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W OE: Il AT@Ie T cyp2el A B AT 49 E G CYP2EL £ R F R A Wy & @mAL % & 24E 4 cypel
ERAMEM T AR S F D F AT LY, 12 cypel AR EHMMARR G F L FBEFARPIES RT2FTE.
L A H cypel AR &9 f 42 pSLDS50-6 Foxt Fé gus A F &9 f 42 pKH200 45 AARSE RATH GV3101, #|ARE
RATE R R AR cyp2el A Aot BB gus A B RN, 25 3KF T 4% cypel A= gus A B B A HAk.
I PCR K 7 09 B A AR AT R A2 & PCR (QRT-PCR) o417, 4R EW: E#FAKT L, 4 cypel AFEMR
Fod, TEAEE cypel ARG KEAR TR, FioFRAEEE cypel KRR L SMA Tl mAdH., F
BRAL 3R An b BAMET cyp2el AB W REAA REREYAZ. I, RAHEE, 4 cypel AHMEF
NADPH-P450 £4tiE R B Fotm i &% b5 Brtg A B E M 2 EIR 5, 5L ME ¥ NADPH-P450 £AL L R B AF= 4m e
&% b5 B85 CYP2EI Beey it aridA2H X, T #6422 FLBh 44k M 69 NADPH-P450 A ALL /R B A= fm e &% bS
ke, £L5 CYP2EI BatEfvidf249 b F 454 4k,
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mammalian liver cells. The transgenic plant with cyp2el can metabolize various low molecular weight organic pollutants.
However, it is unclear the mechanism of expression control of cyp2el in transgenic plant. In this study, plasmid pSLD50-6
with cyp2el and pKH200 with gus as control were transformed into Agrobacterium tumefaciens GV3101 separately. Then,
the cyp2el or gus genes were transferred into tobacco (Nicotiana tabacum) and the transgenic plants were regenerated via
Agrobacterium tumefaciens method. Real-time quantitative PCR (qRT-PCR) was used to analyze the cyp2el gene
expression. The expression of cyp2el in transgenic tobacco with cyp2el decreased obviously treated by ethyl alcohol and
reduced slightly by benzene and toluene, while it enhanced by acetone, formaldehyde and oxygen deficit in different levels.
In addition, the gene expression of NADPH-P450 oxidoreductase and cytochrome b5 enzyme in the transgenic tobacco with
cyp2el were increased significantly treated by benzene, which showed that NADPH-P450 oxidoreductase and cytochrome
b5 enzyme in transgenic tobacco have relation with CYP2E1 detoxication process. It suggested that the NADPH-P450
oxidoreductase and cytochrome b5 enzyme in transgenic plant formed the requirement in mammalian and participated in the
electron transport chain of CYP2E1 enzyme catalytic process.

Keywords: tobacco (Nicotiana tabacum), cyp2el gene, NADPH-P450 oxidoreductase, cytochrome b5, expression

LR P450 B —REEEBASMIMLL MAREALTFE , CYP2E!L BT F G WL A9
EH, TR AU YY) TR E BN H AR, T8 NADPH-P450 4801k Ji A4 it £,
1, CYP2E1 1EJy P450 B ZIGE TR RLG 2 —, # (Cytochrome) b5 {F Ay L T4 2 5 H AU,
FE A TE AL e, BAT AR S0 8 cyp2el JEHAEME YA F 5 PR AL
BEINRENS), AR Doty WAL BEMORTE AT,

YLz P45S0 2E1 JEIH (cyp2el) % AEINH AW 5E FI) AR 98 AR A TR R 3 D 4 R
Nicotiana tabacum. Hfijii Atropa belladonna 1% cyp2el FENFEAMIE, J34r 7 HMEIEIN cyp2el
W Hybrid poplar m , % 5 BH AR 25 R iy P24 RS AR R o B L, I T
LB ERR A S ia ke, FRe, —g DIVIRSRI T RTRE R IR bR JkRE i L) S
2 SRR AU — R 2 A L SR BRI R NADPH-P450 A fbif i
BN, Zhang SRR EHUFREE DL, g 0 ABE bS HOFIATHTL.

