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1#[;?{ psbAﬁlefrFrﬁ 1 ;ﬁi_f* ] 5°-UTR ( P/psbA) ~ psbA 3>-UTR (TpsbA) » I'] & uidA
F - F[R] %7‘ U Kan' E“”‘II‘(LFL”I* » iU uidA T D Xbal <[ a5y Sac |
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EcoR | ;l t;%l pCHL1 ?TFF! » Iy R pCHL1 HFEIFFJ i< b l/}l =Y rﬁ'“' (b)—(e) N
’ETF;{’F“ ] E. coll}wlﬁ S Amp 7 FLE (Amp') -

Constructlon of pCAM-Ac arl;d pN-IC101. (a) A 4.1-kb fragment, comprising the
maize ubiquitin promoter, the synthetic crylA(c) gene, and the NOS terminator, from
the pUBC plasmid was inserted into the Hind 111 site of pPCAMBIA1300. The resulting
plasmid with the same direction of transcription of the lacZ promoter (PlacZ) was
designated pCAM-Ac. pCAMBIA1300 is a binary vector replicated and maintained in
E. coli through ori2 (ColE1) and the Kan' gene and in Agrobacterium through oril (rep)
and STA from the pVS1l plasmid. The bom segment is responsible for genetic
transformation from E. coli to Agrobacterium. In addition, pPCAMBIA 1300 contains a
CaMV 35S promoter (P/CaMV 35S)-driven hygromycin-resistant gene (Hyg'), multiple
cloning sites (MCS), and a lacZ gene within the left border (LB) and the right border
(RB) of the T-DNA. (b) pNT2B, an intermediate vector, is composed of partial
sequences of tobacco chloroplast rbcL and accD genes, the selection marker aadA
gene, and the Kan' gene. The Kan' fragment containing various restriction sites at both
ends can be used for further modification. (c) pCHL1, derived from pNT2B, was
constructed by replacing the HindIll-Sma | fragment of pNT2B with the
Hind 111-Pvu Il fragment of plasmid pSU8B6A A3’ which comprises a 3’ deletion mutant
of the spinach chloroplast tRNA*" gene and the E. coli tha terminator (Ta). (d) Plasmid
pJS25, originating from pUC119, contains the promoter and terminator of the tobacco
chloroplast psbA gene and the GUS reporter uidA gene. The Xba | site of pJS25 was
changed to Sac | and BamH | sites to form pJS25D. Plasmid pJC was constructed by
inserting the PCR-isolated crylC gene fragment into the Nco | and Sac | sites of
pJS25D. Then the Spe I-BamH | fragment of pJC was inserted into pTZ19-PLsTa to
form pLCTa. (e) pN-1C101 was constructed by replacing the Hind 111-EcoR | fragment
of pCHL1 with the same restriction fragment from pLCTa. All plasmids in (b)-(e)
contain the Amp" gene for selection in E. coli.
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Syn-1A(c) 1141 CTT TCC GTT CTT GAC GGA ACA GAG TTC GCC TAT GGA ACC TCT TCT AARC TTG CCA TCC GCT
AF023672 OTE TCC GTC CTE GAC GGC ACC GAG TTC GCC TAC GEC ACC TCC TCC AAC CTGE CCOC TCC GCC
M11068 CTA TCT GTT CTT GAC GGG ACA GAA TTT GCT TAT GGA ACC TCC TCA AAT TTG CCA TCC GCT

~

1201 GTT TAC RAGA ARG AGC GGA ACC GTT GAT TCC TTG GAC GAA ATC CCA CCA CAG ARC BAC BAT
GTA TAC AGG ARG AGC GGC ACC GTGE GAC TCC CTG GAC GAG ATC CCG CCG CAG AAC AAC ALC
GTA TAC AGA ARA AGC GGA ACG GTA GAT TCG CTG GAT GAA ATA CCG CCA CAG AAT AAC AMC

