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ABSTRACT 

DUQRPHISM AND PA!H0GENICITY OF ..,COR AlTERNANS (VAN TlEGHEM) 

A fl1.entous fungus. ,,",cor al ternans (Van Tieghem). was fou~ 
, 

to grow in the ye~st-like fona in yeast extract-peptone-glucose 

broth (pH 4.~ and 6.8. at 25 and 37°) under cal~ndioxide. and 

in tissue culture medium 199 (pH 7.2. 37°) under si carbon dioxide. r. 
951 nitrogen gas mixture. The amount of growth was proportional 

to the glucose concentration. The, pathogenicity of the yeast-like 

cells was studied in diabetic mice (strain C57 8l/KsJ~db/db) 

,injeçted intra~ritoneally with pre-incubated sporangiospores. A 

non-fatal dise~e developed frOm which the mice recovered. Cultures 

of M. alternans were ~tained from visceral organs, lungs, brain 

and nodules of 37.71" of the diabetic mice. Nonnal controls were 

negative irr culture. Upon microscopie examination of liV~nd' 
nodules, hyphae. arthrospores and budding cells were found. It i~ 

, 
postulated that single cells, e.g., broten off al'"throspores 

disseminate the disease to distant foct where qen.tnatton occurs . . 
+ 

accounting for the presence of hyphae observed in o histopathological 

·sections. ". 
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1. 1lfrR00000ICII MO PURPOSE 1. 

, The abt1fty of a fungu, to 'tnvade hu.n and an1_1 t1$sues 

15 rellted fn part to fts potentfal for a MOrpholog1ell trans­

fo~t1on or adlptat10n to paras1t1s.. The extent of tb1s trans-

fonlltton d1v1des _st fungal pathogens 1nto dennatophytes elU$ing. 
~ - /' 

the superfte1.1 infections and s1stellie pathog'rS oceurrtng in 

deep-SHted organs. The derwatophytes wh1ch oparas1tize the 
e 

kerattnized layers of st,1n., and 1 ts appendages, exh1b1t "redueed 

.rphology", a tet'll used in lIIycolog1ea1 noIIenelature to descr1be" 
" 

invasion of skin. ha1r and nans by means of hyphae wh1eh. in IIOSt 

\ . cases, breat-up into, arthrospores by fragMntation of the invasive 
, 

,.,céliu.. In-vitro,-arthrospores do not occur but eon1d1a are 

produced in .st spec1es wh1ch aid in the identification of the 

causative agents. 

" 

Many oPathogen1e fungi eausing, systan1e 1.nfect1ons ~hibit 
.... ' , 

an extrelle font of dt.rphfSll, IIIOstly yeast-like. 'In studyfng. the 
o , 

factors affecting d1.,...phf$ll in these fungi. ft WBS found that in 
~ c 

the case_~f 8llst!!rces denlltft1dis and B. brasi1fens~s telperature 
r q ~ 

• 
15 of greltest illPOr"tance in indue i,ng the Jeast-li te growth. 

SP!J!Otr1ehu. sehenct11 and. partieularly. HistoplaSN tapsulltu •• 
" 

are 11),. fasttd10us in thts respect in that. besides tellperlture. 

nutrition. hu.id1ty Incl the oxtdltton-reduetion patential play 1 

role in the inittatton of ~. 1IIst-lfke growth in-vitro (~no. 1 

" 

. , 

\ 
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) 1961). CIlCcldIO;d~S '1_ltls rl!CJllres' speclflcal"lY carbon dloxlde 
. 

for the conversion to fts spherule stage 1n a.~omplex synthet1c 

lledi ... (Lones and Peacock, 1960). 

t The opportunis.tic pathogen1c yeast Candida a1bicans does' . 
IlOt appear to be10ng to the above groop sinc'e both filaments and 

yeast fonMS are frequently found in les10ns. Winsten and Murray 
~ 

(1956), c1aimed they found a filamentous mutant of c. albicans wh1eh 

~s non-pathogenic for mice upon intravenous inoculation, but that 
~ . 

eulturing on cysteine conta1ning media, restored both pathogenic1ty 

~< and 'the }east-like gr~h in-vitro .. A similar response to cysteine 

was observed by Rippon and Scherr (1959), who succeeded in obtaining.-, 
1 r 

yeast-l ike growth in Trichophyton rubrum and Mi'erosporum audouin1 ~ In 
.~ 

1965, Rippon et al converted even species of Aspergillus and 

Penicillium to yeast-1ike growth on cysteine-containing media. In 

both cases, the unice1lu1ar growth subsequently invaded interna1 
. . 

organs which led these authors to concJude that given specifie 
u 

conditions, dennatophytes and SQlfte saprophytes can become system1c 

pathogens . 

Several IN!llbers of the Lower Fungi belonging to tne C1ass 
< 

Zygœt~etes. specfflcally Rhizopus. ttJcor and Absld1a can .. under 

opportunistie c~tttons. beeo.e Plthogentc for man. S1nce h,sto­

patho1ogical sectfons often pl'epared post-mortem show the characterfst1c 

broad non-septate h~e in 1nternal organs thes~.fung1 are 
('~1~ 

'. 
'l' ~ 

</.. ::J. ,1_ .. ~ ... 1 ..... , • ... ....... -' 1'._,:-. 6~, .. œ",:., r ..... ~ ,. NI.J\lf."!l:~),'k,~ ..... tl,~.;~\'.;,ii''''r .. ën.Hlli~;~I1I'.-.tI ... ,,,Mf.io~:clIi(J',M~·.il~;;.Mi!iiIilIll 
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1· ~ 1 

• 

conslderécl to .. lnv.stve tn thetr fn .... tOus forll. t .t •• In the 
1 

!.onII tINt)' grGII' SApropIIyti~l1)' ~ llltu~ (s lat~ et al. l~. 
SoM Zyg-.,cetes. especlallyltacor. have 1 been k .... to 9 

, 

1n the ~.st phase ln-vttro und.r spectfte c 1tlons. 8à~tnick1-
\ 

• Gare 1., Nick .. sOft and ot_5, .se work vtl 

deuils tn the ~evlew of L tt .. ature, det ... t 
• 

the ~~tr __ ts . 
for pC02 .nd the ktnd of hexose as· .. 11 as ,1 S concentrat1oA. for 

r the conversJon of these fungi tp building f s. Let 1s SU1fiCl! at 
tllis point that the conversion to the yeast as. In, e.g. l""'cor 

1 " 

1 

rouxff f5 a relatlvely sl.,le laboratory ex .ise. c.".~ to 
• 1 

that of. such dlphastc pathogens 15 "tsto2'a 1 • Sporotrtc~ or 
\ • 1 

'Cocc1dtotd.s'. The authors .., studfed dl""""l. ln Mucor .net other 
J 

ZygOllQtetes, dtd not _tend thelr investigatton to pathogen~ctty. 
• 1 1 

yet • posslbillty of dl.,rphl_ pllylng 1 part in dlseases F.u~ed 
• - 1 

by thell Is ln Intrlgutng one. Yould certafn _tabo1tc dfsCJr\ers. 
l ' 

like dtabetes; fav ... a corwerslon to yeast ..... s. 'ln the. pa~tent 

and thus .ccount' for a r.pid 0$ ....... Of the l~ectton? SuçJ\ a , , 

suppositton .ppelrs to be supported by the ~se wtth "'Ich these 

"Ingl respond to .. vfr~t wfth _pholog~l changeS ln~y1tro and, 

thel,. fast ".te of gr.t'h ln .1t" phase,\ o~-..lnte ..... t.te forllS. . 

This cu11eng1,. Itypot"s1s bec_ ~he .1n sUbject of the '.evtg.-. 
, .. 

tton pr.s.t .. in tbis thesfs. 

~1Il"IO 

'-- ..... 1uruns •• dtostft for th1s study ....... s . 
• 1 

splCf ... s fsol ...... , ....... tl' patllologtcal CGIIIIttt_ ,... , , 

. ':\ .. 

J 

~i-..; tt ... ~~f.!-,,; '~_aft.~~i:J!I:~~ra-~~~ïIIIIi~~i!iiii~1IiRd 

! 
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,"1NId ..... of a ,.tt_ • .tth _ltt,l. _~ .. ~ ...... 

(RD,.1 Victoria ....,ttal ... tl.l. 1 •• ~l .. tcal LI ••• ...,. , , . 
~ 1 ' fil 

Il101. 1.3. 14& Md 1522). Ja ... pilot' ... .,f ... u. WI IfICf. 
, ' 

., fou'" ,_~",aduce .... t, .. ,..st-l tu cell. t ...... al1...... ' 

Incl upon 1ftjectfM of ~ cens ..... }. ... IC '1It~. tIIe fil ..... , 

re-tsolat .. 2 - 3 ..n. IIt1r tr. t""l .... ~ (JI. L..-ttZ .... 

Jt. Ad ..... 1s. "71nZ. U .... blls11ed data. A res.lreh ca.rse ... a . , 

su...- proJect 1n tilts ...... litt). A •• f., of L tt.a ........ 1 .. 

thlt except for 1" urly clestr1,t10f1 of thts _tes .., -.,. ... 

Dubourg (1881). Il. alternat. "S IlOt ... tlWesttflW for tts \,_ 

potenttll d1." pht •• 

• 
The 1n-vt~o studtes ... ...,., .... ftrst fil U. s.a. 

... t_ (JUst ertract - ,.JU ... ,11lCOU IrotItt ..... t~ •• tca117 

thê s.e' prOC8llure as .,10'" b.r • chfef t_esttptars of titis 
. .. ' 

~ 1 

phenciil .... lartntctt-crcfa .... tet ...... (1112 ft). wftlt ".MiUfss_s • 
. 

choun for c .... ratfve stadt. __ se ft 1$ ..... ta .... ad.sivel, 

'In the J,'IlSt-ltke f ....... r a .... dt_ide MIl IIferog_. tite f ..... ttro 
1 . ,. 

sÏudfes .... e tMn tram ...... to l.fl_ tisSUI ~1" "'1_.199. 

because of 1U ëfltty .., ."lIt tille "..ua Of .... 1 cens. st .. . 
-.conlJeosls ($"'. ~osfs). t .... , •• dtiMttc patt_s fi 

, 

.ssoctal. w1t1f ketolctdosts. ,1ucose. acetelC1t1cO KId .... _ - ..,.. .... 
.. l' Il • 

~1Iut".1c KteI. aS_Il as .............. te tilts ... ,_ te ,. : , . 

thls funius. • 
, 

" . .-

" , 

, 

-, J' < .. , 
, 
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s. 
lh. in-vivo stud1.s of the plthogantctty of M. alhrMas' 

, 1 

l ~ were' carrt ... out tn diabettc .tce straln C57 Bl/KsJ-db/db. These 

.. 

