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ABSTRACT : Transgenic tobacco plants were selected by using the transformation of
putrescine N-methyltransferase(PMT) gene, the key enzyme in diverting polyamine metabolism
towards the biosynthesis of nicotine. PMT was fused in reverse orientation to the CaMV 35S
promoter of the plant expression vector pBTEX(pPAB3) to produce tobacco plants of low
nicotine content. To compare nicotine content, only pBTEX vector and PMT gene which was
fused in forward orientation to the CaMV 35S promoter(pPAB2) were also transformed to the
leaf tobacco plants(Nicotiana tabacum c¢v. NC82 and N. tabacum cv. Br2l). The presence of
sense- and antisense-PMT gene, and pBTEX vector in the transgenic plant was confirmed by
genomic PCR.
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AETSe whEE AEA FAARE A Nicotines> A== dulivtk ©-& Nicotiana %
52 olgsto] sk % FERARE AEA o] Feldli wEge] MR, abiotic stress,

O
2 EQstx gz ogs AgAE JEAse HATFSol wheste] b4 =™ (Hashimoto and
o A Fgl e (Herrera-Estrella et al., 1983; Yamada, 1994; Kutchan, 1995, 1998; Ohnmeiss et
An et al., 1987), T3k 0|23t 71Eg o|83sle] & al, 1997; Baldwin et al, 1997), PMTS] ¥
A A WS A F Qlgol ¥hEAt  auxinol]l 23] A= L jasmonic acidell sl A
(Hibi et al., 1994; Yang et al., 1999; Park et al., Elvk . G2y A cHHibi et al., 1994; Imanishi et al.,
2002). 1998).
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i) 21 B o] PMT(Putrescine N-Methyltransferase) antisense RNA §-212} &= ¢

Nicotine2 gulje] #-2loll4] ornithine and/or
arginine . 25| putrescines E3l A=}
(Leete, 1980; Hashimoto & Yamada, 1992).

Putrescine spermidineZ} spermineZ:- polya-
mine. 2 A ALY,  nicotinee]t}  tropane

alkaloidsZ AJAksl= 2lEollA+ Putrescine N-
methyltransferase(PMT)oll 2]8] N-methylputre-
scineo 2 AZHATHSmith, 1981). = ¥ diamine
oxidaseoll 9l#ll 1-methyl- 4'-pyrrolinium cation
o 2 ALstE] ™ (Hashimoto et al, 1993), ©] cation
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& hufjoll A nicotinic acid® 71 nicotine 2 AJ
gtAo] o] FolA|(Fig. 1), tropane alkaloidE A}
sl AlEoAE  tropinone o & THARE| o]}
(Sato et al., 2001).

Nicotine] pyrrolidine ring®] N-methylputres-
cine(MP) ¥&ko 2 9] pathwayoll4 putrescine2 &
% sl putrescine  N-methyltransferase
(PMT)7} nicotine AgHAolA 714 238 G4}
g = QItHHibi et al., 1992; Kutchan, 1995; Sato
et al., 2001).
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Fig. 1. Biosynthetic pathway of nicotine
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PMT2lol nicotinef-&] Felgte}. whelbA putre-
scine®] N-methylation®] nicotinic acid moiety 2
A-ZsF+= pyridine nucleotide cycleoll4] entry-
4ekS sl  quinolinic acid
phosphoribosyltransferase (QPT: Wagner and
Wagner, 1985; Hashimoto and Yamada, 19934
(S)-scoulerine 9-0-methyltransferase(SMT) =
nicotine®] YA HEBol F& AT Tojslo]
FAAdoRe] &8 st AEE vz 2
o1l PMT7} key enzymel & a3 ch

#HZ BA $£AAE antisense Weko g Alzgt
slo] AlEoll =9], YAt 7 EA KA
g FQ dEe] WENUCHHibI et al,
1994; Yang et al., 1999; Park et al., 2002).

ola} nicotine gl glo] key enzymeql PMT
9] FAAE antisense Wi Z A=E AR
Z Nicotiana tabacum xanthiell T4slo] A4
Foll4] nicotine ¥FE £ AFATIE el
uriylgl ovl(Yang et al., 1999), £ Ao+
o] FAAE o] 83ted thokdt Y& NA nicotine

point enzyme2]

o] kg Fol7] Yol FARE Eelelz, W=
Qog PAAE AEslPem, PCR WS ol
f3lo] HAAE o HE Flssich
ME o
1. M8z
F+E= AT DHSe 9 Agrobacterium

tumefaciens 1BA44047} AEEIgom FEAIS
A3 w2 LBwA(1% Bacto tryptone, 0.5%
Bacto yeast extract, 1% NaCl)E A-&slgich

A EAE AulE A &(Nicotiana tabacum cv.
NC82, N. tabacum cv. NCS67, N. tabacum cv.
TC872 and N. tabacum cv. Br21)& ALg313it}.

