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Mycolytic activity is usually considered a form of
microbial antagonism, which ensures the capability of
various microorganisms for the lysis of fungal hyphae
[1, 2]. This property is typical of many groups of soil
bacteria and can serve as a criterion for the selection of
antagonistic strains to develop effective biological
means for controlling pathogenic micromycetes [3–7].
The local lysis, or complete degradation of fungal
hyphae by bacteria, is a complicated process of micro-
bial interactions governed by competition for nutrients.
The mycolytic activity of bacteria can be due to the pro-
duction of antibiotics, which specifically inhibit the
biosynthesis of fungal cell walls (CW) [8]; to the secre-
tion of hydrolytic enzymes degrading the CW compo-
nents [9–11]; or to the synthesis of amphiphilic pep-
tides and other surface-active compounds, impairing
permeability of fungal cytoplasmic membranes [12].
The autolysis of fungi can also be caused by the
exhaustion of endogenous nutrients in the course of
their prolonged interactions with bacteria growing at
the expense of the nutrients excreted by the fungi [13].
These processes can be accompanied by bacterial
growth and active colonization of both mature and
growing fungal hyphae [14]. In the studies of bacterial
lytic factors and the application of mycolytic bacteria
for biocontrol of pathogenic fungi, much attention has

been devoted to extracellular enzymes degrading fun-
gal cell walls [6, 15, 16]. The main feature of microbial
mycolytic systems is considered to be the presence of
chitinases capable of hydrolyzing chitin, a structural
polysaccharide of fungal cell walls determining their
rigidity [17]. In most cases, chitinases are inducible
enzymes, which are produced in the presence of spe-
cific substrates. The efficacy of inducing chitinase syn-
thesis in bacteria can depend considerably on the origin
of the chitin. However, chitinolytic activity is usually
considered among the most important criteria deter-
mining bacterial antagonistic properties, which corre-
lates with the mycolytic activity of bacteria and their
ability to utilize fungal biomass [6, 18]. At the same
time, the antifungal functions of chitinases remain
unclear because of the contradictory results of their
testing in vitro. Therefore, of great importance is
detailed study of the functional variety of chitinases
produced by representatives of closely related and dis-
tant taxonomic groups of bacteria based on the assess-
ment of their mycolytic properties. Aerobic endospore-
forming bacteria can be used as type objects for such
studies since they possess both antagonistic properties
and the ability to synthesize chitinolytic enzymes.

In this study, we assessed the mycolytic activity of
25 strains of 

 

Bacillus subtilis

 

 and 

 

Paenibacillus ehi-
mensis

 

 capable of induced synthesis of chitinolytic
enzymes. The aim of this work was to investigate a cor-
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Abstract

 

—The mycolytic activity of 27 strains of antagonistic bacilli belonging to two taxonomic groups
(18 strains of 

 

Bacillus subtilis

 

 and 9 strains of 

 

Paenibacillus ehimensis

 

) capable of induced synthesis of chiti-
nolytic enzymes was studied. Most of the 

 

B. subtilis

 

 strains neither displayed visible mycolytic effects on the
phytopathogenic fungus 

 

Bipolaris sorokiniana

 

 in vitro, nor produced chitinases in the presence of an auto-
claved mycelium. On the contrary, 

 

P. ehimensis

 

 strains grown under conditions favorable for induction of chiti-
nases and other hydrolases exhibited a pronounced lytic effect on 

 

B. sorokiniana

 

 and actively grew by utilizing
mycelium as the sole source of carbon and nitrogen. Comparison of the mycolytic activities of extracellular
hydrolases in the studied strains demonstrated low correlation between chitinase production and the ability of
the strains to degrade the cell walls of 

 

B. sorokiniana.

 

 Characterization of enzyme profiles in the studied strains
revealed that 

 

β

 

-1,3-glucanase was a more significant factor than chitinase for determining the mycolytic poten-
tial of bacteria and their ability to utilize the mycelium of phytopathogenic fungi as a growth substrate.
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relation between chitinase production and the myco-
lytic activity of antagonistic bacilli, and to characterize
specific factors determining the mycolytic properties of
the representatives of different taxonomic groups of
aerobic spore-forming bacteria.

