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Four cry genes (crylAa, crylAb, crylCand cryl1Da) were cloned separately from a commercial product Xentari (based on Bacillus thuringiensis var.
aizawai) and expressed in an acrystalliferous B. thuringiensis (CryB) respectively. Total protein produced by recombinant strains of crylAa, crylAb,
crylCand crylDa were 640, 1700, 1400 and 1500 Lsg/mL respectively which caused more than 93% mortality against 3rd-instar larvae of Plutella
xylostella (Lepidoptera) and 96% mortality against 2nd-instar larvae of Trichoplusia ni (Lepidoptera). The LC, , expressed in ppm of the total protein
against 2nd-instar larvae of T. i from recombinant strains of crylAa, cryl1Ab, cryl1Cand crylDa after 72 h incubation, were 24.9,13.4,7.3 and 13.2
ug/mL respectively. Response surface methodology (RSM) was applied to find the optimal ratio of protein combination from recombinant strains of
crylAband cry1Cagainst 2nd-instar larvae of T. ni. Results showed that the optimal ratio of protein mixture from ¢ry1Ab and cry1Cwas 27.8 and 24.6

ug/mL respectively, which gave a mortality of 97.8% against 2nd-instar larvae of T. ni.

The conventional method for multifactor experimental
designs is time-consuming and cannot detect the
true optimum, notably because of interactions among
factors. Response surface methodology (RSM) is one
of the worthwhile techniques to identify the explanatory
variable in the system (3, 4, 6). Generally, RSM
can be used to evaluate the relative significance of
several factors, optimization of microbiological media
culture conditions, and synthesis of metabolites, etc.
Insecticides derived from the soil bacterium Bacillus
thuringiensis are becoming an increasingly important
component of ecologically sound pest management.
Insecticidal crystal proteins from B. thuringiensis
are extremely toxic to many pests and have been a
primary focus of much recent research (5, 7). In this
report we tentatively explore the synergism between
recombinants by RSM. RSM was applied to find optimal
ratio of protein combination from recombinant strains
containing cry1Ab and cry1C genes (1, 2) against 2nd-
instar larvae of Trichoplusia ni. Multiple regression
analysis was carried out with Statistical 7.0 (Statsoft
Inc., Tulsa, Ok, USA).

We have four conclusions as follows: 1) Four cry genes
(cry1Aa, cry1Ab, cry1C and cry1Da) were cloned
separately (Fig. 1) from a commercial product Xentari
(based on Bacillus thuringiensis subp. aizawai) and
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expressed in an acrystalliferous B. thuringiensis (cry-B)
respectively. 2) Total protein produced by recombinant
strains of cry1Aa, cry1Ab, cry1C and cry1Da were 640,
1700, 1400 and 1500 ug/mL respectively, which caused
more than 94% mortality to 3rd-instar larvae of Plutella
xylostella and 96% mortality to 2nd-instar larvae of
Trichoplusia ni. 3) The LC, expressed in ppm of the total
protein against 2nd-instar larvae of T. nifrom recombinant
strains of cry1Aa, cry1Ab, cry1C and cry1Da after 72h
incubation were 24.50, 13.39, 8.57 and 12.47 pg/mL
respectively. 4) RSM can be applied to find the optimal
ratio of protein combination from different recombinant
strains against insect-larvae tested (Fig. 2).

In the present study, the RSM is developed to improve
the potency of B. thuringiensis toxin that may contribute
to the success of resistance management. It is expected
that RSM can also be employed to broaden the host
spectrum of B. thuringiensis toxin as long as with
optimal combination.

References

1. Chak, K. F,, M. Y. Tseng, and T. Yamamoto. 1994. Expression of
the crystal protein gene under the control of the a-amylase promoter in
Bacillus thuringiensis strains. Appl. Environ. Microbiol. 60:2304-2310.
2. Crickmore, N., D. R. Zeigler, E. Schnepf, J. Van Rie, D. Lereclus,
J. Baum, A. Bravo, and D. H. Dean. 2005. Bacillus thuringiensis toxin
nomenclature. www.boils.susx.ac.uk/Home/Neil_Crickmore/Bt/index.html
(Dec 10, 2005).

Taiwan, ROC. Tel: 886 4 330 2101. Fax: 886 4 332 3073. Email: sskao@tactri.gov.tw



3. Giovanni, M. I. 1983. Response surface methodology on product
optimization. Food technol. 11:41-45. -
4. Khuri, A. I, and J. A. Cornell. 1987. Determining optimum Factors or Variables
conditions. p.149-205. In A. |. Khuri, and J. A. Cornell (ed.), Response
surface methodology. Marcel Dekker, New York.

5.Kao, S. S., F. C. Hsieh, C. C. Tzeng, and T. S. Tsai. 2003. Cloning

and expression of the insecticidal crystal protein gene cry1Ca9 of l
Bacillus thuringiensis G10-01A from Taiwan granaries. Curr. Microbiol.

(2" Fractional factorial design)

47: 295-299. ’ Orthogonal 1st order regression ‘
6. Thomson, D.1982. Response surface experimentation. J. Food

Proce. Preser. 6:155-188. l

7. Yang, C. Y., J. C. Pang, S. S. Kao, and H. Y. Tsen. 2003.

Enterotoxigenicity and cytotoxicity of Bacillus thuringiensis strains ’ Path of steepest ascent ‘

and development of a process for Cry1Ac production. J. Agric. Food
Chem. 51:100-105.

2X Factorial experiments plus star points and
central points (Five-level factorial design)

Multiple regression

Checking the adequacy of the mathematical model

FIG. 2. The systematic diagram of response surface methodology.
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FIG. 1. Construction of cry1Aa, cry1Ab, cry1C, and cry1Da genes with shuttle vector paHY300.
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