v -
TIENITANEN

Abelies. F.B., Bosshart, R.T., Forrense, L.E., and Habig, W.H. 1970. Preparation
and purification of glucanase and chitinase from bean leaves. Plant
Physiol. 47: 129-134. |

Andrews, A.T. 1981. Polyacrylamide gel electrophoresis (PAGE).Homogeneous
gel and buffer systems. In Electrophoresis: theory, techniques, and
biochemical and clinical applications, pp. 5-49. New York: Clarendon
Press.

Bhushan, B., and Hoondal, G.S. 1998. lsolation; purification and properties of a
thermostable chitinase from an alkalophilic Bacillus sp. BG-11.
Biotechnology Letters 20(2): 157-159. |

Blaqkyvell, J. 1988. Physical methods for the determination of chitin structure and
conformation. In Methods in Enzymology Vol 161(51), pp. 435-442,
New York: Academic Press. '

Boller, T., and Muach, F. | 1988. Colormetric assay for chitinase. In Methods in

| Enzymology Vol 161(50), pp. 430-435. New York: Academic Press.

Boller, T., Gehri, A., Mauch, F., and Vogeli, U. 1983. Chitinase in bean leaves:
induction by ethylene, purification, properties, and possible function.
Planta. 157: 22-31.

Bradford, M.M. 1976. A rapid and sensitive method for the quantitation of
microgram quantities of - protein utilizing the principle of protein-dye
binding. Anal. Biochem, 72; 248-254, '

Brameld, K.A., Shrader, W.D., Imperiali, B., and Goddard, W.A. 1998. Substrate
assistance in the mebhanism of family 18 chitinases: theoretical studies of
potential intermediates and inhibitors. J. Mol. Biol. 280: 913-923.

Cabib, E. 1988a. Assay for chitinase using tritiated chitin. In Methods in
Enzymology Vol 161(48), pp. 424-426. New York: Academic Press.



81

Chen, A.C., Mayer, R.T., and Deloach, J.R. 1982 Purification and characterization
of chitinase from the stable fly, Stomoxys calcitrans. Arch, Biochem.
Biophys. 216(1): 314-321.

Chernin, LS Winson, M.K., Thompson, J.M., Haran, S., Bycroft, B.W., Chet, .,
Williams, P., and Stewart, G.S.A.B; 1998. Chitinolytic activity in
Chromobacterium violaceum: substrate analysis and regulation by
quorum sensing. J. Bacteriol. 180(17): 4435-4441.

Cody, RM. 1989. Distribution of chitinase and chitobiase in Bacillus. Cum.
Microbiol. 19: 201-205.

Davies, D.H., and Hayes, E.R. 1988. Determination of the degree of acetylation of
chitin and chitosan. |n Methods in Enzymology Vol 161(52), pp. 442-446.
New York: Academic Press.

Davis, B.J. 1964. Disc electrophoresis-Il method and application to human serum
proteins. Ann. N.Y. Acad. Sci. 121: 404-427.

Flach, J., Pilet, P.-E., and Jolles, P. 1992. What's new in chitinase research?.
Experientia 48: 701-716.

Fukamizo, T., Kramer, K.J., Mueller, D.D., Schaefer, J., Garbow, J., and Jacob,
G.S. 1986. Analysis of chitin structure by nuclear magnetic resonance
spectroscopy and chitinolytic enzyme digestion. Arch. Biochem. Biophys.
249(1): 15-26.

Gardner, K.H., and Blackwell, J.-1975. Refinement of the structure of B-chitin.
Biopolymers 14: 1581-1595.

Hara, S., Yamamura, Y., Fuijii, Y., Mega, T., and |kenaka, T. 1989. Purification and
characterization of chitinase producéd by Streptomyces erythraeus. J.
Biochem. 105: 484-489.

Hedrick, S.A., Bell, |.N., Boller, T., and Lamb, C.J. 1988. Chitinase cDNA cloning
and mRNA induction by fungal elicitor, wounding and infection. PI.

Physiol. 86: 182-186.



82

Hirano, S. 1988. Water-soluble glycol chitin and carboxymethychitin. In Methods
in Enzymology Vol 161(52), pp. 408-410.. New York: Academic Press.