MATERIALS AND METHODS

The study was carried out with 27 chitinolytic
strains of antagonistic bacilli isolated at the Institute of
Biology, Ufa Research Center, Russian Academy of
Sciences [19]. Most members (18 strains) of this group
were identified, using classical manuals [20, 21], as

 

Bacillus subtilis

 

, whereas the other strains were
assigned to the species 

 

Paenibacillus ehimensis

 

 on the
basis of their phenotypic properties and the results of
the sequence analysis of the 16S rRNA gene [22, 23].
In comparative studies of mycolytic activities of differ-
ent strains, the antagonistic strain 

 

B. subtilis

 

 IB-54
unable to synthesize extracellular chitinases was used
as the typical control strain. Bacilli were maintained on
a solid medium containing 0.2% (by weight) of colloi-
dal chitin from crab shells [24].

The cereal root rot pathogen 

 

Bipolaris sorokiniana

 

(Sacc.) Shoemaker (= 

 

Cohliobolus sativus

 

 (S. Itod
Kurib.) Drechler ex Dastur) from the collection of the
Institute of Biology, Ufa Research Center, Russian
Academy of Sciences [25],was used as the subject for
the study of the mycolytic properties of antagonistic
bacilli. The fungus was maintained on a Czapek
medium and on potato–glucose agar (PGA) and was
transferred onto a fresh medium every 2 months. The
mycolytic activity of bacilli was assayed with living
mycelium under mixed cultivation; the capacity for
growth in the medium containing the autoclaved

 

B. sorokiniana

 

 mycelium as the sole source of carbon
and nitrogen was also determined. The ability of extra-
cellular enzymes produced by antagonistic bacilli to
hydrolyze the cell walls of 

 

B. sorokiniana

 

 was also
determined [24].

Mixed cultivation of bacilli and 

 

B. sorokiniana

 

 was
carried out in liquid Czapek medium under static con-
ditions at 

 

28°ë

 

 for 7 days. Bacilli were preliminary
grown for 18 h on a UVMT-250-12 shaker (170 rpm) at

 

36.5 

 

±

 

 0.5°ë

 

 in a medium containing the following (g/l):
potato starch, 10.0; peptone, 3.0; yeast extract, 2.0;
corn extract, 1.0; 

 

(

 

NH

 

4

 

)

 

2

 

HPO

 

4

 

, 1.0; 

 

KH

 

2

 

PO

 

4

 

, 1.0;

 

MgSO

 

4

 

 

 

· 

 

7

 

H

 

2

 

O

 

, 0.3; 

 

CaCl

 

2

 

 

 

·

 

 2

 

H

 

2

 

O

 

, 0.15

 

. The cells were
washed, suspended in sterile NaCl solution (0.85%), and
introduced into the Czapek medium (at least 

 

10

 

5

 

 cells/ml)
simultaneously with the fungus (mixed synchronous
culture), or 24 h after fungus inoculation (mixed post-
culture). The inoculum of 

 

B

 

. 

 

sorokiniana

 

 was prepared
by washing off a 10-day culture of the fungus (at least

 

10

 

3

 

 conidia/ml). The effect of bacilli on fungal growth
was examined visually by light microscopy. The degree
of inhibition of fungal growth was expressed as the per-
centage difference between the dry weight of mycelium
grown in the control (taken as 100%) and that in the

experimental variants [24]. The mycelium was washed
with distilled water on weighed Whatman 1 filters and
then dried at 

 

105°ë

 

 to attain a constant dry weight. In
some cases, the titer of bacterial cells in the mixed cul-
ture was determined by plating serial dilutions of the
culture on nutrient agar.

In order to use 

 

B

 

. 

 

sorokiniana

 

 mycelium as a growth
substrate, the fungus was cultivated in the liquid potato
medium supplemented with 1% (wt/vol) of sucrose at

 

28°ë

 

 for 2 weeks. The mycelium was harvested by fil-
tration, washed sequentially with tap water and distilled
water, air-dried, disintegrated in a EM-3A laboratory
mill, and added into the liquid medium (0.5% by
weight) as the sole source of carbon and nitrogen. The
medium was prepared by using tap water without the
addition of mineral salts and sterilized at 

 

121°ë

 

 for
30 min. The same mycelium, which was additionally
washed and dried after disintegration, was used as a
substrate for the assessment of the hydrolytic activity of
bacterial enzymes towards the cell walls of 

 

B

 

. 

