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Abstract

FourteerPenicilliumstrains have been screened on wheat bran—crude chitin mixture medium for extracellular chitinase production in solid-
state fermentation. Under the experimental conditions teBemcillium aculeatunNRRL 2129 (=ATCC 10409) was selected as the best
enzyme producer. The optimum incubation period for chitinase production by the potent organism was found to be 72 h. Chromatofocusing
was performed as the first step in the purification scheme, but high amount of contaminating proteins interfered with the method. Hence
ion-exchange chromatography experiments were carried out followed by gel filtration to separate and isolate chitinase isoenzymes. Four maj
chitinase peaks of molecular weight 82.7, 44.6, 28.2 and 26.9 kDa were observed after gel filtration chromatography while, on SDS-PAGE.
three protein bands of molecular weights 82.6, 33.9 and 29.1 kDa were identified. The purified enzyme showed optimal temperature and pt
at 50 and 5.5C, respectively.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction these enzymes are associated with defence mechanisms
[6,7].
Chitin is a homopolymer ofN-acetyl glucosamine Due to various industrial, clinical and pharmaceutical ap-

(NAG) and is the major component of the cuticle of in- plications of chitin hydrolysing enzymd8], and because
sects, shells of crustaceans, and cell walls of most fungi. chito-oligosaccharides, the derivatives of chitin hydrolysis,
Chitinases (E.C. 3.2.1.14.) are enzymes capable of hy-are useful for agrochemical and medicinal purpd9et0],
drolysing chitin to its oligomers and/or monomers. Chiti- the potential for industrial application makes the screening
nases from various origins possess versatile enzymolog-for chitinase producing microorganisms an interesting and
ical properties and usually are constituents of complex importanttask. Among fungirichoderma harzianuns cur-
chitinolytic enzyme systems. These enzymes play an im- rently of majorinteredtl1], howeverPenicilliumspecies that
portant role in nutrition and parasitism in bacteria and are versatile organisms and have long been known as produc-
fungi and they are also involved in fungal morphogene- ers of a wide variety of extracellular enzymes, some of which
sis and autolysig1-5]. While in plants and vertebrates, are of industrial intereqtl2—14]} had been reported also to
be potent producers of chitinasg$,16] Meanwhile, only
- ) very few pieces of information are available on their chitinase
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a lot of interest in enhancing the production of chitinase us- 0.1% (v/v) trace element solution, pH 5.0. The composition
ing fermentation techniques. Both submerged fermentation of the trace element solution (w/v) was the following: 0.08%
(SmF) and solid substrate fermentation (SSF) were employedMnSQy, 0.17% ZnSQ x 7H20, 0.25% FeS@x 7H,0.
for microbial chitinase productioji 7—20] SSF offers a bet- The spore inoculum was prepared by dispersing the
ter alternative for cost effective production of enzymes, since spores from fully sporulated slants in 0.1% Tween-80 un-
it can be carried out using cheaply available agro-industrial der aseptic condition and the spore count was adjusted to
residues such as wheat bran, rice husk, sugar cane bagassg,x 10’ spores mt'. The medium was inoculated with 1 ml
etc.[21-26] of spore inoculum and incubated at<3D. The selected chiti-
The aim of the present study was to determine the potentialnase producefPenicillium strains were cultured on solid
of Penicillium spp chitinase production in SSF for possible wheat bran medium containing 10% of purified chitin flakes
industrial application. and moistened with 10 ml of salt solution Paple J).

