CHAPTER I

INTRODUCTION
1. Chitin and chitosan N, \\\ ' ///
Chitin is the secon undant mpound in the nature. It is a

yeasts. It, like cellulose in
logical living systems. Chitin
annually in the world.

Chitosan is derived frgﬁ@n b‘ *'R‘,ﬁ
Therefore, chitosan j& a copolymer consxstmg mﬁ- -acetamido-2-deoxy-D-
glucose (GIcNAc) and' B-(1-—>4)-2-amino-2-¢

units with the latter usgally excee

lation in the presence of alkaline.

(D-glucosamine, GIcN)

In invertebrates,schitin occurs in a ¢lose association with water insoluble

proteins whic}ﬁ .16 be gertobéa i/ & produétion “of [chitip. Structure of chitin

determined by I%Ianzed light and elfctron mlcroscope indicated that chains of chitin
usuall@ wqaﬁ Fld?m ﬁ ’X]ﬁg ﬂ 81611 E} first to show
the crystalline nature of chitin ﬁtln chains are assemb ﬁ into microfibrils
forming into a crystalline structure via inter- and intramolecular hydrogen bonds. A
comparison of X-ray data for chitin from different sources had revealed the existence,
in nature, of three polymeric forms; o, B, and y forms.* Most chitin including those
from insects, fungi and crustaceans are classified as the o-form. While the rare second
form known as B-chitin has been found in four sources: the spines of certain marine

diatoms, the spine of the polychaete Aphrodite, the tubes of Pogonophora, and the



pen of squid Loligo. The last form, y-chitin, has been reported from stomach lining of

Loligo and probably in coelenterates.
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The structure r@ned or

least-square procedure rey ealed an antiparallel,of two adjacent polysaccharide chains

(Figure 1.2). 1ﬂ %ﬂy@w%g&bﬂ@% "} ﬁr@d to amidic carbonyl

groups within thésame stack of chaué,and half are bonded to hydroxyl group between

the adj rm @ﬂﬂtﬁmtﬁ %:Iég ﬁ ﬂy responsible
for the stability of the a-chitin structure, specifically its inability to swell in water.

The B-chitin is characterized by a parallel arrangement of the polysaccharide

-raﬂiffraction5 or linked atom

chain (Figure 1.3). In this arrangement, there are no hydrogen bonds between the
adjacent stacks. Thus, B-chitin is easily swollen by intercalation of water molecules
between the stacks of chitin chains. In this regard, it is interesting that B-chitin is
found exclusively in aquatic organisms.6 The differences between two forms are

slight, however, the a-form is more stable that B-chitin can be converted to the a-



chitin by treatment with anhydrous formic acid or strong nitric acid but no known
means to date by which this transformation can be reversed.>® The infrared spectra of
a-chitin and B-chitin are also essentially similar. It is probable that a-chitin and B-
chitin do not differ in any essential chemical manners, since both are readily
hydrolyzed by chitinase from a number of sources.” The third form, y-chitin, is a
mixture of antiparallel and parallel arrangements of chitin chains.

Chitin is a by-product or a waste from crab, shrimp and squid processing
industries. However, isolation ! aration of chitin from other marine
invertebrate shells have taken\ESSA ﬁ%/nd chitosan offer wide range of

applications, including cluhon $1d n of water and beverages,

applications in pharm d cosmy 1 as agriculture, food and

chitin and chitosan have
a\e:éresources has become an

of wastewater and heav tal j }3\ industry, immobilization of

biotechnological uses.”:

intensified since effici

10 lﬁqembrane in biotechnology,
in, absorbable surgical suture,

controlled releasmg mate __- A 2 agents and wound healing

action.
Although chitin andsghitosan are knawn to have very interesting physxologlcal

opertcs, buf@b L 20D R EIUS PEBAED S o s i,

their high moleccular weights and highly viscous ng;re may restnca}helr in-vivo uses.
son A TSN VLA . 0
possess énzyme such as chitinase and chitosanase which can directly degrade the B-
glucosidic linkage in chitin and chitosan. Recently, studies have attracted interest to
converting chitin and chitosan to their monomer and oligomer (Figure 1.4). The
monomers and oligomers of chitin and chitosan have low viscosity due to their small
molecular weight and short-chain lengths that allows them to be readily soluble in

neutral aqueous solution and absorbed in the in vivo system
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Figure 1.2 Diagrammaticillustration \-"': ra fﬁ‘ﬁn& as antiparallel and X-ray
crystal struct b&veen to C=0---NH group

of a-chitin.

