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concentrations, dormant arthrospores could be killed by these enzymes within ‘

a few minutes . If used topically in combination with other drugs, these
enz>iiies may prove to be useful antidermatomycotic agents. The relatively
stable nature of these enzymes coupl ed with the coninercial availability
further enhances thi s possibility . A series of animal experiments are now
underway to test this practical appl icability . The effectiveness of glutar-
aldehyde as an antidermatophytic and antidermatomycotic agent are now being
tested In guinea pigs and we expect that the results of the tests will
become available in a few months.

During the c urse of this investi gation , we found that the dermatophyte I.
mentagrophytes accumulated enormous quantities of carotenoids only during
arthrosporulation . Al though the significance of this observation is not
clear at this time, we are exploring a possibility that the accumul ation of
such pigments withi n arthrospores may be related to thei r resistance to ul tra-.
violet light.

In another ser ies of experiments , we isolated the cell wall of T. mentagro-
phytes arthrospores and chemically characterized its component. This is
an essential step to test feasibility of using arthrospore walls as a
source of vaccine and this possibility is being further expl ored In this
laboratory.
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Several lines 0f evidence listed below have led us to believe
that the key to the radical cure of derma tomycoses and the control
of ringworm infections in communal life is to develop effective
methods that kill dermatophytic arthro spores In Infected lesions or
in our environment.

1. Arthrospore s are the onl y dormant or resistant form of dernmato-
phytes produced in lesions. The presence of abundant arthro-
spores In active and chronic lesions has been wel l documented
In the literature .

2. Once arthrosporulated , the derniatophyte Tri chophyton mentagro-~phytes cells become extremel y resistant to several anti fungal
agents corivnonly used in the chemothera py of derma tomycoses
(T. Hashimoto and H. J. Blumenthal , Appi . Environ . Microbiol .
35:273-277, 1978). In other words, most lesions containing
arthrospores are highly recalcitrant to chemotherapy.

3. Arthrosporulation of the dermatophyte T. nientagrophytes IS in
fact signi ficantly stimulated by the presence of subl ethal
doses of antifungal agents such as clotrimazol e, nystatin and
griseofulin. (Eniyanltoff and Hashimoto , 1978, submitted for
publication in Can. J. Microbiol.) The use of insufficient
doses DI anti fungal agents rapidly converts susceptible hyphae
to resistant arthrospores.

4. Arthrospores are full y capable of germinating into infectious
hyphae by the normal skin, constituents . In fact, some of the
aged arthrospores are quite capable of transformi n9 into
infectious hyphae in the presence of water only. (1. Hashimoto —
and H. J. Blumenthal , Infect. Immun . 18:479-486).

These observations may account for our common experience that~~be
radical cure of derematoTnycoses is difficul t to achieve despite the
extensive use of various cheniothera cieutic agents . We now strongly
believe that neither radical cure nor the control of ringworm
infections in communal life would be possibl e unless effective
methods for killing arthrospores are made available for general
use. )

~~de1ghlng these factors carefully we have decided to concentrateour research effort on the following two specific areas : (1) test-
ing of various physical , chem1 ca~ and biological agents on arthro—
spores o-~ T. menta,gro~phytes and (2) elucId ating the morphologicaland physioT~ogicaTbasts of arthrospore resistance to various agents .The latter approach Is considered important because such studies
may provide useful clues to the development of effective arthro-
sporocldal agents .
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I. Physical , chemica l and biolo gica l agents wi th artbrosporocidal
activity-potential candidates for antidermatomycotic agents.

We took several different approaches to develop methods that
effectively inactivate dermatophytic arthrospores in vitro and In
vivo.

