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Abstract A chitinase gene (pCHi58) encoding a 58 kDa chitinase was isolated from the Serratia
marcescens KCTC 2172 cosmid library. The chitinase gene consisted of a 1686 bp open reading
frame that encoded 562 amino acids. Escherichia coil harboring the pChid8 gene secreted a 58 kDa
chitinase into the culture supernatant. The 58 kDa chitinase was purified using a chitin affinity
column and mono-S column. A nucleotide and N-terminal amino acid sequence analysis showed
that the 58 kDa chitinase had a leader peptide consisting of 23 amino acids which was cleaved
prior to the 24th alanine. The 58 KDa chitinase exhibited a 98% similarity to that of S. marcescens
QMB 1466 in its nuclotide sequence. The chitinolytic patterns of the 58 kDa chitinase released
N,N'-diacety! chitobiose (NAG2) as the major hydrolysis end-product with a trace amount of N-
acetylglucosamine. When a 4-methylumbellyferyl-N-acetylglucosamin monomer, dimmer, and
tetramer were used as substrates, the 58 kDa chitinase did not digest the 4-Mu-NAG monomer
(analogue of NAG,), thereby indicating that the 58 kDa chitinase was likely an endochitinase. The

optimum reaction temperature and pH of the enzyme were 50°C and 5.0, respectively.
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INTRODUCTION

Chitinases (EC 3.2.1.14) hydrolyze the p-14-
glucosidic linkages of chitin and are commonly found in
a wide variety of organisms, including fungi [1,2] plants
[3,4], insects [5], crustacea [6], and bacteria [7,9]. How-
ever, the functions of these enzymes are belivered to be
different in various hosts. In fungi, chitinases play a
physiological role in the apical growth and morpho-
genesis of fungal hypae [1,2]. The production of chiti-
nases in higher plants is considered part of their defense
system against fungal infection [10]. Bacterial chiti-
nases appear to have a nutritional or scavenging func-
tion in the decomposition of insoluble chitin and the
utilization as chitin as a carbon and energy source.

Serratia marcescens is a gram-negative soil bacterium
and well known chitin decomposer characterized by
five types of chitinolytic activities [11].

Four chitinase genes chiS4, chid2, chi35, and chi22
have been cloned from Serratia marcescens KCTC 2172
and sequenced [15,16].

Other chitinase gene. have also been cloned from sev-
eral bacteria, e.g. Altermonase[12), Bacillus circulans [9],
and Vibrio vulnificus [13). The current report describes
the cloning and characterization of an unreported gene
of Serratia marcescens KCTC 2172 that encodes a 58 kDa
chitinase.
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MATERIALS AND METHODS

Bacterial Strains, Culture Conditions, Genomic
Library Construction, and Nucleotide Sequence
Analysis

The bacterial strains, culture conditions, genomic
library construction, and nucleotide sequence analysis
have all been described previously [15].

Isolation of 58 kDa Chitinase Gene

Using the N-terminal amino acid sequences of the
purified 58 kDa chitinase of S. marcescens KCTC 2172
and the conserved consensus sequence (FDGVDIDWE)
of a 54 kDa and 52 kDa chitinase [15,16], bidirectional
PCR primers were synthesized. The sequences of the
primers were 5-CTCCCAGTCGATATCCACGCCGT-
CGAA-3’ and 5'-GCNGCNCCNGGNAAGCCNCCN-3'.
The chromosomal DNA used as the template in the
PCR reaction was prepared from S. marcescens KCTC
2172 according to the method described by Sambrook er
al. [14]. PCR amplification was performed for 30 cycles
consisting of 94°C for 30 sec, 50°C for 30 sec, and 70°C
for 1 min followed by a final incubation at 72°C for 10
min. The PCR product was subcloned into a pBluescript
SK (-) vector, sequenced, and used as a probe for the
isolation of the 58 kDa chitinase gene. The recombinant
cosmids were allowed to hybridize to the PCR product
probe after it was randomly labeled with [a-P]ATP. All
colony hybridization experiments were performed ac-
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cording to the method of Sambrook er al. [14]. The
chitinolytic Sau3A fragment of the cosmid insert that
hybridized with the 58 kDa chitinase probe was sub-
cloned into pBluescript SK (-), The clone that produced
the 58 kDa chitinase was designated pChid8 and the
complete nucleotide sequence was analyzed.