1261 GTG CCA CCC AGGS CAA GGA TTC TCC CAC AGE TTS AGC CAC GTG TCC ATG TTC CGT TCC GGA
GTC CCG CCG AGG CAG GGC TTC AGC CAC CGC CTG AGC CAC GTG TCC ATG TTC CGC TCC GGC
GTE CCA CCT AGG CAA GGA TTT AGT CAT CGA TTA AGC CAT GTT TCA ATG TTT CGT TCA GGC

i synlAc-F 37
1321 TTC AGT AAC AGT TCOC GTE AGC ATC ATC AGA GCT CCT ATG TTC TCT TGG ATA CAC CGT AGT
TTC AGC AAC AGC AGC GTG AGC ATC ATC AGG GCC CCG ATG TTC TCC TGG ATT CAC CGC AGC
TTT AGT AAT AGT AGT GTA AGT ATA ATA AGA GCT CCT ATG TTC TCT TGG ATA CAT CGT AGT

1381 GCT GAS TTC AAC ARAC ATC ATC GCA TCC GAT AGT ATT ACT CAR ATC CCT GCA GTG ARG GGR
GCC GAG TTC AAC ARC ATC ATC GCC TCC GAC AGC ATC ACC CAG ATC CCG GCT GTG ARG GGC
GCT GAA TTT AAT AAT ATA ATT GCA TCG GAT AGT ATT ACT CAA ATC CCT GCA GTG ARG GGA

1441 AAC TTT CTC TTC AAC GGT TCT GTC ATT TCA GGA CCA GGA TTC ACT GGT GGA GAC CTC GTT
ARC TTC CTG TTC ARC GGC TCC GTG ATC TCC GGC CCG GGC TTC ACC GGC GGC GAC CTC GTC
ARC TTT CTT TTT AAT GGT TCT GTA ATT TCA GGA CCA GGA TTT ACT GGT GGG GAC TTA GTT

1501 AGA CTC RAC AGC AGT GGA AART ARC ATT CAG ARAT AGA GGG TAT ATT GARA GTT CCA ATT CAC
AGG CTG AAC AGC TCC GGC AAC AAC ATC CAG AAC CGC GGC TAC ATC GAG GTC CCG ATC CAC
AGA TTA AAT AGT AGT GGA AAT AAC ATT CAG AAT AGA GGG TAT ATT GAA GTT CCA ATT CAC

1561 TTC CCA TCC ACA TCT ACC AGR TAT AGA GTT CGT GTGC AGS TAT GCT TCT GTG ACC CCT ATT
TTC CCG TCC ACC TCC ACC AGG TAC AGGE GTG AGG GTC CGC TAC GCC TCC GTG ACC CCG ATC
TTC CCA TCG ACA TCT ACC AGA TAT CGA GTT CGT GTA CGG TAT GCT TCT GTA ACC CCG ATT

1621 CAC CTC AAC GTT AAT TGG GGT AAT TCA TCC ATC TTC TCC AAT ACA GTT CCA GCT ACA GCT
CAC CTC ARC TG AAC TGG GGC AAC TCC TCC ATC TTC TCC AAC ACC GTC CCG GCC ACC GCC
CAC CTC AAC GTT AAT TGG GGT AAT TCA TCC ATT TTT TCC AAT ACA GTA CCA GCT ACA GCT

1681 ACC TCC TTG GAT AAT CTC CAA TCC AGC GAT TTC GGT TAC TTT GAA AGT GCC AAT GCT TTT
ACC TCC CTC GAC AAC CTC CAG TCC AGC GAC TTC GGC TAC TTC GAG AGC GCC AAC GCC TTC
ACG TCA TTA GAT AAT CTA CAA TCA AGT GAT TTT GGT TAT TTT GAA AGT GCC AAT GCT TTT

1741 ACA TCT TCA CTC GGT AAC ATC GTG GGT GTT AGA AAC TTT AGT GGG ACT GCA GGA GTG ATT
ACC TCC TCC CTC GGC AAC ATC GTC GGC GTC AGG AAC TTC TCC GGC ACC GCT GGC GTG ATC
ACA TCT TCA TTA GGT AAT ATA GTA GGT GTT AGA AAT TTT AGT GGG ACT GCA GGA GTG ATA

S synlAc-R S
1801 ATC GAC AGA TTC GAG TTC ATT CCA GTT ACT GCA ACA CTC GAG GCT GAL TGA
ATC GAC AGG TTC GAG TTC ATC CCG GTC ACC GCC ACC CTC GAG CCG CCG TAG
ATA GAC AGA TTT GAA TTT ATT CCA GTT ACT GCA ACA CTC GAG GCT GAA TAT

