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Abstract

Six accessions of bacteria, belonging to four genera from the Microbial
Culture Collection and Services Laboratory of the Nationa! Institute of Molecular
Bialogy and Biotechnology (BIOTECH), UP, af Los Bafios were selected as
chitinase-producing based on their ability to show moderate to heavy growth and
form moderate to farge zone of clearing around colonies in chitin agar. The
chitinolytic bacteria selected were: Bacillus circulans BIOTECH 1037 (5Bc),
Arthrobacter Iutens BIOTECH 1077 (6A1), B. circulans BIOTECH 1045
(7Bc).Streptomyces griseus BIOTECH 1582 (95g), and Serratia marcescens
LPC19 fIOTECH 1748 (11Sm) and S. marcescens LPM42 BIOTECH 1749
(1455m).

The bacteria, when grown in chitin broth, excreted chitinase enzymes intothe
culture medium as assayed wsing turbidimetric and cylinder cup methods.

Introduchon

gens without excessive use of chemical pesticides has become the

subject of extensive research. The use of microorganism in the control
of certain pathogens drew significant interest among researcheérs as it holds
prospects for an ecologically sound system for pest management. As such,
understanding the interactions among micrcorganisms takes center stage
as some of the interactions may be operational in the biological control
process.

I n recent years, the search for alternative methods to curb some patho-
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icrobi ' lieson lyti
ticm, a form of microbialantagonism, relieson lyticenzy,
the de;lat:o? 1 ocell walls of pa.thoger.uc fu_ngl (Che.t et al, ]a for
F d:z:ntal to the lytic phenomenon is the liberation of various hydro
un eaby some species of bacteriato degrade fungal cell walls. Oneg

ic enzymes 18 chitinases. .

of d\eg{ﬁm are defined as enzymes cleaving a bond between the o
and C# of two consecutive N.acetylglucogamma of chnnp, In plants, the
enzymes make-up part of the pathogenesxs-rela‘ted proteins (PR proteing
involved in several biochemical defense mechanisms against fungal path,
gal chitinases may be involved in the

t al., 1992). Some fun
S (Fl:)cfhtﬁeaﬁxngUS itself (Pedraza-Reyes and Lopez-Romero, 19g9)

. od in cell ation as in Saccharomyces cerevisiae (Kuranda ang
Robins, 1991) ors:f:;'r perform tropic functions. On the otl?er md' the
chitinases produced by certain species of bacteria have been implicated iy
the biological control process via degradation of the chitinous cell walls of
pathogenic fungi, and play a large role in mineralization in marine waterg
and sediments (Herwig et al., 1988 cited by Elach etal, 1992),

The chitinolytic activity of bacterial chitinases plays an important role
in the decomposition of chitin and, potentially, in the utilization of chitin as
a renewable resource (Tsujibo et al., 1993). Chitin, a 8-1,4 polymer of N-
acetylglucosamine (GlcNAc), is a major structural component of many
agronomically important pests including insects, nematodes and fungi. The

‘enzymatic degradation or deformation of chitin in these organisms could
present an effective method for their control (Fuchs et al., 1986).

" This study aimed to (1) screen for bacteria available from the culture
collection of the National Institute of Molecular Biology and Biotechnology
(UPLB) that have the capacity to produce higher quantity of chitinases, and
(2) test the chitinolytic activity of the crude chitinase extract in medium
containing colloidal chitin.

This study provides information on the available accessions of
chitinolytic bacteria that could be used as biocontrol agent against certain
fungi and as possible sources of chitinase genes to be introduced to plants
in order to boost their resistance to fungal attacks.

