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Table 1  Primers for the amplification of different ppip constructs

Construct Primer(5§ 5371
ppip TTTTICTAGATTCGCAAGACGGCGTGGT
TAAGAGCTCCTCTATCCAGCGTTGGCG
cppip TCGTCTAGAATGGATTACGCGGCCTTG
AGTGAGCTCT CACGTTTGATCCTGGCA
cppip-S AGCTCTAGAATGGCTATCTTGCCGGTA

TATGAGCTCTCACGTTTGATCCTGGCA
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Fig. 1 Diagram of the element of the Pseudomonas pseudoal-
caligene insecticidal protein gene (A) and the plant expression
vector pCPPIP (B). A: The code frame of ppip gene included
SPS(signal peptide sequence) and cppip, its length is 828 bp plus
5'- and 3'- UTR (untranslated region). B: The ppip gene is under
the control of the cauliflower mosaic virus (CaMV) 35S pro-

moter with nopaline syntase (nos) as the transcription terminator.

The expression cassettes of the gus (B-glucuronidase) reporter
gene and the npt II gene (neomycin phosphotransferase) are
included in the T-DNA element.
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Table 2 Segregation ratios of resistant Ty seeds of cppip-
transformed tobacco strains

Transformed Ratio of non-resistant Segregation
strain plantlets to resistant plantlets ratio
1 43 1127 1:3
3 51 147 1:3
4 381106 1:3
5 411123 1:3
7 42 131 1:3
13 30178 1:63
16 121173 1115
30 24 174 1:3
31 43 1131 1:3

Strain No. 1, 3,4, 5, 7, 13 and 16 are T1-generation tobacco strains
containing cppip; No. 30 is a T1-generation tobacco strain contain-
ing cppip-S and No. 31 is a T1-generation tobacco strain containing
ppip.
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Fig. 2 PCR-based confirmation of transformation for the TI
generation of transgenic tobacco plantlets. M. DNA marker; 1~7.
T1-generation tobacco strain containing cppip; 8. a T1-genera-
tion tobacco strain containing cppip-S and, 9. a T1-generation
tobacco strain containing ppip; 10. positive control (the product
amplified using pPPIP plasmid as template); 11. negative control
(wild-type tobacco plantlet).
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Fig. 3 Southern blot analysis of selected plants transformed
with cppip. a: for DNA samples digested with Xbal/Sacl en-
zymes; b: for DNA samples digested with Hind restriction
enzyme. 1, PC: pPPIP plasmid digested with Xbal/Sacl enzymes
and used as the positive control; 2—4. T1-generation tobacco
strains containing cppip; 5a. T1-generation tobacco strain con-
taining cppip-S, 6a. Tl-generation tobacco strain containing
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Fig. 4 RT-PCR analysis of the T1-generation plants of selected
cppip-transformed tobacco strains. M. DNA marker; 1-3.
T1-generation tobacco strains containing cppip; 4. T1-generation
tobacco strain containing cppip-S; 5. Tl-generation tobacco
strains containing full-length ppip. 6. NC: wild-type tobacco; 7.
PC: the PCR product amplified from pPPIP plasmid.

ppip; 7. NC: Total DNA of the wild-type tobacco plantlets used 25 EEMWERLEYNE
as the negative control after digested with Xbal/Sacl enzymes. T1
2.4 MREFL T1 KB R RT-PCR 44 23 3
T1 RNA 24 h 5d
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cDNA
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Table 3 Bioassay of protein extracts from the cppip-transformed T1-generation tobacco
. Larval weight Weight of live Weight Weight gained .
Transformed strains C(Protein extract) before feeding  larvae after 5 d gained in the group Mor;ahty Motility in the group
(ug/ul) 1%
/mg /mg /mg /mg
Containing cppip 1 0.18 0.56+0.21 0.63+0.24 0.07 0.068+0.012 * 77.62 0.83374+0.1032 *
3 0.17 0.61+0.17 0.67+0.12 0.06 76.74
4 0.18 0.57+0.19 0.64+0.15 0.07 81.82
5 0.17 0.60+0.23 0.67+0.13 0.07 76.64
7 0.18 0.59+0.12 0.66+0.26 0.07 86.75
13 0.16 0.56+0.26 0.63+0.19 0.07 91.88
16 0.16 0.58+0.31 0.64+0.07 0.06 89.72
Containing cppip-S 30 0.17 0.57£0.24 1.3620.13 0.79 0.80+0.02° 14.91 0.1565+0.07366
Containing 31 0.17 0.58+0.21 1.3940.13 0.81 16.38
full-length ppip
Wild-type tobacco NC 0.16 0.58+0.22 1.74+0.18 1.16 1.16+0.01 ¢ 2.83 0.02830.001°

1,3,4,5,7, 13 and 16 are T1-generation tobacco strains containing cppip; 30 is a Tl-generation tobacco strain containing ppip-S; 31 is a
T1-generation tobacco strain containing full-length ppip; NC is a wild-type tobacco.The data were analyzed using the general linear models
(GLM) procedure of the data processing system (DPS) statistical package and each value represents the mean and S.D. (n = 3). The letters

indicate significant difference between the groups.
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Abstract: [Objective] We studied the effect of the signal peptide sequence (SPS) on the expression of Pseudomonas pseudoalca-
ligenes insecticidal protein gene (ppip). [Methods] We obtained the core pseudomonas pseudoalcaligenes insecticidal protein gene
(cppip, ppip without the UTR and SPS) by PCR and ligated it into pPCAMBIA2301 to generate plant express vector pCPPIP, which
was then transformed into tobacco to investigate the insecticidal activity of cppip expression products by locust bioassays. The
Kanamycin resistance segregation ratio was determined by the germination rate of T,-generation seeds of the transgenic tobacco.
Integration of ppip into genomic DNA was detected by PCR and confirmed by Southern blotting. [Results] The bioassay with the
2™ and 3" instar larvae of Locusta orthoptera showed that the crude proteins extracted from cppip transformed plants caused an
average mortality of 83.37%. In contrast, the protein extracts from ppip transformed plants caused a much lower mortality (15.65%).
The growth of locust was highly inhibited by the expression products of cppip when compared with the locusts fed with the protein
extracts from wild type tobacco or tobacco transformed with intact ppip gene. [Conclusion] The results indicated that the SPS
might affect the insecticidal activity of ppip expressed in plants. The data of this study are helpful for cost-effective genetic engi-
neering of plants with ppip gene.

Keywords: bioassay; Core Pseudomonas pseudoalcaligene insecticidal protein gene; insecticidal activity; signal peptide;
tobacco transformation
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