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W E., BT hEL T ( Taxus wallichiana var. chinensis( Pilger) Florin) B sE 20551, Wb 3 #8451 37 10
P450 AL SEIN TecCYP725A22, FFX AT T vike | Rk KINREIM T . AEWE B o R R . Wk R 2
X+ 1500 bp, I:4mis 499 MR ; fiTE A THE S, B 1 ANERKX, BA MR AAEEROE L,
HE— 2512 3k B 7R RO 17 B WAT iff AT RUE R IB T REMF 5, B (1 0T S 38 B ik (Western-blot ) 55 45 25 %
B, HEEE TcCYP725A22 R #E WAT11 Hl 3R ik s WRAH G 35-FU ik H (LC-MS) 3 45 L R, FRALEG
TcCYP725A22 X IR 42 F RN AL TEME o AKHE BT 25 S R R N R A2 RN ayF 4548, AW A= ]
RENTINT 2 BRI EELEH AT AEY
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Cloning and functional analysis of hydroxylase gene
TcCYP725A22 from Taxus wallichiana var. chinensis

Liao Wei-Fang'* , Zhao-Sheng-Ying®, Fu Chun-Hua?, Liu Zhi-Guo',
Miao Li-Hong', Zhao Chun-Fang®, Yu Long-Jiang®*
(1. School of Biology and Pharmaceutical Engineering, Wuhan Polytechnic University, Wuhan 430023, China;

2. School of Life Science and_Technology, Huazhong University of Science and Technology, Wuhan 430074, China)
Abstract. Based on our previous transcriptome analysis, a new P450 hydroxylase gene was
identified and named. TcCYP725A22 according to homological analysis. The TcCYP725A22
cDNA was 1500 bp in‘length and encoded 499 amino acids. Bioinformatics predicted that the
TcCYP725A22 protein contained a transmembrane region and catalytically active domains but
no signal peptide. Functional analysis of TcCYP725A22 was carried out in Saccharomyces
cerevisiae=strain 'WAT11. Western blotting results indicated that the target protein was
expressed successfully in WAT11. Furthermore, LC-MS analysis showed that TcCYP725A22
expressed in yeast was able to transform taxusin to its hydroxyl derivative, indicating that it
had catalytic activity.
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SAZBE (Taxol) ML G AR ( Taxus) HHYI A L
1 —Fh R G, AR R RS
FFRHAE RS, DT 35 2 BH 1k 98 40 A 43 2409 B /Y,
XL DRV SRR SRR W BT,
HFRaEmEymayrhETea, mTEE
BEAELT 542 ( Taxus chinensis (Pilger) Rehd.)
WAL, HEGERMEY SRR, SO
(4 EE A2 B T O T R I R TR > Sk, A
AMIFFE TR O 18 R 7 AL BE AL G AZ S A AN
Fr . AR e G UG I, AR A A T TR
TREHE, 5T —EnikRE, HERA L
FEBER LTS ) R i A AR R 2550

G AV F BB R R R e A2 B T
S E R, EER, HEER . ASRRGHEE
UAARI P ) B S B S K s A T, F
GERAT A B G BRI B FALE], IFRHACHE T
BFBA BUEAZBERIWSE H 25 8RR 57 1 4
JUE TR R Y A GR R B 4y LB R
AEEREE L, "AFIH A A AR KM
B ARBIAS AR 7 S A2 B AR A R AR A

HAT, SEAZEAY6 B AR i FR o Tl AR A
EBHIA, (HANAE (K P450 2L EEIE R J H T fE
WARTE &M, LH RSB CT. C4H
CO D X N7 4 21 it {6, 38 PA50 ¥4 1k il FE PRl ot ok # &
B, B2 AT ARG AR S BN B SR
MESL, AWTFEEET AT o B ZLGAZ ((T. wallichi-
ana var. chinensis( Pilger).Florin) ) #% s 41 ¥ 51 5%
5, W45 B 1 A P450. Ak it 87 3 A TeC-
YP725A22 1'% JERPILHERT T TakE . ik M TRE
3N, BRSSP A B AR ) R
2 E S SR

1 RS

1.1 SEIG#F RN

HELE GAZ AN AR el R S i A
#Ar, THEPRHL R AR AEY 7 5 A Y BRI
FEIRAE . TE 62" K 3R 3L | 25°CF I (L 1R
Wig% . KWGHFHE ( Escherich coli) DH5a, PRI )
( Saccharomyces cerevisiae) WAT11 ¥ i A< 52 56
FARAT; ERE SRR R pESC-TRP 1T Agilent 24
Al ( Agilent, USA )., KOD-Plus-Neo M g F
TOYOBO A (Japan) ; 1L1ZLEE( Sorbitol) |, 2K,

