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Generation of stress-resistant Tomato plant by

transforming SOD and CAT gene
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SUMMARY
(P& %F)

When plant is exposed to various stress condition, ROS is produced which damages the
plant. Hence we attempted to generate transgenic plants which can overcome the ROS.
SOD(superoxide dismutase) and CAT(catalase) genes were used to transform tomato
plants. The chloroplast of the transformed plants showed increased enzymatic activity of
SOD and CAT. Also we checked these transformed plants for resistance to oxidative
stress, by treating the plant with Methyl viologen(MV). The treated plants were found to

better adapting to oxidative stress than control plant.
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A1 BLABY Evps 42
1. Vector2] =)z
EFZo 1A Cu/Zn SOD{(chloroplast)Z Dr. R. Trelease(University of Arizona) 2.

B AlFesken pBKS-vectord] Atd®  #HAE pRTL2 vectorZ SAFAT 53

catalase FrA A= HEAE A s transit peptide(chl T.P)E 44 &7] 9 A site-direct

ol

mutagenesis *$H-g ©] 43t sequenced HHH Sall sited Z=UAIIIT A FAE o] &3]
o transit peptide® A UAZAT. 28 8e] pAL200, pAL210S W= h(Fig 1-AB)
7+7h o) vectore A &0l site-direct mutagenesis ol 9 sfA e} A HHAE pRTL2
vectore]l MUAIZIEA FEed 2Hg AlZY. pRTL2 vector <ol Cauliflower mosaic
virus 35s promoter®] &3 FA WA &tk 35s terminator sequence, TEV(tobacco
etch virus)®| untranslated sequence’} %85 o] vk, TEVE translation 2&2 %0]7] $
el AdEofxl Aotk olgA WEAR zhzhel vector® Pstl siteE 2 Agrobacterium
-mediated transformation vector?! pCGN 15789 Pst sited) cloningste] FFHo=
pAL200, pAL210 construct® TEA% ™. pCGN 1578 Aol £43l+= NPT gene 200ug/mé <]

kanamycino] 3HFd wixleA Fd Hgd AEAE Bad + A HA
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P
assp| TP | Cu/Zn SOD BssT
HPXBK
LEBSSPNPT 13581 lac s
pAL200
pCGN1578

Fig. 1. Construction of the transformation vector(pAL200, pAL210). The completed

B

TP[Catalase

B5S

HP

B5SH

TP

Cu/Zn SOD

355T

LH35SPINPT I

358T

lac

A8

pAL210

pCGN1578

chimeric gene cassette was excised with Pst1 (Cuw/Zn SOD)/ Hind I

(catalase) and ligated into the Pst I or Hind T site of the binary shuttle
vector pCGN 1578.

LB, letf border; 355P, Cauliflower mosaic virus 35s promoter sequence;

NPT 1, neomycin phosphotransferase coding sequence; TP, chloroplast

transit peptide; 35ST, Cauliflower mosaic virus 35s terminater; RB, right
border; H, Hind II; P, Pst1; X, Xab1; B, BamH1; K, Kpnl.

,15_




2. 9dAdgE AE A

TAE N1HA Ade] FdEE AN E A EE seed7t Wobst il Agrobacterium o
= infection AlZl A& selection vl Aol A shoot HAd2 AL 20% #gioll A wto]l shoots
Attt magenta boxe® &717 o= AL shoot7} BAHE AL Rooting BIAE &7
i Root AL HAAR ZA# 20% AdANE FoJr 10%T°] Roots FAsAL
pseudo-transformant A &&& Roote] A== RS 2 71 9. Roote] A" A&
= E [ FEZA &4 A2 EviEE & 4AsA BA L, autocleave® FA oA
AT BEvtEE Fo8 SAFUS W o & AP Ae E FUF AU pAL2002 157H,
pAL210E 11707F wHEolzich. F4x& EvtE F pAL200-7, pAL210-12F 8 3o
kanamycine] &°17F Sl wiAlelM FAHdEd T1 428 Atz $8= o 4+

pAL200-7.29 pAL210-12.1 AF&38te] A&

=
=

_16,



r>~1
{-4 |
)
1>
il
M
AL

A2Hd 4

0.