\ 
\ 

. 

.Ia .-r. tnjecteeS Intraperttoneally with pre-fncubated sporlftg1ospares. 

Wht,. an tntranasal or resplratory portal of entry ~ld blwe requ1red . . .. 
t~ usage of dry sporangtospores as an lnoculU1l, the intrlperltonea' . 

_ t.,. 1-

route. be'ng cOMparable to stepping 1nto a dis.sed sût., . CI 11 811 ' 

for an tnoculu. of c,11s already adapted to pathologic.' conditions. 
. 't - '. 
Accerdlng to the hypothesis presented above, pre-1nœbated spores COftstt-

c 

tuted such a inocululR. The course of the disease .s fol1-" by 
. , 

cu1tur1ng the crgans, blood and urine during a two-.onth period 
• Q • , 

after inoculation. Quantitative estt .. tton of fungal ele11ntS .. 5 

carrt. out by cultures.and JIlicroscopic ex.tnatlOft tif ....... tzed 

ltvers. To 1nvestlg.te a possible post..,rtell gro..tli of the fUngUs, --." 
" 

~he li~ers of t ~tce wre incubated at dropptng t_pcratuJ'es fra. 
1 . 

37 to COC over 48 hour pe:lac1. prlor r hœogenl~àtloll. 
To s .... r1ze: the ~bject of th.s study ~s to ftnlt anSW!"s , 

to the followtng fourrquesttons: , 

... 

, , 

1. - Sinet' ev11 ..observations. as .11 as prel '.tnary st.pdtes. 
. \ 

showed M. alternans to he potenttallY • dlpha~tc fUIIgUs. 
\ 
\ 

~at ar. th.,spec1f1~ conditions requtred for the yelst-
" l1ke growth of thfs fungus ? 

2.- 15 M •• 1temlfts. t.'attd under s_1",11 "tM.aie 

condit1~11y patllog.tc ? l' SIne. II1c ... ..of atrafn 

., . \ _.' . .\. ~- . 

'. 

t 

'1 
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J. 
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1. 'l, 1 tt'l,"~ .~_,Jl ~ .. ',,,..... I.~" Il'.:, t,r .. J~"'" 

'. , . • J 

- .. 
, . . 

1'1 

\ .... 
, . 

CS7 BL/KsJ-clb eventually die Of ·diabetes at 4 - 6 
, 

• l '0 • \ • 

6. 

IIOnths, predisposing factors would be rrovided to. 
• .. f • .. ~ -'" .. r 

~ ~ 

bring out pathewnie' attribJL.tes in thts' spectes, ~ne . .-
nomal miee shOuld retnlltll unaffected: 

'< Il''. 

Y
· \ 3.: _ If the ~nswer to ()Iestton ~ 1$. ~s, how does the 

. ·{nf'action spread in the eXl*"illefttal ani_l 1 Would 
... ~ 0 ~. • . .. " . 

o the red~c~ oxygen tension andQraised carbon dtoxide 
......... ~ ....... t') ~. . , 

content alloW·the yeast phase to develop Nloll1 or , . . 
'* -. 

partially, .thus providing a vehiclè for diss.inatton 
~ " 

. via $~nglé cells } • < 

., ~ , 1 • 

. 4.- !f the fungus d1ss~1nat,s v1~ single cel1s, do the 
l ,II, . 

hyphae observed in htstoPlt~ologtcal s~t1ons result, ' . , 

perhaps frOM a post....,rtelft growth whenever such 
- c 

tissues or organs are exposed'~o aerobtosts prtor to, 
• Q 1 

fbation ? 
.( 
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~ ' •. 11'. REYIEW OF LITERATURE 

'oi"""ë,!' tn "'cor, 
-..,. '~w'l", 

\J"-'1(1 .' .... -;' 

Mold-yèlst d1l1Orphts. of "'cor his- betn studted for. GY" 
a century. "11 in 18'7 ., the first to observe sphwtCll building 

cells in sugar-rich ·saccharine- cultures of "'cr.. and thought 
~ 

th.t the buddtng cells wre orcl1nérlY br .. ,'" yeests. Ban concluded 
"'4 ., .. ~ • 1 

thlt the, ft l.-ntoUs growth and the yeasts we,:,e bIG growth fonlS 

of t'he ~ .. fungus, t'.e., ~cor. Wh 11,e' hii ob~~vat10ftS Wl'e COrTect. 
'< 

Ran's conclusions were wong, Ind t'Yis 15 "'1 Pisteur (1876) .... JIIVtng 

observed. thts pheftOMftOft hi'lItself. rejected Ban's hypothesis of 
. , 

trlnSMUtation of ,speetes; Pisteur Irgued that the worpho1ogy of 
, -

MucOr beCl~ yelst-like as a result of o~en,deprtY.t1on. When the 
o ' 

. ' " 
fungus .s grown in l1qtitd cultures, filuentou5 growth .. s obta1ned 

~J 1 
~ , .1 

at the surface of the _cU ... .meN the supply of lir .5 plent1fùl, 
, .' 

whtle yeast-lile growth developed 1 the depth of the" sa .. culture 
, . 

Q' • 

_ère aeration Wls--tnsuff1ctent. Reess (1870) and Fitz (1873), hId 
't • 

'ç • 
prey1~usly r"chad the same co lusion. Pasteur stud1ed in this .. . ~ 

respect severi' fungi and
l 
noted that the'tendency to f~ yeast-l1ke , . . 

cells NlS IUch 'stronger 1n "-cor than 1n Aspergillus'or Pen1c.t111 ... . . 
Gayon and 'Dubourg gave in 1881 • good descripttOft of growth foras 

encountered in "'cor Ilternans (Fig.,l to 10). 
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"Ens_ns' dans de l'HU de lwure, par ex...,le, il 
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donne naissance en d1fflrents points a des filaments 
o ' 

fruct1flres,.dont les principales formes sont de~s1nees 

dans les ffgures 6, 7 et 8 de la planche ••• ' 

,.,;\ ' 

".tes spores du ~cor:ilternans so,,~t e111pt1ques, a 
surface lisse, et mesurent de cinq a six mil11lmes de 

, ".. 

m111imltre de longueur sur d~ux a troi~'m11l1emes de 

m1l11m1tre de largeur (Fig.,S). elles sont renfe~es 
.. l", • 

dans une membrane incrusttetae petites aiguilles 

cristalltnes. et groupAes autour d.'une columelle 

sphArf que (Fig. 4), doi,t 1 a "ba'se conserve toujours, en 

fonne de collerette, .un debris de la membrane extAr1eure" 0, 

"Cultive dans une dissolution de sucre de canne, le . 
/ ( 

, , 

, ttlcor alternans se devel~ppe exclusivement en mycAlium 
, 1 

et fructifie c~ dans l'eau de levure non s~crAe". ; . 

. RAu contraire, dans une dissolution de glucQse, 11 prend 

immediatement ·l i Atat ~e grosses cellules sphlriqües trIs 
• ? 

bourgeonnees (Fig. 10), et provoque une fennentation ' 

active. Dans du moat de bfere, dans des dissolutions de" 

maltose, de dextrine, et mime de glucose impur, dans de' 

Pempois d ·a",i~on,. 11 produit d'abord. des, tubes myc'liens-

~1 se gonflent bientOt. se cloisonnent et torMeftt une 
li ! , 

succession d'articles a peu pris cylindriques (Fig. 9 .) 
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.' E.WUc.\ T19~ DE L\ l'I • ..\~f.IIE 

Pi" l, - rlla .... t ' ... 'iff.rt' d. ""('(Ir .... mM ... recourW ca crosse et Irr· 
._.t ' l' , G -It\u .,.,. par •• $pora .. ~~ ~I' "'r"ldf!, • ~ T' 

",. !." - Filammt frwli~re a\'1!( d.'ui ~pnrM\Ri'O: allt'rlles, G =. ";', 

. .~ 

Fig. 3. - FiWntat frwtifffe uec trois !'I"'ra~ altl'",". G :-c -7. 
, ~.&, - CAI.~~;~ri:,~~~. ~rf.nt à ~Il i;~~; ua ft'IIie dnln '11\('1\1-

<-. '-r::."-..-- \ ~I 
. ." " .• r .... ~.I~rit"flt.C J~VI~)U~~~ G = ï' 

. FI,. s. - Spo~ elUpU .... d. ""'flr ."u ..... G. :;. 7' 
\ ~ 

Fi,. 6, 1 ct 8., - A~tl dÏ\f'~ dM Mgalll"S dfl rt'j'rf'lducltoa ~u lIufur. 

G ::~, 
• • 

FI,. !J. - Ët.Jb sllfff-,~.fs du nt,. ...... ium "ati 'ttll' ~lulioD de de·drin.- : 
fi • ...... c .. , aé d"uAI' 1' .. 1I,.lf' rrflnf'nl. din"~ rn ftrliraf's rylip­
driifll"S; ... IIAM"'" don~ I .. ~ .r" .... "s t'ont ï:nftftk et arro"di~; 

r • • rtic"~ ck~Arh~~d. ftl.m~ .. llpr.:n:dt'"I, G = T' 
ri,. 1ft. - CI-llalt's-fer .... 1 en \nÎf' , •• ' mllllipli"èll1on d"115 un liquht.· ea 

"'","",tatioa ! _II, t',.Jlql"" J'f'U b(\lIr~('on"k's: b, Ct.'lIulr. ""'rl' 
etltOUft~ de Ct'lIuk"'!l .. omhrcu~s. d.· prcml~~ et de deuli~mf' 

~, ' 
~r .. i ••. G= T" 

-, 

.. , ' 

- '\ , , 
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puts, ces articles s'arro~1ssent en boules (b et c), 

se s.parent les UrtS des autres et se reproduisent 
\ 

finalement a l'Ita,t de cellules sphlr1ques. pendant 

toute la durle de 11 fermentation alcoolique. Il 

About the same ttme. Brefeld (1873) observed M. racemosus 

, to grow in the fi1amentous form in anaerobios1s under hydrogen. -He 

concluded, that the formation of' yeast-l1ke cel1s was due to the 
,. 

accumulation of metabolic C02 a~ not to the absence of oxygen. the 
~-~ ........ - ... "*'It 

ac1d1c propert1es of C~ b~tng r~$POnS1.ble for th1s effêc~ebs 
(1896', hav1ng doubts about ttte role of ac1d1ty in yeast-l1ke d~ , 

, " , " 
I~ , , 
:,) 

~ (; 
" ;, .. 

