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The Application of Antioxidant on Removing Reactive Oxygen Species and

Enhancing Agrobacterium tumefaciens Mediated Transformation Efficiency

Zhong Xuanbo, He Mengdi, Zhou Qizheng, Wang Guifeng, Tang Guixiang*
(College of Agriculture and Biotechnology, Zhejiang University, Hangzhou 310058, China)

Abstract

factors to influence transformation efficiency in the Agrobacterium-mediated transformation process in many plant

The browning and necrosis of plant cell and tissues, shoot escape and recalcitrant are three major

species. Recent studies had shown that these phenomena were closely related to reactive oxygen species (ROS). Ex-
cessive ROS could affect the plant cell totipotency. Addition antioxidants in the tissue culture media could reduce the
explant tissue and cells necrosis during Agrobacterium-mediated transformation process, improve the Agrobacterium
vitality and promote the explant tissue and cells regeneration. This paper reviewed the ROS production during 4gro-
bacterium-mediated transformation and its effect on the transformation efficiency, especially the role of new type of
antioxidant—lipoic acid to enhance transformation efficiency during Agrobacterium-mediated transformation.

Keywords  reactive oxygen species (ROS); Agrobacterium-mediated; antioxidant; transformation efficiency
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RN SRR EER R, WERI LA, 44
i) ORI A T AN L S | R ST E i el I R S N
IR 2R, (ESERR b IX =R LR 7 A3 5 R AT B A
TP FE T EROSA K

1 ROSHEI=4 RITHLO MBI, ZFik
= AR A £

ROS/Z L O P4 B8 5 (1 5 S8 o 1, i+ 32 22
[IROSH BB A(0,) AR 7(0,) WM
S (H0,). ¥ H i FEOH)E, Hrho, FTH,0,2 40 i
WEERIROS. fEIEHR N, SHEfEIROS T 2 )=k
T A P S AR S A B T FERG IAEE T, 2
(7= AL A T 2R A R AR S, o7 T )
NADPH4 AL EENOX) {4k K EROSF= A, 7E 4 4,
AR, AR R RS R A T Gt 2o F
B AE R 2 2 T400,), 2 FERROS; 734k, 2
B S SR = P =) . 9ROS . ROSHHREE
AN SR A 18 B2 1058 RS B R IR, AR T E S —
F Y2 B AR B e SR FEAIRROS 5| 2 41 it 453473 1
AT REME, (R ) 4 21 B S A 41 B = PAROS
[l BFa S, RIRIEROSHE NG 54 TS 5EME
K H A A, T M ROSVA R H 40 Hu B 1
HLEINE BB, 40 i Ab T8 AL RS, M2 51k %24
AV FRFEEAR. PR LA SAZIRR M, 15T
YA A RN I RE, B RN, HLURBED,

H 240 4 A0 5 40 B A2 7 14 B T (programmed
cell death, PCD)ER A ISR S04 (). RIFHE N F

LSD1—AtMC1;

B DR B A AE AR 0T B o2 0 S ) A A A ) A 23 s 4
LR, S AE Y32 B SR 1R e o PRt ™ A2 K 1)
ROS™, 3 & A4 55 S M= G () — Fh BT AL A1)
IR FEROSHE ARG i 5 A AT 1 18] B2 A5 545 AR
FH, 17 e EROS I 2 101 ] B % BB AR AT 181 I 456 A1
PR 21 M e A i i W (hypersensitive response, HR),
BET 75 FPCDERAN MU IR BE, 5 232 I 4L 2340 i #65
o —MABBLT, MBURE&H S5EY A
S N AH 2% 1 hrp(hypersensitive reaction and pathoge-
nicity)F PRI, 5 R B A3 A O 1 B S A ZH 21
2 4 1 TR B e A 8 2 b R IR, (HLR BE R i A
SN & SE R AR e i B8 . AW AR B, X i
S5 ERFIPCD AT g S ARV H W %1, ITNOX
2 595 IR AAAR G ) o I B B R E0E™, R W4 H
W T] BE KD ROSHI ™ 28, MM KR PCDAE 5 BR il ££ 42
e, AR IRt — R gy R g i B 45
B ELSDI)EE A 2 5 0 MRS e 14 A0 T AH O B B4
T P 5 LR, BT R S A P R A, B e A
J e P SE T, LSD1IE fiE 5 AtMC1 R 2ELSD 18
B A5 AN i BAE, B I AMC R 3 41 B 3 1
A U S8R It it 4% 4k 2 HEXECUTERI{EEX-
ECUTER2 B4 F T ¥ P i A 3038 I U 45 il 72 I o
kA, T O A B S TS 3 PCD, #IaE T
MR 336 B A AZ T FoAth B LA B E S S48
AL FE 22 2R 05 W E LS (MAPKSs), HAZ 5 2%
Z 5H,0.1% R PCD"™. A MR Y], H 0,2
5MAPK % FXMEKK 1-MKK I/MKK2-MPK41% 5 4%
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MEKK1—-MKK1—-MKK2—-MPK4;