Imoto, T., and Yagishita, K. 1971. A simple activity measurement of lysozyme.
Agr. Biol. Chem. 35(7): 1154-1156. '

Inbar, J., and Chet, . 1991. Evidence that chitinase produced by Aeromonas
caviae is involved in the biological control of soil-borne plant pathogens
by this bacterium. Soil Biol. Biochem. 23(10): 973-978.

Inglis, P.W., and Peberdy, J.F. 1997. Production and purification of a chitinase
from Ewingella americana, a recently described pathogen of the
mushroom, Agaricus bisporus. FEMS. Microbiol. Lett. 157: 189-194,

Jeuniaux, C. 1966. Chitinases. In Methods in Enzymology Vol 8, pp. 644-650.
New York: Academic Press.

Kondo, K., Matsumoto, M., Maeda, R., and Kato, S. 1997. Purification and
characteristics of.chitinase from japanese radish seeds. J. Chem. Eng.
Japan. 30(6): 1140-1143.

Kramerov, A.A., Metakovskii, E.V., and Gvdzdev. V.AA. 1985. GSulfated and

~ chitinase-sensitive glycoproteins in cultured cells of Drosophila
melanogaster. Biochemistry USSR 50: 811-822,

Leadbetter, E.R. 1963. A chitinase from the gut of the cockroach Periplaneta
americana. Nature 200: 1128.

Maeda, H., and Ishida, N. 1967. Specificity of binding of hexopyranosyl
polysaccharides with fluorescent brightener.” J. Biochem. 62(2): 276-278.

Martin, M.N.  1991.. The latex of Hevea brasiliensis contains high levels of both
chitinases and chitinases / lysozymes. Plant Physiol. 95: 469-476.

Metraux, J.P., and Boller, T. 1988. Local and systemic induction of chitinase in
cucumber plants in response to viral, bacterial and fungal infections.
Physiol. molec. PI. Path. 28: 161-169.

Molano, J., Duran, A., and Cabib, E. 1977. A rapid and sensitive assay for
chitinase using tritiated chitin. Anal. Biochem. 83: 648-656.



83

Molano, J., Polacheck, I., Duran, A., and Cabib, E. 1979. An endochitinase from
wheat germ. J. Biol. Chem. 254(11): 4901-4907.

Muzzarelli, R.A.A. 1976. Chitin, pp. 1-44. Oxford: Pergamon.

O'Brien, M., and Coiwell, R.R. 1987. A rapid test for chitinase activity that uses
4-methyiumbe|IiferyI-N-acefyl-B-D-gIucoséminide. Appl. Environ.
Microbiol. 53(7): 1718-1720.

Ohtakara, A., Mitsutomi, M., and Uchida, Y. 1979. Purification and some
properties of chitinase from Vibrio sp. J. Ferment. Technol. 57(3): 169-
177.

Onhtakara, A. 1988. Viscosimetric assay for chitinase. In Methods in Enzymology
Vol 161(49), pp. 426-430. New York: Academic Press.

Ohtakara, A., and Mitsutomi, M. 1988. Analysis of chitooligosaccharides and
reduced chitooligosaccharides by hi.gﬁ-performanée liquid
chromatography. In Methods in Enzymology Vol 161, pp. 453-457.
New York: Academic Press.

Park, J.K., Mbrita, K., Fukumoto, 1., Yamasaki, Y., Nakagawa, T., Kawamukai, M.,
and Matsuda, H. 1997.‘ Purification and characterization of the chitinase
(Chi A) from Enterobacter sp.G-1. Biosci. Biotech. Biochem. 61(4): 684-
689.

Pedraza-Reyes, M., and Lopez-Romero, E. 1989. Purification and some properties
of two forms of chitinase from mycelial cells of Mucor rouxii. J. Gen.
Microbiol. 135:211-218.

Pegg, G.F. .1988. _Chitinase from Verticillium albo-atrum.  In Methods in
Enzymology Vol 161(59), pp. 474-479. New York: Academic Press.

Pinto, A.de S., Barreto, C.C., Schrank, A., Ulhoa, C.J., and Vainstein, M.H. 1997,
Purification and characterization of an extracellular chitinase from the
entomopathogen Metharhizium anisopliae. Can. J. Microbiol. 43: 322-
327.



84

Reissig, J.L., Strominger, J.L., and Leloir, L.F. 1955. A modified colorimetric
method for the estimation of N-acetylamino sugars. J. Biol. Chem. 217:
959-966.