 

sorokini-
ana

 

 [24]. The growth of bacilli in the mycelium-con-
taining medium was followed by measurement of the
optical density of the culture on an SF-46 spectropho-
tometer at 630 nm.

In comparative studies of the production of chiti-
nolytic enzymes, bacilli were grown in a liquid medium
containing colloidal chitin from crab shells and biom-
ass of the basidiomycete 

 

Macrolepiota procera

 

 (Fr.)
Sing. The activities of chitinase and other hydrolases,
such as 

 

β

 

-1,3

 

-glucanase, chitosanase, and protease,
were measured. The activities of glycosyl hydrolases
were assessed by the rate of formation of reducing sug-
ars, which were released during hydrolysis of colloidal
chitin, colloidal chitosan, and laminarin [24]. One unit
of activity was defined as the amount of enzyme that
catalyzed the formation of 1 

 

µ

 

M-equiv of the corre-
sponding monomer per 1 min in 1 ml of the reaction
mixture [24]. The protease activity was expressed in
units of commercial proteinase K (Sigma, United
States) and calculated using the calibration curve
obtained with azocasein (Sigma, United States) as the
substrate [24].

The experiments were conducted in triplicate; statistical
data processing was performed with the Excel-2000 pro-
gram. The empirical correlation coefficient was calculated

by the formula 

 

r

 

x

 

, 

 

y

 

 = 

 

Taking into account scant sampling, (

 

n

 

 < 30

 

), the cor-
rection factor was 

 

[1 + (1 – 

 

r

 

2

 

)/(2(

 

n

 

 

 

– 3))]

 

. The correla-
tion coefficient was determined for a 5% level of signif-
icance (

 

α

 

 = 5%).

RESULTS AND DISCUSSION

Under synchronous mixed cultivation of bacteria
and 

 

B

 

. 

 

sorokiniana

 

 in liquid Czapek medium, most bac-
terial cultures (20 out of 27 strains) completely inhib-

1/n xi xcp–( ) yi ycp–( )
i 1=

n

∑ /SxSy.
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ited (by 100%) conidium germination and subsequent
mycelium development. The postinoculation of bacte-
ria into the medium containing a 24-h fungal culture
reduced antagonistic action (by 60–90%) in half of the

 

B. subtilis

 

 strains studied, whereas other strains inhib-
ited fungal growth to a high extent (Fig. 1). Under these
conditions, the group of 

 

P. ehimensis

 

 strains generally
exhibited a lower antagonistic activity than the 

 

B. sub-
tilis

 

 strains (Fig. 1), which coincided with different
growth intensities in these bacterial groups. Visual
observations revealed certain patterns in the action of
the representatives of both bacterial groups toward a
24-hour fungal culture. Most strains of 

 

B. subtilis

 

evoked segmental swelling of fungal hyphae, with the
subsequent formation of spheroplast-like structures.

 

B. subtilis

 

 strains differed only in the number of such
structures, their distribution, and localization on the
mycelium (Figs. 2a–2e). In many cases, further incuba-
tion resulted in rapid or gradual lysis of spherical struc-
tures (Figs. 2f, 2g). Only a few strains of 

 

B. subtilis

 

caused abnormal germination of 

 

B. sorokiniana

 

conidia, or pronounced degradation and lysis of hyphae
and conidia (Figs. 2h, 2i). Strains of 

 

P. ehimensis

 

 exhib-
ited mainly the lytic action or caused the abnormal
development of mycelium and its dystrophic degenera-
tion (Figs. 2j, 2k), although some strains, like 

 

B. subti-

lis

 

, promoted the formation of spheroplast-like structures
on large segments of 

 

B. sorokiniana

 

 hyphae (Fig. 2l).

