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chitin synthases have already been reported, and they
A csmA gene that encodes chitin synthase with a have been divided into five groups - classes I through

myosin motor-like domain was isolated from the fil- V - on the basis of their conserved region structures (4-
amentous fungus Aspergillus nidulans. Initially, we 6). Four chitin synthase genes have so far been cloned
obtained the csmA as a homolog of the Aspergillus from an ascomycete, Aspergillus nidulans by our group,fumigatus chsE-partial fragment. A large open read- and named chsA, chsB, chsC and chsD, which corre-ing frame encoding a polypeptide of 1,852 a.a. was

spond to classes II, III, I and IV, respectively (7-9).identified by determining the cDNA sequences. The
In this report, we have described the isolation of achitin synthase conserved region was situated at the

novel gene (csmA) from A. nidulans, and shown thatC-terminus and classified into class V as reported
csmA encodes an N-terminal myosin motor-like domainpreviously. On the other hand, the N-terminal region
outside the chitin synthase-conserved domain, and thatshowed significant similarity to myosin motors and
both domains possess peculiar structures comparedcould not be classified into any types of myosins iden-
with their related proteins.tifided so far. Thus, it is suggested that this is the

first report of unconventional myosin fused to a met-
abolic enzyme. The finding of this new type of chitin MATERIALS AND METHODS
synthase gene suggests that localization of chitin

Amplification of the A. fumigatus chsE homolog from A. nidulans.synthesis may be guided by association with cy-
Aspergillus nidulans total DNA was extracted as described previouslytoskeletal structures. q 1997 Academic Press
(10). PCR was run with a degenerate primer set, AnE1 5*-TGGGGA-
TCCCA(A/G)GTNTA(T/C)GA(A/G)TA(T/C)TA-3* and AnE2 5*-ATA-
GAATTCTTIATCCAIC(T/G)IC(T/G)IC(T/G)(T/C)TG-3* (I, inosine; N, A/
C/G/T), for A. nidulans total DNA from strain FGSC89 (Fungal GeneticChitin, a b-1,4-linked homopolymer of N-acetylglu- Stock Center, U.S.A.). 40 cycles were run consisting of a 0.5-min melting

cosamine, is one of the major structural components step at 947C, a 1-min annealing step at 507C, and a 1.5-min extention
of the fungal cell wall (1). Chitin synthases are the step at 727C.
membrane-bound proteins responsible for the catalytic Isolation of csmA. With the PCR fragment as a probe, positive
polymerization of N-acetylglucosamine from UDP- phage clones were screened from the genomic DNA library in l2001

(7) by plaque hybridization. Two positive phage clones, M1 and M3sugar (2). The enzymatic aspects and physiological
were obtained. The 6.7-kb KpnI-XhoI and 7.0-kb XbaI fragmentsfunctions of chitin synthases have been well character-
from M1 and M3 were cloned into pUC119 at the sites of KpnI-SalIized in the budding yeast Saccharomyces cerevisiae, in and the XbaI site to yield pMK10 and pM3X2, respectively.

which chitin is a minor component (2, 3). However,
Northern blot analysis. Total RNA from FGSC89 cultured onthere is little information about chitin synthases in yeast extract-glucose medium (11) for 16.5-hr were was extracted

filamentous fungi. as described previously (9). Poly(A)/RNA were purified with mRNA
Fungal chitin synthases are encoded by chs genes. purification Kit (Pharmacia Biotech). 2mg of poly(A)/RNA were elec-

trophoresed with size markers and blotted on Hybond-N/membraneTheir gene products commonly possess a conserved C-
(Amersham). 32P-labeled two DNA fragments of 1.0-kb SpeI-XhoIterminal domain which contains putative transmem-
(probe1) and 2.3-kb HindIII-XbaI (probe2) from pM3X2 and pMK10,brane domains. The primary structures of many fungal respectively, were used as probes. Hybridization and washing were
carried out as suggested by the manufacturer. Signals were detected
with BAS2000 Bioimage analyzer (Fuji Film).1 Present address: Institute of Molecular and Cellular Biosciences,