Roberts, W.K., and Selitrennikoff, C.P. 1988. Plant and bacterial chitinases differ
in antifungal activity. J. Gen. Microbiol. 134: 169-176.

Rodriguez, J., Copa-Patino, J.L., and Pe'rez-Leblic, M.l. 1995. Purification and
properties of a chitinase from Penicillium oxalicum autolysates. Letters in
Appl. Microbiol. 20: 46-4S.

Sahai, A.S., and Manocha, M.S. 1993. Chitinase of fungi and plants: their
involvenﬁent in morphogenesis and host-parasite interaction. FEMS
Microbiol. Rev. 11: 317-338.

Sakai, K., Narihara, M., Kasama, Y., Wakayama, M., and Moriguchi, M. 1994.
Purification and charaterization of thermostableB-N-acetylhexosaminidase
of Bacillus stearothermophilus CH-4 isolated from chitin-containing
compost. Appl. Environ. Microbiol. 60(8): 2911-2915.

Sakai, K., Yokota, A., Kurokawa, H., Wakayama, M., and Moriguchi, M. 1998.
Purification and characterization of three thermostable endochitinases of a
Noble Bacillus Strain, MH-1, isolated from chitin-containing compost.
Appl. Environ. Microbiol. 64(9): 3397-3402.

Sannan, T., Kurita, K., and Iwakura, Y. 1976. Effect of deacetylation on solubility.
Makromol..Chem. 177: 3589-3600.

Schales, O., and Schales, S.S.  1945. A simple method for the determination of
glucose in blood. Arc. Biochem. 8: 285-292.

Segrest, J.P., and Jackson, R.L. 1972. Molecular weight determination of
glycoproteins by polyacrylamide gel electrophoresis in sodium dodecyl
sulfate. In Methods in Enzymology, pp. 54-63. New York: Academic Press

Shimahara, K., and Takiguchi, Y. 1988. Preparation of crustacean chitin. In
Methods in Enzymology Vol 161, pp. 417-423. New York: Academic

Press.



85

Skujins, J., Pukite, A., and Mclaren, A.D. 1970. Chitinase of Streptomyces sp.
purification and properties. Enzymologia '39(6): 353-370.

Sugiyama, J., Boisset, C., Hashimoté.v M., and Watanabe, T. 1999. Molecular
directionality of B-chitin biosynth'esis. J. Mol. Biol. 286: 247-255.

Svitil, A.L., Chadhain, S.M.N., Moore, J.A., and Kirchman, D.L. 1997. - Appl.
Environ. Microbiol. 63(2): 408-413.

Tronsmo, A., and Harman, G.E. 1992. Detection and quantification of N-acetyl—|3-
D-glucosaminidase, chitobiosidase, and endochitinase in solutions and on
gels. Anal. Biochem. 208: 74-79.

Trudel, J., and Asselin, A.  1988. Detection of chitinase activity after
polyacrylamide gel electrophoresis. Anal. Biochem. 178: 362-366.

Ulhoa, C.J., and Peberdy, J.F. 1992. Purification and some properties of the
extracellular chitinase produced by Trichoderma harzianum. Enzyme
Microb.Technol. 14: 236-240.

Vergauwen, R., Leuven, F.V.,, and Laere, AV. 1998. Purification and
characterization of strongly chitin-binding chitinases from salicylic acid-
treated leek (Allium porrum). Physiologia Platarum 104; 175-182,

Wang, S.L., and Chang, W.T. 1997. Purification and characterization of two
bifunctional chitinases / lysozymes extracellularly produced by
Pseudomonas aeruginosa K-187 in a shrimp and crab shell powder
medium. Appl. Environ. Microbiol. 63(2): 380-386.

Watanabe, T., Oyanagi, W., Suzuki.‘K.. and Tanaka, H." 1990. Chitinase system of
Baciflus circulans WL-12 'and importance of chitinase A1 in chitin
degradation. J. Bacteriol. 172(7): 4017-4022.

Watanabe, T., Kimura, K., Sumiya, T., Nikaidou, N., Suzuki, K., Suzuki, M., Taiyoji,
M., Ferrer, S., and Regue, M. 1997. Genetic analysis of the chitinase

system of Serratia marcescens 2170. J. Bacteriol. 179(22): 7111-7117.