2.3. Sample preparation for chitinase assay
2. Materials and methods
The extracellular chitinase activity was determined from
2.1. Fungal strains the culture extract of SSF samples. The content of each Erlen-
meyer flask was mixed thoroughly with an appropriate vol-
Penicillium aculeatumNRRL 2129, P. chrysogenum  ume (to make a total volume of 100 ml) of 0.1% Tween-80
ATCC 10.002 and WA 348P. funiculosumNRRL 1132, solution. The SSF material was extracted atroom temperature
NRRL 1768, NRRL 3647 and NRRL 583P, isariiforme for 2 h with occasional shaking, then centrifuged at 6Qa§
FRR 2639,P. meliniiNRRL 848,P. oxalicumMRL 456, P. for 10 min and the supernatant was used for the assays. All
pinophilumNRRL 1066, NRRL 1142 and NRRL 3503, and experiments were performed in two sets and average values
P. verruculosunWA 30 strains were used in this study. They being reported.
were obtained from the American Type Culture Collection
(ATCC), Manassas, VA, Food Research Laboratory (FRR), 2.4. Measurement of enzyme activities
CSIRO, North Ryde, NSW, Australia, Structures and Materi-
als, Department of Defence, Materials Research Laboratory  To determine the chitinase activity from crude SSF extract,
(MRL), Ascot Vale, Victoria, Australia, Northern Regional the reaction mixture contained 0.5 ml protein extract, 0.5 ml
Research Center (NRRL), USDA, Peoria, IL, and Western of 1% colloidal chitin in phosphate buffer pH 5.5 and 1 ml
Australian Department of Agriculture (WA), South Perth, distilled water. The solution was incubated at&for 10 min
Australia. The cultures were maintained on Potato Dextrose with continuous shaking. The reaction was terminated by 3 ml
Agar (PDA) slants, sub-cultured regularly at every 2 weeks 3,5-dinitrosalicylic acid then the solution was mixed and kept

and stored at 4C. in boiling water for 5 min before reading at 575 nm. One unit
of chitinase was defined as the amount of enzyme releasing
2.2. Screening of fungal strains in SSF 1 umol N-acetylp-glucosamine equivalent per minute from
colloidal chitin under the given assay conditigts].
The preliminary screening of the fourteétenicillium Chitinase activity in chromatography steps was deter-

strains as above for chitinase production was carried out inMined with carboxymethyl-chitin-remazol brilliant violet

cotton-plugged 750 ml Erlenmeyer flasks on solid wheat bran (CM-chitin-RBV) substrate22,23} Protease activity was
medium containing 10% of purified chitin flakes and moist- measured with azocasein substrate and calculated as veloc-

ened with different volume of salt solutions of different com- 1ty constant[27]. N-acetyl3-p-glucosaminidase (NAGase)
positions Table 9. Composition of salt solution 1 (w/v) was ~ activity was measured by usimgnitrophenyIN-acetyl{3-p-
0.5% NHiNO3, 0.5% KH,POy, 0.1% MgSQ x 7H,0,0.1%  9lucosaminidg28].

NaCl and 0.1% (v/v) trace element solution, pH 5.0, while ) N -

the composition of salt solution 2 (w/v) was 0.5% KjO 2.5. Sample preparation for chitinase purification

0.5% (NH)2HPOy, 0.1% MgSQ x 7H20, 0.1% NaCl and . o
Samples were extracted with water containing 0.1%

Tween-80, then 2.5% phenyl methyl sulphonyl fluoride

Table 1
Composition of SSF media for screeningRefnicilliumstrains in chitinase (PMSF) was added as protease inhibitor and centrifuged at
production 10,000 rpm for 30 min at 4C before any further purification
Medium  Wheat Crude Salt solution  Salt solution steps.
bran (g) chitin (g) 1 (ml) 2 (ml)
1 4.5 0.5 10 - 2.6. Chromatofocusing
2 4.5 0.5 15 —
i i-g g-g - 1(5) The SSF culture extract was lyophilised and dissolved in

minimum quantity of 25 mM imidazole-HCI buffer pH 7.3
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containing 3 mM sodium azide and dialysed overnightagainst 60 and 70C) for various time intervals (0, 5, 30, 45 and
the same buffer at2C. About 20 mg protein sample was sub- 60 min). After the heat treatment, samples were cooled and
jected to Polybuffer Exchanger 94 chromatofocusing column assayed for residual activity at 3G for 10 min.