B-Chitin"
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Figure 1.3 Diagrammatic illustration with arrangement as parallel and X-ray crystal
structure of hydrogen bond linkage between to C=0---NH group of B-

chitin.
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Figure 1.4 Simplified flowsheet for preparation of chitin and chitosan, their

monomers and oligomers from invertebrate marine’s waste



2. The use of monomers and oligomers of chitin and chitosan

Unlike cellulose, chitin, chitosan and their subunits have many physiological
activities. These activities have led to progressively increased utilization of these
materials in food and pharmaceutical fields for human health and in chemistry as
biologically important synthesis building blocks (Table 1.1).

Hirano and Nagao'' studied relationships between the degree of
polymerization (DP) of chitosan and the degree of pathogen inhibition. They showed
that chitosan oligomers (DP 2-8) as ially hydrolyzed chitosan with a low
molecular weight possessed st&i\}ge ow ition than high molecular weight

chitosan against several phy%gens in saruzm oxyporum, Phomopsis

Sfukushi, and Alternaria W
Chitin, chjtosan/ figom " ha\hn.reported to exhibit elicitor

activities toward sever . used as elicitors for the

.‘\
igomers inhibited the growth

NCID; Y i et al.'” also revealed the chitin
oligomers from (GlcNAc), to -@’ﬁ‘lAc)%xed strong attracting response to
peritoneal exudate cej]h in BALB/c mxcefwhereas chit
(GlcN)g did not sh of chitin and chitosan
oligomers with hexar_lgr (GIcNAc) s rd;bectively, Tokoro et al'®
showed that the two hexamers had growth-inhibitory effect against Meth-A solid

—-ER T ‘ﬁ NEIT

On the effects of water- solubnle chitin and chltosan ollgomers Suzuki ef al."’

demon iﬁ ?:ﬁl a?a candidacidal
activityﬁo oro et al.”” found that Aﬁﬁe’rg;ﬁﬁ Zlo -inhibitory effect

on Listeria monocytogenes by elevating the function of cellular immunity.

oligomers from (GIcN), to




Table 1.1 Application of chitin, chitosan, their monomers and oligomers

Field Chitin and chitosan Monomer and oligomers
Food Antimicrobial agents Antimicrobial agents
Preservative agents Preservative agents
Edible film
Pharmaceutical Antibacterial infection Antibacterial infection
Antitumor agents Antitumor agents
Immunopotentialting agents
Medical o"cﬂg—‘_ﬂsteoarthntls and
\ inflammatory
owel disease treatment
Nutritional cholesterolemic agents
ium absorption accelerator
in vitro
Biotechnological
Agricultural

e oa Activator of plant cells
ator of plant cells ant growth

o ﬁﬂﬂ NEISNY “Iﬂ‘i” o
AN SRR A NS Y

Removal of heavy metal from
wastewater

Cosmetics materials




Tsukada e al.®' reported a significant antimetastic effect for (GlcNAc)s in
mice bearing Lewis lung carcinoma. Suzuki et al. 22 analyzed the change of the spleen
cells from tumor-bearing mice administered with chitooligosaccharide such as
(GlcNAc)g to unravel the tumor inhibition mechanism and cell growth by immuno-
enhancing effects of the oligomers. It was demonstrated that increase of cytotoxic T
lymphocytes activity by accelerating the differentiation of helper T cell was
remarkable and paralleled a decrease of suppressor T cell activity.

Shikhman et al.” reported
acetylglucosamine, are some of\\ m’f
However, the mechanisms w arsmt t ities are still poorly understood.

|
i phiphilic chitoeligosaccharide, having antitumor
: ater’imresearcher expected those

r.and form a micelle, which

samine and its derivatives, including N-

used drugs to treat osteoarthritis.

lecular weight chitosans as a

itosans were neither toxic nor

compared with high ﬁ_i)lecular welght chltosan 26 N

o M?—ﬂ
3. Preparation of N-_‘l_a}etyl-l')’-" chitmﬁhosaccharide

N-acetyl-D-glucosamine and D-glugosamine are monomers of chitin and

chitosan, respeﬂ u @Ql%@%ﬁ%ﬂ@ﬂm £ B-(1->4) linked N-

acetyl-D- glucogumlne and D- glucgsamme umts respectlvely There are two

hydrol@: ﬁtﬁ‘xﬂ ﬁeﬂcﬁwlﬁﬁﬁ% e ﬁ:ﬂgﬁ used for the

preparation of monomers and chitooligosacch: tin and chitosan.