86

Yamagami, T., Mine, Y., Aso, Y., and Ishiguro, M. 1997. Purification and
characterization of two chitinase isoforms from the bulbs of Gladiolus
(Gladiolus gandavensis). Biosci. Biotech. Biochem. 61(12): 2140-2142.

iYamanaka. S., Tsuyoshi, N., Kikuchi, R., Takayama, S., and Sakuda, S., and
Yamada. 1994. Effect of 'demethylallosamidin. a chitinase inhibitor, on
morphology of fungus Geotrichum candidum. J. Gen. Appl. Microbiol.
40:171-174.

Yanai, K., Takaya, N., Kojima, N., Horiuchi, H., Ohta, A., and Takagi, M. 1992.
Purification of two chitinases from Rhizopus oligosporus and isolation and
sequenciﬁg of the encoding genes. J. Bacteriol. 174(22): 7398-7406.

Young, M.E,, Bell, R.L., and Carroad, P.A. 1984. Kinetics of chitinase production |
chitin hydrolysis. Biotechnol. Bioeng. 22: 769-780.



C AUUINEUSANT )
RN IAlNININeNaY



-l | ° o
matuanit 1 sansduunsenudraadaidlunmnases

88

Characteristics

Reaction

Gram reaction
Fermentation production of acid from:
- glycerol
- erythritol
- D-arabinose
- L-arabinoase
- ribose
- D-xylose
- L-xylose
- adonitol
- B-methyI-D-xytoside
- galactose |
- glucose
- fructose
. -mannose
- sorbose
- rhamnose
- dulcitol
- inositol
- mannitol
- sorbitol
- (x-methyl-D-mannoside

- O-methyl-D-glucoside

+ ve

‘Remark: +ve = Gram positive bacteria
+ = Positive reaction

- = Negative reaction




(vin)

Characteristics

Fermentative production of acid from:
- N-acetyl-glucosamine
- amygdalin
- arbutin
- esculin
- salicine
- cellobiose
- maltose
- lactose
- melibiose
- saccharose
- trehalose
- inulin
- melezitose
- D-raffinose
- starch
- glycogen
- xylitol
- B-gentiobiose
- D-turanose
- D-lyxose
- D-tagatose
- D-fucose

- L-fucose

Remark: +ve = Gram positive bacteria
+ = Positive reaction

- = Negative reaction
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Characteristics

Reaction

Fermentative production of acid from:
- D-arabitol
- L-arabitol
- gluconate
- 2-keto-gluconate

- 5-keto-gluconate

Remark: +ve = Gram positive bacteria
+ = Positive reaction

- = Negative reaction
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MAUINT 2 ManTEsRasfaEARLANY (Colloidal chit

NAATEes Shimahara Wae Takiguchi (1988)

Yinlafusanaidenysnunisdmaunad 42-mesh 47uou 20 nfu Aeuq e
unsolalnzeaeindsdu Bnms 800 Anddms gouugiidnnin 5 esmsndea
wienfunouetiheusedasisdasnouwiewiondn  lenmalafuduileduatuuds
LT tﬁuqmmqﬁme«xmﬂmﬂu 37-40 epitniing Wienfnfuiadaanauuviausi
wEnWiTanudaiunens asfanmiiiuinasmilnsesssusnasdisty aaniu
vszane 23 wnit aemmilnazdusasuasladu antmnseesnsnaailidonlautn
(glass wool) ierndmarlamtsignialasiadennly  rusoufinsadliindluti
fdnleasuuda (deionized water) UFuns 8 Ans ﬁqmnqﬁﬁ'\m‘ﬂ 5 aarntaTus
wienfunaudanarsiiaunany melunaiszenn 10-15 wm 'msﬁzajuﬁmﬁm
anlafiufianmnacneuiinaks vyanaumdeain 30 il Fanalifgnmg 4 aean
wadus Duaar 18 Falue amfudadiimamindeny gadauladnaniill &
neneuitlddnntniindaleseuuds Tneiudrefiaaada 10,000 seusteudt Whuoan
15 Wil vanT afiunsziia pH dilnd 7 snTigm anfuthazneuiensmun
n¥anel (resuspend) Twhfiindnleseuudnfiume 400 Aaddms Tasnnoudae
AiathunawEnade Wensneunszanefaudoganesneudalafivasnimfung
12 fnddnr dludoevendiewniwinute (nardaiiitsznm 50 wefidus
ifunesseudalafiuivaelumndniigamgd 4 esntades Vil lMnustaiey
6 1AaU
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. |
mMAnuan?l 3 nseTesiFiauluaInina laiu (Regenerated chitin)

