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Site—directed mutagenesis of lipoxygenase from Anabaena sp.
PCC 7120 and enzymatic properties of the mutants
DIAO Han-wen,ZHANG Chong,LV Feng—xia, BIE Xiao—mei, LU Zhao—xin"

(College of Food Science and Technology, Nanjing Agriculture university, Nanjing 210095, China)

Abstract: The thermostability and specific activity of lipoxygenase (Ana—-LOX) from Anabaena sp. PCC 7120
were improved with replacing valine with alanine by site—directed mutagenesis. Compared to the wild-type
enzyme which had a half-life(Ty,) of inactivation of 3.8 min at 50 °C,the Ty, of mutant enzymes with V421A and
VA40A substitution increased to 4.4 and 7.0 min,respectively. The double mutant V421A/N40A showed a synergistic
effect with a Ty, value of 8.3 min,resulting in a 1.18-fold improvement compared to the original Ana-LOX.
V421A,V40A and V421AN40A also obtained 4.83%,41.58% and 80.07% increase in specific activity ,respectively.
And,the mutant enzymes obtained 5°C increase in optimum temperature than the wild-type enzyme (35°C).
This study provided useful theoretical reference for enzyme molecular modification and application in vitro.
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AT HE— 53 M LSRG S IE IR S8 AL AT 15
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R IR AR . P AT 5 AL AL ] #B 31% A Invitrogen Life
Technologies (Shanghai, China) it [X)3 #7130 J 7% 56 UF , 18
Tk W) B IE S, R I A 58 AR (1) HE A R A B AR RN
E. coli BL.21 DE3 MATHR A KIL . H T Ao 28m)
SN K : V421A —f: TACAACTCAgctGCAGTATATG
GATCGGATTTACTCAAACA; V421A —r: ATATACTGC
agcTGAGTTGTATCGAATTGATGAAAGTACCC; V40A—
f: CCCTCTCCCAgegACTGAAATTCCTTCTAAAAGATT
CC; V40A—r1: GAATTTCAGTcgc TGGGAGAGGGAAAT
AAACTGGTTTTC.
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Yy, HEAT GO 2 o« T W T A =R, R 3RS 1)
H 225 T U H th 2 B8l ) 24 2 808 T VA
2 #RE55W
21 ERRTHRTERIE

P 22 )57 27) LE o R [R] YR @i A3E , 3k B 42 147 sUF140
N7 RAE R SEABRAT /o 0 i 2 SRR N 2R (Al
B4 2 R R AR BT AR T Ana—LOX AL (Rl h 42147
FUANA0NT PS5 I AR 2R (VaD , 3R15 T AR AR V42 1A FN
VA0A .. T FREAFAAVA21A/VA0ASE LApET-32a (+) /Ana—
LOX V421 A Jg #5545, FI| FH VAOA [¥) 5 4 BEAT o 53 58
ARSRAGI o 5 AL Y Ana—LOX T 2 26 35 A 5 A
E. coli BL21 KAt s T FR VAT, o B A2 200 0 5 A8 1Y Jlig
Wi A Bl EAT AH R 2 A4 IR R iR IA o
2.2 EHAna-LOXHEaik

FIHINi—-NTA His Tag KitX} H 20 Ana—LOX 1T
SrEmalifh . A LTS, XSl mi i B AR R RN S8 AR R
4 Ana—LOXIE4TSDS—PAGER M|, SDS—PAGE % #7
BIORITH M E4 Ana—LOX (5 B FEWYE. colizR il R
G5y Wb 323k, M Ho 43 Wk 3R IA ) R4 Ana—LOX 8 4li {4
Ji CAD 2ty W, 45 R o ali A s R B -«

V2 N7V

K1 SDS-PAGEHLIK /> LA AT i B A= A5 AL A Ana—LOX
Fig.1 SDS-PAGE analysis for unpurified and purified wild—
type Ana—-LOX and mutants
VE: M: 85 A Marker; W: BP A2 8 Ana-LOX; V2: V421A; V7: V40A;
V: V421A/VA0A; 2~ 5 K 1T .
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Z DD, S0 M 0T S A K VA21A/VAOA 2 X 58 A8 R
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B IR N TR (Ala) 35 3 T 41 Ana—LOXZE K H1421
A7 R F A0 251 4 TR (Val) BE 0% $2 v F5 41 Ana—
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Fig.2 Comparative activity of the wild—type Ana—LOX and the
mutant enzymes
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Fig.3 Optimal reaction temperatures of the wild—type Ana-LOX
and the V2, V7 and V mutants
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Fig4 The half-life (T,,) of the wild-type Ana-LOX and the
V2,V7 and V mutants at 50 °C
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P HE W5 486 Wil = 4 45 1) (PDB: 4g33) P M AR, 3E4T
[FI AR . 3 3o WA 22 53 BT Ana—LOX I (1) = 4 45 14
T, A2 1457 1) 4 2 T8 A T 5t B g i P (&l 6D, 1M
407 1) 25 2 8 A5 1 Wi 43— == 10 1) 20K 3 11 Loop 46
o ASHFST LA Ana—LOXIE IR 3 H1 42 147 25 FH401 A
VA SEARROA. 1o T 8 RSNG4 1457 2 FN4047 151
I Vali #e A Ala, SRIGIEALARVA21AVAOAFIVA21A/
V40A . FR A Swiss—Model X 58 4% 44 i 47 [7] Yii 2
15, SRAF TR PR — HE S5 84

SR I A I P A e I 1) 58 AR AR AE SR
TGS 7 AT it e . 7 1, 30 R E o i Sk
SEILI o WFH0AE S, AT 8 K BB 1Y) 2 35 1% (Ul Val,
Tle, The) ASFFoBHE AR E R, 1 - 4 e BRAH LL, T
SR B A RN B AE , I FLTPS 2% bh 4 2 R o 2
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Fig.5 Optimal reaction pH of the wild—type Ana—LOX and the

mutant enzymes

TN, A2 IR SRS PR ER T V421 3T &b 11 3> o M2 11
SEAENE o R FH Alads $tedai o MR JE P BN A% 268 K 1) 4

F1 BN SEA Y Ana—LOX 1 24P iR

Table 1  Enzymatic properties of the wild-type LOX and the mutants
K,,(mmol/L) ko (178 koK., (I (mmol *)) ti% 45 (Uimg) I I B O T1,(50 °C) (min)
W 0.120+0.001* 20.3+0.3¢ 169.2¢ 8.08+0.02° 35 3.8+0.11¢
V2 0.125+0.001° 28.6+0.13* 228.8" 11.44+0.015" 40 7.0+0.13"
\'i 0.128+0.003¢ 22.1£0.05° 172.7° 8.47+0.003¢ 35 4.4+0.05°
A% 0.083+0.001" 23.2+0.1° 279.5* 14.55+0.006* 40 8.3+0.26°

W AFRNG FRER R 2E R B3, p<0.05,
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Fig.6 Three—dimensional homology model of
Ana-LOX before (A) and after (B) substitution
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