TonIqIqu]

=1
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—> PCD (programmed cell death)

Browning & necrosis
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Fig.1 The ROS production and regulation in Agrobacterium-mediated transformation process
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JEAH O T A 3 S IROBE, HoOBiS MEKK 154 [
HZ 515 FMPK4FE R 3R IE, mekkl . mkk1/2Fmpk4
RAFARILF I B B o 28 W0 A 20 R A0 T 1 3R Y,
{EHLH AN B A, MEKK 119 B 5 WRKY 5354 5 [4]
T HAEBIEPCD! . MAPKZ I 5N 77 A T H,0, 7]
Fi VRS L B T OMTK L 55, 0% T IHMMK3
Z 5PCDR, JHHE Hh A7 1E B 7K A% 8 R ZRAL G K
LS RIPCDPY . f 3 7 I REFHAE A Hh 35 A 30, 4
F S¥BCL2%: Al 52 H,0,1%5 F 7f H G2 Il PCD™.  #F
PRI EEHR T Rl p3 5 Mliap7E £ K IRV d 455 41 24
ik, w4 S R AT T L SR R 1)
YIH LT AL SRR 224,

2 6 B e ik o A AR NPT R S 075 106 A3 1)
AR R HAE R Z BV 946 K E . 100 mg/LE)
IR EF 2R RE S XU AL A 7 A 40 TR A 1 9 3 £
T S R AR 0 2 R A AR < BB R I R AR
B AR G 5 v, 0 K AE200 me/LI Tk & /) T A
REAS B AR X+ AR RHE DA T R FF B8 A
Sk, K R8RS 2Rk B R AE R, 1
TE R S B A A b 2 18 B ] 1k 95%, A2 H i Y
Sl AE70% A AP KA ZER BN H AT
5B R Tt — D0 IE, A nl RS =ik BEROSHIHI
A 4 6 P A T O AR S A A B P A O

WEFRF W, A SROSHI H =4 53
R RO, S AV g FE R ) S48 5 R 4 S K
SR A H SRR I B BRI FE I N JEROS
HTE 2R, &k B Y IRROS A H 2 2 S 8k i
T SRR P2 R 384 0 5 i R ) 2L 2R 8 R A M AR 1 T
AERESICT . AR L A A 2 B[R YRR OS
RO 2, R X A v I B KT HL O, i A2 3 25 A 4 41
T R 7> 2B 2H 23 K 2 T, i O Wil i 4 41 21
Ao FRFURY, KFEAERNERBGHAT S
WEEO™, MIRIR FEH,O0H B A B (16 A A P 5 AL il
(superoxide dismutase, SOD)¥E 14; 1 5y i A5 26 [ &L
B 80 20 20 A AN S~ HLO & I LA B R
PR A B S M, 7E AR 55 95 5 TR IS I SOD M i 71
T AR R R A A AR R PR,

