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ABSTRACT

Chaetomium globosum KM651986 was selected as stech#osanase producing fungus. It was identibedthe
basis of morphological and molecular taxonomy aod the Genbank accession number KM651986. The fungu
showed the highest chitosanase activity of 540.531A0/gds in the wheat bran solid state fermentatioadium
supplemented with 1% chitosan. The important facaffecting chitosanase production were statisycaptimized
using Response Surface Methodology. The optimaleigtation conditions increased the chitosanaseriagtiip to
1758.75 Ulgds, an approximate 3.25-fold improvemesitcompared to the previous yield with un-optichize
medium. Partial purification of chitosanase by gsammonium sulphate (30-70 %) precipitation shohigt yield
72.73% and purification fold 4.2. The partially fgfiied enzyme was optimally active at pH 5.0 acebatier and
temperature at 50°C. The enzyme presented mod#ratenal stability. The K and V. 0f chitosanase were
calculated to be 0.24 mg/ml and 40pumol/min, respelgt The activity of chitosanase was markedlyagicked by
Na?, Mr?*, mercaptoethanol and EDTA and slightly inhibitsd Be** K*, A" and B&". The crude enzyme was
used to hydrolyze the soluble chitosan and the fEsQIt showed that the chitosan oligosaccharidesialbd from

the hydrolysis mainly dimers to hexamers. The akthichitosan oligosaccharides showed valuable Biokd
applications as antioxidant and antimicrobial adfies. This is the first report on the statistiagbtimization and
characterization of Chaetomium globosum KM65198@0shnase enzyme and its applications for chitosan
oligosaccharides.

Key words: Chitosanases,Chaetomium globosumKM651986, optimization Chitosan oligosaccharides,
Antioxidant, Antimicrobial.

INTRODUCTION

Chitosanases (EC 3.2.1.132) are produced by maosofarganisms, including bacteria, actinomycetes famgi
They are generally endo-splitting enzyme and cduwdrolyze thep-(1—4) glycosidic bonds of chitosan into
chitosan oligosaccharides and glucosanfije Many efforts are being made to found a new sofoceroduction
of this important enzyme.

Chitosan is a polysaccharide ff1,4-linked glucosamine (GIcN) residues, partiadiybstituted withN-acetyl
groups. Applications of chitosan have been develapeindustries, such as food production and phaeutcal
industry[2]. Studies on chitosan have attracted interest fgosccharide conversion because oligosaccharides ar
not only water-soluble but also possess versatitetfonal properties such as inhibiting the growthfungi and
bacteria, activating immune responses and exeattigjumour activity{3-6]. It has been reported that oligomers of
lower molecular weight exhibit better biologicaltiaities than that of chitosg].
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Enzymatic processes to produce chitosan oligosadesais popular by right of low production cosgwl
environmental impact and high reproducibil[8;9], and its ideal alternative to traditional chemidagradation
which needs acid hydrolysis and results in lowdsedf oligosaccharides.

Chitosanases are still unavailable in bulk quargitfor commercial applications because of low emzym
productivity by chitosanolytic strairfd0]. Therefore, this problem could be resolved by tiodanew chitosanolytic
strains with high chitosanase productivity, optimigz fermentation conditions for chitosanase productand
reducing chitosanase production cost. Consequeusiing cheaper natural substrates such as, wheat for
chitosanase production is popular, as this appromthonly improve chitosanase productivity, butoateduce
chitosanase production cost. The use of agriculresadues in microbial fermentations is being emaged due to
their ease of availability and inexpensivengdsy.

The objective of this study was to optimize the duction of chitosanase from a newly isolat€tdaetomium
globosumKM651986 by using of response surface methodol[@fyM). Furthermore characterization of partially
purified chitosanase, the products of enzymaticrdilydis of chitosan were identified and studiedalgation of
antioxidant and antimicrobial activity of chitosaligosaccharides was also achieved.