Frulaadntinganiteed Hirano LATANME (1976)

Aoe Bunteezddn 10 wefidul (vv) 1Rz 20 Anddns adlulalaumy
dwon 1 ndu whenfuuedarings dedousmsduiaideatuudallstndedon
Rlatait U enUingraugiiveadiuin 18 dalue Welvinnazaramediefif
Wetheauyal anfudnasuaciiinms g0 Radans adluing wiesfuae il
i vhasaeaneguiilfunnseeionlaufe (usnsacarefinredldludinned andu
Fiaesinnuewlalnsd (acetic anhydride) 1.5 aAaRs avlinfoufunousoniedes
nauuNman Ustinnd 2-3 wiit dounasanioifhuaaudivinliuviawivdnuys
v SasanlisielBnilszanns 30 il anudeimaneeniududng Foe
spatula Fwsamaof nnasnanndwaa it Thiusaldadluing Fawsmen i
viuaudrunforlndeliasd@un andudrefaerinndulanld suction auld pH i
And 7 saniiga YssaziEsasnnzzatiihnduBnsdwounih g 4
EELA TYC T
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 nasuanil 4 nsweFaslnanaslatiu (Glycol chitin)

MA13T109 Trudel WAL Asselin (1988)

dinlnaneslalauay 5 nF adlunsmesddin 10 wefidud (viv) uadianindeau
Wanmazaneuila feivlifiquumgiviesduna 18 dolie see B weni g
45 Nadans asluszazateetneding wiandunsesinunszmenses Whatman wef 4
Deld suction fusrzazarefinsedlufininef  BueidRnueulslad (acetic
anhydride) 1iums 7.5 Naddns adlundeaiuneuldidviu Fuaaitldilszunns 30
Wil fguugives annthuiniaanenidhiduding faseanaaiiinasaninaIndues
ganltiuum  viduenldaslu warng blender insiuesadlivauasudathil
Duiadenfy smiuth suspension PxlTuiingnde 27,000 g Whuan 5wl
Fqauugh 4 asmtanides YnmeneudAfdane s resuspend s uen
W 1 1Fume ﬁﬁlﬁtﬂutﬁmﬁmﬁuuﬁqﬁ'\'lﬂﬂumﬁauﬁm?umuﬁuﬁq anthid
Ynmzneufilfarnnisthuan resuspend \wnduifiuer 500 Raddnr 3edl
TndAnuelad (NaN,) ogf 0.02 wefigus W) inlifutiedafusifanzasane
'lnanm'ln‘f‘m’v{ﬂm'mLil’uﬁuqmﬁwwhﬁu 1 wlefidusf (W) |



ad -
NANUINK 5 NISLATANANTASANE
1.@9acasdmiumueaiintesauldfludaisasare

1.1 geazmeiviiad Mclivaine 0.1 Taugnd pH 3.0
azawlalndeslalanauveamin (Na,HPO,) 0.58 nfu uaznzadeitn
lulamm (CH,0,.H,0) 1.67 nFu WuthndutBanng 100 AaRdns
1.2 weszaretiirlad Mcivaine 0.1 Tuatd pH 4.0
saelotdunlalnnaureamia (Na,HPO,) 1.09 nfd uaznndsiin
Tululawen (C,H,0,.H,0) 1.29 ndx ‘luﬁ'mﬁ"mrwjm 100 Aafans
1.3 gsaemeivines Mclivaine 0.1 Taignd pH 5.0 .
sanelatdelalnnauresiia (Na,HPO,) 1.46 N3 uaznaodsin
W lulawm (C,H,0,.H,0) 1.02 nf urhnduiBnng 100 Aedans
1.4 greasaeladsn-vaainadiviwed 0.1 Tuans pH 6.0
azawlotuFanlalanauveamin (Na,HPO,) 0.19 nin uaz Tmdey
Inlalanqurieainlalawmen (NaH,PO,) 1.36 nis Twindu 100 Neddns
1.5 gsazmelndan-veawaivines 0.1 Tusd pH 7.0
azaelalndusleinnaurasin (Na,HPO,) 0.85 nin uaz Tmdey
Inlalanqunesalalamm (NaH,PO,) 0.62 n¥ Twinduianms 100 aRdns

1.6 Agazmenia-aralenuivas 0.1 Tuand pH 8.0 uas pH
9.0

azaaviia (lansenTumda)-eciiluflisy 1.21n¥u Twndu U5y pH
Wil 8.0 uaz 9.0 Fatnsalalazensin 4 uanf  WisnhnduadliBanandy 100
Hanang .

