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W O iR mE ARG R T R DR I IE S SE U FEALH Escherichia coli BL21 (DE3) /pET -28a
(+) —sys410 PR BERE IR BRI K BE S EAT 0L . 45 2R B R At 7R 357 20.0 ¢ - L't 20.0 ¢ -
L'y, 8.0 g« L' Wilia%k. 100.0 mmol - L' @fREE . 5.0 mmol + L' BREREE, LI 1.5 mL - L™ & TG
£, REESM AR 50 mL/250 mL, PG AL pH 7.0, R 2% , RS 8 h I AMAES: 6 h, 7E7.5 L
KL, HROR AR IEI THE SR, AU AR, X ECR R RS S, RE R AR, B
(A FNEHS J1 40008 142.6 113 105.1 U - mL™", SCPRI A BE I3 0 137 F5 40 31. 9 %, K BER R RIS
T HRIG BHE 1355 119 426.9 U - g7, HIZBEXH 3 R A M 2R 55 T 95%
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Enhancing production of a novel pyrethroid-hydrolyzing
enzyme by high density fermentation of Escherichia coli

FAN Xinjiong'*, MO Zhongxin®, ZHANG Manman' ,PEI shengbin' ,LIU Yuhuan® , LIU Xiaolong'"
(1. School of Basic Medical Sciences, Anhui Medical University, Hefei 230032, China;
2. School of Life Sciences, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: We previously screened and obtained a novel pyrethroid-hydrolyzing gene sys 410 from Turban
Basin metagenomic library, which was expressed in E. coli BL21 (DE3) in soluble form. Here, to en-
hance the production and activity of the enzyme, flask-shaking medium and fermentation condition were
investigated. The optimum medium was as follows: glycerol 20.0 g »+ L™", yeast extract 20.0 g - L',
ammonium sulfate 8.0 ¢ - L™", phosphate 100. 0 mmol - L™", magnesium sulfate 5. 0 mmol + L.™' | trace
element solution 1.5 mL + L™'. The optimum conditions of flask-shaking fermentation were as follows :
loading volume 50/250 (V/V), initial medium pH 7.0, inoculum size 2% , lactose induction for 6 h.
We also studied high-density fermentation of the recombinant strain in 7.5 L fermenter. The results
showed that dispersed oxygen supply, low concentration of the initial medium, and carbon and nitrogen
fed-batch culture could stimulate the growth of the recombinant strain. Inducible expression started at the
middle and later stages of logarithmic growth with 6 g - L' lactose at 37 °C. After 10 h, cell density
reached 142. 6 and the enzymatic activity was 3 105. 1 U + mL™", 13.7 and 31. 9 times better than those
of the flask-shaking fermentation, respectively. In addition, crude enzyme powder was obtained after son-

ication and freeze drying with the amount of 68.4 g + L' of fermentation broth. The specific enzyme ac-
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tivity was 119 426.9 U - g™

throids within 15 min, reaching over 95% conversion.

Remarkably, the enzyme was able to efficiently degrade all tested pyre-

Key words: pesticide degradation enzyme; high density fermentation; pyrethroids; biodegradation
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B, BRI AR XTI, DL
T/ INEC IR 17 1 88 B 1 AR08 K I o

L SEm AR A ik

L1 #8
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1) LBgRERFRIE (g L") EAM 10, B
Bep 5. EALHN 10, F14G pH 7.0 7ML 5T
J# 50 wg + LTI RIREE R

2) LB [EREEFREL: AR LB By b i n
JREHE 1.5 g - L' Bk K 21 R0 A [# 14 LB
TRk

3) 2x YT Higdk (g-L7'): HEAM 16, B
Bky 10, Akl 5. Pihn pH=7. 0, M INZ vk
J# 50 wg + LTI RIRE R

