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ABSTRACT

Classification of the dermaéophytes, a group of keratinophilic
fungi, depends primarily on morphological criteria, but individual
identification is often difficult. Many species have been created,
based on what are often minor differences in structure or unacceptable
characters such as isolation from different hosts or different clinical

conditions.

Biochemical techniques, used successfully in the differentiation
of other micro-organisms, have had a limited application in the study
of dermatophytes and were made the subject of special investigation, 22
species were grown on media containing 30 different carbon or nitrogen

sources. It was found that both geophilic and zoophilic species had

similar nutritional patterns, but for some, e.g. Microsporum gypseum and

Trichophyton mentagrophytes, nutritional and biochemical tests are of

little taxonomic value. Ability to hydrolyse urea allows differentiation

of T. mentagrophytes from T. rubrum and T. erinacei, and T. soudanense

from M. ferrugineum. Other nutritional differences which may be used
to separate species are described. The results obtained are complementary
to the classification of dermatophytes based on morphological criteria

but do support the separation of certain species, e.g. M. equinum, hitherto

regarded as variants of another species.

Serological investigations are described and five groups have

becn established, based on the presence or absence of common antigens.

The results show that the genus Microsporum, with the exception of



M. gypseum and M. persicolor, 1s serologically distinct from the genus

Trichophyton. M. gypseum, T. ajelloi and M. persicolor are

serologically related, however, having common antigens. The genus

Trichophyton was found to contain two serological sub=-groups:

(1) T. mentagrophytes=T. rubrum~T. schoenleinii, and (2) T. quinckeanum-

T. soudanense-T. erinacei. T. tonsurans has close relationships with

most other Trichophyton species. T. violaceum and Epidermophyton floccosum

had few antigens in common with any other species. The two saprophytic

species, T. terrestre and M. cookei, appeared to be serologically unrelated

to other members of the respective genera.
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GENERAL TINTRODUCTION

The taxonomic status of a genus or a species at any time tends
to reflect the prevailing interests of workers in the field and what they
accept as vatrid criteria for the differentiation of individual taxa.
However, interests fluctuate with increase in knowledge of organisms and
the development of new techniques, and as a result systems ot classification
may undergo radical changes with the passage of time. This is particularly
well illustrated by the taxonomy of the dermatophytes. These fungi were

first described and the generé Trichophyton and Microsporum establiched by

Gruby and Malmstem in 1840 and 1845 (Tate, 1929a). For the next 60 years
most of the work on dermatophytes was done by dermatologists who were
primarily interested in clinical aspects of the dermatophytoses.
Consequently isolates were assigned to categories mainly on the basis of
the site trom which they had been obtained. The first classification of
these fungi, by Sabouraud (1910), was based mainly on the relationship of
the parasite to the host; culfural features were usea oniLy secondarily.
From the clinician's viewpoint, such a classification had, and still has,
a practical value. For example, all agents of the clinical condition knowm
as favus were brougnt together in the one genus Achorion, whereas the
species causing acute inflammation were separated from those causing more
chronic disease. However, the grouping together of such diverse fungi

as Irichophyton (Achorion) schoenleinii and Microsporum (Achorion) gypseum
1S not consistent with modern mycological systems where morphological

features are used as the primary basis for classification. In additionm,



isolates which a mycologist would classify as a single spccies on the
basis of colonial and morphological appearance, may be recovered from
both chronic and inflammatory lesions, on the same or different patients.
The publication by Sabouraud of the investigations he had made on the
dermatophytes (1910) generated much enthusiasm amongst dermatologists

and mycologists in the years that followed. But once interest in the
dermatophytes per se had been aroused, the clinical orientation of his
classification was eventually recognised to be inadequate. Thus several
classifications, all based upon morphological criteria, were published
between 1910 and 1934 but no single scheme received general acceptance by
the majority of workers in the field. Yet the ever-increasing number of
described species made an acceptable mycological classification even more
essential. Sabouraud himself had recognised 45 speciec collected into 5
genera but by 1935 the number of species had risen to nearly 200 (Gregory,
1935). Dodge (1936) listed 118 Species*distributed among 9 genera. The
tendency to describe as a new species an isolate differing only in some
minor respect from those already recognised was the main cause of this
complexity. Thus, although characterisation of new species was now based
on morphological criteria rather than on t£e'c1inical appcarance of the
lesions from which the fungi were isolated, there was still nomenclatural
as well as taxonomic confusion.

In 1934 C.W. Emmons published a classification based upon
morphology of the multicellular conidia (macroconidia) produced by
dermatophytes on simple laboratory media. This scheme was subsequently
widely adopted, and remains the classification in use today (Rebell & Taplin,

1972). Emmons recognised 3 genera, Microsporum, Trichophyton and

Epidermophyton distinguished by the shape of the macroconidium, viz. thick-

M

walled and fusiform; thinwalled and cylindrical; and thickwalled and
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clubshaped, respectively. The shape, size and arrangement of macroconidia
and microconidia, and the presence or absence of hyphal structures such as
spiral hyphae, were used to delineate species. A fourth genus

Keratinomyces was subsequently described (Vanbreuseghem, 1952) but this

was later reduced to synonymy with Trichophyton by Ajello (1968).

Provided with a practical system of classification, into which

most isolates could readily be placed, mycologists gave increasing attention

to the characteristics of individual specles of dermatophytes and detailed
studies have been carried out on their morphological appearance and
nutritional requirements (Georg, 1950, 1952; Schwartz & Georg, 1955).

As a result of these studies, many of the described species have been

shown to have varietal rather than specific status. In the second edition

of "The Dermatophytes" Rebell and Taplin (1972) listed 15 species of

Microsporum, 25 species in the genus Trichophyton, and 1 in the genus

EEideerEhzton.

One of the main purposes of any classification is to provide+a
means for identifying unknown isolates. The disadvantage of a
classification based upon morphology alone is that morphological
characteristics are particularly vulnerable to changes in the nature and
conditions of cultivation. If therefore an isolate fails to produce the
characteristic features its identification is impossible. As a result,
there is now an increasing tendency to explore the use of criteria other
than morphology in the study and classification of species.

