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Several chitinase - producing
bacteria are known to degrade the

fungal cell wall and are able to inhibit
the growth of fungi. Applications of
chitinase-producing bacteria in plant
disease control have been reported. In
this study, we transferred the chiA gene
of  chitinase-producing  bacterium,
Bacillus circulans, into the antagonist,
Bacillus subtilis and examined the
effect of ChiAl protein on the
antagonistic activity of B. subtilis
Firstly, the chiA gene was subcloned
with its own promoter into the shuttle
vector, pHY300PLK, and transferred
into the bacteria cells of Bacillus
subtilis by protoplast transformation.
The expression of ChiAl protein was
detected in the supernatant of B. subtilis
culture, indicating that the ChiAl



protein is secreted out of the Bacillus
cell. The ChiAl protein was detected
24 hr after cultivation of Bacillusin LB
broth and in a later period when
incubated in chitin  medium. In
Escherichia coli cels, the ChiAl
protein is trandocated into the
periplasmic space. The chitinase is
released from E. coli cells after
prolonged incubation. The expression
of chiA gene in a non-antagonistic
mutant of B. subtilis could display
inhibition effect on the growth of
Botrytis élliptica. However, when the
chiA gene was expressed in the
antagonistic strain of B. subtilis, the
enhancing effect of ChiAl on the
antagonistic activity of B. subtilis was
not readily observed.

The antagonistic  activity  of
biocontrol agent could be due to the
antabiosis, competition of nutrition, and
parasitism. Some antagonistic bacteria
are capable of producing chitinases
which are involved in the biocontrol of
funga pathogens (Inbar and Chet, 1991;
Kobayashi et al., 1995; Ordentlich et al.
1988; Pleban et al., 1997; Sneh, 1981).
Chitinases are able to degrade the chitin
components in the cell wal of fungi
(Horikoshi and lida, 1959). Chitin, a
polymer of N-acetyl-D-glucosamin in
betaa 1,4 -linkage, is one of the
components of cell wall of pathogenic
fungi in Ascomycetes, Basidiomycetes,

and Deuteromycetes. Antifungal activity
of chitinase from chitinolytic bacteria is
reported in many cases (Chernin et al.,
1995; Mavingui and Heulin, 1994).
Chitinolytic bacteria or chitinase has
been used with antagonistic organism to
enhance its toxicity, such that the ChiAl
protein of Bacillus circulans could
enhance the toxicity of Bacillus
thuringiensis subsp. kurstaki  toward
diamondback moth larvaes (Wiwat et al.,
1996). Endochitinase ChiAll of Serratia
marcescens has a synergistic effect on
the activity of CrylC endotoxin of

Bacillus thuringiensis toward
Spodoptera littoralislarves (Regev et al.,
1996).

In the genus Bacillus, B. circulans
(Tanaka and Watanabe, 1995; Watanabe
et al., 1990), B. cereus (Pleban et al.,
1997), and B. polymyxa (Mavingui et al.,
1994) are wel known to produce
chitinase. Most of Bacillus subtilis are
not chitinase-producers, many are able
to produce antibiotics and are good
biocontrol agent for fungal diseases of
plants (Aldrich and Bader, 1970, Asaka
and Shoda, 1996; Baker and Stavely,
1985, Berger et al., 1996, Tchen, 1987,
Podile et al. 1985). In this study, we
examined the effect of chitinase on the
antagonistic activity of B. subtilis with
the chiA gene of B. circulans

The 24-kb chiA gene of B.
circulans was cloned into the vector



pCR2.1 and subcloned into the shuttle
vector, pHY 300PLK (4.8 kb). The clone
was designated pNTU111. Clear zone
was observed around the colony of E.
coli DH5a(pNTU111) on chitin medium
after 7-day incubation. E. coli
DH5a(pHY 300PLK) hardly grew on
chitin medium. In SDS-PAGE analysis,
the activity of chitinase was detected in
the periplasmic fraction of E. coil cells.

The activity of chitinase was
detected in the supernatant of B. subtilis
28-6(pNTU111) which incubated in LB,
nHA and chitin medium. In LB broth,
the chitinase was detected significantly
24 hr after inoculation and the activity
still could be detected 48, and 96 hr after
inoculation. During these incubation
periods, chitinase activity was not
detected in the culture of B. subtilis 28-6

B. subtilis 28-6(pHY 300PLK). The
chitinase activity appeared about one
day delayed when B. subtilis was
cultured in NHA medium and two days
delayed in chitin medium. In addition,
the chitinase collected from the
supernatant of B. subtilis28-6(pNTU111)
could significantly  release  the
fluorescence compound, 4-MU, from 4-
MU-(GIcNAC),.

The chiA fragment amplified in this
study includes its own promoter and a
2,097-bp open reading frame for a
protein product, ChiA1 (Watanabe et al.,
1990). Although the expression of chiA
isinducible in B. circulans (Watanabe et
al., 1990), it is consistently expressed in
both E. coli and B. subtilis when chiA

was constructed in the shuttle vector,
pHY 300PLK. The constitutive
expression of chiA in B. subtilis may be
explained by the possbilities that a
repression control in B. circulans does
not present in B. subtilis and E. coli or
another upstream promoter on the vector
may drive the expression of chiA gene.

By using nHA medium for the
growth of target fungi and antagonist, B.
subtilis 28-6 (pNTU11l) showed
stronger inhibition effect on the growth
of Rhizoctonia solani AG4 than B.
subtilis 28-6(pHY 300PLK); however,
this effect could not reproduced
regularly. This inconsistency might be
due to the states for the production of
antibiotic and chitinase were not well
controlled. The instability of pNTU111
in B. subtilis 28-6 was observed under a
non-selective condition. Thus, atest was
performed in the medium containing
tetracycline for selection of plasmid.
This phenomenon will become a
problem in pot assay. An improvement
on this point will be considered. Plasmid
pHY 300PLK have been reported stable
in Bacillus thuringiensis and still a
stable construct with a chitinase gene of
Aeromonas sp. (Wiwat e al., 1996).
Although plasmid pHY300PLK was
also stable in B. subtilis, the construct
was not as stable with the chiA gene of B.
circulansin anon-selective condition.

To clarify the effect of chitinase
expressed in Bacillus subtilis on the
growth of target fungi, the chiA gene
was introduced into a B. subtilis mutant



fenE which could not inhibit the growth
of Rhizoctonia. By using weak malt
extract agar for the growth of target
fungi and chitin medium for the growth
of antagonist, B. subtilisfenE (pNTU111)
showed stronger inhibition effect on the
growth of B. dliptica than B. subtilis
fenE (pHY300PLK), indicating that
chitinase ChiA1 could inhibit the growth
of B. dliptica. Similar effect was not
observed on B. cinerea, Rhizoctonia
solani AG-1, and Fusarium oxysporum.
The reason is not clear.

We showed that chiA gene of B.
circulans could inhibit some pathogenic
fungi when the gene was introduced into
a B. subtilis strain. The enhancing effect
of ChiA protein on the antagonistic
activity of B. subtilishad been observed;
but not consistently displayed. The
interactions of ChiAl protein of B.
circulans and antibiotics of B. subtilis
may exist. The expression of chiA gene
and antibiotic synthetase genes within
same Bacillus subtilis cell may be
counteracted. A better way to use
chitinase gene in plant disease control
will be put in deep consideration.
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