cyp2el HE [K % A 16 ) #H W) %% 42 2 Petunia 1 HBE5xi#

hybrida, 3 RIREAS A4 1T RR L ORI I L1 b

HEJ, FRERM TR REREIAE, A B AL S S A

EMFLSRN . SO CYPIEL BRI oynoe1 38 P10 ik pSLDS0-6 1% qus e 1
R, HiheryisSia oms. SNmE. N, Fr pKH200 HAEREH K2 Doty 11 A 1 2
VAN 3N SN SN U AU 1 B i g cyp2el LT gus FEH I 35S BB FIRSN, i
BRASFIE RS T cyp2el FEN ML, ML ki pSLD50-6 Al pKH200 #8757 Kan (KHABE )
FBBERAGT CYP2EL fE g w01, Wi H, P
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1.2 IREAXHENT SHBEEREEL

MR THCA 1.5 mL B.0E, H 75%78
K 30 s, JCR/KBPYE 3 G, #EH] 0.1% 1)
FHRKH 5 min, TREAKPTE 3 K, HREHIHE
I UEAR IR T-Fp 1R K 43, $F0 3] MS BRI 57
LB KA K 30 d JE I TC T VR R
3z 48

i 3 R Rl e JBORE pSLD50-6 Fl pKH200 43
S AR ATIE GV3101, 7% A1) K
™)) R VERE , YRR B R TR
Yerb gl BAKLIER . 1) &% cyp2el KL
pSLD50-6 Fl# gus HEPH A Bk pKH200 FHRJE
AT T 3 ) R 26 85 55 48 LB+Kan 50 mg/L+Rif (1]
f5°F) 40 mg/L my35FRAE |, 28 CHigR, PR
WE R REFE T LB+Kan 50 mg/L+Rif 40 mg/L
IR R, 28 °C . 200~250 r/min 3§ %5
I o MARKTF TR A2 4 %5 i ODgoo 294 0.5 i, B 1 mL
HRATCHEM 1.5 mL B.O08%, B0, BE
W, H MS ARSI BT WA IR FEE ODgoo
250 0.1, FMERY . 2) KA o i H Y
A 1 em® B/NBR, GRS TAR IR O, 5
A MS+0.5 mg/L 6-BA [HH5F%E Tk 2~3 d.
3) K TR R A A R RCEE A A R A AT A
Y, FIRT 80~100 r/min & KR 8 min,
4) TGP 1 8 AR AR B 3% T8 A AT B TR
e+, A MS+0.5 mg/L 6-BA K33k |, Hbx
7 2~3 d. 5) FLEFFRJE M ROICE MS+0.5 mg/L
6-BA +500 mg/L Cef CkIER) MR I3
TR 55 30 min, 80~100 v/min; Plj5, JAK
R AR AT T, Bt L MS+0.5 mg/L
6-BA +80 mg/L Kan+500 mg/L Cef {7 3% 75
s ar Al Y 2R B BN B AT AT AR A B R Y

MS(0)#5 775 A . 6) FiAMMKAERKS 5 om
VI EJG, AT 3 d, B EER
T R R 84 B,
V=6 : 3 : 1) I, BABTHIBE R EA
TAMgEE A I R B D7 R R X BRI
5 gus A P R AR

13 HEFRBERLEEKNEESHT
131 FHEFFEEEAMEK PCR 2T

FIH i Sangon 7 F] BIAE ) 5L N 2H $E B
F B PR BUE AT (3L N 4 DNA . R4 cyp2el JE[A
(GenBank Accession No. M15061) #1 gus FE[Al
(GenBank Accession No. AF354045) J¥31), 435l
BWITY 1S cypel FEH A gus FEH B 5|9 -
cyp2el-P1: 5-TGAAGGGTGTGCAGCCGATGA
CAA-3', cyp2el-P2: 5'-CATCGGGAATCTTCTCC
AGTTGG-3' fl gus-P1: 5-CTGCGACGCTCAC
ACCGAT-3', gus-P2: 5-TCACCGAAGTTCATG
CCAGTCCAG-3', 5% ¥ Sangon 23 F & Mo
PCR ¥ B4 iR FN 35 pL, HfudE 2 uL
0.1 mmol/L #J dNTPs (f&[E Roche A #]), 2 pL
10 pmol/L /) PCR 514,2 U Taq DNA R4 (35
[E Promega /A H)) F1Zy 50 ng FL[H2H DNA, FH3E
ABI 231 PE9700 %) DNA ¥ 844474 14 Iz
N, PCRJZNFEFH: 94 °C 5min; 94 C 455,
55°C45s, 72°C90s, 30 MEH; 72 °C 10 min,
BEFS T 4 CLRAFE . P4 WITE 1.2% M 3EE
WEEEIE FHLYK 1.5 h (5 V/em), JALZ4E (EtBr)
et HSEE Bio/Rad BE R R G ME I R
itk
1.3.2 HERFEEHAMARK cypel EEKTE
FE& PCR 27

