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ABSTRACT 

I nfections by dermatophytes can be contracted from animals, humans, 
soil or contaminated fomites. In the genus Microsporum, some species 
e.g. M. canis are commonly associated with cats and dogs which act as 
an important reservoir for human infections. Others, e.g. M. cookei are 
n o n path o g e n ic  and fou nd i n  t h e  soi l .  The p rese nt stud ies have 
i nvestigated the incidence of these ecologically contrasting species on 
cats, dogs and in the soil, their enzyme expression, and enzyme types as 
identified by proteinase inhibito rs , gelat in/S DS-PAGE and multi locus 
e nzyme e lectrophoresis ,  and have led to an investigat ion of thei r 
phenotyp ic variatio n .  The pri mary ai m was to attempt to  detect 
differences in enzyme production which might be related to mechanisms 
of pathogenicity of M. canis. 

Isolation procedures employed were the hairbrush technique for small 
animals and the keratin-baiting technique for soil with samples being 
cultured on S DA containing antibiotics. Soil samples revealed 1 9  fungal 
g e nera,  t h ree being of keratinolytic fungi ,  representing 50% of total 
i solations. Trichophyton species were the most common (39% samples) 
but M. cookei was isolated from 6.8%. 

Fungi i so lated fro m  cats and dogs rep resented 20 g enera,  with the 
predominant isolates being keratinolytic fungi (51 .9% of total samples). 
Cats were the major carriers of kerat i nolytic fungi ( Chrysosporium, 
Microsporum and Trichophyton). M. canis was frequently isolated (1 8.5% 
of cats) and  its d istribut ion had a seasonal variation ,  with a peak 
appearing in  May-June. 

All isolates of M. canis were of the "-" mating type. M. cookei isolates 
were of bo th  the  "+"  and "-" m at i n g  types ,  but  "+" types  were 
predominant. 

Biochemical assays showed that M. canis produced higher proteinase 
and keratin ase activities in shake cultures than in stationary cultures. 
E lastase act ivity was g reater  i n  stat ionary cu ltu res .  M. cookei's 
protei nase and keratinase activit ies were lower but again greater i n  
shake cu ltures. There was no detectable keratinase activi ty in stationary 
cultures of M. cookei, and no significant difference in e lastinolytic activity 
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between s hake and stat ionary cultu res .  G rowth i n  s hake cu lt u re 
produces the "pseudo-parasitic" morphology which mimics that found in 
i nfectio n ,  t h e refore,  the  d iffe r ing enzyme express ion of the  two 
Microsporum species may be a reflection of their  differi ng ecological 
roles. 

Characterisation of the enzymes with chemical inhibitors revealed that M. 
canis and M. cookei produced serine protei nases, but on ly M. canis 
produced cysteine and probably aspartic and metallo-proteinases. The 
serine and cysteine proteinases are considered likely to be of particular 
significance in the pathogenesis of M. canis infections. 

Using substrata copolymerised gel electrophoresis (gelatin \S DS-PAGE), 
shake and stat ionary cu ltures were ag ai n  compared for e nzyme 
expression. Among the six different Mr proteinases (1 22 K Da, 64  K Da, 
62 K Da, 44 K Da, 36 K Da, and 28 K Da) e xpressed by M. canis, three 
( 1 22 K Da, 62 K Da and 28 K Da) were found to be more highly expressed 
i n  shake cu ltures.  I n  contrast, M. cooke risolates e xpressed seven 
d ifferent proteinases (67 K Da, 64 K Da, 63 K Da, 62 K Da, 54 K Da, 52 
K Da, and 42 K Da), of which two (67 K Da, 64 K Da) were expressed only 
i n  stationary cultures and one (52 K Da) although expressed i n  shake 
cultures was more high ly expressed in stationary cultures. Possibly the 
high and low Mr proteinases expressed by M. canis are more important 
i n  its pathogenicity than the middle range proteinases also detected in M. 
cooke i. 

Multilocus enzyme electrophoresis using starch gels and examining eight 
e nzymes, showed M. canis to be phenotypically more diverse than M. 
cookei as measure d  by the norm al ised S hannon-Wiener diversity 
statistic. M. canis showed a substantial with in  population variabi l ity 
(84.9%) by geographical  reg ion ,  with a moderate level (2 1 .7%) of 
i nterpopulation  d ifferentiation. Cluster analysis confi rmed this diversity 
and also revealed a possible grouping of isolates from clinical infections, 
and based on the accumulated data of these studies, EST phenotype 9 
although present in a few carrier isolates was commonly associated with 
isolates from clinical cases and perhaps deserves further investigation. 
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1 

PREFACE 

Medical mycology can be said to have originated with the demonstration 
by Agostino Bassi in 1 835 of the  re lationship between a disease of 
s i lkwo rms known as muscard i n e  and its causal age nt ,  a fungus ,  
Beauvaria bassiana (Utz, 1 981 ) .  This disease had threatened to destroy 
the  s i lk i ndustry in  France and Italy (Aje l lo, 1 977). But after Bassi's 

discoveries, other  early work was concentrated on the superficial fungal 
diseases of man. 