4) WOk TTER AW (g L7'): CaCl, 0.04,
ZnSO, - 7H,0 0. 18 . MnSO, - H,0 0.1, Na, — ED-
TA 20. 1, FeCl, - 6H,0 16.7 . CuSO, - 5H,00. 16,
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LI P R 3 50 B Ay o oy % T AR R AR IO 2% %
1.3 HREFEE
1.3.1 BAABBOGHFLE, AMRRGHLE L
ARR GG THit . Hid R 2R AN, BEH R ER
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FE, TR JINAS TR) A B 1R 6 o R 60 R 2k 3 4 3 oy
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JEVRINA R RRE S ¢ - L' UMW, #IAS A
T 8 h,  HUREIN A A AR BE TS T o
1.3.4 Bz sk E ke SEBcHl 1 mmol + L7
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150, 200 #1250 mmol - L™, $EFMIEFE 3 h JFHM
RIFRWRIES ¢« L7 FUBHEM, AT KRS h,
TR 7 T A 288 RS 1P o
1.3.5 WMEALAFRFMEOMA FH2 YT
VE Ry a5 R 5L, 40 i IS AR FR 4r %100.5, 1,
1.5, 2, 2.5 f13 mL - L™ (R o Z 6/, R
Big3 h, NIRRT S ¢ - L7 IUBHAR, %
ST TR 8 b, IBUREIN A TR (A %% 3 TR TG )
1.4 EXLH

it IE ACIR IR BT A 5 o0 K e 3% 5 A 7
fofe (1), DUH W, BERERY . B2 B AN R 31
ENRIEER, AL, (3') (3KF4HE) IE
G R IR AT

x1 IEIKRHREAKTER

Table 1~ Orthogonal experimental factors and levels
Yeast Ammonium
Glycerol / Phosphate /
Factors extract / sulfate /
(g-L7) } Gl L)
(g-L7) (g-L7)
1 10.0 10.0 2.0 50.0
2 20.0 20.0 5.0 100. 0
3 30.0 30.0 8.0 150.0

1.5 EmMEBEEHRK

151 SUsE Sk et (bR IR 30k
ITREEE TR, HEMEEFR 3 h, 43 BTSN 28 Jog VK
M2, 4,6, 8HI10 g L' MFLKE, AT K
8 h, HUREIN A P I B N T

1.5.2 FFREani  DIMRALE 3 3L T B0
B3k, 37 CRiFR3 h, IRINAFREWE6 ¢+ L3,
B, BIETF 30, 34, 37, 40 f142 CHMFTiHS
Kig% 8 h, IBUREI G PR (A %5 88 R M o

1.5.3 Ar3egtkie ([ 1% ~5% 3Epa, %
P %3 h, IMALFRRIKE 6 ¢ - L FLBi4kLLiA
SRR 8 h S HUREIN R B A% R S ) o

1.5.4 35 knds pH &t RIS pH h
6.8 ~7.6 ZIA I tGEE TR, FEMEEFR3 h g, N
AL FRWE 6 ¢ -+ LT ARk LLIE SR 5 6 h, HL
I S R 1A 2% 8 ARG T o

1.5.5 Firzeptke  DMRIERE R IEHAIT LB,

250 mL =i, B RSN 50, 75, 100, 125
150 mL, 37 CHMFTFHEFR3 h, MAL BT RKE
6 g - LT ZLBH4RSEA 4595 6 h, BUREIN A2 1R 1A%
RS T o