3.1 Chemical hydrolysis

Chemical method for the preparation of GlcNAc, GlecN, and chitooligo-
saccharides mostly deals with acid hydrolysis.?”?* Recently, the series of
chitooligosaccharide have become commercially available. They are usually prepared
by hydrolysis of chitin and chitosan with concentrated hydrochloric acid, followed by

extensive column chromatographic fractionation.”” The conventional procedure for



their isolation is as follow: '1) acid hydrolysis, 2) neutralization, 3) demineralization,
4) charcoal-celite column fractionation, 5) HPLC fractionation, and 6)
lyophilization.28

Rupley?’ used concentrated hydrochloric acid to digest chitin for preparation a

substrate for lysozyme assaying. Moreover, Horowitz ef al®

explained that acid
hydrolysis of chitosan with concentrated HCI also led to the production of chitosan
oligomers with low degree of polymerization (DP) (monomer to trimer) in

ple method, using only concentrated

\

quantitative yields. However, suctt ,
hydrochloric acid associates wﬁhgom

yblems such as cost for purification

N

. - p
of the products, envnronmeﬂml-\:'nhcems an
— “

products. Acetolysis, fl

thus been studied to al

Inaba et al.>°

Defaye et al® that ﬂ'&for ysis of chitin in anhydrous hydrogen
fluoride (HF) led to chitin igégﬁ%?;?’ m -a@.\arl itative yield and conditions can

be conveniently mon};tored 1ndor‘deng oph@hc pr_gparation of specific oligomers
ranging from 2 to Ql_qe,sidues. However,majm_pm@;ﬁhitin oligomers obtained

fiers (B-(1-6)-linked 2-
acetamino-2-deoxy—DJg!ucosylr lél_ig—osaccharide) exclusiuly formed when solutions

of chitin wereﬁt ﬂﬁ@bver 10 hrs at rtéem temperature.

Takah rglm Hrmcﬁnw' &,lta cfil(ﬁers by a combination

method of milg"I acid degradation and sonolysis,.which is able,to degrade chitin

o I e AR A4 e i

hydrochl%ric acid under ultrasound irradiation.

are mainly dimer to tetramer and chitin

1

Moreover, the preparation of these small carbohydrate molecules is also
achieved by a free radicle reaction. Nordtveit ef al.** demonstrated that the viscosity
of chitosan solution decreased rapidly in the presence of hydrogen peroxide (H>0,)
and FeCls. They attributed this to a random radical depolymerization of chitosan.
Tanioka et al.*® showed that Cu(Il), ascorbate, and UV-H,O, system gradually
reduced the molecular weight of chitosan. They postulated that the hydroxyl radicals
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generated in the experimental system caused the polymer degradation and that this
phenomenon may help to explain the disappearance of chitosan in vivo during

biomedical applications.

Acetolysis With

Ac OAc
Ac,0/H,S04 o o
‘ g A 0] AcO OAc
NHAc /m NHAc

Dry methanolic

ammonia

» ,,-'
0 led £
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3.2 Enzymatichdrolysis

In contrast ﬁ isy - is-of chitin and chitosan
has several lﬂg p dmmnmgns ith milder reaction
condition. ida_et al*® e lﬁ ti drolysis was a useful
methoﬁqﬂﬁ}piﬁﬁonﬂi éﬂﬁﬁﬁﬁﬂﬁﬁéﬂe the yield of

specific products was usually greater in the enzymatic hydrolysis than in the acid
hydrolysis.

Chitin may be degraded via enzymatic hydrolysis by lysozyme and chitinase.
Lysozyme hydrolyzes partially N-acetylated chitosans (PNACs) under homogeneous
condition. The lysozyme digestibility of PNACs increases with the increasing of the

degree of N-acetylation of PNACs because lysozyme recognizes GIcNAc sequences

with more than three residues.’’ Chitinase is the enzymes from bacteria that of the



endo-type and produce oligomers larger than (GIcNAc),. In contrast, B-N-
acetylhexosaminidase is an exo-type involved in hydrolysis of N-acetylchito-

oligosaccharide or (GIcNAc); to release free N-acetyl-D-glucosamine (Figure 1.6).

Marine animal shell waste

l Chitin Deacetylase

Chitin » Chitosan
ellulase
1 ase
} .
Exo N,N’-diacetyl i ""mm .
chitobiohydrolase Chigs ligomers
Exo-Chitobio
hydrolase
Exo --D-gluco
saminidase
|
Figure 1.6 Pathway for the i, an hitosan into their oligomers by
enzymatic means. .

Tak1guch1 % s ;:;;::;:;;::"::—';.":: """""""""""" of Only (GlCNAC)z fI'OI'Il
chitin with an enzyme-Bnﬁ thermopl ' a.kaanagi et al.* reported that
four kinds of thermosta?le chitinase isolated from the cell-free culture broth of

r-

pacillus liche EI p?i wl%f ? Mitsutomi e al.*
revealed that ﬂ chitinase Al an‘ﬂ from ﬁlﬁujv circulans WL-12 specifically
M G110 N (1
producﬁe ol ﬁac ide Ac ‘at the'redu (iﬁe sidue and hetero-

oligosaccharides with DP 2 or 3 were produced as major hydrolytic products.

Ohtakara et al.*' and Mitsutomi et al.** also reported that main oligosaccharides
produced during the course of hydrolysis of partially-N-acetylated chitosans (PNACs)
by chitinase from Streptomyces griseus and Aeromonas hydrophila were
heterochitooligosaccharides with 2 to 4 residues.

