A

-Ja‘_

iV
2

o

5;‘;1};{:3 PGPSR :;“:L,ﬁ Ny
g wosE £ :

r ABSTRACT -

N
S, et -

- . v - s P
o4 g, @ - - R i . R YRS
R, D L I Todster ar e T g o StamiNE 53%&%

- ._J’/ '
A 1
r

*

DIMORPHISM AND PATHOGENICITY OF MUCOR ALTERNANS (VAN TIEGHEM) é

.
* 1
‘ . ’

A filamentous fungus, Mucor alternans (Van Tieghem), was found

to grow in the yeast-like form in yeast extra;t—peptoné-glucose
s broth (pH 4.5 and 6.8, at 25 and 37°) under ca}pon‘dioxide, and
in tissue culture medium 199 (pH 7.2, 37°) under 5% carbon dioxide, ,
95% nitrogen gas mixture. The amount of growth was proportional-
to the gluc&se concentration. The. pathogenicity of the ye;st-like
cells was studied in diabetic mice (strain C57 BL/KsJ-db/db)
injected intrapgritoneaily with pre-incubated sporangiospor?s. A -
. non-fatal diseqﬁe developed from which the mice recovered. Cultures

of M. alternans were gbtained from visceral organs, lungs, brain

and nodules of 37.7% of the diabetic mice. Normal controls were
negative in culture. Upon microscopic examination of 1iv nd
nodules, hyphae, arthrospores and budding cells were found. It i$
postulated that single cells, e.g.: broken of f arthrospores -
disseminate the disease to distant foci where germination occurs

accounting for the presence‘of hypﬁae observed in-histopathological

‘sections. v,
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1. INTRODUCTION AND PURPOSE ‘ 1.

The ability of a fungu3 to 'invade human and animal tissues
ls related 1n part to its potential for a morphological trans-
fomﬁ:ion or adaptation to parasitism. The extent of this trans-
formation divides most ﬂmga] pathogens into den:mtophytes causing.
the superficial infections and systemic pat’hogé‘\s occurring in ‘
deep-seated organs. The dermatophytes whichopa;‘asitize the
keratinized layers of skin, and its appendages, exhibif "reduced
wmorphology”, a term used in mycological nomenclature to describe"

invasion of skin, hair and nails “by means of\hyphae which, in most
: cases, break-up into_arthrospores b)" fragmentation of the invasive
.mycelium. ln-vitro.'~ arthrospores do not occur but conidia are
produced in most species which aid in the identification of the

causative agents.

Many Q'pathogenic fungi causing systemic infections %hibit
an extreme form of dimorphism, mostly yeast-1ike. In stud,yiﬁ;sg th?
factors affecting dimorphism 1n these fungi, it was found that in )
the case of Blastomyces derntitidis and B. brasiliensis tenperature

is of greatest importance in inducing the yeast-1like growth.
Sporotrichum schenckii and, particularly, Histoplasma capsulatum,

are more fastidious in this respect in that, besides temperature,
nutrition, humidity and the oxidation-reduction potential play a
role in the initiation of the yas%-like growth in-vitro (lfouno.
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;. 1967), Coccidioides immitis requires: specifically carbon dioxide

for the conversion to its spherule stage in a.,caﬁplex synthetic

g
medium (Lones and Peacock, 1960).

' The opportunistic pathogenic yeast Candida albicans does’ S
not appear to belong -to the above group since both filaments and
yeast foms. are frequently found jn lgsions. Winsten and Murray
s . (1956), uclaimed they found a filamentous mutant of C. albicans w_hich s
| was non-pathogenic for mice upon intravenous inoculation, but @hat
‘éulturizg on cysteine containing media, restored both pathogenicity
¢ and 'fhe yeast-like growth in-vitro. . A similar response tc; cysteine
was observed by Rippon and Scherr (1959), who sut/:’ceeded in obtainirng‘-,

‘ yeasi—like growth in Tricho;mxton rubrum and Microsporum audouini. In
1965, Rippon et al conv:r?ed even species of Aspergillus and
Penicillium to yeast-like growth on cysteine-containing media. In
both cases, the unicellular growth subsequently invaded internal

F P

organs which led these ‘authors to conclude that given specific

L]
-
e b

o 4
conditions, dermatophytes and some saprophytes can become systemic ]
pathogens. 1 f-2 ?

o‘ ""—f'w;f.i %

, Several members of the Lower Fungi belonging to the Class 3
Zygomycetes, specifically Rhizopus, Mucor and Absidia can, under §

£

opportunistic conditions, become pathogenic for man. Since histo-

pathological sections often prepared post-mortem show the characteristic
broad non-septate hyphae in internal argans thessfungi are

4
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considered to be invasive in their filamentous form, i.e., in the
|

form they grow saprophytically Ip nature (Straatsma et al. 1962).

been known to g

itions. Bl\'tnicki- ' b
. ‘ )

. -
Some Zygomycetes, especially Mucor, have 1

in the yeast phase 1n-vitro under specific ¢
Garcia, Nickerson and others, whose work will be discusséd in
details in the Review of Literature, determined the requirements : :
for pC0, and the kind of hexose as ‘well as its concentratiol, ft;r :
the conversjon of these fungi to budding forms, Let is su i”ic’e at '
this point that the co;wersion to the yeast phase in, e.g. E__M:_c_:_o_vj__

ise, co-pared to Q\‘/ _
W, Sporotrichum or L,

g'_o_gﬂ_ is a relatively simple laboratory ex
that of such diphasic pathogens as Histopla
Coccidioides. The authors who studied dimrpliil in Mucor and other
Zygonycetes. did not extend their investigation to pnthogen“lcity.
™ yet a possibility of dinorphis- playing a part in diseases #:aused

by them 1s an intriguing one. Would certain metabolic disor‘ers. s

N 1ike diabetes, favour a conversion to yeast phase ‘in the. patnent '
and thys account for a rapid spread of the erction ? Such a
supposition appears to be supported by the afse with which these

: fyngi respond to environmment with morphological changeé in-vitro and

4 their fast rate of grow;h in either phase, orf Antermediate forms.
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: This challenging hypothesis became the main subject of the fnvestiga-
| tion presented fn this thesis.

. Mucor alternans wes chosen for this study because ki3
species was isolated under apparently pathological ennplit!m from

"%
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- swabbed wounds of a patient, with mwitiple cuts and contusiens
(Royel Victoria Hospital, Montreal, usz. Mologial Labovatery,
Nos. 1463, 1465 and 1522). In two pﬂot experiments, this spacies
) ws found to wduco mm yoast-1ike cells in dnp cﬂm.
(‘ and upon injection of thcn cells into Jinetic -lcc. the fungus was

re-isolated 2 - 3 weeks laur from internal organs (M. Leyritz and
H. Momonis, 1971/72. Unpublished data. A resesrch course and a
summer project in this Depertment). A Review of Literature revealed
that except for an early description of this sﬁcie by ’qu ad . L
Dubourg (1887), M. alternans has not been frwestigated for its .

potential dimorphisa.
i

_ The In-vitro studfes were performed first fn the same '
medium (yeast extract - peptone - glucose broth), and using basically
the same procdun as employed by ‘the chief inwestigators of tMs
phenounon llrtnicki-ﬁlﬂ:il and Nickerson (1962 b), with N. ﬂﬂ"ssiﬂh
chosen for comparative studies because it is kmown to grow exclusively -
in the yeast-1 fh form under carbon dioxide and nitrogem. The ﬂl—vitro
studics were then transferred to a defined tissue culture msd{ium199,
because of 1ts sbflfty to support the growth of anfmal cells. Since
mcormycosis (syn'. phycomycosis), in c.;.. diabetic patients 1is ’ \ . %
associltd withf tetucldosls. glm. acetescitic actd ad p - iadm- 3
xybutyric acid, 8311 33 ures, were aded to this medium to see | y
whether these compounds had any influence on the merphogenesis of #}
this fungus. - ' o §
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Fhe in-vivo studies of the pathogenicity of M. alternans’
L. were'carried out in diabetic mice strain C57 BL/KsJ-db/db. These

mice ware injncted intraperitoneally with pre-incubated sporangiospores. ;
Hhﬂe an intranasal or respintory portal of entry would have required
the. usage of dry sporangiospores as an inoculum, the intraperitoneal
route, being comparable to stepping fnto a diseased state, called N
for an inoculum of cen‘s already adapted to pathological cnnditions.
According to the hypoa;.hesis presented above, pre-incubated spores consti-
tuted such a fnoculum. The course of the disease was followed by
cultur'lpg the organs, blood and urine during a two-month period ’
after inoculation. Quntitative estimation of fungal elements was
carried out by cultures, and microscopic exainaﬂon of homogenized ,
livers. To investigate a possible post-noriien growth of the fungus,
. the 1ivers of ?n mice were incubated at dropping temperatures from
4

) ~
37 to 4°C over & 48 hour periad, prior to homogenization.

¢ +

.
t

To summarize: the object of this study was to find answers
- ! o , - * . “
‘ to the following four ques\tions: . .
1.- Since early nbserva_tibns. as well as prel iminary studies,

- \
i , . showed M. alternans to be potentially s diphasic fungus,

\ what are the. specific conditions reaned for thc yoast- :
S 11ke growth of this fungus ? P

o 2.- Is M. alternans, isolated under sesmingly pathogenic
e conditions, really pathogenic ? ' Since mice-of strain




N | | ..
= C57 BL/Ks)-db eventually die of diabetes at 4 - 6 . .s
g ' o x}gy mnths. predisposing factors would be provided to. ’ L
:,;v - "~ bring out pathoggmic attrihgttes in this species, while ) i
5,3' A --< - ~ normal mice should remin unaffected. ' | 0
i W ‘ If the answer to Question 2 is yes, how does the
S - - " {nfection spréad in the exptrin'enfaf animal ? Would
T e ~ the reduced oxygen tension and’raised carbon dioxide ‘
S . content al'low ;the yeast phase to develop wholly or ]
| S L partially, thus providing a vehicle for dissenination b
- ©, via single ceﬂs ? ‘ " T 7 h )
- . -8.- If the fungus dissgnil;atgs via single cells, do the |
*\ . N ; hyphae observed in'histppatholo‘gic‘ailsgctionsoresul't, ’ C
) perhaps from a post-mortem growth whenever such . - ‘
8 T h _ tissues or organs are exposed o aerobiosis prior to.
T \ fixation ? v . S
; : ) | [T~ ’ ! \ | (
‘ [ 2 201 2833 8002230 0. 02122234 ‘ .
¥ e . - :
. . ° K - ;
P ) . ) . ;

1 B . v ~
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© ~ .. REVIEN OF LITERATIRE
‘olnorphlsn in Mucor %

~ 3 .

Mold-yeest dimorphism of icor has been studled for over ;

| a century. Batl in 1857 was the first to observe spherical buiding ] %
Lo cells in sugar-rich “saccharine” cultures of Mucor, and thought k
h that the budding cells were ordinéry brewer's yeasts. Bail concluded

tbet the filamentous growth and the yeests were two growth forns a

of the sime fungus. e, Mucor. While his observations were correct,
“Bail's conclusions were wong, and this s phy Pasteur (1876), having
observed _this pnenonenon Mnself. rejected Bail's hypothesis of

] trensmtetlon of species. Pesteur arqued that the morphology of
e Mucor became yeast-1ike as 2 result of omen deprivation. When the
' ~ fungus was grown 1n llquid cultures. fllenentous grouth was obtained
- : ‘ at the surface of the nedlun. where the supply of air wes plentiful

* while yeast-Tike growth developed in“the depth of the same culture
whére aeration was insufficient. /Reess (1870) and Fitz (1873), had

K prevlously reached the same concdlusion. Pasteur studied in this

respect seuerel fung and' noted that the~tendency to form yeast-1ike
cells was mch stronger in Mucor then in Aspergillus or Penicilliun.
Gayon and ‘Dubourg gave in 1887 a good description of growtn forms

encountered in Mucor alternans (Fig. 1 to 10). !

fi'v ¥

» I - : ’
e - "Ensemensé dans de 1'eau de lewre, par exenple, )
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produit un mycelium unicellulaire, trds ramifie, qui

L 3 . ‘o~
- L3

-
T s



4

. Mucor alternans se développe exclusivement en myceliui;i

- "Au contraire, dans une disso'lutvion de glucgse, 11 pvjend ’

[ (R LTIV . " vy .
ki I 1‘; '. "M"Y “ ' 1‘ Lottt ben i K —«l.q _r\‘\‘}\, Th Tt i "“"&.’:&“ B 11‘3‘:'1/ A
e s ) DI v,
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ey 2
f
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~ 8.

donne naissance en différents points & des filaments
fructiferes. dont les princ'lpales formes sont dessinees . &

dans les figures 6, 7 et 8 de 1a planche...* ) &
1

/\,A\
"Les spores du Mucor~alternans sont elliptiques, 2

surface Tisse, et mesurent de cing & six mi11itmes de
nillimdtre de llonguédr sur deux 3 trois- i1l iemes de
millimdtre de largeur (Fig..5); elles sont renfermees
dan; une manbrane incrusteetde petites aiguilles
cristallines, et groupées autour d:'une columelle .
sphérique (Fig. 4), dont la base cc;nserve toujours, en

forme de collerettq. 4n débris de 1a membrane extérjeure"..

"Cultivé dans une dissolution de sucre de canne, le

! /
et fructifie comme dans 1'eau de levure non Sucrée".