Robert Remak in 1 837 observed spores and hyphae in crusts recovered 
from a child suffe ring from favus and late r published accou nts of the 
fungus in  hair shafts obtained from the patient (Howard, 1 983). He also 
successfu lly reproduced the d isease by se lf-i nocu lation .  I n  1 845, he 

cu ltivated and named the aetio logical agent, Achorion schoenleinii, 
during h is work in his mentor Professor Schoenlein's clinic. The fungus is 
now more commonly known as Trichophyton schoenleinii. 

Although Remak was the first to associate a microorganism with human 
d isease, the studies of David Gruby made a g reater contribution to 

m edical mycology (Ajel lo ,  1 974;  Howard , 1 983). Between  1 841 and 
1 844, Gruby re leased several publications which described the main 
pathogens causing ringworm and also i ndependently described the 
fungal nature of favus (Wilson and Plunkett, 1 97 4 ). In 1 843, he published 

an account of scalp ri ngworm caused by a fungus which he named 

Microsporum audouini (on the basis of the in vivo g rowth pattern) ,  in  

honour of a colleague, Victor Audouin. His work also included studies of 
e ndothrix trichophytosis and thrush,  a fungal disease of the mouth 
caused by Candida albicans. 

A n other  who contributed a g reat deal to t h e  deve lopment of o u r  
k nowledge o f  t h e  ri ngworm fungi o r  dermatophytes was Raymond 
Sabouraud. Sabouraud, in 1 892 started issuing numerous reports which 

cu lm i nated i n  the publ icatio n  of "Les Teignes" (Sabouraud,  1 9 1 0 ) .  
Sabouraud was able, through the techniques of pure culture ,  which he 

i nt roduced i nto medical mycology ,  to demonstrate the p lurality of 
d e rm atophytes. He p laced these fungi  i nto fou r  genera :  Achorion, 



2 

Epidermophyton, Microsporum and Trichophyton (Sabouraud, 1 9 1 0 , 

cited by Ajello, 1 968; Seelinger, 1 988). 

Sabouraud had realised the complex manner in which these fungi grow 

i n  culture ,  with successive cultu res taken from the parent stock often 
showing variation. This capacity for variation can render dermatophytes 

very difficult to identify and resulted in great difficu lties in devising a 
uniform, internationally accepted classification (Ajello, 1 962). 

The fo llowing years saw i ncomplete and inaccurate reporting because 

diagnosis was not based on sound mycological techniques but on small 

variations in clinical appearance of lesions or slight differences in colonial 

morphology. The natural h istory of the fungus was unknown or ignored 

(Wilson and Plunkett, 1 974; Howard, 1 983). Due to numerous misleading 
reports, several hundred "new species" were described and named as 
human pathogens. Dodge ( 1 935) in his monograph even described 1 1 8  
dermatophyte species, placed in  9 genera (Baxter and Rush-Munro ,  

1 980b). This confusion ,  which hindered clinicians in classifying human 
d isease on a myco log ical basis ,  forced them to adopt a c l in ical­
anatomical or topographical categorisation. 

I n  1 934, Emmons developed and outli ned in extensive detai l a strict 

botanical classification based on accepted ru les of nomenclature and 
using fungal morphology in vitro, which avoided classification systems 
based on clinical appearance. He placed the dermatophyte species into 

t h re e  g e n e ra, Epidermophyton, Microsporum and Trichophyton, 

e mbraci ng 1 8  species (Emmons ,  1 934).  Th is  was g e ne ra l ly we l l  
accepted by mycologists and clinicians alike (Ainsworth, 1 986). 