£ 55 Y crylA(C)BL RS2 s ﬂgw HH P L - e N
cryl&(c)%rl[ﬂ s 15 Ry Syn- lA(c) Z K 1,848 bp- %LEE" 9“J cr;J?LAcl ﬁlfﬂ (Genlg
accession no. M11068) Ffik » 7= BV AGF E&#:EH Ja ‘fl AR Tid (2 |f
55 EL (GenBank accession no. AF023672) E 851 bp eS| crylAcl ol
VR P B G o A ﬂguﬂnuggug_g Wgtp 1 S PCR g
-1" synlAc-F % synlAc-R )f? 11‘“ Syn-1A(c) H-Z[| > I f:‘" EHE R F;ﬁz » [l
synlAc-R g5 3 /[ 2GR :_V;"FFJ‘}Q FIﬁF[ crylAcl frl[ﬂWR 3,534 E ) @ IRE
SUN $i3h S 1 5 Bupe 7 - K 1,848 bp -

Fig. 2. Codlng sequences comparison of two synthetic crylA(c) genes with the wild-type gene.

The synthetic crylA(c) gene used in this experiment is represented as Syn-1A(c). Its
length is 1,848 bp. The bases of Syn-1A(c) which differ from those of the wild-type
crylAcl gene (GenBank accession no. M11068) are shown in red. Another modified
crylA(c) gene (GenBank accession no. AF023672) with a length of 1,851 bp is also
shown. Its base differences are shown in blue. All differences of the two synthetic
genes compared with the wild type are highlighted by gray blocks. The two primers,
synlAc-F and synlAc-R, used for PCR assay are in boldface and italicized. Only
1,848 bp, the N-terminal domain of the wild-type crylAcl gene (3,534 bp), is shown.
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fﬁ'_: AL crylC H R S S A B R - 5 PCR | ﬁ%’ ’F%I’FTFFJ pSB744 53
FEli— crylC BRI A il » ik [H = Kk 1,986 bp- * ﬂﬁF‘F‘y 661 [z AL iz -
g} I'Ff, 2Rl }L, 74.3 kDa - - v[JE% Py crylCa5 L™ (GenBank accession no.
X96682) 7FE”|J ) @Tﬂdl v Jﬁf‘y’ﬁ’j 1,983 ffﬁfr‘?ﬁ PREn T Ay G o {157 661 ifﬁ
g Bl el Aspartlc acid (D) jt%‘} Glutamic acid (E) - 97" 1C-F 2= 1C-R [ ™ 5T
e SR PRI P POR AL o 1 AR 31111 1C-R A TR R
TV .

Fig. 3. Coding sequence and its deduced amino acid sequence of the crylC gene. This
crylC-type gene was isolated from plasmid pSB744 by PCR. The 1,983-bp sequence
coding for 661 amino acids with a predicted molecular mass of 74.3 kDais shown. The
sequence is identical to the published crylCa5 gene (GenBank accession no. X96682)
except the 1,983th base where “T” was replaced by “G” causing Aspartic acid (D)
being changed to Glutamic acid (E). The two primers, 1C-F and 1C-R, used for PCR
assay and DNA sequencing are in boldface and italicized.

labeling systems, Amersham Pharmacia
Biotech UK Limited, Buckinghamshire,

England) 3+ fh -
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S Bl BEARO23672 W9 % 4
CrylAQ)® ® I PR N
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EL PRI () P [iss amo s
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PCR - | VFT} pSB744 |[153 ZE 1~ i crylC
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Wi ATG 89 Neo | =/ » 75 g[-" 28SstIC
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" i 28SsCH [ TR I {157 1,983
[’Fﬁfﬁﬁ @E”AT W@y G kIR ]a;‘[ BT 661
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) 9 Bl R By 2 A8 S i 2 fﬁ'% o |74 1w 4% (nuclear transgenic, Nu-TG) Y
crylA(c) £l [*I%&Eﬂﬁfgﬁ}l, KRB HF 41kb - ™ crylC FLRavE g {25 ] feﬁkTst
rbcL 2 accD £l F}FJ (@1 WT B ﬁ@ﬁﬁﬁ’liﬁwﬁ?ﬁ rbcL %= accD £l ALl
%ﬂ*%" A BOREBSE Pstl - Xho | JY BV RS P BT Hind 11} 5