One of the most important recent advances followed the discovery
of the sexual state amongst dermatophytes. Although Nannizzi (1926) had
reported the development of cleistothecia by several species, his work

was subsequently discredited on the basis that he had worked with impure

cultures. In 1961, hoﬁever, Stockdale and Criffin, working independently,

&



re-discovered the sexual state of M. gypseun. Nannizzl was thus
vindicated, and it was fitting that p9sthumous recognition should be
given by establishment of the genus Namnizzia for the cleistothecial
state (Stockdale, 1961). Almost immediately, sexual states were

described for T. terrestre and T. ajelloi in the Ascomycete genus

Arthroderma (Dawson & Gentles, 1961). Since then several more sexual

forms (8 of Nannizzia, and 10 of Arthroderma) have been described as
shown in Table 1. All known sexual states are heterothallic., By mating
known and sexually-unclassified strains, both familial and phylogenetic
relationships may be established (Padhye & Carmichael, 1969). However,
even for species known to possess a sexual state, it is often extremely
difficult to induce secxual reproduction in the laboratory. The nature
of the medium has been shown to influence the mating process (Padhye,
Sekhon & Carmichael, 1973; Kwon-Chung, 1967). Most dermatophytes

\
known to form a sexual state are geophilic, or belong to species which are
rarely pathogenic for man, The majority ot species have not yet been
showg able to repréduce in this way and mating studies are therefore
not practicable. It may be that adaptation, particularly by the
anthropophilic species, to growth on human skin has been accompanied by

the loss of sexual potency.

Since both morphology and mating studies are influenced by
changes in media and techniques, a considerable amount of effort has been
expended in searching for characteristics which are not affected by
growth conditions. 1In some instances, attempts have been made to
detectkantigenic siﬁilarities and differences between species using
serological procedures such as complement fixation, haemagglutination or
fluorescent antibody. Other attempts have in?olved chemical analyses of

enzyme fractions or electrophoretic studies of fungal extracts.



TABLE 1 SEXUAL AND ASEXUAL STATES OF DERMATOPHYTES
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Nutritional studies have also been used, principally to distinguish
individual species or small groups of species.
The superficial nature of ringworm does not normally lead to

the development of detectable circulating antibody, although the presence

of skin-sensitising antibody may be shown by skin testing. Some workers

have reported antibodies to ringworm fungi in the sera of infected
individuals using haemagglutination, complement fixation, charcoal
agglutination and immunodiffusion (Reyes & Friedman, 1966; Grappel,
Blank & Bishop, 1971, 1972). However, since antibody was also detected
in the sera of unaffected individuals, the significance of these findings
is questionable. It is also possible that reactions may be due to
non-specific glycopeptide (C-~substance) known to be produced by fungi
including dermatophytes in old cultures (Longbottom & Pepys, 1964).
Although typing of micro-organisms by serological methods has
been in use for many decades, the application of such techniques to
fungi dates largely from 1960, e.g. Candida (Tsuchiya et al., 1961;

Murray & Buckley, 1966); 'black yeasts'" (Nielsen & Conant, 1967: Buckley,

1968); pathogenic actinomycetes (Murray & Mahgoub, 1968). Three groups

of workers (Sharp, 1942; Grappel et al., 1967, 1968, 1969, 1970; Biguet
et al., 1961, 1965) have studied antigenic differences among dermatophytes

using ring-precipitation, complement fixation and immunoelectrophoretic
procedures respectively. All three groups found that cross=—reactivity
between species was common, and as a result it has not yet been possible
to use these techniques for either identification or classification.
Another serological technique, fluorescent antibody staining,
has also been used in the differentiation of dermatophytes but such
studies have been limited. Miura (1963) attempted to separate five

species in this way, but the strong auto~fluorescence shown by all species
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made it difficult to assess the results.

Schecter et al. (1966, 1968a, 1968b) analysed the proteins
present in culture filtrates and mycelial extracts of some common
dermatophytes by disc electrophoresis in acrylamide gel, and obtained
patterns which were specifically distinct. 57 fractions were analysed
by means of factor and cluster analysis. Groups with similar patterns
corresponded closely to the genera and species already defined on

morphological criteria.

Carmichael and co-workers in Canada have used pyrolysis-gas
liquid chromatography to analyse extracts of several different species of
dermatophytes (Carmichael, Sekhon & Sigler, 1973; Sekhon & Carmichael,
1972, 1973). Although they were able to get different patterns for each
of the species studied, the technique was not then reproducible and its

full potentialities remain unknown.

Despite the importance of such studies, they have not yet

been sufficiently developed to replace morphological criteria as a
precise means of defining individual species, and much taxonomic confusion
still persists within the group. There is thus considerable scope for
workers interested in the taxonomy of the ringworm fungi, to explore and
evaluate various serological, chemical and biochemical techniques.

| The aim of the present work was to develop systems for the
classification of dermatophytes which were based on criteria other than
morphology. For any system of classification to be of help to the
routine microbiological laboratory, the methods used would have to be
relatively simple. Many of the serological and chemical methods reviewed
in the preceding paragraphs are not easily used outside specialist

laboratories because reagents are complicated to prepare, equipment 1s
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often claborate and expensive, and the reading and interpretation of
results may require specialist training. In contrast nutritional tests
and certain serological methods such as gel diffusion, do not normally
require elaborate equipment and are within the scope of routine laboratories.
Consequently the nutritional requirements of dermatophytes have been
subjected to particular study with the intention of establishing simple
methods for differentiating species; secondly, an attempt has been made
to demonstrate affinities by analysing antigens detectable in agar gel.
A broad survey of several species was planned in preference to a more
detailed study of a few species. The principal objective was to
determine whether recognisable differences exist and can be exploited as

a means for differentiating species.



PART I. NUTRITIONAL INVESTIGATIONS

1. REVIEW OF THE LITERATURE

CARBON NUTRITION

Interest in nutritional characteristics of dermatophytes extends

back over almost ninety years to the initial observation ot Verujski in

1887 that "Trichophyton tonsurans', but not "Achorion schoenleinii', was

able to grow on media containing glucose and glycerol. Bodin in 1899 and

1902 snowed that Microsporum equinum and M. gypseum grew in the presence

of glucose, maltose and dextrin, while T. quinckeanum assimilated glucose
in preference to maltose and lactose. These workers also showed that
dermatophytes possessed proteolytic enzymes and could liquefy gelatine.
Thése observations have subsequently been amplified and extended by
other workers (Table 2).

Only a few workers have tested the ability of dermatophytes to

grow on compounds simpler than carbohydrates, e.g. acetate, but their
studies have shown that these compounds cannot provide adequate sources: of
energy (Tate, 1929a; Giblett & Henry, 1950; Schwartz & Georg, 1955;

Sullivan, Bereston & Wood, 1954). This is true of fungi in general

(Cochrane, 1958).

On the basis of these published results some generalisations
are possible. Of the hexosés studied, fructose and mannose are utilised
as well as or better than glucose; galactose, however, seems to be less
readily assimilated. This is not surprising since mannose and fructose
are stereo-isomers of glucose and transformations take place easily;
both fructose and glucose enter directly into the metabolism of the cell.
Galactose can be converted to glucose-l-phosphate but 3 enzymes are

necessary for this reaction. Thus if these cnzymes were not synthesized
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by the fungus, or if only one of them was absent, galactose would not

be utilised.