Wi ( Galactose ) . & F#H % % (Amp) I T Bio-
sharp AR (HE) 5 PRI EEREE F5 BG AR R 1 %
3t SC-trp (FunGenome, China); M T4 1 i fie
PEENI (Western blot) £l i —4T Myc-Tag Rabbit
mAb 5 — 4 Anti-rabbit IgG ( HRP-linked Antibod-
y) #14F Cell Signaling Technology 2y H] (USA)
1.2 TcCYP725A22 H A=

A ELL G A SR AP AIE B, TR Rk
5191 (F. 5’ -~CGGCTCGAGATGCAAATCGAAATG-
GATACCT-3'; R: 5'-CCGGCTAGCTCAA AGTCT-
GGGAAAAAGTTTTAT -3, 2 B [H 21 5 2 &
RNA, 56k cDNAC LIS cDNA it , H
KOD-Plus-Neo E§#EfT PCRY 1, 20 uL i ik %
& . KOD-Plus-Neo 0.5 uL, 10 x KOD Buffer
2ul, I, 51 9% 0.8 uL (10 pmol/L) . Mg™
buffer 2 ul.. dNTP IR &%) 2 uL (2.5 mmol/L) , #
WoE i, ROWART . 94°CHiI A 2 min, 98°C7F
: 30 s, 55°CiE k 30 s, 68°CIEfH 1 min; Ik 34
G, fc)5 68°CHE{#H 10 min, PCR ;=4 [\l
FE% JE AL B K I F 7 DHb o B2 S 4, PHAE
TS R R IT
1.3 TcCYP725A22 Hi3E B4 EH T

FIH Clustal X fil GeneDoc F2 % i 17 & 1
L2 A X B E A S A SignalP
(http: /www. cbs. dtu. dk/services/SignalP/) it
TR A A R 2S R ] TMHMM2.0 Server
(http: //www. cbs. dtu. dk/services/ TMHMM/ ) i}
T, F A SOPMA T E i 25 1 i1 —Zh45H# .
1.4 TcCYP725A22 EQEBEB TN RIERIE

Ay 9 ¥ B ki pESC-TRP #i1 H &9 3t A Te-
CYP725A22J 1 KR il £ N VI g Xho 1 . Nhe 1 T
37CHFY] 10 min, FFYI=¥) &5y, B H
H B, % T4 DNA EH:l T 4°C EHGI R ik
PR AL B K A FF B DHS o RS2 S 40 i, BE
HBH P s B 9K 35 77 5 B 41 Bk pESC-TRP-
TcCYP725A22 FF il AT A VI 4 5

FIH LiAc/ ssDNA/PEG kil 4 Brg ixR: WAT 11
BZ A, k4T iR pESC-TRP-TcCYP725A22
HH TR L, PCR &L BHER L7 PhHURH
PR T T 10 mL &6 2% % 5 SC-trp
WARREFREE T, 30°C, 200 r/min 53 & ODgy, =
1.6 ~ 2.0, EOWERK, HICHEKFEG 3 X,
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BOE SRR T 10 mL & 2% 2K FL B SC-trp
BR i, MEAAR P B ODgy = 0.6 ~
0.8, FT 30°C. 250 r/min 3 & 0Dy, =
3.5 ~ 4.5, BE.OWERMK, SHAE 0.5 mm i3
HEERMWERE , 5000 r/min B0 3 min, IV
1T Western blot #i, DA% A pESC-TRP 75 # {4k
) WAT11 BEREFE A X R

1.5 TcCYP725A22 & HHIThRES 7

W TEAE PHPE AL FHE R B 5 mL & 2% 40 h
) SC-trp WAL FE I, F 30°C, 200 r/min K
Feide, FEERET 10 mL B3R B3R 2 ODgy, =
0.8, T 4°C. 7000 r/min B.0> 5 min W ik,
SRR ddH,O bk 3 RS H 10 mL 5 2% 3L
WEfY SC-trp 5 7 3k &, A B A &k N
100 pmol/L 442 % (Taxusin) fE W VY, &
23K, T 30°C, 200 r/min 353548 h, DL
5 A\ pESC-TRP 22 #Ak i) WAT11 K SR TN
NI SR AR IR B S5 95 IS I B A
HERBIECKE: BTV 1V = 4 1) e 2
W, BIFMIEE, AR TS 500 ul i Z G %
fif, F0.22 pm JE B JE T AH €8 150 5k 2R
(LC-MS) 4347 .,

