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Several lines of evidence listed below have led us to believe
that the key to the radical cure of dermatomycoses and the control
of ringworm infections in communal life is to develop effective
methcds that kill dermatophytic arthrospores in infected lesions or
in our environment.

1. Arthrospores are the only dormant or resistant form of dermato-
phytes produced in lesions. The presence of abundant arthro-
spores in active and chronic lesions has been well documented
in the literature.

2. Once arthrosporulated, the dermatophyte Trichophyton mentagro-
phytes cells become extremely resistant to several antifungal
agents commonly used in the chemotherapy of dermatomycoses
(T. Hashimoto and H. J. Blumenthal, Appl. Environ. Microbiol.
35:273-277, 1978). In other words, most lesions containing
arthrospores are highly recalcitrant to chemotherapy.

3. Arthrosporulation of the dermatophyte T. mentagrophytes is in
fact significantly stimulated by the presence of sublethal
doses of antifungal agents such as clotrimazole, nystatin and
griseofulin. (Emyanitoff and Hashimoto, 1978, submitted for
publication in Can. J. Microbiol.) The use of insufficient
doses of antifungal agents rapidly converts susceptible hyphae
to resistant arthrospores.

4. Arthrospores are fully capable of germinating into infectiocus
hyphae by the normal skin constituents. In fact, some of the
aged arthreospores are guite capable of transforming into
infectious hyphae in the presence of water only. (7. Hashimoto -
and H. J. Blumenthal, Infect. Immun. 18:479-486). P
7,

These observations may actount for our common experience that"the
radical cure of dermatomycoses is difficult to achieve despite the
extensive use of various chemotherapeutic agents. We now strongly
believe that neither radical cure nor the control of ringworm
infections in communal 1ife would be possible unless effective
methods for killing arthrospores are made available for general
use. O

L7‘Heighing these factors carefully we have decided to concentrate
our research effort on the following two specific areas: (1) test-
ing of various physical, chemical and biological agents on arthro-
spores ¢f T. mentagrophytes and (2) elucidating the morphological
and physiological basis of arthrospore resistance to various agents.
The latter approach is considered important because such studies
may provide useful clues to the deveiopment of effective arthro-
sporocidal agents.
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Physical, chemical and biological agents with arthrosporocidal
activity-potential candidates for antidermatomycotic agents.

We took several different approachas to develop methods that

effectively inactivate dermatophytic arthrospores in vitro and in
vivo.

1.

Topical application of moist and warm temperature prior to and
during active chemotherapy.

The rationale behind this apprcach is based on our observation
that dormant and activated arthrospores are able to germinate
and transfocrm into hyphae which are highly susceptible to anti-
fungal chemotherapeutic agents. It appears to us that the
continuous application of either topical or systemic chemothera-
peutic agents to dried {mest physicians advise to keep the
lesions as dry as possible!) skin lesions is a futile attempt.
This approach will be tested in an animal wmodel and an in vivo
experiment is now in progress.

Topical application of chemicals with arthrosporocidal activity.

The arthrosporocidal activity of dialdehyde(glutaraldehyde} has
been thoroughly tested and established in our laboratory (Tech-
nical report #2). The therapeutic as well as antiseptic effect
of this compound against arthrospore bearing lesions is now
being evaluated in our laboratory.

Topical application of enzymes that actively digest the cell
wall of arthrospores.

As described later, one of the cellular factors contributing

to the poor penetrability of reagents into arthrospores appears
to be the thick wall. It seems reasonable to search for enzymes
that digest off the thick wall thus making arthrospores more
susceptible to antifungal chemotherapeutics or unable to sur-
vive in osmotically unstable environments. Although we
indicated this possibility in our earlier report, a more likely
applicability of such enzymes in the treatment of dermatomyco-
tic lesions emerged when we elucidated the structure and
chemical composition of the wall of T. mentagrophytes arthro-
spores. The chemical analysis of purified ceifgﬁfTT—bf T.
mentagrophytes revealed that glucans {(mostly g:3 linked) and
chitin are the major wall constituents. Interestingly, these
glucan-chitin components are directly exposed to the surface

of the wall and are readily accessible to the lytic activity

of exogenous glucanase and chitinase. Based on this reasoning,
we have tested the arthrosporocidal effects of various lytic
enzymes and the results of such tests will be described in the
following section.
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Sporocidal Activity of Cell Wall Lytic Enzymes
METHODS OF EXPERIMENT

Gluculase (snail intestinal juice) was purchased from
Endo Laboratories, and g-1:3 glucanase was prepared from an
imperfect funqus and provided by Dr. Nagasaki. These enzymes
were relatively stable when stored at 4°C. (No significant
loss of activity was seen for € months). Arthrospores were
produced and purified according to the method described
earlier (Technical Repert #2).

