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Abstract – Hevamine is a chitinase from the rubber treeHevea brasiliensis and belongs to the family 18 glycosyl hydrolases.
This paper describes the cloning of hevamine DNA and cDNA sequences. Hevamine contains a signal peptide at the N-terminus
and a putative vacuolar targeting sequence at the C-terminus which are not present in the mature protein. The gene encoding
hevamine contains no introns. Southern hybridization ofHevea brasiliensis DNA with a full-length hevamine cDNA probe
showed that there are multiple copies of genes encoding hevamine or hevamine homologues in theHevea brasiliensis genome.
In the lutoid body (vacuolar) fraction of rubber latex only three hevamine components were detected with very similar primary
structures, which are probably products of one single locus on the genome. © 2001 Éditions scientifiques et médicales Elsevier
SAS
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1. INTRODUCTION

Hevamine is a chitinase/lysozyme located in the
vacuoles, so-called lutoid bodies [1], of rubber latex
and belongs to the family 18 glycosyl hydrolases [11].
Chitinases are believed to play a role in plant defence
against pathogenic fungi [4]. The primary [14] and
tertiary structures of hevamine [34] have been eluci-
dated. Proteins homologous to hevamine are found in
plants like cucumber [20, 24], grape [2] and tobacco
[19], but also in insects [17], yeast [18] and bacteria
[36]. In a previous publication [33], we have described
the isolation of three basic hevamine components with
almost identical chitinase specific activities from the
lutoid body (vacuolar) fraction of latexHevea brasil-
iensis. These are the two major components, hevamine
A and B, and the less basic hevamine X. N-Terminal

amino acid sequences of the three components are
identical. In lattices of three investigated rubber tree
clones, hevamine A and B occur in equal quantities,
while in a fourth investigated clone, hevamine B is
completely absent [33]. This suggests that the two
proteins are allelic gene products.

Plant family 18 glycosyl hydrolases are also classi-
fied as class III chitinases or PR-8 (pathogenesis
related) proteins. Other ‘pathogenesis related’ proteins
identified in lutoid bodies of rubber latex are the
chitin-binding lectin hevein, which is formed from a
larger precursor (PR-4), a glucanase (PR-2) and a
thaumatin-like protein. No other proteins with
chitinase/lysozyme activity could be identified in the
lutoid body fraction ofH. brasiliensis, although others
have reported some indirect evidence for the presence
of family 19 chitinases (PR-3 proteins) [7, 22].

This paper describes the isolation and characteriza-
tion of cDNA and DNA sequences of hevamine. The
copy number of hevamine in theH. brasiliensis
genome was determined by DNA hybridization experi-
ments with a full-length hevamine cDNA probe.
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2. RESULTS

A PCR reaction was carried out on a Hevea brasil-
iensis cDNA bank as described in Methods. The partial
cDNA sequence obtained matched well with the cor-
responding amino acid sequence in hevamine. This
sequence was used to synthesize primers for the 3’ -
and 5’ -RACE to obtain the entire hevamine sequence.

The cDNA encoding the hevamine B sequence was
identified by PCR. The deduced hevamine sequence
shows a number of features. First, the sequence
contains a N-terminal signal peptide of 26 amino acids
for protein export (figure 1). All the plant family 18
chitinases characterized thus far have this kind of
signal peptide. Hevamine also has a C-terminal pep-
tide sequence of 12 amino acids, LFLHSEKCMTVL
(figure 1), which is not present in the mature protein
[14]. This sequence is most probably necessary for
import in lutoid bodies.

The DNA sequence of the gene encoding hevamine
was also determined in DNA isolated from a rubber
tree of unknown origin. No introns were found in this
sequence. The sequence of hevamine A was found,
which differs at only two positions from the hevamine
B cDNA sequence: a non-silent mutation at position
270 Arg→Leu (CGG→CGT) in agreement with ear-
lier protein sequence studies [14], and a silent one at
valine 96 (GTT→GTA). These results indicate that the
two sequences probably originate from two alleles at
the same gene locus.

The hevamine B cDNA and hevamine A gene
sequences were submitted to the EMBL database
under accession numbers AJ007701 and AJ010397,
respectively. In (figure 1), hevamine was aligned with
Arabidopsis thaliana class III chitinase [28]. The
degree of identity of the mature sequence of hevamine
with Arabidopsis chitinase at the nucleotide level is
70.9 %. Outside the coding regions and in the
N-terminal signal peptide sequence, similarity drops
below 40 %.