2. Agrobacterium ZF0| MEE R =2 & 2O

PMT antisense RNA 42 soliga A
WA ARE apdogRe Foblgho
o] fAzke] gl 9l AulE gellell 2918 A%
3}9ch. Freeze-thaw'H(An et al. 1988)0ll sl
Agrobacterium tumefaciens LBA4404)ol plasmid

e o138 - 45 FEE - BAY - AEE - 36

DNAE Z=A#Hch &, 50ml LBuiA]el] Agrobac-
teriume 7}3ko] ODgyollAl F3F=7) 0571 2 of
7EA kst & dgof] Yol AZRAF]aL 3,000gl4]
587 AAlEElsle] FedE el HHE cell
2 20ml CaClell &EA17l ¥ 1.5ml microcen-
trifuge tubel] 0.1ml¥ E53le] -80Teol] E3ta}
g} o] F gk FEo 1pg9) plasmid DNAE #
71k A ALl Yol FAIZl o5 37C &
2gzolA 587 vk ¥, 1mle] LB #HAE A
7¥slaL 28TC ol 4x|7E wleksted A4lE-elsisidt.
302 AR ¥ Aeds Helr AAH cellS
0.Iml LB ®ix]oll &erslod kanamycin(100ug/ml)
o] &-f¥ LB aAjslA]ol] =rbste] 28Coll4] uj
ofsioiel. wloF £ 48AI7te] At H FHAH
colonyE LB kmoMAl] wiAlollA =424 plasmid
E FZ3s19le, DH5 e & back transformations}
o] LB kmulix|ell =vslls, Azkd colonyE o
Al LB kmHx|uiAlell HEA1A overnight wHF 3
2o wHo g plasmidE F%319ith Plasmide=
22 cloningstgd¥  plasmid®} ¥4 EcoRIZ
HindllIE ©]g3lo] 22 {AZRIZEE &3t

3. o= AEQ| HAME U XiEs|

ol g 70% alcohol o]gsle] 30%, 1%
sodium hypochlorideE ©¢}&3lo} 387y Hd ¥
HAFZEFTE o] 83le] AlF % 0.5%0.5(cm X cm)
9] zAE Agkele]l MS HAHuiA|(Murashige &
Skoog 1962)l] €& %, Agrobacterium T5<]
ol 2005 Wi, 26C LzAA 297 FF
ekl 5 BAE=FE 63 washingsled Agro-
bacterium TFE Yo EHE] FelX7|a HIEF

o] E71E AA 2, shoot FEIA(MS medium

containing 1.0mg/l BAP, 0.lmg/l NAA and
100mg/! kanamycin)® A 26T "Hz7As}eA]
vl eks}sict,

JAAZ Q2E 45 53 shoot FEeHA] A
wlloksto] LR shoots) callus® HFE &8 74
Z Aol #gl §-%ulA(MS medium contain-
ing 300mg/I cefotaxim and 100mg/! kanamycin)Z
A 26C H2A stollA wgsgich 4~8FAH =

incubatorel|4] Hal& $x3 T ¥yl G55
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ulj 2] &3] o] PMT(Putrescine N-Methyltransferase) antisense RNA 52z} & 9]

A
2latar, uiAlgRel <3k whelelol Fo 44
271 f13) Heloll Eoidle WA S 4A3] Al
ARXZL F el A A9ew, AN 23
BAEe AEAE A oA sl3, R
247 3 FEudE "Holwe ¥, 23 F4E
Hidg A, Yg W sielcth

# Axg Aol MAZIE A2

pe

o ez

4. AFNE x9| RFMAL £l ol

PAAG dx AEAZHE] F23 genomic
DNAE template® ¥+ genomic PCRell &l ¢4
29l £l = Folslgich.  Primer:= NOS
terminator®] @714 Q& olgslo] A=sled PCR
ol o]g}%l3, Applied Biosystems GeneAmp
PCR System 96005 ©]&3le] 94CollH 557
DNAE denature A7l %, 94Tl 307
denaturing, 56T o4 3027} annealing, 727 ol 4]
1E7F  extensiongs 1 cycleZ o 30 cycle HF&-
AlZ1 &, 1.6% agarose gelollA] A7]dEg AAjs)
of #Fl&glot.
27 @ o&
1. M=ZEE Al SysldE] SR gol