1.7 ggazaelnadulndeslassanladivies 0.1 Tusd pH
10.0

avanelnadu 0.19 nfu lwindu sy pH Wity 10.0 Faelndie
amsenled 1 tuanf FavinduauliBanandu 100 Anddns



1.8 meazmuﬂamﬂo\ﬁ’ﬂtﬂai 0.1 Taad pH 11 uae pH 12
azartlnlndanlalanauvesiia (Na,HPO,) 0.36 nix uthndu 1
pH Widu 11 uaz 12 dow Taddlansanlad 1 Tuanf Barhndunlffnandy
100 Aindds .
1.9 greacandu-asifanglaniiuvanasg
azaudusrinanglagiilu 1 Jadinin uthndu s 10 fedAmT
1.10 gsazansinunsduuainloelud
acaretrunaduanginloenlud (KFe(CN)) 5 nfu lusrszan
TnAuuafusum (Na,CO,) 0.5 Tiard 1iums 1 8mz iulumadan
| 1.11 #1982A18 p-nitrophenol 3IATHIU
#LaMt p-nitrophenol 0.005 HAANTY lusnsazauivines Melivaine

0.1 Waf Uiums 5 addms
2. ssasanedwiunRanalilsiy

2.1 Bradford stock solution

azant Serva Blue G 350 Iadnii lunsaveanein 85 wlefigusf
Funme 200 AaRART uaL lanaes 95 wlefiiusf 1Bnar 100 Anddns g
uuiivies

2.2 Bradford working solution

‘nAy Bradford stock solution 13xms 30 NaARA? nimweavedn 85
wafidu 1Buns 30 AndAA2 lensuen 95 wlefdud 15 Radans Waninduald
Uhnandlu 500 Nafans nremnzazaratinunszaenetuef 1 1iulumeden
'lﬁ’umﬁd’ﬂmﬂuﬁtﬁu

2.3 #19a8A18 BSA HAT§IM '

azane BSA 1 AaAndu lutndu 1 adans
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° of ‘
3. gsazaredwmfuniaineulniliuigniuradaunas
 Fulasnataiiu

3.1 gsacavasaiviied 20 Tuand pH 7.4
| azarelotndnalalanauneamnlalowm (Na,HPO,2H,0)  2.28

nfy uacluduylalalnsiauneamalalaimm (NaH,PO,.2H,0) 0.65 nFx urindu
Bunz 1 &

3.2 deasmeesianivives 20 Aadlund pH 5.5

acaeladunssdumlaslawe (CH,COONa.3H,0) 2.72 niu taathn
nfu 1% pH 1esasazaadatnsmesdfn 20 fealuanf ald pH 5.4 ukatdiarih
néuaulsnandu 1 a2

3.3 nsmas@inin 20 NAadluad

\ANNIMELARN (CH,COOH) i anae 1.14 Aadane adluindu
1Fu1me 998.86 Nafdan:

4.4798aredmsun1svhAgAa-nadesaiantuaaadidninsvaida
(Disc- Polyacrylamide Gel Electrophoresis)

4.1 geasanevie-lnadudifininsminived pH 8.3 (Tris-glycine
electrode buffer) |

azaneviis (lamsandumin)-asiitufiteu 3 nix uaz‘lnai?g 14.14 n¥
Tundy \"! Uiy pH Wiilu 8.3 haunsalalasaasin 1 Wuanf tﬁﬂﬁqumu’lﬁmﬁmm

oy 1 8mg

4.2 Ar9acmenig-analsdivines pH 8.8 (Tris-chioride buffer
stock solution, pH 8.8)
| azauvidn(lamrenTiumia)-eacfilufiou 182 niu Tudndu 40
Naddar UFu pH Wil 8.8 dauntalalazanedn 1 Tuanf GainfuadldBaniy
100 Nadame
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43 sneasanavia-aaelssiviied pH 6.8 (Tris-chloride buffer

stock solution, pH 6.8) ,
varuvidn(laarendumsa)-eciTuilisy 6 niu Tudhndu 40 fndans
Ufu pH Widu 6.8 suntmlalzanedn 1 uanf FanhnduauldFunandu 100