Assimilation of pentoses has rarely been investigated and
studies have been largely confined to specles of Microsporun. Arabinose
1s utilised by M. canis, M. cookei and M. distortum, but not by M. gypseum,

M. nanum and M. audouinii. Xylose is assimilated by M. canis, M. cookeil

and M. nanum. Rhamnose and ribose were tested only by Koehne (1962) who

reported utilisation by the three species he studied. However, the
results of Koehne should be regarded with some reserve for two reasons:
firstly, he reported the poor utilisation of glucose by M. nanum although
the fungus will grow on the basal medium — very few fungal species have
been reported as unable to utilise glucose (Cochrane, 1958),. Secondly,
he used asparagine as his nitrogen source. In general, asparagine
supports extremely good growth since it can act both as a carbon and as

a nitrogen source.

Reports on the assimilation of disaccharides are conflicting.

L T T e —

Most workers have found that maltose is not assimilated by M. audouinii

or by M. gypseum. Utilisation of maltose by Trichophyton species has

been demonstrated by some workers but not by others. It is difficult,
however, to compare results directly since materials and methods have
varied widely. It is generally agreed that dermatophytes do not

assimilate lactose. Cellobiose is apparently used by most dermatophytes

but few studies have been made with trehalose.
Reports on the utilisation of sucrose and melibiose, and the
trisaccharide raffinose, are also conflicting. If, as has been suggested

(Bealing & Bacon, 1953; Edelman, 1954), the same enzyme, ﬁ-fructofurano-
sidase, splits both raffinose and sucrose, while & -glucosidases split only

sucrose, a fungus should assimilate sucrose if it utilises raffinose but
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not vice versa. From Table 2, it can be seen that reports on the

Microsporum species, e.g. utilisation of sucrose by M. canis, are

inconsistent. Some efforts have been made to demonstrate the presence

of sucrases in dermatophytes but without success (Tate, 1929a:

Chattaway, Thompson & Barlow, 1954; Thompson, 1955). There is evidence
that in yeasts both melibiase and sucrase (f3-fruct0furanosidase) are
located in the cell wall and that the reactions actually occur outside

the cell membrane (de la Fuente & Sols, 1962). If the breakdown of
raffinose, melibiose and sucrose takes place outside the cell membrane

of dermatophytes, onlf the constituent hexoses would require to be
transported across it. The inability to assimilate these oligosaccharides
would thus be due to absence of the appropriate enzymes. If the hexoses
are not utilised, the inability of dermatophytes to utilise raffinose
mighf be due to inability to assimilate breakdown products rather than

the absence of enzymes. The evidence suggests, however, that
dermatophytes lack the necessary enzymes, since they are able to assimilate

both glucose and fructose.

The sugar alcohols mannitol and sorbitol are broken down to

fructose and glucose by a single enzyme or by closely related enzymes.
While most species utilised both compounds, a few were able to catabolise

only one. This may imply that one compound is used preferentially or

that permeability factors may be involved.

Of the storage polysaccharides, inulin and starch are apparently
not used as sources of carbon, while dextrin (a breakdown product of

starch) is used by most species.

The methods used by various workers in assessing the extent to
which a given substrate is used vary widely, and some appear to be of

doubtful significance. "Fermentation" methods were favoured by Hopkins
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and Iwamoto (1923), Pinetti (1947) and Pena Yanez and Pallares (1956),
by which they meant the development of an acid pH in the medium. A
change of pH almost always occurs during growth of dermatophytes but

in most investigations where it has been recorded, the change was towards
alkalinity rather than acidity (Hopkins & Iwamoto, 1923; Biltris, 1929;
Goddard, 1934:; McVeigh & Campbell, 1950). Refai and Rieth (1964), for
example, showed that most common dermatophytes changed the pll of a sugar
peptone broth from 6.4 to 7.2/8.5 in one month whether the carbon source
was glucose, galactose, sucrose or maltose. Fermentation in the strict
sense is any energy-yielding reaction in which the ultimate electron
acceptor is a compound other than oxygen. Since dermatophytes do not
produce acid during growth, it is more satisfactory to use a method in

which the value of a given nutrient as an cnergy source is determined by

presence or absence of growth. The following methods for determining
growth on media with different carbon sources have been employed.

Dry weight was used by Verujsky (1887), Goddard (1934) and

Stockdale (1953). This method records directly the increase in hyphal

material and is therefore one of the most accurate measurements. It 1s

however demanding in time, space and labour.

Measurement of colony diameters on solid media (Sullivan, Bereston
& Wood, 1954; Schwartz & Georg, 1955; Koehne, 1962) records only increase

in surface area; this does not necessarily reflect the amount of growth
since extensive yet thin growth would be recorded as greater than a compact
but abundant growth. In such methods it is useful to note both the type

and amount of surface and subsurface growth (Koehne, 1962).

Visual estimation of the amount of growth (mosher et al., 1936;
Lewis & Hopper, 1941; Pinetti, 1947; Giblett & Henry, 1950; Pereiro

Miguens, 1959) involves a subjective assessment of area and density of
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growth; no measurements of any kind are used. It depends entirely
upon the skill of the observer, but with practice it can give very accurate
assessments. Pinetti (1947) investigatea both dry weight and visual

methods. He found that results using both methods were closely comparable

and concluded that it was unnccessary to carry out the more laborious

objective estimation.

The media used by many of these workers have had closely similar

compositions. They consisted of a nitrogen source (ammonium sulphate or
more rarely ammonium nitrate), phosphates (potassium dihydrogen phosphate
or a mixture of sodium and potassium phosphates) as a buffer, and either
magnesium sulphate alone or a mixture of several inorganic salts. Sugar
sources were generally added toﬁgive a final concentration of 1Z. Some
investigators, however, have used sources of nitrogen other than the
ammonium ion. Bacto- or neo-peptone or casamino acids have been used
by some workers (Goddard, 1934; Stockdale, 1953; Sullivan, Bereston &
Wood, 1954; Schwartz & Georg, 1955; Pena Yanez & Pallares, 1956).
Peptone and casamino acids are both complex sources of nitrogen, supplying
the fungus with readily available sources of peptides and amino acids.
Dermatophytes will grow on a medium containing only peptone at a
concentration of 0,27 and inorganic salts (see page30), or on a medium

containing 0.05% casamino acids. Thus, the addition of sugar to such a
medium does not necessarily account for the growth observed. If, however,
the nitrogen source in the medium is only slightly utilised by the fungus,
this will effectively become the limiting factor. The ability to use a
particular nitrogen source depends very largely upon the source of carbon

used (Cochrane, 1958). Ammonium ijon supports growth only in the presence

of carbohydrate, thus permitting a more accurate appraisal of an organism's
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ability to use a particular carbon source than the more complex sources

of nitrogen which can support growth on their own.