1. To~~cal_ applicat ion of moist and wa rm te~perature prior to and
— dur ing active che~~therap~.

The rationa~e behind this approach is based on our observation
that dormant and activated ~rthrospores are able to germinateand transform irto hyphae whic h are hi ghl y susceptible to anti-
fungal chemotherapeutic agents. It appears to us that the
continuous application of either topical or systemic chemothera-
peutic agents to dried (most physicians advise to keep the
lesions as dry as possible!) skin lesions is a futile attempt .
This approach will be tested in  an animal n~odel and an in vivo
experiment is now in progress.

2. TopIcal application of chemicals with arthrç~porocidal activity .

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

3. Tq.pical appl i cation of en~~~~~that activel y digest the cel l
wall of arthrosppres.

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 reasonabl e to search for enzymes
that digest o1f the thick wall thus making arthrospo re s more
susceptible to antifungal chernotherapeut ics or unabl e to sur-
vive in osmotically unstabl e environments . Although we
indicated this possibil ity in our earlier report, a more likely
applicability of such enzymes In the treatment of dermatoniyco—
tic lesions emerged when we elucidated the structure and
chemical composition of the wall of 1. mentagrop~ytes arthro-spores. The chemica l analysis of puri fied cell waTVof I.
mnentagrophytes revealed that giucans (mostly ~:3 linked ) andchitin 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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Sporocida l Activity of Cel l Wall Lytic Enzymes

METHODS OF EXPERIMENT

Gl uculase (snail intestinal juice) was purchased from
Endo laboratories , and ~-l :3 glucarase was prepared from animperfec t fungus and provided by Dr. Nagasaki . These enzymes
were r&atively stable when stored at 4°C. (No significant
loss of activity was seen for € months). Arthrospores were
produced and purifi ed according to the method described
earlier (Technical Report p2).

Approxi matel y ~~ ml of arthrospores were mixed with
enzyme solutions and Incubated at 30°C fGr 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 fi lter (iore size 0.45 ~m) and cells retained on the
filter were washed with sterile Sabouraud dextrose broth.
Washed cells were incubated fr Sabouraud dextro se broth for
15 hours and the viabi lity 0f enzyme treated arthrospores was
determined microscopically as described earl ier (Hashimoto and
Blumenthal , Appi . Environment. Mlcrobiol . 35:273—277, l~78).For each sample, a total of 200 spores was examined and the
percentage of survived cel ls was calc~1ated .

RESULTS

Typical survival curves of T. mentajr~p~ytes arthrosporesexposed to glusu lase and purified ~):3 glucarase areshown below. Phase contrast photomtcrograpb s of norma l and
glu silase treated arthrospores are shown in Fig. 2. The iso—
cel l walls of 1. mentagro~hytes arthrospores werc hi ghly

L 
sLJ~cept1Dle to ~he l ytic action o~ ~-l :3 gluc~nase (FIg. 3)and chitinase (data not shown ) which were the two major lytic
principle s of glus~iase.

S I GNIFICAN C E

The susceptibility of funga l spores to lytic enzymes Is
dependent ~n their chemical cor~o~ltlon as wel l as on their
location with in the wall. The whole spo”es may not be lysed

• by lytic enzymes when the substra te 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 ul trastructural and chemical
stud es showed that the majority , If not all , of the arthro-

~ 
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spore wall of 1. mentaQr~phv~tes is made of ~-l:3 fjl ucans andchitin , and these compont~nts~ are directly exposed to the sur-face of the wall sug~~~ ing an easy accessibility of glucanase
and chitinase to the major cel l wall components . Since elec-
tron microscopy of g usulase or ~‘-l :3 gl ucarase killed arthro-
spores demonstrated that they still retained a considerable
amount of the wall mate rials , it appears that the injuries in
the cytoplasmic membrane resultin g from the partial disinte-
gration of the wall are t~-e primary cause of death of enzyme
treated arthrospores . These observation s coupled wi th the
relatively stable nature of the enzymes , make these enzymes
prospective therapeutic agents in the topical treatment of
dermatomycoses. Very recently, a possibi lity of systemic and
topical use of wall lytic enzymes for the treatment of deep
seated and superficial niycotic infections has been proposed
by Davies and Pope (Nature 173:235—236 , l97~).