\ " , 

,<' 

ment. sh~ that he could ob~lR ~st-l1ke cells ln neutralfzed ~~ 
.grape jutce. prov1ded the air wes completely excluded. Whemer (1905) 

, 1 

a150 found, that the absence of à1r,was the most important condition 

for the appearance of yeast-like develoPMInt'of M. gu11liermondit . : 

< n 
under Inaerob1 c cond 1t tons ,by, 1 ncublt ion under.-:,C02. In these 

-f'_~ ., 
earty studies; it bec~me gradually evident that the atmosphere of 

incubation. 1.e •• absence of air. and presence o{'C~ played an 
1 _ -

. , 

important'role in determ1n1ng the morphogenests of, Mucor. The" 

mechanism of the$e changes, hQWever. ~as little understood. 
~ . , 

1 '.- ; ') • 

The modern ph.se in research of dil'llOrp~tsm in Zyganyc:etes 

concentrating on MoIco'", be9an when Bartn1ckt-Garc1ao and N1ck .... son ' . , 
undertook, in 1962, cr1ttcal an~ extensive studies of· the physiologieal' 

control of d1morphism in ~cor. The 1Mportaftcè of dfst1ngu1sh1ng 
u 

) 

0" 

" ... u l v ' 

~t;:K(<f')Ît.P.r~,~)~ • .;,.rll~,~;~,.""'~;':;-"-u~::.~.Q.~t·}Ij~i~,'t,;J.,~oll~\;',f~tt?SF~:'~~:~;iœ~lii~~!i~~f~'i~{~~_ •• _ 
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bet.en .rthrospores aftd .,ea'St-like eells .s ,...stzed and the 

tertn -budd1ng cellsM elartft... Accordtng to these .. thors (1962.)'. . . . 
the tenl Myeast-like cellsM should ."ly onjy'to cells whteh originate 

• 1 J .. 

and .. 1ti,ply by budding and not to arttrosparë-s. "'ieh .risè by hyphal 

fragMent'atlon. "'ch of tJ.le confusion in ,.arliér ..-Ic .rose Ir_ the 
: • j 

faHure to d1stlngulsh I~twen these ~., fortlS ot cells. Clrbola 

. dloxide and nltrogen wre CGl!fflW8l to control di.,... .. t_ in the 
, . 

- 1 

seve.ra1 spec1es! of, "'cor studied, althOugh not all speeies be~ved 

slml1arly .. 'N: 'J'ouxU vas' notable for Its yeast-like ",Mb only 

under carbon dlaxide while N. subti1issiilus produced tht$ type 0(' , 

growth under both cartion dtoxide and nttrogen •. Under ... aerobic gas· 

mixtures of carbon dioxide and nitrogen. a pCOz of 0.3 .t.osphere 
1 ~ , ~ 4! ~ 

induced tbe developaent of exclusively ,east-like c~11s ln ". rG!xil 
1 _ 'l .~' 

while under aerobiosis a ~ as high as 0.9 at.osphere ~s requi~ 

to 'obta1n a ° predGllI nlt'itl y yeast-1fke growth (1962 b). u.i~tion ~f " 

the action of Metabolic inhlbltors on M. rouxff (J962 cl. lei t~ 
'. ' 

the discovery that ...,rphogenesis _s susceptible to' control by -{ 
_'1 • .. \ 1 ! 

,~. chel'atlng agents .of the:N-acetle acld type. sueh as' mTA (ethylenedia-
, r ....., ~ ,..' 

~lnetetraacetic aci4). Veast-lfke develoPl!ftt in M; roûxti WlS 
• • 

. pr:evented ';y EDTA. a.nd restOred by subsequent addition of sueh' 
• J \ 

me.~als as Mg, ln arid Mn, stMJwing tha~ .lIOI'ptiogenesls ts .. ul-
, , 

, depen~nt. Stnee yea$t-l1ke develo ..... t.1n M. 'Subtnlss~ .. so.s '1 

a150 t~ibited by EQT". ~rtn1clcf..carcta poStulatect that "ast-1fte 
(! • , \ 

develo .... t tn these ~ spee1es 1s 'dependent upon t_ "1-caul1z" 
" , ; \~ .. 

\ -

; 

fi 
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13. 
fOl'llltion of ln tllPOl"tant _tabolite. In order to forll tMs 

_tabolfte. ,C~ would be r~1red in the case 9f M. rouxti. but 

not in the cise/Of M. subtn,1sst .. s. The fo11ow1ng .odel .s proposed: 
!--

M. rouxt1 .1" ÈOTAI 

• • 
~ W • X • • y + • • 

t • 
V 

-M. subtil. (Metal) 

J, 

w.ere V, ., and X are Iltetabol1c precursors of Y, the actton of Y 

-affectin9 the cheM1cal compositionJof the cell wall, and conse­

quently the cell shape. 

It NaS also found that absence of oxygen greatly reduced 

the .., ... t of grawth and inaeasM the œtr1tional demancls of the 
1 

, " 

fungus. Th1a.ine and nicotinic acid were. required for anaerobic 
) 

growtb of both the yeest-like fonl and the ftlaillentous font of 

. M. 'rouxit. .tIl1e no added vit.1ns were necessary for aerobic growth 

(Birtnicki-Garcia, S., and V.J. Nickerson. 1961). ' The same authors 

found nutrition to be of par-.ount iMportanc,e. Abundant yeast~ like 

develo.-ent WlS obtained only ./th complex nttrogen s~rces su ch as , , 

yelst-extract-peptone or casein hydrolysate &ut not w1th single 

.. 1no acids (1962 c). The importance of the lledillft on growth was 
, Q 

1150 ..... sized by ttaidle and Storck (1966 b), who succeeded in 
• <. 

obta1ning yeast-l fte groWth of M. roux1i under 'nitrogen h. ~",thetic 

... t. provtded trlc.s of oxygen were elf.inated. . ,;' -

, . 
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Ass1m)lat1on o~ carbon was a1so found to be affécted by 
. -

anaerobiosis. Under aerobic, conditions, disaccharides and a var1ety 

of organic compounds were util1zed, while in absence of oxygen 

carbon assimilation was restricted to hexoses (Bartnicki-Garcia 

and Nickerson, 1962 cl. Flores-Carreon et al (1969), proposed 

a possible explanation for this phenomenon. They found that only 

cell-free extracts of M. rouxii could hydro1yze maltose under 

anaerobic conditions, whi1e Whole cells_required oxygen for this . 
process. A functional respiratory chain seems to be required ,for 

14. 

~ . 
maltose en~ into the cell since impainnent of the electron transport 

l -. :'''' 

, ~ 

by amyta1 inhibited ~ltose uptake.' These results ru1e out the 

possibility that oxygen 1~ necessary for maltose breakdown or for the 

inducib1e_ synthes~$,-of oc.-glucosidase.. These res~archers ar~e a1so 
, t 

against the hypothesis of Kluyver and Custèr {1940), that cer~ain 
1 _, :;0' .... l,: .-

yeasts are unab1e tQ fer.ment some disa~charidès béC~e the eniymes 

involved in their hydrolysis are revers1bly inactivated under 
,­ . . 

anaerobic conditions. The +mportance of hexoses was agatn noted 
- .. 

later by Bartnicki-Garc1a (1968), who proved that in ana~rob1c 
.( '+ ... ., 

, \ 

cultures of M. roux1i, morphogenesis was strong,ly dependent on 
. \ 

hexose concent.,.tion_. as ~11 as pe02' At law'level s of hexose, or\ 
\ 

~~02' or ,~~h, hyphal development occurred,but at high levels, the \ 

fùngal spores developed into yèàst-like cells. When the spores were' 

'~nCubated under n1trogen. at ~ low glucose concentration. as in 

the 2% glu~ose yeast-extract peptone broth, germination octurred , 

. 
t 
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Md long thtn, h,yphae .... obt&.ined. But _en glucose, in that 

•• U&II, .. s rlts" tG Il,0811 budcling cells WIN obtat .... ,. pr'-ov1ng 
'. 1 . ' 

that at ht", glucQSt concentratton. yelst-likt d •• lo ... nt could 
.) .., ~ 

be obuinecl wtt...,..t exQglftOUS CO2• Characterist1cally high glucose 

concentrations inhtbited tn thts speetes the dev.lo.-ent of hyphae, 

fr. genltnlting spores. but dtd not prevent the elongation of 
q 

prefor.ed hyphae. suggesttng that hexoses inh1bitrf~tion of Q 

... j ~,. 

hyphae not by blocking the operation of.the ..c~nt,. res,ponsible 
~ ! 

f~ apical growth but by preventtng fts fnit1a~ion. 

Considerable l1ght WlS thrown on 1:Iirnorptffsll tn ~or by 

chellical investigation and cOIIIplrtson of the cell wall cClltpos1tion 

of the ,YeIst-l11te and ayce Ual phases of r1.. ro&u(11. Both types of , 

cell .. 115 exhibtted a COIPlex~heMtcal co.pOsitton consi5ttng of 
< 

polysaccharides, phosphates. protetns. ltpi'dS. purines and pyrf.fdines. , 

, p 

, . 