1.6 7.5 LRBHERBTZMRNL
1.6.1 HEEREMSHAREKRTw KERKS3
Hik T, bRichadl,. b @M c 4, KEESFEHH
3P HLA T a 41 ([ #%3H 500 +/min,
[ 38 XU 1.5 vwm, HUEEE SRR SE) 5 b
20 (38 3 v 4RI Bl e JEAE 200 ~ 1000 v/ min 3 [
P, R ER 1 ~ 4 vvm, U TEE SR A
20% )5 o 20 (3E 37 AR Bl 3 AE 200 ~ 1 000 1/
min JEERN, FTEXE 1 ~4 vwm, NEEBESE
Tl 20% ) o 3 AR IR bR Ay A, Hoth & %
TR 7.5 L R BERERE W Rt Ry 3.5 L, $Efh
2% , N3 mol - L™ BEER & ¢ =25% HUK,
YeFp KW pH =7.0, ¥l K BER O 37 °C, 4
FRER 0.05 MPa, 8015354 h )5, 1L 1.8 mL/
min EFEFMN A FMENE, B A b S i W B
FEM AT T Al 2, MR 1 h BRI E
RSB, IR AR e m A K i 2 .
1.6.2  39n3h4m 46 3% RUR &2 Fo R B 69 AN iR A
HR A Keg e ARERIRE S 4 HikT, tnid
Fradl, bdl, c M d 4, B Rk
SRR B FIAS [F] A A BRHBORT B R AR K s (4%
2T FH %) K T A0 e e 280 D8 R B I RV o 248 T 3%
2) . HARBE T M : 787.5 L &K EERER
3.5 L, BEME 2%, HEiE57E 200 ~ 1 000 1/min
JEEI, XA 1 ~4 vvm, OBUE TE SRS A R
20% , HEFEHEE 0.05 MPa, Jifil 3 mol - L™ gz
Koo =25%%0K, 4eFe KB pH =7.0, ¥l & 1
W 37 °C, REFRIHILL 1. 8 mL/min [HE 7 N A
BRI, I8 AR R B B R (B B, fE A
20% BRBNAMEL AT RS SR, KB RE, BERR 1 h B
FEDNSE BRAR R BE Agoo » FFARBE BRI 5 i 2l 2R K
HES 3

22 RFEERIAIR BRI BE SO R MR
Table 2 The initial concentration of carbon and nitrogen

resources and the type of feed liquid

Glycerol Yeast extract
Experiment : : Filling materials
/(g-L7) /(g-L7)
a 10.0 10.0 A
b 20.0 20.0 A
c 30.0 30.0 A
d 30.0 30.0 B
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#o RIEARE N a 4. b A ¢ 43 HitfT,
Brifs o oh, HAb kB T Z2HMIR: 7.5 L & e
BEWHEE N 3.5 L, it 2%, P EREAE 200 ~
1000 t/minyBHE Py, BXE 1 ~4 vwwm, WNEEE
WA 20% , 4ERFRE: 0. 05 MPa, i3 mol
- LTUBER ML o =25% K, HERE R pH =7.0,
P BEREE Oy 37 °C, R IERTIALL 1. 8 mL/min fH
BRI A CKNERIE, R Tk B de R
TEVR AR 20% sl #bRE, B 37 25 A IFa], 7S
LT 6 g - LT ZUME RS, Hr, a 47
WA A KOS BRI I i 5 5 (BE RS R T 4R 12
h) 5 b AN B K P EETHS (BEE AR
1516 h) 5 c A7E-FRIMIT RS (FEE LKWt iR
17 h), KB B AEb 2 b BORE DN R 3 1A 2 1 il
W,
1.7 FEAEEMEYHI&

1) FE AL B0 PG R BEREBOCRE 1T, 7R
8 000 r/min, fHif 4 CHRAT, ELLE IR RF
Ko BURBL.OBUEM TR AR R E, BREEET
pH =6. 8 HYWERR #h 2% h i, FHIRE ) 1+ 4% 45 1
51, BOAL 15% HY TR PR, T 6 0P VAR A v s
PRAXTE 170 MPa, 4 CAF T HEATIERE, AR IR ATE
4 C4HF. 1000 r/min 5.0 20 min, YEE 1§
W, ISR b R B R R

2) POHBERCE TR THRE, JBE/NT 1 em
(ERE R R T ), P08 VR TR B8 T AR
TRKAE, —80 CHMTRURS h, TRHBHE R4S
JIKERAR, BT HEERE TR ST, 703 M
PEATVR R T1R 5 1 BT EAE - 20 CHERFS ~6 hy 5
2 I ERAE —10 CH4E+5:8 ~10 hy 55 3 B EXAE 5 C 4
10 ~12 h o 208 UR T8 5 2R AT 1 JOIR B OF FH F
RO LB, 0 5 B ) o
1.8 PIBRHFBEEL R AR PERREENNE

L g M E R A T 1 L 28K RS, 3
mLZIRAIRS 1 mL FUEVRE A 4 mg - L7 42y
PR (USSR . SR TR . U8 A T AR
AR RA, 37 CJ 20 min, FIIEC k4R
RIRALy, B L EAH O, BART5 2%
ZMoCk [11].