2 MEMAFIRERTENSELERS
K Rz A
2.1 RIFEN S PERRANT

PEARHT B A1 5 7 o o PR 740

HEINRE . TR A FR P A A SRR T AR A L
B RS e AR AT B A IR o TR SR B i
BT AL BRI R A SNt A . PR 2R 18 5
AR 2 % A0 20 L o A P AR i — B RIOR, (HXT 4
RAF A AR B ROR A 5, 1 2 Rl
IR AT B ATRAT A SR A T SR m A AL
R RS . PrE AR — IR T
EAG A AT SR AT DL AE IR S0 ) SR A SO () )
Jo, AL R ELFE B T R DT BoK AL SRR TR
WEHEh IR RE A IR 2 hriE, E45IE R RE
71 BHEEFEREE . BREELEERE . &8
BTN S HAm TR AR BLAE FHEY, 55 Ahit
FER WA AR 255 . Bra R = 2R 2
BRI VAR B, SRS R AR Y, AR
T, FINHEH T 4015 5 1% S AR SREPT. 2R
BN FEARIMERTIAL R, 535, 75 3A
FMRKE KU B, BRI NP —— B
VAR ARG R BR T, A RO E AR BT
WK AL B PRI AL IR 1 424k, ek /D L) 20 23 20 P #s AL
INFE, R T A e HLA R AR, Pt ik
FIELFEPLIR AL ER (ascorbic acid, AsA). F-BEZ R (cys-
teine, Cys). . #fi /5 K ¥ (dithiothreitol, DTT). A2k
T £ 0% W "% 43¢ il (polyvinylpolypyrrolidone, PVPP).
V. Aif§ 18 #h (selenite).  4¥ Bt H ik (glutathione, GSH).
A B B (a-tocopherol) FIHH L #R (silver nitrate, AgNOs)
&, X B HT AL BT AN [F A B A A SR B A
PEZ e, FER R HA =i, Pl b s s ) 22
F(F1),
22 MEAMAFIFTE. WFHHEYZ R0
LA &2 N T 5 i A i A
PIHIAAT A A Z b, o i e AL F2 v 4H
UMM AR AE . 2RI R FRA AR A E A o
ANTRI BT A 7] R F3 AN TC 0T 4038 ML 1) A2 B 2R
AR, A& 3 3 i A FH 0 A A0 7 e B 3 4 = R
FRR A FRACRCR . BUEALTIN B TR
FFE A TR AR SE MR, PR 4 A2 21 D Be 4 i A AL )
R 73 PR B — P AT BE % el b A e A4 2H.
LA MR IR TE, (k4 M 7 AL AN 2R A, e iR
MER. FPEER. I PEREDTT). SZBER L8
ML LE B (PVPP); 55 — 21 AL 77 BE 12 e AME R A7
IG5, I/ AME AR I m AR, A e
JR AR ER £R R A B A
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Table 1 Antioxidants used in Agrobacterium-mediated transformation

B Préa L R EE BN
Antioxidant The principle of antioxidant Reference
Ascorbic acid Reductant; reacting with ROS; reduce the internal oxidation of plant cells [33]
Dithiothreitol Reductant; reacting with ROS; protecting the reducing radical groups of enzyme  [34]
Silver nitrate Strong reductant; reacting with ROS; reduce the internal oxidation of plant cells ~ [35]
Cysteine Containing active sulfydryl (-SH); combined with free radicals in plants to di-  [33]
rectly reduce free radicals into acidic substances
Glutathione Containing active sulfydryl (-SH); combined with free radicals in plants to di- [36]
rectly reduce free radicals into acidic substances; participating in a variety of
metabolic processes; promoting cell division
Selenite Important component of activity center of glutathione peroxidase; preventing  [37]
lipid peroxidation caused by free radicals
Polyvinylpolypyrrolidone Chelating phenolic substances produced in injured tissues to precipitates [38]
a-tocopherol Metabolite of vitamin E; effectively blocking the chain of free radical reaction [37]

FER DRI B R AT R T, # K
PUAMTIE PR LR Pt . R4, DDT.
PVPPEE. JKFELEA BT 15 L BN S ME A
294780% M) X IRIR AL, (HAE 420 mg/L AsA. 40 mg/L
Cys. 5 mg/L AgNOs i 4 15 75 5k b BEIRE 35 976 b,
ST 14N M AR AT 6% 1 X 3R BE, [F]B 4T 48 A 711
A5 P % 7K G 1) e A R F 17% 4 1 230%™ Yer-
zhebayeva 5 EF /N IE LG RN, 5775 IS
m2~8 mg/LIF LI ML R A ) T 1 5 PR A4 A N 7
AR ), EFAEEL T R E N AL BRI
FEh AR FE AgNOSX AL 435 5 S A 21
SR B2, FHS mg/L AgNO;AE i 3 IR 2% 41 A
HAE S T IR 43Uk, X 15 T IV A 4 2R R o
PRGNS TR T FORIL SR B IR A Cys
REAEGUSPH 14 28 N 17%3% =1 £1156%, I H i e 18 &
AL R M0.2%~6.2%*%); MES(2-morpholinoethane-
sulfonic acid). L-CysFIDTTALHE A DIE K77 4R @15
HIURAT B AR $E 5 £210.6%™); Meziani
SGUIERNPRSR B AR TR ORI, WS IN1.S g/L PVPPHIH
1l 4L A PR R A H89 0 25 B R AR A

