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Generation of Transgenic Plant (Nicotiana tabacum var. Petit Havana SR1)
harboring Bacillus thuringiensis Insecticidal Crystal Protein Gene, cry [ A
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Bacillus thuringiensis, a gram-positive soil bacterium, is characterized by its ability to produce crystalline inclusions during
sporulation. The crystal proteins exhibit a highly specific insecticidal activity. An insecticidal crystal protein (ICP), Cry I A,
is specifically toxic to both lepidopteran and dipteran insects. In this study, tobacco plants transformed by the criy I A gene
have been generated. The Cry I A crystal protein was purified from E. coli JM103 harboring cry I A gene by differential
solubility. The activated Cry I A was prepared by tryptic digestion. The purified protoxin (70 kDa) and the activated toxin
(50 kDa) were analyzed by SDS-PAGE. To generate the transgenic tobacco having cry I A gene, the cry I A gene was
subcloned to a plant expression vector, pSRL2, having two CaMV 35S promoters. The recombinant plasmid was
transformed into tobacco (N. tabacum var. Petit Havana SR1) by Agrobacterium-mediated leaf disc transformation. Through
the regeneration, six putative transgenic tobacco plants were obtained and three transformants were confirmed by
Southern blot analysis. It has been found that one plant had single copy of cry I A gene, another had two copies of the
gene, and the third had a truncated gene. After the immunochemical confirmation of cry I A expression in plants, the

transgenic tobacco plants will be used to study the genetics of future generation with the insecticidal crystal protein gene,
cry I A.

Key words: Transgenic tobacco, Insecticidal crystal protein, Cry [ A

PO W A&H AFAEE e AEESA AFA) 9 fEA
aHg-o] futo] Zallo] A= T 9)cH Vaeck et al, 1987).

HFAAEE o] & AE ok 53] AE &% dF+ Bacillus thuringiensise= 1% °f4¢] B Ald22, 54
AlEo) AgA ez} 225 DNA 7) % o) g3t 97 $AA TEol gt AFALZ Qld A7 dAfo] Heo %M B.
ol AEA W =9 # ARE WS bsA s ek o thuringiensis= @A) 80F o]} $AHNEY, AFAHY 4
2gt -4 2E gl glelA ?4: FEHD Qe RS Aol w2hA A A ARl de Edez o
WEEE 7P AEA Y sPdelch(Hofte and Whiteley, 1989). A 7HA e HYF 2802 YT glon, 7 HdF 1%
g3t AF2A] G802 sl ofr|H= AU o2 < AFAE vebll = f3xY 97 MY f aA 72
(Flge] T8 5& Folmat k= xe gzloz ER o sl wet 2 A9 sy 2FeE FHEHT A

HZout 2gstn Ade] 2344 egoz Hgaln go (Héfte and Whiteley, 1989). B. thuringiensis= A} A A =
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717 vimA & 2wA) Felo A A7t A2 §9HA
o) AAL WEA (inclusion bodies) 2 A 8te}, o] WEAS
FA 8= AA A o] A4S viehl &4 (Aronson et al,
1986), =l o5 ArEAl ZA A (Insecticidal crystal
protein, ICP)2] Akl ary FAA7F 2329 H3X 1 4

7] Alelo] 23 5)%1=H Whiteley and Schnepf, 1966). A4t
Wz e §endotoxino] 8t T ¥ protoxing] HHZ WA
e, 23§39 F4A 853 typein-like protease
of os) Ao} N-=eh Zo| FH(50-70 kDa)o] F4&
77}.;1:‘ toxin®. 2 A3t A3ty AL 22} Ay

l Al Zotel] Ex)3he +E4A o 2t K*-channel—

shed, ol AuAEe] AHRsE B & walste

71] FeH(Gill et al, 1992). o] ArEA AR u}uliz',]
Eol4e vl % F49 AR EAze 5
Aol s FA=HE Aoz odejA ek (Hofmann et al,
1988: Ge et al, 1989).

19979 H 822 434 AYDAL ay[Ab FAAE 3
A3 7] Gl A o] wtEolA o) F 2 AAuhwA FAH
AT AZA WE EAUG B3 AP A Aol B
3] A =53 9 ch(Vaeck et al, 1987). viuloli} ZF3feoll 3]
Ae e 27 25 BE 59 F3l Aol YRRV
B9 W34 AEA A% QT AT 3 enkins
et al, 1993: Salm et al, 1994).

