T286Q LA K 7E)T 41 H284 Fi1 1285
rh ) A — A SRIK IR Q, AR IR 4424 HQL; A
e s w) A BH A A B2 Bt 3 DR AL, A
A116W I281F 1 A116W/1281F, fsfifi RCL [ =
AELEAG B DL 1

A& 1A B0, S172 D231 1 H284 % i fifg {4
b = IR, 55 7 4548 57 T A 195 Bl s M oo i B
A116 {7 F3E 4544 I, 1281 1285 Fi1 T286 v F I
gia s, hIE 1B ap A, W16 Al F281 34 m T
25 (A5 BH, Q285 ,Q286 FIE i iy — 4> Q W3 7 11
ARE K

Qi A \‘\=st5

' 4 s
F281 ;\rl A
i,
3 05& Q286

S172 "?‘~D231

W16}
4 .

o

A IR RCL 2828 Hi 46544 ; B. R RCL S8 I5 4544 . I A 1Y 5880 i ARIC . w6 451400 T110 ~ T123; fitfk =Bk
1Ay S172 D231 F1 H284 ; ZE A5 RV 5 A116 1281 1285 1 T286 ; 2845 J5 v 5l W116 . F281 ,Q285 Q286 H1 Q i A .
E 1 BERGE RCL B =4 4545l E

AR RAZ R AR T RR B R S A 20 ik
2 AT, AR T I A R U e, SRS Il HOL X

KAENR TR 45 57 a3, Hoxd p — NPP(C16)
Fr kR, KRR P i BRI RY 2.72 7. R
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A ATI6W Fil 1285Q 35T p — NPP(C16) HH: R

fif p — NPB (C4), I H T A 1 R AL

i XF p - NPC

i KA T A R B AR LAY 1. 27 A5 1 1. 50 f%, (CS)EI’WJ(%@ PEFIREAR T 38 3 X AR AR B G 1 il
SRR 1281F #1598 7K fEA Wi IR A Ve L 38 m T KIS A DA R ARG T — RV R R 5k
XF p = NPA(C2) (7Kg Pk, % p - NPL(C12) B9%E B4R i, JUHOZ ARAS 1 XS 5 B 7 IR 4 7
SetER R KRG TR BT AR 2 %5 D340, B RE IRV RS
12850 \T286Q .HQL . A116W  A116W/1281F JG 37k
%2 TRREMHMBEHEIEKE R
NP N i LU RS/ (U/mg)
RCL 1285Q T2860 HQL All6W 1281F Al16W/1281F
C2 0 0 0 0 0 108.33 £7.79 0
C4 130.56 £18.58 0 0 0 0 171.31 £1.04 0
C5 108.50 £2.17 167.82 +1.04 168.03 £3.40 159.11 +1.60 127.51 £3.07 119.17 £0.52  155.08 +0.99
C8 230.91 £32.05 28.48 +£0.00 123.02 +9.87 103.12+6.79 128.98 +11.14 122.33 +13.96 80.46 +29.68
C12 147.92 £4.89 20.31 £11.56 113.39 +25.53 287.88 £19.58 55.98 +8.44 308.93 +£5.19 182.49 +4.12
Cl14 163.09 +7.88 63.02 £5.59 174.05 +2.38 235.33+£10.78 128.43 +6.53 200.60 £5.19 233.21 =11.54
Cl16 171.35 +£7.06 255.92 £1.68 136.02 +£30.98 466.14 £22.37 217.63 £2.49 109.25 £33.11 144.88 +£24.32

N T BRI WX AL B AN R BE N B R 1)
ERZE =Rl NS PNGRTI (B)iS
T BN R 4 B,

JRY 5

Priftt

ALK R &
H13% 3 n A, 5%

Tk, L&

TIE . EENE TR
TH 13,77 % AR TR (FRHR IR 11. 19% , i A5 1R
2.58%), Lk K 86. 23% A 1 Fil RS Wi IR

25.21% , P iHPR 54.67% , W jEFR 6.34% ) .
T AR TR

PEILZE 3,
A5 HQL 3458 1 X%k A1 1 i i
PR ) R S, KA AR A 10 R %) 3% 0

(R
felils Sk
1 1.20 1.78 f5F11.34 £,

EIINIE P T4 R TR s 4 Sl

YA

U R S

x3 EMBBMEW KR K Sl AS AR R 1t

FRIY 1. 45 £ 1 BF A R K g A T IR TR 0 3% 743

SRR 1. 10 £, =48
PR, PR AT DA HQL X K 5
s o m TR AR R, 5y b, AP
1281F F1 A116W/I1281F #4951 XJ 1 F1 g Jifi R 11 4
IR AFA RO AR 7 BR 115 T3 43 551 2 AN 10 R0 g s 2
X JUF PR s g 58 A5 A4