EXPERIMENTAL SECTION

2.1. Chemicals
Chitosan (75-85% deacetylated, low molecular wgiglgs purchased from Sigma-Aldrich (MO, USA). Chdao
oligomers (G1-G6) were purchased from Wako chenfi©aka, Japan). Other reagents were of analyticaley

2.2. Isolation and identification of fungi

Different shrimp shell wastes were collected irrilgeclean plastic bags. They were washed usinglestdistilled
water and blotted between two folds of sterilizellerf paper and transferred to Czapek's Dox agategl
supplemented with antibiotic to prevent the baategrowth. The plates were incubated at 28°C fotauftO days,
during which the developing fungi were isolatedl. fAhgal isolates were maintained at 4 °C on pothxtrose agar
(PDA) slantq12] in microbiology laboratory, chemistry of naturaldamicrobial products department, NRC.

The pure fungal isolate was identified in the Nadib Research Centre, Chemistry of Natural and Nbiedo
Products Dept., Microbial Culture Collection UnMICCU) based on the morphological characterizatioroeding
to its colonial and microscopic properties compasiith fungal species described [4y8-16].

Molecular identification of the selected fungall&e based on their internal transcribed spacearsdmal DNA
(ITS-rDNA) sequences. Mycelia were collected bytdgirgation and DNA was extracted by using protocbGene

Jet Plant genomic DNA purification Kit (Thermo # Kl). PCR made by using Maxima Hot Start PCR Master
Mix (Thermo# K0221), and PCR clean up to the PCBdpct made by using GeneJET™ PCR Purification Kit
(Thermo# K0701) in Sigma Company of Scientific $exs, Egypt (www.sigma-co-eg.com). Finally, sequegdo

the PCR product performed in GATC Company, Germamude ABI 3730xI DNA sequencer, using forward and
reverse primers, and by combining the traditioraiger technology with the new 454 technology.

Purified DNA was subjected to PCR amplificationngsa pair of ITS1 (5TCC GTA GGT GAA CCT GCG G-}
and ITS4 (5TCC TCC GCT TAT TGA TAT GC-3 primers for ITS-rDNA amplificatioffl7]. Sequence data was
analyzed in the Gene Bank database by using the SBLArogram available on the National Center for
Biotechnology Information website (www.ncbi.nim.rgbv). The unknown sequence was compared to ahef
sequences in the database to assess the DNA #iesl§l8].

The nucleotide sequence of the fungal isolate déted in this study has been deposited in the GekBader the
accession number (KM651986).

2.3. Inoculum preparation

Inoculum was prepared by incubating the culture RIDA slants at 28C for about 7 days, until sufficient
sporulation was observed. The spores were harvestiedy 10 ml sterile distilled water. One ml of thpore
suspension containing about 1%&pores/ml was used as inoculum.

2.4. Fermentation media for chitosanase production
Two different fermentation media were screenedHterbest chitosanase production.
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2.4.1. Medium | (SMF)

Modified Czapek's-Dox medium (MD) containing (1%6)uble chitosan asarbon source, with some modifications
composed of (g/L): 2.0 NaNQ 5.0 yeast extract, 1.0 KAQ,, 0.5 MgSQ.7 H,0O, 0.5 KCI, 0.01 FeS0rH,0,
initial pH 5.5[19]. This medium used as synthetic submerged fermentatedium (SMF).

The fermentation medium was dispensed in 250 micebiflasks, each containing 50 ml. The submerdask$
were inoculated with 1ml spore suspension of eastetl fungal species and incubated for 7 days 4@ 28&der
static and shaking conditions (using shaker inaub@00 rpm).

2.4.2. Medium Il (SSF)

Solid state fermentation of wheat bran alone aratheam supplemented with (1%) soluble chitosan veamgied out
in Erlenmeyer flasks (250 ml) with 2g of the sodidbstrate, moistened with 10 ml distilled waterclEflask was
covered with hydrophobic cotton and autoclaved2dt-C for 20 min. After cooling, each flask was inodalhwith
1ml spore suspension and incubated at 28 °C fayg th a static mode.

When fermentation was completed, 50ml of distiNeater were added to the fermented matter, and thieima was
mixed thoroughly on a rotary shaker (200 rpm) atmotemperature (28 + &) for 30 min. The mixtures were
filtered through muslin cloth. After centrifugatiaf the filtrate at 4C for 10 min, the supernatant was collected as
the crude enzyme solutiga0].