.'50 .gnest_ and calct... Chitos&n was the IIIOst abundant cOIIIponent 0 (j;) 

of bot~,tYJeS of cell "lls whtl. chitin was present 1n relattvely 

~ll quantit1es (Bartnicti-Glrcta and Nfcterson. 1962 al. Chfti" 

WlS fo..,d later to pllY no role 1n IIOr'phogenesis (Bartn1clcf .. Garcta 

ancl L 1.,...n. 1972). Signifieant quantitative dtfferences. however. , 

.re fo..,d: proteins. pyriMidines and partteularly ... ""ose were . . 
present in .,ch htgher qulntiti~s (5 ti.s as .. cil in the cise of 

\ .""os~). 1n the-yeast-lilce eell walls than in hyphll Nll1 (BartnicIc1-

Garcia Ind Nickerson 1962 a). 
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Other ct.e.lul .nalyses a1ded n the elucidatlon of the ... 
16. 

role of C~ ln "-ccr IIOrphogenesh. 'Work ng wtth labelled carbon, . ~ ~ 

Bartnlck1-6arcla (1962 d), "ound thlt car n d10x1de WlS ffxed b~ ",_ 

the yeast-l1ke cel1s of M.' rou~1i. Grown a aerobl~al1~under 0.3 , 

pC14~, ':'xl .. fixatlQn of ~he labelled car n d1ox1d~ and max~111Uft 
.. lit enz~ activity Oècurred. The Major pr uct of Cl~02 f1xat1on 

MIS .found 10 be aspartie acld. The two Aboye 1nd1ngs, 1.e •• the 
\ ,. 

h1gh _"'!ose content and the ftxatlon of .(~ in\aspartte aetd. led 
\ ' 

Bartnicki-Garcta to the following hy t~\is: st~ce C02 assimilation 
'- , 

at hlgh pC02 w:esulted in large acCUIIU ation of .lie acid. whlch 15 
\ .t'r .. ; 

then _u~ l1zed and convertecl . to aspa tic ae: id. the 1 atter CClftpound. 

f .e •• asparttc acfd, .. ld s~t.,llte t fo,...tlon and accunulatlon 

\ of _Min protein in the ce11 \11111. The tncreased presence of the' 

.nnan prote1n would disrupt, or prevent. an orderly orientation of 

the cel.1 wa.l~· po1,.ers and through the action of isotropie forces' the 

cell wuld becOlie non-polarized, ,Le •• spherica1. . T~1s hypothesis 

supports earlier work of ICess1er (1959), "0 found that·the prote1n 
'. l' 

.,iet1 of the _Man proteln ~-Glp1exes isolated frOll yeast "'cell walls..-
. '. 

is also rlch ln aspartlc acid. By eontrast, under leroblc conditions. 

no accUlU1ation of carboxy1ic acids wou1d accur IS a resu1t of C02 

fixation, slnce the1 wou1d be .--wed through the operation of, the trl­

clrboxy1ic Icid cycle. 

, 
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Recently, otfler f.ctors besldes tM .taos ...... ,. ,. 
,t;. 

of i..::u6atfOft. glucose cOftCefttratt .. Md Nltrtt10ftll ~lCtcws, wre 

fOUnd' to tNluee di ... pht. in ,,"=or. Pheftethyl .'e~ (po) is 

one of th.. This .1cohol is __ . to inh1bit the growth of blcterial 

fungal Md ani.1 cens. Prevfous studies on the mie of action of 

• 1 PEA ~est, that the ,cytopl.satc ...... ne fs its ~i_ry site of 

;; ~ action (Stlver et al. 1966). The g .. 1nation of fungal spore--S of 
, ' 

M. roux1t .. 5 fnh1bited by concentrations of pllenethy1 .1co1to1 rMgt,.g 
J 

fr. 0.05 to 0.31. Under leroblosts in the presence of 0.221 PEA. 

M. roux1t spores gave rise tG' an abundlnt .... nt of budclfng spherfca 1-

cells, prov1c1ec1 that the carbon source .s a hex~ It 2 to 51. R-',al 
" . . 

of these cel1s to pU free _U .. resulted in g .... i ... t1oll. and hyphal -

~ growth (Terenz1 I~ Storck. 1969). Veast-1fke ·devel~nt WlS also .' . 
obta1 ... in 1 bls1d1œycete (Lenzfte5 saeptlria) upon treatlleftt of 

its ~Std1ospoÏ-es or .,celt .. vith PEA (Sche1d et Il. 1970). ~d1d 

not inhtb1t sJftthesis of eytoc:hrc.es or 02 uptake. but .5 found to 
, , 

inhibtt the oxidat1ve-phOsphorylation activ1ty of mitochodTia Iccord1ng 
.. '\; l , ~ 

to Terenz1·and Storck (1969). The net resu1t of the aetton of PEA 

WlS stf.l.tton of CC;. Incl 11co~1 product~OII. The IboYe results 

suggest tut fn_tous growth inhtbition by PEA could be the result 

of an uncoupltng of ox~d.ttv. phosphory1attoft froa resptration and 

'. tut 1n "-cor. _st-lite ~101J Ind f .... tatfon Ire 11 .... Vast-
, 

lite .,rPt:-'ogy •• fa ... ...,1osts .. ,d .. upNssed onl, ... 
-

11éoholtc fa cl.tltion l'He" • crtttcal lev.l. Y.~t-l1ki .".pho1ogr . 

. " 1 • r 
--,. , 
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tn lllecr CIII tilts tie ........ to ecar •• d. ~, .... aMtt .... . 

tnv01vt ... COz ....... cCHlC'làratt. Gr lU ....... aMttt_ .. . ... ' 

anit c..,.. tratt: t..., all f~ ,. 1 7~f_ .......... tt •. 

1,,'1171. S~k Md 1IDrt11 •• ,.teII lM 1so1att_ of 1 

.. tint of M. blcf11tfor.ts .... tch hId lost the antt, ta ..... t. 

the ftl....tous , ........... exclustvel, as ,.st-,t. ceUs. De 
1 

t"abflfty Of the -.tant to tilt. up Oz tn the preMIICe cr abseIa of -

glucose •• s fo.und lto Ile chie to thé l.et of cytoctrvP' .tdlse .. , llats 

.. tant _5 unable to tate up ~. but Md • Itfglllevel of alcololtc 
~ . 

f ..... ut 'Ie,..-.' re _lItatt. ia -tilts case .. 5 tu sole .-.ce of 
'} .' 

, \ 

energy. The d'lSC:OV"Y of • cytoc~ ___ tdlse .... ttve ... _t lM 
- . 

par.llel."', the ft .... ings of .... tdl ..... Storc~ U-IY • .-

studf .. the .. z~ic NltttOllS ".-olYed t. 'tIie ca.nrst • ., ,..st­

lik. cells to f11_ts in Re .... i1 .. ) On ....,... of tIIe JUst-ltte 

ce1ls to air. tIIe7 fOURd tIIIt cJtocIr ... Nase..as '..:essart'''-
, ,v 

the c ... rst. to ft,l_ts tG occw.. Mlltt. of c,ant_ •. Kr"'_'" . ~ 

and c,clohext.t ..... telt" t .. t~tt tIJe .ct"vtty or s,atllests of cft«"'--

oxfdase .1so ..-ft.teII the c .... st... 0. the· ....... ". •• 'tllll 

.leohol .. tela t_tbfts tIIe· fn-an .. t .. lM ,..t-l1 ........ 

Md no eftact GII tIIII IICtf.ftf -: sJd/llSfs lIf.tflfs ' ..... Jt._ ~ 

_1 .... tllat - ... c,todII- -.tüM ....... --- -"-C . 
.... ...... tbtUel " ...... _1 a1alMtl ~ ~ .... ffII' ~ CI •• ' ~. ta 

. . 
occur. lespfrlt ... tcla ..... tres dit " ••• é. fil ~. -*-, ' 
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.nd otlter enJ.YIIe· 5l1t- .,d then favOIr fn_tous gr-u.,. ... n. 
1 ~. .. 1 • 

f. [IRut1on ,,*,u..r"1~ or' not would favGUr JMst-ltke grwtII. 

,. Const"'rtng that the ,,"st ,'phise of ~. rGUxii' 15 ace __ 
, , , 

panf" by a higtl :level of fe,~tat1on. 1t' 5 .... 5 1 tk.l~ thet die 
, , ~, ,', - .. 

eftZ)MS of the glycol,Yt1c pat"'-, ., Plrt1c1 .. te 1n the cClfttrol of 
" 

, ... phological, change. Crucie extracts of JUst-lilc. cens. exhfb1~ 
, . , 

3 to 5 ti.s a.re total specifie activtty of P)ruv.te Ictna~ than ~ 
l ' 

those fr._ the lIyc~1 i... Manganese ions were found to be ..st~ 

acttvators of thi\. l'.'ZyMe (Passèr~n ,et al; 1970). This ft .... ing ts 

èons1stant w1th the fact that in anaerob1osts the Cltabolf. of 
. 

glucose thrOUgft glycolysfs requfres the f ..... t1Oft of p,.....,v.t. 1r_, 
. .. 

phosP,lloenol pjruvate "'11e in aerob1os ts pyruv.te t'nase ""ld IlOt 
, 

pli" as an t'7"'nt a ~le tn energy ~oductiOft. 

• < '> ' 
It wes also fouRd that spares of sewr.l spft1es of 

''''cor are converted fnto the yeast-l1ke font under aer.tc condit1ons 

in presence of su1table concentrat1ons of certa'. ant1btot1c$ and 

fungic1des. '-At 10-~~, acti':'YC1ri 0 _5 tb.. ~f'e;1~ utf ... '-----bfofic procluctng ye~st-l1k~ for- 1n M. -,,1_11s. M. pusUlus • . 
• 1 ~ • • 

Me rouxU and Actt_cor,el.ns. '1M f ..... tctcle ~f.bellUole produced 

yeas,t-l1ke cens 1'n all these ~",~D at 5 X> 10-4tl:'.,.t.otul"tnl
• 

• 1 

~... 11 1 1 

stre~1n, t,..oc1dl ... ~ dtclor... tri_l. df..tltt ... _l. c. bat .. -.. . \ .. 
.. OQCarboxin fnduced yHst-l1ke _W9',,\ at IO~,(Ff~ et Il.~ '~l'\ 

o , ' _ "~-::.. 
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, ' 

, , 1 

lta1dle and Storck (1966 b), found that in the presence 

of cyclohexlmide, the morphological conversion of yeast-lite c~lls 
ç 

to filamentous cells, was inhibited. Sincé it is known that protein 
, 
a. ' 

and RNA acc~pan~ this conversion (Haidle and Storck, 1966 a), and 
of Il. .. ' 

that cyélohexi~ide inhibits both of these syntheses, it was assumed 
, . , . . 

that prote,in. and/or RNA ~synthesi s. were necessary for the yeast to· 
" '" 

filament change to occur. and°that this change involved morè than 

merely the change ~n shape of the ce~rwali. 

r 'In summary, fennentation and en~ironmental conditions, 

which en~ance fermentation; restrict morphology in ..... cqr.. giving '--

'rise to yeast-like cells. This concept iS'in agreement wi 
\ 

, ' . 

views of .warburg (1968), regarding oncogenesis:" "Respiratioo ener 
~ , 

creates and Maintains a high differentiation of body c~s. Fermenta-

tion energy can ~nly ma1ntain a low differ.~ntiation. It follows 

that if respiration is replaced by fermentat<·io,,- in body eell s, 'high, 

differentiation IIlJst· disappear." 