The dermatophytes can be included in  an ecological group known as the 

keratinophilic fungi i.e. fungi with an affinity for keratin. Such fungi may 

m e re ly use kerat in  as a surface fo r g rowth.  I n  other  cases s imple 

mechanical penetration of the substrata may be achieved. But some 

i ncluding the dermatophytes and a number of dermatophyte-like fungi 
have a marked ability to enzymatically digest keratin and can be termed 

keratinolytic fungi. The keratinolytic fungi comprise the dermatophytes 

and certain other fungi such as Chrysosporium spp . .  
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The use of Vanbreuseghem's (1 952) hair-baiting technique has enabled 

the detection and iso lation of soi l-borne (geophi lic) non- pathogenic, 

ke rat i n o lyt ic  f u n g i .  N otab l e  a m o n g st t h e s e  are Trichophyton 

(Keratinomyces) ajelloi (Vanbreuseghem, 1 952) Ajello, 1 968, T. terrestre 
Durie and Frey, 1 957 and M. cookei Ajello, 1 959. All these geophi l ic 
species, with regard to morphology, sexual behaviour (Campbell, 1 988) 
and antigenicity (Mackenzie, 1 988) are dermatophytic. The only factor 

differentiating them from true dermatophytes is their i nability to cause 
disease in man and animals. 

The dermatophytes in the broadest sense can be divided i nto three  
eco log ica l  g ro u p s ,  z o o p h i l e s  ( m a m m a l i a n  and av i a n  h o st s) ;  
anthropophi les (human hosts) and geophiles, which for the most part 
degrade keratinous material, e.g. skin, hai r, hooves, horns, feathers, i n  
the soi l. Of the zoophi les at least ten species are recognised, three of 
which are of real i mportance to man, name ly ; Microsporum canis, 

Trichophyton mentagrophytes (and its varieties) and T. verrucosum. Of 
the three, Microsporum canis is the most important epizoonotic fungal 

pathogen, causing a severe public health problem on a world-wide scale. 

Besides its impact on human health, there are also social and economic 

considerations as a result of its infections. For example, ringworm of the 
scalp is (wrong ly) considered to be a social stigma (English, 1 972} .  I n  

New Zealand, the most susceptible age of infection is up  to  15  years but 

the impact of loss of school days on school-going children has not been 
documented (Mycoses Newsletter, CDCNZ, 1 992} .  In addition to human 

suffe ri ng, the economic cost of medical consu ltatio n  and drugs for 

treatment is not known. 

M. canis is responsible for a polymorphism of scalp and skin i nfections i n  
both humans and an imals. Its abi l ity to  produce enzymes has been 

implicated in  the pathogenesis of skin infections of the host organisms, in 

cou ntering host defense mechanisms and for providing its nutritional 

needs. lt has been suggested that extracel lular enzymes i nvolved i n  

pathogenesis include keratinases, proteinases, e lastases, peptidases, 

aminopeptidases, catalases and peroxidases (Ernst, 1 989). 

In contrast to M. canis, the soil inhabiting dermatophyte, M. cookei is of 

little medical importance. 1t is morphologically rather simi lar to M. canis 
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and also has a world-wide distribution. Although it may be isolated from 
animals, clinical disease is not observed (Rees, 1 967). Even though tinea 

corporis caused by M. cookei has been reported in humans (Frey, 1 971  ), 

the fungus must be considered a non-pathogen. 

Accepted therapeutic measures alone do not appear to have altered 
mate rial ly the  frequency and course of M. canis i nfect ion i n  m ost 
com m un it ies .  A n  i ncrease i n  our  knowledge of the biolog ical and 
biochemical properties of a pathogen compared to a nonpathogen could 
suggest ways of controlling and treating infections. The relatively small 

number of effective antifungal agents reflects to a large extent the fact 

that many aspects of fungal physiology and viru lence are not wel l  
unde rstood ( E rn st ,  1 989) . The dete rm inat ion of re lative sizes and 

numbers of, for example, proteinases expressed could suggest possible 
mechanisms of pathogenicity i nvolving certain of the e nzymes and 
t h e refore ways of maki ng d rugs  and/or vacci nes for contro l l i ng 
dermatophyte pathogens. 

The main purpose of the work to be reported in this thesis was to study 
and compare aspects of the ecology and biochemical variabil ity of M. 

canis, a pathogen and M. cookei, a nonpathogen and to i nvestigate 
certain e nzymes produced by these fungi e.g. kerati nases, proteinases 

and e lastases which have been impl icated i n  the pathogenesis of 
disease. Furthermore , genetic studies of these species are practically 
non existent. The genetics of the group is not well characterised and 

there is a lack of suitable methods and scoreable markers for assaying 

variability in natural populations. Thus an investigation of enzyme marker 
systems, especial ly for enzymes implicated in pathogenicity, could be 

useful in determJning phenotypic or genetic relationships among strains. 