LIQUEFACTION OF GELATINE

Verujski (1887) demonstratéd tne liquefaction of gelatine by
T. tonsurans and T. schoenleinii, and subsequent work has shown that all
dermatophytes with the exception or M. ferrugineum hydrolyse this protein
(Macfadyen, 1894; Greenbaum, 1922; Giblett & Henry, 1950; Rosenthal

& Sokolsky, 1965).

HYDROLYSIS O CASEIN

Most dermatophytes appear to possess a casein-hydrolysing enzyme;

an exception is M. ferrugineum (Tate, 1929a; Goddard, 1934; Giblett &

Henry, 1950; Rosenthal & Sokolsky, 1965). The enzyme responsible for
this hydrolysis was shown by Tate (1929b) to be very similar to trypsin,

an enzyme which acts best in an alkaline medium,

HYDROLYSIS OF UREA
The ability of 15 dermatophytes to hydrolyse urea was reported
by Littman (1957). Ile used mycelium from 7-day cultures on glucose~peptone
agar as inocula and reported positive reactions in some instances within
48 hours which he attributed to the transport of preformed urease in tne

inoculum.  Rapid hydrolysers included T. megninii, T. sulphureum,

I.:_.F_‘?.l"_m___a}}ﬁ: T. verrucosum, T. mentagrophytes, T. sabouraudii, T. schoenleinii
et Dy o P

and M. gypseum (positive within 48 hours). T. rubrum, T. violaceum,

M. audouinii and M. canis completed the hydrolysis within 6 - 9 days, while

T. gallinae, T. rotundum and E. floccosum were positive only after 12 days.

T. sulphureum, T. tonsurans, T. rotundum and T. sabouraudii are considered
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to be varieties of T. tonsurans (Schwartz & Georg, 1955); thus there

appeared to be strain differences within tnis species.,

Rosenthal and Sokolsky (1965) demonstrated hydrolysis of urea

within 14 days by 10 dermatophytes: T. mentagrophytes, T. tonsurans,

T. megninii, T. schoenleinii, T. violaceum, M. audouinii, M. gypseum, M. canis,
M. ferrugineum and E.floccosum. Strains of T. verrucosum hydrolysed urea

at varying rates and 4 species (T. rubrum, T. gallinae, T. soudanense and

T. concentricum) were completely unable to hydrolyse it. In a more

extended study of T. mentagrophytes and T. rubrum, they found a positive

reaction given by 20 isolates of the former species, while 34 out of 36
isolates of T. rubrum were negative. They suggested that this might be
used as a method to distinguish these two species.,

Althougn the results ot these workers agree for many species
studied, there are differences, particularly in the rate of hydrolysis of
urea. Various factors may be involvea: (1) strain variation may be
important. The data presented by Littman for T. tonsurans and Rosenthal

and Sokolsky for T. schoenleinii and T. verrucosum (vide infra) support this

hypothesis. Unfortunately, the numbers of isolates tested were insufficient
for thié point to be clarified; (2) differences in materials and technique
may influence the result. Littman used Christensen's medium (Christensen,

1946) modified by the addition of 0.5Z glucose. His method of inoculation

detects particularly the presence of preformed enzyme, and provides little

information on the rate at which the enzyme is formed de novo. Rosenthal

and Sokolsky used bacto-urea agar, which i1s unmodified Christensen's medium.
Unfortunately they did not record the time taken by most specles tested to

hydrolyse urea. Data are available for five species only:
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Positive at weeks

Negative
1 2 3
T. mentagrophytes 19 1
T. rubrum 2 34
T. schoenleinii 2 1 1
T. verrucosum 3 2 2 4
T. concentricum 4

The results for T. mentagrophytes and T. rubrum correspond to those of
Littman, but the times involved differ greatly. They would suggest that

T. rubrum forms the enzyme adaptively whereas T. mentagrophytes already

possesses an urease. The time taken for a positive reaction to develop
on bacto~urea agar may also reflect slower growth of dermatophytes on

this medium.

The detection of the enzyme in mycelial extracts was attempted
by Tate (1929b). He noted the presence of urease in four species of
dermatophytes (T. mentagrophytes, M. canis, M. audouinii and T. schoenleinii)
but failed to detect it in T. tonsurans. Thompson (1955) and Chattaway,

Thompson and Barlow (1954) were however unable to extract urease from

T. mentagrophytes, M. canis, M. audouinii, T. schoenleinii or E. floccosum.

They suggested that activity was lacking or present in very small amounts.
Since they harvested the mycelia after four days, this may have been
insufficient time for the enzyme to be produced in detectable quantities.

Alternatively their method of extraction (maceration in a Hughes Press and

suspension in phosphate buffer) may have led to loss of the enzyme.

NITROGEN REQUIREMENTS

Specific requirements for nitrogen have been investigated by
several workers (Table 3). There is general agrecment that nitrate is
utilised poorly, if at all, whereas the ammonium icn supports fair to good

growth.  An exception is T. soudanense. Peptone, yeast extract and
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vitamin free casein digest supported good growth of all strains tested.

These compounds provide a readily assimilable source of peptides and

amino acids. All dermatophytes, with the exception of those with an
absolute requirement for a specific growth factor, grew well on asparagine.
The only dermatophytes unable to assimilate urea were M. audouinii and

E. floccosum.

Several workers have studied the effect of adding or omitting
one or several amino acids in an attempt to determine minimum nitrogen
requirements. A summary of their results is presented in Table 4. As
with the results of carbohydrate assimilation studies, it is difficult
to compare results directly since materials and methods varied so widely.
It 1s apparent from Table 4 that apart from the absolute requirement for
histidine shown by T. megninii, no other single amino acid is essential
for growth (Drouhet, 1952). Dermatophytes will not grow in the absence
of amino acids, but only some are essential for growth. These include
leucine, arginine, histidine, glycine, glutamic acid, tyrosine, valine,
alahine, phenylalanine and proline. Phenylalanine has also been reported
to be inhibitory. Most workers agree that hydroxyproline is not utilised

or is definitely inhibitory.

REQUIREMENTS FOR GROWTH FACTORS

Several investigators have shown that some species of dermatophytes

grow poorly or not at all on media lacking appropriate growth factors.

;EL_EEQEEEEEEJ for example, grows adequately on glucose-peptone agar, but

sporulates poorly or not all. Howé;ér,macroconidia are produced when
the fungus is grown on cereal grains or a medium enriched with natural
products such as yeast or liver extract (Langeron & Milochevitch, 1930;

Hazen, 1947, 1951). Yeast extract stimulates the growth of several
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dermatophytes (Area Leao & Cury, 1950). Benham (1953) noted that the
addition of trypticase (an enzymic hydrolysate of casein) to the medium

encouraged the production of macroconidia by both T. rubrum and

T. mentagrophytes. T. equinum has been reported by Georg, Kaplan and

Camp (1957) to have an absolute requirement for nicotinic acid, and this
has been used to distinguish it from T. mentagrophytes which grows in the
absence of this vitamin. Recently, however, strains of T. equinum have
been isolated which are autotrophic although morphologically identical
to the vitamin-dependent strains (Smith et al., 1968).