Approximately 107 ml of arthrospores were mixed with
enzyme solutions and incubated at 30°C fcr predetermined
periods. In some experiments, the enzymes were diluted with
0.05 M citrate phosphate buffer (pH 5.5) to obtain desired
concentrations. Aliquots of the mixture were filtered through
millipore filter (pore size 0.45 ym) and cells retained on the
filter were washed with sterile Sabouraud dextrose broth.
Washed cells were incubated in Sabouraud dextrose broth for
15 hours and the viability of enzyme treated arthrospores was
determined microscopically as described earlier (Hashimoto and
Blumenthal, Appl. Environment. Microbiol. 35:273-277, 1378).
For each sample, a total of 200 spores was examined and the
percentage of survived cells was calculated.

RESULTS

Typical survival curves of T. mentag{oghytes arthrospores
exposed to glusulase and purified 28-1:3 glucarase are

shown below. Phase contrast photomicrographs o€ normal and
qlusulase treated arthrospores are shown in Fig. 2. The fso-
cell walls of T. mentagrophytes arthrospores werc highly
susceptible to the lytic action of g-1:2 glucanase (Fig. 3)
and chitinase (data not shown) which were the two major lytic
principles of glusulase.

SIGNIFICANCE
The susceptibility of fungal snores to lytic enzymes is
dependent on their chemical composition as well as on their
location within the wall. The whole spores may not be lysed
by lytic enzymes when the substrate is surrounded by an
impervious layer resistant to the enzymes. On the other hand,
if the entire spore wall is made of materials sensitive to the
lytic action of given enzymes, spores may be lysed rapidly
regardless of its thickness. The ultrastructural and chemical
studies showed that the majority, if not all, of the arthro-
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spore wall of T. mentagrophytes is made of §-1:3 glucans and
chitin, and these components are directly exposed to the sur-
face of the wall suggesting an easy accessibility of glucanase
and chitinase to the major cell wall components. Since elec-
tron microscopy of glusulase or g-1:3 glucanase killed arthro-
spores demgnstrated that they still retained a considerable
amount of the wall materials, it appears that the injuries in
the cytopiasmic membrane resulting from the partial disinte-
gration of the wall are the primary cause of death of enzyme
treated arthrospores. These observations coupled with the
relatively stable nature of the enzymes, make these enzymes
prospective therapeutic agents in the topical treatment of
dermatomycoses. Very recently, a possibility of systemic and
topical use of wall lytic enzymes for the treatment of deep
seated and superficial mycotic infections has been proposed

by Davies and Pope (Nature 173:235-23¢, 1972).

I[I. Structural and physiclogical properties uniquely associated
with arthrosporulation of T. mentagrophytes.

In order to find some unique structural and physiological
characters that may be responsibie for the resistance of dermato-
phytic arthrosperes, we examined T. mentagrophytes arthrospores
by means of electron microscopy and analyzed the chemical compo-
sition of certain subceliular components. The results so far
obtained indicate that there are at least two structural compo-
nents that characteristically associated with arthrospores. It
may be plausible that the inhibition of the development of these
structures or the specific destruction of these cellular com-
ponents might lead to the rapid killing of arthrospores.

1. Arthrospore wall.

Electron microscopy of T. mentagrophytes clearly revealed

that the wall of arthrospores is several times thicker than
that of vegetative hyphae. During arthrosporulation, cells
synthesize a thick new wall laver immediately beneath the
existing hyphal wall. By the time spores became mature most
of the outer wall was Tost and the cytoplasm was surrounded

by a new thick (sometimes it axceeds 1 ym!) wall synthesized
de novo during sporulation. Juring this ultrastructural
study, we experienced cousiderale difficulties in fixing

and embedding mature arthirosnoras, We attributed these
difficulties to the thick w21l of ari“rosnores. The penetra-
tion of the fixatives ani other reanents seemed to be hampered
by the impervious wall. This sneculction was confirmed by our
subsequent observation that tha spheroplasts of arthrospores
could be readily fixed for thin sectioning. Although further
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experimentation is needed to draw & more definitive conclu-
ston, the resistance of arthrospores to various antifungal
agents may well be related to the presence of the unique
spore wall.