Aiba® also suggested that, in the case of degradation of chitin by chitinase,

hydrolyzed sites can not be regulated by the enzyme. If chitosan is used as a substrate
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in a homogeneous state, hydrolyzed sites might be regulated as chitosan has partial
GlcNAc residues recognized by chitinase. Preparation of N-acetylchitooligo-
saccharide with two to six residues from chitosan with chitinolytic hydrolysis
followed by N-acetylation with acetic anhydride. When 20% acetylated chitosan was
hydrolyzed by Streptomyces griseus chitinase for seven days, the yields of (GIcN Ac)s,
(GleNAc)s, (GleNAc)s, and (GIcNAc)s were 23.5, 25.5, 19.6, and 12.3%,

respectively.

Fenton and Eveleigh** reported a production of heterooligomer, GlcN-GlcN-
GlcNAc and GlcN-GIcNAc, -w GIoNA ﬁreducing end residues in the
hydrolysis of 30% and 60% ace : respectively, with Penicillium

= ———

islandicum chitosanase.
heptamer could be pre
chitosanolytic enzyme.

Recent studies o ave revealed production of
higher oligomers, such as and he tar 1 lower oligomers. Kobayashi er
P prepared N,N'-dia i "' ini ar oxazoline derivative as a

glycosyl donor and N-ac

’ﬂﬁ’mﬂﬂ‘ﬁﬁumﬂ’]’]‘ﬂﬂ’]ﬂﬂ

Flgure 1.7 Preparation of (GIcNAc), by enzymatic transglycosylation.

Usui et al*’ found that transferase activity of a chitinase purified from
Nocardia orientalis TFO 12806 could be used for the preparative scale synthesis of
(GlcNAc)s and (GIcNAc); form (GleNAc)s and (GlcNAc)s.
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Although a number of chitinases and chitosanases have been isolated from
microorganisms over the past two decades, they are still very expensive to be utilized
in the industrial process. Several commercial enzymes have been examined for their
potential usage in the preparation of GIcNAc and chitooligosaccharides by enzymatic
hydrolysis of chitin and chitosan with a low production cost. Aiba and Muraki*® used
low-cost enzymes such as lipase, cellulase and hemicellulase and found that, in the
case of hemicellulase, the yield of hexamer was more than 20% when chitosans with
9-22% deacetylated were used. et al.®® also reported that wheat germ
lipase, which is widely used as.\ a‘ﬁw\'ﬁ &dry detergents for removal of fatty
stains, was very active in énz3t10 an and modified chitosans in

slightly acidic aqueous s

es@ resulfs suggested the possibility of using a

{ace o\ l\ysozym high cost chitinases.
g the @mercmlly crude enzymes

number of commercial

Recently, there
er and oligomers of chitin and
chitosan. Sashiwa et al. S hacidi some advantage to produce
ion of both endo- and exo-type

d produced the GlcNAc with

the GIcNAc owing to
chitinases. These research
high yield (76%) for 8 days wh Jusedg
viride. Sukwattanasinitt et al.’’: sﬁl?ﬁed tﬁgmtlon of commercial non-chitinase

enzyms form fungi Qérepare GlcNAc. They founw f GIcNAc was obtained
within only 4 days 1

e from Cellulase Tricoderma

_fewer enzymes used by of two enzymes, that had

high chitinase and 3- ]\&Acetylhexosamlm ase activity. SAsiuwa et al.** also attempted

to digest the o \Ef ro rophila H-2330. The
selective and g‘ ﬂ ﬁuﬁmm&ﬂﬁ flﬁby obtaining of 77%
yield and clean reactlon without by+product. In addition, Pichyangkura er al.>> used
crude UL R 5 bk U b S T SK-1 1
digestingqthe o~ and B-chitin powder. The resulfs from these suggested that certain
enzymes could hydrolyze crystalline chitin to give GIcNAc in high yield (>70%).

In the development process for efficient enzymatic hydrolysis of chitin and
chitosan, ran immobilized enzyme was employed for a continuous production of
oligosaccharides. Jeon and Kim** also applied an ultrafiltration membrane in

enzymatic reactor system for continuous preparation of chitosan oligomers. In

addition, Matsuoka et al.>> used a dialysis technique in a preparation of N,N'-
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diacetylchitobiose by continuous enzymatic degradation of colliodal chitin with
chitinase from Streptomyces griseus and the method had potential to be used for

large-scale industrial production.