Purification of Chitinases

An Escherichia coli transformant harboring pChi58
was cultured up to the early stationary phase at 37°C
with vigorous shaking in Il of an LB broth containing
0.1% glycol chitin. The culture supernatant was col-
lected after centrifugation and supplemented with am-
monium sulfate to 80% saturation. The precipitated
proteins were dissolved in 50 mL of a 20 mM sodium
bicarbonate buffer (pH 8.4} and dialyzed for 8 h against
the same buffer. After washing with 400 mL of the
same buffer, 100 mL of the regenerated chitin solution
(2.5%) was allowed to react with 50 mL of the enzyme
solution for 12 h at 4°C. The mixture was then packed
into a column (26 x400 mm) and washed with 400 mL
of a 20 mM sodium bicarbonate buffer (pH 8.4). The
Chitinase was eluted by the stepwise addition of 200
mL of a 20 mM acetic acid buffer (pH 3.3) and 2.5 M
acetic acid buffer (pH 2.0). The eluted fractions were
immediately adjusted to pH 5.0 with saturated Tris and
dialzed against a 10 mM sodium acetate buffer (pH 5.0)
for 18 h. The 58 kDa chitinase from the S. marcescens
KCTC 2172 culture supernatant was used for N-
terminal amino acid sequencing and purified according
to the above method.

Analysis of Chitinase Activity

The chitinase activity of both the native and recom-
binant chitinase was assessed in three ways according
to the method described by Vinetz er al. [18]. First, the
enzyme preparations were analyzed for their ability to
degrade polymeric chitin, as described previously [17].
Second, microfluorometry (TD-700, Turner Designs,
Sunnyvale, CA, USA, excitation 360 nm and emission
460 nm) was used to measure the hydrolysis of 4-MU-
GleNAc, 4-MU-GleNAc2, and 4-MU-GleNAc3 (Sigma).
The enzymatic activity was than detected as fluores-
cence intensity. Third, TLC was used to analyze the
products of the chitinolytic enzyme with a native chi-
tin polymer and chitin oligosaccharides (GlcNA2-3, Cal-
biochem). 6 pL of a 5 mM substrate was mixed with 4
ul of a 20 mM sodium acetate buffer pH 6.0 to which
was added 10 pg/10 uL of the enzyme. The reaction
mixtures were incubated at 37°C overnight and then
analyzed by TLC. 3 pL of the reaction mixture was ap-
plied to Silica Gel-60 TLC plates, 20 x 20 cm (EM Sci-
ence, Gibbstown, NJ), and chromatographed in isopro-
pyl alcohol:ethanol:water (5:2:1). The plates were de-
veloped by spraying with 10% sulfuric acid in ethanol
followed by heating at 120°C for 10-20 min to detect
any dark spots.
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SDS-polyacrylamide Gel Eelectrophoresis,
Detection of Chitinolytic Activity and
Enzyme Characterization

SDS-polyacrylamide gel electrophoresis, the detection
of chitinolytic activity, and enzymatic characterization
were performed as described previously [15]

N-terminal Amino Acid Sequencing

The N-terminal amino acid sequences of the purified
58 kDa chitinase secreted by the E. coli transformants
and S. marcescens KCTC 2172 were determined using an
automatic peptide sequencer (ABI 431).

RESULTS AND DISCUSSION
Cloning of 58 kDa Chitinase Gene

S. marcessens KCTC 2172 secretes chitinases with five
distinct molecularweights of 58, 54, 52, 35, and 22 kDa
into a culture broth. Previously [15,16], the current au-
thors isolated four genes encoding the 54, 52, 35 and 22
kDa chitinase from the PLAFR3 cosmid genomic DNA
library and characterized the gene organizations and
enzymatic properties of the enzymes. In order to isolate
the 58 kDa chitinase gene from a cosmid library of S.
marcescens KCTC 2172, a PCR probe was synthesized
with the help of two primers which corresponded to
the N-terminal amino acid sequence of the 58 kDa
chitinase and a conserved sequence, common to most
bacterial chitinases, including 54 and 52 kDa, FDGVDI-
DWE. After PCR amplification, a PCR product of about
750 bp was obtained and used as a probe for screening
the cosmid clones. Eight clones, which hybridized to
the PCR probe, were isolated, and four clones of them
secreted a 58 kDa chitinase into the culture supernatant.
The insert sizes at the four clones were about 20-30 Kb.
From the smaller clone, a 4.0 kb Sau3A DNA fragment,
which produced a 58 kDa chitinase in E. coli transfor-
mants, was subcloned into pBluscript SK (-). After re-
striction enzyme mapping, A DNA fragment about 2.6
kb, which was digested with Sa/l and EcoR1, also pro-
duced 58 kDa chitinase and was designated pChi58. The
complete nucleotide sequence of pChid8 was deter-
mined to be 1,686 bp with a single open reading frame
encoding 562 amino acids (Fig. 1).