The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113, Japan. RACE and primer extention analysis. RACE experiments were
done using Marathon cDNA Amplification Kit (Clontech) and Expand2 To whom correspondence should be addressed at Laboratory of

Cellular Genetics, Department of Biotechnology, The University of High Fidelity PCR System (Boehringer Mannheim). Two oligonucleo-
tide primers, R1-2 5*-GAAATCCCACAATGATGAATACGGC-3 * andTokyo, Yayoi 1-1-1, Bunkyo-ku, Tokyo 113, Japan. Fax: /81-3-3812-

9246. E-mail: amtakag@hongo.ecc.u-tokyo.ac.jp. R3-1 5*-GCATCATATTGCAGTTCCAGGAAC-3 * were used to syn-
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FIG. 1. Schematic representation of the genomic clone of csmA.
The long ORF of csmA and three short ORFs (ORF1-ORF3) are
shown. The positions of three introns are also shown. Abbreviations
of representative restriction sites are as follows: B, BamHI; H, Hin-
dIII; K, KpnI; P, PstI; Sp, SpeI; X, XbaI; Xh, XhoI. Two bars, probe1
and probe2, correspond to the DNA probes used for Northern blot
analysis (see Fig. 2).

thesize the cDNA for 5*-RACE. R1-1 5*-GAACTTTTCACGCCATGC-
AATTTGG-3 *, R2-1 5*-GTTTTACCGGCGCCACTCTCGC-3 *, R2-3
5*-CGATGTGGAGGATAGCAGCCAAG-3 * and so on were used to
amplify the 5*-cDNA ends. R1-3 5*-TTCATCATCTGTCAGGTTCCA-
GCC-3 *, R1-4 5*-GCAGTACGACGATAAACGCAAGC-3 * and so on
were used to amplify the 3 *-cDNA ends. Primer extension analysis
was done using R4-1 5*-CGATAGCGGAGAAGCCCGTAACTTGCT-
AATACA-3 * as a primer. MMLV-RT (Gibco BRL) was used for cDNA
synthesis.

RESULTS

The chsE gene fragment among six chitin synthase
FIG. 3. The predicted amino acid sequence of csmA product. Tworelated genes was obtained by PCR from an opportunis-

boxes indicate the ATP-binding motif (P-loop) and the amplified re-tic pathogen, Aspergillus fumigatus (12). The predicted
gion by PCR with AnE1 and AnE2, respectively. The genomic DNA

amino acid sequence of ChsE showed some similarity and cDNA sequences of csmA will appear in the DDBJ databases
to the S. cerevisiae Chs3p, but could not be grouped under accession No. AB000125.
into the known groups. This suggested that there could
be another chitin synthase gene in A. nidulans. We

could obtain a single PCR fragment as a homolog of the
chsE-PCR fragment. Then, we isolated and determined
the homologous sequence of the genomic DNA frag-
ment from the A. nidulans gene library. The sequence
of cDNA was determined by 5*- and 3 *-RACE methods
and primer extension analysis (Fig. 1). A long ORF (5.5-
kb) could be identified (Fig. 1). The transcript contained
three short ORFs upstream of the main ORF, indicat-
ing that the gene expression could be regulated at the
translational level. The approximate size (6.2-kb) of
the transcript was confirmed by Northern blot analysis
with two different probes (Fig. 2).

