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The Physiological Mechanism of Petunia hybrida Harboring Mammalian
cyp2el Gene Improving Resistance to Formaldehyde

WANG Man, XIANG Tai-he’, SONG Ya-ling, HUANG Ying-ying, HAN Yi-xuan, and SUN Yang
(College of Life and Environment Sciences, Hangzhou Normal University, Hangzhou 310036, China)

Abstract: The cytochrome P450 CYP2E1 enzyme mainly exists in mammalian liver cells. It plays an
important role in metabolism of heterologous organics. Precious research has shown that cyp2el transgenic
Petunia hybrida significantly improved the resistance to formaldehyde. In the paper, the various
physiological characteristics of cyp2el transgene, gus transgene and wild-type (non-transgenic) P. hybrida
were analyzed under formaldehyde stress. The results show that malondialdehyde (MDA) content of
cyp2el transgenic P. hybrida was lower than those of gus transgene and wild-type P. hybrida under
formaldehyde stress, while both of superoxide dismutase (SOD) and peroxidase (POD) enzyme activity
were higher, alcohol dehydrogenase (ADH) activity slightly enhanced and more glutathione was
metabolized. In addition, levels of TAA, ZRs and ABA in cyp2el transgenic P. hybrida decreased under
formaldehyde stress, but level of GA increased. However, levels of IAA, ZRs and ABA in gus transgene
and wild type P. hybrida were increased but level of GA was declined. When the cyp2el transgenic
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P. hybrida was incubated in liquid medium plus 50 mg - L formaldehyde for 72 h, the formaldehyde
content in medium was decrease to zero, while those with gus transgene and wild-type P. hybrida were
still nearly half of formaldehyde content.

Key words: Petunia hybrida; cyp2el gene; formaldehyde; stress; physiological effect

MM PAS0 B —RAE S BB AL &, AW S YL 7 i 2R .
P450 B IG % 1 Z — P450 2E1 (CYP2EL, HAmfSBEsh cyp2el) FE - ATLEM LW 40,
TESNYR N AL IR RUOR IR R 5 55, AT AR IS D)6 (Lieber, 1997; KK
IS KE, 2001; Gonzalez, 2007).

BORER T AN AT — € IRTEBRBE T, AR RCRAE B TR P 2 DR B mT DA 0 1858
GG A AT m 6 S IAEY) (Abhilash et al., 2009). 3 E &A= Doty AL 56 T i
cyp2el JEREALAYIIATFY (Doty et al., 2000). FiY Zhang 2% (2011) FJF KARARFT B K599 /v
FRVEIER 7, B R4 cyp2el JERHE NH&7E4) (Petunia hybrida) H, % 3 PR & A2 24 X6 i
MPihE g m Bea s (2012) RFFTRW], ¥ cyp2el MHE AL NADPH-P450 % fLiL i
WA M (25 b5 Wi B FLEh A N i) NADPH-P450 AL 5 R 40 i (525 b5 ILhRE, &5
CYP2E1 BfEAb I FE g AL 0%, SN CYP2E] BEE Sk R IEM S TheEf >, HHITH
O cyp2el kPRI iy 4 A A Xof FE IS P X6 TS 2 1) 0 M A B ATL A e AN B e o ASHIE S R i ISR A ()
cyp2el FEDK AR A AT H AR B, 43 Wil% % cyp2el JEREA=A: . 5 gus FEIA RR A% 2F Fl i A R g A= 4
HEAT AN BB M, B cyp2el FE RIUE A% 2 %o B 1S Fiih e 10) A= B 1

1 ARSI

1.1 RIS R R ETAb T

WIT 2013—2014 [ FERTINIMIE K AR W) 2 S SEG = T . % cyp2el JEHl. &% gus A
U AT CREEREND A2 T 50T 44 (Zhang et al., 2011), DAYE 1/2MS 55353 464 251
2515 d HA KA — S0m gl 85 8 R 584 8

HL 0.5 g 415 H0 B3k 4%, 42 WIE T0 4 40 mL [ AL (MS 55750E + 50 mg . L'
) 8% 40 mL MS AR FEIE 2 (B 1), (20+2) “CHELEIE, SGHEBRE 100 pmol - m™ - s,
100 r - min™ ¥E % K737 24 h.