JH RNA $2 U & (H 4 TaKaRa A 7)) 2
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B cyp2ed 1 gus 5 PR R FIGT R 2 BE DRI AR AR
M mRNA, i SYBR Green Realtime PCR
Master Mix (TaKaRa A #]) #4171 RT-PCR § #4,
FRAEMREL actin JE[H /751 (GenBank Accession
No. GQ339768) & 1154 actin-F: 5'-CACGCCA
TTCTTCGTTTGGA-3', actin-R: 5'-GGACAATT
TCCCGTTCAGCAG-3', P K & A 112 bp,
P RIERNNZ ., WY cyp2el K51
(GenBank Accession No. M15061) i i 5| %)
cyp2el-F: 5'-ATTCCCAAGTCCTTTGGCAGGA-3'
M cyp2el-R: 5-TGTGGTTCAACAGCATCTCC
C-3', WMAP K AN 124 bp, I ROCHE
LIGHTCYCLER 480 %5t #it PCR Y #E 17
cyp2el FEH Y E Y 0T, POLERE PCR &
fF)2: &L4H 95 °C 2 min; Ffi/5 95 °C 30s, 59 C
30s. 72 °C 20 s 4T 40 MEA; SiRIETE 4 C
fRAF . =% Livak Ml Schmittgen 5115
cyp2el LRI s R, MIXE A=
2NC o Ct N BRI BB Sk BB — [
SE B EL Y PCR RN EFRER
1.3.3 Southern blotting

] 1.3.1 Hp 77 R da 4 RO ik PR AR e A e

FEH4] DNA, #EH EcoR I A% PN IR 5L K 41
DNA #EAT BRI . TR pSLD50-6 Hi37 4
cyp2el FEPH ) B, 98 97 M H i Sangon
/37 DNA 73 iR Gt A7 2life, #H Roche 24
A S AU 5 ¢ DNA FRid i fl & (DIG high
prime) il #ERER, I HTHE & A OGN R &
(DIG luminescent detection kit) #1743 (5 5 Y
R, A B A Ul B kAT
1.3.4 Western blotting

FIH Roche 2\ w2 il 0] & 2 B R
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FIBT . B S0 pL 4 18 LR A R A B A
BCA #HHERSHIRF & e, #17E
gL, Bl 15% 953 BT 5% MR ER I . #i
PRI INFE , BEASRE S LRERESN 10 ng MM,
PR, TP, fHE 100 V TFIRH
VK, 817 20 min; A HEIEE 180V, 81T
60 min, UGG

fHE 30 V FFLREEIE, 3217 16 h, FEEZER
Jer b BECAE. 5% AR WA vh 04T, A R R
%M. 25 BD Genetest 2\ A ) CYP2E1 [ 5t
TR 5% BLIRUIRARRE (12 1 000), ANASR &
W, FIRZERE 2 h, FH PBST MR R4S A 09—,
BIK 10 min, ¥E4 K. Z3H0 (HRP) H 5%Mifs
PR (10 1000), IMARRNET, =HER
1ho I PBST PR LRSS =40, X 10 min,
k4K FEE L P IREE 1| mL ECL-PLUS
W, AR L (AHEAM—H), KNS min,
X-film BEOE A,
1.3.5 cyp2el EFFEFEEFMEFEMKER
W B AT