CrylA ZAGHAL -2 éﬂ“*“ﬂ%ﬂlﬂr—‘& 2] AJAF
g BAAF TFY FFo BF Bojdoz FHE3n,
protoxin ¥ A4 2% toxin®| —:7‘}‘%“] o2 A A
Hle] e Ao oA 9ok Cryl[A AR TIRAL AL
B. thuringiensis var. kurstaki HD-1e]A 22|53, ay A
427 289 3% kbe] DNA w9 2934 971 A
o AA o] 435 H Widner and Whiteley, 1989). 3} cry
TA f378 2o #A% chaperonind] & AF= 5
8) ] ) o} Crickmore and Ellar, 1992).

B AFNMNE ay[A FA129] AEA o FAARE 9
ste] A2 Wy WEE FA T, o] 2 AgrobacteriumS ©)
$9 YABges 59 AEY i) o] EYstel 3

L ofy N\O c& =

AR ATAE F4siom, §AUL S Southem
blor E# alsiolch £ @7E Bkl eldl aylA
Y449 ABAE 434 47 $¢ $o 934 4F
AP Fo HA P BAL AR 7z ARE 049
Aeleh

Mz o Uy
ZAIX 2

2 dFo|A= B. thuringiensis var. kurstaki HD-1oj|A] %

2" ay[A FA27 23 F244n| =(pSB3U) & ol =
2.38te] 9 8 )& Bacillus Genetic Stock Center34-E]
Fof ol Alg-Ed HAA B A8-® Pl (Nicotiana
tabacum var. Petit Havana SR1)¢} 4] 8 its] WE] T4 o
AH+-% pGAG43, pBII2l ¥ E] W Agrobacterium tumefaciens
LBAUM: 52354 Fidr|edezrel 2o Pl
Ateald ey, S A T F(Escherichia coli JM103) =
Stratagene Cloning Systems(v} =)ol A F&ho] A}8-5}3] )

oy rk‘l

o
ad

Cry [A ZATHHHZIo| 22|

"

B. thuringiensis®] Cry [A ZAdA & B)s}7] §3}e,
ayTA §Ax7} pTZISR Hef A" 2§ Eehan
=9l pSBIUE CaCLE o]t nlAE2] FAxS whye
2 E. coli IM103¢] 3AX3 Al7] &, ampicillin (50 g
g/mL)o] A7t wixoA FAARHNE A
Alkaline lysis ¥} ¢ 2 pSB3M Zelan =2 A2
FE 223 ¥, AGEL: HYE B ay[A A4S &
91 8} t}(Sambrook et al, 1989: Kwon and Oshima, 1992).

CrylA ZAWALE E coli FAAGA2HE L3 x2)
A2 o] &ste] FulslgdvHLee et al, 1992). pSB3M Eeta
o =2 43 E coli IMI03 FAARAE FAAE EF
g LB wjA|el| M 37°C, 48417t 5ot debick st i
A S YAIE(10000xg, 4°C, 10%)3 ¥ pellets 20 mL2]
lysis buffer (50 mM Tris-HCl, 50 mM EDTA, 15% sucrose,
pH 80)o] =o]X & %x7} 1 mg/mL7} X5 lysozyme
S AT F, 522 YsEA 3% 02 B3 33 WHE
dte] 2&3 Bslgdeh dgdS 44 Fe(10000xg, 4°C,
108)5}o] pelletE 223, ) A=l 2% Triton X-1002}
05 M NaCle} &=tz F, ofA] 4] £2](10000xg 4°C,
10%) stgden of whAlZ 33 uhelgel. Ropal pellets
05 M NaClell &A1l ¥, YA41E-2(10000xg, 4°C, 10¥)
3tdar of A S 53] ubEsielch ohA| pelletd FiTol
el F, YAE(10000xg 4°C, 108)31= AL 2
3] wrEaloin) o8 WA AHE AR F delAl pellet
£ solubilization buffer (10 mM dithiothreitol, 50 mM sodium
carbonate buffer, pH 95)o)] o] 2A)7F E4t 37°CoA &
A7 F, YA F(12000xg, 4°C, 108) 8t 4ZAL 3
3led Cry 1A AR AL AA E. coll d¥AZHEH Fe
3k9dch. Trypsin# protoxin®] F-3|v]7} 19| 50¢] SHEF
trypsing A 7}3} 3 37°C°1]A1 2217+ AHelske toxin 3Eje
Cry T A ZA AL &icth