A putative ribosomal binding site(AAAGGA) and pro-
moter motifs at-10(TTTA) and 35(AATG) were also
identified. The rho-dependent termination  sites

CCCGG§;;ATATCCTTTCC@CCCCQ_G) were located

17 bp downstream of the translation stop codon(TAA).
A comparison of the deduced amino acid sequence of
the 58 kDa chitinase gene with the N-terminal amino
acid sequence of the secreted protein, underlined in Fig.
1, revealed that the chitinase contained a N-terminal
signal peptide consisting of 23 amino acids.
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GTOGACAAATGOOGTCTTTTACATAAGCAAATOGGTATTTATAACAGTOGO0GCTGOCCTG ACGGG TOGCACCACCGOCAAATGACGAGE 10
TOOGCAAATGCTGRAGG T TOCTGTCTTGGTAGAT A TGCTCTTTOCTTAAGTGTTGTTCACATTACCA 180
ACACAGTC TGTCAAT ATACTGATAAATATTTATCTTTOCTTAATAGAAAA 270
TrCAr:rAm'rATrthvrrﬁvrnTAmATAmMMTwmoacrmcmu‘rumeamm‘mnnmrr 0
TTTECGCGTTTTTTATTT, TGATTATT TCTTGTTATTTATIGATTT 45
TMmGAﬁAmMTmmMmmAoGnTrM(.‘rcrrrrmumCtmr;MTmGGA 540

-5 -1

ATCAGTTATUO0CAAATTTAATAAACOGCTETTG006C TG TEATCO0CAGCACGATO TO TTOCO0ARAK AGGCT ST
M R K F N KP LLALLIGSTLC CSAAOA/AATPGK

GCOGACCATC ACACCAAGTTOXCATOGTTGAAGT TG, ACCOCTTATAATAATTTGGTGAAGGTAARAAA 720
P T 1 AWGNTIKTFATIYEYVDOAATAYUHNNLYEKTYE KN

TGCOGCOGATGTTTOCGTCTCC TGGAATTTATGG AATGGOGACGCGG GCACGACKH TITATTAAATGGT: 210

GPSTGSSGTANTFIEKVYNKSGGRTYOQMOQY ALCNAD
meCTEC ACGGCA T CCTGGAAAA 980
G ¢C T A SDATETLI VYV ADTDGS HLAPLIKETPLLEHK
GAATAAACCGTATAAACAGAACTOOGGCAAAGTGGTCGGTTCTTATTTOGT GTTTACGGGOGCA ATTTCACOGOGCACAA 100
N KPYKONSGEKY VG SYFVEWS GV YYGRNTFTY DK
GATCOOGGORCAAAACGTGACOCACCTGCTGTACGGCT TTATCOCGATCT TGGCATCAACGACAGOCTGAAAGAGATTGA 1170
! PAOQONLTHLLYGFI TP 1 CG6G NG INDSTLKE1E
ACTTCAAAGTCTCGATCCACCATOCGTTOGCOGCOCTOOAAAAAGE 1260