The result of the Southern blot hybridization is
shown in figure 2. Under stringent conditions, a
number of bands were visible. There are no cleavage
sites for the used restriction enzymes in the hevamine
sequence. When digested with EcoRI/HindIII, seven
bands were visible. This clearly shows that there are
several sequences in the H. brasiliensis genome that
are homologous with hevamine. It would be interest-
ing to know how the hevamine genes are located in the
Hevea genome. The hybridization pattern of Hevea
DNA digested with NcoI and NheI shows a smaller
number of bands with lower mobilities, which suggest

that several of the hevamine genes may be clustered
without cleavage sites for the enzymes in between
them.

Preliminary efforts to clone the gene encoding
hevamine by PCR using degenerate primers before the
cDNA sequence was available yielded a sequence
homologous, but not identical, to that of hevamine.
Figure 3 shows the alignment of a part of the hevamine
cDNA sequence, encoding amino acids 14 to 178, with
this gene sequence. The sequence similarity between
the two DNA sequences is 66 %. This partial DNA
sequence was submitted to the EMBL database under
accession number AJ297260.

Because of the possibility that the minor component
hevamine X represents one of the additional homolo-
gous gene products, we have investigated this compo-
nent more thoroughly. Hevamine X was found to be
present in a rather constant ratio of about 20 %
compared with hevamine A, independent of the iden-
tity of the investigated rubber clone (cultivar) and
isolation conditions of the protein. Isoelectric points of
hevamine B, A and X were found to be 10.5, 9.9 and
9.3, respectively. As hevamine A and B differ in one
charge unit, these results indicate that hevamine A and
X also differ in one charge unit. To investigate a
difference in primary structure of hevamine A and X,
fingerprints of tryptic digests of identical quantities of
the two proteins were made and investigated by
reversed phase HPLC, followed by mass spectrometry
of the isolated peptides. In this way, all expected
tryptic peptides could be identified by mass spectrom-
etry (data not shown; Subroto, Ph.D. thesis, 2000).
Some additional minor peaks in the digest of hevamine
X could be accounted for by peptides originating from
trypsin, as more enzyme had been used for the
digestion as intended.

Our explanation for the failure to identify a differ-
ence in primary structure between hevamine X and A
is that a specific partial deamidation of an asparagine
or glutamine residue in the hevamine A sequence had
occurred in planta or in the first isolation steps of the
protein. However, it will be difficult to demonstrate
such a deamidation with the HPLC technique used, as
the peptide isolations have taken place at a pH value in
which carboxylate groups are not ionized and there-
fore will behave similarly to amide groups. So it is
very likely that all three hevamine components iden-
tified by us are products of one single locus on the
genome of H. brasiliensis.

Figure 4 shows the evolutionary relationship of
various family 18 plant chitinases. In this tree, hevamine
belongs to the group containing the sequences of grape
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Figure 1. Comparison of cDNA and trans-
lated amino acid sequence of hevamine B,
with the cDNA and translated amino acid
sequence of Arabidopsis thaliana class III
chitinase [28]. The nucleotide and amino
acid residues are numbered in the left and
right margins, respectively. Dashes indicate
gaps introduced for maximal alignment and
asterisks replace identical nucleotides and
amino acids. The N-terminal signal and
C-terminal putative vacuolar targeting
sequences, which are not present in the
mature protein, are underlined. The DNA
sequences that were used for PCR amplifi-
cation of the genomic hevamine DNA
sequence are also underlined. The differ-
ences between hevamine A and B (a silent
mutation at amino acid position 96 and a
non-silent mutation at amino acid position
270) are denoted in bold symbols. The stop
codons are denoted in bold symbols and
underlined.
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(Vitis vinifera), cowpea (Vigna unguicalata) and thale
cress (A. thaliana). Despite its extension of 30 amino
acids, cucumber ORF1 groups with the cucumber
ORF2 and is not closely related to Sesbania and
soybean, which are sequences with C-terminal exten-
sions. Cucumber ORF2 and ORF3 differ at only 7 %
of the nucleotide positions. Therefore, ORF3 gave no
additional information and was omitted from the
evolutionary analysis.