. ... . 
Phycomycosis in man 1100 in experiment~l animals (Syn. ftlcormycosis). 

. , 

. , , , . 

i\ I~YC~YC~SiS. is a systemic diseas~ in ma~ a~ animals, caused 

by several memberS'~.of the 'orders MJcorales and Entomophthorales, including 
_ _ \:;.J.... " (] . ' , 

such genera as ttacor, Abstdta,~ ~hizopus, EntOlftOpht~~ .. Bas1~i~bolus. 
• t 1 

.1 Il This '15 an opportunistic infection rn patients debilitated by another 
. - ~ , . . 

disease and receiving conpleJt.. therapy. The first report of phyc~ycoSis 

D 

1 \ 
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21. 
in .. n. WlS .. dë~by, Pa1tauf (t885). As ear1y"as 1903. 1t WlS . ~ 

conf1~ by Blrthelet f(at MUcor NlS an tnvader, Of itssues prevtous-
.j 

1y alter~ by disease and was rarely a prilllry pathogen. In 1943. 
. -

Q-e"'gory et al. 'reported three cases of cerebral IUcolwycos1s in 

pati~ts with dia~tic acidosis. McBride.et al (l960).~oted' that 

42% of ,the cases reported in their re~iew. occurred, in-patients 

with diabetes. most of whan had b~en severely acidotie. In non-
# 

d~abetic patients, the most predisposing conditions to invasion by 

. "'cor would be:,"l) a state of lowered resistance prœuced 'by under­

lying diseases, such' as carcinCJRa, anemia, gl~~lonephr1tis. 

se;ttcem.ia~ leukemta: ""'lti'Ple myell~ and metaboltc dis~nces. 
oth~ than diabetes. leading to acidosisi 2) a loc~l. tissue defect 

, ~.-

, that the fungus uses as a porta 1 of entry. as in the case of" a burn 

wound; and 3) a di sturbance brought about by the use of antibiot1e. 
l 

cytotoxic, sterotd and radiation therapy. 

o # , ! l 

It has been 'noted by ~Bri~e et al. in 1960. and Straat .. · 
• 1 • 

et al, in 1962, as well as by other ~rkers (AbraMson 1967, B~ker. 

1968. Bergstrœ 1970. Blatr1~ 197p. Burrow 1963: vonledebur 1968): 

that cerebral phyc~osis WlS prela,~t 'n acidotie dtabette pattents. 

The f.Htgus is thought to spread by direct extention fre. the nasal 
. 

sinus.s as portal of entry to the brain. ,The d1sse.tnated"'foni' has '~ 
~ qj,. 1 

occurred IIIOst fre~ent1y in non-diab.Uc non-l,..,.... ,.t1Iftts •. wh11e .. , 

- . \ 

the ,.,ll1Onary fonn seens tG' affect IftOstly l)11[1ph~ patfents (Str.lts. 

.. ' 
, 1 

{ 
v. 

o 

" - ~ ~ > f'D" li' 
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1962). Two other forms; gastro-intestinal (Deal et al. 1969), and 

subcutaneous phycomycosis ~curred in a few instances (Straatsma 1962) •• 

Phycamycos1s ,is rarely suspected cl1n1cal1y and. s1nee 
J 

~cologtca' diagnosis is e1ther not attempted or negaitve. except 

in rare ~stànces, (Bauer et a' 1955 a), most cases proceed to a 

o fatal issue, and are diagnosed post mortem by pathologists, by 

detnonstrat'ion of the characteristic broad, non .. septate invasive 

hyphàe and tissue reactions.- Unfortunately. the path~10g1st cannot ' 

go any further a~ thus phycomycosis 1s notor1ously 11'-defined as 
-

to causative spec1es. Even when cultures are obtained. ante- or -
, 

,post-mortem, identification of the g~nera, not mentioning the spec1es, 

ts a ma~ter for experienced mYcologists familiar with that group of 
.... 

'fungi. It ts bec~se the course of th1s d1sease is ,large1y unknown . 
, , 

that studies of its pathogenes1s have been undertaken in animals by 

several , investigators ',. 
, , 

L1chtheim (1884), "in the first exper 1 men ta 1 approach to 11 

the study of phycomycos1s. gave 1ntravenous injection of M. corymbtfer 

,and M. rhtzoJiodtformis to rabbits producJng w1despread lesions a~ 

death. Since cerebral mucormycos1s appears chiefly in patients with 
, ' . , , 

d1abet1c ac1dosis, Bauer et al (1955 b), stud1ed muc~osis in 
, ' . 

rabbits .de diabette by 1njecting allox,n into their bl00d stre"., 

They found thlt tntranlsll inoculation of Rhtzopus spores produced. 
-: 111 

extensive nasll, pulllOnary, 'terebNl and k1dney les10ns wh1ch close"y 
, , -

p 

'," 
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5, 
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.. e5ellbled those in... Onl, .tlllte lestons .t t .. site of . ,. 

1noculatiCli .... abserv .. in n .. 1 ... bbits. The, concludecl that 
~ 1 

_abolie distul"bances .ssoct.tad vith dt.betes _lUtus would be 

"an,essentt.l factor tn pathogenests of ph~sts. st.n ... 
, . 

. ' ~sults have been Oblatfted b, Schofield ~ Baker (1956) Wtth .tee. 
4 

" 

Elder and Baker (1956) had ..... ei that hypergl.rc-i •• nd/or 
, . . 

acidos1s, and shock, ' • .1 account, for the ... onouncecl hyphel growth -. . 
in acutel,. ~x1e diabette: ... bbtts. ,'. 

,Ii, • 

ln antér tG se ...... ther ,h~ycal. 15 lndeed ..... -

, dispos1ng factor i.~ diabetes, sustainec1 hypergl~_i. 1ft r.bbtts 
1/' 

without dt.betes _s studt .. (h" .. et al 1~). It _s found that , , 1 -

'orabbit5 tnoculated vith Rhizopus or.rzae spores developed pul ... r, 

les1ons, w.icti,although ..-e .. érou,s and ex~sive thln tn norwl 

'-'an1_1s, did-not .p",OIch the sèv~1ty of the l~ions tn r.bbtts 

wtth acute .11@Mn dtabetes. T!tey coneludal that hyperglycat. 
1 

would ~t be the sole pred1spostng f.c;tar, tlllt 1t wuld be an , , 
. . 

tnterMd1.te stage 1n Itost susceptibtl ity. O~er f.ctors 1 tke .' , 

~etones and the .cttvtty of pol,...phonucl ... leultocytes wuld then , 

p\., a role 1n pathogenes1s. hk .. et al (1956) as, we11 ~~ Schofield 

and .. ker'(l956) , a150 found ~t hJperglJC_ia bl 1tself d1d not 

inaease the IIost susceptfbtlttl to ~sts. On t.JIe Qther hlnd, 
• 

Drachlian et al (1966) wrttng vith blcterfa, fCII. 110 ... t ...... t 0" 
, 

t .. fnfl_tcr,lresponse fn the non-cltllaetfc ketottc r.ts, but 1. 

fat 1 ure of t .. local tz" leukocytes tG fngat the fnv.dtng' art-t •. 
, ., 

• 

, . 
__ t:' _ .Ii!. A~~ _".' .,_~_.1 _~~.~ .j~,.1'.~ ~,,:-~.;; .. -:.tG.T;.jJr:.~,l .. ~,~ rG;'~~.I.,,,:~.~,l:: .:~~,~,~.:~,..:j.,ù:.:/;i,:"~~.;,îJ~~~ 
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1 J 

1ft the1,r studyof ant1-blctw1al «Iefence, th., fau"" thlt, glucose 
, ,1 .... 

J 

_5; the (actGr in seru. ... tell depre~sed phagoc~sts. It.s not 
, , , 

ver1ft .. tflt" s.a eou1d app1y to fungt • 
• ~I p 

t l, 

retones.~ fo'" to have constder~le 'tIIpart:ance in the 

dtsease proc:ess. SaUli' and aSheldon (1958) eou1d obutn" the pro-

ductton of subcutAneous graNi1 .. ta by 1njec:ttng speres of R. oryzae . . 

tftto ... , rabbits. In' these ,....,1ts no fungus prolifer.tion occ:ur~ 

and the lesic ... s hea1ed. On the other ha~, \INn rabbtts wtth sueh 

, gr.nu1a.ta, .... ' subsequently rendered dtabette by alloxan, react1va-, . 
. tton of infectton ws Qbservecl on11 tn accutely actdo~ie dt.bet1e 

1 : a"1als. The skin ~estans in these an1.1s shc.ed ...,.,.~er.tion of 

. the fungus and they dtffered fr.- the eontrols by tfIi presence of 

\ . budd1ng spores and the f .... tion O! lIJCel1.. It WlS clar -t" that . 
, exper111ef1t that let1v.tion of the infection o.ccurred only 1n the 

\ '. . "-

presence of 1C1~osts. Ac1dosis .. s also ~ by C
c
ruickshlnk (1954) .. 

, tG be taportaftt and he proposer! that ttetosts .tght tnterfere wt th ' 

_tlbolie 'processes in ttssues and pred1spose to .uconQC05is. 
" 

Sheldan, and ~uer (1959l. 5 .... thlt the 1ncrHsed 

suscept1b1lt~ of the dtabette and 1C1dotie~host to experi.ental '1 
1 

• -.cOf'llYCOSis "'5 1n part relatell to • def1etenc:y of the' arly body 
.. J • ~ ./ 

< • 

deflftC8s d ... 1ng the' first f ..... s after inoculation. A stud,Y of the 
f \.," , 

.... pItolÔgJ of .rTy lesions 1ft .... , Md dtabetic rabbits, rey.'ed 
" 1 

t ... t the Nsponse by pol,..-phanuclear leukoc,Ytes 1n the abnorwll -
( 

, .. ,-,\ 

~ • ~_- ,_ :" - / .... 4~_",- ' .... , 1_, .. I, ... t.of. .:"' ... _ -, ;:; "!u.1 ," "'7~ ~J"",,,,""_~;~~~~.~..I,,c.bJ~~'..,.{,~r:S~'~~:llo.~~:;i,.;~~./,,a~~';':I'i~~iidiIl 
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. -
host is markedly delayed. less intense and less effective and 

11broblastic proliferation 1s lacking. These f1nd1ngs would ind1cate 

, that if an,abnormal host is expoSed to the infect10us agent, it will 

allow proliferation of the agent and extensive damage can be done 
, . 