o (@)f]1 Pt-TG F[J&>- ﬁ@lrﬁ;ﬁ%ﬁiﬁ (plastid transgenic, Pt-TG) & crylC Kl 5=
tl ﬂ FL PRI U l}bﬁrﬁygﬁﬂ % Hind 11l Jj BV assd . (b) | H”p ik
syn-1Ac-F~ synlAc-R~ 1C-F~ 1C-R §E+ PCR it » [ 5] 499 bp I % (PCR Ac)
5= 598 bp I & P (PCR C)> ﬁ?’” DAL AR AT () e (C) P A BOFET EE”
H fﬁjﬁ@?ﬁﬁﬁlfﬂ Eﬁ T crylA(c)EL crylC L™ - i | DNA ff*F‘[!F““J” ] Hind 111 TR
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ﬁ‘[ﬂ“@ ] 499 bp I PCR & P1 PCR-Ac |* }'r TEi] B S AR EEEEE - ENH] crylA(Q)HL Y
F e PR (WT) féqcﬁvffﬁ rbcL &2 ach erWF% Jav Pst | — Xho | Ji & (% o
[HILER Sk S [g“iﬁu crylC Bl &7y - fff{#”ﬂaﬂ?l Nt-Ac/C-1- 2: Nt-Ac/C-2 »
3: Nt-Ac/C-3° WT : A =5 5T - rﬁ‘(b) 751 f;[%:t M : 100 bp DNA ladder (GIBCO
BRL, Life Technologies, MD, USA) - Ii(c) 1/ 55 " i 41 53 [l Fs 1 kb DNA ladder (j
(c).-, GIBCOBRL) A DNA/Hind Il J} £ (Tﬁﬁ'(c)1 E(

PCR and Southern blot analyses of crylA(c) and crylC genes in the co-transformed
transgenic tobaccos. (a) A schematic diagram with crylA(c) and crylC gene cassettes
inserted in the nuclear and plastid genomes are shown. The relative gene
organizations in the plastid genome for the non-transformed (wild type, WT) and the
transformed tobaccos (plastid-transgenic, Pt-TG) are also shown. The length of the
synthetic crylA(c) gene expression cassette transformed into the nucleus (nuclear
transgenic, Nu-TG) is about 4.1 kb. The crylC gene was expected to be targeted into
the intergenic region of rbcL and accD genes of tobaccos chloroplast. The expected
length of the Hind I1l DNA fragments for the non-transformed and the transformed
tobaccos are indicated. The 2.2 kb Pst I-Xho | plastid DNA fragment used as the probe
in Southern blotting and the size and position of PCR-amplified DNA fragments for
crylA(c) and crylC genes are indicated above each diagram. (b) The transgenic
tobaccos were assayed by multiplex PCR using four mixed primers. A 499-bp product
(PCR-Ac) amplified from the crylA(c) gene using primers synlAc-F and synlAc-R,
and a 598-bp product (PCR-C) amplified from crylC gene using primers 1C-F and
1C-R are indicated by the arrows. (c) Southern blot analyses for crylA(c) and crylC
genes in transgenic tobaccos. All genomic DNA samples were digested with Hind 111,
then probed with the PCR-Ac fragment amplified from the crylA(c) gene for detecting
the integrity of the synthetic crylA(c) gene (upper panel) or probed with the
Pst I-Xho | plastid DNA fragment for integration of the crylC gene into the plastid
genome (lower panel). The hybridized DNA fragments with the expected size shown in
(a) are indicated by arrows. The molecular weights were measured using a 100-bp
DNA ladder (GIBCO BRL, Life Technologies, Gaithersburg, MD, USA) in (b), and by
a 1-kb DNA ladder (GIBCO BRL, upper panel) or A DNA/Hind Il1 fragments (lower
panel) in (c). Numbers 1, 2, and 3 in (b) and (c) indicate the three individual transgenic
plants Nt-Ac/C-1, -2, and -3, respectively.
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F Vg ERLAR] PCR [ % 1C-F &= i Z%Ié;zﬁ%éﬁﬂ‘ B IHE] 499 bp I}y &
1C-R-H fﬁjﬁ@%ﬂ\ﬁ'l 7 FA‘ FEAREY crylA(c) (PCR-Ac) = 598 bp 7 J} & (PCR-C) -
B 499 bp L B (271 crylA(c) W:?F PR NE-AC/C-1 ~ -2~ -3 Tl Eﬂjr,
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Table 1. Insect|C|daI efficacy of the transgenic tobaccos co-transformed with the synthetic
crylA(c) and cry1C genes against larvae of the tobacco cut worm (Spodoptera litura)®

Mortality (%)%

Weight increased”

Plants Hours after treatment (%) after 96 h
24 h 48 h 72h 96 h

Nt-Ac/C-1 20 100 — — —

Nt-Ac/C-2 56 100 — — —

Nt-Ac/C-3 0 100 — — —

wT? 0 0 0 20 2240 £104

Y Early 3rd instar larvae were used.

