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Chitinolytic marine bacterial strains (30) were isolated from the sea dumps at Bhavnagar, India. They were screened as 

chitinase producers on the basis of zone of clearance on chitin agar plates incorporated with calcofluor white M2R for the 

better resolution. Out of these, three strains namely, Pseudomonas sp., Pan toea dispersa and Enterobacter amnigenus 

showed high chitinase production. They were also found to produce proteases and therefore have a good potential for use as 

antifungal biocontrol agents for the control of fungal plant pathogens. These strains could degrade and utilize the mycelia of 

Macrophomina phaseolilla (Tassi) Goidanich and Fusarium sp. 111 vitro, these strains could inhibit the growth of Fusarium 

sp. and M. phaseolina. The culture filtrate inhibiting hyphal elongation was observed microscopically. 
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Chitin is one of the most abundant biopolymer in na

ture particularly in marine environment, as many ma

rine organisms including zooplankton and several 

phytoplankton species have it as a structural skeletal 

component!. Chitinase seems to play an important 

role in decomposition of chitin. Agricultural pests 

identified so far include approximately 10,000 species 

of insects and 8000 species of funge. Agricultural 

output as crop yield is severely affected by phytopa

thogenic fungi, which is higher than the diseases 

caused by nematodes, protozoa and bacteria3
. Pigeon

pea (Cajanus cajan) is one of the major legume crop 

of tropics and subtropics. It is grown in all the states 

of India
4
, cultivated on 3816 ha of land and produc

tion is about 2876 thousand tonnes per annum. Fu

sarium wilt is the most destructive disease of pigeon

pea. The annual loss due to wilt in pigeonpea in India 

and eastern Africa had been estimated to be 36 mil

lion and 5 million US $, respectively5. Studies are 

required to control pigeonpea infection. 

The objective of the present investigation was to 

isolate and identify high chitinase producing bacterial 

strains from marine habitat, to study chitinase pro-
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duction and proteases and to determine their potential 

for the inhibition of the growth of the fungal plant 

pathogens like Fusarium sp. and Macrophomina 

phaseolina (Tassi) Goidanich. 

Materials and Methods 
Isolation and cultivation of bacteria-The medium 

used for the isolation and cultivation of bacteria was 

(g/l): chitin, 5.0; yeast extract, 0.5; (NH4hS04, 1.0; 

MgS04.7H20, 0.3; and KH2P04, 1.36. The pH of the 

medium was adjusted to 7.2. The medium was steril

ized by autoclaving at 121°C for 15 min6
. 

Preparation of acid-swollen chitin-Phosphoric 

acid-swollen chitin was prepared according to the 

method described by Hackman7
• 

Isolation of chitinase producer by plate assay 

methods-Medium (50 ml) was inoculated with soil 

and water samples from various locations of sea at 

Bhavnagar (the distance for each sample collection 

was one kilometer away). These were incubated at 30° 

± 2°C on rotary shaker at 180 rev/min for 7 days for 

the enrichment of chitinase producers. Three such 

serial enrichments of chitinolytic bacteria with 5% of 

inocula from the earlier flasks were carried out. The 

enriched bacteria were streaked on the chitin agar 

plates containing ca1cofluor white M2R8. The plates 

were incubated at 30° ± 2°C and examined under UV 
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for formation of clear zone (CZ) around colonies up 
to 7 days. The size of clear zone (CZ) and colony size 

(CS) were measured and the colonies were transferred 
to chitin agar slants. 

Selection of high chitinase producer- Isolates 

which showed a higher CVCS ratio in the plate assay 

were inoculated into 50 ml of liquid medium and in

cubated at 30° ± 2°C on rotary shaker at 180 rev/min. 

The culture was sampled at every 24hr interval to 
check the maximum chitinase production, and bio

mass in terms of total cell protein. The culture filtrates 
were collected by centrifuging the culture broth at 

7200 x g for 20 min and were used for chitinase as
say. 

Chitinase assay-Chitinase was assayed as de
scribed by Vyas and Deshpande9

• One unit of 

chitinase activity was defined as the amount of en

zyme required to liberate 1 Ilmole of N-acetyl-D
glucosamine equivalent at 50°C per hr. 

Method for the determination of the growth

Growth was determined in terms of cell protein, 
which was estimated as described by Waterborg and 
Matthews 10. 

Protease activity of chitinase producer-Proteases 

activity was performed only at optimum period of 
chitinase production of selected chitinase producing 
bacteria. 