[

imméd{atement 1'état de grosses cellules sphériques trés
bourgeonnées (Fi'g. 10), et provoque une fermentation f

active. Dans du modt de bidre, dans des dissolutions de’

, maltose, de dextrine, et méme de glucose impur, dans de’ - .,

1'empois d'amic!d’n.' i1 produit d'abord, des- tubes mycéliens
qui se gonflent bient8t, se cloisonnent et forment une

succession d'articles 3 peu prds cyﬁndriques (ing.' 9a)
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4 ) ” EXPLICATION DE L PLANCHE
t
, ) Fig. 1. — Plament fryetifice du Nucor alternans recourbé em crosse ot ter-
0 miné parun sparange <phivique. G = i.:“.’. )
’ . Ty, 2. — Filament fructifRre avee deux sporanges alternes. G = -’1-:’
hg 3. — Filament fructifdre avec trois sporanges alternes. G == _".‘.’.
. , l""&. 4 — Colmgeyf spbér{qu\a'lu« partant & <a ba <n un reste do In mem-
\
.- ,bramé-€xtéricure Au sporange. 6 = ---
; . J
. 3 P
' . - Fig. 8. — Sporc« elliptiques du Jumr allernans. G. == =~ , ' . ; .
’ Fig. 6, T ct 8. — Acpects divers desorganes de r(‘pmducuou gu Mucor. A E:
. - G. = -'%’ ;
. Fie. 9. — Ewts suecesfs du myedlium dams une solution de dextrine : : " %
] . a. Slamcut né dune cellde ferment, divisé en articles eylin- "
drigues; b, Alament dont les articles sont ganfids et arrondis; N
. ¢. articls détachés du filament preécédent. 6 = - ks
" . Fig. 10, — Cellules-fermeat en 1oie d» multiplication dans un liguide cn . s f
) ) formentation : aa, cvllulra peu honrgennnées: b, cellule-mere A
e d : entourde de cellules wombreuses, de prcmu‘ﬂ;‘ et de deuxitme o
¢ génération. G = M' -
- e - g
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n.

puis, ces articles s'arrondissent en boules (b et c),

se séparent les uns des autres et se reproduisent
finalement & 1'dtat de cellules sphériques, pendant :

’ toute 1a durée de 1a fermentation alcoolique.” ) , 4

About the same time, Brefeld (1873) observed M. racemosus

to grow in the filamentous form in anaerobiosis under hydrogen..He

&

, concluded that the formation of yeast-like cells was due to the

accumulation of metabolic_gpz\aqd”not to the absence of oxygen, the
acidic properties of CO being responsible for this efféctm\flffitopp
(1896) having doubts about the role of acidity in yeast-like deve -

ment, showed that he could obtein yeast-1ike cells in neutralized \\7\\\\\\\\\i

.grape Jjuice, provided the air was completely excluded Whemer (1905)
also found that the absence of air was the most 1mportant condition
for the appearance of yeast-like development ‘of M. quilliermondii

under anaerobic condition5~b§?1ncubation undeel§02. in these

early studies; it became gradually evident that the atmosphere of

b

»

incubation, i.e., abfence of air, and presence of"coz played an

important-role in determining the morphoéenesis of Mucor.'Theh

mechanism of these changes, however, was little understood.

The modern phase in research of dimorphism in Zyﬁdﬁyce%esu ,g
concentrating on Micor, began when Bartnicki-Garcia and Nickerson - ‘ 'é
undertook, in 1962, critical and extensive studies of the physiological’ f
control of dimnrphism-in Mucor. The importance of distingufshfng

i}
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_ between arthrospores and yeast-like cells wos muphasized and the .
term budding cells” clarified. According to these authors (1962 'b).

the term yeast-like cells” should apply oniy to cells which originate

Lo P b v
s U TSRS LAY
(SRR PR T e TR M2 LV 7 SO NS Saf ‘

and lluitiply by budding and not to arthrospores, which arise by hyphal
fragnentation. mch of the confusion in .earlier work arose from the

) failure to distinguish Jbetween these two forms of. cells. Carbon
“dioxide and nitrogen were confirmed to control dimorphism in the
several species| of, n;cor stud’ied, although not all Spacieo beillaved
similarly.. li rouxii was notable for its yeast-like qrouiih only

Y oroa AN e

under carbon dioxide while M. subtilissimus produced this type of

growth under both carbon dioxide and nitrogen. -Under. amerobic gas
mixtures of carbon dioxide and nitrooen, a pC0, of 0. 3 .t.ospo.ere '

r induced the development of exclusiveiy yeast-lilte cells in . _royxii ‘ E;
\ X while under aerobiosis a pCOz as high as 0.9 atmosphere was required o *
¥ . to obtain a predominantly yeast-like growth (1962 b). Examimation of . &
the action of metabolic inhibitors on M. rouxii (1962 c), led ta . , . ;
the discovery that morphogenesis was susceptible to control by | N

- 'f chelating agents of the. K-acetic acid type. such as EDTA (ethylenedia- Ty .

o
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g

minetetrucetic acid). VYeast-like develoment in M. roixii was N ‘
"prevented by EDTA, and restored by subsequent addition of such’ -
me:t‘als as Mg, In ard Mn, showing that morphogenesis is metal- '

%

- dependent. Since yeast-like development .in M. subiilissims Vs ;
also inhibited by EDTA, Bartnicki-Garcia postulated that yeast-1ike

* developent in these two species is dependent upon the metal-catalized *
g C . . '
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formation of an important metabolite. In order to form this
metabolite, CO, would be required in the case of M. rouxii, but

not in the case of M. subtilissimus. The following model was proposed:

M. rouxii - to]A'

o, + W — — X
v 1
M. subtil. (Metal)

-> Y

..ﬂ L

where ¥V, W aﬁi X are metabolic precursors of Y, the aci:ion of Y‘
affecting the chemical composition of the cell wall, and conse-
quently the cell shape. ' . )

It was also found that absence of oxygen greatly reduced
the amount of growth and increased the nutritional demands of the
fungus. Thiamine and nicotinic acid were requiﬁad for anaerobic

growth of both the mst-liée form and the filamentous form of

- M. rouxii, while no added vitamins were necessary for aerobic growth

(Ba.rtnicki-Garcia. S., and W.J. Nickerson, 1961). ' The same authors
found nutrition to be of paramount importance. Abundant yeast-like
develowent,vas obtained only w/th complex nitrogen s&urces sucp as
mst-extract;peptone or casein hydrolysate but~ not with single
amino acids (1962 c). The importance of the medium on growth was
also @hasized by Haidle and Storck (1966 !3).\who su;:ceeded in
obtaining yeast-like groﬁtl; of M. rouxii under nitrogen in _syntitetic
hpdja» pv:ovidet_l traces of oxygen were eliminated. ,
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AssimIIation of carbon was also found to be affected by

anaerobiosis Under aerobic conditions, disaccharides and a variety

of organic compounds were utilized, while in absence of oxygen
carbon assimilation was restricted to hexoses (partnicki-Garcia . Q
A “ and Nickerson, 1962 c). Flores-Carreon et al (1969), proposed
a possible explanation for this phgnomenon. They found that only .
cell-free éxtracts of M. rouxii could hydrolyze maltose under :
anaerobic conditions, while whole cells required oxygen for this
— process. A fynctiona1 respiratéry cha{n‘seems to be required for
NS maltose enggx into the cell since impairment of the electron transport
" by amytal inhibited maltose uptake. These results rule out the Ce
possibility that oxygen is necessary for maltose break&own or for the
inducible synthesis.of e-glucosidase. These researchers are also
against the hypothesis of Kluyver and Custer (194Ql,ﬁ§hat ceréain “
yeasts are unable to ferment some disaccharides beécause the enzymes

involved in their hydrolysis are reversibly 1nactivated under

\,t../

anaerobic conditions. The 1mportance of hexoses was again noted -
later by Bartnicki-Garcia (1968), who proved that in anaerobic
cultures of M. rouxii, morphogenesis was strongly dependent on \

Y

hexose concentrdtion, as well as pC0. At low levels of hexose, oAF
pCOz. or both hyphal development occurred ,but at high levels, the \\
fungal spores developed into yeast-like cells. When the spores were
"incubated under nitrogen, at ;\low glucose concentration, as in

the 2% glucose yeast-extract peptone broth, germination occurred .

-
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and long thin hyphae were obtained. But when glucose, in that . -
wedium, was raised to 8%X,only budding cﬂls were obtained, proving

that at high glucose concnntration. mst-liko development could “ :
be obtained without exagenous CO,. Characteristically high glucose o

’ concentrations inhibited in this species the development of hyphae

from germinating spores, but did not prevent the elongation of
preformed hyphae, suggesting that hexoses inhibit forntion of
hyphae not by blocking the operation of . the necl)tnisn responsible

for apical growth but by preventing its initiafion.

Considerable 1ight was thrown on dimorphism in Mucor by
chemical investigation and comparison of the cell wall composition
of the yeast-like and mycelial phases of N..rouxii. Both types of
cell walls exhibited a complex chemical conposition consisfzing of
polysaccharides, phosphates, pv:oteing-.. 1ipids, purines and pyrimidines,

0

also magnesium and calcium. Chitosan was the most abundant component ®

of both types of cell walls while chitin was present in relatively ;
small quantities (Bartnicki-Garcia and Nickcrson 1962 a). Chitin

was found later to play no role in morphogenesis (Bartnicki-Garcia

and Lippman, 1972). Significant quantitative differences, nnwever. -

were found: proteins, pyrimidines and particular]ly mannose were |
present in much higher quantities (5 times as much in the case of :
mannose), in the yeast-1ike cell walls than in hyphal wall (Bartnicki-

Garctia and Nickerson 1962 a).

\
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Other chemical analyses aided in the ﬂucidation of the
role of CO, in Mcor morphogenesis. ‘Working with labelled carbon,
Bartnicki-Garcia (1962 d), ‘found that carbon dioxide was fixed by ..

-
~

the yeast-like cells of M. rouxii. Grown agaerobically.under 0.3

. f \
PCMOZ, maximum fixation of the labelled carbon dioxide and maximum
malic enzyme activity occurred. The major praduct of é“oz' fixation

\

. was found to be aspartic acid. The two above findings, 1.e., the

high mannose content and the fixation of 'CO» 'In\aspgrtic acid, led
\Bartnicki-(‘.arcia to the following hypothe¥is: si\i'gce C0, assimilation
at high pC0y resulted in lar:ge accumu ation of malic acl'ld. which is
then metabolized and converted -to aspantic ac%d; qjéhe latter compound,
i.e., asparfic acid, would stjmhté t fom;fion and accumulation

of mannan protein in the cell wall. The increased presence of the -
mannan protein would disrupt, or prevent, an orderly orientation of
the cell wall polymers and through the action of isotropic forces the
cell would become nm-;;olarized.i.'e.. spherical. . This hmthesis |
supp;;rts earlier work of Kessler (1959), who found that.the protein
moiety of the unn;n protein c;onple:':es isolated from yeast cell walls”
is .also rich in a;partic acid. By contrast, under aerobic conditibns,

no accumulation of carboxylic acids would occur as a result of COp ’

”
A

fixation, since they would be removed through the operation of the tri-
carboxylic acid c}cle.
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Recently, other factors besides the atlosplnrc
of 1ncuhtion. glucose concentration and nutritional *ﬂctors,
found to induce dimorphism in Mucor. Phenethyl Ilcdél (PEA) is
one of tha. This alcohol is known to inhibit the growth of bacterial
fungal and animal cells. Previous studies on the mode of action of

PEA suggest that the cytoplasmic membrane is its primary site of

action (Silver et al. 1966). The germination of fungal sporés of

M. rouxii was inhibited by concentrations of phenethyl alcohol ranging
from 0.05 to 0.31. Under aerobiosis in the presencej of 0.22% PEA,

M. rouxif spores gave rise to an abundant amount of budding spherical.
cells, provided that the carbon source was a hexose at 2 to 5%. Removal
of these cells to PEA free medium resulted in géermination, and hyphal .

~ growth (Terenzi and Stovtck. 1969). VYeast-like heve}omnt was also

obtained in a basidiomycete (Lenzites sig_piarh) upon treatment of

its basmospo;-es or mycelium with PEA (Scheld et al, 1970). DA did
not mnbit synthesis of cytochromes or 02 uptake, but was found to
1nh1bit the oxidative-phbsphorylation activity of mitochodria according
to Terenzi-and Storck (1969). The net result of the action of PEA

was stimulation of COp, and alcohol production. The above results
suggest that filamentous growth inhibition by PEA could be the result
of an uncoupling of oxidative phosphorylation from respiration and

- that n Micor, yelst-11ke morphology and fermentation are linked. Yeast-
1ike morphology even in aerobiosis would be expressed only when
alcoholic fermentation reaches a critical Tevel. Yeast-1ike morphology

. . . o
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in Mucor can thus be observed to occur under diverse uditlou.
involving CO,, hexose concentration or PEA. These a-ﬂﬂm have

one common trait: they all favowr fmiu e mﬂnﬂon.

pry

In 1971, Storck and Mori11 reported the 1solation of a
mutant of M. bacﬂl!fonis. which had lost the ability to grow in
the filamentous form and grew exclusively as yeast-1ike cells. The
nability of the mutant to take up O, in the presence or absence of .
glucose, was found to be due to the lack of cytuhrue—uidase.-f_ﬁis :
mutant was unable to take up 07, but had a high level of alcolio!ic ‘ ',

1 Lo s i 1
A Tt B S0 Safewng
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f‘er-entm\on;' Fermentation in-this case wes its sole source of
energy. Th: discovery of a cytochrome-oxidase negative sutant wes
paralleled by the findings of Haidle and Storck (1966 §), who
studied the enzymatic reictions imwvolved in the comwersion of yeast-

1ike cells to fi,faalts in . rouxi{i. A On exposure of the yeast-like

cells to air, they found that cytncllr;e oxidase was nacessary for

the conversion to filaments to occurv. Addition of cyanide, acryflavine
and cyclohexinide Which’ inhibit the activity or synthests of cytochrome
oxidase also prevented the comversion. On the other hand phastthyl
alcohol which inhibits the filamentous but not the yesst-1ike grovth, ,
had no effect on the activity or syathesis of.this eazyme. It vas ::)
concluded that besides Cytochrome axidase, other enzyme systams wh

are inhibitad by phenethy! alcohol m required for the comersion te

occur. mbmtm which r«uim the m of m amlna
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and other enzyme systems would then favour filamentous growth, while
fernentation whether® induced or not would favour yeast-1ike growth.

- , Considering that the yeast ‘phase of M. rouxii is accom-
panied by a high level of fermentation, it seams 1ikely that the .
enzymes of the glycolytic blthvny may participate in the control of

- morphological change. Crude extracts of yeuast-like cells, exhibited

«

3

;\ 3 to 5 times more tota'l specific activity of pyruvate kinase than
those from the nyce’liun Manganese ions were found to be strong
activators of thi;mzm (Passeron et al. 1970). This finding s
tonsistant with the fact that. in anaerobiosis the catlbol is- of
glucose through glyco'lysis requires the fonution of pmvate from
phos phoenol pyruvate while in aerobiosis pyrwate kinase would not

r play as an hyrb‘nt a role in energy production. R .

-

It was also found 'that spores of several species of

\ Mucor are converted into the yeast-like form under aerobic conditions
: ‘ in presence of suitable concentrations of certain antibjotics and
3 " fungicides. At 107°M., actinomyciri D was mm 21:1:
¥ " botic producing yeast-11ke forms in M. hiemalis, M. pusillus,
'. M._rouxii and Actimcoggltgns.' ‘The fungicide thiabenazole produced
v yeast-1ike cells fn all these spoles at 5 x 10~ . griseofulvin,
streptomycin, tyrocidine; dicloran, ethirimol, dimethirtsol, cartiexin
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Haidle and Storck (1966 b), found that in the presence

¥
e
0
Y

[ of cyclohex‘lmide, the morphological conversidn of yeast-like cells . &
, - to filamentous cells, was inhibited. Sincé it is known that protein s
, and RNA accompany this ‘conversion (Haid]’e and Storck, 1966 a), and S

.that gyéloheximitie inhibits both of these syntheses, it was assumed

that protein. and/or RNA esynthesis,uwere necessary for the yeast to
] Gn - ' \ . . N
«*  filament change to occur, and that this change involved more than .

merely the change in shape of the ce-wall.

Y
> ° -
'

7 7 -In summary, fermentation and environmental conditions, T

3

which enhance fermentation, restrict morphology in Mucor.giving .