II. Structural and physiological properties uniquely associated
wi th arthrosporulation of T. menta~rophytes .

in order to find some unique structural and physiologic al
characters that may be responsible for the resistance of dermato-
phytic arthrospores. we examined 1. mentag~~phytes arthros~oresby means of el ectron microscopy and analyzed the chemical compo-
sition of certain subcel lular components . The results so far
obtained indicate that there are at l east two structural compo-
nents that characteristicall y associated with arthrospcres. It
may be plausible that the inhib ition of the development of these
structures or the specific destruction of these cell ular com-
ponents ~rigit l ead to the rapid killing of arthrospores.

1 . Arthro~ppre_wall.

El ectron microscopy of T. ~en~~grophytes clearly revealed
that the wall of arthrospores is several times thicker than
that of vegetat ive hyphae. During arthro s porulatlon , cells
synthesize a thick new wall l ayer immediately beneath the
existing hyphal wall. By the time spores became mature most
of the outer wall was l ost and the cytoplasm was surrounded
by a new thick (sometimes It ~tcoeds 1 pm!) wall synthesizedde novo durIng sporulation . ~urli~ thi s ul trastructuralstudy , we experienced co~si~ieri ’1’~ difficulties in fixing
and embedding mature art~r~s ~~

— ‘ . “e attributed these
difficulties to the thlc~ ~u~ll ~~ arYrosoores . The penetra-
tion of the fi xati ves an. other rr a.ients seemed to be hampered
by the impervious wa ll. This s~oci~lction was confi rmed by our
subsequent observation that the spheroplasts of arthros pores
could be readily fixed for thin sectioning. Al though further

- - - - 
- - - -

--- .-~ 
- — ----———.-—-——-- -



-~~~~~~~ ~~~~~~~~~~~~~~~ - ~~~~~~~~~~~ -~~-- -~~~~ ~~~~~~- - ~~ ~~~~~~~
---.

~~~~
-- 

9

experimentat ion is needed to draw a more definitive co’~ciu-
s ion, the resistance of arthrospores to various antifungal
agents may well be related to the presence of the un iquc
spore wall .

2. Lipid ard caro e~c id~~~anules .

One of the most strik ing observations made during this study
was the demonstrat ion of carotenoi~I pign~erts ~it fl in the lipid
granules  of I. ~.enta ph~~es arthrospores. In 1. menta~r~-ç~~~es these pi gments were shown tc occur only in arthrospores.
Mo trace of such p i gments was found in e1the r the hyphal or
mi croco nid fal form of this der;1atoph yte . Although the si gni-
fica ice of these pi grnenLs in t~ e res ist e- ic e of arth ospores
is not immediatel y clear , we believe t~~ t ~hese observations
are ~ighlj sl gnif i c~nt because cero t~~oi~ pi gments in plants
are considered to be v i ta l  for the protect ion of the photo-
synthetic apparatus from ultraviolet injury . In view of this
possible sir~ni f lca rce t~e full technical detail related to
this work w i l l  be included in this re~ort.

MA1ER:AL~ AND NETH~DS

~~~~~~strain. 1. ~ent grop~ytes AICC L’6323 was used throughout this
investigation.