Some detailed investigations have been carried out on the

growth requirements of the faviform Trichophyton species. Strains of

T. verrucosum have been shown to have an absolute requirement either for

thiamine or inositol; some strains require both and pyridoxine as well
(Georg, 1950; Mackinnoﬁ, 19423 Mackinnon & Argataveytia=-Allende, 1948:
Robbins, Mackinnon & Ma, 1942). Other factors, however, may also be
required since best growth occurred on natural products such as yeast

or liver extracts (Georg, 1949). Thiamine stimulates the growth of

T. violaceum (Burkeholder & Moyer, 1943; Georg, 1951), and the development
of micro- and macroconidia by both T. verrucosum and T. violaceum is
encouraged by growing the fungl on complex natural media such as wheat

and barley grains (Langeron & Milochevitch, 1930; Georg, 1950).

T. schoenleinii appears to be autotrophic for vitamins (Georg, 1950).

Thiamine stimulates the growth of T. tonsurans (Schwartz & Georg,

1955); the amount required is as low as 3 pica gm./5ml. of Sabouraud's
glucose broth. Georg and Camp (1957) found that the growth of seven of
the strains of T. tonsurans they'investigated was not stimulated by

thiamine; these strains required amino acids of the ornithine, citrulline

and arginine group.
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Table 5 summarises these results. The growth factors most
often required by dermatophytes are thiamine and inositol. However,
the increased growth shown by many of these strains upon natural products

indicates the complexity of their nutritional requirements, and the

close inter~relation of vitamin and nitrogen requirements.
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2. MATERIALS AND METHODS

FUNGIL STUDIED

147 isolates distributed among 22 species of dermatophytes
were used in these studies. The source and code numbers of each strain
investigated are shown in Table 6. In every instance, the colonial and
microscopical characteristics were fully consistent with those described
for the species. In most instances they had been isolated during routine
mycological examination of specimens submitted to the Mycological Reference
Laboratory. -Some isolates were selected from the National Collection of
Pathogenic Fungi. They had been maintained by subculturing every 6 - 8

weeks and kept at room temperature.

MEDIA

Maintenance Media
All isolates were maintained on 27 malt extract agar and Hugh &

Leifson agar, and kept at room temperature with subculturing at intervals

of 6 - 8 weeks.

Malt Extract Agar: Oxoid malt extract 20.0 g
Agar (Davis) 15.0 g
Distilled water to 1 litre

pH before autoclaving = 5.4

Hugh & Leifson Agar: Bacto-peptone (Oxoid) 2.0 g
Sodium chloride 5.0 g
Dipotassium hydrogen
phosphate 0.3 g
Agar (Davis) 15.0 g
Distilled water to 1 litre

pll before autoclaving = 6.5
The choice of Hugh & Leifson (H & L) agar was determined by two

factors. TFirstly, it was used as the base from which inoculation was



cALLE 6

Jt-. A eyt et e ST RTS8 ik 2 NIE L g - i B - S
E No. of
| Species Isolates

:

Scalp hair 1965

Microsporum
Scalp scales 1965

audoulnlil

peTp— R

Scalp 1966
Chest scales 1966

Toe clefts 1966
Thigh 1966

Legs 1966
Skin, unspecified 1966

i M. canils

M. M. equinum ulnum
M £ erruglneum

Eerslcolor

M. cookel

*NCPF No.35 (Sabouraud's M. fulvum)
NCPF No.40 Leg, New Zealand
NCPF No.45 (Sabouraud's M. gypseum)
NCPF No.41 Skin, unspecified

Body skin 1968

Horses 1966
" Human skin 1966

NCPF 270, 271, 272, 334 Scalp

Skin 1966, 1967
NCPF No. 386

Soil
NCPF Nos.370, 371, 372 conidizl
states N. cajetana from soil

NCPF No.301 (Sabouraud's original
strain)

NCPF No.302 (Dr. Georg's human
isolate)

Tridhoghzton
Eallinae

NCPF No.303 (Sabouraud's original
strain)

NCPF No.304 (Dr. Georg)
Scalp 1965, 1966

Toeclefts 1965, 1966
Scalp 1965

Hand 1967

Cheek 1965

NCPF No.260 from a dog
Skin 1964, 1966

1jT.'menta5rohates

NCPF Nos.375, 376 (Dr. Marple's

original isolates)
NCPF No.359 hedgehog ¢
Skin 1965, 1966 G1,G2,G3 ,G4,G7,G9

Horses 1966, 1967 H4,H5,H6, HJ'HGJHQ

NCPF Nos.310, 311, 340, 342 human | J1,J2,J73,J6
NCPF No.341 mouse J5
NCPF No.153 kitten J4

| T. erinacei

b, L T R TREEARE S

i T. _equinum

! T. quinckeanum
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TABLE 6 continued

Taid’

No. of

Source Code No.

Species Isolates

Hands 1965

Body 1965
Toenail 1965

Skin unspecified 1965, 1966

M1,M3,M4 M7 ,M9

Scalp 1965, 1966, 1967

T. tonsurans var.

Leg 1966 M6

1f

Snotureun Face 1965, 1968 M5,M11,M12
Neck 1967 M8,M10

Arms 1968 M13,M14

NCPF No.l45 (Sabouraud's

T. tonsurans var. -

T. crateriforme) N1
to e N T
nStrant NCPF Nos.143, 150 Skin N2,N3
Feet 1965 M2

Scalp 1968

Neck 1968

Skin unspecified 1968

From South Africa, site not given

06
02

01,03,05
04

T. violaceum

Face 1968

Neck 1968

Thigh 1968

Skin unspecified

T. verrucosum

S e

NCPF Nos. 274, 276, 321, 322, 323,
373 Scalp, from Nigeria

NCPF Nos.275, 385 Skin, Nigeria

NCPF No.273 Skin, Cameroons

Scalp 1969

T. soudanense R2,R3,R4,R5,R6,R7

R1,R8
R9
R10

s1,82,53,S5>
S4
56,57

NCPF Nos.124, 125, 126, 343 Scalp
NCPF No.127 Leg
Scalp 1967, 1968

T. schoenleinii

NCPF Nos.362, 363 (original mating
strains of A. quadrifidum)

Saprophytic on human skin 1966, 1967

Horse as saprophyte 1967

T. terrestre

NCPF Nos.364, 365 (original mating
strains of A. uncinatum)

NCPF No.216 (Vanbreuseghem's
original type species)
Scalp, conidial strain

W2,W3

Groin 1965, 1966
Thigh 1966
Toes 1966

} Epidermophyton
floccosum

e S

*NCPF = National Collection of Pathogenic Fungi
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made to the auxanogram media (vide infra). Secondly, since it contains

no sugar, there was less tendency for dermatophytes to become pleomorphic.
As a conservation medium, it was preferred to Sabouraud's conservation
medium since it contained less peptone (0.27 compared to 3%Z). Tor a
similar reason, 27 malt extract agar was chosen in preference to 47 malt

extract agar or glucose-peptone agar.

