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Abstract: In plants, the plant cytochrome P450 gene family is involved in a variety of physiological activities. Our
previous transcriptome sequencing analysis revealed that the relative expression level of the CYP8IA6 gene was up-regulated
by the induction with salicylic acid and rice blast fungus. Although it is known that the CYP8IA6 gene has herbicide
resistance, there have been no reports so far on the involvement of this gene in plant disease resistance responses. There-
fore, in this study, rice Nipponbare leaves were used as experimental materials. The CYP8IA6 gene fragment of rice was

amplified by PCR technology. Subsequently, the successfully amplified gene fragment was cloned into the prokaryotic ex-

pression vector pET32a. Based on the above experiments,
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HESTE M5 [ AREE AT 05 H (31370306) the protein expression and purification were performed for
BB /MR (1971-) 4 WL T BFgE t, E B this gene. In order to obtain more soluble recombinant pro-
IKFEELES ERFSE ., (Tel)027-88430557 ; ( E-mail ) xiaolin- tein, screening experiments for the induction conditions of
yangxly@ 163.com CYP81A6 protein were carried out. The results showed that
BWAEE sk 22, (Tel) 027-88430557 ; ( E-mail ) 2430204775@ qq. the optimal protein expression was achieved under induc-

com tion conditions of 0.7 mmol/L isopropyl-B8-D-thiogalacto-
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side (IPTG) at 16 “C for 20 h. Meanwhile, the CYP81A6 protein could be successfully eluted and purified under the ac-
tion of 50 mmol/L imidazole. Further, the purified CYP81A6 protein was used for enzymatic reaction with nicotinamide
adenine dinucleotide phosphate (NADPH) , and the enzyme activity of CYP8IA6 was measured to be 1.518 U/mL by pro-

fessional detection methods. In summary, this study has laid a foundation for in-depth exploration of the function and

mechanism of the CYP81A6 gene in rice through cloning, expression, purification and enzyme activity determination.
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KW A B Bk DHSa A1 BL21, 55 35 # 1K
pET32a ZKAF S A H A 1 1 R e B K24 A ) it
1R 5k F AR A AL,
1.2 R

ok BUR T & PCR P= 9 4l ikl 5 & 34 B
Axygen A ], FRENYVIEE Kpn 1 1 Bam H T [TR-
Tzol 57 | 5 3 AR &5 (7 i 44 « PrimeScript™ RT
Reagent Kit with gDNA Eraser) S5 H TaKaRa 2
Al 51 RS BE P v B T A B R A R
B3 BN F 58 %
1.3 RWHZE
1.3.1 CYP8IA6 % B\ # % MG GenBank A Fi
) CYP81AG6 FEHJF51%7 k AK066760.1 ) cDNA J¥
G5 pET32a 1 2 FUREA i, BT B B3 B 1 55 57
YIS F 9 W& 1, UL H A B cDNA
PR, i1 PCR B4 /K RS () CYP8I1A6 FEH , R I
PR R W TF .25 pL 2x PhanataMax Master Mix,
2 pL Kpn I P450F (10 pmol/L),2 pL Bam H 1
P450R( 10 pwmol/L),3 wL HZAHE ¢cDNA, fil ddH,0
HERFIZE 50 pl, PCR MW FEF:94 C 4.0 min;
94 °C 0.5 min,60 °C 0.5 min,72 °C 1.5 min,35 M
B 72 CHEfH 7.0 min, PCR S0 72 5 4% B8 b
HEM) =20k T IR KR EE R 60 °C , SOV 8 35 4
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Tabel 1 Primer sequences
EIE7 B2 JP5(5'—3")
Kpn 1 P450F CGGGGTACCATGATGGATAACGCCTACATTATTGCCA

Bam H I P450R GCGGGATCCTCAGACGAGCTCGCGAAGAACA
32a-T7F TAATACGACTCACTATAGGG

32a-T7R GCTAGTTATTGCTCAGCGG

1.3.2 R ABAR pET32a-CYPSIAG # #y
PCR ¥ #4915 8] CYP81A6 FEH K Bt )5 , FIH Kpn 1 1
Bam H T 20515t H B F BEA pET32a 28 25 AR HE 47 XL
BV, alifb s %4, EERR W 4tk PCR H
R B3 wL, A 2K 1 L, 0% Hell 4 L,
16 Ci%EHE 12 h, ERERG TR, @ fiPEF
WA T vE R 3% . WAk B PR e K 3R IR
PEHUTCRIIEAT PCR A 5 il D) 56 2 W 568 ) 1)
PR SRk 2 AR W NS K ) i ) ) i 2 K
A4 K pET32a-CYPSIAG,,