Prepara ciur — o Far t h ros po res .  Art uros pores of 1. m~~ta~~ophytes v~ere
produced by a sligh t modification of the method described earlier .6
Approxi mately 0.15 to 0.2 rn~ of a microconidial suspension (2 x 1
spores per m l of distilled water~ was inoculated or a cellul ose dialy-
sis ne~~rare (Union Carbide Corp., ~ew York.  ~L Y .) .  wh i ch had been
placed on Sabouraud dextrose agar (Difco Laboratories , Detroit, ‘~ich .)containing 0 .1% sod ium acetate . The dialysis membrane was previousl y
boiled in 1% Sodiu- i hicar~onate solution for 10 mir rinsed with dis-
tilled water , and subseq jerttly sterilized by aut oclavin~ . After the
inoculated plates were incubated at 37°C for 36 h , 2 ml of Sabouraud
dextrose broth (lJi fco) was added asepticall y over the dialysis mem-
bran e. By this t ime , hyphae cnerg ing from microconid ia adhered to the
membrane , and the addition of the broth caused no separation of hyrhae
from the membrane . The plates were placed i n i  a large covered ~1assj ar (21 cm diameter , 25 c n hiqh) and further incubated under saturated
humIdity at 37°C for an additiona l week . By the end of the incubation
period , essentially all hyphae were transforme d into arthrospores .

The arthrospore s were readil y removed from the cellulose merrbrane by
gently s~.raping with a spatu la. The harvested arthrospores were was h-
ed in distilled water three times by means of centrl fugation (1 ,500
x r, 15 mm ). In some experiments , young hyphae or ar~hrosporu1ating

- - - - - - - - . 
- - -S 
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hyphae were collected similarly from the cellulose surface after
specified periods of incubation , washed , and stored as described
above.

Q~~~~~~t i on  of arthrospore fcrieation . The degree of arthrospore
formation was determined according to the method of Timberlake and
Turian. Cel ls  removed from the membrane cul ture were p l aced  on a
glass microscope slide and examined microscop icall y using an oil
immersion objective 1 x 100 , numerical aperture 1 .25; Nikon). The
percentage o~ hyphal tips contain ing arthrospores was determined
after examining 200 tips .

Extraction ~~ant L t io f_pj~~e~
n
~~. The oigments were repeat-

edl y extr~ct ed from ce l l s  w ith meth yl alcehol at 25°C. The extracts
containing pigments were pooled ard saponified in methanol at 25°C
for 15 h . The pi gmented fract4 on was collected in hexane by means
of phase separation technique. The epi phase fraction containing
pigments was concentra ted under vacuum . When the pi gments were not
used immediately, they were stored under vacuu m in the dark at
_ 2 D c~C.

The relative amounts of caroteroid pigments con ta ined in cel ls
undergoing arthrosporij lation 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 chromat v. The pigment solution In hexani e was
applied on alumina thin-layer sheets (no. 6063 , Eastman Organic
Chemicals, Rochester , N.Y.), or or silica gel thin—layer sheets
(no. 6061 , Eastrnan Organic Chemicals). Developnient of thin-layer
plates was carried out at 25CC in the following solvent systems :
hexane-benzene-n-butanol (10:1:1) or hexane-benzene (10:1 .5).
Colorl ess spots were visual ized either by illumination of chroma-
tograms with UV light (r’~ineral li ght , mode l R52 , equipped with
filter no. 20119 for short w ave length and no. 20118 for long wave
length : Ul traviolet Products , inc., San Gabr ie l , Calif . )  or
spraying with the reagents specified below . To ascertain the nature
of the pigments , chrcmatograms were sprayed with various reagents as
spec i fied in Table 2. Authentic carotenoids , such as ~ and B caro-
tene, were purchased from Sigma Chemical Co. (St. Louis , Mo.).
Lycopene was Isolated from tomato according to the method described
by Weedor (22). Phytoene and phytof luene were similarly prepared
from Rhodotorula rubra .

Carr- Price test for carc ,tenolds . The Carr-Price test for caro-
tenoids was performed by spray ing chroriiatogranis wIth 20% antimony
trichior ide (J. T. Baker Chemical Co., Phfl l ipsburg , N.~T .) in chioro-.

• form .
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~p~~ roscop.y. For spectroscopic study of inaividual carotenoids ,
the extract wa~ streaked or. t~in-1ayer plates and distinctl y
separated lines of pi gments after development were eluted in nexane.
Absorption spectra of individual carotenoids in hexane were examined
in a Cary 15 spectropho tometer.