4. Chitinolytic enzymes
In the nature, the enzymes which can degrade chitin and chitosan have been

found in many living animals, plants and pathogens. In higher plants, chitinases are
used for defending themselves ag lant pathogens and pests. The seaweed
chitinases also play a role in sclf-dﬂs[@to plant chitinases. In insects and
crustaceans, chitinases are nm for Jiegr‘m-of the exoskeletal chitin in the

cuticle or shell in ecdysi €8s Mic oorgam"srm-p;gduce chitinases to digest the
chitinous nutrient or P rojyze thé‘\h.n;mous cell wall for cell
proliferation. Fish an a

Ilso_(us_qp chitinases __for defense. Furthermore,

chitinases are found in o ese living organisms produce and use

chitinase for their own spe s..§6’57 -

Lysozyme (EC 3°2.
have chitinolytic activity. ” Wi mzym hs'drolyzes the B-(1,4) linkage
between C-1 of N-acetylmus ol (M@an C-4 of N-acetyl-D-glucosamine
(GleNAc) in cell wall of gramy ‘p_os;iwe bm:spch as Micrococcus lysodeikticus
(leteus). Certain pl@ﬁlchmnases such as l;_el_gmg e lysozyme activity in
Aity. Hodl hydrolyze the B-(1,4) linkage
-4 of I‘uacetylmuramw acid, which

is different from the lzso{ym at the hydrol %l site of the substrate.’® Such chitinases

et 4o Tourd il micbooseadide] shch as Peudomonas

aeruginosa, Ch%‘lanephora cucurbitgnum, and Phascolomyces articulosus and in

puns SRR S Y B 64 22100 5

classified'as a class of hydrolytic enzyme which hydrolyze chitinous materials at
GlcNAc-GleNAc or GleNAc-GleN or GleN-GleNAc glycosidic bond.” Chitosanase

(EC 3.2.1.132) shows that glucosamine is necessarily observed at reducing end or at

addition to chltmas % _}Vlty However, this chit

between the C-1 of N—aoletyl-D-glucosamme and C

with lysozym

the non-reducing end in its hydrolytic products.®® Furthermore, N-
acetylhexosaminidase or chitobiase (EC. 3.2.1.52) is an exo-type chitinolytic enzyme

and hydrolyzes the chitin oligosaccharides from the non-reducing end to release a
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monomeric N-acetyl-D-glucosamine.®’ These chitinolytic enzymes are different from

chitinase in antigenicity, amino acid sequences and three-dimentional structures.

4.1 Chitinase (EC 3.2.1.14, glycosylhydrolase family 18 and 19)
Chitinases hydrolyze B-(1,4)-glycosidic linkage bond randomly within the
polymeric chitin chain giving the mixture of N-acetylchitooligosaccharide including

N,N'-diacetylchitobiose as a major product and may be with N-acetyl-D-glucosamine.
Chitinases are found primarily in two ‘wmes of glycosylhydrolases, family 18

and family 19 chitinase. The di s of chitinases are the specificity
c&luding the different mechanism

———

of glycosidic linkage reco
of catalytic hydrolysis. o have no similarity in their
structures (Figure 1.9

The specificity chitinolytic enzymes was

usually investigated usi cetyla tos substrate (Figure 1.8).

2 el
(‘“‘l o

Bacterial chitinase (family 19)

Streptomyces griseu.

ge recognition for chjm\olytic enzymes family 18
Lk Lk 40 (et LT
RIAINTUUNIINYINY

Figure 1.8 The speciﬂty of li
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Figure 1.9 Three dimensior ucturc _ narcescence chitinase A, Family 18

chitinase

Figure 1.10 Three dimensional structure of barley chitinase , Family 19 chitinase



17

4.1.1 Chitinase Family 18

The family 18 chitinases have a catalytic (o/f)8-barrel domain (Figure 1.9).
The catalytic residues of this enzyme family were first reported by Watanabe et al. for
chitinase A1 from Bacillus circulans WL-12.%* Site-directed mutagenesis of Glu204
completely eliminated its activity, and the residue was considered to be a proton
donor in its catalysis. From the sequence comparison, the glutamic acid residue was
found to be conserved in all chitinases in family 18. In Serratia marcescence chitinase
A, the catalytic carboxylate correspo 1u204 of B. circulans chitinase Al is
Glu315. B. circulans chltlnase\A\ m r product,®® hence is a retaining
enzyme As described abow-m-retalgng é the location of the second

carboxylate is close to on onobtajf\ﬂm::l (<5 A). In the consensus
SES)

ere are several conserved

region of the catalytic

200 and Asp202 in chitinase Al

e A gom S. marcescence. Site-

carboxyhc amino acid

; =k
; "‘%
-

ulans chitinase Al impaired the
f}xe activity. The family 18
chitinases have a different m haqﬂbof:_ sis. Reeent studies on the family 18
chitinases indicate that the ataefﬁ?&fieac@he nzymes takes place through a
substrate-assisted mechanismi - :@ggﬂl‘f" m;:_a putative oxocarbonium ion

intermediate is stabu&d by an anchxmnnc_aswrle sugar N-acetyl group

after donation of a profon from the catalyti

e leaving group. Such a

stabilization might occimw either ‘tflf(ﬁg a charge interaédon between the C1 carbon

and the carbonyl ix ven Of the N-a :ﬁ'l gr gr via an oxazoline intermediate with a

