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nt P-Ttsbulin Gene from Dermatophyte
Pathogen Microsporum Canis.
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Abstract
Microsporum canis is the rnost common pathogen causing dernratophytosis in dogs and cats, which can

transmit the pathogen to humans. The disease is increasing in many European courrtries. Studies

regarding the structure. expressiorr, and organization oi M carri genes have been relatively limited

because of its non-aggressive and non-life threatening nature. Microtubules are essential cytoskeleton
pcrlymers in all eukaryotes. They are rnade of cr and fttubulin heterodimers. ln this study the DNA and

the structural organization of p-tubulin gene of M. canis is described. The DNA of 2487 bp has been

identifled and seqnenced. -fhe ORF oi 1341 bp enccding a protein of 447 amino acids q'ith a molecular

weight of 49.8 kD is interrupted by eight introns (56-187bp). The gene is highly homologous to p-tttbulin

of Trichopltyton rubrwn (98%) and Aspergillus parasiticus (91%). This data nray form one of the bases

for the development of rnoiecular investigation of dermatophyte fungi M. canis.
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Introduction:
Microsporum canis is a member of the Genes identified in M.canis are actin: a

farnily of fungal dermatophytes that has structural gene essentiai for assessing the

the capacity to invade keratinized tissue of viability of dermatophytes in skin [6];
humans and animals" They establish ubiquitin: a gene necessary for cell cycle
infection within the cornified layers of the regulation [7]; IV{EP1, MEP2, MEP3: they
skin, hair and nails [1). M.cr:nri infoction are secreted Metalloprotease [8];
is most common in cats and dogs, which Metallothionein: is a low molecular
can transmit the pathogen to humans [2]. weight protein, knorvn for their affinity
Microsporum canis is a worldwide- for binding heavy metalsf9]; Subl, Sub2,

distributed zoophilic and zoonotic Sub3:are subtilisin like protease [10];
dermatophvte, which is responsible for MEP4, MEF5; they are secreted

most cases of fbline ringworm. lts metalloprotease [1 lf; heat shack protein {
prevalence is on the rise in developed accession: AY521222) and sconC: a

countries as well as in Europe [3,4]. Cats sulphur metabolism negative regulator
are acting mainly as reservoir for M.canis. Il2]. These genes are the milestone in the

Dermatophytosis in dogs caused by h[. build up information about the structural
canis is mostly a cornpanied by bacterial arganization of dermatophytes fungus tlZ
infection" The disease is transmissiirle to canis. In this study, I identified and

human causing a variety of skin iesions characterized the structural arganization
called ringworm [5]. of t3tubulin gene.

Very little is known ahout the structurai Microtubules are essential cytoskeletor
organization of M, canis. polymers in all eukaryotes.
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They are rnade of cr. and fttubulin
heterodimers. I report the DNA and
mRNA nucleotide sequence of the M.
canis p-tubulin gene.

Its structure is cornpared with those of fl.
rubrum, A. oryzae, N. crassa, C. alhicsns,
and 

^S. 
cereyisiae,

Materials and Methods
Samples: M. canis was obtained from

clinical specimens collected at the
Department of Derrnatology, Medical
University of Vienna, and cultured in
Sabouraud's glucose broth in 75 cm
culture flasks at?7"C for one week.
The mycelia mass was collected by
centrifugation, extra fluid removed by
filtration through 0.45 pM filter and
washed twice with FBS. The mycelia
mass was flash-frozen in liquid nitrogen
and ground to fine powder in a porcelain
mortar. The powder was rised for DNA
and RNA preparation.
Nucleic acid extraction; High molecular
weight DNA from M. canis was extracted
r.vith phenol/chloroform and precipitated
with alcohol as described previously [9].
Briefly, the mycelia powder was digested

with 300 pglml proteinase K incubated at

60"C for t hr. The DNA was extracted by
Phenol-chloroform and chlorophorm-
isoamyl alcohol. The extracted DNA was
precipitated by ethanol, DNA pellet is
dried and dissolved in bi-distillated water
and stored at -20oC. Total RNA from M.
canis was extracted as described
previously [3].
Briefly, the mycelia powder was
homogenized with tissue homogenizer
after the addition of Guanidine
isothiocyanide. The homogenized tissue
loaded on caesium chloride and

centrifuged over night at 40.000 rpm"