© - rise to yeast-like c€Hs. This concept is in agretment with_the

o views of o)flar"'burg (1968), régarding oncogenesis:- “Respira}ion ener
- creates and maintains a high differentiation of body cSﬁs. Fermenta-

; tion energy can 6nly maqintain a low differ:entfation. It follows

. that if respiration is replaced by fermentatmﬁ in body cells, high
differentiation must disappear." '

!

Phycomycosis in man and in expériment:g‘l' animals (Syn. méorm,ycpsis).

Q

/ ycon:iycosis is a systemic diseasén in man and animals, caused
by several membersf of the ‘orders mcora'les and Entcmophthorales, including
’ such genera as l‘ucor Absidia Rhizopus, Entmophtwnd Basidiobolus.

" This is an opportunistic infection in patients debilitated by another
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disease and receiving complex. therapy. The fir_st report of phycqnycokis
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; in man, was made by Paltauf (1885). As early as 1903, it was =
» confirmed by Barthe;et thae lﬁa;:or was an invader of tissues previous-
1y altered by disease amf was rarely a primary pathogen. In 1943,
Gregory et al. reported three cases of cerebral mcomycosis in
patients with diabetic acidosis. McBride et al (1960) , 'noted that
42% of .the cases reported in their review, occurred in patients

with diabetes, most of whom had béen severely acidotic. In non-

diabetic patients, the most predlsposing conditions to invasion by
. Mucor would be: 1) a state of lowered resistance produced by under- m
lyi:\g disegses, \such' as carcinoma, anemia, g;mrylmephritis.
septicemia, leukemia, mltitple myellqn; and metabolic distzbances.
other than diabetes, leading to acidosis; 2) a local tissue defect ﬂ
- that tﬁe fungus uses as a portal of en;ry. as in the case of_a burn =

',..p ' ~ wound; and 3) a disturbance brought about by the use of antibiotic,

: cytotoxic steroid and radiation therapy. B
It has beeﬂ'notedD by ,FicBrigle et al, in 1960, and Straatsma \N
E et al, in 1962, as well as ll>y_ other workers (Abramson 1967, Becker,
gf, 1968, Bergstrom 1970, Blatrix 1970, Burrow 1963, vonLedebur 1968), %
f that cerebral phycomycosis was preﬁvgnt’ in acidotic diabetic patients.
7 ' i 3

L The fifgus is thought to spread by direct extention from the nasal

‘,,,
otz
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sinusés as portal of entry to the brain. The disseminated form has -

Y
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NS

occurred mst_’ frequently in ;uon-diabetic non-lymphoma patients, while
the pulmonary form seems td affect mostly lymphoma patients (Straatsm
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' 1962). Two other forms; gastro-intestinal (Iieal et al. 1969), and
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Phycomycosis is rarely suspected clinically and, since

5 ¥
¥
w57

_mycological diggnosis is either not attempted or negative, except
in rare instances, (Bauer et al 1955 a), most cases proceed to a
f " fatal issue, and are diagnosed post mortem by pathologists, by
demonstration of the characteristic broad, non-septate invasive
hyphae and tissue reactions.. Unfortunately, the pathologist cannot
o ,. go ;ny further ang thus phycomycosis is notoriously il11-defined as
to causative species. Even when cultures Qre‘obtained. ante- or
‘posi-mortem. identification of the genera, not mentioning the species,
* ﬂ is a matter for exper{enced m}cologist§ familiar with that group of
L " fungt. .It ts because the course gf this disease 1s,1arge{; unknown

that studies of its pathogenesis Bave been undertaken in animals by

v

several investigators.

- Lichtheim (1884), in the first experimental approach to
the study of phycomycosis, gave intravenous injection of M. corymbifer

. subcutaneous phycomycosis occurred in a few instances (Straatsma 1962).

and M. rhizopodiformis to rabbits producing widespread lesions and

: death. Sincg cerebral mucormycosis appears chiefly in patients with
r, — diabetic acidosis, Baher et al ,(1955 b), studied mucormycosis in

k . rabbits made diabetic by injecting alloxan into their blood stream.
. They found that intranasal inocuhtion of Rhizopus spores produced
extensive nasal, pulnonary. terebml and kidney lesions which closeﬁy
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" disposing factor in diabetes, sustained hyperglycemia in rabbits

. Drachman et al (1966) working with bacteria, found no impairment of

. , 23. .
r;sowlod those in man. Only pinute lesions at the site of |
inoculation were observed in norwal rabbits. Ihey concluded that
metabolic disturbanoes ossocioted with diabetes mellitus would be

" an-essential factor in pathogenesis of phycqycosis. Similar
results have been obtained by Schofield and Baker (1956) with mice.
Elder and Baker (1956) had proposed that hyperglycaia and/or ” R

&
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acidosis, and shock, may account for the pronounced hyphal growth
in acutely toxic diabetic rabbits.

é‘, B .

In order to see whether hypa;lycuia is indeed a pre-

without diabetes was studied (Baoé/‘r et oi 1956). It was found that
-.rabbits inoculated with Rhizopos or_yzaen spores developed pulmonary

lesions which,although more mmserous and extensive than in normal ‘
“aninls, did-not approach the sé“vérity of the lesions in rabbits . '
With acute alloxan disbetes. They concluded that hyperglycesta
would not be the sole predisposing factor, that it would be an w
intermediate stage in host susceptibility. Other factors like
{::ones and the activity of polywmorphonuciear leukocytes wou'ld then %
play a role in pathogenesis. Baker et al (1956) as well as Schofield “’:’;
and Baker:(1956), also found that hyperglycemia by itself did not E

o ¢

" pi.

increase the host susceptibility to mucormycosis. On the other hand,

the inflammatory‘response in the noo-diointic ketotic rats, but a.
failure of the localized leukocytes to ingest the invading organism.
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;;P ‘ In their study of anti-bacterial defence, they found that glucose
:

' \-s the factor 1n serum which depressed phagocytosis. It was not
verified if'the same could apply to fungi.

" [ »
ltetones.weg-e found to have considerable importance in the

»

disease process. Bauer and Sheldon (1958) could obtain’ the pro-
duction of subcutaneous granulomata by 1nject'lng spores of R. oryzae
into norwal rabbits. In these vabbits no fungus proliferation occurred
and the lesions healed. On the other hand, when rabbits with such
' granulomata were subsequently rendered diabetic by. alloxan, reactiva-
tion of infection was qliserved only in accutely ecidogic diabetic
‘al‘.inls. The skin Tesions in these animals showed feration of

'

:the fungus and they differed from the controls by présence of

-

- budding spores and the formation of mycelia. It was clear in that
experinent that activation of the infection occurred only in the
presence of acidosis. Acidosis was also f<ound by Cruiclzshank (1954)
t'o be fmportant and he proposed that ketosis might 1nterfere with
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lenbolic'processes in tissues and predispose to mucormycosis.
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Sheldon and Bauer (1959), showed that the increased
susceptibility of the diabetic and acidotic:host to experimental \é
. mcmcosfs was in part related to a deficiency of the early body’
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'defms during the first few hours after 1noculatioc; A study of the
lnrphology of early lesions in normal and diabetic rabbits, revealed

gi that the response by polymorphonuclear leukocytes in the abnormal .
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3

;. host 1s markedly delayed, less intense and less effective and
o 41ibroblastic proliferation is lacking. These findings would indicate

.

’ thatlif an, abnormal host, 1is eiposed to the infectious agent, it wil

= < .

allow proliferation of the agent and extensive damage can be done !
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before the host defence becomes active. The study of the-role of

S
shep

the inflammatory respoﬁse was then pursued.

T el

-t

1 In a subsequent experiment, Sheldon and Bauer‘(1§50).

- L
;
_a iy,

studied a relationship between the discharged tissue mast cell
granules and eosinophilic granulocytes in rdts. In normal rats,"
discharge of tissue mast cell granules occurred within minutes at
the site of 1nfection, and ‘appeared to initiate a rapid onset of‘ ' ’?
acute inflammation. The degranulation of tissue mast cells subsided .
in a short timé Sﬁd inflammation led to the f;rmation of localized

1 lesions. In the rats, treated w?th 48/80"which causes degranulation

h of the tissue mast cells, the onset of 1nf1ammatiQp was briefly

del&yed. the fungus growth in form of budding spores and mycelia in

é early lesions was inc;;aseé.but the infection did not spread and ~ )

the lesions remained localized. On the other hand, in diabetic

acidotic rats, tissue mast cells failed to discharge their granules

and tﬁe inflammatory response was delayed' and decreased, and the

-

e infection progressed, rapidly invading adjacent tissues, It was ,

-
Ty L e .
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thdyi
B

concluded that a function of the tissue mast cells in the normal’

&

%

rat was the rdpid initiation of acutelinfiammgpion at the site of

i

- injury and that degranulation of these cells prior to infecfion

* Compound 48/80. a histamine-1iberator: a condensation prrﬂuct
of p-methoxyphenethylamine with formaldehyde.
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A - using 48/80, delayed th; 1nflmtory'mponsc' and as e rc_sult
diminished host resistance. A severe metabolic disorder such as

‘ alloxan diabetes with acidosis would ‘ﬂ"m inhib'it tin normal
function of tissue mast cells, &ocrnsing the inflammation and -
increasing the suscept_itgﬂity of the hqst’ to infection. ;

e

Other factors were found to influence the fate of the
organism in the body. Lehwrer (1970) found that serum was J' _ .
necessary for optimal phagocytosis of Aspergillus fumigatus
spores by human leukoc;tes. The viability of the spores was not
affected by serum even after phagocytosis by normal neutrophils
: and monocytes. Gale's report (1961), maintains tﬁat a non-specific

¢ "inhibitor of Rhizopus spores is present in norma) serum.

~ The effeét of the depression of the infla-n;tory response E
. f by cortisone was also studied. Baker and Schofield (1956), found
’thas ex'perimul itoneal R. oryzae infection in cortisone treated
mice, rats and inse pigs, spreads to extraperitoneal org"ans to a ’
much greater extent than in normal controls. More. i\yphﬂ torms of
the fungus were noted in the lesions of hormone-treated animais. It
was co‘nclud@ that cortisone has a, tendency to promote spreading of /
the fungus in the animal body. Bauer, Mallace and Sheldon (1957),
on‘the other hand, found that cortisone in the amount given in their : ’
study did not produce conditions suitable for the develogment of o
phycomycosis with unrestrained proliferation of R. oryzse in the
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tissues. The hormone, however, altered the host resistance to the
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fungus, as shown by the increased, 1nc1dence of leqions. which were

~ - .

. about three times wmore common in homone treated rabbits than in .

e,

Frm

normal controls. Furthemore. budding spores, hyphae and mycel{a

!

occurred reguhrly in nasal lesions of cortisone«treated rabbits,
. but were not generally fotfno in thg lesions of normn‘l controls. ' “
Desoite this q\han;:ed pfolifeﬁtjon of tho fungus, the lesions in i ,.9
the cortisohe-treated rabbits resembléd those of metabolically -,
nov;ml controls, and did not approach-the extent ofksever‘ity of the \ o

fungus lesions in rabbits either with hyperglycemia or with acute
- - At - - _\yﬂ

alloxan diabetes. ) : »\\“

»Wrtoal absence of fungus growth in the inflammatory
Jesions, produced by crotoa-oi'l (Bauer and -Sheldon, 1957), 1nd‘i;ated
7 that a pre-gxistjng focus of inflammation in a metabolically normal
K host does not favour the development of mcomycosis The inability |
of the fungus to ﬂwade tissues was thought to be related to the ‘E‘
npresence of large nunbers of PMN Teukocytes, which appeared normal .
while in contrast the PMN leukocytes in acute alloxan diabetes or

-
it

infusion hyperglycemia are also pro_sent in large nunb‘grs. but show
' marked degenerative changes. These findings emphasize the important
role of PMN leokocytes in the pathogenesis of R. oryzae infection.

s - P
oy I T N S

- An adequate response of normal PMN leukocyu"s»inhibi‘ts the development
of mucormycosis, while the metabolic alt&lt‘rons associated with

LdE,



: . .
, coriisone admipistration. althougﬁ insufficient to induce ﬁide-
: spread infection, clearly enhances the host' susceptibility to

this fungis. i

L]

- ’ After investigating mucormycosts in acidotic diabetic
and cortisone treated animals, experimental mycotic ulceration was

studied by Smith (1968). He found that guinae pigs receiving

aspirin, which causes ulceration of the stomach, developed infection

with invasion of the lymphatics by hyphae of Absidia ramosd. He

' postulated that damage to the mucosal‘membrane in this case was
necessary for the establishment of the infection, and that mycotic
ulcers provided a primary lesion from which fungal elements were .

disseminated to other organs. This author recently found (1973) an

affinity of Absidia ramosa injected intravenously into mice, for o

< * kidney and brain tissues. The possible explanation for this tissue ‘ -
predilection would be that renal-and central nervous system lesions
are dye;@o the germination of a few fungal spores which have become

trapped in regions reasonably free of phagocytic cells.

In conclusion, it appears that conditions 1ike diabetic
acidosis, cortisone treatment ang 1mmunoloqica1_jﬁd$1rment would -
predispose the debilitsted patients to mucormycosis, because they
would adv;?sely affect the inflammatory response allowing prbliferation
of the fungus in the host. It is important t5 note ihat in the

majority of the experiments, the normal controls do not develop the
N ) - PR
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. ' disease proving that phycamycosis is indeed an opportunistic
\“ ] \ infection. Josefiak (_1958), injected R. 'o:rgae spores in , 1
. Selye's granuloma pouch of healthy rats. The fungys. excited ; 3
a non-specific inflammtion reaction whiéh became granulomatous - j
in type with the frmation of grey :yenlggunodules. but there was ! 5
) . no dissenination and the animals overcame the infection. This .,
- seems to be_the case for all the normal‘animals studied.
tmmumwm .
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. _Nc;-thern Utilization Research and Development Divis‘lon, Peoria, m.

_prepared in the following manner: thg two species were” inoculated onto

111 - MATERIALS AND METHODS
1.- Species Investigated | i

The fungus investigated in this study was Mucor alternans

Van Tieghem which was isolated from torn tissues of an accident

victim treated at the Royal Victoria Hospital, Montreal, in 1962.

oy T s v - P
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The isolated strain was subsequently identified by Dr. C.W. Hesseltine,

L
AT

o« e

1. subtilissimus NRRL 1909, obtained from Dr. Hesseltine, was employed

T

for the in-vitro comparative studies.