2. Lipid and carotencid granules.

One of the most striking observations made during this study
was the demonstration of carotencid pigments within the lipid
granules of T. mentagrophytes arthrospores. In T. mentggggf
phytes these pigments were shown tc cccur only in arthrospores.
Mo trace of such pigments was found in either the hyphal or
microconidial form of this dernatophyte. Although the signi-
ficance of these pigments in the resistance of arthrospores
is not immediately clear, we believe that these observations
are highly sign1f1cant because carotenoid pigments in plants
are considered to be vital for the protection of the photo-
synthetic apparatus from ultraviciet injury. In view of this
possible significance the full technical detail related to
this work will be included in this report.

MATERIALS AND METHODS

Fungus strain. T. mentagrophytes ATCC 26323 was used throughout this
investigation.

Preparation of arthrospores. Arthrospores aof T. mentagronhytes were
produced by a slight modification of the method described earlier. ‘6
Approximately 0.15 to 0.2 mi of a microconidial suspension {2 x 10
spores per ml of distilled water) was incculated on a cellulose dialy-
sis membrane {Union Carbide Corp., New York, N.Y.). which had been
placed on Sabouraud dextrose agar (Difco Laboratories, Detroit, Mich.)
containing 0.1% sodium acetate. The dialysis membrane was previously
boiled in 1% sodium bicarbonate solution for 10 min rinsed with dis-
tilled water, and subsequently sterilized by autoclaving. After the
inoculated plates were incubated at 37°C for 36 h, 2 ml of Sabouraud
dextrose broth (Difco) was added aseptically over the diaiysis mem-
brane. By this time, hyphae emerging from microconidia adhered to the
membrane, and the addition of the broth caused nc separation of hyphae
from the membrane. The plates were placed in a large covered glass
jar (21 cm diameter, 25 cm high) and further incubated under saturated
humidity at 37°C for an additicnal week. By the end of the incubation
pericd, essentially all hyphae were transformed into arthrospores.

The arthrospores were readily removed from the cellulose membrane by
gently scraping with a spatula. The harvested arthrospores were wash-
ed in distilled water three times by means of centrifugation (1,500

x g, 15 min}. In some experiments, young hyphae ar arthrosporulating
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hyphze were colliected similarly from the cellulose surface after
specified periods of incubation, washed, and stored as described
above.

Quantitation of arthrospore formation. The degree of arthrospore
formation was determined according to the method of Timberlake and
TJurian. Cells removed from the wembrane culture were placed on a
glass microscope slide and examined microscopically using an oil
immersion objective {x102; numerical aperture 1.25; Nikon). The
percentage ¢f hyphal tips containing arthrospores was determined
after examining 200 cips.

Extraction and quantitation of pigments. The pigments were repeat-
edly extractaed from cells with methyl alcchol at 25°C. The extracts
containing pigments were pooled and saponified in methanol at 25°C
for 15 h. The pigmented fraction was coilected in hexane by means
of phase separation technique. The epiphase fraction containing
pigments was concentrated under vacuum. When the pigments were not
used immediateiy, they were stored under vacuum in the dark at
-20°C.

The relative amounts of carotenoid pigments contained in cells
undergoing arthvosporulation were determined by measuring absor-
bance at 460 nm of the pigments collected in hexane, and was
expressed as percentage relative to the amount of pigments
obtained from mature arthrospores (8 days old).

Thin-layer chromatography. The pigment soluticn in hexane was

applied on alumina thin-layer sheets (no. 6063, Eastman Organic
Chemicais, Rochester, N.Y.), or on silica gel thin-layer sheets

(no. 6061, Castman Organic Chemicals). Development of thin-layer
plates was carried out at 25°C in the following solvent systems:
hexane-benzene-n-butanol (10:1:1) or hexane-benzene (10:1.5).
Coloriess spots were visualized either by illumination of chroma-
tograms with UV light {Mineral light, model R52, equipped with
filter no. 20119 for short wave length and no. 20118 for long wave
length: Ultraviclet Products, Inc., San Gabriel, Calif.) or
spraying with the reagents specified below. To ascertain the nature
of the pigments, chromatograms were sprayed with various reagents as
specified in Table 2. Authentic carotenoids, such as o and B caro-
tene, were purchased from Sigma Chemical Co. (St. Louis, Mo.).
Lycopene was isolated from tomato according to the method described
by Weedon {22). Phytoene and phytofluene were similarly prepared
from Rhodotorula rubra.

