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1.1 ##
L 11 GBRSEE: ABOKEER B ZB01 S A SL

kR, E. coli DH5a M E. coli B1.21 ( DE3) J&&
ZAEMEY T 2 X e EYRHARAR LA, TA
TERE AR pMDI1S-T K pMDI8-T simple 4 T Kk i&
TaKaRa 23 7], pET28a J5l A% 3 1k 44 Sy A% 52 56 2
o

1.1.2 IEFESP AR K coli B3 KTy LB B 37
BOBER RIS ISP2 &N H & R (Amp) ]
W 50 we/mL, & 2 K B % £ (Kan) fi ¥k &
25 wg/mL,

1.1.3 X5 : Genome Walking Kit Il F TaKaRa 7y
A, JBORL/N R 3R 8 e B B B I 1T e i 7R & 0 T
RMRAAERHE (AL 50) AR A, Tag R BR &)1 R
NG Neo 1, Xho 1. T4 % 421 IPTG g T TaKaRa
AL EREER R RIS R S-E BN
BREAGEHE 1 SOBR AR B IR R Sigma 23 H]
anr, 3 J5 R NADPH 2 Roche 23 w7 dh , Bl 2 1 3% Ji
25 il 7 R B D A A T AT BR A w4, e A4k
) Sy 7 0 R

L1.4  5l¥. 3 X nl v s T &, B
Primer Premier 5.0 #CfF 3¢ i1, T X £ &8 43 Sy BR i 4
B WO EER T 51

1.2 BE#RIFIE

1.2.1 Tk T 30 mL ISP-2 i {4 8% % J rh 422
AR R T EW 1 mL,30°C 200 r/min }53% 3 d

J& AR 4E B 2 (DMSO : 36 40 = 1: 1V i) B4

W1 g/L,30C 150 v/min 425535 3 d, IREY

rhoin A ZE AR FR A MTBE $il5 85000 , Bk 4H T 38 XU

ik R BE YL 1 mL 25 HPLC A&
*1 3wE3

Table 1 ~ Sequences of primers
Primer Sequence(5'—3") Size/bp Reslr.lcuon
site
f1 CGCGGCCGGTTCATGGACGAC 21 \
rl ACCGCACCAGCGCATCAGCTC 21 \
Fspl GACCTCATTCCGCACTTCGCCTAT 24 \
Fsp2 ATCACCGTCATCTGCGAACTGG 22 \
Fsp3 AGCTGCAACTGCTCAAGTCCGA 22 \
Rspl ATGTGGTCGATCATCTCCGGGAAC 24 \
Rsp2 AATCCCCACCAGTTCGCAGATGAC 24 \
Rsp3 GATAGGCGAAGTGCGGAATGA 21 \
F1 CCATGGGGACCGAACTAACGGACTCC 26 Neo 1
R1 CTCGAGGTTCAACCGCAGCGGCA 23 Xho 1

1.2.2  HPLC #2514 . % $E 48 HP1100 ¥ AH (4 3%
A5 A SB-C g 354 (4. 6 mm x 250 mm ) 5 FE i -
30°C;wish A Ay CNE,B K BBV (0 min —
30 min,50% A-100% A ;30min -40 min,100% A-
50% A) ;i 1.2 mL/ming & M P K 243 nm; i3
Fat S pl.

1.3 =EIhEER

1301 $ IBCHE 7 0 2 DR 2 4 o A1 R 20 1 44 BBy
S R AL R S T R
1.3.2  wiRE 2 fig 5 A AR 48 GenBank % 47 & b
P450 FEPPRAY X BT 5 19 f1/x1 (R 1), LA
JKEE R A ZBO1 kA H B AR, PO S
cypl07z 1 JE PR ) 5 68 35 43 e 910 o K 90 3 BB O 41
BT P4l (Fspl-3 ¢ Rspl-3, 3 1) 514y, 48 3 s
PCR 7, 473 & HF 90 19 i 32 )5 51 (2 UL TaKaRa
Genome Walking Kit ¢i, 3] 45, TaKaRa Code: D316)
PCR /=¥ 43 3| 5 pMDI8-T #RAK % #z, ¥ 4k E. coli
DHS o %32 25 20 0, % 1 128 BH 1R %% A6 5, I 7 O DF
PSS ok B b B K R Al Ak 3 K
AL SRS % 0 T B sc e de i Bk A
B,

