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ABSTRACT

A 375-bp DNA fragment from Metarhizium anisopliae strain CG32 genomic DNA was amplified by PCR using
chitinase-specific concensus primers. The deduced M. anisopliae peptide sequence demonstrated high
similarity to the catalytic domains of chitinase genes from Aphanocladium album and Trichoderma harzianum.
However, two introns present in the aligned A. album and T. harzianum genomic sequences were not detected
in the M. anisopliae sequence. A comparison was made between this Metarhizium chitinase sequence and that
of other fungi and bacteria. Possible phylogenetic relationships are discussed.

INTRODUCTION

The entomopathogenic fungus Metarhizium
anisopliae is recognised as having significant potential as
a mycoinsecticide. This fungus produces a broad range
of extracellular enzymes, including protease, chitinase
and lipase, that have been suggested by some authors
as having a key role in the infection of insects (St. Leger
et al. 1986; Charnley and St. Leger, 1991) although this
is still to be verified. Chitinolytic enzymes are widely
distributed in bacteria, fungi, plants and insects and are
probably involved in a range of biological interactions
and defence systems such as plant defence mechanisms
(Jones et al:, 1986; Linthorst et al., 1990). Genes encoding
chitinases have been cloned from several plants, yeast,
insects, bacteria and recently from two filamentous
fungi Aphanocladium album (Blaiseau and Lafay, 1992)
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and Trichoderma harzianum (Carsolio et al., 1994; Hayes
et al., 1994). To date there are no reports of chitinase
sequences from entomopathogenic fungi.

MATERIAL AND METHODS

A 375-bp fragment from M. anisopliae strain
CG32 (obtained from the CENARGEN/EMBRAPA -
Brazil culture collection) genomic DNA was amplified
by PCR using Tag DNA polymerase (Boehringer
Mannheim) and concensus primers specific to the
conserved catalytic domain of several chitinases (kindly
donated by Dr. E.E. Deane):

5 GGGAATCTATGAAGGAATTTCCAACCGGCC -
5 CTGAGGGTCAGCTATAGTTACGGCAGCTTTGGGGT

The amplification conditions were an initial
95°C for 6 min, then 30 cycles of 94°C for 30 s for
denaturing, followed by 55°C for 30 s for annealing and
1min 20 s at 72°C for extension. Samples were collected
and analyzed in 1.5% (w/v) agarose gels.
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The amplified DNA was ligated into the
pGEM-T vector (Promega) and clone pCHML1 selected,
and verified by digestion with restriction enzymes. Both
DNA strands of the insert were sequenced using the
Sequenase II kit (Amersham), using 35S labelled dATP,
according to manufacturers instructions. Reactions
were resolved on a Flowgen VM4133 vertical
electrophoresis apparatus, and gels exposed to X-ray
film. Chitinase sequences for comparative purposes
were obtained from the GenBank/Swissprot
datalibraries. Multiple sequence alignments were
generated by the CLUSTAL W program (Thompson et
al., 1994) using the Blosum 30 protein weight matrix for
peptide alignments. Gaps were not considered in
calculations of pairwise percent divergences, and no
correction was made for multiple substitutions. A
phylogenetic tree was constructed by CLUSTAL W
based on the calculated percent divergence table using
the Neighbour-joining method (Saitou and Nei, 1987)
and plotted using the NJPLOT program of the same
package.

RESULTS AND DISCUSSION

PCR of M. anisoplize genomic DNA using
degenerate primers specific to the catalytic domain of
many chitinases (Henrissat, 1990; Perrakis ef al., 1993)
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yielded a 375-bp product. This fragment was cloned
into the pGEM-T vector, generating clone pCHM1. The
DNA sequence of this clone provided conclusive
evidence that the amplified fragment was part of a
chitinase gene (Figure 1). A remarkable degree of
nucleotide homology was obtained between this M.
anisopliae partial sequence and the published sequences
of chitinases from A. album (Blaiseau and Lafay, 1992)
and T. harzianum (Carsolio et al., 1994; Hayes et al., 1994).
The chil gene from A. album has three short mtrons
(49,53 and 55 bp in length) which occur close together
near the N terminus. Introns similar in position though
not in sequence are present in T. harzianum genomic
clone ech-42 (Carsolio et al., 1994). Corresponding
introns were found to be absent from the Metarhizium
sequence. This result is somewhat unusual, since the
majority of cognate genes in filamentous fungi possess
introns which are strongly conserved in terms of
position, but not necessarily in terms of sequence (Gurr
et al., 1987).

The deduced peptide sequence indicated that
the M. anisopliae enzyme conformed to the general
description of class I chitinases present in fungi, certain
plants and bacteria (Perrakis et al., 1993). Homology
between the sequences of M. anisopliae, A. album and T.
harzianum was striking at the peptide level (Figure 2),
which indicates that this group should be recognised as
a distinct sub-class within class II chitinases. Signifi-
cantly, however, phylogenetic analysis of the aligned