Carr-Price test for carotenoids. The Carr-Price test for caro-
tenoids was performed by spraying chromatograms with 20% antimony
trichloride (J. T. Baker Chemical Co., Phillipsburg, N.J.) in chloro-
form.

e e S R e,
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Spectroscopy. For spectroscopic study of individual carctenoids,
the extract was streaked on thin-layer plates and distinctly
separated lines of pigments after development were eluted in hexane.
Absorption spectra of individual carotenoids in hexane were examined
in a Cary 15 spectrophotometer.

Reagents. All chemicals used in the present investigation were of
reagent quality. All solvents were either chromatographic or spec-
troscopic quality, depending on the purpose of the experiments and
were used without further purification.

Dry-weight determination. Ory weight of cells on extracted materials
was determined by desiccating samples in preweighed aluminum planchets
over P205 placed in vacuum at 25°C for 72 h.

Cytological techniques. The light microscope appearance of the wet-
mounted cells was examined with either an ordinary or phase-contrast
microscope using oil immersion objectives. Photomicroscopy was made
on panchromatic film (Kodak Plus X) with a Nikon camera equipped with
an automatic exposure system. Thin sections and freeze-etched
replicas of arthrospores were prepared by the methods described
earlier. Specimens were examined with a Hitachi HU-11A electron
microscope operating at 50 kV.

RESULTS.

Identification and characterization of pigments. The thin-layer
chromatographic and spectraoscopic properties of the pigments

: extracted from mature (8 days old) arthrospores of T. mentagrophytes |
] are shown .in Table 1. The results of various color reactions per- .
E formed directly on thin-layer chromatograms are summarized in Table |
2. The characteristic color of these pigments on thin-layer chroma- ‘
togram sheets tended to fade when the pigments were dessiccated in

air or exposed to intensive 1ight. Although it was not possible to ‘
firmly establish the identification of a few minor pigments because
of the lack of certain authentic carotenoids, the data presented

in Tables 1 and 2 are compatible with our conclusion that the major-
ity of the pigments occurring in arthrosporulating T. mentagrophytes |
are indeed carotenoid in nature. It is clear from Table 3 that the
pigments isolated from arthrospores of T. mentagrophytes were not
xanthomegnin. To our knowledge, this is the first demonstration of
carotenoid pigments in the group of dermatophytic fungi.

S S

Kinetics of growth, arthrosporulation and pigment formation. Under
our experimental conditions, arthrosporulation began as soon as the
maximum hyphal growth had been attained and intracellular pigment ;
granules became evident upon the completion of multiple segmenta-

tion of hyphae (Fig. ). During the maturation of arthrospores,

cells transformed from rectangular ot oval shape and formed short
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TABLE 1. Thin-layer chromatographic and spectrascopic characteristics of epiphase carotenoids founa in
T. mentagrophytes arthrospores

Rate of flow 1/}

Absorplion maxina in

Idenuficaiion AiuT_mf Eels S ol Taee O 8 fl_l"::“’_l A hexane® inmi
Solvent A” Solvent § Solvent A Solvent B
Ergosterol  {non-ca- 028 0 0.48 0 71, 282, 294
rotenoid)
Unidentifiable spot 0.32 o 0.5] 0 403,
Lycopene 040 002 077 013 143,
(414, 4
Unidenrifiable spot 0.47 440,
Newrosperene 0.57 009 08¢ .43 414,
1414, 4
y-Carotene 0.57 006 .80 0.49 431, 45¢ !
(434, 459,
{-Carotene 0.61 0.14 .84 0.53 379. 394, 424
{279, 400, 424)
Unidentifiable spot 067 0.14 0.84 0.59 426, 448, 475
8-Carotene 067 .20 0.84 064 42B. 450, 478
(430, 450, 477
Phytofluens 0.73 0.33 087 0.60 230, 248, 367
¥ {331, 348, 367
Phytoene 0.78 0.59 ND/ 0.8 277. 286, 298

(275, 266, 209)

? Figures in parentheses represent values reported by athers (2, 5) Major peaks are underlined.
* Solvent A: hexane-benzene-butanol (10:1:1).

“ Solvent B: hexane-benzone (10:1 5},

“ ND. Not detectable.