AR A AE B0 T 45 R T3 T 25k b, fE
ANTABEEREMFHEARKE 2 FEMDL, B
ANHERR (T AR) MR 1300 53k, $RBOEN
2H DNA Fli#t4T PCR 91,

14 ARIMNEZFHTHERERBEE cyp2el £H
B FRIE SR

7E 20 mL BFERIEAYLY I (Volatile
organic analysis vial, fij#% VOA, ZE[FE Aglient
IS B S mL MS [ERKEFREL, B 3Rdt oy
AEH 8 ug/mL L, 80 ug/mL R . 10 ug/mL
.10 pg/mL B2 50 ng/mL HEE, LB
SIAE et e R K R G TR 36 18] 50 CAEAm



Fmi FAEHILY cypzel BEREEGBERESH 1199

Ao BYHUGH 2 it SRR B, B2 A VOA i,
Big:7dJE, BUT A REC mRNA, RS, 55557
MS [ERERFREE B 2 eI A TE R K IR %
TR R TR AT BB 3 OKHE), 12 h ), 4RI
A mRNA, 2¢J65E it PCR KGN cyp2el JE A Y
ik, FtE R PCR Hik 1.3.2,
1.5 4#EFMMES NADPH-P450 & Lif R s
EEFMMPEEE bs RERIEDHT

HEH5 40 52 NADPH-P450 48 4k i [l i 3 [
(GenBank  Accession No. AB004307) #0
cytochrome b5 A (GenBank Accession No.
X71441) J¥3, it E R PCR 93514
NADPH-F: 5'-CCCAAATGCCACACACATCA-3',
NADPH-R: 5'-CCCAAGGAAAAGCCAAGCA-3'
I b5-F: 5'-CTCCTCCCAATCAGCCTCATT-3',
b5-R: 5-GCCAAAAGCAACACCCAAAA-3', Hi
354 8 127 bp F1 124 bp KR H Bt [A]
1.3.2 B/, DL actin ZEEE RN S, #1755
EHE PCR 7T,

B TAES LUIRFREAF R (1g) 1Y
5 cyp2el FEK TG 1 A X REFE gus JE[R AR
T REPUERIRERR Y Fr, A B MS R
VOA i, 7€ VOA Jirf A AR SR AR,
ffi R SR TP OR AR B IA 1 pg/mL 4%, 24 h JEH#HL
L R PRI R 285 AE R - mRNA, 4T
NADPH-P450 A fbid J5 il 5 K A (2, 2% b5 Sk
2 E & PCR 4347 o

2 &ZR

2.1 %% cyp2el EEIREEKREE
i S50 TG TR T RS A P R AT 4

30 d ZEAETR R SR 5L LAk BN 2R 2N
(B 1A) A ZF K E 2 em DU FYIF#:3] MS(0)
BigRde b, 7 d AAREEAER (& 1B), &5t
i, BB SAEERE NS (B 10), 6
IEFAK (B 1D), B3 100 d 24T REF LS, 58
( 1E),

22 HEFEFEBHEKR PCREE
| cyp2el 3 K 5] ¥ cyp2el-P1 Hl

cyp2el-P2 XfR1G HAE AR IEAT PCR 973, 7E3K
P 59 BRAFAEAERR T, Horh 35 Ry 88 B B R
/N 410 bp B (B 2), PI2EHIE cyp2el FEH
BTG A AR RAERE o
2.3 Hcypel EEWER KL EE PCR 47
BEHLILEH PCR Al AR 4 MR FR (TLOL,
TLO3.TL15 il TL26). 1 #%% gus 3k P NHF AR % |
1 BRHF A R R R4 T H AL cyp2el SERTHOEE
it PCR 43T, 25 5 W7 gus BRI Bk AN BT A 7Y
MR A KN E] cyp2el FEHMFEIL, MTER
cyp2el HEKIHY 4 MR FEH, SME cyp2el HE[HH
AARFREERRE (8 3).
2.4 Southern blotting 7 Western blotting 534
Southern blotting 53 7~ , #% cyp2el HHE
4 FRZ TLOL, TLO3, TL15 Fl TL26 454438
2 ANEE 2 AN LA B R SRR | R IR AR B
gus FERREAE IR TCAAC 557, B AN FE R L
Z 15 DL B U7 78 T i 6 DA A Bk 19 56 1A 2 v
(Kl 4). Western blotting Z5 R E/~, 4 TR
TLO1. TLO3. TL15 il TL26 ¥5Z=z H il K/
56.2 kDa 4545 (&1 5), FEHFE A RYSMEIE R 4]
TSI T IR R AR
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1 % cyp2el ERFEEEKBLE L2

Fig. 1 The transgenic plant with cyp2el gene regeneration. (A) Buds differentiated from leaf. (B) Plantlet
regeneration. (C) Plant transplanted in soil. (D) Plant growth normally in soil. (E) Plant flowering normally.

