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Characterization of transgenic tobacco overexpressing metallothionein gene

(MT,) on NaCl stress
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Abstract; Saline-alkali stress is one of the important environmental factors that affect plant growth and development. Due to
the development of irrigated agriculture and fertilizer misuse, soil salinization and secondary salinization have become main
constraints for sustainable development of agricultural production. Methallothionein genes, which can be induced by
environmental stresses such as saline-alkali, are resilience-related genes. Methallothionein genes are the most abundantly
expressed in Tamarix sp. under the NaHCO, stress. We studied the relationship of a metallothionein gene ( MT,) over-
expression in tobacco ( Nicotiana tobacum ) and plant tolerance to NaCl stress. The cDNA fragment encoding
metallothionein was directionally cloned into the Xba-Sac I GUS cassette in the pBI121 binary vector. The Cauliflower
mosaic virus (CaMV) 35S promoter/-nopalin synthase terminator system and kanamycin resistant gene NPT [l ( neomycin
phosphotransfers I1) were used for these constitutive expression systems. The plasmid was then introduced into
Agrobacterium tumefaciens (strain EHA105) by electroporation. Tobacco primary transformants were produced by leaf disc
transformation. We then performed molecular detection and physiological analysis of the transgenic tobacco plants. Results
have shown that the transgenic plants with ampicillin resistance have a positive band in RT-PCR Southern hybridization
analysis, indicating that MT1 gene is integrated into the tobacco genome, and this gene expresses under the control of the
35S promoter. Compared to the non-transgenic tobacco plants of the same stage ( control) challenged with 150 mmol/L and
300 mmol/L of NaCl in MS media, the transgenic plants showed significant increases in plant height and fresh weight over
50% . In addition, transgenic tobacco plants had higher SOD and POD activity, but lower MDA accumulation than the
control. These results demonstrate that exogenous methallothionein expression increases the capability of active oxygen

cleaning up, Therefore, transgenic tobacco plants can increase tobacco tolerance to NaCl stress.
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FHLH, SR S AE Y TSR GR A 5k B A R TR R Z — YIS RMER (MTs) & & &1
R (Cys) BEASBRSERAIMWRSFEEDR,7E/0E MIT K2 B SEF Y RS & BRI 5
BT WISZEEARMER" . SBE T 0 RERRE AGHESETUESEDENSBRESZE K
FEERERBHEAMRR . 7% MT ERFYBIEE TH Cd.Pb.Zn £ELEE THHAMEES"Y . BIER
T2 A IRV EAE Y, 7E NaHCO, 8 TR X BEREZNERNESBHREARREY . AHHER
i dE B2 R B RA N R R Y NaCl g B8 71 B7E R, A B 5T A AR AT A SR Rk B BN & B 5 &
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1.1 #8

M) ( Tamarix sp. ) & BB H A F (MT, ) B4 L5 R IEET P57 IK15 H) cDNA J7 51 ( GenBank % fif;
5: AB298390) TEFERAT . KRNI Tamarix sp. ) &J@BE FEE (MT, ) il A B Y FRIK AR pBII21, BARIE
PRSH B 35S JA 3 T T UF A gus Z . FHRFT I (Agrobactrium tumefaciens ) St T35, ¥ MT, 3 A\ B &
( Nicotiana tabacum L. cv. Petit Havana SR-1)R:H4H . PAAEFEILFEMRER SR-1 Jxf IR, %4 NXT-RIRERT
PEE 3:1 438 \PCR F1 PCR-Southern £l Jy FHYE ) FEEEE MR R T-1.T-2.T-3 . T-4 HHFRXFE
1.2 FE
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Fi Trizol Reagent( Invitrogen) 32BUEEL 5 RNAM | #3348 MT, i cDNA 31315814 ccatgtegggeaagtgeg
getgetcagtttcagtga, F§ T RT-PCR )i/ . F One step RNA PCR Kit( Takara, ki% ) #£47 RT-PCR §84 , K W A&FL N
20 pL, RMARRHF: 5 1 pg, 10 pmol/L K 1E [ FIRZ M 3144 1 wL, RNA E§#) 415 20U, 10 x Buffer 2 pL,
25mmol/L ffj MgCl 4 wL,10 mmol/L ffj ANTP 2 wL,MAV Gt 36 2 U, S o Sl : St 3557 ,50°C 30 min,
AR 94°C 2 min;94°C 30 s, 48°C 30 5,72°C 1 min, 30 ME¥F ; &/ 72°C 7 min, RT-PCR =% 1 %IHls
Wik T B R 2R MR I, FH_E3R#4T RT-PCR [195]%) )2 PCR DIG #4t& iR & (Roche 2AH]) FRic Al L
ff) cDNA Jg#54t, #% 18 Engler-Blum' " ##i3R i) J7 1 #E4T Southern 2832 , 46 JE Je B | ) PCR 724
1.2.2 BEEEF M NaCle B8 73 #7