Proteases assay-Proteases activity was assayed 
according to the method of Ong and Gaucher!!. The 

assays were done for acid, alkaline and neutral prote
ases. The substrates used were-(a) 0.5% hemoglobin 

in O.IM of Na-acetate buffer (PH 5.5) for acid prote
ase; (b) 0.5% casein in O.IM of Tris-HCI buffer (PH 

7.2) for neutral protease; and (c) 0.5% casein in O.IM 

of Tris-HCI buffer (PH 8.6) for alkaline protease. One 
unit of protease activity was defined as the amount of 

enzyme required to liberate 1 Ilmole of tryptophan 
equivalent at 50°C per hr. 

Utilization of fungal biomass as source of chitin for 

the production of chitinase-M. phaseolina and Fu

sarium sp. were grown in Sabouraud's broth (Hi me
dia, India) for 7 days and 'then the fungal biomass was 

. harvested, washed with sterile distilled water and 
dried in an oven at 50°C till constant weight. These 

dried fungal mycelia were then used at 5 gil in re
placement of chitin!2. 

Fungal plant pathogen inhibition assay-Effect of 
each culture and culture filtrate of Pseudomonas sp., 
P. dispersa and E. amnig6.nus were · seen on the 
growth of M. phaseolina and Fusarium sp. For that, 

Fusarium sp. (5 x 105 spores/mI). and M. phaseolina 

(5 x 105 sclerotia/ml) were grown in medium (50 ml) 

containing 2 x concentration of Sabouraud's broth 

(Himedia, India) and incubated at 30° ± 2°C on rotary 
shaker at 180 rev/min for 48hr. After 48hr, lOml of 

culture (1 x 108 CFU/ml) and culture filtrate (lOml) of 

Pseudomonas sp., P. dispersa and E. amnigenus were 

inoculated and incubated at 30° ± 2°C on rotary 

shaker at 180 rev/min for 48hr. The inhibition in the 
growth of plant pathogens was monitored in terms of 

the dry weight. The control consisted of 10m] of me
dium alone, inactivated culture or culture filtrate. 

Inhibition of growth of fungal mycelia-l ml sus

pension of Fusarium sp (5 x 105 spores/ml) and 

M. phaseolin a (5 x 105 sclerotia/ml) were transferred 

to 25 ml double strength potato dextrose broth and 
incubated at 30°C for 6hr. After 6hr, mycelial suspen

sion (l01l1) was mixed with enzyme (Will) on cover 
glass. The cover glass was kept inverted on silicon 
grease applied neoprene '0' ring (l2 mm diam). Neo

prene '0' ring was kept on glass slide (Silicon grease 

applied to prevent evaporation). The slide was ob
served under Olympus CX 41 microscope (Japan) and 

photographs were taken at different time intervals 
with Epson PhotoPC 3100Z digital camera (Japan). 

All the experiments were done in triplicate and the 
values presented were the means of three independent 
determinations. 

Results and Discussion 
Screening of chitinase producing 'marine bacte

ria-For isolation of chitinolytic bacteria, samples 

were collected from sea dumps of Bhavnagar. Thirty 
cultures were isolated on the selective chitin agar 

plates. Selection of higher chitinase producing cul
tures was done on the basis of the higher ratio of the 
zone of clearance (CZ)/colony size (CS) and high 
chitinase activity (Table 1). Zone of clearance by iso

late nos 1, 14 and 15 was seen as 34.43±0.35, 

44.43±0.28 and 16.56±0.26 units/ml chitinase acti
vity, respectively (Fig. 1), they were selected for 
identification and further study for their potential to 
control fungal plant pathogens . 

Identification of bacteria-The marine isolates I, 

14 and 15 were identified using Rapid ID -32 E kit 
(manufactured by Biomerieux Company, France) for 
gram-negative bacteria (data not shown). We also 

followed our results with Bergey's manual of deter
minative bacteriology l3. Isolate nos 1, 14 and 15 were 

gram negative rods, which were identified to be Pseu-
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Fig. I-Zone of clearance by (A) - Pseudomonas sp; (B) - Pan

toea dispersa ; and (C) Enterobacter amnigenus on chitin agar . 

plate incorporated with calcofluor white M2R in UV light. 

domonas sp., Pantoea dispersa and Enterobacter am

nigenus, respectively. 

Production profile of chitinase-The production of 

extracellular chitinase was monitored during the 

growth of Pseudomonas sp. (Fig. 2A), Pantoea 

dispersa (Fig. 2B) and Enterobacter amnigenus (Fig. 