AR HQL XA Al

K
A% g T286Q

B AR 255/ %
=gl
RCL L2850 T286Q HQL All6W 1281F A116W/1281F
tEfEAER 30.10 £1.03 36.02 £2.57 36.49 £0.17 26.35 +1.25 34.73 £0.76 40.96 +0.84 43.28 +0.18
gl 17.30 £0.29 14.54 £0.89 18.17 £0.13 14.40 +0. 86 13.72 £0.06 21.73 £2.69 13.92 £1.74
JHER 15.89 £0.49 19.23 £1.48 20.50 £0.47 26.18 +1.29 20.99 +0.32 7.77 £3.57 2.74 £0.40
WilER 16.16 +0.33 17.89 +£0.43 10.99 £0.12 21.88 +1.08 17.98 +£0.28 5.10+1.52 6.60 +1.28
kAR  20.54 +0.09 12.32 £2.40 13.85 £0.39 11.19 £0.25 12.56 £0.10 22.44 +£1.57 33.46 £0.77
2.2 BB EE S AR A Hra (LA 2)
100 100
‘ & RCL
s 80 « 801 - L285Q
I; | I; | -4 T286Q
ya 60 ya 60 - HOL
g 2
_,;40- "5{40- - Al16W
E E <4 [281F
20+ 20 - A116W/I281F
15 2.0 25 %0 35 40 45 50 55 60 65 025 3.0 3.5 4.0 4.5 5.0 55 60 65
IR/ I/ C
B2 REXBEHEEEN(A)MIZEME(B) KRN

HTPEL 24 R, BT AT 5% A2 AR A B 1Y) fe o
JE32 73 40 °C, 55 B A Y B dpe i i — 2, 7E 20 ~ 40
CHLF N, AL T286Q A K A 15 1) BEAS IR £ 18

84% L) I, Hifth 28 A5 it £ 20 °C B RE1H B8 65% L) |
BTG 1o AHJE SR B & T 40 °C )5, il 26 11 8 Wi A8
P, BT RAEBE NG 13 B TR, IR EAE
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60 C i}, 2875 i HOL 3% J1 308 84 16 20% Aoy, 2
575 B i 3% S T % 10% DL T, K 2B /]
AL TE 45 Cip, 2872 il HQL A 1281F 135 ) RE LR 47
1E80% 724y, RAT RAHE ALI6W 175 1 F % =
50% e A, T HoAh 58 A8 i ) WIAR B3 7E 69% ~T5%
ZIA], YR 55 °C I, SR I P R
SO 2 S U IR R X ARl YRR A R
RN
2.3 pH gk Be7E ) Aede g ey e (LA 3)
pH SR EG IR G2, RE I 5 4 A AT S 38 T 1) fie
BUROLE Y oy 1 1A 2 R3S . BEITE 1 2 BT
pH (520, 76— pH ~, B R B KIS 7, 3 Tk
KT 06 pH, B 6 Sy BEAK. 1B 3A Rl A0, iy 2848

A ‘ = RCL

—_
(=]
(=]

e
(=)
T

=)
(=]
T

AHX IS T11%
3

o
(=)
T

—< ]281F
-+ A116W/I281F N

6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.510.010.5
pH

(]

Tt AL S L 1) B pH 328 8.0, 55 B AR R 1) B3
pH —(, pH {LEITE 7.5 ~9.0 Z i), LA AL
HQL F1 1281F 1§ Jy REORFFTE 50% LA |, HiAth 58 4% il
7¢ pH 9.0 BHE H ST 50% . pH /NTF 7.5 Fil pH
KF9.0 WIEBLT , BEE 1 F R, BB [ pH
R 5 AR B S J1 . Bl 3B RN, A SR AR
i 41 7E il pH 8.0 R R Ml o 2848 T2860Q
FEXS T HF AR BURGE PR 2%, 7E pH 7.5 ~ 8.5 Z [ fiff
6 N A B 1E 60% LU L, i HoAth 28 A8 7 pH 7.0
FlpH 9.0 B AELR EE 50% L) I (935 J1. 7 pH /)N
F7.0 Al pH KF 9.0 AREBL T, Fo e M Aok vk 55
HA 572 1281F 1 pH 10. 0 B3R AR FF 22% 1Y
Wi J.

—

=

(=]
d

B
< 80
= 6ol
iz 60
Picog
i=u

401
=
Z 5l ~ 1281F

> A116W/I281F

0 1 1 1 1 1 1 1
6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.510.010.5
pH

3 pH XtRERIEETE 71 (A) FTRTENE(B) KRN0

2.4 fE Ry BRI K 2k SRR AL

H1 T RAL ) fie i B A ol pH 55 P AR Tl
Iyt — 0, 1 ELR B e pH RRUE R 22 S AN K, R ik

TR A TR W B FEXT R W SR T8] K 5
e PE I i pH IR X B e T K A DR S
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