Basal Medium for Carbohydrate Studies

Potassium dihydrogen

orthophosphate 1.0 g
Magnesium sulphate 7H,0 0.5 ¢
Ammonium sulphate 5.0 g
Ion Agar (Oxoid No. 1) 15.0 g
Distilled water to 1 litre

A vitamin supplement was added to the medium before autoclaving at 112°¢C

for 15 minutes. This supplement contained:

Thiamine ' 1 mg
i-Inositol 250 mg
Nicotinic acid 10 mg
Histidine 150 mg

Distilled water 100 ml
2 ml of this solution was added to each 100 ml of basal medium.

For some carbohydrate studies (vide infra), yeast extract at a final

concentration of 0.05% was added to the basal medium before autoclaving.

Carbon Sources

Monosaccharides

Disaccharides

Trisaccharides

Glucose
Fructose
Mannose
Galactose
Ribose
Rhamnose
Arabinose
Xylose
Maltose
Lactose
Sucrosc
Cellobiose
Trehalose
Melibiose
Raffinosc
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Polysaccharides Dextrin
Inulin

Sugar Alcohols Mannitol
Sorbitol
Meso=-Erythritol
Adonitol
Glycerol
Dulcitol

Sugars and sugar alcohols were prepared as 57 solutions and sterilised
by autoclaving at 112°C for 15 minutes. The basal medium was made up
to 807 of final volume and autoclaved. 20 ml of the 57 sugar solution
was added to each 80 ml of the basal medium, to give a final concentration
of 17 carbohydrate. The medium was then dispensed aseptically into
sterile plugged test tubes (6 x 5/8"; 150 x 16 mm) or sterile } oz (10 ml)
bottles and sloped. Approximately 5 ml of medium was put into each tube
or bottle,

Alternatively, the sterile medium was dispensed by pouring into

9 cm plastic petri dishes, to give approximately 20 ml of medium per plate.

Basal Medium for Nitrogen Studies

Potassium dihydrogen

orthophosphate 1.0 g
Magnesium sulphate 7H,0 0.5 ¢
Glucose 10.0 g
Ion Agar (Oxoid No. 1) 15.0 ¢
Distilled water to 1 litre

The vitamin supplement was added to this medium before autoclaving. The

medium was sterilised by autoclaving at 112°%¢ (10 1bs/sq in) for 15 minutes.

Nitrogen Sources

The nitrogen solutions were prepared to give equivalent quantities
of nitrogen, viz. sodium nitrate 0.27; asparagine 0.26Z: ammonium
sulphate 0.24%Z; wurea 0.0225%; and sterilised scparately.

The nitrogen solution was added to the basal medium and

the complete medium dispensed by pouring into 9 cm plastic petri dishes.
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Media for Hydrolytic Studies

CYLG broth. The basal medium for the hydrolysis of caseiln,

tyrosine and starch (Marshall & Kelsey, 1960) consisted of:

Casein digest 10.0 g
Marmite (Marmite Ltd) 5.0 g
Sodium glycerophosphate 10.0 g
Potassium lactate, 507 w/v 10.0 ml
Glucose - 2.0 ¢
Inorganic salts solution 5.0 ml
Distilled water to 1 litre

The ingredients were dissolved by heating, mixed and filtered. The
broth was made up at 10 times the required strength, maintained at 4°c

and diluted 1/10 for use.

The inorganic salts solution consisted of:

10 N=Sulphuric acid 0.1 ml
Magnesium sulphate 7H,0 4.0 g
Manganese sulphate 4H,0 0.4 g
Ferrous sulphate 7H20 0.4 g
Distilled water to 1 litre

The acid was added to the water and the éalts dissolved without heating.
The following amounts of tyrosine, gelatine and starch were
added to the basal medium before autoclaving: 0.57 tyrosine, 0.47 gelatine
and. 0.5% starch. The media were autoclaved at 112°C for 15 minutes and
dispensed in 20 ml aliquots into 9 cm plastic petri dishes.,
The casein medium was prepared by mixing skimmed milk sterilised
by autoclaving with its own volume of cooled autoclaved double strength

aqueous agar, and pouring plates.

Medium for Hydrolysis of Urea
The medium was prepared as follows (Philpot, 1967):

Oxoid bacto-peptone 1.0 ¢
Sodium chloride 5.0 g
Potassium dihydrogen ,

orthophosphate 2.0 ¢
Glucose 5.0 g
Agar (Davis) 15.0 ¢
Distilled water to 1 litre
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Phenol red solution (0.27 in 507 alcohol) was added at the rate of

6 ml/litre. The pH was adjusted to 5.5 before autociaving. After
sterilisation by autoclaving at 112°C" for 15 minutes, and cooling to 45°C,
urea solution (20%Z aqueous solution sterilised by filtration) was added

aseptically at the rate of 100 ml/litre. The medium was dispensed into

} oz (10 ml) bottles and sloped.

METHODS FOR ASSIMILATION STUDIES

Three methods for inoculating the carbon assimilation media

were investigated:

(1) In the first instance, preparatory to carbon assimilation
studies, the funéiwere subcultured at 26°C on H & L agar for 7 ~ 8 days.
This medium supports an adequate growth of dermatophytes, but since it
contains no carbohydrate, the risk of carrying across such nutrients in
the inoculum is minimized. It was thus considered unnecessary to wash
the inoculum first. Small portions of the growth were then transferred
by nichrome needle to the carbohydrate media. Media were incubated at
26°C and observed at 7, 14 and 21 days. For purposes of comparison,
the reading at 21 days was used: by this time differences due to variations
in inoculum size had disappeared, and there had becen an opportunity for
growth to occur on the more slowly utilised compounds.

Subscquently, partly to verify the results obtained with the
initial method, and partly to enable more precise duplication of inocula
to be made, two other methods were investigated.