(2 cmx 20 cm). Polybuffer 74 was used as elution buffer and

2 ml fractions were collected at a flow rate of 30 mt29]. 2.13. Measurement of protein content
The fractions were analysed for pH, protein (A280) content
and chitinase activity. The protein content of the samples was measured using

by Bradford methodi33] or A280 nm.
2.7. lon-exchange chromatography
2.14. Chemicals
DEAE Sephadex A-50 was packed in a 1.6.r80cm
column and pre-equilibrated with 50 mM Tris—HCI buffer pH CM-chitin-RBV was purchased from Loewa Biochemica
7.5 containing 0.1 M NaCl at a flow rate of 30 mth[30]. GmbH, Germany. Azocasein apehitrophenyIN-acetyl glu-
A linear gradient of 0.1 M to 2 M NacCl concentrations was cosaminide were obtained from Sigma Co., USA. Polybuffer
used for the elution of chitinase activities that was measured 74, Polybuffer Exchanger and Sephacryl S-200HR were ob-

from each fraction collected. tained from Amersham Bioscience, Sweden. Chitin, crude,
from crab shells was obtained from Sigma. All other chemi-
2.8. Gel filtration chromatography cals were of standard reagent grade and were purchased from

Sd Fine Chemicals, India.

Fractions with high chitinase activity from ion-exchange
column were applied to Sephacryl S-200 HR column
(1.6cmx 80cm) that was equilibrated and eluted with 3. Results and discussion
50 mM Na-phosphate buffer pH 7.0 containing 0.2 M NaCl
and 3 mM NaN [31]. Calibration of the columnwas done us- 3.1. Strain selection and characterisation in SSF
ing different proteins of known molecular weight such as blue
dextran (2000 kDa), aldolase (158 kDa), albumin (67 kDa),  Insolid-state fermentation (SSF) experiments, wheat bran
chymotrypsinogen A (25 kDa), cytochrome C (12.4kDa) and and crude chitin flakes were applied to induce the growth
DNP-L-alanine. The samples were eluted at 60 il land and chitinase production of the selected fourtBenicillium

chitinase activity and protein content was determined. strains. Two different salt solutions in two concentrations
(Table J were applied to moisten the solid dry substrate and
2.9. Vertical slab gel electrophoresis to induce the fungal growth in the culture flasks. Chitinase

activities were checked 1 day after the visible fungal growth
Proteins separated during chromatography steps were apappeared, that meant different culture time of the strains: 2-5
pliedto 12.5% SDS-PAGEB2] and visualised by silver stain-  days. The collected results are presentedahle 2 It was
ing method. To determine the relative molecular weights of worth mentioning that in cultures with Media 1 and 3 with
the protein bands, molecular weight markers (10—200 kDa, lower phosphate and inorganic nitrate salt concentrations the

MBI Fermentas, Germany) were used. chitinase activities were much higher than in cultures with
higher applied salt concentrations. Application of Media 1
2.10. Characterisation of crude and purified enzyme and 3 resulted in comparable chitinase activities in every

case with the exception @®. chrysogenunATCC 10.002
Crude and purified enzymes were used to determine thestrain that has good activities on Medium 2, t&ochryso-

optimum temperature, pH and thermal stability. genumWA 348 behaved in different way form the other
strains considering e.g. the strong activity loss of the cul-
2.11. Determination of optimum temperature and pH tures, because of the presumably also produced proteolytic

activities. Interestingly, high differences were found among
The reaction was carried out at various temperatures rang-variousP. funiculosunstrains, alsoTable 3. Activities be-
ing from 25 to 80°C and the enzyme activity at different tween 0.1 and 1.86 U/gds were found among these screened
temperature points were measured in order to find out thefungi. Strains NRRL 1768 and 3647 grew much slower than
temperature optimum of chitinase. Similarly, the enzyme as- the other strains. Furthermore, NRRL 3647 produces very
say was carried out at different pH levels from 2.5to 7.0 using low chitinolytic activities (0.1-0.3 U/gds) even after 4 days