1. PCR

MRCAO Al #ulste= DNAzol ESE WT, pAL200, pAL210°] Ztztol A &S genomic
DNAS #8893, Eco RI A&EAZ digestion® DNA 100ngS ol 43t PCRE F33}

2Att.  predenaturation 95CelA 5%, denaturation 95ColA] 1%, annealing 52C 2%,
elongation 72°C 1%, termination 72C 1% 31 F 308 & $ 383ttt positive control =

pCGN 1578 4F9d ¥ pAL200, pAL210S Arg3tsia, 2442 PCR product® 415bp, 865bp
gened 27t pALZOO 7348, pAL210-4,10,12,1691 4 et Fth(Fig 2). a@lste] FHdAEd

7)
Aes 29 + A Hdh

2. SOD &<l

PCRo} A &eld pAL200-7.2, pAL210-12.18 homogenation buffer(50mM KPO, pH7.3 ;
0.ImM EDTA ; 0.1% Triton X-100 ; 1% PVP)ell A extractiond3ti crude enzyme extract

ol

S bio-red® A #3t1 z+z} 40ug proteing nondenaturing polyacrylamide gelol X "7 %
& 7% negative staining W o2 213 A} pAL200-7.29F pAL210-1218 5T
A CwZn SOD 4o bnadst ¥Ua ZolA Ertg 953 Cu/Zn SOD 4A WT3 bl
& bandE ¥ F7F AN THFig 3.

il

2

3. Catalase ¢l

PCRol A #o1d pAL210-12.1¢1 3¢ SOD #utoiuel FAlo] catalase’t THEd HEZ
pAL210-12.1-¢ homogenation buffer(50mM KPO, pH7.0 ; 0.lmM EDTA ; 0.1% Triton
X-100 ; 1% PVP)AIA proteing H8sta =3 WTH pAL200-7.2% H&eted FUF 40ue

% nongenaturing polyacrylamide gelol Al @719 %Al 7] i1, Catalase specific staining ¥ <



Ay EvtE 733 2 bands 2ol 0¥ band”} cottono] SU2etm A Zto] HH gel ol
ME WT, pAL200-7.25.t}F pAL210-12.10] 2o & band?t Z3dA Holx AthFig 3).

4. Chloroplastoll 4 SOD, catalase 2¢)

PAL200-7.2, pAL210-12.1-> SOD$%} catalase’} Z+2 chioroplast W2 ¢l & 4 T transit
peptide”} A Y=} loemR Z47be] AE S Yamadas modification® WS AH&sto] £
N TLYY protein® nondenaturing polyacryamide gel® A% 3te] SOD, catalase
specific staining 22 Alg3tad Zelslgdvt 71 Ax SODE WTol A e obF ¢kstA band
7b WER AR pAL200-7.29F pAL210-121°14E WTET ¥ bandE £UZ + AUt
¥ 31 catalase= pAL210-12.1o1 A ¢ bandZ T7F 9t 2HER HAASEH E0E

-
= 7b7 WTH 33 2853 989 328 57 AtHFig 4-AB).
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A pAL 200
M P C 1t 5 7 8

1 kb B

500 bp B

pAL210 (SOD) pAL210 (catalase)

MPC 4 6 7 810111213141516 MPC 467 810111213 141516

«&~865bp

Fig. 2 Detection of integrated pAL200(Cu/Zn SOD), pAL210(Cu/Zn SOD/catalase)
constructs in transgenic tomato plant by PCR. pAL200 and pALZ10 using
primers specific for the chloroplast transit peptide sequence and an internal
sequence of the Cu/Zn SOD or catalase DNA.

