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ABSTRACT

 Chitinase, which catalyzes the hydrolysis of the β-1,
4-acetyl-D-glucosamine linkages of the fungal cell wall
polymer chitin, is involved in inducible plants defense sys-
tem. By construction of cabbage (Brassica oleracea  var.
capitata) genomic library and screening the library with
pRCH8, a probe of rice chitinase gene fragment, a chiti-
nase genomic sequence was isolated.  The complete nu-
cleotide sequence of the putative cabbage chitinase gene
(cabch29) was determined, with its longest open read-
ing frame (ORF)encoding a polypeptide of 413 aa. This
polypeptide consists of a 21 aa N-terminal signal peptide,
two chitin-binding domains different from those of other
classes of plant chitinases, and a catalytic domain. Ho-
mology analysis illustrated that this cabch29 gene has
58.8% identity at the nucleotide level with the pRCH8
ORF probe and has 50% identity at the amino acid level
with the catalytic domains of chitinase from bean,maize
and sugar beet. Meanwhile,several kinds of cis- elements,
such as TATA box, CAAT box, GATA motif, ASF-1 bind-
ing site, wound-response elements and AATAAA, have also
been discovered in the flanking region of cabch29 gene.
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INTRODUCTION
 Plants have developed several biochemical defense mechanisms in response to
pathogens and abiotic stress. Following pathogen attack, plant synthesize phenyl-
propaniod products such as lignin, low mol. wt. antimicrobial compounds known
as phytoalexins, and several defense-related proteins.  Among these proteins are
"pathogenesis-related proteins" including the fungal cell wall degrading enzymes
chitinase and β-1, 3-glucanase[1].
 Endochitinase from higher plants catalyze the hydrolysis of chitin, a β-1, 4-1inked
homopolymer of N-acetyl-D-glucosamine. The level of chitinase activity increases
dramatically after invasion by fungal[2, 3], bacterial[4], or viral pathogens[5]. Al-
though chitin does not exit in plant cells, it is a major component of the many fungal
cell wall[6]. Purified plant endochitinase have antifungal activity against some fungi
in vitro[7] and can act synergistically with β-1, 3-glucanases purified from plants
to inhibit fungal growth[8]. Furthermore, the presence of pathogenesis-related pro-
teins is associated with some hypersensitive response[5], and induced resistance[9].
These observations suggest that chitinases are part of a general disease resistance
mechanism.
 We have initiated to isolate and characterize the chitinase gene (cabch29) in
Brassica oleracea  var.capitata , a popular vegetable cabbage.  Sequence homology
analysis indicated that the cabch29 probably should be assigned to a new class of
plant chitinase.

MATERIALS  AND  METHODS
Construction and screening of genomic library
 The Brassica olerecea  var.  capitata  genomic library was constructed according to standard
procedure[10]. The library was screened by plaque hybridization using a random-primer labeling
rice DNA encoding a basic chitinase (probe pRCH8, a gift from Dr.  Qun ZHU, Salk Institute,
USA). Hybridization was carried out at 42℃  in 50% formanide, 5×SSPE, 5×Denhart's solution,
0.2%(w/v) SDS. Filters were washed sequentially at low stringency (2×SSPE, 0.2% SDS for 30 min
at room temperature and 37℃).

Southern blotting and hybridization
 Restriction mapping of a positive clone (lambda CH29) was carried out. DNA fragments from
agarose gel was transferred to Hybond-N+nylon membranes as recommended by the manufacturer
(Amersham).  The probe labeling, hybridization and wash membrane were performed under the
same conditions described for plaque hybridization.

Subcloning and DNA sequencing
 As shown in figure 1, a 2.7 kb SalI/HindIII fragment from lambda EMBL4 genomic clone lambda
CH29 was subcloned into pBluescriptIIKS(+). The nested deletion sequencing templates were pre-
pared according to previously described methods[11]. DNA sequence was determined by the chain
termination method[12] using T7 DNA polymerase Kit (Shanghai Promega. Co.).

Molecular cloning of chitinase gene
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RESULTS

Isolation of genomic clones and sequencing

	 A genomic library of cabbage nuclear DNA was screened by plaque hybridization
using rice chitinase clone pRCH8 as the probe.  5 positive phages were obtained
by screening 8.2 × 106 plaques. These were purified and partially characterized by
Southern blot analysis. Among these positive phages, lambda CH29 was chosen for
detailed study because the signal of hybridization shown that the positive phage had
single intact chitinase gene (Fig 1).
	 Upon digestion with SalI/HindIII, lambda CH29 yield a 2.7 kb fragment which
contained the complete chitinase coding sequence. Sequentially, these fragment was
subcloned into pBluescriptIIKS(+) to get pcabch29 (Fig 1).