AGGCAGCTTOCAGGOGTFACAGCGGTCCT
65 ¥ OALORSCOGREDTFIEKVYSI1HDFPTFAALTOGEKA
GLAGAAGGGCCTGACCGCCTEGGATG ACCCE TACAAGGGCAACT TCOGOCAGC TA TGGCGCTGAAGCAGGCGCA TCCTGACCTTAAAAT 1350
O K6V TAWDDTYKGTLFGOLMALEKOTLHTODL K1
CCTGOCGTCGATOGGOGECT CCGACCCGTTCTTCTTCATGGGC COTGAAGOOCGATOGCTTCGTCHGTTOGGTGAA 1440
L P851 GG WTLSDPTFTFTFTLGDEKYZKRDRFVYVGS VK
AGAGTTCCTGCAGACCTGGAAGTTCTTOGAGOGOGTGGA TATCGACTGGCAGTTCOCCGGONGEA AAGCXUTCA ACCCTAACCTGGUCAG 153
EFL OTWEKPF FDGVYDTIDWETFPGGEKGANTPNTLGE GS
0COGCA "ATGTGTTGCTGATCA GCGGGOCATGCTGGATCAGCTOTCGGOGGA AACCOACOGCAAGTATCA 1620
PO TGET YV 1LLMEKELRAMLTDOLTSAETGRTEKTYE
GCTGACCTOCGCCATCAGCGOOGGTAAGGACAACATCRACAAGCTGGCT TACAACG TTGECGCAGAACTOGATGGATCACATCTTCCTGAT 1710
1 T S A1 S AGEKDKTIDEKVYAYDNY AONSMDHITFILM
GAGCTACGACTTCTATGGOGCCT TCGA TCTGAACAACCTGGGGCATCA G ACCCCCCTGAA TOCGCOGCCTGGAAGCCGAGACCGCTTACA 1800
SYDFYDAFDLKNFGHOTALNARPGSRHRLH
CCACGGTGAACGGOGTCAATGOSC GTTAAGO GCCATGTATGGOOGCGGCTGGAC 1890
HGERROCAA!‘OGVKPGKVVVGTAMYGIGWT
o TTOCGT OGGTTAA. TOGTGGACTA 1980
GV NGYONNTII PFTGTATGPVEKGTWEKNGI VDY

TOGCOGGOCAGTTCA TGAGCGGCGOG TGGCAGTATACCT A TTAAGTGTTACAACCTTOCAC 20
R O I AGOFMSGEWOTYTPYDATI ATEATPYVFKPST
CGGCGATCTCATCACCTCOGACGA TGOUXGCTCRG TR AGGCCAAAGGCAAGTACG TGCTGGATAAGCAGCTGHGCGEOCTGTTCTOCTG 2180
6 DLITPFDDARTSPOATZKSGHKTYVLDEKOLGSGGLTFSW
GGAGATUGACGOGGATAACGGCGA TA TTCTCAACAGCATRAACGOCAGCCTGOGCAACAGCGO0GGOGTTCAATAATOGG T TGCAGTGOG 2250
B1 DADNGDILNSUNNASTLGNSAG VO
TG TATCCTTTOGEOCCOGCTTTTTTCACK AAGTTTTTTT TTGT GAGCAAAACG 7240
T ATCOGACTCACCC T UGGT AN TECTTCAGC AT TCCTOCTGTCT T AACGGAGT TAAAAACCAGTAAGTTTOCGACGE TCAGA 24N
CCAATGOGCTAAAAATGTOOGCTTAGCATAAATTTTCATGCTGGAACTGTTAACAAAAGGTTTTTTTTATGTTTGTTTGCTGTTTCTCAC 2520
ACTCTGGGTAAATCOCCACTGGTTATAT A TTGGCAACTTCAT TAAGAGOGAGAGTTGTTTGA 2610
GTGAATTC 18

Fig. 1. Physical map (A) and nucleotide sequence of pChi58.
The putative ribosome binding site (SD) and promoter se-
quences (-10 and -35) are underlined (thin lines). The N-
terminal amino acid sequence of the 58 kDa chitinase is un-
derlined (thick line). The singal peptide cleavage site is indi-
cated by a vertical arrow. The inverted repeat sequences (pal-
indrom) are indicated by horizontal arrows facing each other.

Purification and Characterization of 58 kDa
Chitinase and Other Chitinase Isoforms