M; 1kb DNA ladder, P; pCGN1578, C; nontransformed tomato plant.

Numbers represent identifications of each transgenic tomato plants.
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pAL200 -7.2
pAL210 —-12.1
pAL200 -7.2
pAL210 -12.1

pea
WT

WT

Mn SOD - - Mn SOD
- Fe SOD
Cyto. Cu/Zn SOD - _ Cyto.
Fe SOD - Cu/Zn SOD
chlo. Cu/Zn SOD - —Pea chlo.
Cu/Zn SOD

Figure. 3. Native gel analysis of SOD and catalase in whole cells.

A1 S0OD. 40 ug of total protein from leaf extract from transgenic tomato
plants(pAL200, 210). Untransformed tomato plants and pea plants were
electrophoresed in nondenaturing polyacrylamide SOD activity gels.
Tomato and pea SOD isoforms are indicated at left/right, respectively.

B: Catalase. 40 pg of total protein from wild and transgenic plant were
electrophoresed in the catalase activity gel. pAL210-12.1 was much of

overexpressing than WT, pAL200-7.2 in catalase of cotton.
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-12.1

pAL200
pAL210

—
=

MnSOD -

FeSOD -

Cyto. Cu/Zn SOD -
Pea chlo. Cu/Zn SOD

Catalase

Figure. 4. Native gels analysis of SOD and catalase in the isolated chloroplast.

A: SOD.
B: Catalase.
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A 3 A protein assay

1. SOD total activity =3
WT, pAL200~-7.2, pAL210-12.19

0.1mM EDTA ; 0.1% Triton X-100 ;

T SN2

[} NN
o4

wA  homogenation buffer(50mM KPO, pH7.8 ;
1% PVP)YI Al proteing &
£ #H7}stod cytochrome CH
sto}, SOD9 lunite Z cytochrome C9 #YEHELE 50% A7l
enzyme® %& onslAAL), A3 A0pgoll A WT-2 39lunit/mg, pAL200-7.2&
10.7%unit/mg, pAL210e 7.6unit/mge] FAFATh webd pAL200-7.22 WT Rt} 2.74] 0
activityS R kil pAL210~12.1% 19808 activity® Holx th A HEF EvtEs WT
Wb we o] SOD7F WA T 27} A (Fig 5-A).

[, 18T Az valueE
7| &E=el 2
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A= %ol xanthine oxidase
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2. catalase total activity =3#

WT, pAL200-7.2, pAL210-12.14 homogenation buffer(50mM KPO; pH7.0 ; 0.l1mM E
; 0.1% Triton X-100 ; 1% PVP)® proteing < ol A 9
reduction® o] A& AL o]&de RO A7t minE 1WM3A7]= enzyme activity
lunitej2tz Aosta =459 =3 A 40pgl A WTL 0.3lunit/mg, pAL200-7.2-2
0.34unit/mg, pAL210-12.1 1.15unit/mgo] ZAHATH @A catalase’t A H A
WT, pAL200-7.22 activity’7} 79 Wb catalase’t @& E pAL210-12.1&
activity7b 71 A& & F7} vl A 3.5
A Fig 5-B).

3L, ol °o]-&

fu

o)
5

o
-

T4

Atk pAL210-12.12 WTH pAL200-7.2¢9

o}“’

activity £ X1t
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Total activity fo SOD Total activity of catalase

o

80D activity(unit/ma)

Catalase activity (unit/mg

—

W 020072 0210-12.1 Wi p200-7.2 p210-12.1

Figure. 5. Activity of SOD and catalase in whole cell extracts.