2 SRR R

2.1 BFFIE
21,1 BHRABBGHE REEMEDERKK
—REEEFRY R, W HARBIEA L, Wig. A

BCEA . RS ARBREAN AT (SRR, W
PR A B 4 1 R i DRI B SR R 1) R 28008, 5
AR RV E BRI, v U EE A A A 2 S EOR
IR . DUHAAE e IR nT A 2 02> Z R AR
2, W3 PR, ZTEA A A H b R,
PR R IR B R (Agn =6. 1), BHE J7 5
Jy48.5 U - mL™", JF RASEE H R N & % 7 2
/3788

F23 AN[RIRRUE XS P AR A 4 S G 7 1 52 )
Table 3  Effect of carbon sources on

cells growth and enzymatic activity

Additive amount  Cell density Activity
Carbon source
/(g L") /Ago / (U-mL™")

2xYT 10.0 5.9 46.5
Glucose 10.0 5.0 33.6
Glycerol 10.0 6.1 48.5
Sucrose 10.0 4.8 29.8
Corn flour 10.0 4.4 26. 1
Soluble starch 10.0 4.2 21.8

2.1.2 BEIARARFRG L RIRFEH LR P A
LB o A = W ) & BB TR o AR — AT 4y
AVAVEFNTCHLE IR . & LA A PLE IR A Bk
EEM. FRE. BERE . BOUH . R .
MRk . FRE MR &, APLREB B 2,
BOAMER. IR AR, &5 A
PIBESE . BEZE. TiRocER . oblEh . A RUE
K755, P, A S AL R RN R 55
H R KHERS . AR A VLAENE, TOHLAEEEA B
M AR E, RERCCAE Py DR R R A
HILRTCHLA IR A iR L . fHIREL . WHIREN . #7115
TR =%k . FALEL . FOKFRES . #d LA F
RIEXRARA K BRI, 25 R ER 4 5%
5, RUILIEERE M A PLA RS 52, R18 0
WSRO (A =7.53), WG Syl 65. 1
U« mL™" ZERINIR S B ) CHL RIS L, A
TR A M ICHLEIR,, RIS K (Agy =
6.54), WHE/157.3 U -mL™",

2.1.3 AR MR ERESRA SERME 1T
N, A TRARBT MR B KR, B Bk
FEMIAR S, PR AR K B RN S ) A g
MH MR AE] 20 ¢ - L7V, B H TR
WRERIPE Sy, ARAR A B IS B N, A
Hh R R 20 g - L1
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Table 4  Effect of organic nitrogen on cells growth and enzymatic activity

Organic nitrogen

Additive amount / (g -+ L™")

Cell density/Ag, Activity/ (U - mL™")

1% Yeast extract 10.0

1% Peptone 10.0

1% Beef extract 10.0
0.5% Yeast extract +0.5% Peptone 5.0+45.0
0.5% Yeast extract +0.5% Beef extract 5.0+5.0
0.5% Peptone +0.5% Beef extract 5.0+5.0

7.5 65. 1
1.8 19.2
4.4 29.8
6.3 39.7
1.5 48.6
3.2 22.7

=5

AR TCHLSIEORT B A2 A RS g 1 5

Table 5  Effect of inorganic nitrogen on cells growth and enzymatic activity

Inorganic nitrogen

Additive amount / (g -+ L™")

Cell density/Agy, Activity/ (U - mL™")