&) cdobtletid ke b h By ebd Y@ mecharism docs not

require the secoer carboxylate and can rationalize the anomer retaining reaction of the

@) ) ST B BV B B e b

assistancé!in family 18 chitinase has been first provided by the crystal structure of the

covalent bond

inhibitor allosamidin bound to chitinase from Hevea brasiliensis. Allosamidin was
found to strongly inhibit family 18 chitinase®, It consists of two B-1,4-linked N-
acetylallosamine residues and an oxazoline derivative, allosamizoline (Figure 1.11).
The strong inhibition by allosamidin suggests that the structure of allosamizoline
residue is complementary to that of the catalytic center. Thus, the allosamizoline

structure is most likely to reflect the transition state structure. In fact, Glul127 which
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acts as a proton donor in its catalysis was found to be very close to the oxazoline

group in the structure of H. brasiliensis chitinase complexed with allosamidin.®’

Figure 1.11 Structure of hibi @’l, for family 18 chitinases.

AU ININTNEINS
AR TN TN
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Figure 1.12 Glycosyl hydrolysis catalyzed by family 18 chitinases following
substrate-assisted catalysis. The oxazoline ion intermediate is stabilized
by an anchimeric assistance of the sugar N-acetyl group after donating a

proton from the catalytic carboxylate.
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4.1.2 Family 19 Chitinases

Family 19 chitinase from barley seeds has a three-dimensional structure in the
substrate binding and catalytic core composed of a three stranded B-sheet and two o~
helices.®® The hydrolytic products from barley chitinase reaction were found to be in
a-form as determined by "H-NMR spectroscopy, indicating that the chitinase inverts
the anomeric form through its catalytic reaction. Wang et al.reported that distance

between the two catalytic residues is closely related to the catalytic mechanism.®’ In

the case of retaining enzymes, the ay. a ce between the two catalytic residues
is about 4-5 A, while the dlS m the inverting enzymes. Glu67
and Glu89 are most likely rotca do second catalytic residue. The

reaction of inverting gly largely separated catalytic

anism’° (Figure 1.13). At
- idic oxygen atom, forming

ter inolecule activated by the

residues, is often explai
first, the general acid,
an oxocarbonium ion i
general base, GluR9, attac iate state from the a-side to
complete the reaction.
permit the water moleculé t ed een the anomeric C1 atom and the
carboxyl oxygen of the ge eraf.fﬁaée‘ (Gh@us ocation of the water molecule

would result in the anomeric inversion O(ff %or_l products. From the molecular

dynamics mmulatmixg however‘ 51u89 was found “wbt/ only to activate the
nucleophilicity of the¢-“water molccule but tc fabilizer of the carbonium ion
intermediate. In additio , the 51mulat10n study indicated Mat the (GIcNAc)s substrate

binds to barley Eftmase"’évﬂh all sugar residués in a chair conformation; that is, no

uog.lw’g ﬂﬁnw sﬂrﬂ@ iomplexed with the

substrate. Chltlnase from yam (Diosebrea opposita),was reported tosproduce a-form

AN TR Y TN E AT TT Y T,

were repca'ted to be an inverter as well. All of these inverting chitinases from plants
71

sugar residue

should have a similar catalytic mechanism.
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Figure 1.13 Glycosyl hydrolysis catalyzed by barley chitinase following single
displacement mechanism. Glu67 as the general acid acts as the proton
donor, and Glu89 as the general base activates the water molecule

which then attacks the C1 atom of the intermediate sugar residue at site

D).
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4.2 B-N-acetylhexosaminidase (EC 3.2.1.52, Glycosylhydrolase
family 3 and 20)
The B-N-acetylhexosaminidase (Chitobiase or N-acetylglucosaminohydrolase)
is the enzyme which hydrolyses terminal, non-reducing GIcNAc residues in
chitobiose and higher chitooligosaccharides (Figurel.14 and 1.15).2

Figure 1.14 Three dimensiona ’stmyp]x;;q ". yreescence chitobiase, Family 20

chitinase

ﬂum?nmﬁwmm
awwaﬂmmwpnmaa

Figure 1.15 The action of chitobiase on chitin and its product
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Figure 1.16 Glycosyl hydrolysis catalyzed by S. marcescence chitobiase following
double displacement mechanism. A covalent cyclic oxazolinium ion
intermediate is formed and subsequently hydrolyzed via transition states

having oxocarbenium ion character.”
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Sequence data and especially the crystallographic data on the S. marcescens,
chitobiase, enzyme in the complex with its natural substrate N,N'-diacetylchitobiose,
give an invaluable insight into the mechanism of the substrate hydrolysis. The
glycosyl transfer reaction is formally a nucleophilic substitution at the saturated
carbon of the anomeric center which, for glycoside hydrolase with retention of
anomeric configuration, proceeds via a double-displacement mechanism. The enzyme
uses an acid-base reaction mechanism with Glu-540 as the catalytic acid (Figure
1.16).”