Iytic
r 0up

Review of Literature

In bacteria, chitinases were shown to be extracellular enzymes (Flach
et al, 1992) involved in nutrition as many chitinolytic bacteria can grow o
chitin as sole carbon and nitrogen source and in pathogenicity in S
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marcescens acting as insect pathogen
Chiti:uaninsolublelinarg.lg ’4_].(G°°d“]p g'o 1991)
(GleNAc), occurs ubiquitous in nature ag

plants, in excskeleton of arthropods and common constituent in some

in fu"ga' cell walls. As such,
bacteria have been reported to produce dﬁﬁ,?a::%;':&u ;\ngu‘;ndl:ler al:s‘

(1951) reported twenty chitinoclastic straing of bacteria composed of several

species of Acrhrontobacter, Pseudomonas, F lavobacterium and Micrococeus that

were isolated from marine mud by enric :
water-borne species of bacteria belo)r’\ging tk‘\)m &mﬁzummﬁ
;3:6 flebﬂe!!a were found to be crunnase-prcduch\g {Clarke and Tracey,
Chitinolytic complexes had also been isolated fr
many actinomycetes including Streptomyces Sp. {Reyn(;?dsctlit;;: glglaj::: 2:
al,, 1970), 5. griseus (Bergerand Reynolds, 1958), . orientalis (Tominagaand
Tsujisaka, 1976), 5. erythracus (Kamei et al.,, 1989), Streptomyces 'sp. 5-84
(Uenoetal., 1990) and S. thermoviolaceus (Tsujibo et al, 1993}
Monreal and Reese (1969), in testing about 100 bacterial stocks, found
Serratia marcescens trailing closely. Serrgtia ligusfaciens was reported to be
lyticto Fusarium sp. hyphae (Sneh, 1981) whilea certain species of Enterobuacter
(probably E. cloaoae was found to be chitinase-producing {Yamasaki et al,,
1992). Other species of bacteria reported to be chitinoclastic include Bacillus
sp. which was found to be lytic on Riuzopis (Tsujisaka et al., 1973), Bacillus
cereus (Mitchell and Alexander, 1963), Bacilfus circudans WL-12 (Watanabe et
al., 1990; 1990; 1992), Bacillus licheniformis (Takayanagietal,, 1991}, Aeromonas
sp. (Yabukietal., 1986; Ueda and Arai, 1992), Nocardia orienialis (Nanjoetal.,
1989), Arthrotacter sp. (Morrissey etal., 1976; Sneh, 1981) and probably a lot
more.

Materials and Methods

Several species of bacteria have been reported to praduce chitinases.
All of the reported chitinolytic bacterial species available at the National
Institute of Molecular Biology and Biotechnalogy (BIOTECH), UPLB, were
screened for their ability to produce chitinase.

The bacteria were streaked on chitin agar A (Ueda and Arai, 1992)
plates, afterwhich they were incubated at room temperature (25-27°C) for
one syeek. The bacteria that formed clear zones were selected and main-
fained in chitin agar B slants, chitin broth plus 15% agar (Ueda and Arai,
1992).
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i itinase followed the proced
duction of crude chitinase . procedure of |
Arail (332)?1'!1«3 chitinase-producing bacteria selected were gr OWnE,, '
fthe seed culture (16-18 hourculture) was trang Sl fhltin
Q

proth. Oneml 0 :
ml of the same prothand was incubated for 48h at room temPﬁfature fOri::

roduction of chitinase. The culture broths were then centrifugeq for 201y,
at 12,000 rpm and the supernatants were assayed for chitinase actjy;
cell-free supernatant (crude enzyme extract) was stored in the re f’igérat A
or

r future use- s :
fo Two methods were used to assay chitinase activity in the Bl

filtrates, namely: rurbidimetric (Imoto and Yagashita, 1971) and e

cup assay methods (modified from Frandberg and Schnurer, 1994)

A. Turbidimetric method

Preparation of Standard Curve. A volume of 1.5 ml of the different
concentrations of N-acetylglucosamine (GleNAc) (0.02 - 0.20m g) were
prepared. Two ml of the color reagent was mixed with the GleNac
solutions, afterwhich, the mixtures were incubated in boiling water bath for
15 minutes in aluminum-foil covered tests tubes. After cooling, the absorb.
ance (OD) of the mixhuires was read at 420 nm against water. The changein
OD (AOD) was plotted against mg GlcNAc.