(2) Fungl were grown for 7 days on H & L agar and the growth
transferred aseptically to bottles containing sterile distilled watersy

the mycelium was then disrupted in a Waring blendor (MSE "Atomix")

for approximately 1 minute. The resulting suspension was inoculated from
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a pasteur pipette directly on to the surface of the plates of carbohydrate
media. The plates were incubated at 30°C and read at 7 and 14 days.
The reading at 14 days was taken as the final result.
(3) Fungi were grown for 7 days on plates of H & L agar.
Plugs of fungus plus agar were made with a heat sterilised metal borer
2 mm diameter, and transferred aseptically by needle to the surface of
the assimilation plates. All tests were performed in duplicate.
The plates were incubated at 26°C and read at /7, 14 and 21 days. The
reading at 21 days was taken as the final result.
Nine species (M. gypseum, M. cookei, M. persicolor, T. ajelloi,

T. erinacei, T. terrestre, T. mentagrophytes, T. rubrum, T. tonsurans)

were compared by all 3 methods.

For nitrogen assimilation studies, all isolates were subcultured
for 7 days on the basal medium without nitrogen. Portions of mycelium
were then transferred by needle to the surface of the nitrogen plates.
Some isolates did not grow on the basal medium in this period of time,
and were inoculated from a tube of H & L agar as for carbohydrate studies.

Plates were incubated at 26°C and read at 7 and 14 days.

For both carbon and nitrogen studies, a tube or'plate of the

basal medium without added nutrients was always included, as a negative

control.

For hydrolysis of casein, tyrosine, gelatine and starch, the

plates of media were kept at 4°C overnight as this encourages dispersion
of the crystals of tyrosine, and dried at 37°C before use. Small pleces
of mycelial growth were transferred aseptically from tubes of 22 malt

extract agar, and the plates incubated at 26°C for 7 days. Hydrolysis
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of casein and tyrosine was shown by zones of clearing around the colonies.
Hydrolysis of starch was shown by flooding the plates with iodine.
Hydrolysis of gelatine was demonstrated by flooding the plates with a
solution of mercuric chloride, to show zones of clearing around the

colonies:

Mercuric chloride 12.0 ¢
Distilled water 80.0 ml
Concentrated HCL 16,0 ml

For hydrolysis of urea small portions of mycelial growth were
transferred from tubes of 2% malt extract agar, and the time taken for

the medium to turn red at 260C was noted.

Method of Estimating Growth for Assimilation Studies

The amount of growth, viz. the area and depth of the colony together

with the amount of aerial mycelium was estimated visually.

In the carbon assimilation ctudies the growth of each isolate on

the control tubes cqntaining glucose was regarded as 100%. Growth on all
other compounds was directly compared with this. Each isolate was compared
with itself and not with other isolates of the same species; this was to
eliminate the effect of strain differences from the final results. Growth

was recorded as follows:

++++ = equal to growth on glucose (100%)
+++ = 507 of growth on glucose
++ = 257 of growth on glucose
+ = trace amounts of growth
0 = no growth

For the purpose of comparing isolates, growth was scored as good, moderate
or negative, Growth amounting to 507 or more of that on the glucosec

control after 21 days was regarded as good. Growth amounting to 257 of

that on the glucose control was recorded as moderate and was considered to
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be significant, since it showed that the isolate could utilise the
compound under test to a slight extent. Anything less than 257 of the
growth on the glucose control was regarded as negative.

For nitrogen assimilation studies and assimilations with yeast
extract agar, the growth on the basal medium without the added nutrients
was scored as '"+". The growth on asparagine and glucose'respectively
were used as the positive controls, and growth on all other compounds

compared to the growth on the basal medium and to growth on the positive

controls,thus:

+ = growth on basal medium

++ = 257 of growth on glucose or asparagine
+++ = 507 of growth on glucose or asparagine
++++ = growth on glucose or asparagine (100%)

MATING STUDIES

Isolates of M. gypseum, T. terrestre, T. ajelloi and

T. mentagrophytes whose sexual status was unknown, were mated with tester
strains of the corresponding sexual forms. Sterilised soil was placed

in a petri dish and moistened with sterile distilled water. Short pileces
of human child's hair, sterilised by autoclaving, were placed on the
surface of the soil, and the plates were inoculated with one of the tester
pairs and the fungus under test. The plates were kept for up to 8 weeks,

and scanned frequently for the appearance of cleistothecia containing

asci and ascospores.



3. RESULTS

CARBON ASSIMILATION TESTS

Table 7 summarises the results of assimilation tests carried

out on all isolates investigated.

Hexoses

Glucose, Fructose and Mannose were assimilated by most isolates.
Some isolates used one sugar preferentially but this could not be
systematised with respect to species and genera.

Galactose was utilised by comparatively few speciles.

Pentoses

Assimilation was limited or absent. Several isolates showed
slight growth (up to 25% of the growth on glucose) particularly on ribose

and arabinose. T. schoenleinii and T. verrucosum assimilated ribose.

Disaccharides

Cellobiose was assimilated by all isolates., Trehalose was
assimilated by 20 of the 22 species, the notable exceptions being

T. schoenleinii and M. audouinii.

Maltose was readily used as a source of carbon by most species;

absence of assimilation was recorded only for T. violaceum and some

isolates of T. schoenleinii. Four species, M. equinum, M. persicolor,

M. ferrugineum and M. cookei grew poorly. Sucrose was also a good source

of carbon for most species except T. violaceum and T. ajelloi. Poor

growth was recorded for M. persicolor, M. ferrugineum, M. cookei, T. ajelloi,

and T. schoenleinii. In general, if an isolate could assimilate sucrose,

1t could also assimilate maltose, and those strains which grew poorly on

one sugar also grew poorly on the other.

Mclibiose was not assimilated by any species.
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Trisaccharides

Raffinose was not assimilated by any species.

Sugar Alcohols

Sorbitol and Mannitol were assimilated by most isolates.

Only five species did not assimilate Erythritol, viz.

T —

M. ferrugineum, T. quinckeanum, T. violaceum, T. schoenleinii and

E. floccosum. A few isolates of some other species failed to grow on it.

Adonitol was a poor source of carbon for dermatophytes; only

T. terrestre, T. erinacei, T. ajelloi and T. verrucosum grew moderately

well on 1it.
Glycerol was used by few isolates, and only to a limited extent.

Storage Polysaccharides

Dextrin was assimilated by many isolates, particularly by

M. equinum and T. soudanense.

Inulin was assimilated by many isolates but growth was always

limited and it did not constitute a satisfactory carbon source.

From the results of these assimilation tests, the 22 compounds
tested may be divided into 2 groups depending on their pattern of
assimilation. Group I comprises those compounds either utilised or

not utilised by all isolates:

Compound Utilisation

Glucose
Fructose
Mannose
Rhamnose
Xylose
Lactose
Cellobiose
Mannitol
Inulin
Raffinose
Melibiose

! + 4+ 1 1 1 4+ 4+ +
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In Group II are those compounds which were assimilated by some isolates

but not by others and thus had potential as a means of differentiating

dermatophytes:

Galactose
Arabinose
Ribose
Maltose
sucrose
Trehalose
Sorbitol
Erythritol
Adonitol
Glycerol
Dextrin

NITROGEN ASSIMILATION TESTS

\
The results are summarised in Table 8.