Fheyplel FHbk fheustikE B g RUHTRE

cyplel transgene plantlet gus transgene plantlet Wild-type plantlet

1 B ERTLIE

Fig. 1 Pre-treatment of samples
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H HRE S R T 22 4K oy BT TRA A1 3 8 T, InN 2 mL 0.05 mol - L™ 74 A B IR 22 vh ik
(pH 7.8) VK213, HIK 20%K 203, 7E 4 'Cy 4000 r- min™ FE5.0r 20 min. B35 CHIRG
WO T IR S E B R BRI .

1.2 AZE (MDA) ZEBINE

AN % (MDA) MRS 7 Mkl & CLE R AEBORAT BRA =)D I i
MDA {5 5. ALY MDA SRR fLAR B S A DTk, TR Ui AL P Uom A
MDA, 55 E W (HRP) #RICH MDA $iA% &, TERIUA—PUR—ibr ik 2 54,
LRV Ja IR VY IR i (TMB) 2. TMB 7E HRP B AL AL ¢, JFAERR
(IR R e A B £ o A PR TR FURE T 1) MDA S IEAH G HIBFR AT 450 nm YK T 02 ROk
J& (OD ), Zeilbrbihsk, Wl prufk thZe vk SRE L T AEY) MDA I .

1.3 #BESLES (SOD) FEERNE

U S AL AL (T-SOD) MRIA AL (g nt g s 2B TREE ST e fLEE v T-SOD
() Fr o T TS A T A A Il s Y R G A AR I s 1 1 Eh s, IR R RO SR EE, £
BN 2R, TR G B TR e . A3 RE &b & SOD i, I 4B
BT H BRI TR ER AT S AR R D, L I s RO A T R,
TSR I AIAE S ) SOD iE . DABRESEZHZE 1 mL OV T SOD il K- 50% 0 Frkf v,
) SOD A/ SOD % JJHifr (U).

1.4 TELYEE (POD) FEMHAINE

R A (POD) BRI e o AT ilfl & C HIEE AR AR BOARAG BRA | e M
1 POD [ it. 246N POD HUAMB AL, WA STA, AR AL R oA
POD, Pt HRP #xic i) POD bifhsity, TEMPUE—UR—MbsbiiA 2 69, LMy s ik
¥ TMB &, TMB 7 HRP BfIMEIL FEAALRGE €, FFERRIME R B HL Rt . B fvR Al
BES TP EOAEA) POD LA SE . JHBEFRAXAE 450 nm K FIE OD 18, ik bk th 2k v 50RE i b kg
) POD & &

15 ZERSE (ADH) EFHERNE

R LR AR (ADH) BB Wik Rl & R E R ARG R A A I fLE R
H ADH & 5. HREERSEAYEE (POD) 3EHERINE.
1.6 BREREE/INE

R A BEH IR F & (R Rt il TRERFF ) I e L i v P A e H Ik B & /. DTNB
(5,57 - ARdE - W (2 - SRR H ) TR H K (GSH) &V, Ak 2 - g - 5 - AR R

(2-nitro-5-thiobenzoic acid) L AFEALTIABEH K (GSSG). 2 - itk - 5 - fifCIK I A =4,

T AR 405 nm AL () OD Bk e & #E il GSH I . GSSG ZEA It H IR A It g1 ] R 4
% GSH, #RJG T DTNB S W FF AR 2 - ik - 5 - BRACIR R, 3R SN, e R A s 25 bt
SR
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1.7 HEYMEES=NNE

ALY R B e e Ak & CEEEE R EARA R A FD 70500 MR TAAL
ZRs. ABA H1 GA fR) & & . AL RIS TR O Bl AR, O geadi
IR L AR AN DG, 5 HRP ARic (AR SRS &, B PUE—Pi—ibs ik &
Y, Zd WIS E Y TMB (5. TMB 7& HRP BEROHEAL T HACEE (0, JFERRINAE I T 4
Bt e BRI ANRE f A AT DGR R IEA 5. FIBEARAXAE 450 nm B MllE OD 18,
L FRAE T SRR b R AT DGR IR S