M. anisopliae 1 [GG|G/ATICITACGGIGAIGIGIAACT TIICAIAICCIGIGCCGACCTITCCTGCCTCGGAGATTACTCACG 58
A. album 1 |G ATTTAJIGGCCGCAACTTCCAGCCT ACCT GCCTCGGAGATTACTCA 58
T. harzianum 1 T CAGA T [+ TIG 58
M anisopliae  s9 T A TG G ATl - - - - - - - - - - - - 8
album 59 TCTACTCCTT CCGCG GTG- G@ TCCT 116
Tharz:anum 59 CAAG 118
Mamsophae [ I T N 1 C| 105
A a 117 ATCTT GCCGC TTGACAAAGCAACTAG ---------------- Q| 158
Tharz:anum 117 i TCAAGA|TJATT CT|AIA CATATCCAGTGACTAATCTTTTCACTTATA GLI/C] 174
M. anisopliae 106 [GGTGATACCTATGCCGACTACGAGAAAICACTACGCTGGTGACT. - - - -« - - ... 148
A. album 159 |GGIGATACCTAIGCCGACTA AGAAGCACTACG G GACT GAAATCTIBTACA 216
T. harzianum 175 A [¢ TC A A Ci T ATIGICTAGCICICT AC 232
M. anlsopllae LT I I N N T R R I TR R R CTT] 151
A al 217 TTTG AAAAAGAAGAAACTAACAATIE --------------------- CTT|as3
Tharzianum 233 CC GTTICITCTCCTGTTTTTGAGCTC TLIC| GTATACTAACGTCTACAACAGCTT 290
Mamsoplua 152 QéIAAEGATGTGGECACGAAEGCTTAE@GTTGTGTTAAGCAACTTTATCTTCTCAAGAA 209
A a 254 |GGAACGAIGIGGGCA AACGCTITACGGITGTGTIAAGCAACTIT CTCAAGAA|311
T. harzhnum 291 TIAIA C T C| G| CAA 348
M. amsoph&e 210 AGAA A ATGAA ATGGT A A A C| 267
A. album 312 A A TGAA GT A A A C] 369
T. harzianum 349 408
Mamsoplun 268 3 325
370 427

Thamanum 407 464
Mams iae 326 375
lbuglpl 428 477
Tharzoanum 485 514

Figure 1 - Alignment of the chi_t_inase-specific nucleotide sequences of chiA from Metarhizium anisopliae (sequence deposited in
Genbank/EMBL/DDB]J libraries under accession number X89212: M. anisopliae DNA for chiA gene), chil from Aphanocladium album (Blaiseau

and Lafay, 1992), and ech-42 from Trichoderma harzianum (Carsolio et al.,

1994). Identical residues are boxed, and gaps necessary for alignments

represented by dashes. Numbering begins arbitrarily from the first aligned nucleotide.



A chitinase-specific sequence from Metarhizium anisopliae
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Figure 2 - Multiple alignment generated by CLUSTAL W of the amino acid sequences of the catalytic domain region of 13 chitinases. Alignments
with more than 50% identity are boxed, with numbering beginning arbitrarily from the first residue aligned with the Metarhizium anisopliae
sequence. Gaps for alignment are represented by dashes. Abbreviated names, genes and accession numbers are as follows: M._anisopl - M.
anisopliae chiA, X89212; A._album - A. album chil, X64104; T._harzian - T. harzianum ech-42, X79381; C._albican - Candida albicans cht2, U15800;
R._oligosp - Rhizopus oligosporus chi2, D10158; S._cerevis - Saccharomyces cerevisiae cts1-1, M74069; Serr_chiA - Serratia mercescens chiA, L01455;
Serr_chiB - S. marcescens chiB, X15208; Alteromon - Alteromonas sp. (strain 0-7) chitinase, D13762; B._circ_ch - Bacillus circulans chiD, D1059%;
Str._Plic - Streptomyces plicatus chitinase-63, JH0573; Str._livid - S. lividans chitinase C, D12647; A._thalian - Arabidopsis thaliana endochitinase,

M34107 (included as outgroup).
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Figure 3 - Phylogenetic tree generated by CLUSTAL W depicting
possible relationships among the chitinase sequences aligned in

Figure 2. Bar represents the calculated divergence (0.059 = 5.9%
corrected distance) between two aligned sequences/groups.

0.059

Serr_chiB

sequences (Figure 3) revealed that the catalytic domains
of the chitinases of M. anisopliae, A. album and T.
harzianum are much more closely related to that of
Streptomyces lividans, S. plicatus, and other bacterial
chitinases than to the other fungal chitinases included
in this study. This could reflect an important difference
in function, where the M. anisopliae, A. album and T.
harzianum enzymes are thought to have an ecological/
pathogenic role (St. Leger et al., 1991; Kunz et al., 1992;
Haran et al., 1993), whereas those of many other fungi
may be purely implicated in the growth process
(Gooday et al., 1992).
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RESUMO

O fragmento de 375 bp foi amplificado por PCR, a
partir do DNA gendmico da linhagem CG32 de Metarhizium
anisopliae, usando primers especificos para quitinase. A se-
quéncia peptidica deduzida do fragmento do gene de
quitinase de M. anisoplize demonstrou alta similaridade, a
nivel de domimio catalitico, com os genes de quitinase de
Aphanocladium album e Trichoderma harzianum. Entretanto,
dois introns presentes nas seqiiéncias gendmicas de A. album
e T. harzianum ndo foram detectados na seqiiéncia de M.
anisopliae. A relagao filogenética entre as seqiiéncias dos genes
de quitinase de Metarhizium e outros fungos e bactérias é
discutida.
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