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Abstract: Microbial marine enzymes can offer novel biocatalysts with properties such as lugh salt tolerance,

hypoerthermostability, barophilicity and a more simple approach in large scale cultivation. Chitosanases are

enzymes with importance as low molecular weight chitosans and chitosan-oligomers producers, which show

mnumerable applications in various fields, such as the biomedical, pharmaceutical, agricultural, biotechnological
and food industry fields. However, the use of chitosanase 15 limited due to of its lugh-cost implications and

potential unavailability in bulk quantities. In this study the production of bacterial chitosanases was evaluated

in new isolated sources from Valley of Cuatrocienegas, Coahuila, Mexico. Specific culture media using chitosan-

oligemers was used as a single source of carben. Under these conditions, Aeromonas sp. preduced 501 U L™

of chitosanase activity and 220 U L™ for Bacillus cereus, respectively. The crude chitosanase activity of
culture supernatant was maximal on the 150 h of culture. Below 40°C, viscosity kinetics have indicated that
chitosan is efficiently hydrolyzed into chitosan-oligosaccharides by Aderomonas sp and Bacillus cereus in a

more rapid manner. SDS-PAGE of enzymatic extract of deromonas sp. has indicated a single band of ~ 20 kDa.
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INTRODUCTION

The biological and chemical diversity of the marine
environment has been the source of chemical compounds
with a potential for industrial development as enzymes,

pharmaceuticals, cosmetics, nutritional supplements,
molecular probes, etc. Marine microorganisms are
relatively easy to isolate, cultivate, identify and

bioprocess. They are of major interest; besides properties
like high salt tolerance, hyperthermostability and cold
adaptability (Debashis, 2005).

Cuatrocienegas Coahuila, Mexico, 1s a valley rich in
fauna and flora, with a hundred of endemic species,
characterized for diversity aquatic environments. This
location has desert sands with high concentrations of
salts mamnly calcium sulfate and temperatures ranging
from -10 to 50°C, these conditions make possible the
presence of some extremophilic microorganisms. Also, it
has been reported low phosphorus concentration and a
range of water pH (7.0-9.7) (Souza, 2004).

In recent years, important studies have shown that
the microorganisms isolated from this valley (Bacillus,

Halomonas, Vibrio, Oceanomonas, lialobacteriim,

Calothrix) are an mmportant source of future researches
with  biotechnological applications (Souza, 2004
Mauricio-Benavides et al., 2007).

In a previous work, Aeromonas sp. was 1solated from
La Poza Azul and characterized as a Gram negative
bacteria. This genus consists in straight cells of 1.0-4.4 um
growing 1n pairs or chains, with polar flagella for mobility
and they are anaerobic facultative, oxidase positive,
resistant to vibriostatic agent 0/129 and do not require
NaCl for growth (Mauricio-Benavides, 2007).

Chitinolytic enzymes have been found in a variety of
organisms, including bacteria, fungi and higher plants.
Many chitinases produced from Aspergillus sp.
(Rattanakit et al., 2003), Bacillus sp. (Thamthiankul et al.,
2001; Wang et al., 2001), Clostridivum sp. (Li et al., 2002),
sp. (Brurberg et al, 1994), Vibrio sp.
Enterobacter, Pseudomonas and Aeromonas sp.
(Ueda et al., 2003; Choi et al., 2003a) also have been
studied; however, only a few industrial applications have

Serratia

been reported.

These enzymes are also useful for obtamning
chitosan-oligosaccharides interesting
biological properties, such as eliciting pathogenesis-

which  have
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related proteins in higher plants (Kendra, 1984) and
mmunopotentiating effectors (Suzuky, 1984). New sources
of chutinolytic enzymes from Aeromonas sp. (Huang, 1996;
Choi, 2003a, b; Kojima, 2005; Kuk, 2005 and 2006),
Aeromonas  hydrophila  (Mitsutomi, 1990) and
chitosanases (Wu, 2003) have been published. On the
other hand, information on chitosanases from Aeromomas
sp. 18 quite limited.