E23® PMT #A4%E pBTEX vectore)
CaMV35 promoter®] Awleko @ 4lqlslo] pPAB3
5 Azdstsiond, valds fsle] ko w
AFelste] pPAB2Z AZshAch. pBTEX, pPAB2
S} pPAB3E  ZH7} Agrobacterium  tumnefaciens
LBA44040 AAgs1 o, thA] plasmidE 3
Z3lo] AGEA H2lE Eal Agrobacterium T3
HEe] gAdgte] AdsA 2 FHE Adelel
ct. pBTEXS CaMV promoter?] 2ol FcoRI
site’} A3, Ocs-ter FZol| Hindll site7} 9o
vy =g PMT 54719 A|2HRL)el| EcoRI site7}
gich whebA] CaMV promotere] ojulgko & 4hg]
H pPAB39] 7% EcoRLS.E plasmidS Awkslel
< wWell 1L.7kbe] o] VoA ar, il Aub
o2 A1E pPAB29] %ol 0.7kbe] AH o]
vheAl HE olgsto] ARQIMIEES Halslic) &

—

018 913l Agrobacterium FFHE FAA s
9] plasmide} PAAS F FE3t plagmidE 72
o] Algta A Heulslo] vlasldch

pBTEXS} #3x% & &3 pBTEX-39] 7
¥ EcoRI°|Y} HindllZ ZHzt Aeksll g ollell=
single cutting®le] plasmidite] JElskil(lane 3~
6), FcoRIZ} Hindlll 5 enzymed Zho] Azl
< wolli= 0.8kbe] AH(lane 7 and 8)°] vhebyk}
(Fig. 2).

M12 3 4586 78 M

+«—0.8kb

Fig. 2. FElectrophoresis analysis of pBTEX and
pBTEX-3 digested with restriction enzymes. M,
1kb marker; Lane 1, pBTEX; Lane 2, pBTEX-3;
Lane 3, pBTEX/EcoRL; Lane 4, pBTEX~3/EcoRL; 5,
pBTEX/Hindlll; 6, pBTEX-3/Hindlll; Lane 7,
PBTEX/EcoRI/Hindlll; Lane 8, pBTEX-3/EcoRl/
HindIll

CaMV35 promoter®] Awlgko 2 sbolslol A=
@3t pPAB29} HAAN F F

pPPAB2-3% EcoRISZ Anlslgl
vector2} PMT $-# 21 Holl 9li= EcoRI siteol] 9
3 0.7kbe] AHo] Yehdil(lane 3 and 4),
HindIll2?] 7% single cutting ®¢chlane 5 and
6). EcoRITt Hindlll ¥ enzymeS Hzlalsls A
Folle 0.7kbe} 1.4kb 5§ AH(lane 7 and 8)o] 1}
Ehrh(Fig. 3).

CaMV35 promoter?] ulgko 2 ARlslo] ==
¢k pPAB3SF A F 3 plasmids)
pPAB3-49} pPAB3-5% EcoRLo.Z Ahs1glg o)
pBTEX vector®} PMT 4A Well )& EcoRI
siteel] 2]l 1.7kbe] AFHe] }ebhdii(lane 4~6),
Hindlll9] 7% single cutting =9 Hlane 7~9).

3t plasmid?]
o] pBTEX

o

fir
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A -l - ol g™ - o) T
M1 23458678 M
«— 1.4kb
«—0.7kb

Fig. 3. Electrophoresis analysis of pPAB2 and
pPAB2-3 digested with restriction enzymes. M,
1kb marker; Lane 1, pPAB2; Lane 2, pPAB2-3;
Lane 3, pPAB2/EcoRl; Lane 4, pPAB2-3/EcoRI;
Lane 5, pPAB2/Hindlll; Lane 6, pPAB2-3/HindIll;
Lane 7, pPAB2/EcoRI/HindIll; Lane 8, pPAB2-3/
EcoRI/HindIIl

EcoRIF} Hindlll ¥ enzymes Aelalals 7ol
£ 1.7kb%} 0.4kb F AH(lane 10~12)°] el
tHFig. 4).

AstEs Xzl A3} pBTEX-3, pPAB2-3,
pPAB3-49} pPAB3-5 -#AA7}  Agrobacterium
tumefaciens LBA44040l A2 HAAZE S-S
gholslgla, 4 FFE ol gslol Az FAHG

M1234567 89 101112M

+— 1.7kb

«— 0.4kb

Fig. 4. Electrophoresis analysis of pPAB3,
pPAB3-4 and pPAB3-5 digested with restriction
enzymes. M, 1kb marker; Lane 1, pPAB3; Lane
2, pPAB3-4; Lane 3, pPAB3-5; Lane 4,
pPAB3/EcoRL; Lane 5, pPAB3-4/EcoRI; Lane 6,
pPAB3-5/EcoRl; Lane 7, pPAB3/HindIll; Lane 8,
pPAB3-4/Hindlll; Lane 9, pPAB3-5/HindIIl; Lane
10, pPAB3/EcoRI/Hindlll; Lane 11, pPAB3-4/
EcoRI/Hindlll; Lane 12, pPAB3-5/EcoRIl/HindIll

BTEX-3, pPAB2-3, L
glar Agrobacterium
tumefaciens LBA4404% ©]-8sto] ctheksl gl
A ZFE(NC82, NC567, TC872 and Br2l)oll Z+Z+
PAARE Aot

gz7AoT 26TolA 297 FAARS =
AAZE 73190 AgrobacteriumTF2 % Wi
A7l Q=2g HWF SHTE washing ¥, shoot
TRl X|Aste], WzAo @ 26TolA shoot
£ AA F71sksicHFig. 5).

