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Enzymatic Depolymerization of Nano Chitin
Particles into N-Acetylglucosamine

G. N. Rameshaiah, Y. K. Suneetha

Abstract- Chitin is a crystalline polysaccharide wigespread in
nature with three structures: alpha, beta and gamntditins.
Chitin is gaining importance for their biotechnologal
applications. Enzymatic depolymerisation of chitito produce
oligomers was carried out using
Trichoderma harzianum (MTCC 3928). The bioprocessfer
many advantages and helps to overcome the limitadioof
conventional chemical treatment which is presentlysad in
industries. Chitin is treated with hydrochloric acidor chitin

demineralization and to obtain colloidal nano sizparticles.
Production of N-acetyl glucosamine was studied afuaction of
acid washed chitin in the particle size range of-I25m, pH of
the broth media, and concentration of chitin andatte nutrients.
N-acetylglucosamine yield was highest with particles 125 um
size at solution pH5 and when incubated at°84or 120 h in an
orbital shaker with 160 revolutions per minute. High yield was
obtained with initial chitin concentration of 10 g/land lowered
yield may be due to diffusion resistances and sudist inhibition

at other concentrations. Trace nutrient concentrati has an
impact on both enzyme activity and product yield.
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l. INTRODUCTION

the filamentous fung

High protein alkaline waste produced during conizeral
chemical procedure is not generated instead akniadg of
the end up in one of the useful fractions produded
bioprocessing.  The solubility of chitin is enhadcby
partial deacetylation under mild conditions that dot
degrade the polymer, thus increasing the polarig a
electrostatic repulsion of the amino groups. Besitle loss
of crystalline structure is a consequence of rednadf the
hydrogen bonds caused by the elimination of aggtips.

It has been reported that chitins with a degreacetylation
(fraction of the chitin sample with acetyl groug)0o45-0.55
display a good solubility in aqueous media Degree of
deacetylation (deacetylated fraction of chitin)caftin is an
important factor of the activity of enzymes. Evéougha-
chitin has lower solubility and swelling comparea f-
chitin, the interest in studying hydrolysis @thitin is in its
abundance in nature.Enzymes involved are of twegypiz.
endochitinases and exochitinaésChitinase, chitosanase,
N-acetyl glucosaminase (GIcNAc) enzymes produced at
different stages from fungi can be utilized for tohi
depolymerisation which includes deacetylation, kirgg
down of the polymer to give monomer GIcNAc and then

Chitin, a water insoluble linegs-1,4-linked homopolymer  ¢oi5wed by glucosamine formation. The chitinolytic
of N- acetylglucosamine, is one of the most abutdagnzyme is produced by many organisms for their casi

natural nitrogen containing renewable biopolym@hitin
comprises 22 to 44% of cell walls of fuldi. It is a major

physiological needs. The bio catalytic conversiématural
chitin has been hampered by the low yield of thecess.

cell wall component of higher fungi belonging tOThis has been attributed to the non-accessibilftaaetyl
chitidomycets, ascomycets and as a byproduct dbs&a grqyp in the interior of the crystalline chitin fiele for

processing industry. More than 80,000 metric tohehitin
isobtained per year from the marine w&8SlerThe current
interest in chitin and its derivatives is related their
biological and biotechnological characteristics.iti@hand
its derivatives have numerous applications. Treatnod
natural chitin using a mineral acid is a pre-reigg@ifor most
of these applications.Enzymatic methods have btetiesl
as an alternative to the conventional chemical gsses.
Biotechnology offers many advantagéd on chitin
processing. Mild conditions of reaction biocatadystan
replace the aggressive conditions that are usethén
chemical processing which results in the detetimneof the

deacetylation. Using a new method to produce arsfipe
chitin powder in combination with a pretreatment an
mineral acid, can increase the conversion to nmuaa 80%.
The cell wall of fungi has widely distributed chiti This
microorganism is expected to sustain high growttes;a
yield, and productivity on the substrate. Suggesganivth
conditions are the absence of stringent requiresnémot
growth factors, ability to grow at high temperati(@bove
35C). The studies of chitnolytic enzymes from plants,
insects, and microorganisms with respect to thale and
applications have been extensively revie@d The
production of chitinase byrichoderma species is of interest