1]

Mucor alternans grown on Sabouraud's glucose agar, resembles

other Mucor species. The long non-septate hypha“e measure IO.ZuLto
15.75 in width The mycelium gives rise to numerous sporanngphores

which bear Spore-fﬂled sporangia. The spores are elliptical in shape

and their size is about 4.6 by 5a. Micor alternans also has, 2

strong tendency to form arthrospores. , I
N ¢ S
2.- Preparation of Inoculum o \\

R VN N

[

In order to ensure inocula as uniform as possible throughout

LB A e

the experiments, stock suspensions of spores of the above fungi ;n_ere

-~

Sy gk s
" AR NG s

\ .
several slants of Sabourawd's agar, and incubated at 259*for 7 days.

ey }2\ oA
RN o ¢

The sporangiospores were thal harvested in sterile physiological y
saline and filtered through a sterile glass wool pad to remove any

“~aa

* A1l temperatures reported in degrees centigrade S




S | P
L frageents of mycelium. The suspension of spores was then atxed 1
" . With two volumes of F;ldc's solution containing 10X glycerine and
‘ distributed in 0.5 ml. volumes into smell Pl‘llt‘lc vials. Sixty-four
vials altogether weve prepared ald stored at -80° 1n a Revco

freezer until required.

b
Rl
s

s
D 2, T e

For each experiment a fresh vial was used to imoculate
Sabouraud’s agar slants. After é to 7 days incubation, at 25°, the
K ' spores were harvested and t11tered as sbove. The inoculum was
i standardized with a hemacytomster (Bright-Line American Optical), to
contain 10° spor;slnl. for the in-vitro experiments, and 10’ spores/aml.

~

“ for the in-vivo experiments.

°

3.- In-vitro Growth Experiments.
a) Medfa = - - -

Two' media were usodnmst extract-peptone-glucose broth
(this medfum will be referred to in subsequent text as YPG broth), -
; and TC Medium 199. The YPG broth of Bartnicki-Garcia and Nickerson ’
f : 1962 b), contained per liter: 3g ymast extract, 10g neopgptone, and o
20g glucose, (all 3 of the Difco Laboratories), dissolved in
distilied water. The pH was adjusted to either 4.5 with 1 N S0,
. or 7.3 with 1 N NaOH. m-mmumtuutnsom volumes
i fnto 250 ml. Erlenmeyer flasks and autoclaved at 121° for 22 min.
: The autoclaving lowered the pH in the alkaline medium to 6.8. T "JJ‘

T L U T A uﬂn‘ik Lo b ?d'\.s‘.ml
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: The TC Madium 199 (Difco Code Mo .isps-n). purchesed as
a ten-fold concentrate, wes used alg;e or with one or more of the
following additives; urea (Fischer Sclentific Company),P -ydroxy-
butyric acid, as SO,‘III salt (Nutritionsl Biochemical Corporation),
acetoacetic acid, as 1ithium salt (Sigea Chemical Company), and
R ‘ glucose (Difco Laboratories). qu’m.éhﬁro&ybutyri'c acid were \
' added at a final concentration of 0.05 and 0.13, acetoacetic acld . .
at 0.1%, and glucose to a final concentration of 0.5, 1 and 28.
The additives were weighed for each combination, dissolved together
in double distilled demineralized water, and filtered under positive
pressure. through 3 membrane millipore filter (0.22 u, Pyrex -icroana-
lysis filter holders XX-1002500). 15 ml. of the sterfle TC Medfum "~
concentrate were then added to 135 ml. of the particular so'iution
of a'dditives and tbe pH adjusted to 7:3 by the addition of 0.525 ml. q
_.of 10% sterile sodfum bicarbonate at 37°. The medtum was distributed
in 50 m1 'volues into 250 m! sterile Erlenmeyer flasks. - \

b) Aﬂppjr\atus and gases.. 9
: Shaking cultores. . S »
o Most of the exprt-uts carried out under controlled gaseous |
| conditions were incubated on two kinds of shakers (New lrunMck |
-Scimtiﬂc Co., New Jersey), producing 98 strokes per min. The ﬂasks )
B © © prepared with YPG broth were agitated on the reciprocal water bath -
3  shaker, but because: this mode] functidned poorly at 37°, thé TC Medium
199 cultum were agiutd on the more sturdy gyrotory shakor. Eact

I
i
i




D N v
cxpcrimt consistd of .6 cultures '|lll 2 series, and 4 ﬂnctiml
flasks comectod by rubber and glass tubing (10-4mm) to a
cylindei* of compressed gas. -The arrangmnt of the f?sks “on the _
shaker was as i'llustrated schematically in Fig. 11. \\f N

13 N
/ 3

FIGURE 11 ' ;

The ‘iucodiing gas (G) was passed through an eéxtra fine
needle valve (ﬁV).hf.ﬂtered through cotton wool filter (F), saturated
with moisture by bubbling through sterile distilled water (W), passed
through an empty flask (E).—and distributed to triplicate culture
flasks (C). The last two, flasks in each serfes contained distilled
water (Ri through which the gas flow was regylated to 3 bubbles per

. sacond, a rate equivalent to 120 m1 per minute.

.

Statiomary cultures = . o
u Sutiomry cultures (under controlled air f‘low) were
prepared and set.up mctly 1ike those just dcscrﬂnd. except that ﬂn

P
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. The YPG broth experiments were carr'led out under air, carbon dioxide

_aluminum foil, was autoclaved at h‘;g" for 30 min. and placed on the

Wi

shaldng nechanisa was not switched on. Cyl inders of co-pressed wir.
two sinple gases and two gas nixtures were.used in the experiunts.

(99. 5 to 99.7% pure), or nitrogen (99 95% pure). supplied by the
Ohio>Ghemical Co.,, Montreal. The TC Medium 199 experinents were
incubated under two gas mixtures (Liquid Air
1) Oxygen 12.65%, carbon dioxide:4.99% and nitrogen 82
2) carbon ;11ox1de“5 12 and niirogen M.9%. In the text

% and

above

o,

* Carbon dioxide 99.5 to 99.7% oure as _1001. while

~ 4.99 and 5.1% components in mixtures as 5%.

G
Nitrogen 99.5 to 99.7% pure &s 100%, whi

ST amd 94.9% components in mixtures as 82 and \ ) L
!951 respectively. b I L

‘ Oxgen 12:65% oo t in wixty ;151 g | |

: X .

K xygen /gﬁponen nm . te as é

c) Inoculation and 1ncubat'lon LN T 4 , Z
. The flasks Gf prepared medivm (vee. broth o TC 199) were 5

n
-
O
I

fnoculated each with- l nl of inoculum resulting in a fiml concentration
of 2 x 10 ‘spores per ml, and were connected with the augxlaved )
tubing on the shaker. fn actual proc.aduru an apphr‘tus composed ‘of

10 connected dummy flasks, all strategic points carefully wrapped in

G

o . : s
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\,&Mker. The culture flasks inoculated “on \the laboratory bench, and
the sterile water fhsks were then taken to the shaker and exchanged

with the comsponding dummy flasks. {This method seems to have
been good, since no contamination occurred during the whole study).
The gas was then connected to the system and allowed a steady |
fiushing during the entire time of 1n\;:ubation.’

| o The YPG broth cultures were incubated at 25° and 37° while

. " the TC Medium )99 ‘cultures were incubated at 37°only; The imhbatign_
= tasted for varying periods of time, 24, 48 or 67 hours. Incubation
t;minated. the growth was studied by qualitative and quantitative “
methods. : -,

* d) ‘sampling for morphological studies. ' G

!
Gross appeara_née of the cultures was noted and 0.3 ml of a

well stirred susﬁensio}\ was drawn from each culture fl;sk for microscopic
i
examination. These aliquots were stored in the cold and the examination

carried out within hours, in most cases the same &ay. g

-

e) Dry weight determinations

N . . 'i'he YPG bv:fith cultures were autoclaved at ]Zl° for 25 win.,
 filtered through a membrane millipore filter of 1.2 u pore size,
vashed several tines with distilled waten, dried at 85° for 24 hr.

ind placed in'a dessiqator over Drierite *until weighed. The weighing )
was done to constant. readings on & l\ettlef nzo analytical balance.

(*) Drierite is anhydrous Caso, (Hamond Drierite Co.) u
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. 36.
i The growth in the TC Medium 199 cultures, was harvested

S T el

Sy centrifuging at 230 x G for 30 min., the pellet washed in

distilled watcriahd dried to consfant weight as above.

,,
- A3 - 3
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The portion of growth removed in the 0.3 m1 withdrawn for

a
Ay

morphological studies was ignored as insignificant (0.6})}1n the

4 - T
RNy, L

determination of dry weight. .

o

f) Residual glucose and{pH determinations:.

! -
o

Residual gluc&se and pH were determined in the TC Med fum
199 cultures only. After the removal of growth for dry dpight
determinations, the supernatant was divided into two portions. One
portion was used for pH determinations which were carried out
immediately, i.e., within minutes after centrifuging, with a Beckman
Zeromaéic pH meter, while the other was stored, frozen, and glucose
determined at a later date by the Glucostat semi-micro method

Lo (Worthington Biqchemical Corporation, New Jersey).

-

4.- In-vivo Experiments

a) Mice , ] .

100 black male mice (C57 BL/Ksd-db, Jackson Laboratory,
Bar Harbor, Maine), 1.e.3 50 diabetic and 50 normal-controls were '
used in the experiment. The mice were borri on three different dates,
within a two week period, and were from 9°to 11 weeks old at the start . - -
of tpe experiment. The diabeiic mice were obviously plump and sluggish |




g b YR T b AR T L " U et I o T AW e . N
b2 USRS VA R e o *’,’r,”(j'{rfl, ‘-m\?‘%g"*&f;if A AL o S o B T T Y U
/ - or e e P o0 WA T B AT AL PR T N

SRS
-

] TR
‘,:‘e "_;"& X

£

TETA

ke d

R
’

N
I
ST

. - LR
i .
Al ' ’
e I
-

L

37.

\

and their' coats were rather dull, compared to the controls. Ample
food and water were supplied to them at all times. Their weight
was recorded on the' Qay of inoculation.

Ee
RN |

b) Inoculation technique.’

»

M. alternans enlarged spores were used to 1£mulate 45

pairs of mice ( a pair comprising one diabetic and one normal mouse).

6 spores/ml (see Preparation of inoculym),

To produce the inoéulun, 10
were susuMM in 50 ml of TC Medium 199, with its glucose concentra-
tion raised to 2%. The suspension was incubated at 37° on the
gyrotory shaker, under a gas mixture of 5% carbon dioxide and 95%
nitrogen, for about 6 hours. M« these conditions the spores
;-d»}ed to about 2 154 in diameter; occasional budding cells (less
thar; 0.1%) were observed upon careful microscopic examination.

The spores were centrifuged at 230 x € for 30 min., washed three
times in sterile saline and syspended in 50 ml of saline. 0.5 ml

5

of the suspension (containing 5 x 10° spores/ml), were injected

intraperitoneally into the mice, uéing 1 cc tuberculin syringes

-y ats it

2
vt

(DN 25g 5/8, Becton, Dickison & CO). A booster shot of spores prepared

in’ the same mamner was given 7 days later. The remaining 5 pafrs of

mice received a control injection of 0.5 ml of saline.

c) Anesthesia and autopsy.

Siarg:ing 3 weeks after inoculation the mice weére sacrificed.
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at the rate of 6 pai‘rs.per week. Because the planned, schedule
could not be followed exactly, the last pair was killed 12 weeks

after inoculation. The diabetic mice were designated by odd ‘nuwers.
and their controls by even numbers. On the day they were to be
sacrificed, the mice were weighed and anesthetized with Nembutal :
(Abbot Co., stock sol. 60 mg/ml. diluted 1:5) at the dosage level
of 0.06 wg/g of body weight (Pilgrim 1955). The anesthetized mice |
were kept on the bench for 45 t0-50 min. fo allow the level of

blood glucose to stabilize. The fur was then wetted thoroughly
with 5% lysol to minimize surface contamination, the peritoneum cut
open, and the mouse exsanguinated by cardiac puncture with a

sterile syringe containing traces of sodium heparin (IOOQ u.S.P.

in 1 ml). Urine was also du:m whenever possible, by puncturing
the bladder with a syringe. Using a separate pai;' of sterile
scissors and forceps.for each organ, liver, spleen, right kidney and

adrenal, left kidney and adrenal, heart, lungs and brain were removed.

d) Culturing of organs and body fluids.

Cultures of each organ, except liver, were prepared by’
cutting into small pieces ind inoculating each organ onto one slope

of cotton-plugged meat extract-cerelose agar (*). Blood (0.3 ml)

{*) A medium, used routinely in dtagnostic medical ‘g"iology. containing
per liter: neopeptone (Difco) 10 g, beef extract {Oxoid) 3q.
;:orelose 10g, NaCl 5g, Bacto-agar (Difco)20 g, and streptomycin

9.
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and urine (all but a few drops), were also cultured on that medium.

=
éﬁ, The cultures were incubated at 25° and were examined for growth
N ! ‘

twice weekly for 3 weeks. : ) ,;

" e) Liver e'brcpuration for quantitative chlturing‘and
microscopic examination

' The Tivers received a special treatment in that they were - |
hpmogenized 15 a;Ten Broeckptissue grinder, cultured quanthativer ;
or digested and examined microscopically. It was established in a
preliminary test that grinding in the Ten Bréeck tissue grinder did

not damage M. alternans cells, single or-budding. Strands.of

hyphae could not be‘expectéd. however, to go through the grihder '
undamaged. ' -

‘ For quantitative culturing, the homoéen;ze& livers of
every third lot of mice were mixed with sterile meltéd 2% agar
at 45° in such pr&pbrtions as to obtain b-finaI concentration of
:SS agar, spread evenly over 4,p1ates'o£ meat extract-cerelose agar,
"and incubated at 25° for 3 weeks. In the early part of experimentation,

one portion of the liver homogenate was plated out and incubated ak

a L%

' - above, while tbexremaining portion was spread over the same medfum ¢ g

. in 250 ml Erle;meyir flasks. The flasks were stoppered with rubber ~§
B stoppers (same apparatus as was used in the in-vitro expefiments): '%
é& and connected to a cylinder of carbon dioxide-nitrogen (5% and 95% ffé
respectiv;ly). at 37°. The gas was flushed through the system at’ ;g

the rate of 120 mi/min for 60 min. The gas supply was then shut off,
. . |

-~
N
&
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the rubber tubings pinched off, the flasks dis(\:oil\eétd and ; :
{ncubated on the shelf for 3 weeks at 37%° | -~ | :

<

. ;
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Mcroscopic examination of livers, of trho remaining 2/3
of the mice, was carried out i;l a dual fashion: the homogenization . K

K
- A

was carried out either at once after autopsy, or was delayed by
‘1 about 48 hours. In either case the hg-ogemte was digested with B
pepsin, 100 ml of 1% pepsin (Difco 1.10000) in 0.7% HC1-saline

- were used to digest one liver honogenate. As an extra precaution,

5 ml of 1% actidione were added to the digesting snspension to *,
control fungal contaminants. The digestion ‘was carried out at 37° |
for 90 min. with constant stirring with a magnetic stirrer. The
sgspension was then centrifuged at 350 x G for. 30-min., :he pellet
resuspended in lactophenol cotton blue, and centrifuged in an

]

lnternational C'Hnical centrifuge for | hour. The sediment was
washed twice in chloro-lactophenol and after the second centrifuging
most of the supermﬁnt was carefully pipetted off and the bottom
0.2 ml examined under the microscope. While the first 2 weeks'

examinations were carried out on standard microscopic slides under ;

[ B

; coverslig. all the remaining readi_ﬁgs were taken witHh hemacytometers.
When the homogedization was to.be delayed, the excised whole livers
were placed in sterile petri dishes and incubated for 1 hour at 37°..
2 hours at 25°, 3 hours at 15% and 15 - 18 hours at 47, in that order.
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The perttoneal cavity and the viscera were closely observed
for any obvious ;ranulms or nodules. ‘Hhomv;r such structures or
masses were observed, their incidence and location were noted, and the
nodules excised for culturing and histopathological examination. In
the latter case, the nodyles were dropped into 10% buffered formal in’
Sections of 3 nodules, weeks apart in their occurrence, were prepared

by the kind co-operation of the Department of Pathology.

f) 8lood glucose determinations and detection of urinary ketone bodies.