The amino acid sequence of the ORF comprises 1852
residues corresponding to a molecular mass of 206-kDa
(Fig. 3). This chitin synthase gene encodes a fairly large
molecule as compared with other chitin synthases (Fig.
4). The N-terminal domain of about 700 residues
showed significant similarity to myosins, motor pro-
teins that possess ATP-hydrolytic and actin binding
activities to drive them along actin filaments (Fig. 4).
Myosin is composed of an evolutionally conserved mo-

FIG. 2. Northern blot analysis. 2mg of poly(A)/RNA (lanes 1 and tor domain and a functionally variant C-terminal do-
2) from mycelia of strain FGSC89 was electrophoresed with size main (13, 14). By phylogenetic analysis of the motormarkers (0kb, 9.49, 6.23, 3.91, 2.80, 1.90, 0.87) and probed with two

regions, myosins have been classified into eleven typesDNA fragments, probe1 (lane 1) and probe2 (lane2), respectively (see
Materials and Methods and Fig. 1). (14). The N-terminal domain of the ORF showed simi-
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FIG. 4. Comparison of the structure of CsmA with other related proteins. ChsA, ChsB, ChsC, and ChsD, from A. nidulans; MyoA, from
A. nidulans; Myosin II, Chicken muscle Myosin II; NinaC, from Drosophila; myr5 from pig. Open boxes and black boxes show non-conserved
regions and highly conserved regions, respectively. Shaded boxes show slightly conserved regions.

larity to a broad range of myosins, e.g., myr1 (type-I, fumigatus ChsE, lacks the myosin motor-like domain
and has a C-terminus different from that of CsmA (8,22.5% identity in 382 a.a.), myosin I from chicken brush

border (type-I, 22.4% in 353 a.a.), Saccharomyces 18). The ORF of ‘chsD ’ (1490 a.a.) might be a partial
sequence of CsmA. However, we could not deny theMyo1p (type-II, 17.8% in 343 a.a.), Drosophila NinaC

(type-III, 19.7% in 289 a.a.), pig myosin-VI (type-VI, possibility that shorter transcripts could be produced
at lower level from one gene.23.1% 553 a.a.) and Arabidopsis MYA2 (type-XI, 24.2%

in 252 a.a.), but could not be classified into any known
type of myosin family (data not shown). There was no DISCUSSION
potential IQ-motif or a-helical coiled-coil structure,
which are present in unconventional or conventional

The co-existence of chitin synthase and a myosin mo-myosins. In spite of the low similarity to myosin mo-
tor-like domain in the same molecule of CsmA providestors, the positions of the P-loop, the switch I and the
a new insight into the transport and localization ofswitch II, and the essential residues in these loops are
its enzymatic activity. In yeast, many genetical resultsconserved (Fig. 4) (15). The N-terminal domain is at
have shown that chitin distribution is affected in cellsleast likely to show the nucleotide hydrolytic activity
of aberrant actin cytoskeleton (3). To add this, our pre-that results in the conformational change. The features
liminary data suggests that the N-terminal domain ofdescribed above indicate that this is the first reported
CsmA possesses critical roles in the spatial control ofexample of a myosin fused to a metabolic enzyme, al-
cell wall synthesis (unpublished results). We speculatethough there are two known distinct uncoventional my-
the N-terminal domain could be active as a myosinosins, Drosophila NinaC and myr5, that possess a pro-
motor, and that it would be necessary for proper local-tein kinase domain and a Rho-GAP domain, respec-
ization of the C-terminal chitin synthase domain.tively (16, 17). We designated this gene csmA (chitin
CsmA as well as other chitin synthases has transmem-synthase with myosin motor-like domain).
brane domains, so it might also be possible that CsmAThe C-terminal half of csmA product (CsmA) showed
functions as a carrier of the CsmA-containing mem-high similarity to class IV chitin synthases (data not
brane vesicles.shown). However, it could be grouped into a new class,

class V, together with the A. fumigatus ChsE (data not
shown). Its sequence was almost the same as that of the ACKNOWLEDGMENTS
class V-chitin synthase from A. nidulans strain FGSC4
recently reported and named ChsD by Specht et al. We thank Dr. Tomas Zimmer for helpful suggestions. We also

thank Dr. Kazuo Sutoh for critical reading of the manuscript. This(designated ‘ChsD’ here) (6). ‘ChsD’, together with A.
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