RNA pellet was washed onoe with
Absolute and once with 7Ao/o etharol, air

dried, dissolved in bi-distillated water and

stored at -70oC.

cDNA synthesis and PCR: First strand

oDNA synthesis was performed with I pg
total RNA, 60U MULV reverse

transmiptase (Roche Applied Science,

Vienna, Austria), and 2.5 pM oligo (dT)

primers in a 20 p1 reaction volume. lpl
oDNA lvas subjected to PCR

amplification on thermal cycler according
to standard protocol.
The nucleotide sequence of the oDNA was

compared to the sequences in gene

databanks of the National Center for
B iotechnology Information filiCBI, NIH).
5'end sequence of the oDNA was obtained
by using SMARTTM RACE cDNA
amplification Kit (Clontech, Palo Alto,
CA) as indicated by the manufacturer'
For analysis of the structural organization
af M. canis J|-tubulin, PCR analysis was

performed for genomic DNA according to

a standard protocol [14] using synthetic
oligonucleotides (figure 1).

sl: S'-GGG ACC CCG ATA TAC
ACA ACA-3'
s2: S'-GGT AAC CAA ATT GGT
GCC-3'
s3: S'-TGT TCG
ACA TG-3'
s4: 5'-TCC AGG
AGC GTG T-3'

ACC CCA AGA

AGC TCT TCA

s5: S'-GCA GAT GTA CCA
TTC GAG TGT GA-3'
asl: S'-GTA TCA GAG GTG
CTC CAT TC-3'
as2: S'-GAC GGC CAA CTT
GAG ATC A--3'
as3: S'-TTG GAG GTC AGA
TCC GGT.3'
as4: S'-TAC CAG AAC AAG
GCC TTC.3'

TCC

AAG

GCC

AGA

fu{r{

Figure L: Sequences of (s) forward and
(as) reYerse Primers used for the

amplification of M.cunis Ptubulin
DNA and cDNA.
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Results and Discussion
Using s2/as4 primers hoinologues to the

conserved region of /i-Tubulin in
T.rubrum (accession: AAV33733) a
fragment of fi-tubulin gene from M"canis
cDNA was amplified. 5'and 3' end
sequence of the cDNA was obtained by
primer extension as indicated in materials
and rnethods.
The sequences of primers used tbr the
amplification of DNA and oDNA were
illustrated in figure 1. The DlrlA of 2487
bp has been sequenced. The ORF of 1341
bp is intemrpted by eight introns (187, 66,
70, 51,56,58,57 and 61 bp) they are
situated mainly tou.ered the S'end of the
gene (figure 2 and 3). Analysis of 13

genes from fu{.canis reported so far {actin,
ubiquitin, MEPI, MEP2, MEP3, MEP4,
MEP5, Metallothionein, Subl, Sub2,
Sub3, sconC and, p-tubulin the gene
reported in this work) suggest that introns
may interrupt the gene onse, e.g. ldEP2
[8] or twice, e.g. l+,{etallothionein [8] or as
many as 5 times, e.g, sconC [2]. The
total number of introns found in the 13

reported genes arc 46 (average of 3.5).
This work shows tl7atfi-tubulin gene in M.
canis is interupted eight times by introns
of 56-187bp. Filamentous fungi introns
are short, on average less than l00bp [15].
The smallest M.canis intron reported so
far is 45 bp from Sub2 [10] and the largest
is 187

bP from J3-Tubuliru (accession no.
DQ449623).
As in introns of other filamentous fungi
the introns of M.canis!3+ubwlin are started

with GTXXG were as the majoriry of XX
are AA, and ended either *,ith TAG or

CAG. All the eight introns are located

within the ORF, There is just one Known
M.canis gene, sconC [2] which has an

intron upstrem of the ATG. Such an intron
may play a role in the transcriptional
activation of the gene [16]. In the

sequence surrounding the ATG start

codon a purine (adinine) is present at
position -3; this has been suggested to be