2.5. Statistical optimization of chitosanase enzyme
Response surface methodology of central composiegd (CCD) used for statistical optimization@Hfaetomium
globosunKM651986 chitosanase enzyme.

Table (1): Central composite design (CCD) consistiof 20 experiments for three experimental factors; coded and actual values for the
production of Chaetomium globosum KM651986 chitosanase enzyme

Factor levels
Trial Chitosan conc. | Incubation temp.| Incubation period| Chitosanase activity
number (A, %) (B, C) (C, day) (U/gds)
Coded | Actual| Coded Actugl Coded Actual Obseryed dipted
1° 0 1.50 0 31.50 0 9.00 1758.7p 1756.43
2 +1 2.00 +1 35.00 -1 7.00 745.82 602.68
3 +1 2.00 +1 35.00 +1 11.0(¢ 498.2% 469.47
4 0 1.50 -1.682 25.6] 0 9.07 516.46 325.14
5 0 1.50 0 31.50 0 9.00 1755.8b 1756.43
6 -1 1.00 +1 35.00 -1 7.00 568.05 481.11
7 -1.682 0.66 0 31.5¢ 0 9.0¢ 805.40 836.74
8 0 1.50 0 31.50{ -1.682 5.64 643.0p 704.99
9 0 1.50 0 31.50 0 9.00 1756.5b 1756.43
10 -1 1.00 -1 28.00 0 9.00 272.39 398.44
11° 0 1.50 0 31.50 0 9.00 1755.34  1756.43
12 +1 2.00 -1 28.00 +1 11.0 332.17 402.02
13 0 1.50 0 3150, +1.682 12.3p 506.5b 468.74
14 +1.682 2.34 +1 35.0( +1 11.0D 689.25 571.87
15 0 150 | +1.682 37.39 0 9.00 111.6f 327.14
16° 0 1.50 0 31.50 0 9.00 1757.6p 1756.43
17 0 1.50 0 31.50 0 9.00 1758.5H 1756.43
18 +1 2.00 -1 28.00 1 7.00 673.44 773.14
19 -1 1.00 -1 28.00| -1 7.00 534.44 546.19
20 -1 1.00 0 31.50 +1 11.0(¢ 949.17 941.99

Central points.

The 3—factor-5—level central composite design (C@id) twenty experiments were carried out to deteenthe
optimal values of chitosan concentration (A), inatitn temperature (B) and incubation period (C) emdevelop a
mathematical correlation between the three import@niables and chitosanase activity (Y). All threariables
were investigated at low level (-1), zero level 804 high level (+1), respectively, with= 1.682. Codes and actual
values of variables and matrix of CCD along withtatanase activity of each trial are shownTiable (1)
Statistical analysis of CCD is shown Trable (2). The behavior of the system was explained by thieviing
guadratic model equation.

Y (activity) = B0 + B1A + BoB + BaC + f11A° + BB + BadC” + f1AB + f1AC + B,BC

whereY @eiviyy Was the predicted production of chitosanase (U/gis)nterceptfl, 52 andp3 linear coefficients,
F11, 22 and 33 quadratic coefficients anffl2, 13 andp23 interactive coefficients. A, B and C were the
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independent variables corresponding to the conamir of Chitosan, incubation temperature and iatiob period
respectively. Statistical analysis of the model wagormed to evaluate the analysis of variance @A) and the
guadratic models were represented as contour (3Bfsusing Design-Expert® 8 software from Stat-Edse. [21].

2.6. Preparation of soluble chitosan

The 1% soluble chitosan was prepared by dissoloimg gram of chitosan in 40 ml of deionized wated &ml of
1.0 M acetic acid. The solution was stirred for and the pH was adjusted to 6.0 with 1.0 M sodigetate. This
solution was finally made up to 100 ml by addin@=M acetate buffer pH 6]22].