133 #&&&awiFEFiRi: MHEHRBERK
pET32a-CYP81A6 FAL KA HT I BL21 852 25 4 A,
SR B 52 R 1Y BORE DNA 25 PCR A B3 )
WKEARKREATEZA N ERER (Amp) 1Y LB W iAL:
FFEFY KRB FEE 0Dy, (600 nm I K F B WG
JE) =0. 6,53 IAEA[FIVR 5 8 36-B-D-Bi A2 LAk
FF(IPTG) AS[FF i B LA AN )35 P 4 i
Xt CYP81AG6 & it T S A |

(1) R[FE IPTG BRI &, H59% 5 mL B
W, LIATIA TPTG 1) pET32a 28 8 4AE xf IR | &
2HZRA5 B 0 mmol/L 0. 1 mmol/L 0.3 mmol/L .
0.4 mmol/L 0.5 mmol/L 0. 6 mmol/L 0. 7 mmol/L
0.9 mmol/L 8 A IPTG ¥ FE #1715 S %35, IR
FER R 20 °C i 12 h,

() AR R E . 55 5 mL I,
PE IPTG 3 W E N 0.7 mmol/L, pET32a 28 #i 14
BSIE K 20 °C 4351 12 °C .16 °C 20 C 3 AN
A5 i B 15 S A AR, U5 B 12 h,

() AFEIA TR E . K% 5 mL B,
PE IPTG 3 W E N 0.7 mmol/L, ¥ I8 pET32a
ZZHAKT 20 CHES 12 h, 16 20 C R4 E 4 h,

8 h.12 h 16 h 20 h 24 h % 6 AR EHE BT
1]

BRERE, B S mL HIE T 4 °C .4 200 r/min
B0 10 min, WCEETEAR, A 600 L BERERZE il
(PBS) HEEPE A, [ A2 URR 3 VR LA ik 41 11 24 figt
ORI P R R AL SRS T 4 C
4 200 r/min .0 15 min, Y FIEWR, 75 L E RN
IRGHRES (AT PE CYP81A6 & 11 5748 M CYP81A6
FEEMIRAY) o BlmA -+ B R 41 (SDS)
RRZR WP, FF K X SRR S FE 100 °C 3k 10 min,
BHIFELDIE B0 WL B T b R 6 RN -
SRR A BB i 5% J H vk ( SDS-PAGE) 43 # . TE 1 i
pET32a-CYP81A6 2 [ 1Y e A R 3k 55 M), i AT 2R
FBERC i B8 ( Western Blotting ) A6 3 , L 56 i 25 11
B IR
1.3.4 @A&FEGMhit pET32a-CYP81A6 & 115
FIEMUG , H A AR R S (His-tag) BRI &
Xz A AT Ak, BT R BRI AR R
LEIIPN B-éﬁ%l@#ﬁﬁ 2 mmol/L 10 mmol/L 50
mmol/ LIk B4 BE I KIS TR . i#£4T SDS-PAGE
ST IE 7% S s R-250 Yeft, ) il Western Blot-
ting FEATREI , AR 2 B AL Ve 451
1.3.5 CYP8IAG B iEeaem 45 300 mL T# K,
X CYP81A6 4T Kk ifs 3¢5k K glifh Wb alifb J5
() V8, A5 B, AR SR A mT Lo 6ok T
ARG I IR P i e W2 4 — A% 1T R B 1 ( NADPH)) 1) il i
JNE, T E CYPSIAG (FIBEE 1 o i AN [ v B
BHEE ) NADPH A5 R i, B BE S B2 50 )5, 4241
A LA FETERETHIN AR 7E 340 nm P T A IOE
BE(OD,,,) , [ L NADPH 7 M %5 W i By 6 Al
BR 0D H AR FR 26 NADPH Frfi i 25, DL K
ddH,0 73 FAXTRE