1.3.3 PCR ¥ 1 551 R 8 PCR K & L & 14
P4 PASO [R] PEAE K A9 AR 43 40 o G AR 2D B R
AN FR PCR BN 9738 U1 3877 51, B PCR A &
i i)} TaKaRa [ 2 x GC Buffer 1 4}, H 4 5514 [
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el iE v
1.4 F3aH

KA 97 31 i 5 NCBT 1) blastn J blastx 72
J¥, 5 GenBank %48 % b 19 © HF 91 3 47 L X 43
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edu/emboss/ ) W1 ] getorf & dottup 55 2 ¢ #4710 87,
i AL DR I ik B B2 4E (ORF) K2 vl BE 19 )3 35 1
L #b 7. Hl DNAman $5 3% 6 P 5 H: [ 8 56
KT 2 )7 50 e X I i R G R B o
1.5 FEREHEHE
1.5.1 PCR 9§84 cypl07z13 FL [N . DAAS WK /K 55 B B
ZBO1 L4l b, UL FI/R1 (3R 1) K59, ¥ 1
eypl07z13 R4 KT 5], 20 pl. PCR J2 W1k &
% .2 x GC Buffer 1 10. 0 wL,dNTP (4% 2.5 mmol/L)
3.2 uL, 5| (10 pmol/ L) £ 1.0 pL, LA Taq i
(5U0/pL) 0.4 pL, B (29 25 ng/pl) 1.0 pL,
ddH,0 % £ & 20.0 wL, PCR Jz B %% 4. 94C
4 min;94°C 1 min,63°C 1 min,72°C 2 min,32 X{F
#;72°C 10 min,
1.5.2 kB iKH A PCR 58 eypl07:13 HE 1A,
5 pMDI18-T simple 2K 1%E 8, ¥ 1k E. coli DH5«, §7
6 P e B 5 D0 e i, Bk B 5 B B Pk e B T
10 mL % Amp ) LB ¥ K K5 75 H v 37°C 5 37 14
FEWUTURL i WU Y] (Neo 1/Xho 1) I A1 eypl07213
B R B BS & A W g AR S Ry ik
(PET28a) H i3 , 318 pET-cypl07:13 T4 IFHL,
T TR AL E. coli BI21 (DE3) 4l Jfd, ¥ 45 77 Kan
(4 LB -4, 35 37 IF i 18 B S R
1.6 A HEAFETRE KA

5 N pET-cypl07z13 ¥ 241 JJi ki 1) E. coli BL21
(DE3) M b 74 % 5 mL & Kan 1) LB £
BrgE L )37°C 200 v/min 53533 7%, W LA 1: 100
Fe o) # F 2 & Kan (9 LB 4K 85 % Bk i, 37°C
200 r/mink53E 3 h, A S-E BN R & IPTG 5
F:3%1k,SDS-PAGE Hi Uk K6 I 85 2 4 11 3Rk 0L .

U5 R IR I T R 288 P R, B0 B
DL Ni-NTA 3% A1 2 8 2l 4k 4 His b5 % 19 HAH H H .
4l Al J5 o 2H A WL 2 TR i 10 kDa i I8
R AR A, DL BCA Y& I 22 Vi 47 J= 1) 1 41 2R 1
W
1.7 EAZABFESHUE

ZEEE I A I Sl = S IR A A AN S 7 - B

3.5 pmol/LEk & if 5 M ( ferredoxin ), & ¥ & Jy
40 mU/mL%k & £ 28 [ i J& B ( ferredoxin-NADP-
reductase ) , 284 20 30 mg/ L (1% 55 PN Tt v A 1) o] 4
WR B, , N AK R K 500 pL,RE&WTE 30°C B H
5 minf5, il A2 B 0.2 mmol/L. NADPH J5 3l Jx
N o [V AN i BT 4 T 2 89 AR R Sy okt BRC 430l D6
Pl 2 30°C ¥ & 5 — 10 min 5 NADPH 7£340 nm#b
(I FE 0 BRI e SR

2 SERFpA

2.1 FEHRIEIE

Zead KO BE, KBS WK B R ZBO1
( Streptomyces ahygroscopicus ZBO1) H. 7 i 55 45 5 14
FALBTHE R 47-OH (I fE, 22 HPLC £, 7E 72 h
W IZ TR X WD R B 1 g/ L B0 B 4 1] 3R e fb &
K 36% (& 1), 2 O il i b % o5 v A (S

tubercidicus 1-1529) f) 2. 5 1%, A I %F % 1 £ #9456
A 1

3 \
M }\ / I U
16 18 20 22 24 26 28 30
t/min

B 1

.
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t/min

1 AHK$EEHE ZB01 S4MAEEZFH HPLC &

Fig. 1  HPLC analysis for oxidation of avermectin by Sireptomyces
ahygroscopicus ZBO1; A:. Avermectin standard; B: Avermectin
oxidated by Streptomyces ahygroscopicus ZBO1; 1. Avermectin B, ;