Table (2): Analysis of variance (ANOVA) for respone surface quadratic model

Term Cé’;?f'ﬁ;gt Standard Error|  F-valug Er\é?:g
Intercept 1756.43 52.07 44,17 Model < 0.0001S§icpmt

A-Chitosan conc. 31.29 34.54 0.82 0.3864
B- Incubation temp. 0.59 34.54 2.956 0.9866
C- Incubation period -70.24 34.54 4.13 0.0694

AB -26.50 45.13 0.34 0.5702

AC -55.99 45.13 1.54 0.2431

BC 59.63 45,13 1.75 0.2159

A2 -306.55 33.63 83.10 0.0001

32 -505.68 33.63 226.13 0.0001

C2 -413.50 33.63 151.2(¢ 0.0001

R-Squared = 0.9755, Adj R-Squared = 0.9534, PresbhRared =0.8111, Adeq Precision=15.856, Std. DA2%.66,
Mean=919.44, C.V. %= 13.88.

2.7. Assay of chitosanase activity

Low molecular weight chitosan was used as the gafiestin the chitoanase assay. The enzyme actividg w
determined by adding 0.5 ml of 1% soluble chitoaad 0.5 ml of enzyme .The incubation was carriedab 0 °C
for 60 min. Then the sample was boiled for 10 mistbp the reaction and analyzed its reducing sogatent. The
amount of reducing sugar was measured using théfiewdinitrosalicyclic acid (DNS) metho@3]. One enzyme
unit was defined as the amount of enzyme requivegrdéduce jtmol of reducing sugar with glucosamine as the
standard per min.

2.8. Protein determination

Protein content was determined by the methoBrafiford[24] using Bio-Rad dye reagent concentrate and bovine
serum albumin as the standard.

2.9. Partial purification of chitosanase enzyme

Solid ammonium sulphate was added to the cultltatl at different concentration 0-30, 30-70 aid1D0 %
saturation. The precipitate was collected by ckmgation and dissolved in 0.1 M sodium acetatedsufiH 5. The
enzyme solution was dialyzed against distilled wate

2.10. Physicochemical properties of partially purifed chitosanase
2.10.1. Effect of temperature on chitosanase acttyi
The maximum activity of chitosanase was determatedifferent temperature (30 — 70).

2.10.2. Effect of pH on chitosanase activity
Partially purified enzyme was assayed with acdiaféer (0.1 M, pH 3.2-5.8).

2.10.3. Thermal stability

The maximum activity of enzyme was determined dfiemted at different temperatures for varying timervals.
Temperatures, of 30, 40, 50 and°@6Dwere applied, each for time intervals of 15,88 and 60 min. The remaining
enzyme activity was then assayed.

2.10.4. Substrate specificity

Substrate specificity of the enzyme was determimedsing different substrates, each substrate vgaslded in the
suitable buffer.

2.10.5. Effect of activators and inhibitors on enaye activity

This effect was done by preincubation of differemdtals with chitosanase at concentration of 1.0 fmM80 min at
9°C before determination of enzyme activity. EDTA anercaptoethanol were also tested.
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2.10.6. Determination of Michaelis' constant (I5;)
The K, value of the partially purified enzyme was detemedi according to the method of Lineweaver and Burk
[25].

2.11. Hydrolytic analysis by thin layer chromatograhy (TLC)

Products analysis using low molecular weight claitosvith chitosnase enzyme at various time intervedse
separated by TLC on silica gel plates ( Whatmarf®264 ) using n-propanol : water : concentrated anien7:2:1
(v:v:v) as solvent. Spots were visualized bgreing with 10% HSQ, in ethanol and each spot was identified by
comparison with chitosan oligosaccharides (G1-G6).

2.12. 1,1-diphenyl-2-picryl hydrazyl (DPPH) radichscavenging activity assay

DPPH assay was carried out as described by Amazaatial.[26]. A total of 0.5 mg of chitosan oligosaccharides
was adjusted to a volume of 4.0 ml, and then 0.5fmimM methanolic solution of DPPH was added ® shmple
solution. The contents were stirred vigorously ¥6rseconds and then left to stand at room temperéiu 30 min.
Decrease in colorization was measured spectroplattmally at 517 nm.

The antioxidant activity was calculated using tlypiagion shown below: Antioxidant activity = [(abbance of
control — absorbance of test sample)/absorbancertfol] x 100.