FEX T M M ARAT B e SR AL 2 B, B
TIAEY R PR A, B E TR R
By EEMEWEH T F Y. T8RRI R
A S A L8 7R A N 100 mg/L GSH. 50 mg/L
YL FREM20 mg/LIE A RRAH 4%, AN B PR | SN E A4
7 T AEHL0, ¥ 77 A2 AT — (MDA [ i, T HLiE
AE 2 = SODA i S Ak S g S5 hit A0 g 1 V5 12, I

i AR 53 0 IN3.9% e 1= $114.6% 2 10.3% 32 =1 2]
12.4%P7, 5 FK 2% (Abelmoschus esculentus L.)J& T
ZERMEY), B TR R M 1 S L,
IRMEFRAE o Trshad Z5MI7E @455 41 2305 5 45 77 B R R
200 mg/Li% M 7% . 10 mg/LF7 5 B A110 mg/L
RIMER, A 2GS T 3RS TR IR AN -1 S Ak 4
Rl . Trshad Z5HO3E — B0 SN, BE R B P iR
15 mg/L AsAF By T-45 il B Ak 251 i SR AR Iy 26
PR BVRE T, A AME A R TR AR T A AR
HEHRERZTH KZHEN, A5 T RFEN
(%10 . RanaZs e S Z B 20 23 R MR AR AT B8 % A ik
PR, HERE R R R A A R R IO g LIS &
BRfEAIS o/LEIPVPP, H LA 35 o3t AME A IE L IR =
BIRRAIVRA R . DasPEWERE TR PR IN1% PVPP
H12 mg/L DTT, #i1] 7 AAT B34 4 i RS A NIR S
OlhoftZ5 i it 7£ L 15 75 55 7 3 vh 1400 mg/LIICys
AR B A T 10 K & 5 S AR A S 3 H37%
F2 15 B T 91%, T 4% 40 2405 1 )0.9% 42 = $112.1%.
ZengSEPO AT B T ARG SR, 1H 310205 0.2%H
= 215.9%. WAk, FEIf IR FR BT NN GSH, A BLj&
/U W5 ] R L A AR AR BB B A, i v SRR 1) P AR
D3, LA B A TR BRI 13% 32 = £1145% 1
23 FEMEAFIMFEBRERTEN SHLER
YN A