According to the literature data, the swelling of fun-
gal hyphae and the formation of spherical structures is
a typical result of the action of many antagonistic bac-
teria toward various micromycete species [26–28]. This
visual similarity in the bacterial action is possibly due
to a common mechanism of action in the compounds
produced by antagonists, as well as to the structural
similarity of the cell walls and CPM of fungi [8, 17]. It
should be noted that chitinolytic activity of all the stud-
ied strains cultivated in the Czapek medium without a
specific substrate was negligible or absent (Table 1). It
is obvious that the observed abnormal development of

 

B. sorokiniana

 

, such as mycelium swelling and the for-
mation of spherical structures on the hyphae in the pres-
ence of 

 

B. subtilis

 

 strains (Figs. 2b–2e), cannot be
explained by the production of bacterial lytic enzymes
similar to chitinase. The role of chitinases and other
enzymes in the mycolytic action of some representa-
tives of the 

 

P. ehimensis

 

 group cultivated together with
fungi in the Czapek medium (Fig. 2n) needs further
investigation. It is not improbable that the degradation
of hyphae and spores of 

 

B. sorokiniana

 

 can be caused
by the local secretion of trace amounts of lytic enzymes
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Fig. 1.

 

 Inhibition of 

 

B. sorokiniana

 

 growth by chitinolytic strains (except for B. subtilis IB-54) belonging to different groups of
bacilli under their postinoculation into Czapek medium containing a 24-h fungal culture. The results were obtained on the seventh
day of mixed cultivation. The ordinate shows the level of fungal growth inhibition, % of the control.



MICROBIOLOGY      Vol. 77      No. 6     2008

THE STUDY OF MYCOLYTIC PROPERTIES 703

on their surfaces during the contact interactions
between the fungus and bacteria.

The strains of both groups of aerobic spore-forming
bacteria differed not only in their mycolytic activities
toward the living culture of B. sorokiniana, but also in
their ability to utilize the autoclaved mycelium of this
fungus as the sole source of carbon and nitrogen, which
reflected their capacity for the production of enzymes
that hydrolyze the polymers of fungal cell walls. Most
of the B. subtilis strains were characterized by poor

growth or did not actually grow in a liquid medium con-
taining B. sorokiniana biomass, unlike strains of P. ehi-
mensis (except for the strain IB-31-c-chit) (Table 2).
The growth parameters of P. ehimensis strains corre-
lated well with the levels of their chitinolytic activity
(Table 2) and the excretion of other hydrolytic
enzymes, such as β-1,3-glucanase and protease
(Table 3). The group of P. ehimensis strains was charac-
terized by a high production of proteases, and gluca-
nases. These results indicate the considerable role of

(e) (f)

(c) (d)

(‡) (b)

Fig. 2. The effect of chitinolytic strains of B. subtilis (b–l) and P. ehimensis (m–h) on the development and hypha morphology of a
24-hour culture of Bipolaris sorokiniana grown under mixed incubation in Czapek medium for 1–4 days at 28°C. Control (a 4-day
culture of B. sorokiniana) (a); (b–j), formation of spheroplast-like structures (b–e) on fungal hyphae and their lysis (f, j, indicated
with arrows) caused by B. subtilis strains IB-21, IB-24-2, IB-34-a, IB-26-a, IB-36, and IB-33-1, respectively; (k, l), impairment of
conidium germination and partial lysis of hyphae and conidia by B. subtilis strains IB-36 and IB-47; (m–h), the changes in fungal
morphology caused by P. ehimensis strains IB-G2-p, IB-X-b, and IB-30. The scale bar represents 120 µm.
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enzymes of the mycolytic complex in the degradation
of B. sorokiniana mycelium by P. ehimensis, which
provided bacteria with available nutrients.

It should be noted that the parameters of synthesis
and excretion of lytic enzymes differed when the strains
studied were grown in the media containing other
chitin-containing substrates, organic nitrogen sources,
and growth factors. In the medium containing 0.2–
0.4% (by weight) of colloidal chitin from crab shells
and the biomass of the higher fungus Macrolepiota pro-
cera (≤0.4 wt %, most representatives of B. subtilis
exhibited considerably higher chitinase activity than P.
ehimensis strains; the level of chitinase activity was
rather high in the strains of both groups (Fig. 3a). These
results contradict the data presented in Table 2, which