, . . 
before the host defence becornes active. , The study of the,role of 

the inflammatory response was then pursued. 

In a subsequent experiment, Sheldon and Bauer' (1960), 
• 1 

stud1ed'a relàt10nship between the discharged tissue mast cell 

granules and eos1nophi1ic granulocytes in rats. In nor,ma1 rats, 

d1scharge of tissue mast cell granules'occurred with1n minutes at . " 

the site of infection, and 'appeared to 1nitiafe a rapid onset of 
, 

acute inflammation. The degranulat10n of tissu~ mast cells subsided 
. . 

in a short timè and inflammltion led to the formation of localized 

les1ons~ ln the rats, treated with 48/80·which causes degranulat10n 

of the tissue mas~ cells, the ons et of inflammation was briefly 
" delayed, the fungus growth in form of budd1ng spores and mycelJa in 

early lesions was increased .but the infeétion d'id not spread and 

the lesions remained local1zed. On the other hand,'1n diabetic 
J , _ 

acidotic rats, tissue mast cells fài1ed to discharge their granules 
( 

and the infla1lll'latory response was del~yed' and decreased, and the 

infection progressed. rapidly invading adj~cent tissues. It was 

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

rat was tbe rlpid initiation of acute jinflammat10n at the site of 
l • 

1rijury andl that degranulat10n of thes. cells priOt to infection 

.. COmpound 48/80. a hist.1ne-l fberator: a condenSation pr~uct 
of p~thox.yphenethyl.1Il1ne witt. fonnaldehyde. . ( 
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1 
, 1 

ustng 48/80, d~lQ1d the 1nf1 __ 1 respanse aM .s • rnult . . 
dt.tntshld host reshUnet. A sev ... '.tabolfc dtscrder' sue .. as 

1 

allaxan dtabltes .tth actdos1s would.thtn inhib1t the nar.al 

fUftct,on of tissue .st e.ns. decrelstng.the 1nfl_tian and .. 
~ 

tncrels1ng the suscept~~tl1ty of the hQst to inflC~~Oft. 

Other factors ___ a found to 1nflUtnce the fah of the 

organt. 1n the body. ,le ...... (1970) found tIIat s..,. WlS 
, ' 

necesslry for optiMal phagocytas1s of Aspergillus f.-tptus 1 

" 
spores by .... n leukocytes. The.vtabf1ity of the spores'.s not 

Iffected by ser. even .fter phagocytos ts by " ... 1 MU~ophns 

Ind MOnocyteS. Gale's report (1961) ... tntatns that a non-specific 

'tnh1b1tor of Rhtzopus spores 1s present in n .... l serIII. 

, 
o' 

The .ffect of' the depr:ession of the tntl_tory response 

by cortisone ws also stuclted. Blk .. Incl Schofteld (1956). fouad 

thlt expert ... ta~ftoneal R. ornae 1nfecti. 1n cortisone' treated 

.tc:. rats ~ PI'~le ptgs, spruds to extraper1tonNl ~."s tG a . 
• c 

illich greater extent than in ~ .. 1 controls. More. "".1 forllS of 

the fungus Nere noted tn the lestons of hot _-trelbd .t.is. It 

_s concluded thlt cortfsone has av tindency to sr"'. s .... d1ng of .. 
. the fungus 1n the .,,1.1 body. 8 ........ 1111ce Ind SheldOft (1957), 

on the other hand. fOUM that cart1sane tn the _~t ,fya tn thetr 
1 Q 

study dfd not produ~e condftfOftS suttabl. for the deYel.-at of 

phyc~osts witt\. ""restr.1ned prolif ... t1an of R. crp .. fn tilt 

1 "- " 
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tissues. The ho,.,ne, however, 11tered the host Nststanc. to th. 
1 l ' 

fungus, IS shown b,Y the inaelsH I incidence of le~1ons. which we~e 
,. 

- lbout three tt_s .,,-e ca.on in honnone-trélted r~bb1ts thln in 
, \ 

nGrllll contre 1s • Fur~herMOre. budd 1 ng spores, hyphle and myce 1f 1 
, fj;J , " " 

occurred regullrly in nls.' les10ns 4)f corttsone;trelted rlbb1ts. 
J 0 _" "-p. ~ 

l , -

but were not g.erally fouh~ in t~ lestons of norNl controls. 
! 

Desptte thts enhlnced ptol1ferlt1on of the fungus, the les10ns in 
l , ' . 

the corttsone-trelted rlbb1ts resembled tho~e of ~tlbo11cal1y 

nonul control s, ln... dtd not apprOlch' the extent of sever1ty of the 

fungus lesions in rlbb1ts,e1ther w1th hyperglycemia or with acute 

alloxln dtabetes. 

~Virtual Ibsence of fungus grUflth in the 1nfll11111ltory ... 

,lesions,' produced by croton-on (Bauer Ind -Sheldon. 1957). 1 ndicated ta 0 0 _ 

" \ . 
" that a pre-ex1~~ng focus of 1nfl ... tton in 1 IIIItabol1 CI 11 y normal . ' 

host does not favour the development of .... c~osts. The fnlb111ty 
l· : 

1 c 

of the fungus to invlde tissues was thought to be related to the .. . 
presence of llrge nUilbers of Pfft leukocytes, which appeared normal, 

_11e in contrlst the Pfft l.ukocytes in Icute a 110,xan d4abetes or, 
. 

infusion hyPerglyc.~· 11s0 pre,sent in llrge n~~s, but show 

\ 'lIIrked degenerlttve chang'.s. These ftndtngs _phashe the important 
, 

role of PIII le,ukocytes in the Plthogenes1s of R. orvae infection. 

, '-

c' An Adequate response of non.l PItt leukocytes 1nhtbits the developMent 
1 - • 

of .uco~sts. ~fl. the .. tibolic Ilterations assoc1ated with 

\ 
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, 

cortisone administration. although insuff1çient to induce wide-

spread infect,ion • clearly enhances the hast 1 suscepttbl1 tty to 

th1s fungus. 

After inve~t1gat1ng mucormycos~s 1n ac1dot1c d1abet1c 

and cortisone treated an1mals l • experimental mycot1c ulceration was 

stud1ed 'by Sm1th (1968). He found that guinae pigs receiving 

asp1r1n; which causes ulceration of the stomach. developed ,tnfection 
1 • 

with invasion of the lymphat1cs by hyphae of Absidia ramasa·. He 
. . 

postu1ated that damage to the mucosa 1'-membrane in th1s case was 

necessary for the establishme~ of ;the infection, and that ~ot1c 
< 

ulcers prov1ded a pr1màry les10n from which fungal elements were ~ 

d1sseminated t~ other organs. This author recent1y found ,(1913) an 

aff1nity of Absidia rÀmosa injected' intravenously into mice. for 

:' . k1dney and brain tissue's. The possible explanation for this tissue 
, , 

predilection would be that renal-and central nervous syst~"lesions 

are due ;'~o the germination of a ,few funga 1 spores which have bt!come , . 

~rapped in regions reasonably free of phagocytic cells. 

In conclusion. it appears that c~dit1ons like diabetie 
" , 

acidosis, cortisone tr~tmeot a~ immunologieal.jmpairment would­

predispose the deb11itated patients to mucormycosis, because they 

would adve~sely affect the tnflammatory response al10wing pr~liferatfon 

of the fungus in the hosto It 1s important to note that in the 

majority of the experiments. the normal ~ontrol$ do not develop the 
• • 1 
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dise.se prGving thlt phyc:CJlQCosis 1s tndeed .n opportuntst1c 
• 

infection. Jos~tlk (1958), 1njectéd R. 'ornae spores in 

Selye's grlnul .. pouch of ".lthy ratf. The fung"s, excit~ 

29. 

" non-specifie infl_t1on reaction wh1éh bée_ gr .... l .. tous . . 
1n type with the 16 ... t1on of grey Yellow nodules, bUt V*"e _5 

, ~ J ~; ~ 

1 

no d1ssa1nat1on and the In1_15 C)verc_ the infection. This 

:' 5~ to be~the case for 111 the norwal '(!an1IÎals studied. 
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30. 

III - MttRIALS NIl JEntOOS 

1.- Speçfes Invest~gated 

The fungus 1nvest1~ated in this study was Mucor alternans 
, 1 

Vin T1eghell tllh1ch was 1s01ated fran torn tissues of an aec,1dent 

. ~ viet1. trea.ted at the Royâl Victoria Hospital. Montreal. in 1962. 

The i501ated stra1n ~s subsequently 1dent1fied by Dr. C.W. Hesse1tfne. 

. .Jrthern Ut111zat10n Research and Development Division. pe~r1a, 111. 

-If- subtil iS5illl5 NRRl 1909. obtained fran Dr. Hesselt1ne, was employed 

]for the in-vitro comparative studies. 

ltAcor al ternans grown on Sabouraud 1 s glucose agar, re semb 1 es 

other ItIcor spec1es. ]he long non-septate hyphàe measu.re la. ~ ", to 
, . , 

15.7,. in w1dth. The mycel h. gives rise to numerous sporangipphore5 
, 

,which bear spore-fi11ed 5poraf\gia. T'he ~pores are e111ptical J i~ shape 

and their size is about 4.6.-.. by 5". ~cor alternans .1so· ha~ a 

strOl'l9 tenclency to fOnn arthrospores. 

2.- Preparation 'of Inoculum \ 

\ 
\ 

, , 
ln orcier to ensure inocula as unifonn as possible throughout 

. 
the expertllents. stock suspens tons of' spores of the above fung1 ~re 

, 
prepared in the follow1ng .. nner: the two sptc1es were 0 inoculated onto 

ë 1 , . * 
several sl.nts of Slbouraud's 19ar, Ind fnaabated at 25° for 7 days~ 

, 

The sparangiospores .... th .. hll"Y~ted in sterne phySiologieal 1 

saline Ind f~ltered through 1 sterile glass wool ped to remove any 
.... 