products , erosion of equipment surfaces and utieal §,e to their wide applications in bio control arlaasource

working condition$” By-products (like shrimp protein and

of mycolytic enzymesTrichoderma harzianum 39.1 was the

shrimp pigment) that are denatured by chemical awsh pegi sirain for chitinase which produced nearly73tiines

remain applicable for high value application forntan
nutrition©,
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more enzyme than any other strain and significhitinase
activity was present when the fungus was incubgtethitin
medium in absence of other sugars (Cirano J). NybhBe
glucosamine is the acetylated derivative of thenansugar
glucosamine, which is a constituent of cartilage
proteoglycans. It is derived from marine exoskelst@r
gProduced synthetically. GIcNAchas been proposedaas
treatment for autoimmune diseases, and recent hests
claimed success in some of the cases. N-acetyl
glucosamine is also used for osteoarthritis anidrmfatory
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bowel disease (IBD), including ulcerative colitismda minutes and supernatant was discarded. Washing with
Crohn's disease. Glucosamine is required for tmthegis buffer was repeated once again using 5 mL of phatgph
of glycoproteins, glycolipids, and glycosaminoglgsa buffer. Pellets were homogenized using 5 mL of 88N 1
(mucopolysaccharides).These carbohydrate based. of homogenized suspension of pellet was dilseeral
compounds are found in tendons, ligaments, caetlagtimes since the cell concentration exceeded 200f@5fdur
synovial fluid, mucous membranes, structures in délje, corner large squares and the middle square. Viable
blood vessels and heart valves. Deficiency in Biydation count was made in the area of 16 squares of the
of glucosamine in inflammatory bowel disease (IBB) haemocytometer.
possibly reducing the synthesis of the gastric iatektinal Demineralization and preparation of colloidal chitin:
mucosa's protective glycoprotein cover. 12.5g of chitin obtained from Everest Biotech Ptiva
Limited, India was treated in 100 mL of concentdat¢Cl.
The suspension was mixed well for about 5 hours.
Il. MATERIALS AND METHODS Gelatinous paste obtained was stored ‘@ fbr about 24

Maintenance of Culture: Trichoderma harzianum MTCC ~ hours. The mixture was washed with water repeatéatly
3928 obtained from the Institute of Microbial Teotogy, n_eutralization. The suspension was centrifu.gedemorve
Chandigarh, India was used for chitin hydrolysisheT dissolved proteins at 10000 rpm for 10 minutes &rel
organism was maintained on MRBA (Medium Rose Benggottom portion of particle suspension was driechat air
Agar) plates were prepared with the compositior8bB5 OVen at 60C. Dried sample was crushed to powder and
g/L. The organism was sub-cultured every three h®nt screened to obtain different size fractions in thege 74
Preparation of pour plates: Rose Bengal Agar Base in Hm-125 pum.