Reagents. All chemicals used in the present investigation were of
reagent quality . All solvents were either chromatographic or spec-
troscopi c quality, depen~ing on the purpose of the experiments and
were used without further purification .

Dry-weight determination. Dry weight of cel ls on extracted materials
was determined by desiccating sampl es in preweighed alum inum plan chets
over P2 05 placed in vacuum at 25°C for 72 h.

cytological technique s. The light microscope appearance of the wet—
mounted cells was examined w ith ei ther an ordinary or phase-contrast
microscope using oil immersion objectives . Photomicroscopy was made
on panchromat-ic film (Kodak Plus X) with a Nikon camera equipped with
an automatic exposure system . Th i n sections and freeze-etched
repl icas of arthrospores were prepared by the methods described
earl ier . Specimens were examined with a Hitachi HLJ-11A electro n
microscope operating at 50 kV.

RESULTS

Identi ficatior and character ization of p1 ts. The thin-layer
chromatograp hic and s pectroscop ic properties of the pigments
extracted from mature (8 days old) arthrospores of 1. -~~ ytes
are shown -in Table I. The resul ts of various color reactions per-
formed directl y on thin-layer chromatograms are summarized in Table
2. The characteristic color of these pigments on thin-layer ctiroma-
togram sheets tended to fade when the pigments were dessiccated in
air or exposed to Intensive lig ht. Al though it was not possible to
fi rmly establish the identification of a few minor pi gments because
of the lack of certain authentic carotenoids , the data presented
In Tabl es 1 and 2 are compatible wi th our concl usion that the major-
ity of the pigments occurri ng In arthrosporulatlng I. menta9rophyte s

L 

are Indeed carotenold In nature. It is clear from Table 3 that the
pi gments isolated from arthrospores of I. nientagrophytes were not
xanthornegnln. To our knowledge , this is the first demonstration of
carotenold pigments in the group of dermatophytic fungi .

Kinetics of growtft , arthrosporulatlon and pigment formation. Under
our exper imental co nditions, arthrosporulation bega n as soon as the 4k maximum hypha l growth had been att ai ned and Intrace llular pigment
granul es became evident upon the compl etion of multip le segmenta-
tion of hyphae (Fig. t+). During the maturation of arthrospores,
cells tran s formed from rectangular ot oval shape and formed short

- ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~ ~~
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TAbL E 1. T/uz,- layer chr ~,mae grap hu and .cpeetrrje~opic eharor ~er,.titc~ of epiphe~e earr ,~enoicf s fowui rn
T. men gr~p hy tz.~ a.~thru -po r es

Rat, of (low

- Ahaurptin~ r~~z~ ’ a inld ufi ca~K.r Alumn~a .‘~~i~ )C3 RP( Pt.ui ’e~
SoI’.ent A ‘!~‘enL t~ 4..I’~.- , t  A ~-~~k .i~t 11

ErRC .atex-ol In op-~a- 0 8 I) 0.414 0 271. ?~~~—94
rr tenoid)

Untdex ~ ifia~,1e spot 0 3. (4 0 Si 4) 403, 425 . ~~~
L%’aupcne o 4 0  177 441 4 014 ~~N1

(44 ’~ ~~~ ~ a l

CrndernLfil&hle spot 0.47 441). 405. 49’,
Neurosporene i).57 0.0~ 080 0.43 414 , 438, 44i

(41 4 , 437 4t140

~-Ca otene 0 57  00’.’ ~~~ (1.49 431. 4Sd~ 487
(45 4. 40” I

~-Carotcn e 0.61 0.14 0.84 0.53 3~9. 421
(3 79 , 4~

). 414t
Unidentifiobl e wot 067 0.14 1, S4 (1 .59 426 44~ 4Th
fl-Caro tene 0 R20 0.84 4 ) 45 4 428. 4~~b 4714