To compare the properties of the 58 kDa chitinase
with other chitinase isoforms, four chitinase isoforms,
54,52, 35, and 22 kDa chitinase, were purified by previ-
ous methods [15]. The 58 kDa chitinase was isolated
from the culture supernatant of an E. coli transformant
containing pChi58 using chitin affinity column chroma-
tography (Fig. 2). The purified five chitinase isoforms
were compared on acrylamide gel stained with coo-
massie and activity as shown in Fig. 3. The optimal pH
and temperature for the 58 kDa chitinase were pH 5.0
and 50°C, respectively as shown in Table 1. The cata-
lytic specificity of the 58 kDa chitinase was assayed
using swollen chitin, chitobiose, and chitotriose as sub-
strates. The major product of the enzymatic reaction
was (GlcNAc)2 (Fig. 4, A, B, C). When using(ClcNAc)2
as a substrate, as shown in Fig. 4C, the 58 kDa chitinase
degraded it to a monomor form with a very low activ-
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Fig. 2. SDS polyacrylamiamide gel electrophoresis of 58 kDa
chitinase purified from culture superatant of E. coli carrying
pChild8. A: culture supernxatant of E.coli harboring pChiS8. B:
The purified 58 kDa chitinase.
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Fig. 3. SDS-PAGE of five chitinase isoforms purified from
culture supzernatant of E. coli harboring pChi58, pChid4,
pChi52, pChi35, and pChi22. A. coomassie blue staining, B
active staining by calcofluoro white M2R in the gel contain-
ing 0.01%(w/v) glycol chitin. M. molecular weight markers, 1.
purified 58 kDa chitinase, 2. 54 kDa chitinase, 3. 52 kDa, 4. 35
kDa, 5. 22 kDa.

ity because no chitinolytic product was observed during
the enzymatic reaction until after the first 24 h. Mean-
while, when 4-methylumbellyferyl N-acetic glucosa-
minne was used as a substrate analogue of a chitin
dimmer, the 58 kDa chitinase did not split it into 4-
methylumbellyferon and N-acetyl glucosamine, as
shown in Fig. 5A. Kless et al. [19] previously reported on
the chitobiase from Serratia marcescens spp. The current
authors also partially purified a 95 kDa chitinase which
exhibited chitobiase activity as shown in Fig. 5C. The
52 and 35 kDa chitinases were not detected by the
fluorometric assay system. As such, 4-Mu-chitin oli-
gomers would appear to be much more sensitive for
checking chitinolytic activities than chitin oligomers.
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Table 1. Comparison of properties of five chitinase isoforms from S. marcescens KCTC 2172

Properties
Isozymes Mol mass Km? B pH Temp. Products of chitin® Proposed mode
(kD) (upy  Rears degradati of action
u (Optimum) gradation c

Chi A 58 38 25.7 5.0 50°C NAG, (NAG), (NAG), Endochitinase
Chi B 54 66 44 5.5 55°C (NAG), Chitobiosidase
Chi C 52 59 399 55 45°C NAG Exochitinase
Chi D 35 42 28.8 5.5 45°C NAG Exochitinase
Chi E 22 710 4.46x10? 5.0 55°C (NAG), Chitobiosidase

¢ when using 4-methylumbellyferyl N, N'-diacetylchitobiose as a substrate, ® when using chitin or chitin-oligomers as substrates

ND; were determined by TLC and fluorometric assay in this work.
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Fig. 4. TLC amalysis of chitinolytic end-products by the chiti-
nase isoforms. A: NAG dimer, B: NAG Trimer, C: chitin
polymer. 1: N-acetylglucosamine(NAG) Trimer, 2: NAG dim-
mer. 3: NAG monomer, 4: chitinolytic products from 22 kDa
chitinase, 5: chitinolytic products from 35 kDa chitinase, 6:
chitinolytic products from 52 kDa chitin, 7: chitinolytic prod-
ucts from 54 kDa chitin, 8: chitinolytic products from 58 kDa
chitinase, 9: substrate only.

When taken together, even though there was a slight
obscurity in the results it was concluded that the 58
kDa chitinase was an endo-type chitinase.
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Fig. 5. Fluorometrnic analysis ot chitinolytic end-products by
purified chitinase isozymes. A: 58 kDa chitinase, B: 54 kDa
and 22 kDa chitinase, C: 95 kDa chitinase.

REFERENCES

[1] Gooday, G. W, A. M. Humphreys, and W H. McIntosh.
(1986) Roles of chitinases in fungal growth In: R. Muz-
zarelli, C. Jeuniaux, and G. W. Gooday, (eds.). Chitin in
Nature and Technology. pp. 83-91. Plenum Press, New York,
USA.

[2] Chtakara, A. (1961) Studies on the chitinolytic enzymes
of black-koji mold: Purification of chitinase. Agric. Biol.



42

Chem. 25: 54-60.

[3] Boller, T. (1985) Induction of hydrolase as a defense reac-
tion against pathogen, In: J. L. Key and T Kosuge (eds.),
Cellular and Molecular Biology of Plant Stress. pp. 247-262,
A. R Liss, New York, USA.