B <% F& (lipoic acid, LA)JR FRa-fit F FR(LA), H
2 B 2- 0 R = R, AN AT At R
FKHUAMA, LA —FTERED RSN G A% A= P
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ITRAFERAIEE, 25 2 M 2 5 A IE P,
FAE19514F HReed ™ F A (1) [F] 25 M AE T A 20 25 1
Ko SEhr b, BAE20M 304648, TR ERE S A
LA W% AE ot — S 4l 1 A K b 75 10 AR K DR 1R A
o LA N“TTReHUEAN, & CHIR AP
RO B I BUAR ALY, B R R R, —
RN o EFR(LA), 75— Pl I8 i Y — &k o
fZ2(DHLA). LAZ L AR i S8 o 1 — 1%
AW, YHRARNAR. HERRRUBEE S
B TE A%, TE e B A A AR e B AR, o
AR i B K32 ROS, I 4k H Al g AL 77 dn
Ve VOEE PRI, fe it a4 8 A K ARG R i 2%
kB,
LAFIDHLATE 4 B P4 AH L By 18 R0 2% 46 76 15 B
o PR A R AR Y, H AT AR B AT
WY ER 2 N . DanZEPOR I, fELLKE., 7
ZLAl. N DR, MRS ASMER R
SR R P INLARE B2 B N 2 R iE S
T HE S ALk, 2 25 T — S8 F A i 2
DR 2R (1 M R LA 2 21 32 v A A B A S 364 2
FAE A T AE B R TR, 27 108 55 B oK
e B, JHeH K A92% 87> 2 72%, E5 42 2 N50%
I B 16%; £1: Bl A % A0 805 11 4 5 0 2 6 28 11 ik
b, A R B LTS R S T, R R
Bt m 7R DanSE K, RAF BN S8k
T 7R A R K B RS AE T AT A A% AL A i ) SE T (the
death of Agrobacterium-transformed cells, DATC),
DATCRR i 1 % L IR I 7= 4, TMDATC 3 22 5%
B I N ATH, 0,77 5 5% 76X | A AR AT B A S
AL SRIG T R IR, AR FT TR AR B3 3 N T HL O, R A
5k B F-WRKY75HISOD) 3 1&, ¥ JN4.4 mol/L H,0,
W 3 1A ITWRKY 75F12-2: ik R 1ok S8 AL W g (1) %
I8, BERSODHIRIE . NS0 pmol/L LAR . E 5 /b
H,0, 1) 2 AFIDATC, 138 hi e e & iR i Ak g 1)
Fik, BARWRKY75HISOD R IAPT, 58 74 Bf FR A%
BN R AR AT B A T3 5 A ) R, Dutt S8
S5 VU EFRR R 1 LR S AME R, 7EILER IR I
50 umol/L LA, M3 & b aME R i 123075
2, AN 5 T 2 P SHRAS IR AT B SRR
F e R EEIE S 3% 5 4% 77 ZE H 8 110.12 mmol/L LA,
3 BRI T AR AR T B A A K S I A R 148
AR T T GUSHRIT AL RCR UL R AL 3R, A3

RN AR A R B ] 1K14.2%. BelideZ5 07 5 2
BRI AR 78 R IR, KR EE RN mg/L LAY
TNT R A3 4 2075 3 SR 2R S A RN AR RE D, )
IR T AR, X T RE S LA I T M A
AP EALRE I 0. IR LR TR W], AT
N FEAL R P LAY AETEBRROS, B 3E T 4
AR B I AR I AN A1k, B2 A vk T A A AL IR
BE 2 306 B R P A T 48 25 1) L

3 ZRERE

RATE N FEALE O L RN B AT % N T
T BIF 9T TR ) R R SR A5 e B DR 0 o L
B, CKENHT R fife. SRE. Fn. M.
T KK RS S B AR T, T AME AR AE 5 R
FF B8 L 55 7% B e AR AT A 0422 S O A 7 38 B A
SN, PAAE K EROS. X EUROS— 7 T H] T AHT
BRI I, B L L — 2B R YA i, 5 — D7 T AME
Tk BT 52 B SR I8 K 2R R S AL IR BE, AT AE
FIRKEFRE ., BRSNS, ™= RS T &
FEHE A S RAL IR . BUA AT RESE A 20 IE B
HME R IROS, TR A AL G, JF R AME A K
Irfbe AR AR R R PRI S A
HNFH A0 AR ORFE B G T AR R AR )
e s TR EN SHEALRZCE, SRITROST M
HAL ORI BARNLEDE A B . BEE H AR K E,
N T EROS. HUAATITE AR FF B 132 G AME AR I
H, A% &K AEDE BN TIX 7 5, IF
NG SR LI 61 B A T AAT B A S A I 7R 5 A
RBEARY . BB . dHME A R IR AR
L ARYHREAE KON, Bt IR 5 R AT
Z 1AV EAEALH) LA ROSTE H A (I AE FH BB A kg
AT B A T 5L R AL B RCR S LB R S

KA H S HIPI & N. ROSFEAEL 1L 4
FSET R AR AT FRAACE R ER R, T
il AR R R 5 TAE D A SUR BRI B AL TR R A
BRI B T 32 B R AT A T R UK
ROS/E 15 42 5| F2 5% 1k 41 i K 20 2348 72 Rl R BE 1) 2K
2 BT BE A P Bl A 208 1 T TTNADPHAA
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