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SUMMARY

Control of insect pests in agriculture is mainly achieved using chemical insecticides.

However, the use of these chemical pesticides has led to several problems, including

environmental pollution and increase in human health effects, such as cancer and several

immune system disorders. The selection of insect resistant populations has also caused

signi cant and major outbreaks of secondary pests. Although microbial insecticide havefi

been proposed as substitutes for chemicals their use is limited since most microbes show

a narrow spectrum of activity that enables them to kill only certain insect species.

Moreover, they have low environmental persistence and they require precise application

practices. The most successful insect pathogen used for insect control is the bacterium

Bacillus thuringiensis (Bt).

Bt is the most widely used environmentally compatible biopesticide and produces

insecticidal Cry and Cyt proteins active against different insect pests. The mode of action

of the insecticidal proteins includes ingestion of the protoxin, activation by midgut

proteases to produce the toxin fragment, and an interaction with receptors displayed on

midgut epithelial cells, followed by forming pores that cause osmotic shock, burst of

midgut cells, and insect death. The insect midgut epithelium is protected from abrasive

food particles, digestive enzymes, and pathogen infection by multiple layers of peritrophic

membrane (PM) consisting of high chitin and chitin-binding protein content. Solubilized

Bt toxins traverse the PM and reach the midgut epithelium in several lepidopteran

species. Another report demonstrated that Bt toxins can bind the PM. These studies

suggest that many Bt toxins can be trapped by the PM before it reaches the epithelium.

Thus, removing the PM may increase insecticidal activity of the Bt toxins, indicating that

disrupting formation of the PM is a potential strategy for insect control.

The known agents with PM disruption activity are chitinases, mammalian galectin-1

and plant lectin. The agents are candidates for eco-friendly biopesticides, but their

agricultural application is limited by difficulty of mass production. In this study, We have

overexpressed the forementioned agents in Bacillus subtilis, and confirmed their activities.

Also we conducted active inclusion body formation and spore display of the agents, and

expression the agent in a plant growth-promoting Bacillus strain.

To obtain Bt chitinase genes, we collected the gene sequences from CAZy and NCBI

databases and conducted multiple alignment of the sequences. From the result of the

sequences alignment, we designed and synthesized degenerated primers. Bt chitinases

genes were obtained by polymerase chain reaction with the primers from 62 Bt strains.

To overexpress the Bt chitinases genes in Bacillus subtilis, we have developed Bacillus

expression system using a promoter of Bacillus thuringiensis crystal protein gene (cry).

The cry promoter was improved through three steps, consequently that the promoter

strength was increased 40 times. By using the improved promoter, Bt chitinase genes
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were successfully overexpressed in B. subtilis. Bt chitinases were improved by DNase

I-based directed evolution technology, and several Bt chitinase genes were constructed

with improved activities. B. subtilis strain containing the Bt chitinase or an improved one

showed enhanced antifungal activities.

Pathogenesis-related (PR) proteins are produced from plants as the defense strategy

against stresses including attacks by microorganism, fungi and insects. Current PR

proteins are classified into 17 families. Among them, tobacco PR3 chitinase, PR4

chitinase and PR8 chitinase were selected for the overexpression in B. subtilis. The

genes were chemically synthesized with the optimization to the Bacillus codon, cloned

under the control of the cry promoter, and introduced into B. subtilis. The genes were

successfully overexpressed in B. subtilis. The expressed PR3 was conducted bioassay

against whitefly. The result showed that number of insect on the leaf treated PR3 was

significantly reduced, indicating that the PR3 functioned as a repellent against whitefly.

galectin-1 (Gal) is a mammalian sugar-binding protein with an affinity for

b-galactosides, and a wide range of biological activities. It is reported that purified Gal

from recombinant Escherichia coli interacts with the chitinous component of the PM and

disrupts the protective function of the PM, and consequently kills the target insect.

However E. coli is not an eco-friendly host for agricultural application because it

contains lipopolysaccharides (LPS), which are endotoxins and pyrogenic in humans and

other mammals. In this study, we overexpressed Gal in an environmentally friendly

microorganism, Bacillus subtilis. The gal gene was chemically synthesized, cloned under

the control of cry promoter, and introduced into B. subtilis to overexpress Gal in B.

subtilis. The genes were successfully overexpressed in B. subtilis. The expressed Gal

was conducted bioassay against whitefly. The result showed that number of insect on the

leaf treated Gal was significantly reduced, indicating that the Gal functioned as a

repellent against whitefly. Also, we examined whether Gal can increase Bt toxin activity.

The results of bioassay against Plutella xylostella revealed that the diluted cell lysate

containing Gal increased Bt HD1 toxicity by 4.6-fold. This result indicates that Gal can

function as a Bt toxin synergist.