Hen egg white 1 well-kn subsites, so called A, B, C,

D, E, and F, and the i€ bo y e between sites D and E.
According to the subsit e propo tsanet al., the binding subsites
can be written as (-4)(-3 52 7 bsite structure was estimated from
model building of the Tys Ic ( ) CO b eﬂ on the crystal structure of
the complex with (Glc ‘ nf experimental time-courses
of oligosaccharide degradati - ) W hor btained by high performance
liquid chromatography (HP

While the binding moc_ie QWIQW family 19 chitinase from barley
seeds was estlmate%_)_y experimental tlme—coutsm* Ac), (n =4, 5, and 6)
degradation by the me was first obtai = he chitinase hydrolyzed
(GlcNAc)s producing . _]'chNAc 3T 0 C)3 and (GﬂNAc)z + (GlcNAc),. The
amounts of (GlcNAc)3 produced was twiceyof those of (GlcNAc), and (GlcNAc)4,

niictng o SR LI VG INRI RiFiack. They reored

that the biding s%site model was (-3¥-2)(—1)(+1)(12‘)(+3) for fami&ll9 chitinase.

RNV ST OIHRTD P G o s

by supefposition of the structure of H. brasiliensis chitinase complexed with

(GlcNAc)s and that of S. marcescence chitinase A complexed with (GlcNAc),.”®
Brameld and Goddard have done the molecular dynamics simulations of (GIcNAc)e

binding to S. marcescence chitinase A. Both works indicated that the binding clefts
are represented by (-4)(-3)(-2)(-1)(+1)(+2) in family 18 chitinases.”’
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5. Rubber latex tree “Hevea brasiliensis”

Most of the natural rubber in the world is obtained
from the latex of the rubber tree, Hevea brasiliensis.
Latex is the cytoplasm of specialized tube-like cells,
known as lactifers. The major components of latex are

rubber particles. The others are of vacuolar origin and

contain several hydrolase and PR(pathogenesis-related)-

like proteins. Upon centrifugation (at 59,'P0:; E for 40 min), rubber latex is divided

into three layer of rubber particles, the ¢y ¢ and the lutoids-body fraction. In the

first layer, there is a whiterereamy layg at 'ﬂﬁi:p-which contains virtually all the

rubber particle. The translueent fiuid called C-SMWMCh corresponds to latex

cytosol, is in the second‘(

sontain other organelles, such as some mitochondria,
* .

ith ﬁigher_‘gémity (Rigure 1.17).7®

| ’54‘:
vy

The bottom fraction is called B-serum composed

Figure 1.17 Separation of fresh latex by ultracentrifugation at 59000 g for 40 min.
Fraction 1-3 corresponds to white rubber phase. Fraction 4 is a yellow-
orange layer constituted by Frey-Wyssling particle. Fractions 5 is and
almost clear serum (C-serum) corresponding to the latex cytosol.

Fraction 6 to 11 constituted the bottom fraction in the lutoids fraction.
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Rubber latex is the cytoplasm of specialized cells known as laticifers. About
15% of its volume consist of lutiods, which are organelles of vacuolar origin
containing a limited number of major proteins. Several of them having antifungal
properties, hydrolase activities, and therefore are classified as pathogenesis-related
protein.” About half of the protein content of the lutiod-body fraction can be
accounted by hevein a small protein with antifungal properties, which is formed by
proteolytic processing of pfecursor protein. Hevein is formed from the processed
precursor (19 kDa) by cleavage be fu‘x /75 domain (5 kDa) and a C-terminally
located one (14 kDa), followed by fi
hevein, resulting in ragged—%;te " fnodébr protein in the lutoid-body
, a blfuncﬂvﬂd.,famﬂy 18 lysozyme/chitinase

The thlrdﬁjb&lutlod body protein is 2 B—

of residues at the C-terminus of

fraction of rubber latex i

activity with molecular

1,3-glucanase. Churng
molecular masses of abo
respectively. Other lutoid-
of 25 kDa, which may be

playing a central role in ci

5.1 Chitinase in the sermﬁOm pamher tree
Hevamine is Q39 kDa endochmnasm £ olated from the vacuoles

in the latex of the ru% tree (Hevea b;@tlon, hevamine exhibits
lysozyme activity, as ha;steen observed for several other éﬂitinases The optimum pH
of hevamine is 4.0. Its amine acid sequencelcontains the two conserved family 18