0ok

IHH Al

—

Hel ®Mzt

CryIA ZADNA f--zle] g 2 E 43 de:=
pGA643S 71222 3l F 748 CaMV 35S promoterE



e WEE FA3 ¥, Xbal 3} Hpal o2 Augr 22
kbe] ery [A FA2 HHAE AFSIste] 144 kb =27]9] A&
wra W) pSRL2E A 2halg] oHFigure 4). o] W E}E CaCl:
o] 98 freezing®} thawing W S 2 Agrobacterium
tumefaciens LBA4404¢] 3 A A 33t ¥, kanamycini}
tetracyclinee] H7Hel YEP wizlel| A 3] AARAE A3}
©H Cho, 1995).

ol (N. tabacum var. Petit Havana SR1)¢] ¢d3i32- 3}
< g3 o] stk A 0Y 7t A=A
el & AFHsl] 1 of A= F7]0 HHoE Fddn
olZ ay[A #7472 AE 4d ¥ pSRL2e| ESid
Agrobacterium 3% Wjopsle] 137+ 94 29N F, 6
henzylaminopurine (6-BAP)7} #& ¥ & 1 mg/mlr} HEE
#7}% Murashige-Skoog (MS) 3HA wj=]e|A] 28°C ¢ Z7d
sloll A 3z 71 wipstsdoh o AAES 6-BAP (1
g/mL), cefotaxime (200 pg/mL)$} kanamycin (100 /tg/mL)
of #7bxl MS ghA wize] 244gE F B CollA] 3d7 ¢
HelFhal, ol & 2°C FxAdstel Fof Az AL FE8)
Aot vk oF 209 F 4 AxE d dHoRRE ¥
gt AR Aobd Ax frE H"MW o8] we|
A S A F, cefotaxime (200 pg/mL)3} kanamycin (100

#g/mL o] Pl 7}.Q_1_ /H Z]’ _E_E——\g_‘ 7}'511] ?t]i'g 1/2 "LE
o] MS A wjR|o] HAFsIT o] 2 28°C F2A FHelA 7]
v owiekgte g g frslgich

x
SR

02
rie

AMEA2 HE
Gulol] = ay[A FHze] T2 455 &3] 4
5}ed Southern blotg 4=8)3}¢ict Puljell Al A2 DNAE ¥
23l w2 Tais} Tanksley (190)9] ubgE ¥ 3le]
0]3-3}"3011] AlE DNAE Xbal = Xbal 3} Kpnl &
dohal 3, Zhzbe]| o sl Southem blot& $agro 2 A
B A9 99 oy la AR FE ARG
pSB3Mell Z29E ay[A +4#] 4%-¥<l 14 kb Banl
DNA A 3L random hexamer 8} (Feinberg and Vogelstein,
1984) 2 EA|ste] A YO ALLated.on, Southern
blot @ Southemn hybridization& McCouch £(1988)9] u}H
of ube} F3siedct

An ¥ 0%

ofe] ol W Sed FHoE st B
thuringiensis®] A EEH AFALY ol & AL YR
g 725k w4 gel tehh: A34el BRTRA
sgt Zoleks AMle] walA T AR FARA 2
29 gol wet 40 24 B 4FH AYRUA
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S AF AAste AFAE o4 977 Ao
$tch(Aronson et al, 1986: Aronson, 1993). &1}, AA wh
AL o] 43 AFA Y Aol QoA AZA R A
I ATAL] ALA ol EAIL A7) Bl whe)l H2
FRAFHHLZ o FAHAE 2E AEA W AH
xsteles A7t AYFx 9o (Hofte and Whiteley,
1989: Lambert and Peferoen, 1992). £ & Feo|A = B.
thuringiensis®] 454 ZAA A fAabel ay[A F4#

£ E. coli el L8AA CrylA A 1% ¥e)aty
ﬁml, ol ayIA fA2H HEA =437 f3 AE 2
& e E FAET o] & Agrobacterium$ o] 43 HAA
S E5 ASA () el =5t YAAH HEAE ¢

J—Z} st

B. thuringiensis®] Cry [A ZAA b S Hejslr] 93},
cry [A v’ﬁx}ﬂ A E Eetan|=5 gustd, ofF E
colis] HAREE T, Aty FAHRAZEE Cry[ A g
Z4D}Hl{7<‘9— 23lgdeh ay A §3 A= B. thuringiensis
var. kurstaki HD-102 %8 Hald 7108, ofl ¥ orf2%
g7 FHzke] ee] "3 promotert-$]E Eg}sle] A
A 3% kb 2719 ez Yz HSS Fskid
(Figure 1, 2). pSB3UE ay A A2} Yo% orflz} ori2E
2gsn e, AFRE 2 FLA o UFEHAA fL
v o] dTelA o]52 B. thuringiensis Well A cry [A
FA2Le dd g HAL F mRNA2| A Aol Fefsl= A
o 2 o34 F(Crickmore and Ellar, 1992).