1.8 HERKE=/INE

Z R E B R brifE (HI601-2011, 7K 5T F I (A e SRR B 43 D696 P32 Chttp: //www.zhb.
gov.cn/gkml/hbb/bgg/201102/W020110216389531775025.pdf) I 5 FFV A 4 B 37k v F S () 90 43 15 1,
8hillE 1 ¥k, MEA 72 he

2 HiIR50H

21 HERZEFHS MDA ZEMTL

% cyp2el FE KB ot IR Y AR BRI qus LB A2 JIAE MS + 50 mg - L™ F S Ab By o
AbPE 24 h 5, MDA SFERETE (R 1), HE cyp2el L RIEZ 4T w5 i 5 IH AR - B A4 R R
gus JEKERE (P <0.05).

F1 PRLEFREES MDA SEMTN
Table 1 Changes of MDA content in Petunia hybrida on formaldehyde treated

FIEALFE/ (mg- LD ok HF& MDA £/ (nmol - g' FW)
Formaldehyde treatment Sample Line MDA content
0 PAERY Wild type 0.199+0.01 a
# gus JE[KH gus transgene 0.198 +£0.01 a
i cyp2el FE[M cyp2el transgene Line 1 0.190 +0.01 b
Line 2 0.189+0.01 b
Line 3 0.184+0.01 b
50 ip A Y Wild type 0.217+0.01 b
# gus LB gus transgene 0.227+0.01a
## cyp2el F[H cyp2el transgene Line 1 0.197+0.01 ¢
Line 2 0.194+0.01 ¢
Line 3 0.191£0.01 ¢

e AP EERR A B 22 57 B2 (P <0.05).

Note: Different letters in the same column of the same treatment meant significant different among treatment at 0.05 level.

22 HERFZEES SOD. POD #1 ADH B E AT L

L5 p AR RURI#E gus FERAERRA L, %% cyp2el FER A4 SOD iqtEit M (I 2); EREEMNE T
# cyp2el JEIK . % gus FERIRIEF AR b SOD 3 PR SIS sk (P <0.01).

& cyp2el JLINAEAE: POD MG E (& 2) & Tt A RURIEL gus JE[N, {H7E 50 mg - L' FHE
JiiE~ POD Mg i& A i R % (P <0.01).

L EF A ORI qus JERAHLE, #% cyp2el FEPNAARAR A ADH BRI E (B 2) Rifidem,
FEE L Ji 5 RS cyp2el FEIK ) ADH B (135 TE AR A 358 (P < 0.05),
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600  OXJHE Control  wHIF4L3H Formaldehyde treatment
500 r ok « ok
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300 r
200 r
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0 .

0.9

0.8 . ok
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0 .

020 ; .
0.18 T
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02

SOD/(U - g*FW)

POD/(U - g FW)

ADH/(U - g* FW)

WT gus Line1 Line2 Line 3

2 BFFEE. ¥ gus F1%% cyp2el EE S FERALEIR SOD. POD #1 ADH BEBEEMTEW
WT: ¥724E7; gus: #% gus #ifk; Line 1. Line 2 fil Line 3: %% cyp2el RNRIMKR o
RN ORI LR R A WT 2 5 W PEAE P < 0.05 FI P <0.01.
Fig.2 Changes of SOD, POD and ADH enzyme activity in wild-type, gus transgene and cyp2el transgene
Petunia hybrida under formaldehyde treated
WT: Wild-type plantlet; gus: gus transgene plantlet; Line 1, Line 2 and Line 3: Different cyp2el transgene plantlets. * and ** designate

a significant difference between transgenic lines and wild-type plants at P < 0.05 and P < 0.01 levels respectively based on t test.