2C). The protein was also determined as a parameter 

Table I-Ratio of CZlCS and chitinase acitivity of 

marine isoaltes 

[Values are mean±SD of 3 replications] 

Isolate no. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

CZlCS ratio 

3.50±0.22 

2.33±0.15 

2.50±0.36 

3.00±0.15 

2.00±0.26 

2.50±0.10 

2.50±0.09 

2.00±0.13 

2.66±0. ll 

3.25±0.19 

2.00±0.11 

l.33±O.12 

1.33±0.2 

4.00±0.1 

3.50±0.1 

2.50±O.13 

2.00±0.15 

2.00±0.11 

2.00±0.12 

3.50±O.1O 

1.66±0.21 

2.00±0.12 

2.00±0.11 

2.00±0.1 

2.00±0.09 

2.50±0.12 

2.00±0.31 

2.00±0.12 

2.00±0.09 

2.00±0.1 

Chitinase acivity 

(units/ml) 

34.43±0.35 

6.96±0.46 

11.92±0.26 

11 .14±0.46 

14.08±0.26 

6.81±0 . 1~ 

10.68±0.46 

6.65±0.26 

5.10±0.46 

13.77±0.27 

3.33±0.13 

3.17±0.12 

2.25±0. 12 

44.43±0.28 

16.56±0.26 

1.32±0.2 

1.89±0 

4. 15±0 

5.28±0 

1.70±0.2 

5.28±0 

11.41±0. I 3 

I .70±0.2 

7.54±0.53 

3.39±O 

I. 13±O 

13.572±0 

7.54±0 

7.27±0.5 

4.79±0.2 
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to monitor the growth of these bacteria. The produc

tion of chitinase and growth was found to be maxi
mum at 144hr in both Pseudomonas sp. And 

P. dispersa, whereas the growth and chitinase pro
duction for E. amnigenus was found to be maximum 

at 120hr. The production of chitinase by S. marces

cens has been reported to be maximum at 144hr6
, 

whereas for Bacillus circulans no. 4.1 at 96hr
14 

and 
for Alcaligenes xylosoxydans at 72hrI2. There is no 

report for chitinase production by P. dispersa and E. 

amnigenus. 

Proteases production-Mycolytic enzymes based 

formulations have been used to control fungal plant 

pathogens. Mycolytic enzymes consist of chitinase, 
proteases and glucanase2. Pseudomonas sp., 

P. dispersa and E. amnigenus have been found to 
produce chitinase and protease, when they are grown 

in chitin medium as a sole carbon source6
. The pro

duction of extracellular proteases was monitored only 
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Fig. 2-Production of chitinase and growth of (A) - Pseudomonas 

sp; (B) - Pantoea dispersa; and (C) Enterobacter amnigenus. 

at 144hr in Pseudomonas sp. and P. dispersa, whereas 

at 120hr in E. amnigenus. All the three isolates were 
found to produce acidic, neutral and alkaline prote

ases. The activity of neutral protease was found to be 
higher as compared to acidic and alkaline protease of 

all the three isolates (Table 2). 
Effect of fungal mycelial biomass on chitinase pro

duction- As the fungal cell wall contains chitin as the 
major component, and chitinases are well known to 
lyse the cell walls of both live and dead fungi 15. To 

check the ability of Pseudomonas sp., P. dispersa and 
E. amnigenus to utilize dead fungal mycelia, fungal 

biomass of Fusarium sp. and M. phaseolina were 

washed, autoclaved, dried and used for substitution of 
chitin for chitinase production. The fungal mycelia 

were found to be utilized significantly by Pseudomo

nas sp" P. dispersa and E. amnigenus, since signifi
cant chitinase activity was observed (Fig. 3). Beyer 
and Diekmann 16 have reported cell wall degradation 

of Penicillium chrysogenum by chitinase system of 

Streptomyces sp. A TCC 11238. Ordentlich et aI.17 

have reported degradation of cell walls of the phyto-

140 

120 

c=J-Ip. _p._ ... ".,.. 
m!mI EnlltlObacter .mnlgen..-

Control Sigma chitin Fu_ium .pM. phaseollna 

Fungal biomass used 

Fig. 3-Effect of replacement of chitin with dried fungal mycelial 

biomass of two fungal species on chitinase production by Pseu

domonas sp, Pantoea dispersa and Enterobacter amnigenus. 

Table 2-Activities of proteases of Pseudomonas sp. 

Pantoea dispersa and Enterobacter amnigenus. 