B oE LR R B RIEFN B S 100 me/L RARBR K MS B34 b, I R R E BB A S FIRER K
MS BigRdk |, 7E(26 £1)C,16 h SEH/8 h BRESRMA N AR, 1 HJEHEER A E MR GUR B, 5%
FERF o TR IR R AR AR AR & 150 mmol/L F1 300 mmol/L NaCl f) MS ¥Rk I, Mk
RO MRER., B2 A GBS,
1.2.3 FREFMHE SOD POD JFE ¥ K& M4 F1 MDA & & il E

SR PRV U (NBT) Je AL JRk il & SOD &4, FIATRIAKE 0l & POD W4, FBARE HL 2R
oty RS . A SPAD-502 -4t % {X (Minolta, Japan ) 5 4% 38 FAHRS & & o
2 RS
2.1 HEFMHER RT-PCR il PCR-Southern 45

XF 4 NRIPEBRIERR I T, AR AR B R A MR #E4T RT-PCR K25 SRR (B 1) , IR R ik
MR G 5 B B BOR/N—BU8 7 , T BT BR A R B AR AR U G2 L PCR P i, ik —
R Y YR H R R B K KBS B PCR P24 i Southern EJiE #5882 e i I , 34T PCR-
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AR R I, % AR DR A B A A B R M B AE NaCl iy
BT RAERZHHZEHBHME, ERERERENE o) ummem RI-PCR (a) 51 PCR-Southern (b) 2243
KBTI AME (& 2) o 7£ NaCl 150mmol/L.  gig 1  RT-PCR (a) and Southern blot analysis (b) of
ZRMH TS B 5 DR AR v A e 243 1] EL X BB 5 67. 8% —  transgeniic tobaceo plants
89.3% F1 14. 3% —46. 8% , 7E NaCl 300mmol/L 54 F 1. AEFEEIEAI; 2—5, Sr A S R R Ty-1.T,-2.T,-3
e R DR MR R 7R R 0 1) EU X BB TR 51.6% —T76.6% it
50.9%—133. 7% , 5K B T BF KK (P <

0.01),
. 150mmol/L T3 300mmol/L
6 1.5F
- - - SR-1 T-1 T-2 T-3 T-4
#k% Lines Bk Z Lines

B2 HEREKRSIEXRERERKSMEENLE

Fig. 2 Comparison of plant height and fresh weight between transgenic tobacco and non-transformants

1 AREE RPN B 25, A0 SR R Ty -1.Ty-2.T; -3 I Ty -4

2.3 FEFEFRHEMNK &8 MDA &8 SOD iFH: A POD iF sk

MG E A BT LR BHE TSR AR & Y % 7 , t R B 7E £ e T bk &
FAFEPRZ — o HBEAR E FAH BAE 150mmol/L 1 300 mmol/L NaCl T iy G & & &7 L& B, 4 K7E
150mmol/L NaCl #553hHEM G E S8 WA K FE 300 mmol/L NaCl #E5#E P HENHSEESE S 2.4 1%
(B 3) . HARAEAEIR] NaCl ¥ BE 55 353 i A 1K Bt 0k R 0 B AR A PR B o - 4 R 5 B, T A R U 2
HEMNSGRSESIFRERNZRTH B ER, HEG WM& HE, X HAE 300 mmol/L NaCl 554 T
150mmol/LNaCl £ {45 KB ., 3 B 5363 T BEKF(P <0.05) ,