Assay Procedure. A reaction mixture containing 1.0 ml of 03%
colloidal chitin, 2.0 ml of phosphate-citrate buffer {(pH 4.0) and 1.0 ml of the
crude enzyme extract was incubated for 1 hrat370C. Distilled water served
a5 control. After the incubation period, the mixture was spinned to remove
the residual chitin. A volume of 1.5 ml of the mixture was added with 2.0
ml of the color reagent, and incubated in boiling water bath for 15 minutes.
After cooling, the change in OD {A0D) was determined. The amount of
GlcNAcwas determined based on the standard curve previously prepared.
One unit of enzyme activity is defined as the amount which liberateds !
umole of GleNAc/min.

B. Cylinder cup assay method

Preparation of Standard Curve. Pure chitinase’enzyme from Sernaid
marcescens (Sigma) (0.03U / mg) was used. A volume of0.1mlof the different
concentrations (0.1200U - 0.0012) of this enzyme were prepared. One
of activity is defined as the amount of enzyme which liberates | jgmole ol
GleNAc/min. -

Assay Procedures. The same procedures above were followed excep!
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that 0.1 ml of the crude enzyme extract was p ;

instead of the pure enzyme solutions, Distillch :E:::i mto cylnder cups
The unit of activity of the supernates was deten:}’\'ed as coritrol.

standard curve prepared above. ined based on the

Results

Screening For Chitinase-Producing Bacteria

Fourteen different accessions of bacteri :
genera obtained from the Microbial Culture cn:ug;l;: alrzdbseéoqgmg e
ratory of the National Institute of Molecular Biology and Bi;tv;i\l-?bo-
(BIOTECH), UPLB, were screened for chitinolytic activity. Based onotggy
growth and capability to form clear zones in chitin ag:;r (Table 2) ::rx
accessions belonging to 4 genera were selected, namely; Baciffus cira;lans
BIOTECH 1037 (5Bc), Arthrobacter luteus BIOTECH 1072 (6A1), B. circulans
BIOTECH 1045 (7Bc), Streptomyces griseus BIOTECH 1562 (95g); and Serratia
marcescens LPC19 BIOTECH 1948 (11Sm)and S. marcescens LPM 42 BIOT ECH
1749 (14Sm). A representative chitinolytic bacterium is shown in Figure 1.

As shown in Table 2, screening of accessions of bacteria that grew and
formed colonies in chitin agar was carried out for seven days. Among the
accessions selected, Serratia marcescens (115m and 145m) and Streptomyces

Table 1. List of bateria tested for chitinolytic activity.

BACTERIA ACCESSION NO. DESIGNATION
Mirrococcus luteus BIOTECH 1061 IMI
Bacillus ceveus BIOTECH 1635 2Bc
B. licheniformis BIOTECH 1005 3Bl
B. cereus BIOTECH 1509 4Bc
B. circulans BIOTECH 1037 5Bc
Arthrobacter luteus BIOTECH 1077 6Al
B. circulans BIOTECH 1045 7Bc
Flavobacterium aurantiacm BIOTECH 1492 8Fa
Streptomyces griseus BIOTECH 1562 95@’.l
B. licheniformis BIOTECH 1331 10;3
Serratia marcescens LPC19 BIOTECH 1748 1112Pm
Pseudomonas aeruginosa NRRL B-23 BIOTECH 1335 lSKa
Klebsizlla prieumonia NRRL B-14232  BIOTECH 175% 7 P
5. marcescens LPM 42 BIOTECH 1749 m
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Serratia marcescens LPC19 BIOTE,

acterium ( CH 17“

1A chitinolyt! 4round colonies in chitin agar A.