A: SOD. B: Catalase.
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A 43 HAAZ EvLES MV stress A3A =4
1. MV stress

< o83t leaf discs® ¥HER AYs A WIS &27F 212 20

pMA M H-E] =l Wb Helx 9 EF 50, 100, 500, 1000 M HAHoz 7
& A& & HFig. 6-A). 3t pAL200-7.2% 20, 50, 100 Mell A A4

7zl 7 dojuA Nt WTHEY & damage ©31 &2  Fig. 6-AdA B F7F AT
ey 500, 1000 M MVl leaf discs7b %2 damageE Holxm At A
PAL210-121& MVERE HAH ez ZU8% leaf discsd @Oz MEstA & A&
o 4 AR, 500, 1000 £M MVl E WT3 pAL200-7.285 #o] 8% W3E Holu
(Fig. 6-A). 3% Fenton reaction o]2% o83 A7 WTL 20 M MVl HE leaf
discs damageE <& 47} At ek oy} 50, 100, 500, 1000 #M MV g2 Ak
Ao leaf discs7b A &£4=HEE A& B £ At pAL200-7.22 WTH o] F7id
MVE oAl leaf discs® WshE Holx ot AT 2L F=<¢ 20 pM MV ASelE
WT3e 92 9%¢ damages 2RSS 2 4 U9z, 50 4 M MV REE WTH Zo] =
A 9Z2E gojrta dE AL #FAFT F AT Fig. 7-A). 1Y pAL210-12.1& 20, 50,
100, 500 M MVelA 712 dAg 98 WElE Holal Y3, s w1000 4 M
MVoAMEE WT#H pAL200-7.29F 2] leaf discs7} 73 damageE Wil & AL IR

R4
= A
o A

n;'im

tio

2. Cell leakage analysis

Conductivity &4 Z & WTJJr transgenic EvtE 9l g2 <l Wil & AME B
oliL AT WA WTL EE MV 5% oA 80%olAol ion leakageE =A3dtg 1, 3k
g 20, 50, 100 M MVl leaf discs?t =LA &4 ¥hz] @& pAL200-7.291 A% WT3}
°FZte] conductivity Hrel]l WAl &E AL Fig. 9-BolAl ¥ 71 At} pALZlO—lZ,l% 20,
90, 100 M MV &= 29 WT} pAL200-7.2 Rt} Asd fFF0] & 20%H =7t At
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31, 500, 1000 «#M MVAAME o 10%AH =7 242 AE E 71 JdAHFig. 6-B).
Fenton reactiong ©l&3te] 2l$ixd oz OH F4& AlA catalase £3E FU37] H3iA

pAL210-12.13} pAL200-72& Mlastitiy oh&3 2& 23S 2dv. WTH pAL200-7.2

= BE ZfollAl electrolyte leakage?t 79%°] & ®olal Utk pAL210-12.1%0 5% 20,

50, 100 ¢ M MVOAM AAT FFo electrolyte leakage® Holil YA, 500, 1000 4 M

MVl M= ZE71€ electrolyte leakage® &< & & A (Fig. 7-B).
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Oxidative stress by MV

-t
BoA.200-7.2
QoA i 2.1

% Electroiyte leakage

MV concentration{y M

Figure. 6. Damages in the leaf discs stressed by MV.

A Visible damages in leaf discs of transgenic tomato plants expressing
either pea chl. Cu/Zn SOD(pAL200-7.2) or pea chl. Cuw/Zn SOD/cotton
catalase(pAL210-12.1) and wild type tomato plants after treatment of
MV(0, 20, 50, 100, 500, 1000 xM). Similar results were similar in
duplicate experiments.

B: Ion leakage. The electrical conductivity of the MV solution was
determined and compared with the total conductivity of solution

following tissue destruction.

_26_



Ewr
BorL20-72
moAL2i0-2.

% Electrolyte Leakage

MV concentration(y M)

Figure. 7. Damages observed in leaf discs in the presence of Fe”in addition to

MV (Production of hydroxyl radicals is favored in the presence of Fe™'.

A: Visible damages. 500 #M Fe® treats the same MV concentration as

in Fig. 6. Similar results were similar in duplicate experiments.