Glucose was determined usigng heart blood, !:y tho\Glucostat
semi-micro wethod, the same one as fused in the 1n-vjtro experiments.
Urines were tesicd for their ketone content by the Ketostix method
(Ames) . ‘ |

The 5 patrs of mice injected with saline were sacrificed

.2 pairs about half way through the experiment, and 3 at the end of

the experiment and were processed in the same manner as those

inoculated with the spores.
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IV - RESWLTS . . ‘ ‘ h
’ "

1.- In-vitro growth of Mucor alternans and M. subtilissimus
under controlled gaseous conditions at Z50 and 37U. -

a) Growth of M. alternans and M. subt!%issims in YPG Broth .
under air and YOOX nitrogen and carbon dioxide.

Gross morphology and. microscopic features.

The results are presented n Table 1A, {Jnder &ir,

M. a‘lternans 9 predominantly in the filamentous form as a’delicate

v

1ight fluff under all conditibns o‘f incubation, i.e., in stationar:y ’ .

" and shaking cultures at 25° and 37°, and at thé initial pH 4.5 and

6.8. L Microscopic examination revealed the characteristic non-

septate ,gm:elium and irthrospore forming hyphae in ;ll éultui‘e}.

Large spherical single cells, about 10 to 25 microns in dianeter. -
were also observed in most preparations. These‘cells could have

arisen by step-wise fragmenﬁgﬂ;n of the arthrospore chains ) o .
(Fig. 12). The single cells were budding in cultures at 25°, more

vigorously at the lower pH_than at pH 6.8.

1)

. . ’ i
In shaking cultures under nitrogen, predominantly yeast-

like growth was obtained at both pH levels at 25°, and at pH 4.5
at 37°. Growth at pH 6.8 at 37° appeared entirely filamentous.
M?crostop'lc examination of the predominantly yeast-like culturtes

showed vigorously budding cells and occasional hyphae. The single
) .

PO L T Mt g

éel]s were typically spher'ical. or nearly so, about 10 - 20 microns

in diuugter, rather thick walled, with spherical buds . While

<
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Fig. 12 - Arthrospore forming hypha from YPGb culture under :
atr at pH 4.5 and 25° C. @ ;
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multiple budding occurred most often, single budding cells were

2130 observed. The-buds were sessile.on the mother cell and

. appeared firmly attached to it, since pressure applied to the
coverslip failed to separate them. Similar spherical buds

' occurved-on hyphae, particularly on the very broad and rather

° ‘ short ones. The filamentous growth at 37° at pH 6.8, revelled . ~

chains of arthrospores, indicating that given more time single
and budding cills could appnr in that cu'lture also. The hyphae
- constituting the bulk of ﬂn mount m typically long and thin.

-

2 - In shaking cultures under carbon dioxide, a purely /

yeast-1ike growth was obtained in all flasks. The microscopic ‘
features of the budding cells were similan in all respects to ;
those from wider nitrogen, and they are pt:esentcd in Fig. 13. :

M. subtilissimus grew only at 25°. Under air all cultures.
were typ;cally' filamentous and microscopic examination muled.
besides the chancteristic non-septate mycelium, also arthrospore- : ‘o
forming hyphae. In shaking cultures at pH 4.5, occasional budding )

cells similar to those of M. alternans were also found. - B

- —

In shaking cultures under nitrogen, and carbon dioxide,
: the growth of M. subtilissimus was almost entirely yoast-like

2 resembling in every aspect of their morphology those Wiously

described. A few hyphae were found under nitrogen at pH 4.5.
: ' \
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” Dry-weight deterdfinations - ‘
. . ' a " The results are presented in Table 18 M. alternans grew . f;{
: "
; ‘ well at both t-pentm-es, but produced consistently more gruth y /0
at 25 than at 37%. .- " "g
A ©* Incubatfon under air at 25° on the shaker, at pH 4.5, ;
'
| produced 224.0 mg D.W., or the greatest mass of growth in that :
o series, while the parallel cultures incubated under stationary .
conditions protuced 114.7 mg D.N., or only half that amount. This L
difference was more pronoinced in cultures incubated at 37° where B
the amount of growth in the stationary cultures was only l/3i
: that obtained on the shaker. \ :
‘ T ;
C At 25°. under nitrogen, M. alternans produced practically .
Eo -
SRR the same amount of growth (mean 91.5 mg D M.), at; both pH Tevels.
j Under carbon dioxide. an aboit equal yield (70 96'mg D.H‘) was
- also obtained at both initial pH levels. ;
L o M. subtilissimus, as pointed out before, failed to grow
gss : 1 S
& _ perceptibly at 37°, the dry weight values varying from 0.1 to 0.6 mg.
e > - oh . “
Eo Incubation under afr on the shaker, at initial pH 4.5, |
produced 240.0 mg D.W., or the greatest amount of groth in that ;
_series, \Mlst its paralle] cultures on the shelf wodm:ad 113.9 " ,
- o, or less ‘than half of that m B ‘ , %

-

U
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TABLE T | . 5
. | - <
) Growth of M. alternans nd -ubtui.__g simus under Air, 100! Nitrogea .
" and & 100X Carbon Dioxide.* 3
A. m :01 GROWTH X 3
{ Agitation . "!° M. alternans M. subtilissisms 3
ir"f - v | and gas 7. 4.5 o 6.8 | 4.5 met ] 3
Stationary | 25 | Yr A YYA ZA ra K
/ m T o . ° o :75
37 P A FA - - <
Ae . -mvkiu L~‘25c . A !A Y !;A ‘!A ‘
- Adr 37 P A FA -~ - -
Shaking -25 't Y (m» Yr rm Y . .
“INitrogen - : p
’ 37 Y (P) FA - - "
_ [ Shaking 25 Y Y Y - Y :
Carbon )
Dioxide 37 Y ¢ - -
. Y- yesst-like growth. F. filamentous growth. A: Arthrospore chains (aa
- _underlined letter indicates tha pudo-inancc of that' fors of &touth in
the culture). . -
: () very small quantity.
B. DRY WEIGHT DETERMINATION.
S (mg/50ml) total growth - v
Agitation r{, M. lltm_-_ﬁ M. subtilissimus -~
:. | and E. . _E:ios u 6.8 ﬂ 4.5 ﬂ‘_sca
i Statiomary | 25 s | 176.0 113.8 104,0 -
Z [ 37 53.4 56.0 0.3 0.2 _
;s?‘ ‘ \
T . 25 224.0 . 199.4 240.0 . 215.6
" : 37 173.0 157.4 0.2 0.1 ’
.‘{"‘ N e - . ‘ ’L . - . _—F
Shaking 25 90.5 92.5° 116.3 88.0 )
littog-l -~ - - ™~ —ﬁ %
37 . 60.5 42.2 0.3 0.6 ’
, e . -
Shaking .| 23 T T1.4 70.6 6430 3.3 | '
Catbon . . - . EEmme '
Dmm Y 37 “Io w, T 55.0 005 ’
L £ | i I |

- i
¢ Volume 50 ml. ﬂudwxuﬂm
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Incubation under a1 three gases showed a consistently

the difference being particularly striking under cavbon dioxide.

$ .
"« . . b) Growth of M, slgyﬁggg in the TC Medium 199, with and without
I . - additives, unde carbon dioxide in a_crobic and_anaerobic i
g Qa8 mixtures, : - , ’

“~ -

Gr vphology and microscopic Studies.

] _ The results are. muntod i Table. z. Under serobic
;'g*" T conditions (carboh dioxide 5%, omoﬁu and- ‘nitrogen m). either
" an entirely fiﬁnntom or a mixed ysast-1ike and 1lamentous grouth
Was cbtained. The filumentous growth was obtained: 1n the bastc -
medium (1.0., gl,;nc'oio 0.1%), and when unn.'a-hygréxy_uity;ic acid
and acetoacetic acid, each at 0.1%, were added to the medium. The
adaiti’on of glucose alone, to ) 4nd 2% to the basic medium, resulted
in the appearance “of unqlc and budding colh. Mdmm of 0. \z
: each of B- hydroxwutyrﬂ: ocid IM urn to the bnic Miw with

glucose concmtution. niud to 1!. seemad to Mvc reduced “the ‘.

amount of the mamtous 9mth but tMs was difficult to K"
ts

‘ Addition of  the-two acids and ures to tbo wedium which hed 1

jﬁ T 91ucon concentration reised to 2! produced no apparent clm\go in
N the quality of growth compared to that in the basic ndiwyith

. 9lucose raised to 2. ‘

" Under anaercbic conditions (carbon dtoxide 5% and nitrogen
95%) pure yeast-1ike growth was obtainkd in the five tests performed.

greater yield at the initial ph 4.5, as conpared to' that at gH 6.8,
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Dry-weight determinations

. gh’cose additives, each at 0. u. were added to the bas1c nediun.

(,' . ) N * ‘7.
Raising the gld\}q!e to 1 and 2% increased the’ amount of the yeast-
like growth. Addition of urea and B-hydroxybutyric acid, both at
0 0S and o 1%, reflected. only the effect of the raised gluco:e

concentration. N

“l:

ion of growth from the sbove cultures
showed the characteristi¢g spherical, multiple budding:.cells and

. Microscopic exami

-hyphae with arthrospore chains indistinguishable from those cbserv
‘earlier in the YPG bro

experiments.

The quanttitative evaluation of growth is presented in
Table 2.
16.8 mg D.W., while 15.1 mg O.W. vere obtained, when the three non-
The raising of glucose concentration to 1% produced 98.5 mg ' D.N.
but a further increase to 2% produced a surprising lower 'yield of

6.14 mg D.H." As observed before’.athe raising of glucose conceﬁtra’tion

' .caused the appearance of ‘the yeast-er phase 1n the otherwise "

filamentous growth

weight had to be affected correspondfngly. (The two phases of growtn
were typically entangled and could not be reliably separated, the more

so that .buds often appeared along the‘ hyphae, sometimes in considerable

numbers ) .

s .
v [ .
T A T S S RS Py C O oo SR Tk {i

Under aerobic conoitions. the basic medium produced ) y,

Since each phase may have contributed a different
‘weight 1oad under different nutr'l tional conditions the over-all ‘
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TABLE 2

Growth of M. alternsns in TC Medium 199 With and Without Additives,
Under 5% Carbon Dioxide in Asrobic and Anserobic Gas Mixtures "

B -,3'1‘.»»_ PN
[

* Aercbiosis Anasrobiosis ‘ §
B €0, 5X 0,137 N, 823 [cO, 3% N, 95% 3
Additives to TC Medium i
199 D.W. | Morphology of |D.W. rpholagy of E
mg 3rovt!\ ng \ growth

. ‘ . \ - — g
, . None ] 16.8 F 4.3 Y
Glucose to 1% 98.5 |' Y F (A |25.4 Y
Y ' mea-—es .
[ Glucose to 2% 61.4 Y F - 36.4 Y ' .
. Glucose to 0.5% )
B-OH-but. a 0.05% 55.5 Y F 13,7 Y :
Yrea - 0.0582 ‘ ’ g
3
Glucose to 1.0%
. {s-o#-bue. a 0.1 . |85 | y F 25.2 1 v . K
Urea | 0.1% ‘ L , 2 :

B-OH-but. a 0.1X ' . : -
| Urea " 0.x 15:1 ' F . . BN
' ’ Ac.-acetic a 0.1% - : ;
T» | Clucose to, 2.0% . “ ;,l
o B-OH-but.a 0.1% - , " : } L
Urea Coax” 520 | Y @ L
Ac.acetic a. 9.1% / e
F: l'umito(n growth' Y: yoaot—liki growth A: arthrospores chains-
() very mall quantity. Underlined letter indicates predominance of growth ;
iy

* Vol. SO ml. T° of m'c\ubation 37° Time of incubation 48 hours
-~ Gyrotory shaker. = . .
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Under anaerobic conditions, the amount of growth was
much smaller than in aercbic cultures. The growth in these
- _ cultures being uniformly yeast-1ike (Table 2), the determinations

v
:
[
e |
» -
i a N
1 .
’ 49.
&A v
'
iy
nty
[
L

of dry weight pnn]lohd clearly the increase in glucos& concentra-

' tion. Thus, while the basic medium ig!ucosQ 0.1%) produad 4.3 mg
D.N., the raising of glucose to 1% yielded 25.4 mg D.N., and 36.4 wg .
when glucbse vas raiséd to 25. The addition of B-hydroxybutyric R
acid and urea at 0.1%, to the basic medium with glucose at 1% “

ylelded 25.2 mg D.W., showing that these two compounds did not . ;
affect the amount of growth produced.

C) Growth curve of M. alternans in TC Medfim 199 with 1% glucose .

under 5% carbon dToxTde Tn aerobic .and anserobic gas mixtures .

-~

On the basis of the results obtained in the preceding =

A . L)
Sree PAM LI, R T

experiment, a growth curve of M. alternans was prepared in TC
- Medium 199, with glucose raised to 1%'as the sole additive. The T
~ results are presented in Table 3 and Fig. 14. h

* After an initfal lag phase of about 8 hours, the dry

t < weight recorded in aerobic cultures at 24 hours showed a steeply
e rising curve which then continued to ris;. but at a slower rate, P
‘ until 123.4 mg D.N. were obtained at 67 hours. In these cultures, :
A the pﬂ fell slightly during the hlg pl;use. from t.he initial level .

of 7.2 to pH 6.7 but fell sharply to pH 4.0 at 24 hr. The pH then -
started to rise slowly unt#) it reached a value of 5.0 at 67 hr.
;  These changes were accompanied by a drop in glucose concentratfon
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| large spherical cells, about 10-20 microns in diameter, were observed,

"), gradually t0.3.9 at 48 hr and remained there for the remaining 19 hr. E

spherical enlarged cells at 8 hr, some of which had started to bud,

to 0.46% at 24 hr. and 0.19% at 48 . At 67 hr no reliable reading
could be cbtained anymore, indicating that sometime between 48 and
67 hr. glucose was exhausted.