ich
zone of Cm"ns J W,

o

™

Table 2. Growthof suspect bacteria in chitin agar after 2,3 and 7 days of incubagie, .
ggmperature (25-27'C). atm,
DAY?2 DAY 3 m
BACTERIA —
Growth Cleaning  Growth Clearing C'm
IMI - . 3 = « G
2Bc - - ~ v .
3Bl - s > . 4
4Bc - & ¥ - 4+
5Bc . " + - ++ +
6Al ) : ¥ N + +4
7Bc - 2 kil + ++ i
8Fa - - + . i
g+ ¢ oo
10BI - - - - +
11Sm + - ++ ++ +++ e
12Pa . . . ) i
13Kp - - + - ++
145m -+ i ++ +4 FUURI.
Legend: Growth Clearing
- = no growth - = no zone of clearing
+ = small + = minimal
++ = moderate ++ = moderate
+++ = heavy +++ = large
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griseus (95g) showed heavy growth ang
around the colonies of bacteria, Baa'ltuzomn'ned large zones of clearing

Arthrobacter Iuteus (6Al) showed mod Culans (5Bc and 7Bc) and
zones of clearing. All other acoesioinr:tgigwwm and formed moderate

minimalto moderat growth bt formed o soneof e, o, 1Oed
chitin agar,

Assay for Chitinase Actjyi
ctivity of
the Crude Enzyme Extrac¥s

A. Turbidimetric Method

A standard curve (Figure 2} w. ’
changes i‘f optical density gm the} reaa:ﬁ;ﬁn:::tcut:gs ?:r;ntth? basxs Of' e
concentrations of N-acetylglucosamine (GlcNAc) (Table B)au;;idvanous
stanQard curve, the amount of GlcNAc released per minute in the 4:hf°fn i
reaction mixtures containing .3% colloidal chitin and the crude enzymmﬁ'nt
extract was estimated. Table 4 shows the estimated amount of GIcNA(c:
released in each of the reaction mixtures and the equivalent unit of enzyme
activity. A unit of chitinase is the amount of enzyme which catalyzesy:::e
release of one micromole GleNAc per minute, Apparently, all the enzyme
extracts showed almost similar enzymatic activity with values ranging from
0.0112 - 0.0117. 5. griseus had the least activity while the two S. marcescens

showed the highest activity.

B. Cylinder Cup Assay Method

Pure chitinase enzyme isolated from Serrafia marcescens (Sigma) was
used in the preparation of standard curve (Figure 3} based on the diameter
of zones of clearing around the cylinder cups (Table 5) on chitin agar A
measured up to three days after plating.

As presented in Table 6, two of the crude enzyme extracts; 6Al, and
9Sg, did not show zone of clearing around the cylinder cup one day after
plating. Fourty-eight hours after, 95g still did not show zone of clearing. On
the third day, all the crude enzyme extracts showed zone of clearing with 5.
marcescens extracts (11Sm an 14Sm) producing the largest measurement
followed by the B. circulans extracts (5B¢ and 7Bc). The$. griseus extract {(35g)
produced the smallest zone of clearing. Formation of zone of f:leafmg on
chitin agar around the cylinder cup bya cruc!e 'chitina_se extract is shownin
Figure 4. The corresponding chitinase activity estimated based on the
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Figure 2. Standard curve for chitinase activity (turbidimetric method)
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pable 3. Standard curve for N-Aoetylglucosamine (Turbidimetic method)

P

mg N-acetylglucosamine: CHANGE Iy
ABSORBANCE (420nm) {AOD 420nm)*

control (-) 0
0.02 0.117
0.04 0.131
0.06 0.138
0.08 0.259
.10 0.361
.12 0.381
0.14 0.411
0.16 0.431
0.18 0.443
(.20 0.446

» ayerage of three trnials with two rephcatlons per trial
Zone of ciearing {om.)