distilled water was prepared with the concentratibg1.55 Broth media for chitin depolymerisation by T.
g/L. Liquid media was poured onto sterile petrihgis in a harziapum MTCC 3928: Chitin fermentation was cf':\_rried
laminar flow chamber. Pour plates were left in tuminar Out using reqltélreq nutrients afidharzianum. The modified
flow chamber for three to four days to confirm faseptic comp(_)smon[ ! given below was employed for all the
environment of pour plate prior culture inoculatidpour €Xperiments unless mentioned. Broth media was peelpa
plate was inoculated with culture above the flanfighe With chitin10 g/L, (NH), SO4.2 g/L, KHPG, 2.0 gL,
spirit lamp in a laminar flow chamber. Culture wadVaHP0,.2H0 6.9 g/L, MgSQ.7H,O 0.3 g/L, Tween80
incubated at L +2C for 105 hours (four days and nine0-2 9/L, FESQ7H,0 0.005 g/L, MnSQH,O 0.0014 g/L,
hours). ZnSQ,.7H,0 0.0014 g/L and CagPH,O 0.002 g/L, 10mL
Preparation of seed inoculum ofT. harzianum MTCC  Of Stock solutions of trace nutrients were prepavéth
3928and its cell count:Seed inoculum in liquid media was FeSQ.H;0 0.05 g/L, MnSQH,0 0.016 g/L, ZnSQ7H,O
prepared using 105 hour pour plate culture. Medionthe 0-014 g/L and CaGPH,0 0.02 g¢/L separately. One
seed growth off. harzianum was prepared with following Millilitre of each of the above stock solutions vaxided to
constituents: Glucose 10g/L, (NSO, 1.4 g/L, KHPO,2  Prepare one litre of broth media. Solution pH wepisted
g/L, NaHPO, .2H,0 6.9 g/L, MgSQ .7H,0 0.3 g/L, to 5 using 2M NaOH. Solution was autoclaved at 6 p
Peptone 1 g/L, Citric acid monohydrate 10.5 g/L avda 9auge pressure (10) for 20 minutes. Sterile media was
0.3 g/L. The pH was adjusted to 5 using 2M NaOHe Theooled to room temperature under a_lseptic con_di_tions
media was sterilized by autoclaving at 15 psi pmess Enzymatic process: Broth solution containing was
(121°C) for 20 minutes and was cooled to room tempeeaturinoculated withT. harzanum from a fresh 43 hour seed
10 mL of the media was transferred into a ste@ler?. test Media above the flame in the laminar flow chamber.
tube. Media containing test tube was inoculatechfeofresh Reaction mixture was incubated at@4:2 and 160 rpm in
105 hour working pour plate above the flame inléainar ~an orbital shaker under aseptic conditions. Broéuie was
flow chamber. Cell suspension was mixed well usiogex ~uncontrolled for its pH condition during fermentati
mixer. Cell suspension was measured for cell canagon Sampling at different intervals of incubation aralidwed
(conidia/mL). 100mL of seed growth medium wady analysis_ was carried out for N-acetyl glucosamamd
inoculated with one mL of cell suspension containih ~ €NZyme activity.

harzZianum. Inoculated media was incubated on orbitaN-acetyl glucosamine analysiswWater insoluble chitin is a
shaker maintained at 32 +2°C for 43 hour to obtain pellets Polymer composed of N-acetyl glucosamine and céitos
of the mold which was used as inoculum for chitirknits which after depolymerisation reduces to wat#uble
depolymerization. Media pH was uncontrolled durithg ©ligomers and monomer as N-acetyl glucosamine. One

seed growth. Cell counting of 43hour pellet mediasw Millilitre of broth media was aseptically transfedrinto a 50
carried out using haemocytometer. mL centrifuge tube and centrifuged at room tempeeaand

Measurement of inoculum (seed media) cell 4000rpm for 20 minutes. Supernatant was preseroed f

concentration: Cell count analysis was made to know thé3ICNAC analysis and .chitirllase activity: N-
inoculum  concentration of seed media usinr?cetylglucosamme concentration in broth solutiomsw
haemocytometer. 5mL of 43h seed medium containingund using di-nitro salicylic acid methdfl. Amber tubes
pellets was transferred into a 50mL centrifuge tubavere used during the estimation procedure to atbél
Suspension was centrifuged at 4000 rpm for 20 regand denaturing of dinitrosalicylic acid due to its ligtensitivity.
supernatant was discarded after autoclaving. 5 nhL Adbsorbance of the reaction mixture was measuredgusi
phosphate buffer (50 mM, pH7.0) was added to ed¢heo UV-VIS spectrophotometer. .

pellet samples taken in 50 mL centrifuge tubesleReere Enzyme assay:Enzyme activity was determined by the
mixed well. Suspension was centrifuged at 4000 fpn20 method of Monreal and Reese. This method incluges t
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steps: Preparation of acid swollen chitin (ASC) asday of minute per millilitre of reaction mixture under sthard

enzyme activity (ASC). ASC required for chitinasgiaty
measurement was prepared by adding one gram aiicalll
chitin to 10 ml of 85% orthophosphoric acid. Thexiuie
was stirred gently to give a gelatinous paste.ePasts re-
suspended into excess of cold (2-4 mL atC)5distilled
water. It was ground using pestle and mortar aeah tte-

assay conditions”.