3. DISCUSSION

The hevamine sequence contains a C-terminal exten-
sion of 12 amino acids that most probably functions as
a targeting signal for lutoid bodies. Cleaved off
C-terminal sequences of similar length but with unre-
lated sequences have been identified in cDNA and
mature protein sequences of the hevein precursor [30]
and �-1,3-glucanase [3]. While the targeting signal
sequence of �-1,3-glucanase contains a putative
N-glycosylation site [3], such sites are absent in the
hevein precursor and hevamine. C-Terminal exten-

sions of approximately 30 amino acids were found in
cucumber CHI1 [19], Sesbania rostrata [8] and soy-
bean [39] chitinases. It may be that these extensions
are not all vacuolar targeting signals, since these
signals in plants are usually much smaller as shown in
tobacco chitinases [12, 23, 32] and barley lectin [6].
The C-terminal extensions of soybean and Sesbania
chitinases are homologous, but there is no significant
similarity between these two and those of cucumber
CHI1 and hevamine. In addition, CHI1 may be a
pseudogene, because no expression was found of this
sequence in cucumber under various conditions [20].

The gene encoding the hevamine sequence contains
no introns. This is different from the thale cress (A.
thaliana) family 18 chitinase [28]. The Arabidopsis
gene contains two small introns of 169 and 269 bp
[16]. Soybean chitinases Chib1-1 and Chib1-2 contain
one intron while soybean chitinase Chib2 is intronless
[37]. The cucumber (Cucumis sativus) genome con-
tains three tandemly arranged family 18 chitinase
genes, CHI1–CHI3. Like hevamine, these genes do not
contain introns [20]. It is evident from these observa-
tions that there is a lot of variability in the exon/intron
structure of the family 18 plant chitinases.

Hybridization studies showed that there are a num-
ber of sequences in the Hevea genome that are
homologous to hevamine. Using PCR on Hevea DNA
with degenerate primers, we found a partial sequence
that is homologous to hevamine. In rice, several family
18 cDNA chitinase isoforms were identified [26]. As
already mentioned, in Cucumis sativis three isoforms
occur at one locus [20], while in Arabidopsis only a
single gene is present [16, 28]. It is rather certain that
the partial sequence of a hevamine homologue shown
in figure 3 represents one of the hybridizing genes
visible in figure 2. Although a partial sequence of only
164 amino acids was obtained, several tentative con-
clusions can be drawn. Residues essential for structure
and enzymatic activity of hevamine are present in this
partial sequence, e.g. five of the six half-cystine
residues and the highly conserved amino acid sequence
DGIDFDIE, equivalent to Asp120 to Glu127 in
hevamine. This sequence contains amino acid residues
Asp125 and Glu127 that are essential for catalysis
[34]. Residue Gly149 is deleted in this sequence, but
this residue occurs in a surface loop of the hevamine
structure and is not strictly conserved in other family
18 plant chitinases. So the structure may represent a
gene product which is expressed at some location
during the life of the rubber tree. In potato and tobacco
for instance, chitinases accumulate in the flower organs
during the flowering stage [21, 38]. An interesting

Figure 2. Hybridization of genomic Hevea DNA with a full-length
hevamine cDNA probe. E, EcoRI; H, HindIII; Nc, NcoI; Nh, NheI; P,
positive control (full-length hevamine cDNA sequence).
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feature is the much lower positive charge, eight charge
units, of this sequence fragment than that of the
homologous one of hevamine. In the family 19 chiti-
nases, the vacuolar enzymes (class I) generally are
basic, while the extracellular pathogenesis related
proteins (class II) are acidic. So it will be interesting to
know if this chitinase homologue is also an extracel-
lular PR protein, synthesized under stress conditions.
The presence of extracellular PR proteins have not yet
been investigated in the rubber tree.

Hevamine is a family 18 chitinase. Family 19
chitinases are more often encountered in plants [9].
There are no sequence similarities between the two
chitinase families and their three-dimensional struc-
tures are also completely different: while family 18
chitinases have a (�/α)8-barrel structure, that of family
19 chitinases contains predominantly α helices [10]
and is similar to the structure of animal and phage
lysozymes [13]. Antibodies against the family 19
chitinase from bean, Phaseolus vulgaris [22], were
used to demonstrate the presence of chitinases and a

cDNA probe from this chitinase to demonstrate its
expression in latex of Hevea brasiliensis [7]. Probably
the authors of these two studies have not been aware
that there are two chitinase families, which are struc-
turally unrelated. These studies, however, led us to
investigate very carefully by structural analyses the
presence of family 18 and 19 chitinases in the lutoid
body fraction of rubber latex. Hevamine X, A and B
are the only proteins with chitinase/lysozyme activity
which could be identified in the lutoid body fraction of
rubber latex [33]. Investigation of their primary struc-
tures (see [14] and this paper) indicates that hevamine
A and B are most likely two alleles of the same gene
product and hevamine X a chemically modified form
of hevamine A, although we cannot exclude the
possibility that hevamine X represents the product of a
recent gene duplication which is expressed at low level
and was not found in our PCR experiments on cDNA
and genomic DNA.