BANAE 43 Fe) el zasklA Y
] o33t Aol AxtHmA AA o] LaF, S A
Joil RS 22 U)9) proteases] oja] AThEe] BAL 7
= 3e]o] toxine] FTHDu et al, 1994). o|2|8 AlAL o
£3le] E colieA] 3% Cry[A ZAiAE obze] &

o

4

>

. LtacZ
. o0 Hindii
Iy 4

Figure 1. Restriction map of pSB304 harboring cry JA gene. The
cry [ A gene was cloned to pTZ18R vector including orfl and orf2.
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M l 2 3 Figure 2. Agarose gel

l{b electrophoresis patterns of
cry [ A gene. 395 kb
fragment containing cry [ A
gene was cloned to
pTZISR vector. M, DNA
size marker (1 kb ladder):
Lane 1, digested pSB304
with BamH1 and Hind
I: Lane 2, 3% kb DNA
fragment containing orfl,
orfZ, and cry [A gene:
Lane 3, recombinant

plasmid pSBIK.
Ao gt LA zfo]E Fa A IWARFY Fls}
ok 22" Cry A 24 A2 SDS-PAGEE o] -85}
BAst Az oF 70 kDa) protoxin e Cry[A AAwH
Aol 7o shelFglon, o] F trypsine 2 Aesle] &
AgkE 50 kDa2] toxin @HE 4& 4 UM HFigure 3).
Cry[A: o2 AA A (120-130 kDa)oll v]s Fx}sko]
ztowg, o2 AEAH W2 NS o AAb A
T {5 SFAM M AEAY o FHz L
off thak A& - A9 o, Al 5 - of o
st o2 AR d w7t wwd 2 4
4+ 92 A58 A £ dE Aoz 59 B

zx]—ﬁﬂ A }\' A %

b

|
7 ¢) 21} Agaisse and Lereclus, 19%), E. coli W el
IA $2749) WY AEe ool v HEY B o=
gl ol ay[A fAzte] 4d 712 £ Hapel #
o} 5}= RNA polymerase?] ¢ factor®] xz}o]Z <ld}e], B.
thuringiensis®} E. coliell X A k2] el Aol & vehd
= 7103 ¥olcHBrown and Whiteley, 199%0).

HEHH A2

H el Mz

HAA g glejA FodF AL AEIFEd,
Agrobacterium% o) 48t FAAHE AR AFNM F2
A 23S JepdcHAn et al, 1983). Agrobacteriume] 74
st} Ti ZtAn|=2 Adsled 943t 7)zte] A
Aot Fg=e] ke AR dd F8 FFA @A
) ABeME of W 9] bombardmentr} YHAA &3
2 5% AR Y Sol 44T Yok BT T ek
ul=e) o] 7)zte] FpHo2 HHAH we}, F8 FF
ol walyd AEAE AdHLE wounded factoryl
acetosyringoneS 2|3t 2 A Agrobacterium& o] 83t 3
Agol NAsdcte el BIHIT 9lvh(Sheng and
Citovsky, 1996). B o Fo|ME Agrobacteriums ©l]7) 23k

Figure 3. SDS-PAGE analysis of Cry [ A crystal protein. Cry [ A
crystal protein was purified from E. coli JM103 harboring pSB3M4
by differential solubility in alkaline solution. The purified Cry [ A
crystal protein was activated by tryptic digestion. M, protein
molecular weight marker: Lane 1, total proteins of the non-
transformed E. colii Lane 2, total proteins of the transformed E.
coli harboring pSB304: Lane 3, the partial purified Cry 1A crystal
protein: Lane 4, the activated Cry [ A crystal protein by tryptic
digestion.