TasLe 2 Color reaction of eptphase carotenatds of T mentagrophvies arthrospores with various reagents

Idenuification

Ergosterol  inon-ca-
rotenoid)
Unidentifiabie spot
Lycopene
Unidentifiable spot
Neurosporene
y-Carotene
s-Carotene
Unidentifiable spot
#-Carntene
Phytoiluene”
Phytoens”

Carr-Price
Colat test jur carot- 2N NaOH"* TR HCH
onouls”

Colorless - - Red
Yellow + - Blue
Fink . - Blue
Light pink t - Blue
Yellow + - Blue
Orange + - Bive
Yol . - Hloe
Orapge + - Bl
Laght vellow + - Blue
Colorless = Yellow
Coloriess + -

01.57 Mg ace-
N late"" imeth-
anohwl

* —, No change in color. t, weaklv positive; +. positive
* Xanthomegnin became purple when spraved with 2 N NaCH.
¢ Xanthoraegrun and quinone derivatives turned to purple to violet

“ Phytoene strongly sbsorbed UV light. Phytofluene fluoresced under fong-wavelength UV light.
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TABLE 3. Some major differvnces heliween « arotenowd and Guinone pigments'
Coto - sy
lePnf A‘)norpr:.m |pectra fvist Carr-Price ':‘:?‘il :‘:‘)!’: s ,"..'ihf.':xt—‘.'.l - :‘;m'n‘:(,;: ':",'
i Yigtt) test NaOI ! 2 N NaOH DN Mg henzene-adl
e N N il s L 0 ey’ RCeiate one (31}
Carotenowds 'a- or Usually three . ¥ R e L ‘M‘-—'_ﬁ‘- v
S-carotene) characteris- 5 g
tie peaks
Xanthomegnin One Dioad - + + + <10
peak

?

" Results expressed as —. no change in coloe +, positive

3 ¢ 1

2 Rate of flow on tlm\.-lsf.'er chromatographic TLOY sheet isilicat
A represenative quinone pigment {rom Microsgoriem cooket {provided by Y Nozswa!

Foy ¢

m,c?\gx‘% O OO
o} L

6
TIME (DAY AT 37°C)

PERCENT ARTHROSPORULATION GROWTH(mg CELLS /PLATE)
<}
o

[}
.
“h|
\
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(’b
~F
o}

3 3 8 8
g
\/(g\
\ _
\
\
X
\
\
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”\(g
\\
L
\
\
x
S o
PIGMENTATION
(PERCENT RELATIVE TO DAY 8)

. %. carotenoid pigment formation during arthrosporulation of T. Tentagrophytes. The

- appearance of celis is depicted in the upper graph, and the relationship of carotenoid
. formation to arthrosporulation is shown in the lower graph.
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chains or were released as single cells as a result of disarticula-
tion of connecting septa (Fig. 4). QCuring this maturation process,
arthrospores continuously accumulated intracellular pigments,
reaching & maximum in about 8 days.

Although carotenoid pigments could not be demenstrated in any states
of growth (hyphae or microconicia) other than during arthrosporula-
tion, carotenogenesis does not seem to be an essential event for
either the irduction or the completion of arthrosporulation. Com-
plete arthrosporulation tock place when this fungus was grown on
Sabouraud-sodium acetate medium at 39°C {data not shown). Downy
strains, naturally occurring asporogenic variants of T. mentagro-
phytes, were able neither to arthrosporulate nor to form carotencid
pigments under all conditions we tested. Light was not required for
the induction of carotenoid biosynthesis in arthrosporulating

T. mentagrophytes.

SIGNIFICANCE AND DISCUSSION

The data presented in Table 1 and 2 clearly indicate that the
pigments associated with arthrosporogenesis of T. mentagrophytes are
carotenoids and not quinone derivatives. In addtion to the positive
test for carotenoids (Carr-Price test) and the typical carotenoid
three-peak 1ight absorption spectra (Table 1), the insolubility of
the pigments in 2 N NaCH and their failure to change color in alkali
or in magnesium acetate solution render it highly unlikely that
these pigments from T. mentagrophytes arthrospores are quinone deriva-
tives as generally reported for dermatophytes. The authentic fungal
quinone pigment xanthomegnin reacted quite differently from the T.
?entagroghytes pigments in both the physical and chemical tests

Table 3).