2.13.1n-vitro antimicrobial activity of chitosan oligosaccharide

The chitosan oligosaccharides were tested agaipanal of gram positive and gram negative bact@athogens,
and fungi. Antimicrobial tests were carried outthg agar well diffusion metho@7] using 100 mL of suspension
containing 1 x1&CFU/mL of pathological tested bacteria and 1 $@BU/mL of fungi spread on nutrient agar and
Sabourand dextrose agar respectively. After theianlead cooled and solidified, wells (10 mm in dideng were
made in the solidified agar and loaded with 2@00f chitosan oligosaccharides. The inoculatedgsatere then
incubated for 24 h at 37 °C for bacteria and 48 28°C for fungi. After incubation time, antimidrial activity was
evaluated by measuring the zone of inhibition eftésted microorganisms.

RESULTS AND DISCUSSION

3.1. Identification of fungal isolates.

Five different fungal isolates were isolated fromrimp shell wastes collected in Egypt, and idesifi
morphologically asChaetomium globosum, Aspergillus fumigatus, Aspasgparasiticus, Aspergillus nigesnd
Aspergillus terreusThe best fungus for chitosanase production wakdurstudied and characterized taxonomically
by molecular and conventional methods. Data derfvesh morphology, and phylogenetic analyses idatithis
fungus asChaetomium globosuienBank Accession number KM651986) with 93% snity Fig. (1).

A
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Fig. (1): A, Photo ofChaetomiumglobosum KM651986ascosporesunder microscope.B, Phylogenetiee based on 18S rRNA gene
sequences showing closest relatives. GenBank sequeeaccession numbers are indicated in parentheseftea the strain names

3.2. Potentiality of production of chitosanase amantested fungi

The first experiment was performed to evaluateliést conditions for production of chitosanase erezyamd the
best producing strain. Five fungal isolates belngdb two genera were examined to investigate ttegiacity to
produce chitosanase in two different fermentatiedia under different conditiongable (3). The results showed
that, the chitosanase activity among the fungatisgeof the genulspergillusis quite different and less than that
of C. globosunKM651986 in submerged fermentation medium (SMF) solid state fermentation medium (SSF).
Several species particulayspergilli were listed by other investigators as chitosapasducers such as. oryzae

A. sp J22-326A. fumigatusA. sp Y2K andA. flavusand otherg§12, 28, 29, 30, 31, 4But the novel in this study
was that the fungal isolat€. globosunKM651986 showed the highest chitosanase activian tthe extensively
studied fungal isolates of the gemAspergillus sp.

C. globosunkKM651986 showed chitosanolytic activity of (4350252 U/gds) in solid state fermentation medium
of wheat bran alone, and when this medium suppléedewith 1% chitosan the activity increased to (5480.47
U/gds), This suggested that Chitosan is favorabdider for the enzyme synthesis and that agree stittly of
Chen et al[32] on chitosanase production by a mutAspergillus spCJ 22-326-14. However, the activity was low
when the submerged fermentation medium of Czajistésused,Table (3).

Table (3): Chitosanolytic activity of different fungal isolates grown on two different media with diférent conditions

Medium | Medium Il
(SMF) (SSF)
Fungal isolates MD MD wB .

Static Shaking WB+Ch|;ozan (1%)

wmly | umi) (Ulgds) (Ulgds)
Chaetomium globosum 7.33+0.06| 4.21+0.13 435.12+0.52 540.51+0.47
Aspergillus fumigatus | 5.51+0.12| 3.23+0.43 420.32+0.14 442.07+0.06
Aspergillus parasiticug 2.64+0.14| 1.73+0.17 84.56+0.62 183.86+0.86
Aspergillus niger 1.32+0.32| 1.17+0.13 156.40+0.05 277.51+0.04
Aspergillus terreus 6.11+0.03| 4.68+0.24 193.27+0.01 313.75+0.31

*(MD) Modified Czapek's-Dox medium used as synthgtbmerged fermentation medium (SMF).
** (WB) Wheat bran medium used as natural solatestermentation medium (SSF).
All the experiments were carried out in duplicatelahe average values are reported as mean + SButated using MS Excel.