Chitosanolytic enzymes are increasingly gamning
importance as low molecular weight chitosans (LMWC)
and chitosan-oligomers producers, which show
mnumerable applications m various fields, such as the
biomedical, pharmaceutical, agricultural, biotechnological
and food industry fields (Tokoro, 1988; Tsai, 1997). But
the utility of chitosanase in hydrolysis 1s limited because
of its cost and unavailability in bulk quantities. A number
of non-specific enzymes such as lysozyme, papain, lipase,
cellulase, pectin lyase (Jeon, 2000; Muraki, 1993) have
been used in free or immobilized forms for hydrolysis of
chitosan and preparation of chitosan hydrolyzate with
different molecular weights.

The objective of this study was to investigate new
bacterial sources of quitosanase activity isolated from
extreme conditions of the Valley of Cuatrocienegas,
Coahuila, Mexico.

MATERIALS AND METHODS

Microorganisms: Aeromonas sp. stramn, origmally
1solated 1n nutritive agar from water (Cuatrocienegas,
Coahuila, Mexico) was characterized by APT 20NE system
(BioMerieux, France) and MicroScan Combo 20 E
(Renton, WA, USA). Pseudomonas aeruginosa and
Bacillus cereus were obtained from the Microbial
Collection  Culture  Biotechnology  Department
(Universidad  Autonoma  de Coahuila). The
microorganisms were maintained in two different stocks:
specific medium using chitosan-oligosaccharides as a
carbon source and nutritive agar.

Culture media: Bacterial stramns were grown using
chitosan-oligosaccharides-agar plates (chitosan-
oligosaccharides 1%, NaCl1 0.5 %, NaNO,, 0.3%, KC10.5%,
KH,PO, 0.2%, MgS0,.01 %, bacteriologic agar 2%), their
homogenous grown was evaluated after 48 h at 37°C. In
terms of proliferation, strains were kept in nutritive agar at
4°C. Bacteria was cultivated in 250 mL Erlenmeyer flasks
containing chitooligosaccharides 1%, NaCl 0.5 %, NaNO,
0.3%, KC1 0.5 %, KH,PO, 0.2%, MgS0, 0.01% media, for
0,24, 48,72, 96,120,144, 168, 192 hat 37°C on a rotatory
shaker (New Brunswick).

Production of enzyme extract: Bacterial biomass was
removed by centrifugation at 10,000 rpm for 25 min and
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the supernatant was used as enzyme source. Protein
concentration was done analyzed by the modificated
Peterson method (Gorina, 1980). Cellular growth was
measured by turbidimetry at 590 nm usmg a Sintra
10 UV-Vis Spectrofotometer (USA) m 1:10 dilutions.
Viscosity kinetics were performed using an Oswald
viscosimetry (Kimax 350 AT 46460, USA) at 40°C.

Enzymatic assay: Chitosanase activity was assayed by
reduction on viscosity by depolymerization of chitosan
solution (Industrias Poseidon, Mexico) as a substrate.
The reaction mixture consisted of 9.5 mL of 1.32% (w/v)
chitosan disolved m 50 mM sodium acetate buffer (pH 5.5)
and 0.5 mI, of enzymatic extract solution. The mixture was
mcubated at 40°C for 180 min. One unit (1) of chitosanase
activity was defined as the amount of enzyme to reduce
120 the viscosity of chitosan solution at 1.32% at 40°C.

Enzymatic activity in plate: An aliquot of 10 pL of
enzymatic extract was added to a Petri dish contaimng
1% (w/v) agarose and chitosan-oligosaccharides
(3 and 20 kDa). Sample was discarded in the center of the
plate and incubated at room temperature for 24 and 48 h.
Cup-plate gel was washed (4 times, during 20 min) and
stained with 2 mL of blue brilliant remazol (0.2%, w/v)
stain, 10 min later the gel was washed again and the halos
were detected (Rangel-Rodriguez and Contreras-Esquivel,
2008).