2 An average of 1 larva per 20 cm? of leaf area and 3 replicates for each assay were applied in
this study. Tested leaves were soaked in water to keep them fresh.
% The weight of surviving larvae was measured at the beginning and the end of treatment.

“ WT, wild-type tobacco.
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Table 1. Insecticidal’ efficacy of the transgenic tobaccos co-transformed with the synthetic
crylA(c) and crylC genes against larvae of the tomato fruit worm (Helicoverpa

armigera)”
Mortality (%)%

Plants Hours afterytr;at)ment Weight increased?

(%) after 96 h
24 h 48 h 72 h 96 h

Nt-Ac/C-1 0 0 0 25 +415 £125

Nt-Ac/C-2 0 9 18 27 +51.7 =10.7

Nt-Ac/C-3 17 17 17 33 +10.6 = 6.8

wT? 0 0 0 17 +255.0 +18.2

D |ate 3rd instar larvae were used.
2 As described in Table 1.
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ABSTRACT

Lin, C. H Chang, M. L.}, Tzeng, C. C?% and Chen, L. JY 2002
Co-transformation of the synthetic crylA(c) and wild-type crylC genes encoding
Bacillus thuringiensis endotoxins into tobacco and their bipartite expression effects
on insecticidal efficacy. Plant Prot. Bull.44: 209-232 (‘Institute of Molecular Biology,
National Chung Hsing University, Taichung, Taiwan, ROC; “Department of
Biopesticide, Taiwan Agricultural Chemicals and Toxic Substances Research Institute,
Wufeng, Taichung, Taiwan, ROC)

Two Bacillus thuringiensis (Bt) endotoxin genes, a synthetic crylA(c) and a
PCR-amplified crylC, containing no C-terminal domain region responsible for
crystallization, were cloned into plant transformation vectors pPCAMBIA1300 and
pCHL1 to form pCAM-Ac and pN-IC101, respectively. The resulting plasmids were
delivered into tobacco plant cells by particle bombardment and subsequently screened
for regenerated plants resistant to both hygromycin (Hyg) and spectinomycin (Spc).
Three transgenic lines, Nt-Ac/C-1, -2, and -3, were obtained, and the coexistence of
crylA(c) and crylC genes in each line was confirmed using PCR. Results of Southern
blot assays further indicated the co-transformation of crylA(c) and crylC genes in
each transgenic line. The hybridization pattern observed using a plastid DNA probe
suggested that the crylC gene was integrated into the plastid genome at the intergenic
region of the rbcL and accD genes. The insecticidal activities of these two Bt genesin
co-transformed transgenic lines were assessed by feeding transgenic plant leaves to
third instar larvae of Spodoptera litura and Helicoverpa armigera, respectively. The
insecticidal efficacy against S. litura, caused by crylC gene’s product, was significant
with a mortality rate of 100% at 48 hours after treatment. This implies the abundant
expression of the crylC gene in chloroplasts. Although the mortality rate (25%-33%
at 96 hours after treatment) caused by the synthetic crylA(c) gene’s product was not
significant among larvae of H. armigera, their weight increments (10.6%-51.7%)
were much less than those of the control larvae (up to 255%). This observation again
indicates that expression of the crylA(c) gene in co-transformed tobacco provides a
protection effect for transgenic plants against the larvae of H. armigera, although it is
not as significant as that of crylC. The different insecticidal efficacies of these two Bt
genes may result from their different expression levels in two different genomes in
plant cells. Our data therefore support the notion that the chloroplast is a better
location for over-expression of B. thuringiensis endotoxin in the condition where no
crystal is formed.

(Key words: Bacillus thuringiensis, insecticidal crystal protein, transgenic plant,
co-transformation, nucleus, chloroplast)

*Corresponding author. E-mail: ljchen@dragon.nchu.edu.tw