indicate a low capacity of B. subtilis strains for utiliza-
tion of B. sorokiniana mycelium as the growth sub-
strate. Thus, the synthesis of extracellular chitinases in
bacilli of different genera was induced by various sub-
strates with different physicochemical properties, such
as chitins obtained from fungi or from crab shells. In
this experimental variant, the mycolytic properties of
bacteria can be also characterized by the activities of
extracellular glycosyl hydrolases degrading the cell
walls of B. sorokiniana. No correlation between the
level of glycosyl hydrolases (Fig. 3b) and chitinolytic
activity of the strains (Fig. 3a) was revealed (Rx,y =
−0.014). However, a correlation was shown between
the mycolytic activity of extracellular enzymes (Fig.
3b) and the ability of P. ehimensis strains to grow

(k) (l)

(i) (j)

(g) (h)

Fig. 2. Contd. 
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Table 1.  Chitinolytic activity (U/ml) of B. subtilis and P. ehimensis strains grown in monoculture (1) and under mixed cul-
tivation with B. sorokiniana (2) in liquid Czapek medium for 6 days

Group 
of B. subtilis 

strains
1 2

Group 
of B. subtilis 

strains
1 2

Group 
of P. ehimensis 

strains
1 2

IB-14 NA NA IB-34-b NA NA IB-30 NA NA

IB-21 <0.001 NA IB-34-c NA NA IB-X-b <0.001 0.002

IB-23 NA NA IB-34-d NA NA IB-517 NA 0.001

IB-24-2 NA NA IB-35 NA NA IB-522 NA <0.001

IB-26-a NA NA IB-36 NA NA IB-G2-p 0.001 0.002

IB-26-b NA NA IB-39-1 NA NA IB-EA-b 0.001 0.001

IB-33-1 <0.001 0.001 IB-39-3 NA NA IB-PO NA 0.001

IB-33-2 NA <0.002 IB-47 NA NA IB-31-c-chit ND ND

IB-34-a NA <0.001 IB-31-a-chit NA NA IB-NS NA NA

Note: NA stands for “no activity”; ND means “no data.”

Table 2.  Biomass growth and secretion of chitinolytic enzymes by strains belonging to different taxonomic groups of bacilli
cultivated in liquid medium containing 0.5% of B. sorokiniana mycelium as the sole source of carbon and nitrogen on a shaker
(170 rpm) at 36.5°C for 72 h

Strains of high productivity

Strain Chitinase activity, 
U/ml Strain OD630

Chitinase activity, 
U/ml

P. ehimensis IB-30
P. ehimensis IB-X-b
P. ehimensis IB-517

1.39 ± 0.09
1.19 ± 0.08
1.07 ± 0.05

0.12 ± 0.007
0.07 ± 0.008
0.08 ± 0.004

P. ehimensis IB-522
P. ehimensis IB-G2-p
P. ehimensis IB-EA(b)

1.11 ± 0.10
0.97 ± 0.02
0.83 ± 0.02

0.08 ± 0.012
0.10 ± 0.007
0.04 ± 0.006

Strains of medium productivity

B. subtilis IB-14
B. subtilis IB-21
B. subtilis IB-24-2
B. subtilis IB-26-a
B. subtilis IB-33-1
B. subtilis IB-33-2

0.37 ± 0.02
0.76 ± 0.02
0.22 ± 0.01
0.30 ± 0.01
0.29 ± 0.01
0.26 ± 0.01

0
0.01 ± 0.003

< 0.001
0
0

0.01 ± 0.002

B. subtilis IB-34-c
B. subtilis IB-34-d
B. subtilis IB-31-a-chit
P. ehimensis IB-PO
P. ehimensis IB-NS

0.23 ± 0.01
0.17 ± 0.01
0.35 ± 0.01
0.54 ± 0.02
0.75 ± 0.03

0.01 ± 0.003
~0.005

0
0.04 ± 0.007
0.06 ± 0.004

Strains of low productivity

B. subtilis IB-23
B. subtilis IB-26-b
B. subtilis IB-34-a
B. subtilis IB-34-b
B. subtilis IB-35

0.06 ± 0.01
0.02 ± 3 · 10–3

0.13 ± 0.01
0.09 ± 0.01
0.09 ± 0.01

0.02 ± 0.003
0

~0.004
~0.001

0.01 ± 0.002

B. subtilis IB-36
B. subtilis IB-39-1
B. subtilis IB-39-3
B. subtilis IB-47
P. ehimensis IB-31-c-chit

0.04 ± 4.10–3

0.03 ± 4.10–3

0.05 ± 0.01
0.03 ± 4.10–3

0.02 ± 4.10–3

0
<0.001

0
<0.001
~0.001

Note: OD630 means the optical density of the culture suspension at 630 nm.