SDS-PAGE: SDS-PAGE analysis of protemns was carried
out by using 12.5% polyacrilamide gel at 120 V for 90 mim.
Solutions for preparing 12.5 % resolving gel mcluded H,O
(6.4mL), 30% acrylamide mix (8.3 mL), 1.5 M Tris (pH 8.8,
5 mL), 10% SDS (0.2 mL), 10% ammonium persulfate
(0.1%) and N, N, N, N tetramethylenediamine (0.008 mL).
The gel separation was performed using a traditional
protocol. SDS-PAGE gel was stained by silver stain
method (Sambrook et ai., 2001).

RESULTS AND DISCUSSION

Pseudomonas aeruginosa and Bacillus cereus
belong to the Biotechnology Department. Aeromonas sp.
was 1solated from La Poza Azul, Cuatrocienegas, Coahuila
(Mauricio-Benavides et al, 2007) at 120°7°26"°799"" of
west longitude and 26°55°207°767 of north latitude.
Biochemical methods were used to characterize the
microorganisms by APl and MicroScan protocols.
Table 1 the fermentative activity of the
microorganism identified. According to the APT 20 E
method, this 1solated strain was identified as
Aeromonas sp.

shows
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Tale 1: Comparative test of iderdification isolated b acteria

Test Achve componert EeactonEreymes A OE Whicrof can
ONBP> Z-mbo-phertd- [D-zalactoprrancside [-zalactosidase + +
ATH L-axzivine Arginma-diludrolase +

LDC L-lysime Lisin descathorilase + +
QD L-cxruthune Cryntin descarboorilas e - +
CIT Trisodic citrate Citateuse + +
H.E S odpam thiosalfabe H,% production - -
URE Tea Trexe -

T L-tiptofin Traptefano desarminase -

IND L-triptofin Indol production -

VE Sodmm pymavate Aretrine producion +

GEL Gelatin (elatinase +

GLU Dgheose Fermerntatonicead shon - +
MAN Dimanitol Fermertatontcead shon +

THO Inesitol Fernmentation/oead sbon - -
SOR Disothital Fermertatontcead shon + +
EHAL L-rlanmose Fermerntabonioad shon +

We have evaluated the accuracy of these two
methods by the identification of Aeromonas and Baeiflius
strains. The isolates were grown on nubitive agar at
Fr£2°C for 24 h This culture was used to inoculate the
APT 20 E and Microscan negative combo 20 type panels.
Ozidase testing was performed as a complement for both
systems. The panel reading gave a 10-digit mumber that
was compared to the corresponding database.

Wivas et . (2000) reported a poor accuracy of
MicroScan identifying Aeromongs isolates to the sp.
where 19.3% were confinmed and identified.  An
explanation of this discrepancy could be the fact that
those authors corpared the results obtained with Micro
scan with those obtained with other biochernical
procedures and in general, it has been demonstrated that
hiochernical identification are not reliable for this propose.
It 1z well known that the gems Aeromonas 12 frequently
confused with Fibrio (Abbortt, 1992

Figure | shows the morphology presented by the
mmicroorganisms studied in this study. Fsewdomonas
aeruginosg plate growth was not homogeneous in the
specific chitooligosaccharides agar after 72 hat 37°C;
thiz factor was limited to be used for the proliferation.
Bacillus cereus and Aeromonas sp. presented cellular
growth after 48 and 96 h at 37°C, respectivly. Figure 2
show the cellular growth of deromongs sp. and Bacillus
cerews witharate of growth (p of 0.0018 ODvhand 0.007
ODv/h, respectively. Both microorganisms presented a
stationary phase after 96 b Several scientific papers have
reported the use of a culture media with colloidal chitin
using acetic acid as a solvent, showing promissory results
in enzyme production. This work proposes the vee of a
culture medivm with chitosan-oligozacchandes of 30kDa
as the only source of cathon with satisfactory results. The
use of this carbobydrate on a medivm makes theisolation
and growth of this kind of microorganisms easier due to
the chitooligomers water solubility as well as the
production ofthe extracellular ensyrme (Chatles-Fodiguez,
2007,

050

Fig 1. Wlicroscopical morphology (100 =) of Aerormonas
sp. (ahand Bacillus cereus (h)
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Fig Z: Growth curve of deromonags sp. (O) and Soeiffus
careus (W)
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Fig. 4: Extra-cellular protein content of Bacillus cerets

Figure 3 and 4 show the extracellular protein content
in the enzymatic extract from Bacillus cereus and
Aeromonas sp., the maximum concentration of protein was
at 48 h (0.1999 mg mL™") and 24 h (0.1949 mg mL™"),
respectively. Protein concentration was stable for 198 h of
fermentation time for Bacillus cereus and Aeromonas sp.