ARANT

*)

4.4 drInsantasaTlum (Acrylamide stock solution)

azawacAianlus 30 nfu uaria-aseinlud 0.8 nd utindulsy
Wnandu 100 J68ART N20IRIIRTAIMEIUNIEATENTEN udafuturandand
gouvgdl 4 sertaiiea

4.5 grsazansuasianilpaleddann

avatuenTilonnlefame 0.1 Wuthndu 1 Deddns witunlmd
v;nﬂ?a-?'l‘l‘ﬁ N
4.6 angasmetvinaddusunanting (Sample buffer).
avaretustuiluanug 10 Aafnin uasgla 15 nfu luansasanevia-
paslsfivines pH 6.7 1511@ 100 Nadan? |

4.7 Yhendandiusiiu (Staining solution)

ALae Coomassie brilliant blue R-250 1 nf 'lum\ﬁ'maa 450 daffng
Winnmerddindiudiu 100 Hatdns isinduaulfiBanmndu 1 Ans

4.8 Ynedre@sfanlulsfiu (Destalning solution)

neEIuER 100 RadAnR2 uasnmrezAAndidu 100 Radfne Twih
néulEiBaandy 1 Ans |

5.qn9asaredmiunisviagiiad-wedasatanludasdidininswaiaa
(SDS-Polyacrylamide Gel Electrophoresis) '

5.1 gsacmevis-lasaeadidninamiviiiad pH 8.3 (Tris-SDS
electrode buffer, pH 8.3) ‘
wituswiloude 3.4.1 usflidia SDS 0.1 wWefidusl W)
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5.2 Arsazaavia-iaameativined pH 8.8 (Tris-SDS buffer stock
solution, pH 8.8)

wittamiloudie 3.4.1 wilvitiin SDS 0.4 wlefidud (WN)

5.3 aeacanenda-lagmastivines pH 6.8 (Tris-SDS buffer stock
solution, pH 6.8) : |
witevilaude 3.4.3 wilidin SDS 0.4 wlefidud (WN)

54 mmmuazn?m‘luﬁ (Acrylamide stock solution)

witnaniloudia 3.4.4

5.5 asacansunaluinuefinma

witnamilaudie 3.4.5

5.8 gsazartiviviaddnTuasnanting (Sample buffer)

sanelusliunaug 10 Aadnfu glaza 15 nf SDS 2.6 niluas
2-mercaptoethanol 2 {aRAAT Tugmzantviia-aseladiiines pH 6.7 LAz 100
fiafans ‘

5.7 dnentran@lilsiu (Staining solution)

witanwmiiaudin 3.4.7

5.8 Ynenareatenlisiu (Destaining solution)

wiruniviloudie 3.4.8

s.@rsazarndmiuinauuaridaraseultiluwiunafesaialun
AR

6.1 ensazanasBianivined 0.1 Tausnd pH 5.0

avantlAtnazumlaslamem (CH3COONa.3H20) 9.53 nfu tuth
néu UfipH T8 saratdaantaas@dn 0.1 Tianf auld pH 5.0 ukaFaninduau
1M Fume 1 &ms

6.2 #sazarania-aaelsativinas 0.5 Tuand pH 8.9

canevidn(lansendumia)y-eciluflion 3020 nf uindu 250

Aadans Ufu pH Wiilu s.e Saunsalalazaasin 4 Tuenf BatinduaulBmnandu
500 HARAAT '
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6.3 snsaatangesisalud 0.01 wafidud  (Fluorescence
brightener 28 solution) '
vantl Fluorescence brightener 28 5 Radnfu luasarauvia-

aaelsdivinas 0.5 anf pH 8.9 (48 6.2) iunme 50 @ms
7 dvgnsarudniudinnnuaaiifeasiaulailuntuiaadias-
wadesasarluies

7.1 ansazamasaienivings 0.1 Tusd pH 5.0

nwmiteuds 6.1

7.2 §3azM e Triton X100 1.0 wlafidua

B Triton X-100 ez 1 faddne adtuarsacaruerdiamivinef
0.1 Tanf pH 5.0 (48 7.1) UFuams 100 HaRAR?