2. 4"-0-avermectin B ; 3. Avermectin B, ; 4. Side product.
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PR 4 A F B b T4 )8 CYP450 ) 105D (105H |
107L 1 1077 W K . B0 1072 WK K F AA
{37 25 S M AL BT 4 T 2% 47-OH Ry Zhfig! D g 3%
ITAR 4 C K45 1 K< 1062 bp 1 cypl 07z [F] 5 51 15
oy, @ik By 8 W T %A B L
1297 bp, '~ {if 785 bp J¥ %, £ blast 43 7 K&
EMBOSS #2542 H1 1 getorf 2 7 73 8, A4 15t i1y
KK R 3144 bp 1 )7 8 ] — A4 K R 1290 bp
(8 FF 7% 15 352 4 ( Genbank %% 5% %5 : HQ439501 ) , i% J
GC & ik 70. 1% I gt 429 2 HLR , i P
P450 JE[H 73 25 RS % B B T opl07z WK
W, G E bR PASO fiy 44 & Dl st 44 K cypl07213, 24
blastn Z3: 47 & B 5 cypl07z W58 % He e 12 A [R] I
SR R Y A 1 B KA LM T6% - 86% , LU
DNAMAN {5 e 0 52 7% 26 11 1 22 56 2 )3 9] it AT
Z PN X, & B CYP107Z13 [a] Hog W K & 11—
REXELAT DR SF 1 I 2T 38 45 6 0L a5 B U4 B L s
(E2),

02 binding Heme binding

CYPIOTZI3  (262) (299) (368)
CYPIOTZL  G0) GOV HELRW] :
cYPIOTZ2 G0 (#39) o
CYPIOTZZ  (26) 99) 6678
OV IU7ZBeI] \  1E TA RIS OIVHELY RW RERRGENHY GFGHGRHY CLGASL.

CYPIOTZS  (26) O VHELY R IRECENHV GFGHCRHY CLGANLA
CYPIOTZE  (261) EDTVHEL R EE) A\
O TrzZ e 11 7 BIKED Vi L BRw ERNENHV G FGHOHY CLGAULA

(72 B G 117 1A QRN HEL R v IRREEENHY GFGHGHY CLGANLA!
ISV IO G HETTARREOVHELYRW]

AT e A RCD)vine: Vi IR NV GrGHG Y CLGALA
cipiorzty - 62 TETRRR o0 [ o) ENTRVEROEN RCARER Y
B2 CYPIVIZ THREEBEREBRFIRFUAZFT

bb %
Fig. 2 Multiple sequence alignment for conserved sites of CYP107Z

(
( ,
cipiorzio 62 XTI o0 TSI (sas)ﬂwmm
(
(

subfamily amino acid sequences.

F H EMBOSS #8240 H 1Y dottup 45 55 7% % 2% 5
PRI AR 0 38 7 30 R4 o0 A, Rk BRAE JR R B T 5 i b
lif —38 bp 2 - 68 bp Z [ fFfEE —BAHEE 3 Ik
(97 51 (I 3-A KR ) | 8K 1 JF A 8 30 5t A A 4y 7Y
E’J - 10 Jz - 35 J¥ 9, i 45 & 4 55 W 3 77 50 R

TR T S BlE -5 bp & - 14 bp X
%’é‘ﬂ%ﬂ%,i’ﬁ‘{ﬂlﬂ,\iﬂ SD J7 31 (1 3-A RHA) 5 53 41
ZEE R 2 E B N W AEAE — Bt ik 20 bp DL EOR

SEAR TN (Y S 1) FLAb 1) (18] 3-BOHLIA) |, 4fi b7 H ok
N E T I H R R AT

(A)eeeens CCGTCACGCCTTCGATTCGCCTTCGATTCGCCTTCGA
GCCCAGCTCATTTCACTGCACGCCACAGGAGAGCGAC

B 3 cypl07z13 BEEMEF 5 45

Fig. 3 Analysis flanking sequence of cypl07z13; A: Leader

sequence; B: Trailing sequence.