The method using chitosan-oligosaccharides as the
substrate was found to be effective for the determination
of chitosanase activity. The conventional method using
colloidal chitin as the substrate is based on the evaluation
for reducing sugars released due to the chitinase action
(Kuk et al, 2006). In addition to other Aeromonas sp. in
the literatre, the Aeromonas sp.
Cuatrocienegas Coahuila, Mexico,
chitosanase-secreting microorganisim. As
Fig. 3 and 4, Aeromonas sp. and Bacillus cereus could
secret a significant amount of chitosanase to the medium,
with 48 h using chitosan or oligosaccharides of chitosan
as inducer. The activity of oligosaccharides of chitosan-
cleavage in the medium by mcreasing and approaching for
Aeromonas sp. and Bacillus cereus after 2 and 3 days the

1solated  from
found to be a
shown in
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Fig. 5: Viscosity kinetic of chitosan hydrolysis by
Bacillus cereus (a) and deromonas sp. (b) extracts

highest value, respectly. The extracellular enzyme activity
remained almost the same level at the end of 8 days of
culture.

Figure 5 showns the behavior of Bacillus cereus, the
viscosity is almost constant for a long reaction time; it
means that is necessary 98 h of fermentation time and
100 min to reduce the viscosity of the substrate. In the
case of Aeromonas sp. at 48 h of fermentation time and
100 it min is enough for the total reduction of the
viscosity of chitosan. These results are higher than
Kurk's publications, were chitinase activity of
Bacillus sp. gave a 1.44 UmL ™" (Kurk, 2003).

In this reseach, isolated deromonas sp. was found to
secret major levels of chitosanolytic activity than the
Bacillus  cereus and  other chitinase-producing
Aeromonas sp. Althought the synthesis and secretion
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of chitosan oligosacchari des for extracelular chitosanases
to the mediwn for the hydrolysis of chitozan by
Aeromongs sp. and Bocfllus cerens was  observed.
Further studies are needed to optimized the culture
factors chitosan
concentration and additional carbon and nitrogen sources
might influence the production of chitozanases. Also,
cloning of the chitosanaze gene into an industrial
tr croorgani sim i ght be an alternative for the production
of chitosanazes (Chen, 2008).

& rapid method to determinate chitosanase activity

conditions.  Jeveral such  as

i1 Petri plates was perfonned (Rangel Podriguez and
Contreras-Esgquivel, 20087, The procedure indicate that the
colorant with negative charge had an important rolein the
interaction with the chitosan-oligosacchandes (positive
charge) inmobilized into agar. Jeveral washes are
required, the chitooligosaccharides with low molecular
weight will be released and a white halo will be observed
if the enzyme acts over the substrate This semi-
gquantitative technigque is vsefil for the determination of
different activities in several microorganisms. Az shown
i1 Fig. 7 higher halos wwere obzerved in deromonas sp.
after 24 and 48 h of reaction than those observed for
Bacillus cerens (Fig 6). Oligosaccharides of 3 kDa were
fio ueeflall for this technique because of its low molecular
el ght.

There are some imethods for guitozanaze activity
determination, howesrer, the main problem iz the
substrate’s low solubility in water. This cause that the
kinetics measurements be more difficult, uncertain,
doubtfil and inaccurate. The main approach has been
to use soluble chitozan in sodiwm acetate acetic acid
buffer to measure the changes in wiscosity (Fenton and
Eweleigh, 1981

Figure 8 shows the Aeromonas sp. and Bacillus
cerens chitozanase production. Chitosanase enzyme is
quickly emcreting to the culture media, the activity was
gtable for 150 h of fermentation, also the masbnmun activity
value (501 U L™" iz 2.3 time greater than the maxinumm
chitosanase activity of Bacillus cerens. The extracellular
etizyrme of Bacillus cerens is in addition unstable becavse
almost a total activity reduction is observed after 100 h of
culture fermentation It is well known that the extracellular
etizyine production in submerged coltures iz highly
gensible to the production of proteases, generated by
stress conditions, causing proteolyss (Aguilar ef ol
2002y, Moreover, it is important to knew the mode of
enizyinatic hydrolyss action on the substrate that
depends of the degres of acetilation and polymenzation of
the chitosan.