Figure 4 shows an evolutionary tree of nucleotide
sequences of plant family 18 chitinases. Previous

Figure 3. Alignment of a Hevea DNA sequence homologous with the hevamine cDNA sequence encoding amino acids 14 to 178. The nucleotide
and amino acid residues are numbered in the left and right margins, respectively. Dashes indicate gaps introduced for maximal alignment and
asterisks replace identical amino acids.
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evolutionary analyses of these chitinases have been
published by Hamel et al. [9] and Watanabe et al. [37].
However, the tree is rather erratic, has low bootstrap
values and is of little value for deriving evolutionary
relationships between the taxa investigated. On DNA
level, rice and maize group together with a high
bootstrap value. Phylogenetic analysis of the protein
sequences, however, groups maize together with the
basic tobacco sequence and rice together with Hevea,
Arabidopsis and grape vine (data not shown). This
difference is due to the fact that the monocots have a
codon usage that is different from the dicots. The
partial DNA sequence obtained from H. brasiliensis
groups together with other acidic family 18 chitinases
from the Fabaceae winged bean, chickpea and lupine

albeit with a very low bootstrap value. Most family 18
chitinases of Fabaceae are in one monophyletic group.
Soybean and sesbania, which have an already dis-
cussed putative C-terminal vacuolar targeting signal
form a separate group. In addition, the sequence of a
basic chitinase from cowpea (Vigna unguicalata) is
outside the other Fabaceae and groups with sequences
from Hevea, Arabidopsis and grape vine. A similar
result was found before [9] and suggests that there are
several classes of family 18 chitinases in plants.
Although Hevea chitinase differs from the Arabidopsis
chitinase and in such features as the presence of a
C-terminal vacuolar targeting signal, the absence of
introns in the DNA sequence and the larger number of
cross-hybridizing genes on Southern blotting, the
sequence of these two plant species group together in
the evolutionary tree. Additional plant family 18
chitinase sequences may clarify some features of the
evolution of this family of chitinases. But the general
impression is that gene duplications, gene losses and
perhaps also translocations have resulted in rather
unreliable relationships for deriving phylogenetic con-
clusions.

4. METHODS

4.1. Isolation of total RNA
from rubber latex of Hevea brasiliensis

This protocol is adapted from the method of Prescot
and Martin [27]. Twenty millilitres latex from clone
RRIM600 was collected in sterile Greiner tubes con-
taining 20 mL RNA extraction buffer (0.1 M Tris-HCl,
0.3 M LiCl, 10 mM EDTA, 10 % SDS, pH 9.5). After
collection, the latex was sent from Malaysia to the
Netherlands in dry ice. The latex was centrifuged at
8 000 × g for 10 min at 4 °C. The supernatant was
transferred into a new tube and blended with a
polytron while keeping the samples on ice and extracted
with an equal volume phenol/chloroform. The pellet
and the top rubber layer were discarded. Phases were
separated by centrifuging at 5 000 × g at 4 °C. The
aqueous phase was transferred to a new tube and the
phenol/chloroform extraction was repeated. The super-
natant was again transferred to a new tube and
extracted with chloroform/isoamylalcohol, followed
by centrifugation at 4 °C. To the aqueous phase, a
stock of 8 M LiCl was added to a final concentration of
2 M. After overnight incubation at –20 °C, the sample
was centrifuged at 8 000 × g for 15 min at 4 °C. The
pellet was resuspended in 1 mL TE per 40 mL latex

Figure 4. DNA parsimony tree of class III chitinases derived from
nucleotide sequences in PAUP version 4b4a. Bootstrap values are
indicated in the branches. Before alignment, non-coding regions and
N-terminal signal peptides were removed for maximal matching.
(AB003195), rice; (S82314), maize; (X88801), cowpea; (AJ007701),
rubber tree 1; (Z68123), rubber tree 2 (partial sequence); (AJ297260),
grape; (AB006055), Arabidopsis; (Z11563), tobacco acidic; (Z11564),
tobacco basic; (A23398), beet; (M24365), Cucumis ORF2; (M84214),
Cucumis ORF1; (AB000097), soybean ‘Glycine max’ ; (Y12706),
Sesbania; (D49953), winged bean; (X70660), chickpea; (Y16415),
Lupinus; (D11335), Adzuki bean.
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sample. The sample was again precipitated with 8 M
LiCl as before, but incubated for 2 h at –20 °C. After
centrifugation (8 000 × g, 15 min, 4 °C), the pellet was
resuspended in approximately 100 µL TE depending
on the pellet size.