(454). 45(l 4 77~
Ph ytofluene 0.7~ 0.33 0 $7 ‘)!~$i ,‘.Ii1 . 14$. ~9i7

133 I. 3457(
Phytoene )78 0,59 ND” Il $~ 277 . 2146. ~914
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TAaLC 3. Some major rz’i ff r .’.’ni -rs ~eSu ‘. -n ‘ ornteno4 an~? quinone p4 umraL~ -
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~~ . Carotenotd ptgtnent formation during arrhrosporulation of T. ientagrqphyte.~~ The
I. appearance of cells is depicted in the uppe r graph , and the relationship of carotenoid

formation to arthrosporulation is shown in the lower graph .
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chains or were released as sing le cells as a result o~’ disarticula-
tion of conn~ct1ng septa (Fig. 4). DurIng this maturation process ,
arthrospores continuously accumulated intracell ular pi gments ,
reaching a maximum in about 8 days .

t41thoug~i carotenold pigments could not be demonstrated in any states
of growth (hyphae or microco nic-la) other than during arthrosporula-
tion , carotenogenesis does not seem to be an essential event for
either the irduction or the completion of arthrosporulation. Com-
pl ete arthrosporulation took place when this fungus was grown on
Sabouraud-sodiur~ acetate medium at 3~°C (data not shown). Downy
strains , naturally occurring asporogenic variants of 1. mentagro—
phytes, were able neither to arthrosporulate nor to form carotenoid
pigments under all conditions we tested. Light was not required for
the induction of carotenold biosynthesi s In arthrosporulating
T. rnentagrophytes.

SIGNIFICANCE AND DISCUSSION

The data presented In Tabl e 1 and 2 clearl y indicate that the
pigments associated wi th arthrosporogenesls of 1. mentagro,phytes are
carotenoids and not quinone derivatives . In addtlon to the positive
test for carotenolds (Carr-.Price test) and the typical carotenoid
three-peak ligh t absorption spectra (Table 1), the Insolubility of
the pigments in 2 N NaOH and their failure to change color In alkali
or in magnesium acetate sol ution render it high l y unl i kely that
these pigments from 1. mentajrop~y tes arthrospores a”e qulnone deriva-
tives as generally reported for dermatophytes. The authentic fungal
quinar.e pigment xanthornegnln reacted quite differently from the I.
mentagroph,ytes pigments In both the physical and chemical tests
(Table 3).

Considering the rather ubi quitous occurrence of carotenoid
pigments In fungi , It Is not surpri sing to find carotenolds ~n adertnatophyte . h owever, the unusual finding that carotenogenesis In
this fungus occurs only during arthrosporulatlon suggests a reason
why carotenold pigments have not been previously detected In 1’.
mentagrophytes. Recent studies (R. Emyanitoff , Ph .D. dissertation ,
Loyola University, 1978) have shown that the Induction of arthro-
sporul atlon in this dermatophyte is possibl e onl y under speci fic
nutritional and physiologi cal conditions and that arthrospores
woul d not be formed under most routine growth conditions . Ma res

p 
- et al. recently observed either yellow or orange substance in

1. ment~,çjro,phytes growing under a condition which , In our judge-
mer t, was conducive to arthrosporulatlon . Without attempt1n~- chemica l analysis, they assumed the pigment to be a “compound of
quinone structure since simi l ar substances are common in the pig-
mented strains of dermatophytes .” In fact, many strains of derma-

I
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tophytes are known to produce olgments which are of qulnone deriva-
tives . Among these, the most cornon pigment Is xanthomegnln . the
major pi gment produced by T. tne~~in1 . Xanthomegnic was subsequently
found in many other strains o’ dermatophytes as wel l as in other
fungi. It appears that the unique association of carotenogeresis
wi th arthrosporulation and an a prior assumption by some workers
that dernatophytes produce orl y qulnone type pigments are jointly
responsible for undue delay ii derionstrating carotenol ds In dermato—
phytes . It is antic’~pated th at with the elucidation of speci fic
conditions for arthrosporulat ion , similar carotenoids may be found
In other dermatophytic fungi.