Mlogt of the ensymes are ende-acting releasing
mizture of chitozan dinuners, ttinuners and oligomers.

Fig & Hab formation on cup-plate assay by supemantant
of Bocillus cereus after incubation of a) 24 h and
B148h

—
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Fig. 7: Hab formation on cup-plate assay by supemantant
of Aeroraonas sp. after incubation of a) 24 h and
B148 h
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For Socillus cerens is impodant the presence of

M-acetyl glucosamine residues in the substrate to maintain

the enzymatic activity., The action mode of Dacillus

cerens suggests that the exo-chitozanase reguires a

swbstrate with three o more remainders of glucosanine or

M-acetylglucosamine to  express itz activity, A

chitozanase from Baeillus P1-73 hydrolyzed chitotetrose

to glucosamine, Bocilius lichenifbrmis UTE and Boe flus
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circulans hydrolyzed chitotriose and chitotetrose to
chitobiose. Chitopentose or chitohexose does not release
glucosamine; it suggests that the active site of each
chitosanase can recognize more than two glucosamine
residues in both sides of the chain against the separation
point of glucosamine polymer causing a decrease in
activity (Kurakake, 2000).

Several microorgamisms have been used for the
chitinase and chitosanase production using different
carbon sources. Chitosanase activity of 42-47 U mg™" of
protein 1s observed using chitosan as a substrate by
Mucor rouxii, this fungi increases the activity to
102 U mg™" of protein when colloidal chitin is used as
substrate. Bacillus megaterium P1 displays an activity of
154-158 U mg~' of protein using chitosan, chitin or
carboximetilchitosan as a substrate (Somasheakar, 1996).
Chitosanase activity of Bacillus sp. KCTC 0377BP
increased from 1.2 U mL™ in a minimal chitosan culture to
100 UmL ™ in an optimized media (Choi, 2004).

Bacillus alvei reached chitosanase activity levels of
23 U mL™ (Abdel-Aziz, 1999); 53 U mg™" for Bacillus
cereus S1 (Kurakake, 2000);, Aeromonas sp. GI-18
presented 10 U of chitinolytic activity (Kurk, 2005). In
this study SDS-PAGE of Aeromonas sp was performed
and a unique band in the range of 15-20 kDa was obtained
(data not shown).

CONCLUSION

New bacterial chitosanases sources were identified
using microorgamsms isolated and characterizated from
Valley of Cuatrocienegas, Coahuila, Mexico. deromonas
sp. showed higher chitosanase activity than others
microorgamsms reported m literature. The use of
chitosanoligosaccharides as only source of carbon had a
positive effect to produce an extracellular chitosanase. A
methodology for chitosanase activity in Petri plate was
validated as a new qualitative and quantitative technique
to determine chlitosanase activity. Further studies are
needed to define the extreme isolation conditions of
Aeromonas sp., optimized the culture media, kinetic
parameters and molecular biology as a tool for sequencing
Aeromonas sp.

ACKNOWLEDGEMENT

Authors thank to the Mexican Council for Science
and Technology (CONACYT) for the financial support
(project FOMIX Puebla-CONACYT, 2004-02-14). Author
Ana Veronica Charles-Rodriguez is a PhD student of the
Biotechnology program of the School of Chemistry of the
Universidad Autonoma de Coahuila, Mexico.

962

REFERENCES

Abbott, S.I.., 1992, Identification of deromonas strains to
the genospecies level m the clinical laboratory. J.
Clin. Microbiol., 30: 1262-1266.

Abdel-Aziz, 1999. Production and some properties of two
chitosanases from Bacillus alvei. J. Basic Microbiol.,
39: 79-87.