L=
e

0% do

Fig. 5. Regeneration of shoots from NC567 tobacco
leaf containing pBTEX-3 on shoot-induction
medium.

)

45 ~6F 29t shootE 53 £, §55 shoot
9} callus®ES Aehlle] B2l FZEIAE A
o F Hepl 2d FAAA(Fig. 6)
5 A ook oz QIgh vteglel 59 2%
w] el gelzRe wiAE Sbds] AlAY #
SHEoll &AA A7 dekFig. 7).

Al SA7} antisense Wgow FRy®
pPAB3 3#7} HFAAZE R 6702 NC82,
sense W&o F F2YH pPAB2 -4A7 HAA
3hElo] A 4709] NC82, ~t2li pBTEX WEl ¢4
A7} FAAgR o1 2709] Br2lo] 2AlelA A%
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il 21 8- A o] PMT(Putrescine N-Methyltransferase) antisense RNA #22} £4]

Zolw, pPAB3 fH7et pPAB2 {A7F 7zt
3 AAgE]e] A Br2lo] okl eyl §&
oA 53]},

Fig. 6. Regeneration of roots from NC82 tobacco
leaf containing recombinant plasmid pPAB3 on
root induction medium.

Fig. 7. Transgenic tobacco plant containing
recombinant plasmid pPAB3 in green house

3. MutEl SEXME HE0M REXR &l
24T WA A A HAAY dxg
Qlo2HE] DNAS FZdle] NOS terminator?

sequence s ©|-8-%t primerE 7HAl3L genomic PCR&
F3istsict. 2 A3 pPAB2/NC82-1,2,4, pPAB3/
NC82-1,4,5,6, pBTEX/Br21-1,2, pPAB%/Br21-1,
Ze]5l pPAB3/Br21-1,2, & 12719 A% 4]
Al A 24 QIS st
(Fig. 8).

—

2 345 67 8 9 10111213 1415

Fig. 8. Electrophoresis analysis of genomic PCR
amplified fragment to confirm transformation.
Lane 1, 15, 100bp ladder; Lane 2, NC82; Lane 3,
pPAB2/NC82-1; Lane 4, pPAB2/NC82-2; Lane 5,
pPAB2/NC82-4; Lane 6, pPAB3/NC32-1; Lane 7,
pPAB3/NC82-4; Lane 8, pPAB3/NC382-5; Lane 9,
pPAB3/NC82-6; Lane 10, pBTEX/Br21-1; Lane 11,
pBTEX/Br21-2; Lane 12, pPAB2/Br21-1; Lane 13,
pPAB3/Br21-1; Lane 14, pPAB3/Br21-2.

E< =

el A Edell A nicotine FAREZE =43}
7] $isted UZE AgHAol Fodsli= putrescine
N-methyltransferase(PMT) 349} §AAE A&
AAAL-E wElel pBTEX plasmidell S84 #)
2ol gl FAAZS A e3slick. PMT £
A7e] =R 93 PMT $442 CaMV 355
promoter®] <AwlgkoZ 4%t pPAB3 S-AAE
Aol HARZEG om, vl EAE 2] ME]Q)
pBTEX®} CaMV 35S promotere] Awtsko = Ab
AT pPAB2 FAAE ZH7 odZoll PAZZR

tl. pPAB23-AA7E HAABE NC827F 37,
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pPAB3 #4271 gAHGE  NC&st 4,
pBTEX #3z7} #4534 Br2le] 270, pPAB2
SAx7F PAA3E Br2le] 170, 2]l pPAB3
SAx7E FAAZE Br2l 3787F NOS terminator
9] AArjALWNA AZRSE  primerE o] 83
genomic PCRE Z3slo] AARE|9 o] Eelx]
Ark o] F 4A1Ex9] pPAB3/NC82-1 7 NC82
o] Qo4 #A7t JIel dEg Aoy &
2ol Z& JehNA ¢kskrHData not shown). LEuh
o] At UZE ko] 7ha £ A&7 F
A3k Aol ollmz el kg Y vt
Q3 AE F 24 AEANA cHAl FAHS ¥
b ARl AE 48 5 ds Z2eE AgH
23 N, tabacum cv. NC5672} N. tabacum cv.
TC87200 FAAE AR Aloln, PAH
Aol J3E 3k AlE 248 diFelr
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