[4] Powning, R. E and H. Irzykiewez (1965) Studies on

chitinase systems in bean and other seeds. Comp. Biochem.

Physiol 14:127-133.

[5] Hamamura, Y. and Y. Kanehara (1940) Enzymatyic stud-
ies on exuvial fluid of Bombyx mori: Chitinase. J. Agric.
Chem. Soc. Jpn. 16:907-909.

[6] Lunt, M. R. and B W. Kent (1960) Chitinase system from
Carcinus maenas. Biochem Biophys. Acta 44:371-373.

{7] Clarke, P H. and M. V. Tracey (1956) The occurrence of
chitinase in some bacteria. J. Gen. Microbiol. 14: 188-196.

[8] Roberts, R. L. and E. Cabib (1982) Serratia marcescens
chitinase: one-step purification and use for determina-
tion of chitin. Anal. Biochem. 127: 402-412.

(9] Watanabe, T, K. Suzuki, W Oyanagi, K. Ohnishi, and H.
Tanaka (1990) Gene cloning of chitinase Al from Bacillus
circulans WL-12 revealed its evolutionary relationship to
Serratia chitinase and to the type III homology units of
fibronectin. J. Biol. Chem. 265: 15659-15665.

(10] Shinshi, H., D. Mohnen, and E Meins (1987) Regulation
of a plant pathogenesis-related enzyme: inhibition of
chitinase and chitinase mRNA accumulation in cultured
tabacco tissues by auxin and cytokinin. Proc. Natl. Acad.
Sci. USA 84:89-93.

[11] Fuchs, R. L., S. A. Mcpherson, and D. ]. Drahos (1986)
Cloning of a Serratia marcescens gene encoding chitinase.
Appl. Environ. Microbiol. 51: 504-509.

[12] Tsujibo, H., H. Orikoshi, K. Fujimoto, K. Miyamoto, C.

Biotechnol. Bioprocess Eng. 2002, Vol. 7, No. 1

Imada, Y. Okami, and Y. Inamori (1993) Cloning, se-
quence, and expression of a chitinase gene from a marine
bacterium, Altermonas sp strain O-7. J. Bacteriol. 175: 178-
181.

[13] Wortman, A. T, C. C. Somerville, and R. R. Colwell
(1986) Chitinase determinants of Vibrio vuluificus: Gene
cloning and applications of a chitinase probe. Appl. Envi-
ron. Microbiol. 52: 142-145.

[14] Sambrook, J., E. E Fritsch, and T. Maniatis (1989) Molecu-
lar Cloning: A Laboratory Manual, 2nd ed. Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, NYY, USA.

[15] Gal, S. W, J. Y. Choi, C. Y. Kim, Y. H. Cheong, Y. J. Choi, J.
D. Bahk, S. Y. Lee, and M. J. Cho (1997} Isolation and
characterization of the 54 kDa and 22 kDa chitinase
genes of Serratia marcescens KCTC 2172. FEMS Microbiol.
Lerr. 151: 197-204.

[16] Gal, S. W, J. Y. Choi, C. Y. Kim, Y. H. Cheong, Y. ]. Choi, J.
D. Bahk, S. Y. Lee, and M. ]. Cho (1998) Cloning of the
52-kDa chitinase gene from Serratia marcescens KCTC
2172 and its proteolytic cleavage into an active 35-kDa
enzyme. FEMS Microbiol. Lert. 160: 151-158.

[17] Huber, M., E. Cabib, and L. H. Miller (1991) Proc. Nat!.
Acad. Sci. USA 88: 2807-2810.

[18] Vinetz, J. M., ]. G. Valenzuela, C. A. Specht, L Aravind, R.
C. Langer, J. M. C. Ribeiro, and D. C. Kaslow (2000)
Chitinases of the Avian Malaria parasite Plasmodium gal-
linaceum, a class of enzymes necessary for parasite inva-
sion of the mosquito midgut. J. Biol. Chem. 275: 10331-
10341.

[19] Kless, H., Y. Sitrit, I. Chet, and A. B. Oppenheim (1989
Cloning of the gene coding for chitobias of Serratia
marcescens. Mol. Gen. Genet. 217: 471-473.

[Received January 2, 2001; accepted February 6, 2002]