LC-MS #2511 2. W 5T Bk HI A 1100 LC/
MSD XCD Trap ( ZHE(E ) #E477~ Pl ;g h
Agilent Zorbax SB-Phenyl (4.6:mm x 250 mm x
5um); WEA M ZIERK, BERE N (LS
#)5% ~ 100% ., 50 min’ i 1 mL/min; it
Fit 20 ul, Ak 30°Cy HAMEI # Y B E A
210 nm, JEiEaHrch ESI R, 1F B,

2 RS

2.1 TcCYP725A22 EE =&

PLHP[E 21 A2 cDNA Mgt , PCR ¥ 4%
~, 1500 bp 4bF WA (K1), 5K
AR, EH ST 25 5 5 SRR B — 3, i
3B S I o 2 [ NN G 5 T = S K s B o
CYP725A22(NCBI % %5 . MF448646.1), H:%
B IX 4 1500 bp, HA7 58 8 0 FF e L HE, 2 i
499 NEEE R, WS E A& 57.24 kD, A
HLE N 8.77,

M 1

bp

2000

1000

500

M. DNA marker Ill ;1. TcCYP725A22.

1 TcCYP725A22 EFI'PCR 4" 1% Fa ik 46 Il
Fig. 1 Electrophoresisof TcCYP725A22
gene fragments

2.2 TcCYP725A22 #Rt5E B4 E DT

KT TCCYP725A22 B EMR )7 51 5 v [H 41
TR ORI, . SRRk 2a-FE
{LE(T2OH) | &2kt 5a-F2 1L (TSOH) | £i2ke
7B-#ALHE(T70H) | #4248 10B-2 1L ( T100H)
TR bE 13- 4L ( T1IBOH ) &I MR ¢ 51 k47 L
Yo, SRR (K 2), TcCYP725A22 52l
()52 e P450 F2 AL Bt 3 51 AH 0L, B2 A B ()
PSRF . EXXR Fil PFG %5455,

FEAE S IR I Z5 R B, TcCYP725A22
T A5 5 Bk, R TMHMM 7E 26 T H 3# 17 Te-
CYP725A221 s s IX Tl , iz & A A 14
PEMEIX (21 ~43 aa), 7E 22 F ) XA T 5 N
(1 ~20aa), ZEMXEA TSN 44 ~ 499 aa)
(Kl 3), TcCYP725A22 £ H — 45 H FlIN 45 2R &
B, AP 5 o BRE 5 48.50% ., B ¥ A
4.01%, ¥EFR Y 12.63% . oMM 5 34.87%,
2.3 TcCYP725A22 (BB RiIERIE S

ARSI ERR N R #8 DL | 5 R TR R 3R
#i 1k pESC-TRP Fil#4) £ 4t 5 41 Jiv k. pESC-TRP-
TcCYP725A22, 4y iillftAk 3] WAT11 Bkk, #EH
BHH: v kT S %15 . Western blot A6 4%
ER (K 4), HREALEL 55 KD AbH BLEH By
— A, BRI XS IR ( pESC-TRP 23 2 AR #4 1k
) Tes L, R H B R 7R R R WAT 1
PR R k.
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Sequence alignments of TcCYP725A22 with acquired taxoid hydroxylases
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Fig. 3 Prediction results of TcCYP725A22
M. & Fil gt Marker IT; CK: 7 pESC-TRP 25 #; & i #k; 1. & pESC-TRP-

TcCYP725A22 4Tk .

M. Protein pre-stained Marker Il ; CK; Strain containing pESC-TRP vector;
1. Strain containing pESC-TRP-TcCYP725A22 vector.

4 TFHAFEH TcCYP725A22 iy Western blot & il

Fig. 4 Western blot detection of recombinant TcCYP725A22 protein
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2.4 TcCYP725A22 HEERIThEES TR