Effect of pH on chitin hydrolysis: Chitin particles of
approximately 125 pum were processed at various pH! (
to pH6) of the broth solution. Chitin concentratioinl5 g/L
and nutrients concentration:(NHSO,4.2 g/L, KHPO, 2.0

suspended in 200 mL of sodium acetate buffer (50, mMy/L, NaH,PO,.2H,0 6.9 g/L, MgSQ.7H,0O 0.3 g/L, Tween
pH4.75). Suspension was stored &iCLébr further use up to 80 0.2 g/L, FeS@7H,0O 0.005 g/L,MnSQH,0 0.0014 g/L,
a maximum of one month. Toluene was added as ZnSQ,.7H,O 0.0014 g/L and Cag&PH,O 0.002 g/L were
preservative at the concentration of 1% (volume). used in broth solution with incubation temperatafe34°C.
Chitinase assay:The reaction mixture contained 0.55 mLExperiments were carried out in triplicate. Culttiteates
of ASC suspension, in sodium 0.3 mL of acetate dyuff were analyzed for both N-acetyl glucosamine andymiez
(50mzM, pH4.75) and 0.15 mL culture filtrate. Enatin  activity
reaction was terminated by adding 1mL of sodium
potassium tartrate reagent. It was then incubated g for [l

one hour in an unstirred conditidf{’. One mililitre of Preparation of pour plates: Initially the colour of them in
dinitrosalicylic acid was added and mixed usingte®r ihe plate being white on first day, changes slomy green
Solution was kept in a boiling water bath for fim@nutes fom the centre portion on the second day. Fullgwgr
and then cooled to 30. Total volume was made to 10 mifjamentous fungi were obtained on the fourth daylture
using distilled water. Mixture was centrifuged &0B rpm  p|ate was stored af@+2°C to arrest the growth of culture
for 5 minutes and supernatant was measured faeteased ang for further sub culturing. Sub culturing wasrieal out
product in the reaction mixture which was read afye times before its use for fermentation. Haentometer
absorbance at 540 nm in a spectrophotometer. @5éin yas ytilized for cell counting and structure of amgm was
activity was determined using N-acetyl glucosamasethe gpserved through trinocular microscope  with 100X
standard"® product produced. One unit (U) of chitinasemagnification(Figure 1 and Figure 2)

activity was defined as the amount of enzyme tblgtases 1

umol of N-acetyl glucosamine from the substrateoire

RESULTS AND DISCUSSIONS

Figure 1: Morphological features of flamentous
mold in the pellet of growth media with 43 h
incubation under 40X magnification under
trinocular microscope

'—.ﬁ_ —
Sl EE——

Figure 2: Morphological features of filamentous
mold in the pellet growth media with 43 h incubatio
under 100X magnification under trinocular
MiCroscope

—_—

Figure 3: Pellet after 43 h of incubation under 40X
magnification observed through binocular
microscope during cell count with
haemocvtomete

Figure 4: Pellet after 92 hours of incubation under
40X magnification observed through binocular
microscope during cell count with haemocytometer
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Rose Bengal agar base was utilized as the poue ple

[ =— GlcNAc g/L particle size -125micron meter I
maintenance media for the mold. 105hour old slarftue

—m— GIcNAc g/L particle size -105 micron meter

(36 x 10* viable cells/mL) was used to inoculate the
seed media. Mycelium was grown from the spore ihoou
in the medium containing glucose (2%, w/v) as thgoon
source. Inoculum of pour plate culture and seedianedre
observed for the morphological structure of tharfientous
fungi through the microscope. Cell density and celint
against growth of pellets were carried to undexstame
growth kinetics of filamentous mold. Microbial pdation

increases with biomass in a typical batch cultépeeption
to this is in molds and other filamentous organidike

where the mass and the morphology of a mold petleulp
varies as growth proceeds. Several experimentdiestLof
batch submerged culture have indicated that thendws
increases at a slower rate. The rate of increasigeiicolony
length is constant while the radius of the moldoogl
increases at a constant rate. Presence of spaige ithe
hyphae complicates the cell count analysis in