4.2. Isolation of DNA
from Hevea brasiliensis leaves

H. brasiliensis leaves of an unknown clone were
obtained from a tree in a greenhouse of Hogeschool
Larenstein (Deventer, the Netherlands). After harvest-
ing, young leaves were frozen in liquid nitrogen. If not
used immediately, the leaves were stored at –80 °C.

For the isolation of DNA from H. brasiliensis
leaves, the method of Murray and Thompson [25] was
used.

4.3. Determination of the cDNA sequence
using 5’ - and 3’ -RACE

The polymerase used for the PCR reactions was the
high fidelity mix from Boehringer Mannheim (2 U per
reaction mixture). First, a PCR reaction was carried
out on a H. brasiliensis latex cDNA bank prepared in
the Rubber Research Institute of Malaysia (Dr F.C.
Low and Dr E. Vogt, unpubl.) with a degenerate primer
pair: 5’ -TAT TGG GG(C/T) CAA AA(C/T)
GG(A/G/C/T) AA(C/T) GA-3’ and 5’ -(G/A)TT
(G/A)TT (G/A)TA (G/A)AA (C/T)TG (G/A)AC CCA-
3’ . These primers encode amino acids 6 to 13 and 179
to 185 of hevamine, respectively [14]. The following
PCR conditions were used: 1 min 94 °C, 30 s 50 °C,
45 s 72 °C, 35 cycles. After each cycle the synthesis
step was extended for 5 s. The PCR product was
ligated in the PCR2.1 T-vector (Invitrogen) and
sequenced [29]. Based on this sequence information,
primers were synthesized for the 5’ - and 3’ -RACE to
obtain the entire cDNA sequence encoding hevamine.
For the RACE procedures, the 5’ /3’ RACE kit of
Boehringer Mannheim was used. For first strand DNA
synthesis in the 3’ -RACE, 2 µg total RNA was incu-
bated with AMV reverse transcriptase and the oligo
dT-anchor primer: 5’ -ACCACGCGTATCGATGTC-
GACTTTTTTTTTTTTTTTTV-3’ according to the
manufacturers specifications. The PCR reaction was
carried out with a specific primer encoding amino
acids 43 to 50: 5’ -AAA TCA ACC TTG CCG GCC
ATT G-3’ and the PCR anchor primer: 5’ -GACCA-
CGCGTATCGATGTCGAC-3’ . The conditions used
were the same as described above. The product was
ligated in PCR2.1 T-vector (Invitrogen) and sequenced
[29].

For the first strand cDNA synthesis in the 5’ -RACE,
2 µg total RNA was transcribed with AMV reverse
transcriptase and the following antisense primer: 5’ -TAT
TCC ACA AAT AGT CTG CTA GG-3’ encoding
amino-acids 116 to 123. The resulting antisense cDNA
strand was tailed with a poly-A tail according to the
manufacturers specifications. PCR was carried out as
described above with the PCR anchor primer and a
specific antisense primer encoding amino acids 85 to
92, with the following sequence: 5’ -TGT AGC TTC
CAA TCC CAC CGC C-3’ . The product was ligated in
the PCR2.1 (Invitrogen) T-vector and sequenced accord-
ing to the dideoxy method [29].

4.4. Determination of the DNA sequence
encoding hevamine

Based on the cDNA sequence obtained with 5’ - and
3’ -RACE, primers were designed to obtain the full-
length DNA sequence of hevamine. The sense primer,
5-‘CAT TTA CTT GCA ATA ATG GCC-3’ , contains
the start and the second codon at the 3’ -end (under-
lined). The antisense primer: 5’ -TGC ACC GAA TAA
TTT CTC CC-3’ is located 23 bases behind the stop
codon. PCR was performed as described above. The
products were ligated as described above. After trans-
formation and miniprep, an aliquot of the samples was
digested with EcoRI and run on an agarose gel.
Plasmids containing an insert were sequenced. Before
the mRNA sequence was available, efforts were made
to identify the genomic sequence of hevamine by PCR
with genomic DNA using degenerated primers coding
for amino acids 6–13 (coding strand) and 179–185
(non-coding strand).