2 HERE

2.1 CYP81A6 BEMER K BHY 12

PLH A cDNA AR, 6 = Ok B i 47
PCR ¥ 34, iliIN15 3 CYP8IAG6 N A B 1% B 4
1542 bp(E 1), ASK BN 513 NRAEER I £
JUR, RN £ 1 J5 4 R X 3 1 56 400, X T Y
ZOHEAT VIR [ET
2.2 pET32a-CYP8IA6 PR EEMLE

e, Kpn 1 .Bam H 1 5 5%} CYP81A6 &
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K A Bt pET32a AR T OUEE V), WY 58 iU | i
s feab B 153 E Al B RVl =4, WS K
A FRLT Y EH R BOFR A A TSR ARG 1E A
AR A5 B P v B, {51 %) 32a-T7F , Bam H |
P450R %} 5 40 i ki pET32a-CYP81A6 #E1T PCR &
W, 3@k PCR WY 15 B FE 241 700 bp Y
Heyr B (Bl 2A), b5, M Kpn 1 \Bam H 1 F§X}
H4H kL pET32a-CYPSIAG HEAT XUEE Y % 5 , 7] LU
FEFK BE 2545 900 bp .1 542 bp A B (Kl 2B) .
B, AT RA TR DN e B E , 45 SR R B IR, R
W) o 2 ORISR )

A

15 000 bp
7500 b
5000 bp

2500 bp

1 000 bp

2000 bp

1 000 bp
750 bp

500 bp

250 bp
100 bp

M.DL2000;1.2: HAIE cDNA,
1 CYPSIA6 BHIRERITIBER
Fig.1 Amplification results of the CYP81A6 target fragment

M2 CK 1 2 3

P

B

A:pET32a-CYP8IA6 T Fkif) DNA PCR YELE I, B pET32a-CYPSIAG T4 BRI UG Mg 45 5, M1 DL2000; M2 DL15000;1~3 ;T

AR TURL ; CK : pET32a 28 800 ik T4 o B AR 447

2 pET32a-CYP8IAG PAMEFRELTELR
Fig.2 Identification of pET32a-CYP81A6 positive clones

2.3 CYP81A6 EHWIESRIE

W B2 Bk pET32a-CYPSIAG 4k BL21 J5 , 7
IPTG 55 T, AETUHIARXT 73F 104 74 800 KA 1
SRR B AR, TR DL 3, AT ILAE R AT IA
o, & 20 FRE pET32a-CYPSIAG %% LN S % ik
i CYP81A6 #5111

SDS-PAGE Z5 5 7, i FIAS [ B2 IPTG 5%
B, B U SRk i R B R F AR L, B PTG
W T, EA RN RE ST 2 IPTG M E
53] 0.7 mmol/LJ5 , LA BT (1 3 3 f 19 3 MR A 1
BEDE ), Rl AT T ARSI R
JEXTE A BRI, & 4 ATLUR I R4
TS SR A N T B i, — TR AR H B R
sERE BTF, YRR 16 CHE, AR R
KB 8 B R TR GRS T R (AR B
IR EEAGRAEAAS , A AR AT T AN 5

[P0 ER I B ERIA A, B S W RLE R 7E 6 4
ANTRNF R, B B A R R BRI, 2 5
FEAGTRRE, BRI LR, 2515 T8 1]
20 h B, AR IA A B A s

AR SR BE AN [A)i75 3 B [B) RO AS [R] IPTG
JEXT A E A M FRBEA B, AT R
FTaAREME BB AT T — RN E R LR S5
T, BATIL T A A SRR CYPS1A6 HE
RIS, & IR 5 S R e AR
FORRE BN, S5 SEHE Y 20 h i, HAE A
MFRIB AR R . HR, AT T AR5 S
TR X FEAH R A s, & BRI T (W
16 °C) FLiiiis S (4020 C) BAR, HK, A5
WEM EBAGEE MASEAED, KA s
U, B, AR BT T AR IPTG ¥ 8 ) 55 41 2R
FIRA R, 259 BoR, HEE IPTG ¥ (1) 3
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170 000 BB = 170 000
130000 =1 1 130 000 =
95 000 95 000
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55 000 55000
PR 43 000
34000
34000