* An t..,eratures report. in degrees cantit""'e 
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31. 

, 
with two '01_ of FU.·s soluttOft contatnt .. 101 tl~ .. 1- ud 

1 

dtstrtbut .. In 0.5 .1. ,olUill lnto ... 11 Pl •• t1c ,t.ls. Stxtl-four 

,tals .'togethw WIN ...... Nd .. s ...... t ... 0 t •• Reveo 
• ;, 

f .... z .. untn "qutr". 

For -Ch ...... t_t • freslt v1., •• und to tftOCU1.te 

Sabour.ud's ... r slants. Aft .. ~ to 7 dQS 1ncublt1~ •• t riO. ~ 
spores .... hanested InCl fn t8'ed as Ibova. TM tnocul • .-s , 

40l 

stand.rdtzèd with ..... ~t.. (8right-L t .. Ailerte.n Opttcal). to 

..' ... .. 

contain 10' spar~s/ll1. for the 1n-vttro _pèr1.nts •• ~ 107 sporel/ill. 

for the tn-vtvo ....... t ... ts • 

• ) Madtl 

T_ .... t ..... uHel l'Rst extrlCt-plptone ... lucose brotll 
, . ' . 

(th1s _tt_ will Ile ref ....... to tft subsequ.t tat a. ", broth) •. 

and TC ..... t .. 199. TM YPC broth of IIrtntekt-carct. and Il te le. 10ft 

1962 br. contai .. PlI" 11_: 3g ,.ast exWKt. lOg ....,.,... alkl 

ZOg ,lue ... ('11 3 of the Dffeo ....... tort .. ). dtssol," tn 
? 

,dtstnl. _ter. The pH .-. adjllsted to attltlr 4.5 with 1 Y 50. 

01' 7.3 wtu. 1 1 IIIGII. The _1a .... d1strtlMlted 1. 50 .. 1. vol ... 
\ • • 1 

tnio 2SO .l. Erl __ fl.lb aM Ifteclavtd at 1210 for- 22 'lit". 
The .utGc:l.1 .... , •• , .. te. pH t" tM .,lcal t .. _t_ 10 '.1. 

, 

1 

, 
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32. 
1 

The TC l'lItt_ 1. (Dtfco Cod. 10 .... 12) • ......... s' , , 
r 

• ta-fold c ... trate. _ .... al .. " .ttll _ ,.. .... el tM ,,' t. 
fo11owf .. .wttt.eI; ..... (Ftscher "~f_tftc Coq: ... ).~"""'..,.. , 

but,..tc 'C,id. as -,.t .. salt (lIIItrttt_l liocaical c:. .... att.) •. 

acetol~ttc acld, .s 1lt11t_ salt (St ... a-fcal ...... , ••• 

glucose (Dffco Laboratorfes) .... ~-_,41~,..lc ac:td ..... , 

adcIed at a t'Inal cOllCefttratlon of 0.05 and ,.1S. acetacette Kld ~ \ 
r ' 

o ' ~ at O.IS. and glucose to • fl .. 1 c ....... tt. of 0.5. 1 Md 21. é) 

The ICIcIftlves .... _tglled fOI' _dl CCIIIbtnatl_. disso1_ togetIIer 
, , 

1 

ln double dtstlned _t .... l1%ed water. a. ftltered under posf~1Ye 
" ' f 

pressure, tbrough a AZ'tw_ .Ulipore fÜ~ (0.22 ~. PJrex liter ..... :.: 

lysts fUter holclers 1~-1002500). 15 .i~ of the sterfl.e Tt Medt .. ' 

Concentrlte wre th .. lddIcI to ~35 .1. 'of u. ... nfeul ... solutf .. 
, 

of additives and the pK MjusUd to 7.3 .., die '.cldttl_ of 0.525 .1. 
l, -

.. 01 ~os stern. socU .. bfe .. ~te at 3.,0. The ..... "5 dlstrtl.ted \ 

tn 50 .1 yol.-es tnto 250.1 stertle &1. .,... flasks. 

, " 
b) AppIratus and pses •. 

" 

S.kt., cultureS. -
\ ' 

"'st of the .. pei .... ts caTI" ... t und .. controll'" gaseaus 1 

- .. 
condttions .... fncubated 011 __ lt .. of s .. ters (,eew .... swtct _ 

Set.tiffe Co •• Il .. den.,). productag 98 stroUs ,.. lit .... The fl.sks 
- " " , 

prepaNd w1t11 "a _brotIt ..... agttâtM .. the redprocal .. ter' MtII • 

shI~ ... but becaUM'tIIts __ 1 '-ctt'" ..... 1'.t no. tINt TC .,..,1_ 
. 1 v 

1" cultures ..... 'agtt.ted • u.. .,. .-. ... ator~ ..... 'bd. 

" 

, 1 

, -
.......... ~.~ .. ~~. 1-

,1 
'! 
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33. 
~ "". 1 ~ 

...... t_t C0ftS1sted of)~ cultures tn 2 S .. t." and 4 fuacttc.al 
"1 c.:a \~ ~ 

fl.ks connected by' rubber ancI gl.ss tub1ng -~~ to • 
~ 

..... ,.'- ~~ . 

l' ' " 

c.111nd" of COIIpf'essed g.'. 'f Th •• rr.ng .... t of the fl.sks -CM- the . 

5 ....... -~ Il tHustflted SC;h-~tc.11y ,tll Ft9 •. 11. ~ ~ '" "i 

1 

. ' 

FIGURE 11 

--
C' 

, 1 
The tncCllli1ng gas (G) .s pl'ssed ttrough an ùtta fine 

~ 

needle vllv~ (V).~f.ntered through cotton wool ftlt .. (F). satur.ted 

with 1I01st ..... by bubbl1ng thr~ sterile d1stl1led .. ter (M), pass. 

ttrough an elllPty flask (E). Ind dfstr'1but~ to triplicate cultare 

flasks (C). The laSot two, flasks 1n eech sertes cantai" distill. 
e ' 

Wilter (~) throUgh -.1çh the gIs' flow _s reg,'ated to 3 bubbles .... 

second, • rite eqll1valent. to 120 .1 per .tnute. 
.~~ 

1. 

Stattonarx cultu ... s '. 

StattoM17 cultures ( ...... contntl1" .tr flow) ... 

, ' , -' 

" 

," , 

, , 

, , ,~ " 1 
.) .' J. ,., •. , • ... v.. _'. , ,'. : .... '. "\.'" '.1. , >'~q,.~,;;'.,.'.\\ ..... ,:0,,,,,, •. lu, ~';;'"." , .. 'J ... 1. ... 
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34." 
, 

Shlktftg ·Mehanis. was ncit swftched on. Cyl inders of eGIIIJU!SSe.. 'f1r. 
':. , ~I "JO l' , 0 

• r.I 

two si.le glses and two gas IItxtures were-used in tIIé expert.nts. 
.. l 'J .. 

, The YPG broth expert_ts vere èarried out under air, carbon dioxide 
1. • 1" '\ 

(99~5 to 99.71 pure). or nitrogen '(99.951 ~re), suppl1. by the 
• r 

~ 

Oh1~h.1ea\ Co.', Montreal. The TC Med1 .. 199 experilleftts wre 
, . 

1ncubated ..,der two gas .ixtures (L iquid Air ' Montreal). 

1) -o..,gen 12.°651. carbon- diox1d~,4.m and n1trogen 82. 
, ,~ .J 

2)rcarbon diox'de '5.11 and n1trogen 94.91.- ln the tex~ above , 
" 

percentages w'll\be expressed in an abbreviat~ .aRner as fq~lows: 
\. carbon' d1ox1de 99.5' to 99.71 DUre ~s 1001, ",-,ne 

• ~ 

4.99 and 5.1S cCJIIpOReIIts in 111xtures as 51. 
• • • "'1 

, 

,'0 
Nitroge" 99.5 to 99.71 pure as 1001. wh1 

and 94. ~ cœponènt~ in .ixtures aso 
o \ 

951 respectively. _ 

~ . 
OxYgen 12:651 ~ent in .i~ture as 131. 

, 

c) InoÇu1a.t1cin and incub.tion .'. .' .' r 'f 

. \ The flasks of prepareeS .si .. {YPG broth cYTC 199} -ere , 

t'notulated 'ta'Ch ~th.l-.. 1 of h.ocu1. resu1t1ng in a final" concentration 
~ 

of 2 x 104 ' spores per .1. and vere -cORnected with the autoclavecl 
o , , 

c , 

tubing on the shaker. ln Ictual procj!dUre. an appiratus COIIPOSed 'of 
~ 

10 connected, du.y fllSU, an strategie points carefully wappect 1ft 
~ .. 

, alUllin .. fo11 1 tMS lutoc1aved at 1'° for 30 .1n. and placed on ~e 
~ \ 

, J 
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~ker. The culture fllsks ,inocullted-.,I.". llborltOl"J bench,. ~ ., 
'- ' '" .' , 

. ' 

the sterile wlter flasks .rl then taken to the sblker and exchlnged 
I~ , ~ c:I 

: 

1....... , , 
with the corresponding d~ flas~s. (This wethod SeeMS to have 

~ ~ , 

been good, since no contamfnat10n occurred -during the whol~ stucly,). 
, (1 

The gis WIS then connected to the system and allowed a steady 
~ 

,-
f1ushing durtng the entire time of incubation. 

,The YPG broth cultùres Were incubated at 25° and 37o 'while 
o a 

. the TC Med1wa 199 'cultures .re i~Ubated, at 3700n1Y.- The 1nc~bltion 

lasted for varying periods of time, 24, 48 or 67 hours. ,Incubation 
JI. 

terminated, the growth was studied by qualitative and quantitative 
,,-

methods. 

) 
/, 

d Sampltng for morphological studies. 

Gross appear~nè~ of the cultures was noted and 0.3 ml ~f a 
- , 

we11 stirred susPension w,s drawn fram ,ach cultùre flask for microscopie 
i 

exaM1nation. These altquots were stored in the cold and the examination 

carr1ed out w1th1n hours, in MOst cases the same day. ~ ~ , 

e) Dry weight determ1nattons 
• 

r 
The YPG br~th cultures were autoclaved at 1210 for 25 .in., 

, 0 • 

fi1ter.ed through a membrane mil1ipore, filter of 1.2 u pore s1ze, ' 
, 

Wlshed several t1tnes with d
J

istt1led wate"" dried at 850 f .. 24 .... 