Q -
W
\‘\

»

m&osqdpic examination of —cultures at 8 hr revealed

enlarged cells, some starting to bud, others to gerninate. At 24 hr

with several buds on each wother cell. Hyphae had elongated ' S
extensively and many had developed chains of arthrospores, the L
terminal spores showing a clear tendency for rounding off a;ld
separating from the rest of the chain. Similar growth was observed
at 67 rhr.

The anaerobic cultures behaved differently. The dry yeight
increased less than in the aerobic ser'lesi, ilaving yielded éo.a mg 4 v
D.W., at 24 hr, 24.9 mg, at 48 hr, and 22.6 mg at 67 hr. The pH dropped |

Glucose decreased to 0,52X at 24 hr and already at 48 hr.no further

3

I RS

glucose readings could be tail;en. Microscopic examination revealed

'?;0')3-3L"_ 7N

and occasio“nal,gn's with elongated buds. At 24 hr, 48 and 67 hr,
all cells exhibited multiple budding, no hyphal growth at all being
observed. The budding cells resembled those in the aerobic cultures.

e

On the basis of the above results, ft can be concluded
that the aerobic cult/ures showed a two-stage growth, a fast one

-
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Growth of M. alternans in TC Medium 199 With 1% Glucos

TABLE 3

Anaerobic Gas Mixtures

é*Under 5% Carbon Dioxide In Aerobic and

l

A ’

Ve

5o
e

Ko < LN ~
T = T BEIPE p < TR N ) ? s et

me AEROBIOSIS , ANAEEOBIOSIS
Hours co, 5%, O2 132, "2 821 ' CO2 5%, Nz 95%
-
#
D.W. Resid. pH Morphology of D.W. | Resid. pH Morphology of
g Glucose grovth mg [lucose growth
4 . ) 4
0 0.3 0.94 ~L 7.2 | spores of inoculum| 0.3 0.94 | 7.2"‘c spores of inoculum
. - 2
8 1.1° 0.95 6.7 | germinating and 0.5 0.85 6.8 |enlarged cells some
) budding cells - budding
. mycellium and
24 61.1 0.46 4.0 multiple budding 20.3 0.52 4.{ ltigiilgudding
. cells
hyphae with ar:hroJ "
cells .
“67  |123.4 * 5.0 ditto 22,6 | / 3.9 |, ditto
* reading beyond rejiable range o "
*k vol. 50 ml . . T- of incubation 37 on gyrotory shaker

it
oA ba W
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) ¥ FIG. 14 - Growth of M. alternans in TC Medium 199 with 1% Glucose
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" which occurved botJion 8 and 24 hours of intitial incubation.-

-2, In-vitro growth of M. alternans from yeast phase tnoculum

. 50 ml of sterile saline. Serial dilutions were prepared in saline

¥

53.

durinq the first 28 hours and a slow one during the following
43 hours, qhilc the anaerobic cultures indicated a one-stage growth,

|

on_Sabouraud's agar under uncqntrolled aerobiosis.

L4

, Since thé proposed 1ptv1vo experiments included incubation
of some Vivers of the injected mice at gradually dropping tempera-
tures, and a final exposure to 4°. it was necessary to investigate
the effect of the lower temperatures on the growth of this fungus
in-vitro. Because the in-vivo exper%ments were to be carried out
in imitation of diagnostic isolations, the media and methods of
incubation in this and subsequent experiments were such as generally

employed in mycological lpb&ratories.

Yeast-phase inoculum was harvested from 50 ml YPG broth’

4

cultures (inoculated with 2 x 10" spores/ml and incubated for

67 hours at 37° under carbon dioxide), washed and suspended in

and 0.5 ml aliquots used to fnoculate plates of Sabouraud agar. Only

3 -4 5

and 107 dilutfons were plated out. 12 plates were o d

the 107, 10
fnoculated with each dilution and each lot diwided into & groups
‘which were incubated at different temperatures for 3 welks. a) 49. ,

b) gradually dropping temperatures, 37° for 1 hour, 25°% for 2 hours,

N ’\.“". Coam e T
WAL AATS B shd s bl s 4
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15° for 3 hours, followed by 4° for the remainder of the incubation
period, c) 37° and d) 25°.

! |
y

The results of growth in the 10'4d11ution are presented
in Table 4. '

’ TABLE 4

Growth of M. alternans from yeast phase inoculum on Sabouraud agar

under uncontrolled aerobiosis ~§
. , . &
0 No. of fil.*coionies/pIale (average of 3 plates) -§
o} 24 hrs. | 48 hrs. 5 days 8 days | 14 days | 21 days %
© | . ] o 3.3 | 14 22
NEEEE - | o 23.3 | 27 [overg.™ :
, La® |23 | 28 25 overg. | overg. |overg. |
& 25° 22 overg. overg. overg. o@erg. overg. f

* £11. filamentous . - g

** overg. overgrown

At 4° the first c61on1e5'appeared(3.3 /plate ) at 8 day;: o
The number of colonies increased gradually to 22 at 21 days,
indicating Qpéf the cells inoculated were not all of the same
germinating po;entiaI. The initial exposure of plates to gradually
dropping temperatures during the first 7 days, hastened the appearance T
of growth by 3 days; at 14 days, 27 colonies were couwted before they \ ‘
ﬁ" coalesced into one mass of light fluffy growth. Incuba?ion at 37°

produced a vigorous filamentous growth at 24 hr,

I

At this temperature
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‘the colonies mimd cleajly delienated from onc another for -
severa] days and at 5 days, zﬁ’/:ntes were still duuncny
visi‘bh. Incubation at 25 produced the best aerial growth of
, the whole lot, which allowed a plate count only at 24 hr (22 colo-
! nies), thereafter the growth becoming completely coalescing and

PR L4 R
.- R

L

ST

TS

el e a

entangled.

Sporulation occurred abundantly at 25 md 37° in 24-48 hr. - % -
In the second group (dropping temperatures), growth in the 1074
g dilution spo';ulated profusely toward the end of the third mk).-"

?

" The above experiment showed that under ordinary aerobiosis
M. alternans budding cells revert remmy to the filamentous uode of
growth, not only at room temperature (25°) but also at body
. temperature (370)’ and even in cold stonge ,(4°). The viable count
variedjittle“ln the 4 series (Zé.' 27, 25 and. 22 col/plate), showing

~ that the germination of the yeast-like cells is unaffected by
temperature, although slowed down and delayed considerably by
incubatich in the cold. . |

F 3.- In-vivo exper"imts with mice inocuhted with M.’ alternans

{

DMt Tgf @ YT

a) Physiological data on age, body weigbt dlood  glucose and
urinary ketones of the mice. -

-

i

-~

The mitated gene db was discovered in 1966 at Jackson's
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Laboratory in mice. of the strain C57 BL/Ks. This gene determines
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a metabolic disturbam resembl ing diabetes mellitus in m The

physiology of the diabetic strain C57 BL/KsJ-db/db has been
investigated by Jackson's Laboratory. Homozygous diabetic wice,

RIS w t\?}v«_‘,

Y“'

db/db, may be recognized at three or four weeks of age, due to their B
tendency to become .ohése. They increase in weight rapidly during |
the 2nd month, reaching a maximum weight of about 45 grams. Obesity, ’
associated \;1th overeating, is accompanied by hyperglycemia. BIoc;d
sugar concentrations of 300 mg per 100 ml at 4 weeks of age are not
uncommon and b,;r the time these mice are 12 weeks old, their blood
sugar level is usually greater than 500 mg%. When the blood sugar
concentration exceeds 250 mg per 100 ml,-other symptoms, glycosuria,
polyuria uid:;olydipsii become evident. Norwal mice have blood

" sugar levels ranging from 140 to 180 mgX. '

The body weight of the mice recorded one day before '
inoculation, was as follows:

¢ i

Mice .age * average body weight, g.
diabetic 20 9 weeks ' 3.5
- 21 . 10 weeks 38.8
, - (10 11 weeks : 40.6
S normal 39 10 weeks 22.9
12 11 weeks -, 281

o -

: * Dates of birth varied from 1 - 3 days suﬁtrﬂy within each group, :
U according to information received from Jackson Laboratory.

M t
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During the 3 waeks after the first imoculation, as well
as the two months following it, the mice appeared, apert from
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diabetes, normal in every respect, and n;:ne di'ed. unless sacrificedd.

T K I

A

LEGR C A

7 P Mouse No. 51, was more sluégish than others and was o
sacrificed ahead of schedule, but no evidence of infection or

hMogulity.‘dc»t for a small skin leé’ion on the neck, was
\

e W

detected upon autogsy or tasts. The age of the wice, their body ° - (/A
weight, ﬁlood glucose and urinary ketone bodies it time of death,
are presented in Tables 5A and-58, for the diabetic and normal mice »

-

respectively The data have been arranged in groups of 5 for
easier examination of the Tables. & |

-

In the 45 disbetic mice (Nos. 1 - 89), blood glucose
wag markedly elevated in nearly all the animals, although some had
an unusually low level, e.g., mice No. 63 and 87 had 14) and 123
_mgX sugar équ. On the whol.e, the figures varied ft;m mouse to mouse,
without showing P'any increase u;aon aging. D’ta averaged for the seven
age group;s of 13 to 19 weeks, reflect similar variation in ’Jalues,‘ ;

. k]

\ s “1. 399. ‘37’ ‘276. 39‘. 356 lﬂd 330 "’ msnct'v‘]y: ‘ . @

In the 45 normal mice (Nos. 2 - 90), blood glucose was much «
!

Tower, as wou]d be expected, although some readings were quite elevated,
e.9., 391 and 209 mgZ 1n No. 8 and 22 respactively. Values averaged for
- the §mn,a9e groups of 13 to 20 weeks, showed glncoio content of 117,

S
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). - , . TABLE SA |
B~ Body eight, Blood Glucose and Urimery Ketomss of Sacrificed'Diabetic Mice.
- - (ﬁchumw&"mdeummmtmdq.ﬁh)ﬁ
e
2 I ‘
t . |s | s |3l
‘ ® - . o - 2
’ i I"g8l. |8 |3 “gl. B |3 3
et ‘ E i r-1 g '8 - i.l:: £ '8 } '-;%
' o E. 3 : 3 ol 9 D o o 3 ~ b
=18 |83 |8 ol 3 | 8| 3
el 18l B 1R s ppeld |
NERERICRE AN s - £ s
1]13 [2a | s 572 | - 16 rk o |s6]276] -
i 3113 121 57 354 - - 50-]165 | 588 | -
5113 |21 | s4 | 458 | - 69 le1 |2:1 ] -
7|16 |27 |50 [J.337 | - 69 |ss | 18] - 7
‘ 9 {14 {27 | 46 | 397 | - 70 |62 )458] wp] =
1m |14 |28 | s2 {220 | - (zo 61 |sa| - :
— ’ 13 |14 |28 | &7 | 247 '} - n jeo j1a1}] - B
- 15 |14 ] 29 | 52 | 651 - n iss{xgo| - e
T 17 {14 |29 | 47 | ns | - 76 62 Jesa | = -
: 19 {14 |2 | 57 | s82.] - 76 |61 |69 | -
: 21 116 |3 | 45 |33 | - 77 |56 | 304 | -
23 {14 |35 | 59 | 36 | - 77 |62 245 | - ;
S 25 |14 |35 | 60 | 366 | - .78 |62 [187 | w.p.
S - 27 {14 |36 [ 57 357 | - 78 163 | 283 | -
E 29|14 |3 {66 |406 | - 83 |66 |686 | -
; 3 |16 {ar |58 |37} - 0 |63 |202] -
Eo 33 |14 |4 | 63 |315 | - s l6o |38 | - |
35-116 l42 | 55 |18 .| - s [s6 |38 | -
37 |16 |42 |60 ]300 ") - 85 |ea 123 | -
39 114 |43 |60 |31 | - 85 Jas Ji172 | -
1a1 |16 |43 | 65 1 306 L
43 {15 {48 | 60 | ses | - ] g ::7391 - | K
45 |15 |48 |67 |33 7| -. _ 4
\ o162 3% | - | -
67 {15 j49 | s8 J213 | - ;
. 66 53 157 | - '}
49 |15 |49 S .43 | - o l3s lemz
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Body Weight, Blood Glucose and Urinary Ketones of Sacrificed Normal Mice -

S

(-) negative

&

(v.p.) weakly positive, the lowest positive vesctiom om Ames Chart.
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172, 120, 133, 144, 141 and 70 mgX respectively.

' _ Urines were collected from all bus one diabetic mouse.
42 were found negative for ketone bodies and 2 were weakly positive.

Y
.
A

" : 'f One_of the two pqsitive specimens was obtained from a highly

' ’ . * v

s
.- L T ™
v ey e Pt N T 4 G5 4 96 0 e

diabetic mouse with 458 mgX of -blood glucose, the othérs from a nearly

Yo 2 7
. ‘ normal mouse (187 mgX). 4 (

e ! -

w 2 .6 normal mice had emptied their bladders before or

R S

- “during the Nembutal injection and no sanple could be colletted from

them. 5 samples were found weakly positive and 24 negative. Since ° :

“ e

. no ketone, bod{es,uere expected in the urines of normal mice, the

Y batch of ketostix strips used ,was re-tested and revealed that the S
- ‘' test stripsi were still good and had notgdeteriorated. !

-

Saline inoculated controls: Between the 52nd and 66th day

‘3

after inoculation, the 5 pairs of s‘aline-inoculated controls were .

. ~

[y

f', ) sacrificed The average weight of the diabetic mice was 53 g and
their blood glucose varied from 157 to 482 mg% (average value: 320/_).

4 .

[ 2adi)

The average weight of the nornul mice was 25 g and their blood glucose
L varie} frpm‘ 97 to 250 mg’% (aver:age value 158 mg%). .o ﬁ

. @
. -

b) Qualitative cultures of organs and. bod_y fluids

14
- The qualitative results of cultures are presented in Table 6.

Only the diabetic mice ,prqguced‘hpositive cultures.-Grouth in atejegr}
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TABI.E 6

N ules o! sncrtﬂcod Mice,
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;ﬁ ' positive cultures of organs on slopes gnd of 1iver homogenates
under uncontrolled aerobiosis at 25%, appeared as a vigorous

mycelium in 24 - 48 hr. Later 1t took 3 - 4 days before the

cultures became positive, denoting a gradually impaired v{ab111ty
of the fungus in the tissues. Once startéd the. growth: seon
became abundantly bu1ky. grey with the production of sporangia, . o
filling eventually the entire tube or plate. Altogether 17 out of dé
the 45 diabetic mice, or 37. 7%, were positivexin cultures, (this - ©
figure includes positive cultures from nodules)\ The last
positive culture was obtained in mouse No. 53. which was sacr1f1egd “
. . 7 weeke after inoculation. Liver wasﬁehe organ most frequently |
positive (6 thice), spleen wes positive in 5 mice, while lungs,
heart, brain and right kidney wefe positive, each once in 4 mice.
Except for mouseLNo. 15, from which the liver was not cultured, all |
pos{tibe organs occurred in mice that ha& a positive liver celture.
Heart, blood, urine and left kidney were -all negative in cu1ture.