2.3 FEzREBEHE

F 4 1) e 3K 8K pET - cypl07213 e fb K ik
fii E E. coli BL21 (DE3) J5 , & #% PCR i it 3 FH M 7
B, 22 7 3IE 52 cypl07213 F PR B 35 1F A7 52 1 AfE 4
A pET28a Fik Ak i, 7T T7 Jg sh F M T7 &1k
T2, I b T A& R AR % (His6) .
2.4 EAEHFSRERASML

THE OIS FFRIE, & SDS-PAGE HL Kk K
W, 7 B R U R/ (48 kDa) A A — 55K S
Ik (K 4-2), EEMEHAEAS SR
KA R :37°C 200 r/min 3555 3 h f5, ALk
0.2 mmol/L IPTG,28°C 200 r/min iF 5 £ ik 8 h, %
T RN E I IPTG ¥R B o & AR A R F ml i Pk i 4

B 4 SDS-PAGE HE jk# Ml CYP107Z13 EZ H 1 E. coli th
FEREREA4K

Fig. 4 SDS-PAGE analysis of CYP107Z13 protein expressed in E. coli;
1. Total proteins of engineering strain without induction by IPTG; 2.
Total proteins of Engineering strain induction by IPTG; 3. Protein eluted
by balance buffer ( Containing 20 mmol/L imidazole) ; 4. Protein eluted
by elution buffer ( Containing 50 mmol/L imidazole) ; 5. Protein eluted
by elution buffer ( Containing 100 mmol/L imidazole ) ; M. Protein

Marker.
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R 25K FRARR B2 X TPTG ¥k B, 18 K i 3 £ ik
BF[), ANASCR] ARG i 1 A 33K B, 3 Re XS i n] % R
B LA o

R A T 2H AR R B A 28, L NI-NTA SR Al
EAraifbRA R EAHE D (K4 -4,5) W28 R
J&,250 mL B3 3R RIS AL B (1AW 4. 5 mL,
TOMARER, BB EL 6, 53CH 11 ]
B —3, 4 BCA W& M ik BE 249 ol 420 pg/ml,
4 >90% , FEA fE W L IS Sl 2% S 500 BoR
2.5 EAEOBmFESHNE

Daifb A EA SSRELER AR HERAE
Jir Tt ) A A1 o 2H il e Al iR R, D e T 4l Ak B 4H R
1AL BT 4 1 2% S N B B 2 28 K, H R
1.4 pmol/L, V & 0.041 pmol/min - mg, &k, N
0.033s',
3 itk

EL R 8 67 A5 S Pk S A B 2 B 2K 47-OH A= i
40 BB W 3 e B R T (AL R A 2
R X B A TR AT 0 G, R4S — K AR 8 = 5 Ak Bl
TR R 4"-0OH % 47-0 1) A IR K 8% 8 1 ZBO1, %
FBRTE 72 h N XTRD IR BE Ry 1 g/ L B BT 4k 7 35 e 1k
IR 36% N0 L 4l (9 H & B AR W AE 96 h N XS 4] 4R
WRER 0.75 /L 1 B 4E 7 3R o 5% AL 0B ALK
16% " . RN WK B B B ZBO1 R s B Y
cypl07z13 RN & cypl07z Wb 5 Jit 3 A v 3 & 0 0
o513 AL B, BRI 12 A4S CYPI07Z W5 15 & 1 1
HA 7 8 S S AL BT 2 5 K 47-0OH A= 47-0 11
hae | N AR TS 3R AR cypl07213 5 fift
FH 24 8 5 B v AR ) R ) T AE M M

W€ sl ALy CYP107Z B (W 3h 12 280, A
BT HEAWESE CYPI0TZ A 5 458 5 L D ag =z
B & &, CYPIO7Z1-12 EHE AW K, H N
1.1-6.9 wmol/L,V,, 4y 0.001 —0.060 wmol/min-mg,
K., % 0.001 —0.048 s """ A HF5E b v B
cypl07z13 FeH , K Hb S I8 F 3k alif, i 7 (K Hh 8
HBGHEAIR R G T HE %28 WY S50E,
CYP107Z13 { AR I A &, 1T fig 2 Ry B 4 127
REAJEIZ 0 RARIEY B ik, 535, CYPI0TZ Ty
REM S ILT ZHiG 0 2 5, FL AR B 2 1/ 2 208
AL EZ F| CYPL07Z A< B K5 PE A 52 ), [F] B 34 32 31 e
ML AL IR R IR . 7 O HE 19 17 Bk D) Ak Bk A