GleNAc g/L particle size -125micron meter
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Figure 5: Effect of chitin concentration on GIcNAc

production

theffect of chitin concentration: Enzymatic process was

flamentous fungi which can be understood from thearried out with various concentrations (5 g/L ®diL) of
Figure.3& Figure4 shown. chitin particles of125um size under standard process
Calibration plots for glucose and N-acetylglucogseni conditions size for 6days. GIcNAc content of crétiltrate
concentrations at 540 nm were prepared with the bél and chitinase activity was estimated. Highest pebdu
UV-VIS spectrophotometer (Jasco V-530). Proteinteon concentration on £ day (Figure 6) and highest chitinase
as tyrosine concentration at 700 nm and deoxyribleiw activity (Figure 7) on the”6day respectively of incubation
acid of calf thymus concentration at 600 nm againgvas observed with 10 g/L of chitin concentratioedBction
absorbance were prepared with the help of UV-VI$ product formation with 15 g/L of chitin may beiel to
spectrophotometer (Jasco V-530). Glucose (Fishensfic, —substrate inhibition.

India) and GIcNAc (SD Fine Chemicals, India) aer
estimated using di nitro salicylic act’ method. The
method of Lowry et al® and the method described by
Burton ?? were used for spectrophotometric estimation o
tyrosine (SD Fine Chemicals, India) and Deoxyribdeic
acid (Hi media) respectively. DNA present in thergs and
mycelia of pellet media was cold extracted usinguitl
nitrogen and its concentration was estimated usimg
method described by Burtdff. Data of DNA in the seed
media versus cell density was obtained.

Effect of incubation and chitin particle size:Broth media
containing dried sample of acid treated chitin 25 iim (10
g/L) size was aseptically inoculated with 43 houlsl
pellets of Trichoderma harzianum. Incubation of the media
for 7 days at 34°€2 and 5pH with 160 rpm on an orbital
shaker yielded oligomers and the monomer.Glucosz=ed
media and N-acetyl glucosamine of culture filtrafebroth
media were analyzed using di-nitro salicylic aciéthod.
Production of N-acetyl glucosamine was also studigth
105 um size particles under the same standard toamsliof
the process. GIcNAc production was observed ondtoe
(113.17 h) of incubation for both the sizes (Figbye
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Figure 6: Effect of incubation and chitin particle size
(10g/L) on GlcNAc production under standard process
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Figure 7: Effect of incubation and chitin particle size (10
g/L) on GIcNAc production under standard process

25

conditions (6" day)

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication Pvt. Ltd.




International Journal of Advanced Engineering and Nano Technology (IJAENT)

Effect of pH on chitinase and GIcNAc production To
determine the optimum pH for chitinase productitime
filamentous fungi was inoculated into the chitindiuen at
different pH (4-6) for 120 h at standard conditioasd
composition of the broth media. Aftel’45" and 6" day of
incubation, the supernatant of broth media wasriéegéd
and culture filtrate was used for chitinase assaly@lcNAc
content. Both were observed to be very low ti¢ # day
with repeated experiments. Thus estimation was aohg
after 8" day of incubation in all experiments. Broth saduti
of pH5 produced maximum chitinase activity and babi
product (Figure 8).

GlcNAc, g/LpH 4
—#— GIcNAc, g/L pH §
—&—GlcNAc, g/L pH 6

0.40

0.35 4

0.30 4

0.26

0.20 o

GleNAc g/L

0.05

T T T T T
6.0 65

Days

Figure 8: Effect of pH (15 g/L, 105 um) and incubaon
on GIcNAc production at standard process conditions
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Figure 9: Effect of pH (15g/L, 105um) and incubatia on
Chitinase activity at standard process conditions

Effect of trace nutrient concentration on GIcNAc
production and Chitinase activity on chitin