25 cyp2el EFRAERERRKPHDBIER
T
S ZEIEER 4 ANEEERRR TLOL,

TLO3. TL15 il TL26 $4JREIEH FF4E, Hrf TLOL,
TLO3 il TL26 HAEIEH 4552, 1fi TL1S KAEHRM
Fhf. %33 PCR ¥, cyp2el FE[H7E TLO1, TLO3
I TL26 3 PMRRERPI 70, Harsit
PR 51 :9 (17:3) L 48:12 (4:1) fl34:
26 (17 2 13), ¥IAFFE 3 1 WLLMH, XnlhEs
It 5 DR o 35 PR A4 AU 35 P S 22995 DL A R A
PRBE IR A B B RON A DG, AN DHGES
T 55 5L TR R W 5 AR e 0 A U 35 BT S 0 5 1Y)
UL 28 B,
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bp M1234567891011121314151617181920

750
500
250

bp M 1 2 2122232425262728293031323334353637

750
500
250

2 M cyp2el EF 5|3 HEE BEBERATER
“H DNAPCR # &Y% R

Fig. 2 PCR amplification of transgenic plant genomic
DNA with primers from cyp2el gene. M: DS™ 2000
DNA marker (Dongsheng Biotechnology Co.); 1:
pSLD50-6 plasmid; 2: non-transgenic plant (wild-type);
3—37: transgenic plants with cyp2el gene.
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Fig. 3 Real-time quantitative PCR analysis of cyp2el
gene expression in transgenic plants. 1: non-transgenic
plant (wild-type); 2: the transgenic plants with gus gene;
3—6: the cyp2el transgenic plant individuals of TLO1,
TLO03, TL15 and TL26.

[ 4 Southern blotting 4 #4% cyp2el KHE & #k

Fig. 4 Southern blotting analysis of cyp2el transgenic
plants. 1—4: the cyp2el transgenic plant individuals of
TLO1, TLO3, TL15 and TL26; 5: non-transgenic plant
(wild-type); 6: the gus transgenic plants.

26 AREIMEEFERHT cypel EFERYFTIX

TEHL cyp2el KL FRIA S = AR AR R
TLO1 1 TLO3 BAEST & 28 . AR | Z BRI
MR SR 7 dL IREOK Y 12 h T E AL
M5, FXFHHTYO0E R PCR 40T, PIAIE
ARG R, SxEML, CmeE)E
cyp2el JE AR RE, RAH KA S
cyp2el JEPH IR RS A T [ MR, AL

PRGBS T cyp2el PR A3k AN A E
I (B 6)o

kDa M 1 2 3 4 5 6

[l 5 Western blotting 274 cyp2el HHE &k

Fig. 5 Western blotting analysis of cyp2el transgenic
plants. M: protein marker (MBI Co.); 1: non-transgenic
plant (wild-type); 2: the gus transgenic plants; 3-6: the
cyp2el transgenic plant individuals of TLOl, TLO3,
TL15 and TL26.

OTLO1 § TLO3

OO O O e
OB ANXON PR~
— T T T T T T 1

Relative expression quantity

1 2 3 4 5 6 7

B 6 AREINERETFZFGTHERE cyp2el £EFH)
RIEHH

Fig. 6 Expression of cyp2el gene of transgenic plant
treated with different factors. 1: non-treatment; 2: treated
with ethyl alcohol; 3: treated with acetone; 4: treated
with formaldehyde; 5: treated with benzene; 6: treated
with toluene; 7: treated with oxygen deficit.

cjb@im.ac.cn

1201




1202

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech October 25,2012 Vol.28 No.10

2.7 %% cyp2el EFHHE NADPH-P450 & {4 1E
[REGFNZAAE & R b5 BIFRIE D7

POGER PCR MM RN, M= I
NADPH-P450 At J5 il HE R A (5 5% b5 Kk
DRITESF A U B qus M= A% cyp2el A%

Relative expression quantity

51 O NADPH oxidoreductase {_
Cytochrome b5

FREREAHEER ., LB B, # cyp2el
JHFE T NADPH-P450 & Atk [ g A i 255
FTE, SEPAE ARG gus MEEOR FL R R IL 4 4%
DL L i3 bS FER ik & HLBF A AR gus
HHF T 2 f5 2L B (8 7).