Considering the rather ubiquitous occurrence of carotenoid
pigments in fungi, it is not surprising to find carotenoids in a
dermatophyte. However, the unusual finding that carotenogenesis in
this fungus occurs only during arthrosporulation suggests a reason
why carotenoid pigments have not been previously detected in T.
mentagrophytes. Recent studies (R. Emyanitoff, Ph.D. dissertation,
Loyola University, 1978) have shown that the inducticn of arthro-
sporulation in this dermatophyte is possible only under specific
nutritional and physiclogical conditions and that arthrospores
would not be formed under most routine growth conditions. Mares
et al. recently observed either yellow or orange substance in
T. mentagrophytes growing under a condition which, in our judge-
ment, was conducive to arthrosporulation. Without attempting
chemical analysis, they assumed the pigment to be a "compound of
quinone structure since similar substances are common in the pig-
mented strains of dermatophytes." In fact, many strains of derma-
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tophytes are known tc produce pigments which are of quinone deriva-
tives. Among these, the most common pigment is xanthomegnin, the
major pigment produced by T. megnini. Xanthomegnin was subsequently
found in many other strains of dermatophytes as well as in other
fungi. It appears that the unique association of carotenogenesis
with arthrosporulation and an a prior assumption by some workers
that dermatephytes produce only quinone type pigments are jointly
responsible for undue delay in demonstrating carotenoids in dermato-
phytes. It is anticipated that with the elucidation of specific
conditions for arthrosporulation, similar carotenoids may be found
in other dermatophytic funci.

Despite the intimate association of carotenogenesis and arthro-
sporulation in this fungus, the former does not seem to be an
essential event for the completicn of arthrospore formaticon, although
the properties of arthrospores with or without carotenoids need
further examination. Morpnologically normal arthrospores could be
produced when the fungus was arthrosporulated at 35°C instead of 37°
C. Such arthrospores were almost completely devoid of carotenoid
pigments (Hashimocto and Mock, unpublished data).

II1. Preparation of the cell walls of T. mentagrophytes hyphae and
arthrospores as possible sources of vaccine.

The existence, in man, of specific acquired immunity to super-
ficial cutaneous infections (dermaotmycoses) has been debated since
Bloch and Massini reported that guinea pigs became resistant to
reinfections following the first experimental Trichophyton infection,
Although there are numerous reports that immunization against derma-
tomycoses is an ineffective and unpractical approach to the prophy-
laxis of dermatomycoses (reviewed by Grappel et al., Immunology of
Dermatophytes and Dermatophytesis, Bacteriol. Rev. 38, 222-250,
1674), the data cbtained from a recent human experimentation do
indicate that individuals experimentally infected with T. mentagro-
phytes spores become either immune to reinfectfon or at least
become more resistant to reinfection (Jones et al. Arch. Dermatol.
109:840-848, 1974).

Since arthrospores of dermatophytes are now considered the
primary source of infection in man, we strongly feel that the problems
of acquired immunity and prophylaxis against dermatomycoses should be
reexamined at this time. MNo workers in the past have explored the
pathogenic or immunological roles of arthrospores in ringworm infec-
tions. We believe that if arthrospores introduced to skin wounds are
arrested befcre transforming into ineffective hyphae by either speci-
fic antibodies or cell mediated immunity, such individuals are less
likely to develop active infections. Because dermatophytic arthro-
spores are characterized by the presence of thick cell walls and
these walls are the first cellular component coming in contact with
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the host defense systewm, we reasoned that the immunclogical and
chemical characterization of arthrospore cells merits a thorcugh
investigation.

Isolation and purification of 1. mentagrophytes arthrospore walls.

Probably because of the unusual! thickness and spherical shape
of the wall, our attempts to dis-upt arthrospores of T. mentagrophy-
tes by means of several conventiona® methods (sonication, grinding,
Mickle technique and freeze and thawing) were proven to be ineffec-
tive. We found that repeated passages through a French pressure
cell {Aminco, J4-3332) using 40,000 psi caused the complete disrup-
tion of mature arthrospores. In most cases, 7-10 passages were
sufficient to break more than 99% of arthrospore populations.
Arthrospore walis were separated from broken cells by repeated
centrifugation at 4°C and the walls were further purified by gradi-
ent centrifugation in renografin. Purified cell walls were free
from ergosterol {membrane constituent) and RNA (ribosomes). Electron
microscopy cf wall preparations confirmed that the preparation is
essentially free from cytoplasmic materials.

Chemical composition.

For the anmalytical metheds, see our earlier publication {Wu-
Yuan and Hashimoto, J. Bacteriol. 129:1584-1592, 1977). The chemical
analysis of purified cell walls of 7. mentagrophytes arthrospores
revealed the following composition.

Protein 3%

Meutral sugars* (as glucose) 53%

Chitin 30%
Lipid < 1.0%
Others 15%

* Glucose is the major monosaccharide in this wall. Mannose and
galactose are also present as minor components.

We are now accumulating a large quantity of purified cell walls of
T. mentagrophytes arthrospores for more thorough chemical analyses
and immunoliogical characterization.
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