0.1 M citrate-phosphate buffer. cultivation.P. pinophilumstrains were also tested and NRRL
1066 strain was found to produce the highest activities of
2.12. Thermal stability chitinases (up to 1.55 U/gds) in Medium 3. Furtherméte,

aculeatumNRRL 2129 produced quite high activities after 3
The crude and purified enzyme was incubated at pH 5.5 days of cultivation, when the best result was gained applying
(0.1 M citrate-phosphate buffer) at different temperatures (50, Medium 3.P. isariiformecultures showed very slow growth:
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Table 2 In the case oP. funiculosurNRRL 1768 strain, the in-
Resullts of screening d¥enicilliumstrains for chitinolytic enzyme produc-  ~regse of the total protein content together with all enzyme
tion in SSF on wheat bran-—chitin mixture media activities was delayed in the SSF in comparisorPtac-

Strains Mediuh _Time (days) pH® Activity (U/gdsy’ uleatumcultures since the extracted protein samples showed
P. aculeatum 1 3 66 1.23 significantly increase in the measured values only after 48 h
NRRL 2129 2 66 0.68 incubation time Fig. 1b). Chitinase and NAGase activities
i Sj é:gg increased parallel with protein content while only very low
P. chrysogenum 1 3 71 147 protease activities were detected at acidic pH.
ATCC 10.002 2 72 1.08 In the case of. pinophilumNRRL 1066 strain, the in-
P. chrysogenum 3 2 6.8 0.63 crease of the total protein was not very intensive in the second
WA 348 4 68 049 24 h but it became stronger further dfid. 1c). Interestingly,
; 3 ;_'j g:ij the ratio of the chitinase and NAGase enzyme activities in
3 72 023 the protein extracts was practically the same in fhec-
4 72  0.00 uleatumandP. pinophilumcultures while inP. funiculosum
P. funiculosum 1 3 64 133 it was quite increased in favour of the polymer hydrolysing
NRRL 1132 2 64 075 chitinase activities.
i 2:3 é::? In P. aculeatumNRRL 2129 SSF cultures, the total pro-
P funiculosum 1 4 6.3 1.04 tein content of the fermented samples showed a steady in-
NRRL 1768 3 6.3 1.86 crease during the incubation time while total chitinase activ-
P. funiculosum 1 4 72 010 ity showed increased levels up to 72 h (1.23 U), however, it
NRRL 3647 3 70 027 was reduced considerably during further incubatfeig (1a).
Z'Fil;znccgé%s?um 13 3 45'_% %‘_7828 Protease and NAGase activities also showed great increase
P isariforme 1 5 58  0.34 in the extracts up to 96 h. The high increase in the protease
FRR 2639 3 58 072 activities could explain the decrease in the chitinase yield
P. melinii 1 2 6.4 053 after an optimum incubation time since the presumable re-
NRRL 848 3 64 048 duced nutrient level in the medium could cause induction of
“P;.Sfﬂggm é 3 ;'8 g'gg high protease production and also enzyme denaturation of the
P. pinophilum 1 3 60 1.21 secreted proteins in the fungal culture. A similar drop in chiti-
NRRL1066 3 60 155 nolytic activity was observed by a marine fungBsauveria
P. pinophilum 1 3 6.4  0.69 bassianafter 72 h incubation in a wheat bran based medium
NRRL 1142 3 64 065 [34]. Interestingly, NAGase activity showed greater stability
Z’Fi)gfggg%m 13 4 %_‘: %‘_5430 in the medium. InP. chrysogenunfi28] liquid culturesN-
P. verruculosum 1 3 55 054 acetyl3-p-hexosaminidase activities were also shown to be
WA 30 3 55 055 stable despite of concomitantly increasing proteolytic activ-
a SeeTable 1 ities in the medium.
b Culture time.
¢ Final pH of the culture before extraction. 3.2. Purification of P. aculeatum chitinolytic enzymes

d gds: gram dry substrate.