important for translational activity in
filamentous fungi 1151.
The deduced amino acid sequence af M.
canis $-tubulin is 447 (frgure 3) with
molecular weight of 49.8 kD. Using
database NCBLtslast ancJ ExPASy
proteomics and sequence analysis tools, I
found that the atnino acid sequence of
M.canis J3-tubulin was 98% identical to
that af !3+ubu{in protein af Trichophyton
rubrum (accession: AAV33733) and 9lo/o

identical to that of J3-tubultn of Aspergillus
oryzae (accession: BAE64I22) and 9Ao/o

identical to that of Netrospora crassa
(accession: CAE856 1 5),

The phylogenic tree of l3-tubulin gene in
difl'erent dermatophyte funi indicates the

close similarity between T. rubrum and lu{.

canis (frgure 5).
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GGGACCCCGATATACACAACAAT CT CCAGCT CGACCT CGAACACT CCAGT CCACT CACCCT C
ffiTCAATATGcGTGAAATCcre.qcrcl,AGTTCTCTTCCACTCCTCGCTTCC
CCTCCAACTGTGCCAAAACACGGTCTGCACAGGCCAAGAAAGGGGGGGGGAGGGCCACCACACGACCATGTCCCA
GCGGGAAAAAAACGAGCGTCGAGTTTCATAACCCCAATGTAGAGCTTCCAGCATCAAACTAACGTGTATTGCTTG
CATAGGTCCATCTCCAAACIGGCE.AATGTETaacc:ITTGATCGTTCCCTGGTTCGTTGACAGGAACCCGT
TGAGTTAACAGCI,ATTGACACCCA@GcETTcTGGTAAGCATTCAACACGCCA
ATCATGCTTGTATATAGTCGTGTACGATCGTTACTGACTGAA-ATTGTATAGGCAAACCATTGCTGGTGAGC
ATGGTCTCGATGGATCCGGCCAcTGAGTAAATCCGCAGGAGTCGAAGTAGGGCTCGAGGACTCGGTTATTG
ACG ? GATAATAGCTATACCGGATCTTCEGACCTCCAATTGGAGCGCATGAACGTCTACTTCEAC
GAGCTTEC CAC CTCATTGGAGGCACA&CCTCTAGCAAAA
AATACGTTCCTCGTGCTGTGC TTGTTGATCTCGAGCCCGCT GCGCTCGATGCTGTCCGT GCC
GGTCCTTTCGGCCAACTTTTCCGCCCCGACAACGTCGTCTTCGGTCAGTCTGGTGCCGGAAA
CAACTGGGCCAAGGGTCACTACACTGAGGGTGCCAACTTGGTCGACCAGGTCATTGATGTCG
TTCGTCGTGAGGCCGAAGGATGTGACTGCCTTCAGGGTTTCCAGATCACCCACTCTCTCGGT
GGTGGTACCGGTGCCGGTATGGGTACCCTCTTGATCTCTAAGATCCGTGAAGAGTTCCCAGA
CCGTATGATGGCCACCTTCTCC GTTGTCCcjATCCCCAATGGTCTCTGACACCGTTGTCGAAC
CATACAACGCCACTCTCTCCATCCACCAGCTCGTTGAGCACTCCGACCAGACCIECTGTATC
GACAATGAGGTATGCTTTACTCCCGTGCTCATTTATATGTGACGTGGGCATATCTAACAGCGTGTA6CCTT
GTACAACATEEGCATGAGAACCCTCAAGCTCACCJIACCCATCTTATGGTGACCTCAACCACC
TCGTCTCTGCCGTCJ\TGTCCGGTGTCAGCACCAGTCEECGTTTCCCCGGTCAGCTCEACTCT
GATCTCCGCAAGTTGGCCGTCAACATGGTTCCATICCCTCGTCTCCACTTTTTCATGGTTGd