23 BHERZEFFHEMHRIENTL
AL BT, e cyp2el FEDNEAF A BEH L S (R 2) IRTX I, HIEMME N Ea b4y
WEH PR E S R BT FRE, (HIXMR B AE R cyp2el KEPAREA:Fp I (P <0.05),

F2 PRLEBFEEFFRARBRSENTN
Table 2 Changes of total GSH contents in Petunia hybrida on formaldehyde treated

RS F/ (mg- LD g W& GSH j 44/ (umol - g FW)
Formaldehyde treatment Sample Line Total GSH content
0 AR Wild type 132.818 £ 6.64 a
# gus FE[K gus transgene 114.427+5.72b
% cyp2el 3K cyp2el transgene Line 1 76.983 +3.85¢
Line 2 93.020+4.65 ¢
Line 3 85.002+4.25¢
50 HHF A4 A Wild type 112.588 +5.63 a
% gus LK gus transgene 93.737+4.69b
% cyp2el 3K cyp2el transgene Line 1 44542 +£223 ¢
Line 2 40.864 £2.04 ¢
Line 3 50.519+2.53 ¢

i RFIARFREORRE — b B 22 7 B3 (P <0.05),
Note: Different letters in the same column of the same treatment meant significant different among treatment at 0.05 level.
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24 HERZEFFHEMHEIENTL

I e S B N TR S S Rk AR AR . PR EL, 7F 50 mg - L HIEEMNE T,
# cyp2el EA=4 1 IAALZRs Il ABA LU R 11 GA B3 L THEasA, B4R BURIE: gus BB 2R 1) TAA .
ZRs fl ABA 2I LT+ GA 2 F % (P <0.05).

*3 HEMAEREIAA, ZRs. ABAFIGA IS E
Table 3 Contents of IAA, ZRs, ABAand GA plant hormone

P i Ak 25/
(mg-L  #H S 1AA/ ZRs/ ABA/ GA/
Formaldehyde Sample Line (pmol - g'FW) (ng- g'FW) (ug - g'FW) (ug - g'FW)
treatment
0 2 1 Wild type 0.194+0.01 ¢ 133.952+6.70 b 1.667+0.08b  2097.535+ 104.88 ¢
%% gus JL 4 gus transgene 0.225+0.01 ¢ 122208 +6.11 b 1.756 £0.09b  1999.706 + 99.99 ¢
% cyp2el FEH Line 1 0.239+0.01b 188.701 +9.44 a 1.894+£0.09a  2093.912+104.69 b
cypzel transgene Line 2 0.241£0.01b 179.547+£8.97 a 1.889+0.09a  2086.665+ 104.33 b
Line 3 0.263+0.01 a 198.200+9.91 a 1.879+£0.09a  2307.687+ 11538 a
50 /1 Wild type 0.216+0.01 b 142.933+7.15b 1.775+£0.08a  1927.240 +96.36 ¢
%% gus %[5 gus transgene 0.242+0.01 a 154.677+7.73 b 1.827+£0.09a  1811.295+90.56 ¢
i cyp2el LK Line 1 0.203 +0.01 ¢ 177.648 + 8.88 a 1.679+£0.08a  2209.858+110.49 b
cyp2el transgene Line 2 0.191+0.01 ¢ 172.984 + 8.64 a 1.745+£0.09a 2195364+ 109.77b
Line 3 0.176 £0.01 d 164.694+8.23 a 1.664+0.08a 2517.838+125.89a

e [ AR SUAN R P REOR A B 2 57 3 (P <0.05),

Note: Different letters in the same column of the same treatment meant significant different among treatment at 0.05 level.

25 SEBERPEBRSENTE

TEE A W B IR P AL BB A=, HL0A 8 h, ¥ cyp2el FEPRMEZA=4:, AbHIVR 1) FF s ) 4%
GRS A ZE AN, BEE AP ) ZE K5 72 h, ALPESE cyp2el HE DR EAL - 1) AL BEYR b HE
P S AR Ay 0, XS IR FE gus BEAR AR TAL BEYR TR & A 3T 50%0) I (1 3D,