. Occasional tultures of peritonedl washings<were pegative.

c)égyantitative cultures of homogenized 1ivers. ' . :

Quantitative cultures of livers (Table 7), yielded data

"from only 3 ebt/Bf 15 mice so 1nvestiga§ed, No. 1, 7 and 9 from : o
which 56, 34 and 32’colon1es respectively were obtained. The

~quanp1ta§1ve flasks incubated under anaerobiosis, produced pasty

white, rather flat, yeast-l1ike colonies with irregular margins, '
!
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& '“ {msisung of large spherfcal multiple budding cells and chains

: df 1inked cims. presumably arthrospores (Fig. 15). These colonies
resubled closely those ‘of M. rouxii observed by Bantnickirﬁarcig

and Nickerson (1562 b), under anaérobiosis. Two of the three ‘

" anaerobic flasks produced a few filanentous colonies of M. alternans

on the glass of the flasks from inoculum smeared accidentally just
above the agar line, indicating that should some vital nutrients
fall below a certain minimum, M. alternans would revert to mycelial

- growth eZv- under anaerobiosis. Although more colonies were obtained

"
.
;
-8
ks %
k]
K4
.
i

i;n the agaerobic flasks than on aerobic plates, the data are
insufficient to comment upon, particularly that the thick inoculum
did not allow a strictly quantitative distribution.

TABLE 7

Number of Colonies Obtained From Homogenized Livers of 3 Diabetic Mice. 1

. . U
Mouse No ‘Aerobic plates:(25 ) Anaerobic Total :
1 1 2:13 4 5 | plates (37°) | Colonies :

.1 16, | 13 13 .14 56

E 7 7.1 a | 6 | 2 12 * 34

& "9 a |3 5 | 9 n o+ 32
™~ L%

- - 1

* Includes 5 filamentous colonies on glass
+ Includes 2 filamentous colonies on glass

¢
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Normal mice and saline-inoculated controls were all negative

in culture. It should be borne in mind, however, that only 1/3 of the

: 4
e
.
d
3
“Q
P
I
q
L
¥
'
¥
]
‘lli
?
Iy
N

1ivers were cultured throughout this study, and it is quite possible
that mouse No. 6, whose 1iver showed on microscopic exam{nation
(Figs. 16 and 17), numerous budding cells, and vigorous hyphae with

buds, would have produced positive cultures if such had been prepared,

d) Nodu1e§ -‘their occurrence and culturi?g,‘ ¥

The first nodyles were 6bserved in mouse No. 11 which was
sacrificed 28 days after jnoculation. Thereafter, nodules became a
common occurrence and thus their numbers and location were noted. 80
nodules were found in 36 diabetic mice, and 12 in 8’norma1'm1ce. No
nodules were observed in the saline-inoculated controls. A specific

occurrence of the nodules is presented in Table 8

a bl

TABLE 8
d Location and incidence of nodules
Incidence in )
Location Diabetic mice Normal mice Saline

36/45 8/45 . controls
in/on liver , 16 * 6 w* 0
in peritoneal fat 44 3 0
on omentum ' 9 1 0
at site of inoculation 4 1 0 )

_near bladder & 3, 0 0 ;

on peritoneal wall 2 / 1 0 |
on diaphragm 2 o 0
* in 11 mice . i . ' -

** in 5 mice

tar. AL & PPt T AR




e

I i
\_ 3 . ¢~
! I
Fig. 16 - Budding cells from homogenized pepsin digested liver
of mouse No: 6. & - J .
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' Fig. 17 - Hyphae forming arthrospores: two ‘chains of arthro- - CL
, X o spores obtained in 1iver homogenate of mouse No. 6. 4
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. The first nodules encountered in the diabetic mice were :

rather soft and measured abolit 2 mm. The older nodules became
progressively smaller, and harder, as if shrinking, and looked like "

. <’ tiny grains of sand. The nodules in the normal mice were generally ) ;

/ . )
smaller and harder than. those in the diabetic nfice.

In terms of age, the greatest number of nodu[gs was
. observed in younger ;TEE sacrificed between the 35th and 50th day ‘ o

after inoculation.

Liver nodules received most of the attention. While some
N

nodules were visible to the unaided eye during autopsy, others

™~

were discovered accidentally 1n§1de the liver when the subsurface - -
. nodules were being examined. Thus, the number of nodules recorded

in livers may,'in fact, represent only a ffactiog of the total number

of nodules occurring in that organ. ;L

Upon csituring, most of the nodules found in diabetic mice

sacrificed betwéen the 28th and 35th day after inoculation, produced
4 3

“typical cultures of M. alternans. Only occasional ng?ules excised
- from the older diabetic mice were positive in culture. The last
positive culture altogether was obtained from a nodule in the

peritoneal fat of mouse No. 53. Nodules from normal mice were all

negative in cultures. -
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66.
, e) Microscopic examination of homogenized and pepsin-digested 1ivers.

Microscopic examination of liver digests in wet smears,
was at first a truly rewarding experience. Cotton-blue stained

spherical budding cells and, on rare occasions, large; non-septate o

"hyphae, conforming in every respect to those of M. alternans, were

seen clearly. in many preparations. _Furthermore, the slides remained ’?
/ in goodbcondition for several months upon storage in a tightly . ’
| ' sealed glass dish before the first one éould be photographed.
Prepaqations made of livers of aging mice were less satisfactoryi
artifacts in form of spherical to oval ﬁpmgrane-bound structures,
some 5 - 50 microns in size, starfed'to occur in qu;ﬁtity
obstructing the search for fungal elements, result1n§ in 5 pairs -

of preparations being discarded as unreliable.

;The results of this rather fragmentary {nvestigation allow o,
only broad géﬁeralizatjons: ' » )
1) Both diabetic and ncrmal mice were found microscopically .. - ‘s
_ .positive, the diabetic mice producing more po§1tive prepa;g-
tions than the normal ones. ,
2) Mostly non-ﬁudding cells were observe&. Collapsed and broken-
walled cells were obséiyed in most preparations and ;hei?
£ : proportion seemed to have iqcréased in older mice. Germinating _ _ .
s cells and hyphae were found- in only 7 diabetic and one normal |

mouse.

,
~
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: 3) There was no obvious difference in morphology of the fungal
elements found in livers pepsin-digested at once after )
autppsy. and‘livers incubated at dropping temperatures pr]or )
. to homogenization and pepsin digestion.
Quantitative estimation of cells with hemacytometer was
done in 23 diabetic apd 24 normal mice. ‘Because of the 1ow incidence

of the cells, not {;e R's but whole square millimeter grids were

examined, the large size of the cells, about 5 - 25 microns, allowing
& good count in most cases., The entiré.sedimented liygr preparations
were used up in these examinations, the 0.2-ml sufficing to cover on s

the average 10 coverslip areas. The results are preseﬁted in~Table 9.

TABLE 9°

The incidence of M. alternans cells in 1ivers .

. Total cells ' Diabetic Normal
. per liver Mice (23) Mite (24)
- /- N R N .
SR 0 3* 2 .
: <2000 . 12 _ 9 : \
- ) /.—.
| 2,000 - 10,000 4 3 '
i 10,000 - 40,000 3
- 64,400 1 - )
. : : .
L ~ * One of these 3 mice, No. 17, had a liver nodule which was excised -

. and cultured (the culture was positive, see Table 6). The liver D
S was then homogenizéd, digested and generally prepared for microscopic
exihination. ; .
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ot ‘ The incidence of fungal cells in diabetic mice was

o . lower in older mice; including the two negative roadingi. in
mice 'nﬁ. 51 and 89, {.e., the majority of the €2,000 cell group

occurred in mice No. 53 to 87, although, contrary to that trend,
* the highest single reading recorded, of 64,400 cells, was obtained
from an older mouse No. 7). In the normal mice tod most of the

Tow readings were obtained from the older ‘mice.

' ‘ Mousé No. 6 deserves a“special comment. The prepa}ation_

was éxamihed qualitatively only on standard microscopic slides. , ‘e
Very numerous cells, spherical, single and surrounded by numerous

buds. as well as hyphae with arthrosbore chains, were found in

many fields. as 1llustrated in Figs. 16 and 17. Because the

budding cells often formed large clusters while hyphae occurred

in bundles, no count would have been possible (this mouse, being

/

investigated qualitatively only was not included in TabTe 9).
. : .
/ -

t) Histopathological study of nodules.

i; Histd&atpolog;éal séctions of a nodule from a mouse “ %
“sacrificed 29 days after fnoculation (No. 17), revealed yeast-like
e ce“ff some so large as to similate ;malf blood vessels of a mouse a .
fn a hematoxylin eosin stained section. Many of these cells were
damaged, 1.e.: their cells were split open and they appeared empty.
h Some smaller cells were 1n~ipparently qqod condition. Budding and - " é

7
3 | , . r
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1[ germinating cells were also found rather infrequen'tiy ‘(Figs,. 18,
g 19 and 20). A few hyphae were seen in some sections and could 13
f easily be identified in Grocott stained siides (Fig. 21). The | %
PAS stained sections of this nodule showed granuloms forﬁtion wi;h i
n ~ no giant cells but with lymphocytes and plasma ;:ells on the :‘1?
periphery. The center of the podule was composed of cells deb '15.;'\
necrotic tissue and a few blood vessels. This was surrous by ‘:
| collagen tissue and lhlswtiocytes. N(lydules from older mice (yos. 23, "

) 27, 39 and"ﬂa) showed a burnt-out condition without any fungal cells

in evidence. ' - |
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Fig. 18 - Single cells ‘and‘ budiﬂng cells in section of a nodule S
’ from mouse No. 17. Stained with PAS. =
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: ?“‘ Fig. 20 - Germinating cells in.section of a nodule from mouse
- : . No. 17. Grocott staining. : .
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> Fig. 21 - Plece of, hyphae in section of a nodule from mouse
No. sz Grocott stain
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V - DISCUSSION
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The abilfty of Mucor alternans to form unicellular v
budding cells was first obsqyxed in saqar-rich media by Gayon
and Du@gprg in 1887, aqp a description of this type of qrowth
has been éupted at lenota in the Réview ;? Literature. The

remarkable fermentativg povers of this species attracted.the

attention of Japanese-researchers who deposited strain No. 20132

. * N
in the American Type Culture Collection (10th ed. cataloque), "
! following an application for a patent by Kyowa ferm. Ind. Co. Ltd.
. N
Otherwise, M. alternans is rarely being mentioned in the literature, -
4

,//i/////‘ﬂa’does not jppear in te;tbooks of general or medical mycoloqgy.
- . Neither did the ﬁartnicki-ﬁqrcia and Nickerson qrdup include this

species in their stadies of dimorphism-in Phycomycetcs. Its
occurrence under apparently patholoqical cofiditions at the Royal
: iVictoria Hospital, Montreal, in 1962, Jhas prompfed an investigation ,

of its dimorphfsm in-vitro and of the pathogenicity of its yeast-

\

e 1ike phase for diabetic ‘mice.

2

The in-yitro studies were carried out under a variety of

: T ,cogditi@ns. Under aerobiosis in the yeast extract-peptone-qlucose

BS ol J

(YPG) broth, M. alternans grew in the filamentous forin. The fact .that -

v . L

< . more growth was obtained in the shaking gultures-aS'compared‘to qgt
stationary ones is not*shrpr%sinq since fund} are bésically aerobic

‘ organisms, they produce more growth with better aeration, while the
- [ - - .

¢

‘e
“




\ mechanical agitction mr- e aids growth by a faster distribution of
nutrients in the nediun. Cells of the yeast-1tke type were seen

. in some of theso cultures, but since arthrospore formation {s L,
N characteristic of this Species. it could not be ascertained {f'the

observed budding cells arose directly from the spbranqiospom-

inoculum or from broken- off arthrospores formed on mycel fum.

: Bartnicki-6arcia and Nickerson (1962 b), Jphasized the fact. that
true yeast- er cells mlcrOScopkally.may be lndistinquishahle

e ) from spherical cells derived by arthmsporal mm‘phogencﬂs. ] ‘

Under aqaerob’iosis .only the YPG cultures at 25" at M 4.5,

. ‘or condittons under which Bartnicki- Garcia and Nickerson (1962 b)

»

found M. subtllissims to qrow in pure yeast -1{ke form, can be

considered for comparative studies of !‘f.‘l?}_@_e}rphgg .o
N

¢ <

Yy

Under nitrogen, M. alternans and M. subtilissimus produced’

almost identical appearinqg cultures, i.e‘..,.'boti\ were ye’ast-like.
Eexcept for very s;mall amount o{ fild‘men't.s,; Nutrition may have played
a part in this experiment since in bot;\ sp&tie’s the f4laments were.
’formed brimarily on the glass where some spores miqht have heen

. splashed o, durmn the experiment, Since qroﬁ’th op the glass was . .

7

.

poorly supp] ied with ‘the medium, ‘some vital nutrients were prohably -

"lacking for initiation or gnaintenance of the yeast-1ike arowth,
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Under“carbqn\3%§x1de a pure yeast-1like qrowth was °

L

S obtained in both species, . . J

2l
» J

jf The above results thus showed that M. alternans i1s a , ~
{ v
dfbhasic species in that under afr it qrows in 1ts typical filamentous’

form and under .anaerobiosis 1t assumes a yeast-like/férm of growth.
. il Py 3

« —

. i ) / Since the potential pathoqen1c1ty of M. alterndns consti-
tuted:the main object of this study, the in- vitro investigation in’ f
YPG broth was extended.beyord Bartnick1-Garc1a and Nickerson's scope
“to include 1ncubat10n at;_q,370 i.e. bod& temperature. The results
‘.ghowed that while M. Jubtilissimus grew only at 25 , and not at 37° . -

* thus proving that this 5pec1es could not be pathogenic, ﬂLjﬂjggggggi

generally grew well at 379,,iqd1cat1ng that in terms of temperature
this species could be pathogenic. However, in coatrast to pathoqen1c

d1phas1c fungi, such as Histqplasma capsulatum or Blastomyces dermatitidis”

temperature 1nfluenced rather the amount of qrowth, as shown by dry ' -
. S

weight determinations,, than the growth form. In all trials more

growth of M. alternans was produced at 25° than at 37°. .