All 1solates were firét inoculated on to slopes of the basal
medium, i.e. on to a glucose-salts mediuﬁ without a nitrogen source, so
that any nitrogenous material carried over in the inoculum would be
exhausted prior to inoculation on to slopes containing nitrogen.
Subcultures were made on to basal medium, basal medium plus ammonium,
basal medium plus nitrate and basal medium plus asparagine. Five species

(E. floccosum, T. soudanense, T. violaceum, T. tonsurans and T. verrucosum)

failed to grow on this medium and two species (T. megninii and

M. ferrugineum) grew rather poorly. These were therefore subcultured

from cultures grown on H & L agar. Although the basal medium in theory
did not contain a nitrogen source, most isolates grew well even after a
second subculture on it. Unless nitrogenous material was carried over
in the inoculum, growth must be due to contamination of tﬁe basal medium,
The distilled water used to make up the medium was found to give a pale

yellow colour with Nessler's reagent, i.e. a trace of ammonium ion was
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present, and this may have been sufficient to initiate growth. The
ability of all the isolates to utilise the four nitrogen sources was
tested on two separate occasilons, witﬁ identical results.

Potassium nitrate was not utilised by any strain as sole
source of nitrogen, i.e. growth on tubes supplemented with nitrate was
not greater than on tubes of the basal medium alone.

Only four species showed increased growth in the presence of
ammonium sulphate: M. canis, M. equinum, T. equinum and T. quinckeanum,
A slight increase was observed for T. gallinae, T. erinacei, T. ajelloi,
M. ferrugineum,LM. cookei and M. persicolor. This shows that the ammonium
ion on the whole is not a good source, of nitrogen for dermatophytes. An
increase in the amount offered to the fungi did not result in a greater
amount of growth, there being little difference between growth on tubes
with trace amounts, 0.27 or 0.5%.

Most isolates grew well on asparagine, the exceptions being

four isolates of T. tonsurans which will be considered later. For

most isolates, asparagine was by far the most easily assimilated form

of nitrogen used in these tests.

UTILISATION OF UREA

The growth of 11 species was stimulated by urea and all 11

could also hydrolyse it although the time taken to do so varied (Table 9).

Rapid hydrolysers (i.e. within 7 days) include T. equinum, T. terrestre

and T. mentagrophytes, and some isolates of M. gypseum, M. canis, T. ajelloi

and T. quinckeanum. Most isolates of M. canis hydrolyser urea completely

within 10 days, as did most isolates of M. cookei and T. quinckeanum.

Hydrolysis was completed in two weeks by M. equinum, M. persicolor and

some lsolates of T. schoenleinii.
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Three species, T. erinacei, T. soudanense and T. gallinae
could neither assimilate nor hydrolyse urea.

Eight species, T. tonsurans, T. violaceum, T. verrucosum,

T. rubrum, T. megninii, M. ferrugineum, M. audouinii and E. floccosum,

were not stimulated by urea: most isolates however hydrolysed it.

T. tonsurans was a rapid hydrolyser. Of the 9 isolates of T. rubrum

tested, 7 hydrolysed it in two to three weeks but two isolates were unable
to do so. The other six species required at least 15 days to complete
hydrolysis. Included were some species which grew poorly on asparagine

in the nitrogen assimilation tests, and required supplementary yeast extract
for the carbon assimilation tests. Although other species show no such
requirement, Littman (1957) has suggested that many dermatophytes require
peptone to initiate growth before urea can be attacked. As a means of

testing this hypothesis, certain isolates were inoculated on to urea slopes

"with and without peptone and growth recorded. Six species incapable of

utilising urea were investigated in this way (Table 10). As might have
been surmised from the results of the assimilation tests, there was little

growth of T. tonsurans, M. audouinii, M. ferrugineum and E. floccosum in

the absence of peptone, i.e. on a medium whose only source of nitrogen was

urea. T. megninii failed to grow at all, but as no vitamin or amino acid

supplement was added to the medium, this was to be expected. Although

T. rubrum grew quite well on the deficient medium, this does not necessarily

indicate that urea can be utilised since it is likely that sufficient
ammonium ion was present to initiate growth. This species has shown no
requirement for complex nitrogen sources. The other five species grew

only very slightly in the presence of ammonium sulphate as the sole source

of nitrogen.

The poor growth of T. mentagrophytes is surprising since this
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species grew well on urea in the nitrogen assimilation tests.

The results would suggest that what 1s being recorded is the
rate at which dermatophytes can produce the enzyme (urease) when grown in
the presence of the substrate (urea). Some strains can do so fairly
quickly, other strains require a longer period to do so, Littman (1957)
who recorded much faster rates of hydrolysis was presumably testing pre-
formed enzyme since he used fairly large agar blocks of mycelium as
inocula. The connection between the growth of the organism and the
formation of the enzyme is illustrated in both Table 9 and Table 10.

The slow growing fungi such as T. violaceum and T. verrucosum are slow

to hydrolyse urea, and medium lacking peptone supported less growth and
correspondingly the change in pH came later. That urease is actually
formed and the change in pH is not due to other factors is supported by
evidence from T. rubrum and T. mentagrophytes. 8 isolates of each
organism were inoculated on to complete medium and medium lacking urea.
Anticipated results were obtained for the former, but there was no change
of pH on the latter medium even after 21 days.

The number of days for the change 1n pH to become evident was
directly related to temperature. At 20°C hydrolysis was completed 2 - 3
days later than at 30°C. The optimum temperature for growth of

dermatophytes is also 30°C, and some species, notably T, verrucosum, £Yow

rapidly at 37°C. Thus the increase in hydrolysis rate with increase in
temperature is due to two factors, viz. the increased activity of the

enzyme and the more rapid growth of the fungi.,

Hydrolysis of Urea by T. mentagrophytes and T. rubrum
The results are shown in Table 11. Sixty-five isolates of

I. mentagrophytes (92.8%) were positive, i.e. turned the medium red
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throughout, within 7 days. One hundred and three isolates (99.1%Z) of
T. rubrum were negative within this time. Five isolates of

T. mentagrophytes (4 typically granular and 1 floccose isolate) were not
positive in 7 days although positive reactions eventually appeared

(2 in 8 days, 2 in 9 days and 1 in 12 days).

Most isolates of T. rubrum produced some rise in pH after a
period which varied from 9 to over 21 days depending upon the isolate,
but in some cases the indicator was not completely changed, i.e. the pH
did not rise above 8.0. A few isolates had shown no pH change by 28
days when the experiment was concluded. The number of days taken by
any one isolate to produce a rise in pH varied in consecutive tests;
variations from the mean of up to 4 days have been <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>