	 The transcriptional orientation of gene was deduced by hybridizing differentially
to probes specific to the 5' or 3' regions respectively of rice chitinase gene pRCH8.
	 Two direction nested deletion templates from pcabch29 were prepared and se-
quenced. The nucleotide sequence of relevant regions of lambda CH29 is shown in
Fig 2.

Characterization of nucleotide sequence of cabbage chitinase gene cabch29
	 By PC gene program analysis, we have discovered some putative cis-elements
of flanking region and open reading flame (ORF) in the cabbage chitinase gene
cabch29.

Tang Guoqing et al.

Fig 1. Schematic representation of the cloning, subcloning and the strategy of sequencing.
 The 6.8 kb fragment was released from lambda CH29 by digestion with SalI and in-
 serted in plasmid vector PSal 6.8. was digested with HindIII, self-ligated and gener-
 ated pcabch29, the nested deletion sequencing templates were prepared from pcach29
 by ApaI/XbaI double digestion, modified with ExoIII and S1 nuclease. Abbreviation
 are: A, ApaI. B, BamHI. H, HindIII. K, KpnI. S, SalI. X, XbaI.
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Fig 2. The complete nucleotide and deduced amino acid sequence of cabbage (Brassica ol-
 eracea  var. capitata) chitinase gene cabch29. The length of the sequence is 2768 bp,
 and the longest putative ORF is 1242 bp encoding for 413 aa by computer-aided sug-
 gestion. The first nucleotide of the ORF was pointed as +1; the deduced code region
 and translation and transcription stop codes are shown in the bold characters;and
 some cis-elements, e.g. CAT, TATA boxes and transcription stop codes underlined.

Molecular cloning of chitinase gene
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3'-and 5'-flanking region

 Several sequences in the 5'-flanking region could, by analogy with other eukaryotic
genes, be involved in transcriptional regulation. The nucleotide sequence CACCAT-
GAG is in fair agreement with the consensus sequence proposed for the start of
plant gene translation[13], ATG position was pointed at +1. The putative TATA
box, TATATAAA, is upstream of the putative translation start at positions -100 to
-93. The sequence CCAAT at position -129 is similar to the CAAT box of animal
genes sometimes found upstream of the TATA box[14]. Some of these cis-elements
are shown in Fig 2. Beside, many other putative cis-elements exist in the 5' flanking
region of cabch29, which include: 1) some wound-response elements, such as AGC
box and TCA motif [15], carrot extensin gene wound-response elements [16, 17], and
elicitor-inducible PAL footprint. 2) tissue-specific elements such as ASF-1 binding
site and GATA motif [18]. 3)elements maintaining transcription such as G box [19]. It
is worthwhile to distinguish or identify functional cis-element from all those putative
ones listed by further experiment.
 In the 3'-flanking region, there are two AATAAA sequences at positions 72 and
84 downstream of the TAA translation stop, which are likely to be involved in pro-
cessing for polyadenylation[20].

The primary structure of cabbage chitinase

 The computer-aided analysis indicated that cabch29 contains 2768 bp with a 1242
bp nucleotide ORF coding for 413 aa and the nucleotide sequence CACCATGAG
(marked with +1 in Fig.l) is probably the translation initiation code region.

 Cabch29 polypeptide contains a hydrophobic putative signal peptide of 21 aa at
the N-terminus, which has the structure expected for a signal peptide[21]. Cabch29
gene also contains hevein(chitin-binding domain)which is different from other plant
chitinases. Cabch29 gene product contains two putative hevein domains (namely,
hevein domain A and hevein domain B). Hevein domain A is of 43 aa long with 10
cysteines, and hevein domain B 35 aa with 8 cysteines. Different from class V chiti-
nase in Urtica dioica, the distance between the two hevein domains within cabch29
gene product is about 90 aa, whereas that in Urtica dioica is 7 aa. Following hevein
domain B is catalytic domain seperated by glycine and proline-rich spacer region of
11 aa.

Homology of the putative cabbage chitinase to other chitinase

 The primary structure of the putative cabch29 gene product, deduced from the
nucleotide sequence, was compared to basic and acidic chitinase from other plants.
The degree of overall homology between putative cabch29 gene product and other
plant chitinases is low, but the result of domain comparision has shown similarity to
some extent and even a much higher one in certain hevein domain (Hvd). As shown
in Fig 3, a much higher aa sequence identity (70%-80%) was found between Hvd

Tang Guoqing et al.
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Fig 3. Alignment of hevein-domain in several plant chitinases and chitin- bind-
 ing proteins. Hvd A and Hvd B from cabbage chitinase gene cabch29.
 Hvd 1 from rice, Hvd 2 from bean, Hvd 3 from tobacco and Hvd 4 from
 potato chitinases. Hvd 5 from rubber, Hvd 6 and Hvd 7 from potato
 winl, win2, Hvd 8 from WGA-B and Hvd 9 from rice lectin are chlitin
 binding proteins.