M. ZE RS> TR bRife s 1. pET32a 25 80R AW 2 A0 IPTG B&
M B ER T RARAE; 1:pET320 IR E ;2. R0 IPTG B & W34 b ER A4 b IRAES S b LI 6:8 b R4 T,
#;3:0.1 mmol/L IPTG | i #i;4:0.3 mmol/L IPTG IE A ;5: 12 h ET 8012 b A 9:16 h LiS¥: 10116 h 4 W
0.4 mmol/L IPTG 3% #i;6:0.4 mmol/L IPTG {E & #i;7:0.5 11:20 h F#E#;12:20 h IRAW;13:24 h FiEW;14:24 h 1B S
mmol/L IPTG i #;8:0.5 mmol/L IPTG {& 4 #;9:0.6 mmol/L B S B AR A
IPTG %W ;10:0.6 mmol/L IPTG JE4 W ;11:0.7 mmol/L IPTG
¥ 512:0.7 mmol/L IPTG 1A #;13:0.9 mmol/L IPTG |7
¥ ;14:0.9 mmol/L IPTG G ; Wi <k T4 hy B br 45
B3 AERERHEL-D-FREIEE(IPTG) F 20 CHES

12 h /7 CYP81A6 By &KX 1ER

Fig.3 Expression levels of CYP81A6 after 12 h induction with

B5 20 CE£#T 0.7 mmo/LFHEEB-D-FAKEAIEH
(IPTG) F B A E R E/F CYP81A6 HIFRILTER

Fig.5 Expression levels of CYP81A6 after induction with 0.7
mmol/L isopropyl-3-D-thiogalactoside (IPTG) at 20 °C

across multiple time points

different concentrations of isopropyl-3-D-thiogalactoside

(IPTG) at 20 C (K 6),X—45 55 Western blotting 73 #7455 ( &
7)—#,
M 1 2 3 4 5 6 7 8 M 1 2 3 4 5

170 000 *
130 000 e 170 900
95000 W == T EEE 95 000
72 000 — — — 72,000 | —
55 000 — s 55000

_—
43000 P - we—— —

340005’_4.”_.;

26000 .
M. 7B T4 T BRI 5 1 pET32a 25 BRI 2. AN IPTG i 5 o

A3 12 C BRI 4. 12 CHRAWS 16 C RiifH;6:16 € M 2B IR A T RS ; 1 pET32a 23 IR W 2: A0 IPTG 1R &
TRAW;7:20 CEIIR;8:20 CIRAWE HSkHTE A A R4 . Wi 3 s T4 RS VOO S WS BT AR A
B4 0.7 mmol/LERE-L-D-MRFLIEE (IPTG) ERFIR 6 16 CHEHT 0.7 mmol/L B 7H EL-D-H X £ I MEH
ETHS CYP81A6 KIRAH SR (IPTG) #5520 h /5 CYP81A6 BEERXER
Fig.4 Expression levels of CYP81A6 induced by 0.7 mmol/L Fig.6 CYP81A6 protein expression induced by 0.7 mmol/L
isopropyl-B-D-thiogalactoside (IPTG) at different tem- isopropyl-8-D-thiogalactoside (IPTG) at 16 °C for 20 h
peratures

2.4 CYPS1A6 EHHI4

I, R R R IR B B, SR, Y IPTG ¥ FHS 7] ol B 6 R ok ok 0 B2 % H AR B
B 0.5 mmol/LI, AL RIS AR cypg1ae HEATHEM, (0 His 8 1A 40404 B 4740
e A, FATEERE 0.7 mmol/ LAENIRAE PTG ¥ prafifh | % Wi i B W 4H 43 47 SDS-PAGE # il
FUREE Z O i e g R R, 2 50 mmol/ LKW

Zr LTl S LA S A F , RN DRI 4558 2 W URIBEIT , 7624974 8000 B B 1 445 51
THHAEH pET32a-CYPSIAG6 IIRIAKF- . fEET BB (K 8A) ., % D25 ¥ Y 4 Western-
IS 20 h W5 i O 16 °C (IPTG ¥JEN 0.7 blotting A Z5 £ W] CYPS1A6 7Ei% 514 F ¥ Th
mmol/ LI 2544, H 20 25 [ Y 3R 3K 1t 35 B i 5 4lifk (K1 8B)
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1:pET32a Z8 4R A3 ;2. AN IPTG IRAW ;3 il 4. RE