120 Mgous ® Linel X Line2 0O Line3
100
80
60
40

20

HEERIR SR/ %
Rosidual formaldehyde content

0 8 16 24 32 40 48 56 64 72 80
AbFEAFE]/h Treatment time

3 SBRBEHEBRIEHEL
WT: BPAERIRIKE: gus: %% gus #i#k: Line 1. Line 2 Fl Line 3: #% cyp2el R,
Fig. 3 Changes of residual formaldehyde contents in treatment solution
WT: Wild type plantlet; gus: gus transgene plantlet;
Linel, Line 2 and Line 3: Different cyp2el transgene plantlets.
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3 W

YN ¢4 2% P450 CYP2EL i = ZAFAE T LA I k4l M, 7E8h ik N 2 5 A0 2 g 4k e 2k
TR AUBUE AR 258, HA N5 A B AR RS | R AR B AE. CRl R IE IR YL,
20100, WFFLREE, & cyp2el FEPRIMHR W 4w T4 — % &% C(trichloroethylene) Fl iR AL L4

(ethylene dibromide) [KIfCIHIAE )], ZERIMIAN CYP2EL B fitH =S LI R =5 L (chloral)
M=% &l (trichloroethanol), R R4 L% 73 i 4 v AR L (bromoacetaldehyde) FIVR 2
T (Doty et al., 2000). AHFFEIL R B, EHEINET, % cyp2el JEHZEA 41l MDA &
ARG T HFAERURIEL qus JEIR, 948 R MUl 0 A0 RT3 5 AR T AN I e

SOD F1 POD P 4f a3 Bk 4 1 b 2E B4 A2 (Barreto et al., 2014), % cyp2el [
%A% SOD Ml POD Wi MEI A i s, AR TR i st dity . Autacfat, A a4
N AEALEAR T Y Y FR 8 O I AU (Sakamoto et al., 2002), ZERERI N LB AN (ADH), HoA
B EH Ik, {4k HCHO + GSH + NAD —S - LA it H ik + NADH + H™ (Thompson et al.,
20100, HEFAERFIE gus LN BAZEMILL, ¥ cyp2el JLIN B4R ADH BV PERI A B8, H MG
Jii, %% cyp2el HERREAA N Y ADH B VESIRS A 0, SRR 40 N UEYEY ADH f§2 5 T4t
JRPE AR R . 1 H, % cyp2el JEPRIRAZAAE I E N AT 2 A DL HIKHHAE, nTRe2
% cyp2el FENEA A T 211 ADH M2 5 HREART, DOATEAT AR RS D ey, ADH M5 2245
PEHIKEIZ 5 (Thompson etal., 20100, A BEHIAA S RA P IIGE (Choe etal., 2013).

FESA PR TR P AR 72 h )5, HUE R cyp2el HEIAE7R /IO AR B b HTE S RGN 0,
P W] cyp2el LA W] RE =L H B0 T 4 A A I PR i 28 00 TR 0E N A0 i N R R AT AR, A
SN AR 2 T A M Ah o AR, BT AN BEARRE JE N 40 i P 1 R RS2 AR IS A it i 2 5 3L e
YIRS E S . WA, SRHAE, # cyp2el JERIEA:2: ADH B & Mk 355 H R i i
OB, B8 cyp2el JENEARAAER N 50 mg - L7 1 R JR PR AR BEIE H 2B K, o RS (13t
PEHIE 3R (Zhang et al., 2011). Kang 25 (2010) i, =& LMEAFEG, ¥ cypel FEHY
W5 AL R R ARA L, A 2 R Bl el R RIE, JFACh BRI RS S 3 = L
WA R b o % cyp2el FENAEAR A1 HEE A T2 SR HZ) TR ER 25 20144
AMIE R ? TR

FEIRBE A A A, W P I o5 S SO = AR AN B (1 5 e A DG IR JE &S RAE BRAZ 4K (Hey
etal,, 2010). PRI )G, ¥ cyp2el FERAEAZ ) IAA. ZRs Fl ABA L 5T GA 2 _LTHE
B, B gus FE A A ROESFAH B, TAAL ZRs Al ABA 8L ETH GA R80T B, X475 cyp2el
FEDR e 2 MR R S aE AR, BRI RS A e, RARNUR M AR R
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