[Values are mean±SD of 3 replications] 

Proteases Protease activit~ (units/ml) 

Pseudomonas Pan toea Enterobacter 

sp. dispersa amnigenus 

at 144 hr at 144 hr at 120 hr 

Acid protease 2.84±0.31 2.30±0.43 1.70±0.17 

Neutral protease 7.16±0.21 8.36±0.6 9.36±O.21 

Alkaline protease 5.87±0.45 4.61±0.34 5.37±0.IS 
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Fig. 4--Effect of chtinase from Pseudomonas sp (2a), Pantoea dispersa (3a) and Enterobacter amnigenus (4a) on growth of Fusarium 

sp. [(1) Untreated mycelium (magnification 400x); (2a) Treated "mycelium using culture filtrate of Pseudomonas sp. showing degraded 

hyphae (arrow) 4hr (magnification 400x); (3a) Treated mycelium using culture filtrate of Pantoea dispersa showing degraded hyphae 

(arrow) 2hr (magnification 400x); and (4a) Treated mycelium using culture filtrate of Enterobacter amnigenus showing degraded hyphae 

(arrow) 3hr (magnification 400x)] 

Fig. 5-Effect of chtinase from Pseudomonas sp (2a), Pantoea dispersa (3a) and Enterobacter amnigerzus (4a) on growth of M. phaseo

/ina [(2) Untreated mycelium (magnification 400x); (2a) Treated mycelium using culture filtrate of Pseudomonas sp. showing degraded 

hyphae (arrow) 6hr (magnification 400x); (3a) Treated mycelium using culture filtrate of Pan toea dispersa showing degraded hyphae 

(arrow) 3hr (magnification 400x); and (4a) Treated mycelium using culture filtrate of Enterobacter amnigenus showing degraded hyphae 

(arrow) 4hr (magnification 400x)] 

pathogen, S.rolfsii, by chitinase produced by S. mar

cescens. Vyas and Oeshpande9 have reported the utili

zation of Sclerotium rolfsii mycelia for production of 

chitinase from M. verrucaria. Gupta et al.
18 

have re

ported cell wall lysis of many fungal pathogens by 

chitinase produced by S. viridificans. Vaidya et al. 12 

have reported chitinase production by Alcaligenes 

xylosoxydans by utilization of dead mycelia of 

Fusarium sp. and M. phaseolina. 

Inhibition of the growth of fungal plant patho

gens-In vitro studies were carried out to see the ef

fect of culture and culture filtrate of Pseudomonas sp., 

Pantoea dispersa and Enterobacter amnigenus on the 

growth of Fusarium sp. and M. phaseolina. It was 

observed that there was 47 ± 1.4 and 82 ± 3.2%,55 ± 
2.1 and 93 ± 2.5%,31 ± 1.05 and 68 ± 2% inhibition 

of the growth of Fusarium sp. in the presence of 

Pseudomonas sp., Pantoea dispersa and Enterobacter 

amnigenus culture and culture filtrate, respectively. 

For M. phaseolina, the inhibition in the growth was 

observed to be 38 ± 1 and 74 ± 1.5%, 60 ± 2.4 and 95 

± 1.6%, 42 ± 1 and 75 ± 3.2% by Pseudomonas sp., 

P. dispersa and E. amnigenus culture and culture fil-

trate, respectively. Vaidya et al.
12 

have reported 44 

and 74% inhibition of the growth of Fusarium sp. as 

well as 69 and 81 % inhibition of growth of M. 

phaseolina in presence of A. xylosoxydans culture and 

culture filtrate, respectively. 

Inhibition offungal growth-As for fungal growth, 

the chitinase from Pseudomonas sp., Pantoea 

dispersa and E. amnigenus tested individually, 

showed inhibition of hyphal elongation. In general, 

the enzyme from Pseudomonas sp., Pantoea dispersa 

and E. amnigenus affected Fusarium sp. and M. 

phaseolina. Culture filtrate from each of these bacte

ria was found to inhibit growth of Fusarium sp., 

(Fig. 4) and M.phaseolina (Fig. 5). Chitinolytic en

zymes from Penicillium janthinellum P9 cause myce

lial damage in Mucor plumbeus and Cladosporium 

cladosporioides
19 

after 24 hr. Purified chitinase from 

Fusarium chlamydosporum lyse the walls of uredo

spores and germ tubes of Puccinia arachidii
o after 24 

hr. 

In summary, these results suggested that Pseu

domonas sp., P. dispersa and E. amnigenus show the 

high level of chitinase production, proteases activity 
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and inhibition of the growth of fungal plant patho

gens. These cultures, therefore, have potential to be 

exploited for use as an antifungal biocontrol agent. 
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