AR LA ZNIEY, 551X TcCYP725A22
TN, S ERF R FUFAS G IS 4 %) HE 41 1Y
PR SR AT AE , IF XTI A Pt
17 LC-MS ¥:ill, TcCYP725A22 & I b £ 42 &
AL BB T B, S5k, 52
IAHTE 31.7 min L T B igig 1 (& 5. A),
ZA I — RSB T 1 A F B 558.7 m/z
B TIE(E 5. B), HABIIRYRIX RA
TEMAL TCRRAE g . TcCYP725A22 40 & Ak i

bR RS PILE M LC-MS &/ FEM[M + Na] +
g (504 + 23), KK, #EW 558.7 m/z W] fig &
[5636 + Na ] mysrF & Fis, Kitk, g1 5 Fi
HED Ry 536, MR S AL R o3 250 (1
5. C), =T N 536 B 2425 il BE N 7SN
T 2RI EE NI (B 5. D), KL
GERRW], 8 WA EAX R IL Y TcCYP725A22
FRAL B R AR ) HLA OB o, R SR %
R Joe B AZ 1 () LA A B o T el A iR 55 7 vk
HE—2 A

x10'] A
] IR CIELE . S H AR taxusin [N FE
2.03 MAT gL : TcCYPT725A22 AN S SLFE
151 KLk TcCYP725A22 Jil taxusin VR
» 197
5 1
£ 101 ¢
N A
04 T f T T T T T T T T
0 5 10 15 20 25 30 35 40 45 Time (min)
o
i B
X105 ] 558.7
+ MS, 31.7 min #970
1.5 4
2
% 1.0 l 631.1
- 564.7 681.0
0.5 1 681.7
: 609.5 654.4 7313 7821
380.0 4341 4672 516.1 5429 [ 705.3
0 L i Lpnaat i I I Ll Liihiay L |||MMJM| 4||||L L l \[u i Ll .l\ Y | |L
L L L L L L e
200 300 400 500 600 700 800

taxusin 504

(m/z)

OH
OH

H,.C 536 = 558.7 - 23 = [M+Na] - Na

A NS S TIIE L, 128 TcCYP725A22 AL 58 A2 3% S Bt BRIl ; B 31.7 min i BUm (G 2 43 1) — g 1815 C

JRYPERZ R A D AR 2 DRI Z —,

A Total ion current map after reaction, peak 1 is a new peak after TcCYP725A22 catalyzed taxusin; B: Primary mass spec-
tra of chromatographic peak components appearing at 31.7 min; C. Structural diagram of taxusin; D. Product structure with

two hydroxyl groups added after reaction.

& 5

4B TcCYP725A22 L EE RN ER

Fig. 5 Analysis of TcCYP725A22 protein to taxusin
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LKL G EE IR, BARLY
BTIMREIE R, SN G BGER R WA,
W& AT 20 L Eg AL R B, 2
CYP450 i/ T A AL S 7 BB 2
TIEEAET 8 A A ORI, RIS CT
C2. C4, C5, C7, C9, C10 f1 C13"™ HHf,
CME 5 C2, C5, C7, C10 H1 C13 X i 1Y
1A EZ AN RACEE LR HRE EM AR
(1) CYP450 ALl R Dy Re AR oA, JoHE C1,
C4 F11 CO {7 X W i) CYPA50 35 Ak il 35k X 14 ok 9 &
B, XL BN AL B Y& GEE
BURAR Y NI, TR0 AT SRS O 0 A i A
HAEEE L, AR LREIZ G IR, wk
B P450 BRALEE LN TeCYP725A22, -1 IR AE
TRy EA T IR R RERFSY , LIRS B, Rk
Ji TcCYP725A22 i 1 REWF IR 5242 R AL IE il is
T 2 AR e Y, AR REY)
e, MRS RN FoRE, HeE T
A C1, C2 1 C7 3 ARl &L B LR,
it TcCYP725A22 ] BEE ) 2 A g e BLAT
FALVER

Eisenreic %' st £, L EReRE I T
AR RN 34 A (0 R P450 AL 2 At ik
S, EATELLGAZT Y E W S EREE YA
G PAS0 ¥ ALl HE 8 12 J& T CYP725A W%
Jge 1928 TcCYP725A22 HiJ@ CYP725A W5 ik i
H, FRIIE i g A B, %E 1S5 E 5 C10
PR A U I =, R 71%, HH)PFIH A
A PSRF, EXXR MIPEG 45 P450 HL75 fi {4 57 45 4
., Wik TeCYP725A22 Wi A nl g2 552 BEM
W& .

FEEEBERN Y A RGEE T, B2 A i
AT I8 = B0 il B B A S5 #2542 4(5),11(12)
TIIE, WEEAT — RIVR AL BRI B
M, ISR SR A DR PR AL AL . TR AR
RS A B AR Y L 1, ik, AR
FILAL WAL A S AZ B R RS 7 AR ST AR
5 T BA TR R TeCYP725A22,
MR AR AT R B Y & s B B
=0
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