ronsems e B8] IV B S I BJALE) S pertormes it

the homologous giutmase Al of Bacillus czrculans and chitinase g_gm Alteromonas

e 55 5 0 3 R4S 4§ s o

catalytic agtivity. This glutamic acid corresponds to Glu127 in hevamine. Mutation of

the residue of the chitinase from Alteromonas which is equivalent to Aspl25 in
hevamine also results in a complete loss of catalytic activity. However, this amino
acid residue is not fully conserved in the chitinase family: the corresponding residue
in the chitinase from Arabidopsis thaliana is an asparagine. After mutation of the
residues of chitinase Al of B. circulans corresponding to Aspl20 and Aspl23 of

hevamine, the bacterial chitinase still showed a residual activity. These findings
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indicate that the only conserved carboxylic group of the consensus regions that is

essential for catalytic activity is the glutamic acid.*®®

73 75 77 79 19 121 123 125 127

Hevea 73
Cucumis 98
Nicotiana 89

Saccharomyces 102

Alteromonas 265 313
Bacilfus Al : 204
Manduca sexta 146

€, Saccharomyces cerevisiae

chitinase, 4/teromo ' ﬁ hitin acillus circulans chitinase Al

Hevamine is a-tairly stable-enzyme; and as such it-offers a potential means to

confer disease resista.q upon plants. 18 chitinases are of very

diverse origin (plants, fudugl bacteria, 1nsects) and have widely differing properties

W1th respect‘ tﬁ%ﬂ? Wﬁ%Wﬁﬁrffff? (endo- versus exo-

chitinase activi inase versus lysozyme activit

ARIALDIALMINENAY

As no homology was found with any protein with known structure®, the X-ray
structure of hevamine was determined by the method of multiple isomorphous
replacement, and subsequently refined at 2.2 A resolution to an R-factor of 16.9%.
The enzyme comprises a single domain, which has a flattened ellipsoid shape, with
approximate dimensions of 50A x 40A x 30 A It has a (Ba)s-barrel (TIM- barrel)
folding motif (Figure 1.19), which consists of an eight-stranded parallel B-barrel (f1-
B8), surrounded by eight -helices that are antiparallel to the barrel (a1— a8). Most
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connections between the carboxyl terminus of a helix and the amino terminus of a
strand are 1-5 residues long; only one loop comprises 14 residues. The connections
between the carboxyl terminus of a strand and the amino terminus of a helix are more
variable in length, comprising 6-22 residues. Apart from the eight B-strands and eight
o-helices of the (Poa)s-barrel, the hevamine structure contains one extra helix after
strand B8, and one extra strand located after strand B2, which form a two-stranded
antiparallel PB-sheet with the carboxy-terminal residues of 2. Three disulphide
bridges are present, in agreement wnh ‘trzﬁiemically determined connectivities®*.

éﬂ;‘at the end of B4, with no other

conserved aspartic or glutamic acid residues ints Vicinity.

The putative catalytic residue, Glul27, is

BT,

ar
o

(J Y I o

; ! L+
el ] " p
| | WO Y O

Figure 1.19 A rﬂbbon diagrém of the structure of hevamine, drawn with the program
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RIPT s&a;qs['arp sHoWr inCydn;|Helices ifblig and loops in
« L 2 Ly . | fl W r

:j_‘j g&k}\,{ﬁ; fs
a -"yel 0

w C'sttine %és'i&ﬁése;ahd"ihe cong‘er\}'ed ’Giu12’7: are' shown in ball-

and-stick representation. The amino and carboxyl termini are indicated
(a) Top view of the barrel (b) Side view of the barrel, showing the cleft
formed by the conserved loops at the carboxyl termini of the barrel

strands.
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5. Aims of thesis

N-acetyl-D-glucosamine and chitooligosaccharides of chitin and chitosan
possess many functional properties such as therapeutic potential in the osteoarthristis,
inflammatory bowel diseases and gastritis. Furthermore, they also have the antitumor
activity, antifungal activity and antimicrobial activity. The preparations of these
carbohydrates are currently carried out by acid hydrolysis or enzymatic hydrolysis of
chitin and chitosan. However, acid hydrolysis is usually performed by heating chitin

in concentrated hydrochloric acid, wh ich pose technical and environmental concerns.

ion of the desired product without

having an uncompleted hydse Jsis u : ‘resulting in poor yields of the

desired products. Enzymati y proceeds under much milder condition
with less toxic reagents, JHOWe y'use of pu fé ases was not practical for

industrial production dug#o 1t

This thesis focusesfonsotential-use of erude ; 2 e from serum para rubber,
waste from concentrated latex' processing industry in the preparation of N-acetyl-D-
glucosamine and chitooligosace g% 8 tion of chitinolytic enzyme

in serum para rubber wa ed. A;ﬂl ab rot col for preparation of N-acetyl-D-

glucosamine and N,N'-diacetylclitobiose from in will be described.

ﬂumwﬂmwmm
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