Despi te the intimate association of carotenogenesis and arthro-
sporulatlon in this fungus , the former does not seem to be an
essential event for the completion of arthrospore formation , al though
the properties of arthrospores with or without caroteno ids need
further examination . Morpnologlcall y no rmal arthrospores could be
produced when the fungus ~ias arthrosporulated at 39°C instead of 370C. Such arthrospores were almost compl etely devoid of carotenoid
pigments (Hashimoto and Moc k , unpublis hed data).

III. rreparatlon of the cell wails of T. mentagroph,ytes hyphae and
arthrospores as possible sources of vaccine . -

The existence , In man , of spec i fic acquired irnunity to super-
ficial cutaneous infections (dermaotmycoses ) has been debated since
Bloch and Massini reported that guinea pi gs became resistant to
reinfections following the fi rst experimenta l Trlchophyton Infection .
Al though U’ere are numerous reports that 1nrnunTi~tlon against derma-tomycoses is an Ineffective and unpractical approach to the prophy-
laxis o~

’ derinatomycoses (reviewed by (rappel et al., Immunology of
Dermatophytes and Dermatophytesis , Bacterlol . Rev . 38, 222-250,
‘(974), the data obtained from a recent human experimentation do

L 

Indica te that individuals experimentally infected with I. ~~ntagro—p~hytes spores become either lrmnune to reinfection or at least
become more resistant to reinfection (Jones et al . Arch. Dennatol .
109:840-848, 1974).

Since arthrospores of dennatophytes are row considered the
primary sourc e of infection In man , we strongly feel that the problems
of acquired lmun ity and prophy laxi s against der~natomycoses should bereexamined at this time . No 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 individua ls are less
likely to develop active infections. Because dermatophytic arthro-
spores are characterized by the presence of thick cel l wal ls and
these walls are the fi rst cel lular component coining In contact with 

~~~~~~~~~~~~~~~~~ - —--.‘.
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tne host defense systei i , we r~~scne d that the immunological and
chemica l characteriz atio n of ar~~ro s pore cel ls merits a thorough
invest~ga:ion.

lsolatio’~ and ~~rificati on of 1. n~enta g~p~ytes arti-irospore walls.

Probabl e because of the unusua l thickness and spherical shape
of the wall , o~r attempts to di~ -jpt arthrospores of T . mentagroph~—
tes by means of several conventiono met nods (soft cation , grinding,
Mic kle technique and freeze and t hawing) were proven to be ineffec-
tive . We found that repeated passages through a French pressure
cell (Aminco , J4-3339) ~:lng 41J,000 psi caused the complete disrup-
tion of mature arthrospores. In most cases , 7-10 passages were
sufficien t to break more than 99~ of arthrospo re popul ations.Arthrospore walls were separated from broken cells by repeated
centrifugation at 4°C and the walls were further purifi ed by gradi-
ent centrifu~atlon in renografin . Purified cell walls were free
from ergosterol (membrane constituent) and R~A (ribosomes). Electron
microscopy ~ wall preparations confirmed that the preparation ~sessentially free from cytoplasmi c materials.

Chemica l corn~osi tion.

For the analyt ical methods , see our earlier publ ication (Wu—
Yuan and Ha s rrrOto , J. Bacteriol . l2~ :l584— 1592 , 1977). The chemical
analysis of purified ~e 1  wal ls  of 1. menta~r~p~ytes arthrospores
revealed the following composition.

~‘roteln 3~
Neutra l sugars * (as glucose ) 53~
Chitin 30~
Lipid < 1.~~
ethers l5~

* Glucose Is the major monosaccharide in this wal l .  Mannose and
galactose are also present as minor components .

We are row accumulating a large quantity of puri fied cell walls of
1. nentagrop~iytes arthrospores for more thorough chemical analyses
and Immunological characterl2atlon .

- 
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