~ " In the TC Medium 199, under a qa% mixture imitating atveolar
- atmosphere, i.e., consistinq of 5% CQ?. 137% 02 and 827, Nz,;q;owth vas P

Apredominantly filam ntous white 1ncreasingﬁsoncentrations of q]ucose

favoured the developme t of yeast<like qrowth. A»critica} nspection

- of Table 2, ‘shaws a rathek odd set of data under dry weight, the value X

N
[
5
@n

. - . . ' .
for growth in a 2% qlucose-enriched medium beinn less than at 17, 61.4
N - - . - t7v—-.
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. and 93.5 mg respectively, It is possible'that the yeast-1ike cells’
- contributed less weight because of their slawer growth rate as

compared to that of the filamentous form. The difference in the rate
of growth of th; two phases was roportod by qutnicki-carcia and

, ‘ Nickerson (1962 b), for M. rouxii, and conf.irmed by my own observations

b fOr M alternans ina preliminary experiment.  When ketones and urea

“ C L were added to q'lucoso onrichcd modium the dry weiqht became a | ttlo
> ‘ Ne

.smatTor while morphologlcally one of these cultures chanqged from

—

prodominantly filamentous to & prodominant}’& ym;ft-l'fko form, (1t

should be borne in mind thata qunlit.\tive ‘evaluation of qrowth fr
|n1cr05cop1c slides 15 bound to %ommcnhm crror).
‘o, - N .
- .. Under anaerobic conditions of 5% €O, and 957 N,, a g )
. . b
- yeast-11ke growth was obtathdd, increasing glucose concentra

-

. A \k
producing 1ncrcasinq amounts o qrowth It appcars that a«l«H on of - g
B- hydroxybutyric acid and urea fhad no effect upon qrowth under .tho.c T ¢
conditions. the dry weight values reading 25.4 mq without additivcs.

and 25.2 mg with additives. /

The growth of ‘M. alternans in 1% qlucose’lnriche‘d TC Med ium ) .
199, produced under aerobic conditions & scemingly twa-itage curve, the
amount of 'the mostly filamentous growth 1m§reas1nq over the 67 hr of ¢
the 1ncubat1lon“t1me Under anaerobiosié.bthe ex;:lusively yeast-11ke
qrowth 1ncreased over the flrst 24 hours only, and then lcvellcd off
The study of%%he pH in this experlment “Ynd icat& that thc medlum beinq@
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- colonfes were observed with quigéd eye at 8 days. At 25 and 320.

e . .
‘ ' N , " ., 4.
insufficlently buffared, atlowed the pH to drop during growth by

as mich as about 3 units. Under aerohiosis, the pH eventually rose °

" to 5 at 67 hr showing that the fungus started to utilize the

products of qlucqse catabolism; which would cons%}tute Eho second
phase of that grbwthipurve. Under anacrobiosis; however, the pH_
remained at its lowest lovel to the eﬁq of the incubation time,
fndicating that 1n‘the absence of oxygen, ﬂ,ﬂ§1pptnpn3 cannot

3

utilize the acidic products of qlggosa broakdown. :
- . P a,
] Yeast-1ike cells of M, alternans produced under 0, »

reverted, upon incubatfon in air, to the filamogtouﬁ growth.at all

temberqturés'triéd, Slthough at different times. At 40. f{ilamentous

within' 24 hours, the coIoniesiWnrc visibie while on plates {ncubsted

at the dropping temperatures‘from 37 to 4° Mucor grew visibly at

" 5 days. (In terms of orqans stored prior to fixation, the above -

- experiment carried out, as it was, 1n air, could perhaps explain a - -

g

possible post-mortem qrowth of fungal hyphae at cut surface Niéwever.

such saprophytic growth could easily be difforentiated by“the

pathologist from one which occurred in- vivo)

» ’ ~

The answer to Question ] can thus be formulated as follows . "

°

M _alternans produced an exclusivelv yeast-1ike “th under carbon
dioxide at 2% and 37° , at an 1nitia1 pH volue\\f 4.5 and 6.8 in the

non-def ined medium of yeast-extract-peptonesglucose broth and under iy

C
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"2t 37°, and inftial pH 7.2 in the defined tissue culturo med {um 199

The average weight of the diabetic mic¢i(l3-19 weéks o1d) was 57 g.

5.
8 B
a mixture of carbon dioxide and nitrogen (5 and 95% rospoctively)

Th amount of growth in the TC Medium 199 depended on glucose
concentration, the yeast-1ike growth having been obtained even at

the Towest glucose concentration of 0.1%. The yeast-l1ike cells

revert to mycelial growth when exposed to air. (Growth in the YPG

broth under nitrogen requires further experimentation).“

In-vivo exﬁeriments with b1abet1c mice . . f

In 1966, Jackson Laboratory (Hummel et al. 1966), reported
that their strain of diabetic mice (C57 BL/KsJ-db/db)~succombs
to diabetes in.3 - 6 months, with accompanying loss of weight. The
mice received from, that Laboratory in December 1972, remaiﬁbd in
remdrkably good cond1t1oﬁ during the 5-month long experimenti—None

died (unlbgs sacrificed), and no. noticeable weight loss was 6bserved.

which was higher by 12 q than the 45 g reported by the Labo}atory?
Although;b1ood sugar was as high.gs expected in tﬁﬂs,strain. it
‘ varidd greatly from mouse to mouse throughout the lot:, from abo:t .
123 (a nofmal value) £69832 mg%, yithouf pattern or trend. No mice
were truly ketotic, only two shgwing a weakl; positive reaction, -

the lowest on Ames chart. The satine-inoculated controls showed a
similar span of body weight bWood glucose and ketones. Normal mice ,
on the wholg cqgforméd better to the norms. désqribed by the Laboratory.

a , ' J
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"grossly asymptomatic "throughout the experimental period. The

I , '( o
76.
except that 4 mice had an elevated'blood glucose, 1. e.. about 200
mgX and 5 gave a ucakly positive test for urinary ketones. The
normal mice were identified by the Laboratory as -/? to denote
uncertain information about their genetic character and this may
account perhaps for the rather weak diabetic tendencies in this

particular lot of animals.

The Mucor-inoculated mice, diabetic and normalk, remained

"o

‘examination of the peritoneal cavity and the organs, hogq:er.

revealed that invasion of tissues did occur and the fungus was
re-isolated from 37.7% of diabetic mice. Liver wa§ the organ which
was most often positive in culture, followe& by spleen, while lungs,

heart, kidney and brain each produced one positive culture. Urine,

‘\ s - -
g bYood and an occasional peritoneal washing were all negative in

1 E)

cultures. The fact that peritoneal‘washings were negative proved

that positive'cultﬁres of the organs were not due to contamination

w{ih spores surviving within the peritoneal'cavity The positive
org!ﬁ% from the youngest mice, i.e,, those killed 3 -4 weeks after .
inoculation, appeared normal(upon-autopsy. Later, nodules were v
observed on the peritoneal wall, 6mentum. in the peritoneal fat and
on the liver. Eventually, nodules were discovered Leep in the Tiver
tissue. Characteristically, such nodules carefully excised produced
positive culturesiwhile the. nodulewfree livers were neqative upon

L
microscopic examination, indicating strict localization of infection.

- 3 \
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Altogether 80% of diabetic mice exhibited nodule formation. At . . V%
first, most of the nodules were positive in culture, but gradually p

the cultures became negative'and. starting with the 50th day after
inoculation, all attempts at culturing the fungus failed,” showing

. that the mice succeeded completely in repovering from the infection.

[ v

A1l cultures prepared from normal mice were negative l_

(
l7 7% of normal mice exhibited nodule formation, but like the orqans

-

the nodules were negative upon culturing.

Cul tures of the liyers of the first three diabetic mice

b

produced‘yeastllikeacolonies under anaerobiosi%” indicating that !
this method of incubation could yield positive culturq\;:or diagnostic

.‘purposes Although incubation under anaerobiosis fs haxdly a method

of preference in mycological laboratories ‘bacteriological technicians '

working with anaerobes should perhaps be allerted to- sqch a possibhlity.

Thus Question 2, of this study, can be answered in the

following way: M. alternans is' pathogenic in that the disease was

produced in diabetic mice, but the mice did not succomb to it In-

agreement with Bauer (1956 b), hvperglycemia alone did not favour .

~the development of a fulminating‘infection Even if ketosis had -

developed in the Sth month, the fungal cells in the nodules being

already dead no further developments could be expected. To attain a

fatal 1ssue..a close coincidence of the presence of viable Mucor cells

l

) and opportunistic physioloqical chanoes. such as ketoacidosis (Bauer

and Sheldon 1958) , must occur. In diabetic mice such coincidence

D
x N ®
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should occor within'7 d;.u; after inoculation, but preferably ’
earlier, 1.e., within 4 weeks afteryinocolation. before the
. formation of nodules. The second part!of Question 2, can be
answered 1n affirmative - normal mice succéeded #nkeliminating the
1nfection. in that none of the so-tested mice was positive in

cuftures, re-affirming the opportunistic nature of mucormycosls.
! !

-Microscopjc examination of homogenized and pepsin-diqested
livers. revealed that both diabetic and normal mice were positive -

for fungal elements, the diabetic mice showinq, except 1n one case.

many more cells than the normal ones. :Many Spherica] single cells

were observed; budding cells were also encountered, while germinating
3 -
cells and hyphae were observed very. rarely. Collapsed and broken

cells were also observed indicating destruction by the host.

Y ’ a [
a

-

1he best results of direct microscopic examination were : ‘

obtdined, 1ronical]y, in a normal mouse (No. 6), whose liver
" revealed the greatest number of fungal elements recorded in this . ‘ ;
study, in any singJeﬁtest Extensive hyphae with arthrospore’ chains, N ﬂ

" as well as multiple-budding cells.were -obsefved in clusters, all #1 : ’
perfect morphological condition. Obviously, an unusually large and

apparently still active focus was encountered by chance, in this

particular younq mouse Now that a fine te 1que has beem‘worked out, . “ N
future studies can concentrate on direct examination of livers prior’

to formation of nodules in yoling mice, as the most promising approach L

toward a more precise elucidation of the mode of dissemination in
phycomycosis ‘
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Upon microscopic examination of histopathological sections

of a nodule from mouse No. 17, many damaged and. a few undamaged
cells were seen. Budding and germinatinq cells. were also found
although rethqr~3nfrequently. which confirmed the microscopic studies

of digested livers. A closer inspection revealed a few hyphae in o

P
4

~mostvsections. proving that con&itions inside the nodules allowed

mycelie] gfowth rather then active budding. Nodules from older mice”
. " showed a burnt-out cenditipn without any fungal cells 1n‘evidence.

also conf}rming microscopic examinaeions wvhich were mostly negative

- " in older mice. °

A

The answer to guesiion 3 has been carefully formulated as
follows: due‘to a restricted number of mice used™in this study,

only a tentative conclusion can be drawn M. alternans mygelium can

produce arthrospore§ in- vivg as it did in mouse No. 6. After s
breakipg off..theda;throspores~can be visualized® as single cells,
disseminaéing the disease, further growth of the funéus occurring
by germination rather;tﬁan budding, as observed in fhe’histopathologiEal
' sections of the nodule of diabetic house No. 17. (('/, ~
a . , e ‘ . .

. N

N Answer to guestion No.-4 aopears ‘to beonegative No evidence .
. o .
’ 2 has been found to substant1ate the supp051tion of post-mortem .

filamentous growth The’»in mousé No. 6 had occurred in liver .
.which was processed .at ‘once after’autOpsy Miéroscopic'examiuatien

of al] other mice; failed to produce any signs of morphologically
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. different fungal elements, in the two methods employed in the

handling.of the livers.
!

Experimentation with .immund-suppressive grugi‘ily bring

' abbui a fulminati{ng course in mucormycosis, and provide chances o? )

3 positive cuitures from body fluids Since mucormycosis 1is par

t

excellence an opportunistic disease, future WOrk.should concentrntc
on 1mmunological compromised hosts, whether by therapy " as in . &
transplantation patients or patient under tneatment of cancer with o

cytotoxic drugs, or by lack of” therapy. as in uacontrolled ketotic

diabetes. L * : .1 - B

. , o . ° - N

. ~ Yoo 1ittle information is available, unfortunatély, about R
the identity of thé specific causative agents of mucormycosis. In iP~ ¥

many 1nstances. on1y a post-mortem diagnosis s made from Kisto- i éﬁc‘
- .
pathologftal sections which does not allow more than -a vague

] H

description-of qqphycomycetous fungus. while the occasional reports
] v N ' . -, b]
of isolations in mycology rarely ao beyond identification of a genus,

! Thus it 1s not known Qﬁether M. alternans, isolated frgm the debris

;. - of torn tissues n the patient at Ruyal Victoria Hospital in 1962, e
: " {s or is not & commonly occurring pathoqenic,gpecies Until qreat&r ' o —w3

care {s taken in 1solation and 1dent1f1cation of phycomycétous funqi | .
.. from opportunistic in ectfons. no answer to this quest4on 1; possibte ’
T 57 ldentification of species within that group of fun91 is no easy matter. ' ‘ °‘{

and smaller. la oratories OUth to seek help:from researchers experienced ” :;

. . - . I;' . ’\% .
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in this domain of mycology. As acknowledged in Materials and

@ - . ' C LBl
¢
:

,

Methods, M. a]terng{lf'. isolatedrat the McGill Mycological Laboratory
was so identified by the kind and expert assistance of
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Dr. Hesseltine, Peoria, I11. T . .
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VI - SUMMARY

1) Filamentous arowth of‘Mucor alternans was seen upon .,
4 ~ :
incubation under air.. Exclusive yeast-1ike growth was obtained , .o

i under carbon dioxide at the two temperatures investigated, i.e.,

25 and 370.,aud at an initiﬁl pH value of 4.5 and 6.8-in yeast-

< extracf-peutone—qlucose broth. This type of growth was also
ohserved under a mixture of carbon dioxide and nitroqen (5 and 95%
respectively), at 379, and initial pH 7: 2 in the defined tissue -
culture medium 199. It was also observed that the yeast-like,cells

reverted to mycelial form when exposed to air. Tl . )

2) When diabetic mice were injected intraperitoneally

with preincubated spores of M. alternans. there was dissemination

of the fuu;us to internal organs, sometime during the first ﬂeeks

after inoculation, vhich was reqdered evident by positive cultures
‘ ’ obtained from visceral ornans, lunqst heaci and brain.” At 4 weeks,
nodules started to appear in various parts of che peritoneum, " -
mainly in the peritoneal fat and liver. " Until 50 days after -
‘ihoculation. the excised nodules gave positive cultures, indicating l ' -
localization of the -infection. From then on, organs and nodules .

~

remained negative in culture. The diabetic mice overcame the

- ,W_LMWK-
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infectién. Some nodules were observed in normal mice, but did not _ {
e - - . \ -3
produce positive cultures. . ,

[ I PP
L e S, e PR AR N,
CO Sy IR e Lt it e T e X e A



Al e SRR LY LA (G TE N I I R L N e AU AP BN L AP 1 TN 7, Py v oglee . s .
(e AR .*‘:, Wiy IR AR AR N WM el e ey AR 240 N L A S VI _‘,",,';* N A
‘

4
4

a,"l"‘r..y/l t, o , ) .

. 5 N r‘\

. /
. . .
v > ’
, S .
.

.
'

v . 8.

. ) 1N .
3) M. alternans mycelium can produce artiwospores ’
in-vivo. hfter breaking-off, the arthrospores can be visualized
as single cells disseminating the disease. Germination of
" . arthrospores would account for the phesence of hyphae in distant ' f
foci of infection, as observed in histopathological sections. Yi
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