Chitosanase activity of all screened isolates vigken in the wheat bran SSF medium than SMF mediunich
indicated that the components in wheat bran caatidfg the nutrition requirement of these strains With different
degree[33, 34]. Furthermore, using a certain amount of wheat bnathe medium could reduce chitosanase
production cost. Wheat bran was also added in #dium for chitosanase production Agpergillus fumigatu¥'T-

1 [35] and Trichoderma koningi{36].Therefore, the natural wheat bran medium under &8fitions used as a
basal medium fo€. globosunKM651986 chitosanase production.
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Considering the abilities of influencing the chaaase induction, the concentration of the complaban source
chitosan, the incubation temperature and the irntcuibgoeriod were chosen to investigate their inflees on the
production of chitosanase enzyme, under SSF conditirom the most favorable fungal isoldfe globosum
KM651986, by response surface methodology of ceotiaposite design (CCD).

3.3. Central composite design (CCD)
To examine the combined effect of these three itapbfactors, a central composite design (CCD) eraployed
within a range of & (-1.68) and # (+1.68) in relation to the production of chitossma

The prediction and observation responses along détsign matrix are presented Trable (1) and the results
showed that, the minimum response of 111.67U/gitesamase activity was obtained with 37.39 °C iadigm
temperature. The maximum response of 1758.75 Whidissanase activity was obtained with 31.5 °C.sEhesults
indicated that, the further increment in tempemtyp to 37.39 °C reduced the activity to 15- faloinpared to that
obtained at suitable temperature of 31.5 °C.

The second-order regression equation provided éveld of chitosanase activity as a function of adan
concentration, incubation temperature and incubapieriod can be presented in terms of coded faetsrs the
following equation:

chitosanase activity (U/gds)=+1756.43 +31.29*A OB -70.24*C -26.50*A*B -55.99*A*C +59.63*B*C -
306.55*A2 -505.68*B2 -413.50* C.

The statistical significance of the equation wasakied by F-test and the analysis of variance feparse surface
qguadratic model is shown iFable (2). ANOVA of regression model demonstrates that thelehds significant as it

is evident from the Fischer test with very low pabbity value. The value of lack of fit, Model F édmodel P>F
were found to be 16135.22, 44.aid 0.0001 respectively, indicating that model sigsificant. The goodness of
fit of the model was checked by the determinatioefficient (R). The coefficient of regression {Rwas calculated
to be 0.9755. The value of the adjusted regressiefficient (AdjR? = 0.9534) was also high, which advocates for
high significance of the model. At the same timkatreely low coefficient variation (CV=13.88%) canh the
precision and reliability of the experiment wasfpened.

FromTable (2)it can be seen that values of "Prob > F" less h@B00 indicate model terms are significant. is th
case &, B2, C2 are significant model terms.Values greater tha&0@0 indicate the model terms are not significant.

Design-Expert® Software

Chitosanase activity (U/gds) Predicted VS. ACtua|

Color points by value of 2000.00 —
Chitosanase activity (U/gds): ’

51758.75
111.667

1500.00 —

1000.00 —

Predicted

500.00 —|

0.00 —|

I I I I I
0.00 500.00 1000.00 1500.00 2000.00
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Fig. (2): Predicted v/s actual chitosanase produahn byChaetomium globosum KM651986
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The relationship between the actual and predickéibganase activity (response) is showifrign (2).The cluster
of measurements near the diagonal line in the ypalit indicates a good fit of the model and dem@tss a
satisfactory correlation between the actual andipted values.

Three dimensional (3D) response surface plots bsdinase production based on the final model apécted in
Fig. (3) which were generated in pair-wise combination fed three factors while keeping the other one at its

optimum level The response at the central point corresponds teedimum degree of achievable chitosanase
activity for that factor.
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Fig. (3): Three dimensional response surface plobf the effect of (a) chitosan conc. and temperaturép) chitosan conc. and incubation
period (c) temperature and incubation period
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The validation was carried out under the followomimum conditions of the media. 2g/flask wheamnbmaoistened
with 10 ml distilled water, as solid state fermeiota medium supplemented with 1.5% chitosan andbated at
31.5 °C for 9 days incubation period in 250ml Emeyer flasks. The experimental chitosanase prootuaif
1758.75U/gds was obtained which is closer to treipted chitosanase production of 1756.43U/gds; itbsult
indicated the validity and the effectiveness ofpheposed model.