OD630
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actively in the medium with 0.5% of B. sorokiniana bio-
mass and to produce β-1,3-glucanase (Tables 2–4). The
cell wall polymers of the fungi B. sorokiniana and M.
procera differed in their capability for the induction of
glucanase synthesis. Unlike B. subtilis, strains of P. ehi-
mensis also secreted chitosan-degrading hydrolases,
whereas the levels of protease activity in both bacterial
groups were similar (Table 4). These results indicate
that mycolytic activity of bacteria belonging to differ-
ent genera implies the synthesis of different hydrolytic
enzymes involved in the degradation of fungal cell
walls. It was demonstrated with strains of B. subtilis
that production of extracellular chitinases cannot be
considered as the sole or a key factor in determining the
mycolytic properties of bacilli. Bacteria of different

taxonomic groups probably possess different mecha-
nisms for mycolytic activity, and the activities of indi-
vidual strains may vary considerably depending on the
fungal species used as growth substrates.

Thus, based on the differences in the hydrolytic
activities of two distant taxonomic groups of aerobic
spore-forming bacteria, we showed that chitinolytic
activity was not the main criterion determining the
mycolytic properties of bacilli. Comparative studies
of bacterial extracellular enzymes demonstrated that
the effect of bacilli on B. sorokiniana cell walls
depended on the spectrum of hydrolyses secreted by
bacteria under different conditions. It was shown that
the presence of β-1,3-glucanase was a more important
criterion than that of chitinase for screening the myc-

Table 3.  Production (U/ml) of β-1,3-glucanase and protease by strains belonging to two taxonomic groups of bacilli grown
in liquid medium containing 0.5% of B. sorokiniana mycelium as the sole source of carbon and nitrogen on a shaker (170
rpm) at 36.5°C for 72 h 

Group of B. subtilis strains

 Strain  β-1,3 glucanase ac-
tivity, U ml−1

Protease activity, 
U ml−1  Strain  β-1,3 glucanase ac-

tivity, U ml−1
Protease activity, 

U ml−1

IB-14
IB-21
IB-23
IB-24-2
IB-26-a
IB-26-b
IB-33-1
IB-33-2
IB-34-a

0.01 ± 0.01
0
0
0

0.005 ± 0.002
0
0

0.02 ± 0.002
0.02 ± 0.003

0.18 ± 0.02
0.55 ± 0.06
0.05 ± 0.006
0.14 ± 0.02
0.19 ± 0.02
0.02 ± 0.006
0.35 ± 0.04
0.31 ± 0.04
0.17 ± 0.03

IB-34-b
IB-34-c
IB-34-d
IB-35
IB-36
IB-39-1
IB-39-3
IB-47
IB-31-a-chit

0
0
0
0

0.007 ± 0.003
0.02 ± 0.004
0.03 ± 0.006

<0.01
<0.01

0.07 ± 0.01
0.21 ± 0.02
0.18 ± 0.02
0.17 ± 0.02
0.09 ± 0.01
0.04 ± 0.005
0.08 ± 0.01
0.07 ± 0.01
0.31 ± 0.03