7.3 ghsazanevsa-aselssiviies 0.5 Tuand pH 8.9

o -4 &

wmileute 6.2
o«

7.4 shensanengesisaiaud 0.01 Wadidus
viuileute 6.3

8. gsasaedwmiunsaaaulnalalusiumenisdas Perodic acid—
- Schiff (PAS) reagent

8.1 frgazaeNnIanA (Fixative solution)

arasareiniivseneaudot  lensueR 200 HARART UAEnIA
asifndiudi 20 fndans URnAunardauhnduliiiu 500 faddns

82 a@rsaranensmuesiiesn 07 wafifud (Periodic acid
solution)

sanuntodefiledn 1.4 nfu lunsmesidindindu 5 wefidud
13ume 200 Aadans
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8.3 ssasaelmAmualudalig 02 wefifiud (Sodium
metabisulfite solution) “

azarelmdsaamludalid 0.4 nfu adlunsmezdBnidudu 5
wafidud Uiums 200 fndanT

8.4 Schiff's reagent (Andrews,1981)

aza"w basic fuchsin 2 nf lwshnduung 400 Hadans wiesi
fu anifuinldiduuansaedaunszanenseaued 1 Bunmloinzeain 2 uefues
W 10 Aeddar Autaduammludaii 4 nin adld rastidndu Wulumed
1 figuugR 4 ssmnsaidus oy 18 49%s8 \Fins activated charcoal 1 nf adhl
wieaeeu  anduhannessfounzzanenseauef 1 Bunmlalazaasindindu 2
uefuen aduaunssisilanasauoanmunssasareiineuuiugladudarialey
uthesnaarlildeuihudung ivluade fgamgi 4 ssvnuadus aarhailesns
azaneitlAeaiiufauy



101

maguanit 6 newinasg A miumamAnoitilsiulagi micromethod 180
Bradford Mmonaidindunetisfiuinmnsgan Bovine Serum Albumin (BSA) 1o
0 - 20 LulanFu "S’oummnnﬁuumﬁnmumona\i 595 walwums (35die 3.3)

0.5

0.4 -

Ases

0 1 L i 1 I I L] 1 1 ]

0 2 4 6 8 10 12 1:} 16 18 20 22
Usanaulysniu (lulasnds)
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aAuuIn? 7 n2wiAsg A MFLINIMNENN reducing sugars nei3%U04 Imoto
WAL Yagishita Fesmulaudntiesann Schales Mmonsidadiue N-aéetylglucosamine
(NAG) 1B 0 -150 alnsndi SmAnnagaussiiannuenondu 420 unhunms (it
3.2)

0 T T | T T T

0 20 40 60 80 100 120 140 160
1f33110u N-acetyiglucosamine (1ulasnda)
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MANUIN 8 neAsg A MTLIN IR p-nitrophenol e lFFaulaadn
Yiayan3ees Roberts uae Selitrennikoff 14aansdindiutes p-nitrophenol 1Fum

0-21 ulamdy 'S’um:qmﬁuumﬁmwmqnﬁu 410 whuwne (3340 3.6.6)

1.2

0 1 { I 1 1 ) |

0 3 6 9 12 15 18 21 24
1l5370u p-nitrophenal (1ailagnda)
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CH,

H LOH
o)
H
—0
'
0

L .

HOH |
0 —
@
-To
N
l
NO,

N-acetyl-dglucosamine (D-GlIcNAc)
C,H,NO, MW 221.21

chitin [poly (N-acétyl-1 .4-[3-D-glucopyranosamine)]
(C;H,,NO,), MW~400,000

chitosan [2-amino-2-deoxy—(1-4)-|3-D-glucopyranah]
or [poly (1 .4-B-D~glucopyranosamine)]
MW~150,000-600,000

-4-nitrophenol

CH,NO, MW~139.11



NO,

et

NO,

4-nitmphenyI-N-acetyl-B-D-g|ucosaminide
- C,HN,0, MW~342.30

4-nitrophenyl-N,N-diacetyl-B-D-chitobioside
CxH:N,0,, MW~54550

4-nitrophenyl-N,N",N"-triacetyl--D-chitotrioside

CyoHuNO,, MW-~748.7
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