TR FFVELMET Y4 A5 A T 35 S 08 B A AR 7 R & A RR B Ak, & iR
YIRS IR ™ o 8RB AL e B e ) 2 — 79 — % (malondialdehyde , MDA ) , H5 B A 44 Jo 40 ffa Jist g
i S AR RO 55 AR R B SR A B BT AR o ELR7E 150mmol/L A1 300 mmol/L NaCl #3735 o A K A4 M 55
BkFR MDA & B 7S (L AT LI& B, 5% MT, S F B MR R MDA & BB TIAREKR (B 4) . WHLBHE
B R T AR R g 5 S8 A0V P AP R ) B A LR R 5 o
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ALY 5 L B ( superoxide dismutase , SOD ) i3 150mmol/L
L ALY (peroxidase, POD) 7EMMIHTALIEH EA % go |p T 300mmolL <+
BB B e LR TR AP i Zh RE , =2 B 1k it nﬂmﬂ:g 4+ [ + N
B A, RPBR G0 BB, g Z o) \
150mmol/L #1 300 mmol/L NaCl 3% 3% %+ 4 K 1) & 1K *&E
R % SOD F1 POD 144 (# 5) , 7] LA & P NaCl X%} SOD '!-'4:; 20
HYIRHFE FIEM, SOD HHERE NaCLYKEROINTINE  2 'I'I ﬁ +|
Jin5 1 NaCl %§ POD A BA 2 i 3 4 V5 i , 2445 458 NaCl O e s ia
YR R I T PR AR, (EAEAHR] NaCl YR BB 37 2E |, FRR Lines

FALRMAIRA L) SOD A POD IEHEHHARIERK o) oy mmunrsresnmenranarsnnin
FABRE, EZFEATHREEKFE(P<0.01;E5), Fig. 3  Comparison of chlorophyll concentration among
i%% MT % [ﬂ E'(J j(% %t fl‘i%_l% T ?{2% lil ﬂﬂ ﬁ élﬂ B@ Ij;.] transgenic tobacco lines and non-transformants
SOD #1 POD {54, 3458 T F M EERIGHEEA KN L ARSEREX G 25, P30 R bk R Ty-1.T,-2.T,-3 A
BT o T,-4
3 g

EhE AT XY A 2 E AR E I
T S S . AT R N A T A A 8
Yo A A BT B T B RO E B E R AR K
TEEEARTAMLHERLE "™ o $ PSCSF 1294
SR VKE IR T R IRI & AR REE T, (L R A
PR EhAE 77 90 B SR SR R F R S A I
2§ (BADH) R ALK RS, $2 8 T #5 B UK A it 8
PERE. ERUIAITE FH ™ JJLBE P 254 B B (Tmel ) 3
R A, e SR R A AR T SR BB B AR, R R

150mmol/L
-[— 3 300mmol/L

6 E3 1
.l.

i ka%“

MDA%
MDA concentration/(umol-g™' FW)
W

PREFTE A K REIEIR A B, BT B B 2SR T Tz Ts T4
WIHTER T3 PO o7 S — L A 10 22 0 TG £ 4 LI, Hi Lines

BRI R SR RICFE A R AT gy pammsnssewsmmsnsn b R0LS
ETFEBEMEAERN BT EMNE M EZEN LR Fig. 4  Comparison of MDA concentration among transgenic
H,3:WETERREIBRZHNERNZES/EHMET  tobacco lines and non-transformants

(MT) £, 01 & B B 28 10 B SR AR AR P AR 1 IFFOPIATIG 25, SRV RERIIRR R T -1 -2 -3 A
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i) SOD #1 POD S5 ZFh it S AL MBS AT E AL & W mT LB R 1 N 6 PR 4R, B E B 50 T 24
IFRRE B F X3 55 B HT BB ) 5 K A B SOD \POD Y& A 56 , A P bR 5 , AW IO PO bR >, A%
Wi R E B A E R R AE NaCl 8 T ARG 0L A KPT AL EE 15 L B B 4F T IR S R A vk, Dl A A 2 [
RN AR G B S XK R . Strogonov %517 LIJLFRAEER A My Jo b4 LI IE 6 A, £h 43 8t 7T LA B
ERIMM GRS RE, A PTIOIN N B A SR S B . AT SR W, 7E NaCl il AT,
NaCl ¥ B 8= MR B i 4 3R & BBIR . TZEARR] NaCl ¥R BEE T , R0 & IR i 2 1 1k (8 i B Rk mI (il - 4
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Fig. 5 Comparison of SOD and POD activity among transgenic tobacco lines and non-transformants