P35S Pnos GUS Tnos pGAB43
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Xba | Xno t EcoR | Hpa | Hind Hit

—

cry HA
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Xbal, Hpa

ter7'— «—terS’ BL

BR npt P35S P35S cry l1A
pSRL2

Figwe 4. Construction of plant expression vector, pSRLZ, for the
transformation of cry I A gene into tobacco. pSRL2, for generation of
transgenic tobacco having cry JA gene was constructed based on
pGA643 and pBII21.
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4le] A : Southern Blot

SHAe] £ oJEZ Folshilxl ) Yo TIHE
genomic DNAS 228t F, o] & A& A Xbal E+ Xbal
3} Kpnl 22 Agsls A 7)9dEsked Southern blotd 48
stk HARZE aylA A 45452 14 kb Banl
Aas AHL AH4-s19ich Southern blotd 43§t 4,
AlgtE s Xbalzt Kpn]l &2 A5x4 DNAS Awhst A<,

22 kb $2ol N HAE A4 ay[A FARS 454
A band® BATE A4 A F T AR (AR
£ 03} AE B)ol4 HAssdekFigre 6). ol 4% 4

HE)E Xbal 3 Kpnl 22 APE 9 AL aylA
FA7ke] DNA A Zolsh §dd 7ol & MA(KE
Al ol o 2719] band7}h FAH AL, ol ayl
A frzte] d¥7t Ao sy el ALE AR
wA A RAAME ay[A 23] EU4HA - e
Fol=leh AlgEA Xbal T2 ADd A, AE C
F 78] band7h, HF E= #h}9) band7} ay A £
2k AgAel oy AL Yeiten, AE Ax AE C,
Eoh= o2 32719 ddeX 4FA e bands} HAHY
oH(Figure 6). 48 BFel vebd WM SHA9Le 7
=5 s & o, A€ Cx F A aylA FAR7}
genome o] A2 o 91X Sl Ao, AE Ex
& Ao A AFlE Aoz BAE <@ £
copy 48] Ztol7h HAz wd P AHEe] At v]R]=
F 5T %o o dFY fRolE Algdn =49 ay
IA $37e] genome W <3S HME A7t @&
T aylA FAAL $A437F dos, f44 £ 2

i

Transgenic tobacco harboring cry [ A gene 309

Figure 5. Regeneration of the transformed tobacco. Tobacco was
transformed by Agrobacterium-mediated leaf disc transformation. A,
Plant regeneration from leaf disc cultures: B, Shoot elongation on
shoot induction media: C, Root induction on root induction media:
D, Complete regeneration.

A B
kb M1234567 kb M1234567

Figure 6. Southern blot analysis of the putative transgenic tobacco.
DNA blots were probed with ¥P-labelled ery I A gene sequence. A,
M, molecular weight marker (A/Hindl[ ): Lanes 1-6, transgenic
tobacco plants digested with Xbal and Kpn] (tranformants A-
F). Lane 7, control tobacco plant digested with Xbal and Kpn].
B, M, molecular weight marker (A/Hind][): Lanes 1-6, transgenic
tobacco plants digested with Xbal (transformant A-F): Lane 7,
control tobacco plant digested with Xbal .

og Rolt AASY dmil R A7 Do) 5 Fa A4
e F AAEE 9 FEAY T AE A 27
sed i3 289 ARE o149 4 AL Aol

NEA delH ARDUAY B AE7} 9 AL 2
A7) A EAN 7195k AEH S codon usage
o AEE 9 G+C ulEE X7 el Ao sy
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tH(Perlak et al, 191). = ay A $A# Yo 7}x]= AT
2] 7] wjde]l A Eo|A 2] polyadenylation signal 7 -F-A}3}
o] mRNAZ E9tAsHA &7] 59 722 HolvHPerlak
et al, 1991). AlE o] ZEx}3}= transgene silence system™
FAE AlEoAM ol FAAL] EEAH HHE oA
8= 3_21 i 21E 3 9ol (Matzke and Matzke, 1995).
1313 A el Aol AFA AA e WS
e AEHez 2 3] HeMEe AE
Aohild §Az1e) §7] MYE ofm| Abe] ¥
3 glo] A1E-2] codon usage B BHA A ghel= HAA
o] 34 9 Az HAA o] dasteet 2ok w3 AA

WAl warl 35§43 *—J%"éé et 24
Hojurs ARGl A% vy Doz} 71 FHz 4
7] A2 glE] A7) B E Fo l% gl & 4 9]
% 7 o]t} Agaisse and Lereclus, 1995).

2 d
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oAe A AR dHA ay[A FAA

| Cry[A ZAAAE Felsigich
=3 ay [A FAAL] AEA W 2EE Heted FEHE
A8 0|2 AgrobacteriumS E3] Hul A Fel T, AE
2o RS AAH 92 A AEA F A WAL YAA
3t o{%-& Southemn blot& F3l % ‘31?5]'93‘:} o 337‘]7‘45]’

Bacillus thuringiensise 1% %4 £ AFL2 EAH9A
Al AR WEAE Ak, of WEAE T
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