AN

7 %% cyp2el ERFEMREH NADPH-P450 E Lt [REGE E M b5 BEREFR

Fig. 7 Expression of NADPH-P450 oxidoreductase gene and cytochrome b5 gene in cyp2el transgenic plant. 1:
non-transgenic plant (wild-type); 2: the gus transgenic plant; 3: the transgenic plant TLO1; 4: the transgenic plant TLO03;
5: the transgenic plant TL15; 6: the transgenic plant TL26; 7: non-transgenic plants (wild-type) treated with benzene; 8:
the gus transgenic plants treated with benzene; 9: the transgenic plant TLO1 treated with benzene; 10: the transgenic
plant TLO3 treated with benzene; 11: the transgenic plant TL15 treated with benzene; 12: the transgenic plant TL26

treated with benzene.
3 ik

CYP2EL 1E} P450 il Z 5 H Bl 51 22—,
FEE T FLE I Al i, X2/ N FAa UL
S S RaE 113, cypel BLPRER: K AEY)
N R 53 Wik AR R R D Re, ¥
cyp2el FEKIUHRL | AU . B R AR A SRR e T
X 2R A (A D). s bk, =5
I IRk O . B O L IR AP L
NG TG Y W R e Y R T
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OBV ZEAE PR BE0E A b BT TR
IEAh, iR P40 3 R B HAh R LA
1 cyplal. cyp2b6 il cyp2cl9 # AUKFG , 5
T KRR X B R S TN R L 35 LAY i A7 R
J1, I BUAT AR b (g B s e i Y
FEVFLSh P G A2, P450 LAY KA
A MR, 43 W SRKE A mRNA
FaE DL R R M A e AE PR 28 A, Ho
cyp2el MFRIRZ L SREE. N, LRk, K.
IR . FE . MR S 00 A5 /N oy T A DL 115
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Sy JFZBRE AR ZIRAE . ERERIE RS
AR A A S

ARWFFEARARHH, cypel FEPIMHE, TEE
i PCR 3B R, 1€ mRNA $6530KF ., LB
WEFRSE cyp2el HEEPHIAYFRIAWI W TR, ARIHIR
RbPRIS cyp2el JER Kk mFEA NRE; mPIER
F AL B AR A5 cyp2el R FRIAA A
[ EE A T o o, PO, PR i S P A X
BEP R IA 12 e S FLSh AL, T
B RAFEZEXT cypel FILAR IR SIS EhY
AN, B FEREPIARN, SRNFHFXT cyp2el AY
P S E AR A e AR TR, X AT RE S AEY)
IR LR NAEEA R RE R G A K. BT
S PRS2 A A R PN 0 R g 10 A3 ) e )
Y, SEUERPIHaAEE R Z —, 2R R
R H WIS s gy, Bk, ARFEgs R

AR AR R cyp2el JLPAILERESLHA Y Y

Rkt 2%,

WA, TEEFLS, CYP2E!L Bkt
PR ZL i F AL 55 NADPH-P450 A fLif J5 i
FIZNHL 3 bS M ILAE" T, FE4E cyp2el JEPIAY
Yoo, JF A TR e A FL 3h W 4k
NADPH-P450 ALt R AN 5 R b5 BEA
BAEMIRIN CYP2EL M [AFE B 43 /N1
TSI TIRE, X — BRI A )
ARG R R, RS, % cypel LN
% NADPH-P450 A Abi4 R FI A i (2% b5 B 1Y)
B PRV P AR, U A R R 1Y
NADPH-P450 A AL )5 FI4E AR b5 B S
CYP2E1 B A 0¢, mIREE 2L sh )
&1 NADPH-P450 A LR JREFFI4N (4R b5

cyp2el

FIIIHE, 25 CYP2E1 B fbid FE A B T4 38
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