1 ARRERE DI B 5 2—S5 , ARSI ARG R IR R T, -1.T,-2.T, -3 FIT; -4

R B ERENEM. WHENSRREQERNEMEY H RERATHERSEDHH SR TE. B
SRHEAEREM T RBRE TR, (B R ia A K E TR R R Rm. &
MY Z BT ARBTE K T 2B R P IEW AR, RS MG S EAREGR . @RMERNEMET
A i ko B RE T RE -5 M FAEAR B S TR R BRI E A 5C o o e S DR e A B L A 54
WRELERERRABTE KA B THa 7 2R EA R Ry /R R S E AR IR R

References:

[ 1] Lane B, Kajoika R, Kennedy T. The wheat-germ Ec protein is a zinc-containing metallothionein. Biochemistry and Cell Biology, 1987, 65: 1001-
1005.

[2] Kawashima I, Inokuchi Y, Chino M, Kimura M, Shimizu N. Isolation of a gene for a metallothionein protein from soybean. Plant and Cell
Physiology, 1991, 32: 913-916.

[ 3] Murphy A, Zhou J, Goldsbrough P B, Taiz L. Purification and immunological identification of metallothionein 1 and 2 from Arabidopsis thaliana.
Plant Physiology, 1997, 113: 1293-1301.

[4] Giritch A, Ganal M, Stephan U W, Baumlein H. Structure, expression and chromosomal localization of the metallothionein-like gene family of
tomato. Plant Molecular Biology, 1998, 37 701-714.

[5] MaM, LauP8, JiaYT, Tsang W K, Lam SK S, Tam N F Y, Wong Y S. The isolation and characterzation of type 1 metallothionein ( MT)
¢DNA from a heavy-metal-tolerant plant, Festuca rubra cv. Merlin. Plant Science, 2003, 164 51-60.

[ 6] Jiang X Y, Zhao K F. Mechanism of heavy metal injury and resistance of plants. Chinese Journal of Applied and Environmental Biology, 2001, 7
(1):92-99.

[7] de Bome F D, Elmayan T, de Roton C, de Hys L, Tepfer M. Cadmium partitioning in transgenic tobacco plants expressing a mammalian
metallothionein gene. Molecular Breeding, 1998, 4. 83-90.

[8] LiW, Zhang J, Zhang X Y, Shan L, Ru B G. Pb Tolerance and accumulation of petunia transformed by metallothionein recombinantoaa gene.
Progress in Biochemistry and Biophysics, 2001, 28(3) : 405-409.

[9] WangY C, Yang C P, Liu G F, Jiang J, Wu J H. Generation and analysis of expressed sequence tags from a cDNA library of Tamarix
androssowii. Plant Science, 2006, 170, 28-36.

[10] Chomeczynski N. Sacchi, Single-step method of RNA isolation by acid guanidinium thiocyanate phenol chloroform extraction. Analytical
Biochemistry, 1987, 162(1) : 156-159

[11] Engler-Blum G, Meier M, Frank J, Miiller G A. Reduction of background problems in nonradioactive Northern and Southern blot analyses enables
higher sensitivity than *?P-based hybridizations. Analytical Biochemistry, 1993, 210(2) ; 235-244.

[12] Giannopolitis C N, Ries S K. Superoxide dismutase I; Occurrencein higher plant. Plant Physiology, 1977, 59 309-314

[13] Mead J F. Free radical mechanism of lipid damage, a consequence for cellular membranes // Proyor W A ed. Free Radicals in Biology. New York:
Academic Press, 1976 ; 185-210

http ://www. ecologica. cn



4108 £ OF ¥ R 30 &

[14]

[15]

[16]
[17]

[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]

[26]

[27]
(28]

[29]

[30]

Hao J J,Liu Y J. Plant Physiology Experimental Technique. Shenyang: Liaoning Agricultural Science and Technology Press, 2001 71-73, 144-
145, 180-181.

McCord J M, Fridovich I. Superoxide dismutase: An enzymic function for erythrocuprein ( hemocuprein). The Journal of Biological Chemistry,
1969, 244 6049-6055

Fridovich 1. Superoxide dismutase. Annual Review of Biochemistry, 1975,44 . 147-159.

Chris B, Marc V H, Dirk I. Superoxide dismutase and stress tolerance. Annual Review of Plant Physiology and Plant Molecular Biology, 1992,
43 83.