B, A R R 1 T RE R o8 A AR I L (R SR Ak
By 4k T 2% PR R A A [A], CYPLO7Z10 J2 M 3% A i %
EBERER S, tubercidicusl — 1529 th g FIk M E
H,H K, 3.7 wmol/L,V, A4 0.014 pmol/min-mg,
K, H0.011 s " A2 2 50R , HAEA SR IE A 2
CL CYPIO7Z & (P ig o ol WL, Sl R 46
(18 B, 1 38 3000 6 R AR A BT 4 T 3 I 0o A AR R
MRZm . PRI, JF & CYP107Z13 25 1) el 1k i 52 42
S — 1 TR P A i Y H AL AR R T
P I O AL SOR B R

CYPs J& T2 bl & , oAb 1) f il 2238 i 2
NN S5 R AW B G AR LI E L, X
TR AR A 8 X & 4 A VR 04 g, R
CYP 4li 7 [ E 47 HE AL IR R 7T B, 17 DA & 45 2 8 M il
4 21 2 5 44 Ak S R DU B R AT T T
1o 3 PR TR T BORE S A 1R R 5 EAR R T RE 1Y il
i 2 AL F T R — 20 v AR R AR R R A Y
5 B 0 AR 0 ST el T ) ML PN R DA 4 4 A T
TR, K B A ik S A A 75 40 R 9 A 3 T B, X
F ST E Ak B S CYP g
TR RE TR, S B T P2 R 4 A0 A A s B AT AR
IR " FMT228KE ¢ypl07213 Ak T B
B} (Pichia pastoris) 4T 2 3k, {0 I R K i 1) 45 5
FEIR A H A A A T A H RS T, T fig
BERR K CYP Bl 3R 46 0F A id & A58 h 55 4 18
KRN cypl07213 (193335 K IIfe K .

CYP &4 LT 2 3, 17 8-24 3 2 Tt T4 1R J2 1
0% A WY AT K. Jungmann %[11] TS EIR
CYPI07Z WHEEE B ERM T 0.5 mmol/L Y 8-%
SEOBEN R o P UL R AT E R B S s i T 8-
BILCBENRRAE NS, A )5 22058 & 3 H X
CYPI107Z13 AR A M AH L, HILEZE
MifESFREPIHFRBMZUEY H, & F
CYP107Z13 EHEAN B AR LR AT, TS5 H
3L GC 3 it v 3 00 b BB A8 w8 B 2% 5 1 1Y) i
PEA S, NS 0 1 B9 3 R 0 7 S sk, HL A LR
ARV

25t Bt B R A AR AR R T R 2
TR E >R RBHG S 3T H A 3 PR A A K
BREHRAEY SN PL T 3355,
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Cloning and prokaryotic expression of cypl07z gene from
Streptomyces ahygroscopicus ZB01

Weide Liu, Xiliang Jiang, Ying Ji, Jing Niu, Mei Li”
Key Laboratory for Biological Control of Ministry of Agriculture, Institute of Plant Protection, Chinese Academy of

Agricultural Sciences, Beijing 100081 China

Abstract: [ Objective ] We cloned and expressed a cytochrome P450 gene cypl07z from Streptomyces ahygroscopicus
7ZB01, and determined the kinetic parameters of the recombinant enzyme in vitro. [ Method | Degenerate primers were
designed by the conserved sequence of cyp genes and were used to amplify partial sequence of ¢ypl07z gene from
Streptomyces ahygroscopicus ZB01 genome. The full-length cypl07z gene sequence was obtained by genome walking, and
linked with pET28a to construct pET-cypl07z13 expressing vector which was then transferred into Escherichia coli, and the
expressed recombinant protein was purified by Ni-NTA affinity chromatography. The catalysis system of the recombinant
protein was constructed with avermectin as substrate, and the kinetic parameters of the recombinant protein were
determined by monitoring the consumption of NADPH in the system in vitro. [ Results] A cypl/07z homologous gene
named ¢ypl07z13 was cloned from Streptomyces ahygroscopicus ZBO1 genome, which was 1290 bp in length encoding 429
amino acid residues. The K, of purified recombinant protein of CYP107Z13 expressed in E. coli was 1.4 pmol/L, the
V. was0.041 wmol/min-mg and the k_, was 0. 033 s ' in a reaction system with avermectin as substrate. [ Conclusion ]
A ¢ypl0z13 gene from Streptomyces ahygroscopicus ZBO1 was cloned, the heterologous expressed recombinant protein can
catalyze the oxidizing reaction with avermectin as substrate.

Keywords: Streptomyces ahygroscopicus, cypl07z13, Gene cloning, Prokaryotic expression, Avermectin
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