4.5. Southern analysis

For the Southern analysis all aqueous solutions were
prepared with three times distilled water or Milli-Q
water. Approximately 20 to 30 µg genomic DNA was
digested overnight with 40 U restriction enzyme or
restriction enzyme mix. The digested DNA was elec-
trophoresed overnight on a 0.8 % agarose gel with
0.5× TBE as running buffer. The applied voltage was 1
to 1.5 mV·cm–1. After staining with ethidium bromide,
a gel photo was taken. The gel was incubated for 5 min
in 0.25 M HCl, followed by 10 min in 0.4 M sodium
hydroxide solution. Blotting was performed with Nylon
positive charge membranes (Boehringer Mannheim)
for 6 h with 0.4 M sodium hydroxide and using cap-
illary transfer. After blotting the membrane was incu-
bated for 5 min in neutralization solution (1 M NaCl,
0.5 M Tris-HCl, pH 7.0), followed by 5 min incuba-
tion in 2× SSC and air-dried.
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For the labelling reaction, approximately 100 ng
full-length hevamine sequence was labelled with
(α-32P) dCTP using the random prime labelling kit
(Boehringer Mannheim) according to the manufactur-
ers specifications. Non-incorporated (α-32P) dCTP was
removed by a Sephadex G-50 (fine) column. The
membrane was hydrated, followed by incubation for
6 h in 12 mL hybridization mix (0.5 M sodium phos-
phate, 1 mM EDTA 6.5 % SDS, pH 7.2, 100 µg·mL–1

herring sperm DNA) at 65 °C. The labelled DNA was
heat denatured. After cooling on ice, the probe was
added to the hybridization mix and incubated over-
night at 65 °C. The next day, the membrane was
washed at 65 °C with wash buffer 1 (2× SSC, 0.5 %
SDS) for 15 min, followed by several washing steps
for 10 min in buffer 2 (1× SSC, 0.1 % SDS), until no
radioactivity could be detected in the buffer solution.
Finally, the membrane was washed three times with
buffer 3 (0.3× SSC, 0.1 % SDS) for 5 min. For the
washing steps, all the buffers were preheated at 65 °C
to enhance removal of background radiation from the
membrane. After drying, the membrane was incubated
in the phosphor imager (Molecular Dynamics type
425) to visualize hybridizing DNA restriction frag-
ments.

4.6. Structural studies of hevamine components

Hevamine components were isolated as decribed by
Subroto et al. [33]. Isolectric points of the components
were determined by IEF using the PHAST system
(Pharmacia). Disulfide bridges of hevamine compo-
nents were cleaved with tributylphosphine followed by
S-pyridylethylation with 4-vinylpyridine [15]. Reac-
tion products were removed from the protein by
repeated dialysis against 0.2 M ammonium bicarbon-
ate and the reduced proteins were digested with trypsin
(treated with L-tosylamide-2-phenylalanylchloro-
methane, TPCK) in 0.2 M ammonium bicarbonate at
37 °C for 4 h at substrate to enzyme ratios of 100:1 (by
mass). Tryptic peptides were isolated by reversed
phase HPLC on a nucleosyl 10 C18 column
(30 × 0.45 cm) with a 0–70 % acetonitrile gradient in
0.1 % trifluoroacetic acid for 60 min at a flow rate of
1 mL·min–1. The effluent was monitored at 214 nm
and the peaks were collected manually and dried.

MALDI-TOF mass spectrometry was used to iden-
tify peptides present in the collected peaks from the
known amino acid sequence of hevamine A [14].
Peptide quantities corresponding to about 1 µg
hevamine used for the tryptic digestions dissolved in
70 % acetonitrile in 0.1 % trifluoroacetic acid (1 µL)

were mixed with equal volumes sinapic acid dissolved
in the same solvent (10 mg·mL–1; decantation of a
clear solution) and were dried on a target. The spectra
were recorded on a TofSpec E & SE Micromass mass
spectrometer.

4.7. Alignment and phylogeny
of chitinase sequences

For phylogenetic analysis, nucleotide sequences
were aligned in ClustalX [35]. Tree building was
performed in PAUP version 4b4a [31] using maximum
parsimony [5]. One hundred replicates were used for
the determination of the bootstrap values in the
branches.
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