Fridovich 1. Superoxidereadical and superoxide dismutase. Annual Review of Biochemistry, 1995, 64 97-112.

Bohnert H J, Nelson D E, Jensen R G. Adaptations to environmental stresses. Plant Cell, 1995, 7. 1099-1111

Glenn E P, Brown J J. Salt tolerance and crop potential of halophytes. Critical Reviews in Plant Sciences, 1999, 18 (2) : 227-255

Xu C B, Mi F G, Wang Y. Research on salt-tolerance of wheatgrass transformed by PSCS gene. Acta Agrestia Sinica, 2006, 14(1): 21-23.
Guo Y, Zhang L, Xiao G, CaoSY, Gu D M, Tian W Z, Chen S Y. Production and salt-tolerant research of transgenic ricewith betaine aldehyde
dehydrogenase gene. Science in China Series C, 1997, 27 151-155.

Dong Y Z, Wang X Y. Salt tolerance and genetic analysis of trans-Imtl-genic tobacco. Journal of Agricultural Biotechnology, 2008, 8 (1) :
253-255

Attipalli R R, Kolluru V C, Munusamy V. Drought-induced responses of photosynthesis and antioxidant metalbolism in higher plants. Journal of
Plant Physiology, 2004, 161(11) ; 1189-1202

Munne-Bosch S, Penuelas J. Drought-induced oxidative stress in strawberry tree ( Arbutus unedo L. ) growing in Mediterranean field conditions.
Plant Science, 2004, 166(4) : 1105-1110.

Shen Z G, Shen Q R, Guan HY, Wang Z Y, Shen K. NaCl stress on the relationship between nitrogen nutrition and barley seedling growth and
ion balance. Journal of Nanjing Agricultural University, 1994, 17(1) : 22-26.

Strogonov B P. Structure and Function of Plant Cell in Saline Hahitats. New Yoke: Halsted Press, 1973 78-83

Du Z J, Zai H,Pan Z Y. Change of photosynthetic capability and pigment content of apple rootstocks under salt-stress. Journal of Fruit Science,
2001, 18(4) : 200-203.

YuJ H, Yang X L, Xu Y Z, Li J. Effect of salt stress on photosynthesis characteristics in grafted and own-rooted cucumber seedlings. Plant
Nutrition and Fertilizing Science, 2004, 10(5) ; 554-556.

Qian Q Q,Wei G Q, Zhu Z J, Li J. Response of photosynthetic apparatus in the seedlings of different cucumber cultivars to salt stress. Bulletin of
Science and Technology, 2004, 20 (5) ; 459-463.

S E 3k

(6]
(8]

[14]
[21]
[22]

(23]
[26]

(28]
[29]
[30]

UATE, RTR. BYESEGE DI B SIHEAEYSH, 2001,7(1) : 92-99.

A, KT, KRR, R, AR, FERMEN ao KA IKRE £ XTI R RIOTISE. L5 4 WY Bk R,
2001,28 (3) : 405-409.

AT, XEE. HYEBEIREOR. W ETRIBEBOR H L, 2001: 71-73, 144-145, 180-181.

WAB, KRR, £ 5. FAER KRR SRS, S, 2006,14(1) : 21-23.

B A, H K, s, AN, ESCE BRI E. TSR 0 SR PR 7E K i i 30k S S R AR SR PERE 5. T EBE(C ),
1997, 27 151-155.

WA, ETHE. FeURE P S R Bk P A R i S v SR A 0. ARV AR WIBOR 244, 2000, 8(1) : 253-255

VEdRE , LR, A9, ERT, B NaCl P T RRE RS RELWERME T FHRRR. Bmfl R, 1994, 17(1) - 22-
26.

FEAR O, BAE, WD, 4F. SRR T ERA AL R B A BRI L. SRR, 2001,18(4) : 200-203.

TRk B 2, VAR, Tk R, NaCl BB 3R B AR BRREER D & MRS, A E TR SIERI B, 2004,10(5) : 554-556.
BRIBK, BLER, RALEE, ZRUE. R R SRS G A A XS SR8 i . BHEE ), 2004, 20 (5) : 459-463.

http ://www. ecologica. cn



	15b01.pdf
	15b02.pdf
	15b03.pdf
	15b04.pdf
	15b05.pdf
	15b06.pdf