B: Ion leakage.
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A 5 A Tobacco suspension cell2¢ Mn SOD¢ &2 A3l

1. Mn SOD &3 43 Tobacco suspension cell AlAke] =2

1 Cuw/Zn SOD(chloroplast)$} W3}e] catalase &

44 S B ArAde 297 2EH LY A

zZhete AR S FHEAY. 2Ey ojgl e Ao glojA Cu/Zn SOD7F hydrogenperoxide

A3 Aol FA A0t} o}l g hydrogenpeoxide®] 73t inhibition& 2

da FAAgE EvtRdMe] dFo oA Be ol ge] AUTH 53] FHAAG Hoix

AAANA SODe @A nlawe] gloiA AFAFS Bzl ozl gol AN wekA o]
gt inhibitor7} $1¥ MnSODY A Hd&8 A7 Fad AAd o=

inhibition& /=

2. Mn SOD fd= ¥

Cu/Zn SOD+ hydrogenperoxidedl 73} inhibitions ¥edsE FAHE 7FAl2 Jvt wehA
= AE4HL MnSOdE o83 FAAEAE A zste] o]t #AE H4dsty stk &
+ APEelM AL e MER WY FAMEY S AMEste] DA e A
Frste o @4 EAFdolA /fEQ WU in planta transformationo 24 o]
o]-&3tod tobacco suspension celll MnSODE HEL3 A A FaF ddde £& 43

St} wheb A Figure 8.3 Z& vectorg A &3y

rﬂ
ol

b o o

o
of

N
+

Az 2 FH2e 459 Mn SODE °]€38%4. o] protein® @ mitochondria form2.
2 1 fFHAE HyPderyt dlth. & mitochondrial Mn SOD® mitochondria targeting
transit peptide® A A3t Mn SODR A &S fojof 51 L3 chloroplast® targetingsh
T transit peptideE &o]Fojobwt vt wepA] &9 Cu/Zn SOD Aol EAst= 45
A& targetingdl+ transit peptide®} mitochodria® targetingdl+ transitpeptide7t # A€
Mn SODE §#sliokst ftd. Z#8l A site-directed mutagenesis® o] &3te] zZ+z+e] transit
peptide <ol Sal I site® %=43Hich 18la A& &4 EcoR I/Sal 1+ H2lsted Mn SOD
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F A Aol Al mitochondriag targetdtE transit peptide® A A1, chloroplast® targetdt=
transit peptide® AR ZHEFF o2 chloroplast® targetdti transit peptide® ZE

Mn SOD7} wHE9o] o} (Figure 8.)

MEe FAAG A2 Ao 712 Wyl Agrobacterium% ol &% W&
KR

plant transformation ¥ & AMEsle] AAAAS ‘3’&3}91‘3}. O] Ho“ﬁ—% Agrobacterium—%
o] &8tA ¥ &A vector AEle DNAE o]&3te] APACT FHAAE YA U
ojty, webA o] WHl-g o] g3dle] A AE ol Mn SODE Tobacco suspension cell] &) 38}
Ao, FAAg AFEE FAAE plo0(Mn SOD) vector$t p200(Cu/Zn SOD) vectorE Ab

&3tk H 2 ¥ Kanamysine2 2 selectiond o t}&¢ A3 #=33tgo)

A%

4. 3ARAZ FQl

7}, PCR Analysis

9
1

=

Selection®] = ©]Z Tobacco suspension cell& ©]&3t9 genomic DNAE isolstion 3 %
Mn SOD#®} Cu/Zn SOD9] specific primer® ©]-&3le] PCRE 38 4z £9]& el
At MRCAFI A #ofdt= DNAzol ESE WT, pAL100, pAL200 Z+z+e] genomic DNA
=933l Eco RI A§EA4Z digestion® DNA 100nge ©]&3t9 PCRE St
predenaturation 95Col A 5%, denaturation 95Col A4l 1%, annealing 52°C 2%, elongation 7
2T 1%, termination 72T 13 8F¥ 3 & 303 & $3slYh.  Positive control® Z+ vector
¢l pAL200, pAL2102 AF&3t5ich 2 A3 Figure 9.9 Ze A4S gad +71 s

ol

tio

Figuredl A 2= A3} Zo] Z+z+e] suspension celld) Mn SOD9 Cu/Zn SOD7F %3 of
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w
4