For the agricultural application, crystal form of enzymes has advantages for the

stability and uptake by insects. We found that overexpression of Paenibacillus polymyxa

PoxB in Escherichia coli induced the formation of inclusion bodies. An enzyme assay

showed that the inclusion bodies exhibited PoxB activity, indicating that they were

biologically active. Fusion of GFP and B. subtilis AmyE to the C-terminus of the PoxB

also induced the formation of biologically active aggregates when they were

overexpressed in E. coli. Therefore, P. polymyxa PoxB can be used as a fusion partner

to promote the formation of active inclusion bodies in E. coli. Fusion of the Gal and Bt

chitinase to the C-terminus of the PoxB also induced the formation of IBs. The purified

PoxB-chitianse IBs showed chitinase activity, indicating that the IBs are active IBs.

Bacillus spore is a very stable material, and has great advantages for storage and
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delivery. When PM-targeting enzymes are displayed on the Bacillus spore, the enzymes

can interact directly to the PM. To monitor the Gal display on the Bacillus spore, Gal

was fused to Gfp. When the Gal-Gfp was overproduced in B. subtilis, the fusion protein

was detected on the spore surface by flow cytometer analysis.

Introduction of chitinase into the plant growth-promoting (PGP) Bacillus may give a

synergistic effect on the bacterial function. We investigated PGP activity of our Bacillus

strains, and selected one which showed high PGP activity against Arabidopsis thaliana.

When the Bt chitinase gene was introduced into the PGP Bacillus strain, the antifungal

activity of the strain was increased.
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　 subsp. strain 　 subsp. strain

1 kurstaki HD 1 22 entomocidus NRRL 4047 43 israelensis HD 567

2 kurstaki Dipel 23 entomocidus HD 9 44 israelensis 922906

3 kurstaki HD263 24 subtoxicus HD 109 45 indiana HD 521 (W)

4 kurstaki Thuricide 25 aizawai 　 46 indiana HD 521 (B)

5 kurstaki Biobit 26 aizawai/pacificus HD 11 47 dakota HD 511

6 kurstaki HD 648 27 aizawai HD 137 48 tohokyensis 4V1

7 kurstaki HD 73 28 morrisoni HD 12 49 kumamotoensis HD 867

8 thuringiensis HD 2 29 morrisoni HD 116 50 tochigiensis HD 868

9 thuringiensis HD 2 30 morrisoni NRRL 4049 51 colmeri IS 720

10 finitimus HD 3 31 sandiego 　 52 colmeri HD 847

11 alesti HD 4 32 ostriniae HD 501 53 berliner 　

12 alesti NRRL4041 33 tolworthi HD 537 54 kurstaki HD 203

13 sotto 　 34 tolworthi NRRL 4050 55 thuringiensis Bt 996

14 dendrolimus HD 7 35 darmastadiensis OHBA 56 moritai 　

15 kenya HDB 23 36 darmastadiensis IPL 57 kurstaki 4D11

16 galleriae HD 29(R) 37 darmastadiensis HD 146 58 thompsoni HD 542

17 galleriae HD 29(S) 38 toumanoffi HD 201 59 morrisoni HD 518

18 galleriae NRRL 4045 39 kyushuensis HD 541 60 aizawai HD 133

19 canadensis HD224 40 thompsoni HD 542-1 61 entomocidus HD 198

20 canadensis NRRL 4056 41 pakistani HD 395 62 canadensis HD 30

21 entomocidus HD 635 42 israelensis IPS 82
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pASP31-Chit42

9776 bp

F Ech42

Hygromycin B

AmpR

gpdA

glaA P

pBla

pUC ori

trpC T

pdcA TglaA SS

Not I (4403)

Sma I (6294) XbaI (4053)

HindIII (4541)

HindIII (7143)

pASP33-Chit42

9785 bp

F Ech42

AmpR

gpdA

glaA P

pBla

pUC ori

pdcA T

TrpC T

Hygromycin B

Not I (4403)

Sma I (6303) XbaI (4053)

BmgBI (375)

BmgBI (6470)

HindIII (4541)

HindIII (7152)
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pASP31-NagI

9808 bp

glaA P

Intron 1

M Nag1

Hygromycin B

AmpR

PolyA Site 1

PolyA Site 2

gpdA

pBla

pUC ori

pdcAT

glaA SS

Variation 1

BamHI (3333)

HindIII (7174)

Not I (4600)

Sma I (6788)

Xba I (4052)

pASP33-Nag1

9799 bp

glaA P

F Nag1

Hygromycin B

AmpR

gpdA

pBla

pUC ori

pdcA

trpC

BamHI (3339)

BglII (138)

HindIII (7165)

Not I (4606)

Sma I (6779)

Stu I (465)

XbaI (4058)
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표( 4, van Loon, 2006).
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