From the screening experiment, it was found tRaac-
uleatumNRRL 2129 produced quite high activities after 3
sample could be taken only after 5 days cultivation and al- days of cultivation. So this strain was selected for further
though the final pH was quite low, no significant enzyme ac- studies.
tivities were measurable from the extracts (0.34—0.72 U/gds).
In contrast tdP. isariiforme P. meliniigrew rather quickly on 3.3. Chromatofocusing
Media 1 and 3, however, here high activities were also not
visible (0.48-0.53 U/gds). Growth &f oxalicumandP. ver- Analysis of the fractions obtained after chromatofocusing
ruculosumstrains on Media 1 and 3 were very similar: after showed two minor peaks with low chitinase activity, which
3 days chitinase activities were measured from the cultures.was indicative of significant loss of chitinase activity on the
P. oxalicumstrain produced higher extractable activities (up PBE matrix and/or during elution. Furthermore, but the pres-
to 0.9 U/gds). ence of huge amount of contaminating other protein made it
After 3-5 days incubation time, among theRenicillium difficultto proceed the sample for further purificatidhd. 2).
strains Table 2 that were screened for chitinase production
in SSF, three strain$. aculeatumNRRL 2129,P. funiculo- 3.4. lon-exchange chromatography
sumNRRL 1768 andP. pinophilumNRRL 1066 were found
to be the best chitinase producers under the given conditions, The elution profile on DEAE Sephadex A-50 was resolved
therefore, these strains were selected for the further studies.into one major chitinase peak (fraction 29) as revealed in
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Fig. 2. Chromatofocusing d?. aculeatunNRRL 2129 chitinases on Poly-
buffer Exchanger 94 between pH 4-7.

Fig. 3. Comparing with the activity of SSF culture filtrate,
the yield of chitinase was 60.3% and the purification factor is
2.9 (Table 3. This fraction was then applied for further sep-
aration on Sephacryl S-200HR gel filtration column. Sheng
et al. observed similar elution pattern during purification of
chitinase fromBacillus brevisusing DEAE Sepharose Fast
Flow column[35].

3.5. Gelfiltration chromatography

Four major chitinase fractions (F 29, 35, 45, 54) were
collected after gel filtration chromatographlyid. 4). The
molecular weight of purified fractions were estimated as 82.7,
44.6, 28.2 and 26.9kDa. The respective purification factor
achievedwere 94.1, 7.6, 62.8 and 43al{le 3. Gelfiltration
of P. oxalicumchitinase on Sephacryl S-200 yielded 94-fold
purified chitinase of molecular weight 21.5 k[Jib].

3.6. Vertical slab gel electrophoresis

Three protein bands of molecular weights, 82.6, 33.9 and
29.1kDa could be visualised on SDS-PAGE analysis after
Sephacryl S-200HR column separation. No clear band was
visualised for fraction number 45, this might be due to the low
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AR (R S Fig. 5. SDS-PAGE analysis of protein samples obtained after various pu-
Fraction Number rification steps. Lane I: fraction containing chitinase activity from DEAE
—o— A280 —®—Chitinase—— NaCl Sephadex A-50 ion-exchange column; Lane |l: fraction 54 from Sephacryl

S-200HR gel-filtration column; Lane IlI: fraction 45; Lane 1V: fraction 35;

Fig. 3. Fractionation oP. aculeatumNRRL 2129 chitinases on a DEAE Lane V: fraction 29; Lane M: protein marker.

Sephadex A-50 column (1.6 cr20 cm). The column was pre-equilibrated

with 50mM T!'is—HCI buffer pH 7.5 gontaining 0.1 M NaCl and eluted with nases fronTrichoderma harzianurby SDS-PAGE analysis

a linear gradient of 0.1-2M NacCl in the same buffer. The flow rate was L .

30mi/h and the fraction volume was 5 m. showed three chltlngse proteln_s of m_o_lecula_r masses 33,37
and 42 kDa respectivel[86] while purified chitinase from

025 Penicillium oxalicumexhibited a single band of molecular
weight 54.9 kDg15].

0.2
3.7. Characterisation of crude and purified enzymes

o
Y
!

Of the four purified fraction obtained, fraction number 29

—o— A280 . .
was used for further characterisation.