 The catalytic domain is another key domain of chitinase and there is some similar-
ity between various chitinases. The level of aa sequence identity between catalytic
domain of cabch29 gene and those of other species (such as bean, tobacco, bar-
ley, nettle and tomato chitinases) were found to be low (27%-36%). In contrast,
a slightly higher aa sequence identity (54%-58%) was found between catalytic do-
main of cabch29 gene and those of class IV chitinases such as maize, bean and basic
sugar-beet chitinases(data not shown).

DISCUSSION

 Up till now, at least five distinct classes of chitinases have been assigned in
plants. By comparison of various chitinase catalytic domains, pairwise similarities
between individual chitinase are apparent, and these have play an important role
for the isolation of various chitinase from plant genomic libraries. The present data
described the isolation and characterization of a cabbage gene, cabch29, putatively

A of cabbage chitinase cabch29 and that of class I chitinase of rice chitinase Hvd
1 and bean Hvd 2. On the other hand, a much lower level of aa sequence identity
(47-54%) is found between the cabch29 hevein domains (Hvd A, Hvd B) and these
of other plant chitinase and chitin-binding proteins, such as tobacco (Hvd 3) and
potato (Hvd 4) chitinase, rubber hevein (Hvd 5), potato win1 (Hvd 6), and win2
(Hvd 7), WGA-B (Hvd 8) and rice lectin (Hvd 9).
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encoding a chitinase. The pcabch29 genomic DNA fragment is 2768 bp in length and
containing 1284 bp of 5' flanking sequence. The longest ORF in cabch29 is of 1242
bp and coding for 413 aa peptide. The first 21 aa residues at the N-terminus show
the characteristics of an eukaryotic signal peptide with a highly hydrophobic core
and the predicted aa sequence near the cleavage site[21]. Like other basic chitinases
from dicotyledons[22-25] and a monocotyledon, rice[26], the cabch29 gene product
is synthesized with a signal peptide for the transport of polypeptide across the
membrane into the endoplasmic reticulum.
 However, there is a striking feature, in contrast to what have been reported before,
that the longest putative ORF of cabch29 has two hevein domains (hevein domain
A and B). The ca.43 aa proximal to the signal peptide encode a hevein domain A
linked by a spacer region(ca. 90 aa) to the hevein domain B (35 aa). The function
of this spacer region is not clear, maybe, it contains an intervening sequence since
it is AT-rich (60%). All these need to be further verified by experiment such as S1
mapping et al.
 The hevein domains of cabch29 chitinase is cysteine-rich, sharing sequence iden-
tity not only with chitinase, but also with other chitin-binding proteins, such as
rubber hevein, wheat germ agglutin in isolectin, rice lectin and the products of the
potato winl and win2 genes. Furthermore, some chitin-binding proteins contain mul-
tiple hevein domains, eg. wheat germ agglutin in isolectin. The latter can bind chitin
and other polysaccharides with N-acetylated amino sugar groups, and contains four
hevein domains (each with 41-43 aa) which are similarly folded with disulfide bonds
in homologous positions, and each one can putatively form two finger-like structures
for binding sugar residues. Therefore, it would be interesting to see whether the two
putative hevein domains of cabch29 chitinase will have similar function.
 Enzyme activity of chitinase is mediated by its catalytic domain.  Comparing
the portion of catalytic domain of cabch29 chitinase with that of other chitinases,
the former has 53.6%, 54.8% and 58.5% identity at aa level with sugar-beet basic
chitinase and class IV chitinases from maize and bean respectively, although cabch29
chitinases showed much lower aa sequence identity to other chitinases from classes
I, II, III and V.
 A c-terminal extension is present in all published class I chitinases from dicotyle-
dons [24-26]. With a tobacco chitinase gene, it has been found that some c-terminal
sequences are necessary for targeting the protein to vacuoles[27]. No c-terminal ex-
tension was found in the cabbage cabch29 chitinase. Plant chitinases are a diverse
group of enzymes with respect to structure, cellular localization and enzymatic prop-
erties, but cabch29 is, structurally, unique for having a double hevein domain and
the lack of c-terminal extension. Thus, it can be inferred that the cabbage cabch29
gene may putatively represent a new class of plant chitinase gene.

Tang Guoqing et al.
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