2xYT 0.0 5.9 46.4
NH,NO, 2.0 5.4 43.2
(NH,),S0, 2.0 6.5 57.3
C¢H;0, (NH,), 2.0 5.6 52.6
NH, Cl 2.0 4.9 38.8
NaNO, 2.0 5.1 41.6
8 80 10 120
7k o ’r . {100 ~
T Sk T~ x 2
o e 460 E //‘ i " g
6 —% p—~—T = X e - ___4 \i g ) 5
g = g o} ] =z
8 SH S
4t g 140 £
{20 § 4 £
3L O Ae s O 4go 120 E
@ Enzymatic activity - & ) @ Enzymatic activity =
2L 1 1 1 1 1 1 L 1 110 2k 1 L 1 L 1 1 o
5 10 15 20 25 30 35 40 45 50 5 100 15 20 25 30 35 40
Glyccrol mass concentration/(g-L™") Yeast extract mass concentration/(g-L™")
Pl L AN]SR B 1 X B A A I 7 ) 5 ) B2 AR B2 B TR B X B (R RS 3 4520

Fig. 1

Effect of different mass concentration of glycerol

on cells growth and enzymatic activity

2.1. 4 B RJEARAC BERRRY R KB Wl
MRAHLEIR, EAMUSTHEFENEAR. #Ed
B PR A R NBE R FE YR,
17 H 5 TR E IR, 48R WA 2. A
X T AR B A AR PE S R DI . AT B
AT RARHCBERS , B IR ORI B e i, A
Jif o R RS AR AT L O $ 55 5 A I Ry o
FEN 20 g+ LOVBS, WA REIA B iR 8.3, i
W JIRB 83 U - mL™ s RS, AR R R
Bz B, ATREN A S Bl TF 5, SEORE
AR T A, SR R B A R AN A

Fig. 2 Effect of different mass concentration of yeast extract

on cells growth and enzymatic activity

iOE PN

2.1.5 muBRAk AR S5HRWE 3 N, 4R
FREAL THARMEE T, BB SRBR MR FE 4 &, I8
Ao B RS PR, (AR PR B i — e R )
Wil B IR B TR R B v, 200 R 28 ARG P s 2
TR, EABRBRE T ERE N8 g - L',

2.1.6 BRERAER AR BELR B ZMIIEIL
A, BARIEmAKS PR R A R
IR AL VR, A ik B R B vk B A A T 1A
KR FRIE, ALEEEIRARY] (K 4),
MR IR EE AL T AU FE BT, B B R VR Y 4
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T, R R RS A T g, (R R B U R i
i 10 mmol - L™"H, B B R EE W FE R I, B 1A
L Agoo A BEWT R ASA, H I 1 2 B T AR,
B AR R BE VR E 10 mmol - L7,

8 120
Tk T . 4100 T
6F 3 * =480 E/
= >
s 5r —— 460 5
. I/ \' §
4t Ja0 E
<
3 a Ag 120 ‘E

@ Enzymatic activity
2 1 L 1 1 1 1
0 2 4 6 8 10 12

(NH.).SO; concentration/(mmol-L")

Pl 3 S [ o ) e X T K RIS 17 1149 521
Fig. 3 Effect of different concentration of (NH4),S0,

on cells growth and enzymatic activity

8 120
] I S 4 100 —:
'/.l.. i I\‘hﬁ E
6F x Hgo 2
B
s Sp A—— 160 %
= ¥ !\! 5
4 J40 §
g
4 g
3t 04 420 5§

@ Enzymatic activity

I 1 L 1 1 1

2 1
0 5 10 15 20 25 30 35 40
MgSO, concentration/(mmol-L™")

P4 S [ v PO A T B X T R RIS 3 1149 521
Fig. 4 Effect of different concentration of MgSO,

on cells growth and enzymatic activity

2.1.7 3EHABER &SP RORERA  BEfREL 2
RIS MG, AMEEA GRS
JEF SRR E MR VR R, T LA P i A R A
SRR I 2R B S . BRI e
KWE A 7 58 A8 AT 2 R R A6 7 thTNFa -
DK2, W58 A BLJTORE Y 52 1] E 5 45 37 i vh R R 4k
E A BENKCR, YIRS 2R S En,
Jobi S RS, WKL, P A REL F
ATEEDR CYBEIRER B it R, XS R EORARHT
BERKIERS, iRIAPERTRE, RS WLk
BB, ALBHG (FS5) SHikEs" 2k
MR —5, MR R 100 mmol « LM,