11 =

1.5¢

08 -

o054 oooeo 0.0180 0.0300 0.0600 0.0900 0.1200

0 s Ftia il - PR
0.0012 00018 0.002¢ €.0030 0,008 |
Unit of activity

v inder method)
Figure 3. Standard curve for chitinase activity {cup cylindes
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Table 4. Chitinase acitivity of the crude enzyme extract using turbidimetric Pt

EXTRACT  mg GleNAc uMOLE GlcNAc  UNIT OF AW

Control () 0 0 o
6Al 0.1492 0.0113 00113
7Bc 0.1497 00113 00113
95g 0,1488 0.0112 00112
11Sm 0.1553 0.0117 0.0117
14Sm 0.1553 0.0117 0.0117
—

Co;m'ol - distilled water 95g - Streptomyces i
5Bc - Bacillus circulans 11Sm - Serratia mare

6Al _ Arthrobacter luteus  14Sm - 5. marcescens G
7Bc - B.circulans

Table 5. Standard curve for pure chitinase from Serratia marcescens (Cylinder cup method)®

DIAMETER OF ZONE OF CLEARING (cm)

UNIT (U)
Day 1 Day 2 Day 3

0.1200 18 2.2 25
0.0900 1.7 2.1 23
0.0600 1.6 2.0 22
0.0300 14 1.6 2.0
0.0150 12 15 18
0.0060 13 1.45 17
0.0054 11 14 16
0.0048 1.0 13 14
0.0036 0 1.0 12
0.0030 0 0.07 1.1
0.0024 0 0 IO
0.0018 0 0 09
0.0012 0 0 0

* average of three trials with two replications per trial.
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pinase activity of the crude enzyvme ¢ :
pable 6. Chiti NZY¥me extracts using the cylinder cup method,*
, . .

-’”Hf
DIAMER OF ZONE OF CLEARING {cm)

E){TI(ACT —

Day 1 Day 2
\ ; \ Day
Mean+/-S.E. Mean +/-S.E. M:,";,‘? +/-SE
”"‘/ s I %
Control () i Ua s
e 1.4b ) 1.70¢ 0.188 2.28d 0.112
Sl Da 0 .].lf)b 0.170 1.68¢ 0.112
o 1.0b g 1.65¢  0.208 2.28d 0.112
g [):f Da 0.70b 0
1em 1304 (.188 1.800d 0.240 2.50d 269
sk 125¢ 0193  1.700¢ 030 2.50e 0
,—-"';—

ues with dissimilar letters show significant differences from each other

wMean val
n's Multiple Range Test (DMRT)

pased on [Punca

« ayerage of three trials with two replications per trial

Legend:
Control - distilled water 9Sg - Streptomyces griseus
11Sm - Serratia marcescens

14Sm - 5. mercescens

5Bc - Bacililus circudans
6Al - Arthrobacter Tuteus
7Bc - B. circulans

zymeextract Note zone of clearing around the

Figure 4. Cup cylinder assay af
cup cylinders.
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Table7. Estimateof chitinase activity (in U of the crude extracts using the cyjing
frey

assay.
ZONE OF CLEARING UNIT OF AC\
EXTRACT (AFTER DAY 3)* (in cm) TIVITY
Control (-} 0 0 o
5Bc 2.3 0-0680
6Al 1.7 0.0060
145m 2.5 0.1200

——

«  average of three trials with two replications per trial
¢ One unit of chitinase activity is defined as the amount of enzymé which
produced one umole GlcNAc per minute.

Legend:
Control - distilled water 9Sg - Streptomyces grisues
5Bc - Bacillus circulans 11Sm - Serratia marcescens
6Al - Arthrobacter luteus 14Sm - S. marcescens
7Bc¢ - B. circulans

standard curve is presented in Table 7. Highest enzymatic activity was
observed in the S. marcescens extracts while least enzymatic acitivity was

observed in S. griseus.