Fig. 8. Modification of Mn SOD gene ; Sal I site was introduced near the transit peptide
sequence of Mn SOD and Cu.Zn SOD by site directed mutagenesis and the

sequence of transit peptide were exchanged to produce chloroplast targeting
Mn SOD.

E, EcoR [; S, Sal I X, Xba I, Chl. TP, Chloroplast transit peptide; Mt. TP,
Mitochondria transit peptide.
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Figure 9. Detection of pALI100(Mn SOD), pAL200(Cu/Zn SOD) constructs in Tobacco
suspension cell by PCR.

A : PCR analysis of Mn SOD B : PCR analysis of Cu/Zn SOD
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AL &AT 71 A} Figure 9.9 AZ 29 660bpe] Mn SOD9 band& #¢1&
7F ok WTol M= oFg band’} #9189+ whdel in plant transformation®] WS AL&
suspension cellllA1E Mn SOD9 band’t ZstAl UetuesE AL 98 £7F o) E£39

o RS
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Figure 9.2] Bl = §4¢ 2745 &g 471 v} p2002 &2 8A170 suspension cell
M WTRT & 415 bpd Cu/Zn SODE| bandg 213 +7 ARG

5. W#EA

i

5]
j=g

dA FAHdE 5oJF Tobacco suspension cellE o] €8 A e HES =HZFd 9}
PCR# RT-PCRE T3 #&ddoln cellg o]&3te] SOD9 expressionS 3

regeneratione 3 plant2 9 2% A ZF

[-'O
_?h
R
32
o
)

transformation *}'H & o]-&3st9 g 2ES AP AFoln FA3 A4 FHAAHs
HHHE T3 AEY stressol] AFHo] FAEE B 18 Ao}
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H 4z ZSxEdx & #EZokoe 7[oix

—

EH

g #AlE EviEC] oxidative stressol AIFAHE FTUHAIZIE FAkst &40 SOD%
Catalases FAASJAAM AstEdd i@ AFHE soli HFAHOE 7Hadd A4
Ae FEe st d 2 HHo] Urh ojHs HAo wp E HIPLL EvtEY o
ZFF el Agrobacteriumg ©]83te] A HEE Fys AT olF A3 Z+ A4E cloningdt
vectorg A &I I vectorE Agrobacteriumd] ¥ M stgom, £ FAHE H
A Agrobacteriums ©¢]-£3%te EviEE FAAgstEch Tissue cultureE & doA
regeneration® EvIEJAN A AR EqEE A7) Y} PCR analysisE F3] <&
At o]EA Ao FHHAHE ErtE p2007% p210S ol &3t APS FHFAH.

HA SOD®9 Catalase®] activity® ¢obR 7] 93] spectrometry assay$t native PAGEE ©]
&3kl SOD$t Catalase® 24 =5 ZH3th =d GEANS ioslationshe] Z1ebel A 2]

golgh +7F o) Oxidative stresse] 27L F7] #138] AxAY dFAd MVE Atz
9.9 0] syperoxide? FAS #53% H WTH ddASE EviEdte] HluAdd e HAAE

[T AR FEARE EviEVF WTe EvtEdGg oS St AZAEE Zede A
S st olulgt d¥An=z S8l SDOS Catalase’t @ ozl EntE7}
oxidative stressel F7He AFAH S ZeEohs AE o F7F UG o] 2

= s asre F2EE T stresso]l AFAHS TS Ut A4E F7F A
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