AR BE TR 7 8505 o

120
7t 4100 T
: E
—_—— >
g i 7 3
= \l S
4} d40 3
g
S
3b 0 A o 5
@ Enzymatic activity
2 L L 1 L ' 0
0 50 100 150 200 250
Phosphate concentration/(mmol-L")
S ASTRI MR BE P A TR X T A 0 1% 3 194 5% i
Fig. 5 Effect of different concentration of phosphate
on cells growth and enzymatic activity
2.1.8 BRAMEBAFHRFMTHRA HE

TUER TG — LT 3K UG 20 i i A R B RN
FIRPAERIEMB TR, B, % M. 5%,
WRA PRETE R RS R b R B, 783t
BFEPBIMEGHMEICR G, FRAERKSREIRK
k™ TERRAR B Bt , R LR XL E
HEARKAERE A A RN, WSS A
AT RAARR AR B ZRIK, EAHE TR
EHLSmL-L" (E6),

8 120
7} . {100 =
. T i
g 3 F\F .él
6 k% 2=—ig0 =3
>
5t deo 2
‘cé !"""!/!-‘!\. 5
Q
4t —u]40 §
S
3t U Ao 20 F
@ Enzymatic activity
1 1 L 1 ' 1 10
0.5 1.0 1.5 2.0 2.5 3.0

Trace elements/(mL-L")

6 AN [RIATR 5 e 0 280 TR A IR 3 1952 1)
Fig. 6 Effect of different volume concentration of trace

elements on cells growth and enzymatic activity

2.2 IEXEE

R R R IR R, E SR 5 A
T RIS AT OO, DA BERRRy . B
BB AR R R /E MR BE H 2, A Ly, (3%) (3K
Va4 HER) IEsCIAE X RTINS
Rk 6,
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Table 6  Orthogonal experimental design and results
Yeast extract Ammonium sulfate Phosphate
No. Glycerol / (g+L™") By » » Agoo
/ (g L7) / (g L7) / (mmol « L7")
1 10.0 10.0 2.0 50.0 6.3
2 10.0 20.0 5.0 100.0 8.6
3 10.0 30.0 8.0 150.0 8.4
4 20.0 10.0 5.0 150.0 6.6
5 20.0 20.0 8.0 50.0 8.8
6 20.0 30.0 2.0 100. 0 8.4
7 30.0 10.0 8.0 100. 0 6.3
8 30.0 20.0 2.0 150.0 7.9
9 30.0 30.0 5.0 50.0 8.2
Mean valuel 7.8 6.4 7.5 7.8
Mean value2 7.9 8.4 7.8 7.8
Mean value3 7.5 8.3 7.8 7.6
range 0.5 2.0 0.3 0.1
®TSLREERIT 2T
Table 7 The results of analysis of variance
Factor Square of deviance Degree of freedom F ratio Fy s Fy o
Glyccerol 0.336 2 9.333
Yeast extract 7.882 2 218.944
(NH,),S0, 0.162 2 4.500 19. 000 99. 000
Phosphate 0. 036 2 1. 000
Error 0.04 2

25 Rt FIURIEAS B T30, DIk i
AGO()’VE%*’T‘YE L1TE§UL%$}?, /H% (@7> %%Eﬁ
PR XoF AR A A A R AR L S 2, T L B
BRBERRER S AN 3, 4 B o R AR K
i) PR G 8 I BRy > Hl > B ER B > WEIRER . L
MR G R 20 g - L7 A Hh . 20 g - L'
BEWy. 8 g - LT ARER &L 100 mmol - L' B R L 27
R

g5 Rk, BRI RS AR A 20 ¢ -
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