Discussion

Bacterial chitinases such as those of Arthrobacter P-35 (Morrissey et al.,
1976), Bacillus circulans WL-12 (Watanabe et al., 1990), Serratia marcescens
(Monreal and Reese, 1969 and Cabib, 1988)and Streptomyces griseus (Ohtakara
etal,, 1988 and Ohtakara et al., 1990) are known tobe extracellular and hence
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are excreted into tbe med.ium containine chis:
in a chitin-contamning sohd. medium, hyg ::I';zl: thTr;e
formati_on of zone of cl_eanng. Ueno and Arai in ];ggsf_rate lea
producing microorganism from the sojj by their ability, isolated chitinage.
in medium centaining chitin as sole soyree of carbo ¥to fonp clear zones
agents to prgventpogt-haWt?st mould . od:' zﬂso n search for
of chitinolytic bacte.rnal strains were selecteq " an feed§,a number
form clearing zone in chitin agar ( Framberg anq Schn':,g to their ability to
Chitinase activity of the crude extracts was assa :{i) 1994).. |
and cylinder cup method. Turbidimetric measyres thg am ¥ turbidimetry
monomers and soluble GleNAc oligomers released into thc;“?t o:-GlcN{\c
tures (Domard and Vasseur, 1991). The released sugars are th::c ion mix-
by the decrease in optical density (O.D.) of the measured

- 3 mixture due to the reducti
of ferricyanide, a companent of the color reagent, o ferrocyanide by the
reducing end groups of GIcNAc (Linker, 1996 and Rajagopalan and Han-

dler, 1966). The said method is extensively used for the estimation of
chitinolytic activity of several bacteria (Horikoshiand lida, 1959: Mitchell an
Alexander, 1963; Morrissey etal., 1976, Tominagaand Tsujisaka, 1975; Ueda
and Arai, 1992; and Watanabe et al, 1992) while the cylinder cup measures
the zone cleared of chitin by the enzymes.

The bacteria that were screened for chitinolysis were previously
reported to be chitinolytic. The failure of some to grow and form clear zones
in chitin. agar A is attributed to strain differences while the absence of
clearing in the colonies that showed minimal growth is probably due to low
production of chitinase.

Observations made in this study revealed that 6Al and 95g extracts
possess low enzyme activity when assayed using the cyli.nde'r cup method
but moreor less comparable with the other extracts when measured throush
turbidimetry. This is not surprising because Franberg and Schourer (1 994)
found that there is no agreement betiween fhe release pf reducing su}%atﬁ
(measured by turbidimetry) and the formation of Flearmg zones ‘l”‘\ chtes
agar. When the activity of crude chitinase(si ;r;;;\ cti;fiirir;t ?ﬁ;:eélz :lse:: ;'mg
were compared, Franberg and Schm_xref ? s B
vy was i bt s s

[n general, the activity of the It e 117 oblained from
bacterial isolates in this study was low (0. : iy

idi - 0.1200 obtained from cylmde.r_ cup assay) ¢

cartadiineRy el S o ity of chitinases of Serrafa marcescens
pared with some reports. Unit of activt v1 Ok of & certaln ireplomycss 5p.
concentrated filtrate was 6.73U (Cbib, ‘

€NZymes once present

ding to the
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0.469U [Ueno et al., 1990} and of Streptomyces antibioticus 0.034L (Jeunzayy,
1946). However, theactivity of chitinase {0.0113and 0.0060 from turbid imetry
and cylinder cup assay respectively) from Arthrobacter luteus which was
obtained in this study compared well with the value reported by Morrissey
etal., (1976) which was 0.006 exhibited by Arthrobacter P35, The differences
in activity of the crude chitinases in this study with the previous reports are
due to several factors like strain differences, differences m growth condi-
tions (pH and lemperature), media composition, and nature of chitin and
assay method (viscosimetry, turbidimetry, and radiometry).
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