Aguilar, C., 2002, Culture conditions dictate protease and
tarmase production m submerged and solid state
cultures of Adspergillus niger Aa-20. Applied
Biochem. Biotechnol., 102 (103): 407-413.

Burberg, M.B., V.G. Eijink and IF. Nes, 1994
Charactrization of a chitinase gene (Chi A) from
Serratia  marcescens BIL200 and  one-step
purification of the gene product. FEMS Microbiol.
Lett., 124: 399-404.

Charles-Rodriguez, A.V., JC. Contreras-Esquivel,
CN. Aguilar-Gonzilez., R. Rodriguez, J. Rodriguez,
JE. Mauricio-Benavides and Y. Garza, 2007.
Actividad quitosanasa de Aeromonas sp. aislado de
ambientes extremos del Valle de Cuatrocienegas. 2°
Congreso Internacional de Investigadores de
Cuatrocienegas. Coahuila, Mexico.

Chen Xiao Xia, Jing Bo Hu, Hong Wu and Hui Bo Shao,
2004. Direct Electrochemestry with Nitrate
Reductase in Chitosan Films. Chinese Chemical
Lett., 15: 447-448.

Choi, 2004. Purification and characterization of
chitosanase from Bacillus sp. stran KCTC
0377BP and its applications for the production of
chitosan oligosaccharides. Analitical Sci. Technol.,
17 108-116.

Choi, Y.U., TH. Kang., M.5. Lee and W.I. Lee, 2003.
Isolation and charactrization ofchitinolytic enzyme
producing marine bacterium, deromonas sp. I-5003.
J. Fish. Sci. Technol., 6: 1-6.

Choi, Y.U,, I.H. Kang, M.S. Lee and W.J. Lee, 2003.
Purification and characterization of chitinolytic
enzymes produced by aeromonas sp. J-5003. J-5003.
T. Fish. Sci. Technol., 6: 7-12.

Debashis, G., S. Malay, S. Barindra and M. Toydeep, 2005.
Marine enzymes. Adv. Biochem. Eng. Biotechnol,,
96: 189-218.

Fenton, D., 1981.
chitosanase from Penicillium islandicum. J. Gen.
Microbiol., 126: 151-165.

Gorina, 1., 1980. Rapid method for measuring protein
content microbial cells. Applied Biochem. Microbiol.,
16: 936-939.

Huang, I.H., C.I. Chen and Y.C. Su, 1996. Production of
chitinolytic enzymes from a novel species of
Aeromonas. T. Ind. Microbiol., 20: 89-95.

Purification and mode action of



Res. J. Biol. Sci., 3 (8): 957-963, 2008

Jeon, 2000. Bioactivities of chitosan oligosaccharides and
their derivatices. In Advances in Chitin Science,
RITA, Advertisting Taipet, III: 328-333.

Kojima, M., T. Yoshikawa, M. Ueda, T. Nonomura,
Y. Matsuda, H. Toyoda, K. Miyatake, M. Arai and
T. Fukamizo, 2005 Family 19 chitinase from
Aeromonas sp. No. 103-24 role of chitin-binding
domain in the enzymatic activity. J. Biochem.,
137: 235-242.

Kuk, JH., W.J. Jung, G.H. Jo, I.5. Alm, K.Y Kim and
R.D. Park, 2005. Selective preparation of N-acetyl-D-
glucosamine and N-N'-diacetylchitobiose from chitin
using a crude enzyme preparation from 4eromonas
sp. Biotechnol. Lett., 27: 7-11.

Kuk, TH., W.J. Jung, G.H. Jo, K.Y. Kim and R.D. Park,
2006. Production of N-N'-diacetylchitobiose from
chitin using temperature-sensitive chitinolytic
enzyme preparations from Aderomonas sp. GI-18.
World J. Microbiol. Biotechnol., 22: 135-139.

Kuk, TH., W.I. Jung, GH. Jo and Y.C. Kim, 2005,
Production of N-acetyl-3-D-glucosamine from chitin
by deromonas sp. crude enzyme. Applied Microbiol.
Biotechnol., 68: 384-389.