W5 Ui,

7 16 CE£HT 0.7 mmol/LF &R E-L-D-Fi K A4 H
(IPTG) % 5 20 h J5 CYP81A6 & H & X #Y Western
blotting £ R

Fig.7 Western blotting analysis of CYP81A6 expression in-

duced by 0.7 mmol/L isopropyl-3-D-thiogalactoside
(IPTG) at 16 °C for 20 h

M CL FT WI W4 EI E2 E3 E4
170 000 —
130 000
95 000 ——
72000 s S S S —
55000 ' ==
43 000 - —
34000 g ——
—
26 000

CL FT W1 W4

e

El E2 E3 E4

B
A% T i Y (4G 45 5 B Western blotting K25 5, CL.
PR A FT. REE TR ; W1 W4, P4 EL~E4. Tl
VR M 2R T T AR

B8 CYPS1A6 EL4ALER

Fig.8 CYP81A6 protein purification

2.5 CYPS8I1AG6 BEiEERINE

I 50 mmol/ LKW S5 T 55 2 IRV iy alifb iR
FIREAL (E2) VE DB, 43 0 B 10 £% .50 £% . 100
5 e I B 1

HRYEMASAY NADPH A i £k, 45380 A,
Y=0.013 9x+0.306 8, R*=0.997 0 (K1 9) ., ¥ Ik
BTG P 5 41 3 A FE S 28 A OD (WO EE ) fH AR
AARJE DA CYPSIAG6 G 1.518 U/mL,

3 gL

FE 20 B (5,25 P450( CYP450) TEAR 1A P 475 1t

WOt
(=]
(=)

Y=0.013 9x+0.306 8
R=0.9970

10 20 30 40 50 60
WA 1T 9 (mmol/L)

B9 ZEEEMHHRERLZL

Fig.9 The standard curve of protease activity

FERENME RS Z R Y R (I
TR G KA AW EH YR MRS
TS B A A G R AR A AR 4
AR (JA) JKABER (SA) JBTEBR (ABA) MR &
(GA) H MR G5 &R Z MM EAEN , fEm 25k
BRI T AR R P B 5
Hh UL 2R 450 JE PR S B 01 34 i FEUA M) iz 56
IR IKAGIR 5 TR S o585 RAF MY R AR,
N2 55 A Wy 17 %o 336 55 Fp 3 Ay st R e 12
=R A AR B, 0SC2 SS FPS F1 DS 4§
B BUAHDCHE R 23 7 JA \GA B Sl LRk | i
i S Tl CYP450 3 K A A 263 Bl
IKFEI) CYP76M .CYP71Z WA JEFEH W 6173 9 2 5
TR DA R A
ATIGE B K AE v B th CYP8IA6 HEA
RIETZHH CYP450 FIGETH) CYPSIT WK%, &
— R 5P DIRER A, ATIHEFITA
RILZFHE ALK IR R e i 5 2 L
Fik, TEAMSE T FRATRIH H A & Fp v iR 15
T CYP8IAG6 I, I H Il Dy A4 2 5] pET32a JF A%
FRAR T, i PTG B S RBE I, 22T K
BRBEHMEA, KM 0.4 mmol/L IPTG 7£ 25
CHF 20 h, HEFE AWK = H SDS-PAGE i Il 45 2R
R AR ES , BE PO EEARG , S T — R
BB RIABEN, RATHE A BT AL IR (West-
ern blotting ) XFZR AR [ () His AR 3E4T TR, 45
R B SEAFAE R KN B I E A BT, 8 i X
TS AT LA, FoATT A IR 2155 ) [
920 h FEFIEIE A 16 °C IPTG #JE 4 0. 7 mmol/L
B, B B Rk R B e s (e, B, AT
HrE AT T 4ifk, B TFRInvER SR A,
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BATVIMAT B-Bidk £ B AT 8 1 BT ) i 5, DA
B AR B 5 iR g5 A e ), IF i AN TR ik
JEEAR B A K WS SR A T 8 06, B 28 7€ 7E 50 mmol/ L
JERKVE TR, B AR AT B 4lifk . H B E AR
ML FR IR F2lifb A it — 2L 5% CYP8IAG HE K AE
IKFEHCIT RN VR 28 T RS A LA
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