The optimization of CCD resulted in 3.25-fold inase in chitosanase production. This reflects treessity and
value of optimization process. This result is neaimilar to the fold enhancement in chitosanastviac of
Aspergillus fumigatu¥ T-1 after optimizatiorf35].

3.4. Purification of chitosanase
Chitosanase was partially purified from the cultfifgate by ammonium sulphate precipitation (30%). Data
showed good yield (72.73 %) and purification fodd2). Table (4)

Table (4): Partially purification of chitosanase

Total activity Total protein  Specific activity vield

o I
Steps ) (mg) (U/mg) (%) Purification (fold)

Crude extract 660 46 14.35 100 1

30-70 % ( NH);SO, 480 8 60 72.73 4.2

3.5. Physicochemical characterization of chitosanas

3.5.1. Effect of temperature

The activity of partially purified chitosanase fra@haetomium globosuniM651986was found optimal at 50°C
Fig. (4A).At lower or higher temperatures, the activities eveeduced at 30 and 70°C, respectively. This optima
temperature was slightly lower than that Adpergillus fumigatukB-1(60°C) [30], but higher than those of
Bacillus subtiliSsMR-NK1 (45°C)[37].

3.5.2. Effect of pH

The optimal pH of crude chitosanases was at pHF,(4B). the optimal pH’s for various chitosanases wera in
broad range of 4.0-8 38] depending on the microbial straifis.on and Led30] reported that the optimum pH of
the chitosanase fromspergillus fumigatuskKB-1 using acetate buffer was pH 5.5.Where chitasa from
Penicillium janthinellumexhibited optimum activity at pH 7{38].

3.5.3. Thermal stability

In the absence of substrate, chitosanase is stliamperature below %D when heated for 60min, and it loses
70% of its activity when heated at 8D for 30 min., this result indicated that chitosssm&ias a moderate thermal
stability Fig. (4C), these results to some extend better than chitesaftamPenicillium janthinellumwhich was
stable at 25-50 °@39].
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Fig. (4): A, Effect of different temperatures onchiosanase activity. B, Effect of different pH valus of acetate buffer on chitosanase
activity.C, Effect of different temperature on chitosanase stability at different time

3.5.4. Kinetic determination
Km and Ve Were calculated as 0.24 mg/ml and 40umol/fig. (5). the lower K, indicated that the isolated
enzyme had a relatively high affinity for chitosan.

0.08
0.025x + 0.005y =
0.07 |

1/v(u) 0.06

0.05

0.04

0.03

1/V max

1/ %

Fig. (5): Lineweaver-Burk plot for hydrolysis of chitosan by chitosanase
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3.5.5. Effect of substrate specificity
Substrate specificity of chitosanase was summarinedable (5). The enzyme efficiently hydrolyzed soluble

chitosan but exhibited little activity on colloidahitin. Most fungal chitosanases hydrolyze chitoséiciently and
chitin to a lesser extent.

3.5.6. Effect of activators and inhibitors

As shown inTable (6) The chitosanase enzyme activated by the preseéncéa’, Mn? , Mercaptoethanol and
EDTA at concentration 1.0mM .

The chitosanase was almost completely inactivatedCt’?, Hg"?, Mg and C&” at 1.0mM concentration and
significantly inactivated by Ag Fe? and B&%. However, the other ions have little effect ortaanase activity.

3.6. Analysis of the reaction products

The hydrolytic products of chitosan (DDA 75-85 %) the enzyme were analyzed by thin layer chromaiolyy
(TLC) Fig. (6).

A TLC analysis revealed that the chitosanase hetdied chitosan oligomers (G6-G2) from chitosdre [Ength of
the chain depends on the incubation time, wherirtbgbation time increased the length of oligomessrdased.
The data verify that the best yield of chitosan evebtained within 5 and 10 min hydrolysis. Afteremight

incubation only glucosamine in the hydrolysate ®siigg an exo-type cleavage manner to releaseghe sl
(glucosamine ) residue from chitosan.