Kurakake, M., 2000. Properties of chitosanase from
Bacillus cerens S1. Current Microbiol., 40: 6-9.
Kurk, 7., 2005. Production of N-acetyl-D-glucosamimne from
chitin by Aeromonas sp. GI-18 crude ezyme. Applied

Microbiol. Biotechnol., 68: 384-389.

Ly, H, K. Morimoto, N. Katagiri, T. Kiunura, K. Sakka,

S. Lun and K. Ohmiya, 2002. A novel [-N-

acetylglucosaminidase of Clostridium
paraputrificum  M-21  with high activity on
chitobiose. Applied  Microbiol.  Biotechnol.,
60: 420-427.

Mauricio-Benavides, JEH., AV. Charles-Rodriguez,
Y. Garza-Garcia, 2007. Acceso y potenciamiento de
la del de
Cuatrociénegas, Coahuila para biocatalisis, ingenieria
bioprocesos. 2° Congreso
Internacional de Investigadores de Cuatrociénegas.

biodiversidad microbiana valle

celular y nuevos

Cuatrocienegas, Coahuila, Mexico.

Mitsutorni, M., A. Ohtakara, T. Fukamizo and S. Goto,
1990. Action pattern of Aeromonas hydrophilia
chitinase on partially N-acetylated chitosan. Agric.
Biol. Chem., 54: 871-877.

Muraki et al., 1993, Hasy access to relevant facts without
retrieving. Med. T. Kinki University, 18: 263-283.

963

Rangel-Rodriguez, AM. and I.C. Contreras-Esquivel,
2008. Staining method for detection of chitosanase
activity using water soluble chitosan. Journal
Microbial and Biotechnology, Submmated.

Rattanakit, N., 8. Yano, M. Wakayama, A. Plikomol and
T. Tachiki, 2003. Saccharification of chitin using
solid-state culture of Aspergillus sp. S1-13 with
shellfish waste as a substrate. J. Biosci. Bioeng.,
95: 391-396.

Sambrook ef al, 2001. VETNET ECER 2001 proceedings:
Current research m European vocation and human
resource development. Berlinn Wissenschaftsforum
Buildung und Gesellschaft. Germany.

Somashekar, D., 1992, Partial purification and properties
of a novel chitosanase secreted by Rhodotorula
gracilis. Lett. Applied Microbiol, 14: 1-4.

Souza, V., 2004, Cuatrociénegas, un laboratorio natural de
astrologia. Ciencias, 75: 4-12.

Suzuki, K., 1984, Protectin effect of chitin and chitosan on
experimentally induced murine candidiasis. Microb.
Immunol., 28: 903-912.

Thamthiankui, S., S. Suan-Ngay, S. Tantimavanich,
W. Panbangred, 2001. Chlitinase from Bacillus
thuringiensis subsp. pakistani Applied Microbial
Biotechnol., 56: 395-401.

Tokoro et al., 1988. Growht inhibitory effect of hexa-n-
acetylchitohexose against Meth-A solid tumor.
Chem. Pharm. Bull., 36: 784-490.

Tsai et al., 1997. Heterogeneous N-acetylation of chitin in
alkaline solution. Carbohydrate Res., 303: 327-332.

Ueda, M., M. Kojima, T. Yoshikawa, N. Mitsuda, K. Araki,
T. Kawaguch, K. Miyatake, M. Ariand T. Fukamizo,
2003. A novel type of family 10 chitinase from
Aeromonas sp. No. 10324, Cloning, sequence,
expression and the enzymatic properties. Eur. J.
Biochem., 270: 2513-2520.

Vivas et al., 2000. Identification of Motile Aeromonas
Strains with the MicroScan WalkAway System in
Comjunction with the Combo Negative Type 15
Panels. Applied an Environ. Microbiol., 66: 1764-
1766.

Wang, Ting, Xu Xin, Yang Yong-Shan and Wang Qing,
2001. Optumization of the methods for extracction of
chitin i crab shell and preparation of chitosan.
Tournal of Harbin institute of Technology.

Wu, 7., X. Zhu, I. Feng and X. Wu, 2003. Analysis of
Aeromonas sp. CI-5 producing chitinase. J. Zhejiang
Unu., 30: 687-692.