Group of P. ehimensis strains

IB-30
IB-X-b
IB-517
IB-522
IB-G2-p

1.48 ± 0.11
0.76 ± 0.04
1.56 ± 0.11
0.51 ± 0.05
1.37 ± 0.10

1.03 ± 0.08
1.25 ± 0.15
0.80 ± 0.09
0.75 ± 0.09
0.91 ± 0.09

IB-EA-b
IB-PO
IB-31-c-chit
IB-NS

0.12 ± 0.01
0.29 ± 0.04
0.01 ± 0.004
0.52 ± 0.04

0.67 ± 0.07
0.52 ± 0.06

<0.02
0.84 ± 0.08
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olytic strains of antagonistic bacteria. The mycolytic
activity of bacteria in vitro and in vivo resulting from
the synthesis of various extracellular hydrolases can
depend on environmental factors to a greater extent

than other forms of microbial antagonism. This find-
ing should be taken into account in the development of
modern means for biological control of phytopatho-
genic fungi.
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Fig. 3. Chitinase (a) and mycolytic (b) activities of different strains of antagonistic bacilli grown in the medium containing 0.2% of
colloidal chitin from crab shells and 0.4% of the biomass of the fungus Macrolepiota procera (Fr.) Sing. on a shaker (170 rpm) at
36.5°C for 72 h. The ordinate on the upper diagram (a) shows the rate of N-acetyl-D-glucosamine formation (µmol/ml min) from
hydrolysis of 1% suspension of colloidal chitin. The ordinate on the lower diagram (b) indicates the rate of the reducing sugar
release (µmol/ml min) under the action of bacterial enzymes on a 1% suspension of Bipolaris sorokiniana disintegrated cell walls.
N-acetyl-D-glucosamine was used as a standard.
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Table 4.  Production (U/ml) of chitosanase, β-1,3-glucanase, and protease by strains belonging to two taxonomic groups of
bacilli grown in liquid medium containing 0.2% of colloid chitin from crab shells and 0.4% of the biomass of the fungus Mac-
rolepiota procera (Fr.), Sing

Group of B. subtilis strains

 Strain Chitosanase ac-
tivity, U ml−1

 β-1,3 gluca-
nase activity, 

U ml−1

Protease activi-
ty, U ml−1  Strain Chitosanase ac-

tivity, U ml−1

β-1,3 gluca-
nase activity, 

U ml−1

Protease activi-
ty, U ml−1

IB-14 0 0 1.53 ± 0.14 IB-34-c 0 0 0.47 ± 0.05

IB-21 0 0 1.61 ± 0.17 IB-34-d 0 0 0.48 ± 0.05

IB-23 0 0 1.96 ± 0.20 IB-35 0 0 1.67 ± 0.18

IB-24-2 0.01 0 1.12 ± 0.10 IB-36 0 0.08 1.79 ± 0.19

IB-26-a 0.01 0.01 1.56 ± 0.16 IB-39-1 0.01 0 1.35 ± 0.14

IB-26-b 0 0 1.60 ± 0.17 IB-39-3 0 0 0.48 ± 0.05

IB-33-1 0 0 1.50 ± 0.16 IB-47 0 0.03 1.78 ± 0.18

IB-33-2 0.01 0 1.79 ± 0.20 IB-31-a-x 0 0 1.55 ± 0.16

IB-34-a 0.03 0 1.37 ± 0.14 IB-54* 0 0 1.67 ± 0.18

IB-34-b 0 0 0.34 ± 0.04

Group of P. ehimensis strains

 Strain Chitosanase ac-
tivity, U ml−1

 β-1,3 gluca-
nase activity, 

U ml−1

Protease activi-
ty, U ml−1  Strain Chitosanase ac-

tivity, U ml−1

 β-1,3 gluca-
nase activity, 

U ml−1

Protease activi-
ty, U ml−1

IB-30 0.22 ± 0.02 7.28 ± 0.75 1.29 ± 0.14 IB-EA-b 0 0.18 ± 0.02 1.64  ±  0.17

IB-X-b 0.36 ± 0.04 5.94 ± 0.65 1.65 ± 0.17 IB-PO 0.27 ± 0.03 0.30 ± 0.03 0.42  ±  0.05

IB-517 0.34 ± 0.04 6.77 ± 0.70 1.24 ± 0.13 IB-31-x 0 0 0.19  ±  0.02

IB-522 1.06 ± 0.11 0.36 ± 0.05 0.95 ± 0.10 IB-NS 0.17 ± 0.02 2.61 ± 0.30 1.54  ±  0.16

IB-G2-p 0.49 ± 0.05 6.00 ± 0.65 1.06 ± 0.12

Note: * Strain IB-54 is a type strain of antagonistic bacilli exhibiting no chitinolytic activity.
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