Table (5): Substrate specificity ofChaetomium globosum KM651986 chitosanase enzyme

Substrate Relative activity (%)
Chitosan 100
Lichenin 40
Salicin 30
Xylan 20
Pectin 15
10
0
0
0
0

Colloidal chitin
Pullulan
Laminarin
Cellulose
Galactomnnan

Table (6): Effect of some activators and inhibitos on chitosanase activity under standardized conditns

Activator and inhibitors| Relative activity
(1.0mM) (%)
NaNG; 110
MnSQOy, 100
CoChk 80
K2SO 60
AgNO; 50
FeSQ 45
BaCk 30
CuSQ 0.0
Hg(NG; ), 0.0
MgCl, 0.0
CaCl 0.0
Mercaptoethanol 105
EDTA 95
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Fig. (6): Thin layer chromatography pattern of chitosan hydrolysis, the figure showed different chitean oligosaccharidesstandards ( G1-
G6 ) and the product of enzymatic hydrolysis afteb min, 10 min, 20 min, 30 min, 1 h, 2 h and 24 h spectively

3.7. Antioxidant activity

Fig. (7) Represent the antioxidant activities of the ermtlpcts of hydrolysis of chitosan at 5, 10, 20 a@ohi® and
1h, 2h and 24h. From the figure it showed that whiem incubation time increased the antioxidantvégti
decreased. These results revealed that when théanuaf chain oligomers increased the antioxidarividg
increase. Tokor@t al [40] reported that the high degree polymerized (DP)ootfigrs such as chitopentoes and
chitohexose are more biologically active than the DP ones ( chitotriose and chitobiose ).

1R

5min 10 min 20 min 30 min 1hr 2hr 24 hr

90 -

80

70

60

50 -

40

30 -

Antioxidant activity (% )

20 -

Time of incubation of chitosan with crude chitosanase

Fig. (7): Antioxidant activities of the end producthydrolysate of chitosan at different time intervas

3.8.1n- vitro antimicrobial activity of chitosan oligosaccharides
Antimicrobial activity of the chitosan oligosacclti was tested using agar well diffusion metf@d. The activity
of chitosan oligosaccharides were studied againstStaphylococcus aureuATCC29213), Bacillus subtilis
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(ATCC6633), Pseudomonas aeruginog§ATCC27953), Escherichia coli(ATCC25922) andCandida albicans
(NRRL Y-477).

The results iMTable (7) revealed that, the inhibitory activity against @raegative bacteria was higher than Gram
positive bacteria and the yeast , chitosan oligdsaides display good activity agaifistcoli, P. aeruginosandB.
subtilis with zones of inhibition 22, 20 and 18 mm, respety. In addition, it showed activity again8t albicans
with zone of inhibition 17mm. it is obvious thahet less zone of inhibition of 15mm appeared v@thaureus
Kumar et al [41] reported that the antimicrobial effects of chitosdigosaccharieds may be due to staking of
chitosan oligosaccharieds molecules on the miclaeh surface creating a polymer membrane, whildchks the
transport of nutrients towards the cell membrantghefmicroorganisms, impairing the physiologicahaties of the
microorganisms, and killed them.

Table (7): Antimicrobial activity of the chitooligosaccharide (COS)

Diameter of inhibition zones
in millimeters (mm)*
Gram positive bacteria Gram negative bacteria Fungi
Staphylococcusg  Bacillus Escherichia | Pseudomonag Candida
aureus subtilis coli aeroginosa albicans
(ATCC29213) | (ATCC6633) | (ATCC25922)| (ATCC27953)| (NRRL Y-477)
15 18 22 20 17

*Antimicrobial activity expressed as inhibition digter zones in millimeters (mm) of (COS) agairesptithological strains based on well
diffusion assay.

CONCLUSION

Chaetomium globosuiiM651986, showed the highest chitosanase activijer SSF medium of wheat bran. The
goal was to optimize the production of chitosanageRSM. Production of chitosan oligomers from chito
hydrolysis has considerable attention for their ligation, mainly in medicine which showed antioxilaand
antimicrobial activities.
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