CAACGCCTACTCTTTCCGTGCCGTCTCCGTACCAGAGTTGA
CCCjAGCAGATGTTCGACCCCAAGAACATGATGGCTGCCACTGACTTCCGCAGCGGCCGCTAC
CTTACCTGC TcGTccrrAcATcGTAATcrrrcrrAATcAcrAAcAcl-,.-!
C AAT A &,CGTGGIAAGGTTTCCATGAAGGAGGTTGAGGACCAGAT GCGCAACJtrTCCAGAACAA
GAACTCTGCCTACTTCGTTGAATGGATTCCCAACAACGTCCAGA,CTGCTCTCTGCTCCATTC
CTCCACGTGGTCTCCAGATGTCCTCCACCTTCGTCGGAAACTCCACCTCCATCCAGGAGCTC
TTCAAGCGsGTCGGTGACCAGT TCACTGCTATGTTCCGCAAGAAGGC TITCElM
CAC T GGCGAGGGTATGGACGAGATGGAGTTCACTGAGGCTGA
TCAGCGAATACCAACAGTACCAGGACGCCTCCGTCTCTGACGGTGAGGAGGAATA G T GAG T G T T

CACCTATCCAACTACTAATCATGATTATTTGCTAACTTACCCTACCAAACACCCTTGAGGAGGACCAGCTC
GAGGCCGAAGAGIAAAT GCCACGTACCCGTATAAT TGAGACTT A]U\TGTCTCTCTTAT CCT C
CAC C T T GCAT T C GC T T T GC A'U\ ATAT C C C T T T C T C CC GCACAGCAGAT GTAC CAT C C T T C GA
GTGTGAGCCTTGCGTTTAACCAGCCTATGCTTACACCTACGCffi
AATAATTCCCCCAACTAGCGTGTCCGTTTTGAGTCGAATATTAGTCACTAGGTGAT A'\CA'U\
AACAGGATCAATTGGCTGTTTGATATCCCTCCATCCCA,U\TATCTTTTAAT TTCATCATT T T
TCCTTTGTTTTCGGAGAACCAATTATTAA AJUUU\TTCCCCTTCAATTTTCAAGGTATTCACT
CCCCTTACCTTCTCTTTGTCTCATTAGATACTGGCATACAGTATTGAAGACAJUUUU\GAGCG
AAT GGAGCT T CACCT CT GATAC

p- tubulin gene. The genomic DNA
contains eight introns (indicated

66,1 0 , 67,56,58, 57 and 6L bp.
n is written in bold uppercase.
e start and stop codon are

Figure 2.
Nucleotide sequence of M.canis
sequence of M.canis B-tubulin
in italic-red letters') of LBl. ,respectively. The coding regio
The primers are underlined. Th
double-underlined.
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Figure 3. Multiple alignment of the deduced amino acid sequenc e of M. cdnis tl-tilbulin with that
a{ T,rubrum (accession no.AAV33?33), A.oryzue (accession nCI.8A864122), N.crassa (accession

no.CAE85515), C. albicarrs (acces$ion no. AAA343?5) and S. cerervisiae (accession no.V01296)
using ExPASY CtustalW-EBI Tosl. The borders of amino acid regions encoded by different
exons are indicated by arrows above the sequences. Shaded numbers hetween arrows indieate
the phase (position within the triplet) of the exon-exon border unless the phase is 0. Amino acid
consem.atiou is marked by astcrisks, colons, and periods for identicatr, highly similar, and weakly
similar residues, respectively,
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S,err,s,lu,

Figure 4.PCR amplification of M.canis
fi-tubulin cDNA (lines 1r,2r,3r,4r,5r)
and DNA (lines 1d,3d,4d,5d). The
primer pairs used for the amplification
of the samples in line Lr,ld is s1-as3; in
line 2r is sl-asl; in lines 3r,3d is s3-as1;
in lines 4rr4d is s4-as1 and in lines 5r,5d
is s5*as1. (ntr) is DNA molecular marker
VI. The PCR products were loaded on
lrlYo agarose gel and visualized by
ethidium bromide.

f,sff,ieufl$

Figure 5. The phylogenic tree of B-
tubulin in M.canis , T,tubrum, C,

albicans, S.cerevisiae, N.crsssa and A.
Oryzae indicate the close association
between different
dermatophytes.

types of

In summary, I report the comPlete

genomic sequence and organization of p-
tubulin gene in M, canis and its

comparison lvith other related fungus.

This data may form one of the bases for
the development of molecular
investigation of dermatophyte pathogen

M.canis.The nucleotide sequence of
M.canis B-tubulin is deposited in the

GenBank database and assigned accession

number: DQ44962.
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