ISSN: 2347-6389, Volume-2 Issue-1, December 2014

g/L and CaG.2H,0O 0.0002 g/Lwere added. This
composition corresponds to 1MA0of the standard
concentration in all other experiments. This remurctin
trace nutrient concentration resulted in drastiopdiin
GIcNAc production due to lowered chitinase actiigure
10). Yield of GIcNAc was defined as the ratio of ambah
GIcNAc produced per unit quantity of chitin fed thg the
process. The results of this experiment demonstréte
importance of trace nutrients during enzymatic pssc
Curves (Figure 10) corresponding to pH 4.5, 5.2 and 5.8
were obtained with this concentration. These tloeees
with reduced trace nutrient concentration show dnop
GIcNAc production and chitinase activity (Figure )11
Experimental results with pH of 4, 5 and 6 shows
considerable increase in GIcNAc content of culfiltete.

pH 4
—#— pH 5
& pH 6
—w—pH 4.5
—4—pH52
—#—pH 5 §|

0.40 4

0.35 4

0.30

0.25 4

0.20 4

0.15 4

GlcMNAc g/l

0.10 4

0.05 4

0.00 4

T
50 54 6.0 65 7.0

Days

Figure 10: Effect of trace nutrients and incubationon
GIcNAc production at different pH of broth media
under standard process conditions with 15¢g/L of 1Qfmn
size chitin
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—=*— pH5
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*»

T T T T T
55 6.0

Days
Figure 11: Effect of trace nutrients and incubationon

depolymerization: Production of N-acetyl glucosamine was :pitinase activity at different pH of broth media under

studied by varying the concentration of trace ieutis at
34°C with 160 rpm orbital speed in the incubator fdrthé

standard process conditions with 15 g/L of 105 pmze
chitin

experiments and broth media pH was adjusted g M gpsirate inhibition: Experimental results obtained with

NaOH before incubation. Trace nutrients FeS®L,O

various substrate concentrations after incubatioe bf 120

0.0005 g/L, MnSQH,0 0.00016 g/L, ZnSO7H,00.00014 |, 5ng 144 h were subjected to both Michaelis-Menten

26
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(Figure 12) and Lineweaver-Burk (Figure 14) methof V. CONCLUSIONS
kinetic analysis. Both show substrate inhibitiongure 12 Depolymerization of chitin using chitinolytic enzpgs

and_Figure 13 also depict varia_tion of reactiae (g, g/L h) produced byTrichoderma harzanum (MTCC 3928) was
against substrate concentration (S, g/L) and pmodug,ccessful in  producing oligomers analyzed using

concentration (g/L) . dinitrosalicylic acid method. Incubation in an debishaker
— for 6 days at 34°€2and 160 rpm for 6 days with 105 um
35 - - acid treated chitin at pH5 yields maximum N-acetyl

glucosamine. Experiments were conducted to findeffect
of particle size in the range of 74 to 12%. Increase in the

30

26 | yield of GIcNAc was observed with initial chitin
concentration of 10 g/L in the broth solution comguhto
201 other concentrations. Chitinase assay and GlcNoAtents

were highest after 144 h of incubation. ProductidnN-
acetyl glucosamine was studied with 125 pm and |106
10 size particles under the same standard conditidnthe
process. Highest GIcNAc production (1.2765 g/L antd7
g/L) was observed after 113.17 h of incubation 2&im
0 and 105 pm of chitin sample respectively. N-acetyl
. ‘ : : . . glucosamine content of culture filtrate was fouadricrease
4 6 8 10 12 14 16 . . . . . . . -
s with incubation time and as well with reductiontire chitin
. ) . . . particle size. Cell growth kinetics and reactioméhtics
Figure 12: Substrate concentration against reactiomate during seed media preparation were studied. DNAtezdn
% ~=Ti50n pf seed media aga_\inst incubati(_)n hours and ch'ﬁiaativity
=5 raahl . in the broth solution were estimated. Effect of raepH,

204 chitin particle size and chitin concentration on
depolymerization was found out. Optimal conditioof

2 enzyme production by. harzianum were estimated to be

o pH 5, 34°Ct2 and 144 h of incubation hours. Substrate
2 inhibition was observed at concentration above/10 g
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