—8— Chitinase

Absorbance

o
!

3.8. Effect of temperature and pH on chitinase activity

0051 Fig. 6a shows the effect of temperature (at pH 5.5) on chiti-

nase activity ofP aculeatumNRRL 2129. Highest activity
was obtained at 50C for both crude and purified enzyme.
This result was similar to that observed for chitinase from
Fraction Number other microbial sourcel86,37]

Fio. 4. Further fractionation ob eatumNRRL 2129 chit . The optimal pH for crude chitinase, produced Bgni-
r'g. 4. Further ractionation af. aculeatu Chiinases om — ijium aculeatumNRRL 2129, was found to be at pH 4.0,
ion-exchange chromatography on Sephacryl S-200HR gel filtration column

(1.6 cmx 80 ¢m) equilibrated and eluted with 50 mM Na-phosphate buffer bu_t for purified enzyme maximum aCtiVit_y was a.t pH 5.5
pH 7.0. (Fig. &b). In the crude extract, the combined action of all
the chitinases, the pH optimum was found at pH 4.0 but in

protein content n this fractior{g. 5). Comparison of molec- ~ one of the purified fraction, the optimum pH was at pH 5.5.
ular masses of chitinase proteins calculated from SDS-PAGEA fungal chitinase purified by Deane et g88] showed op-
and Sephacryl S-200 HR gel filtration indicates that these timum pH at 3.5 while endochitinase fro@olletotrichum
proteins are monomers. Characterisation of purified chiti- 9leoeosporioideshowed optimum pH as 7[89].

Table 3
Summary of purification steps for chitinase frétraculeatunNRRL 2129
Purification steps Proteimp@/ml) Activity (unit/ml) Specific activity (unit/mg protein) Recovery (yield), % Purification fold
Crude extract 3.42 0.290 0.085 100 .01
lon-exchange chromatography 0.712 0.175 0.246 .360 29
Gel filtration chromatography

F29 0.024 0.188 8.0 64 A1

F35 0.096 0.062 0.65 2 7.6

F 45 0.038 0.203 5.34 70 62.8

F54 0.052 0.193 3.71 66 3.7
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Fig. 6. (a) Effect of temperature on chitinase activity at pH 5.5 (crude extract
A; purified enzymen). (b) Effect of pH on chitinase activity at € (crude
extracta; purified enzymep).

3.9. Thermal stability

Thermal stability was investigated at 50, 60 anct Cat
pH 5.5 Fig. 7). In the case of crude extract incubation at
50°C up to 1h resulted in 25% loss in activity while, with
purified enzyme the activity was completely lost. The both
crude and purified enzyme completely lostits activity atC0
in 60 min. Thompson et aJ40] reported that 90% of activ-
ity was retained up to 50C by chitinase fronPseudomonas
aeruginosaReport shows that chitinase frdPenicillium ox-
alicumwas thermostable up to 48 [41].

120

100

80 4

60

40 4

Relative activity (%)

20 -

40
Time (min)

30 60 70

Fig. 7. Thermal stability of chitinase at pH 5.5 (80 crude extracé; 50°C
purified enzyme); 60°C crude extracll; 60°C purified enzymél; 70°C
crude extract; 70°C purified enzyme\).
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4. Conclusion

From the above observations it can be concluded that SSF
provides an effective means for chitinase productioRéyi-
cillium aculeatumNRRL 2129. Under the given conditions
the chitinase production of the strain was comparable to that
of Trichoderma harzianunTUBF 781[17]. The optimum
of enzyme induction period was found to 72 h culture time.
The purification of the extractable chitinolytic enzymes re-
vealed the multiple enzyme composition that characteristic
to other fungal cultures. DEAE Sephadex A-50 chromatog-
raphy yielded a 2.9-fold purified enzyme. Gel filtration chro-
matography showed four chitinase fractions of molecular
masses ranging from 82 to 27 kDa while SDS-PAGE analysis
yielded only three clear protein bands. Optimal temperature
and pH of purified enzyme was 50 and 5Grespectively.
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