~ncI placecl in 'a dess1~tor over Dr1ertte*untn' wetghed. TI)e wighing 
u • 1 ' Il 

WlS done to constant. readings on .. Mettlet H20 analyttcal balançe. 
1 t <--

(*) D~1ertt. 15 InhydrGUs caso. ( .... nd or\er1~e Co.) u 

;; 

1 • ~ '..,' '~'. ~t...:. ~ .~- //~:'~~'~'~~~~~l'l.\~·~~~_7~,;~,~",;.~)~~~' r,~,'2;j;J~~~%ii!..~~t.~"i"~.~~~~i~l§iij_ 
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Th. growth tn th. TC Médium 199 cul tures, WIS hlrv •• tld 

by centrt fugf ng It 230 x G for 30 mi n.. the PI 11 ,et wIshlCl t n 

dtsttlled waterland dried to cons~ant we1ght as ,above. 1 

, 
The portion of growth removed 1n the 0.3 ml withdrawn for 

morphological stud1es was 19nored as 1ns1gn1ficant (0.6,) in the 
'. 

determfnat10n of dry we1ght. ' 

/ ' 

f) Resi,dual glucose and pH determ1nat1ons·. 

Res1dual glucose and pH were determfried in the TC ~ium 

199 cultures only. After the removal of growth for dry ~ight 

determfnatfons, the supernatant was dfv1ded into two portions. One 

portion was used for pH determfnat1~ wh1ch wer~ carr1ed out 
.. 

~mMed1ately, ,i.e., within minutes after centr1fuging, with a Beckmln 

zeromr<tc pH meter, while the other-was stored. frozen, and glucose 

determ1n,ed at a later date -by the G.lucostat slIIIi-micro method 

(Worthington BiQchem1cIl Corporation, New dersey). . -

4.- In-vivo Experfments 

, a) Mice 

100 black male mfce (C57 BL/KsJ-db, Jackson Laboratory, 

Bar Harbor, Maine), f.e., 50 diabettc and 50 normal'controls were 
, -

used fn the expert~t. The'mice were barri on threè different dates, 
. 

wfthin a two week pertod, and were from ~Qto 11 weeks old at th, start 
\ 

of the exper1 .. nt~ The diabet1c mica were obv1ously plump and slugg1sh 

'/ • "0 

1 

, 
,,; 
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and the1r coats .... rlther dull. cOMPIred to the contNls •• 'e 

food ,nd WI~ were supplted to th. at ')11 

WIS recorded on the d~ of inoculation. 

b) Inoculation technlgue.' 

-

ttMeS. Thell11tgllt 

M. Ilternans enlarged spores were used to ~~ulate 4~ 

pairs of '.tce ( a patr cœpr1sinq one dlabetie and one nGrllll IlGUse). 

To procluee the tnotuhMl,106 spores/., (see PreParation of InoculUII). 
. . 

were suspended ln. 50 .1 of TC Med1l. 199. with tts glucose concentra-

tion rii,sed to 2i. The suspénslon was Ineubated at 370 on the 

gyrc)tory shaker. WI.r a gas .ixture of Si carbon dl ox Ide aftd 95i 

nltrogen. for about 6 hours. Uncfer thes. conditions the spores 

, ~ed to about ! 15 Al in dt_ter~ oce.slona1 buddlng eells (~ess. 

than o~ 11) werè observed upon clreful .icroscopie ex.lnatton. 
~ . 

Th,e spores were centri fuged at 230 x G for 30 .in.. washed three . p . 
times ln sterile saline and s~spended ln 50 .1 of saline. 0.5.1 

of the suspens Ion (contatning 5 x 105 spores/ml). were injected 

tntraperitoneally Into the .. lee. uSlng 1 cc tubercul1n syringes 

(ON 259 5/8. Becton.- Dicktson • CO). A booster shot of spores ""eRlred 

ln the s ..... nner WIS glveft 7 days later. The remelnlng 5 pairs of 
. .. . 

mlee reeelved 1 control Inject~ of 0.5 .1 of slll~e. 

c) Anesthesia and autopsy. 

Stlrting 3 weets If ter tnoculation the .1ce Wfre slcrtf1ced. 
~. ' 

, ' 

[J 

~ J " .. 
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at the r.te of 6 PI'!"s, per .eelç.. Becluse, the plaMed~ sc .... ule 

could not be follGWéd eXlctly, the llst pair WIS kil1ed 12 weeks 
~ 

If ter inoculltion.. The dilbette .tce were destgRlted by odd n_ers, 

ancl thet r control s by even n.-ers. 0" the day th~ -.ere to be 

sacr1ftced, the llice were wetghed and anesthettzed with Nelllbutal 
(. '. 

(Abbot Co., stock sol. 60 -S/.l. diluted 1:5) at the dosage level . 
of 0.06 ,,/g of body .tght (Pl1grim 1955). The anesthettzed lIice 

.. 1 ~ Cl 

wre k~pt on the bench for 45 to-50 .tn. to allow the level of 

blood glucose to stabiHzeo. The fùr was then wetted thoroughly 

vtth 51 lys01 to .tn1.ize surface conu.1nat1on, the perttoneum eut 

open, and the .ouse exsa.ngutnlted by cardiac puncture with a 

sterne syrtnge conutntng trlces of soeU .. hepartn (1000 U.S.P. 

1n 1 .1). Urine VIS Ilso drlWft wh""er posstble: by ~ncturtn9 
the ~ladder wtth a syringe. Usfng a separate pair of sterile 

sctssors and forceps ,for each orgAn, l1ver. spleen, r,1ght kidney and 

adrena 1. 1 eft kidney and Mrenal. hHrt. 1 ungs Ind br.1 n were removed. 

d) Culturtng of organs and tiody f1utdso. 
-' &. ,. 

Cultures of .elch organ. ,except 'ber, wre prepared by 
. 

cutt1ng fnto s.all pfeces and fnoculatinq elch orga" onto one slope 

of cotton-plugged ..at extract-cerelose ag,r (*). Blood (0.3 ml) 

.. 
-.. -... 1 ~ 

.(*) A ... t ... used routtnely 1n dtagnosttc .. tell '!!içoloui contatntng 
per Hter: neopeptone (Difco) 10 9, beef extract tOxotd) 3g, 
cerelose lOg. NlCl 51, Blcto-'gi.r (Offco)2O 9. and streptomycfn 
1 g. 

. ~ , 
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Ind ur1ne (Ill but a flW'drops). werl also cultured on thlt 1Id1U1. 

The cultur.is ~e fncublted at 250 and were exemined for growth 

tw1ce weekly for l waeks. 

, e) Liver ~fPr.paratton for qua~t1tltive culturing' and 
1 microscopie eX!M'natton 

The' liv'fS rece1~ed a spectll treatment 1n that they wire -

homogen1zed in I,Ten Broeck tissu. gr1nder. cultured quant1tat1vely 
f' 

or digested Ind exam1ned m1croscopicllly. It WIS estab11shed 1n a 

prelim1nary test that gr1nd1ng in the Ten Broeck tissue grinder d1d 

not dlmage M. alternlns cells,' s1ngle or-budd1ng. StrlndsAf 
, 

~ 1 • 0 , 

hypha. could not be expected, however, to go through the gr1nder 

undlmaged. 
, 0 

, 1 

For quantitative cultur1ng, the homogen1zed ltvers of 

every th1rd lot of Mtce were mixed w1th ster11e·meltéd 21 agir 

It 450 in such pr~pOrt1ons IS to obta1n a f1nal concentrat10n of 

.51 Igar. spread evenly over 4 ,plates.of malt extrlct-cere10se Iglr, 

'Ind 1ncublted It 250 for 3 waeks. In the elr1y part of exper1mentatton, 

one portion of the lIver hCIIIDg .. ate wu pl.ted out and lncubated I~ • 
4l> 

above, whi'le the~ r",'n1n9 portion was spreld over the Jailli medfURI 

tn 250 ml Erlenmeyer fllsks. The fllsks wer~ stoppered wfth rubber 

stoppers (.slme !PPlratus IS wes uséd in the fn-v1tro experi.nts) t 

Ind connected to 1 cyl1nder of clrbon d1oxide-nftrogen (SS and 951 , 

respect1vé,y), It 37°. The gis WIS flushed through the system It' 

the rite of 120 .l/.tn for 60 Min. The gas supply WIS th .. shut off t 

, , , , 

__ .' 1 • ~. ••• _ .,.,' r- .. ~t._ ........ ,._ .. _ .k ..• t~ ~,_. '- ,,·-'c_ .. \ ..• ~~ ""':. :, .f,';."k ... ,~_':._.'.:.~J~_,:1:~'."~,~~-.• ,'=",..I":;~_ 
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the r\lbbe" tubings ptnehed off. the flasts d1sconnec:ted Md 
\ 

1nc:ubated on the shelf for 3 *ks at 37°· \. , " 

40. 

Microscoptc ex_tnation of 1 tv..-s. of ~ .... tntng 2/3 

of the .tce. wes carrted out 1n 1 dual flshion: the ....,..lz.tlon " 

was carr1ed out etther at once after autopsy. or wes deI..,.. by 
1\ 1 -- .- (' ... \). ~ 0 ~ 

about 48" hou~. In elther cise ,the ~enate wes dtg"ted with 
.J 1 • 

pepsln. 100 ., o( 11 peps~n (D~fco 1.,~OOOO) In"O.7I Hel-saltne 

.~e used to d1gest one "live!" -ha.ogenate. As an extra precaution. 

5 ., of 11 actfd10ne were addeH to the dfgestfng suspenston to 
Jo \ f 

control fu",.l cont .. I~lnts. The digestfon ~Wls c:arr1ed~out ~t 370 

for 90 mfn. wtth constant sttrr1ng w1th a • ..,tic sttrrer. The 
-.,. ff - . ~ 

~spension was then centrifuged at 350 x G foro 30" Mtn •• the pellet 
~, j 

rèsusP,tncled 1n lactophenol cotton bluet and centr1fuged ln- an 
" 

International C11nlca1 cefttrffuge for 1 hour. The sedl.nt WAS 

washed twiee 1n ehlorCh-1ac,tophenol and af~ .the second centrifugtng 

II)$t of the supernatant as carefully plpettecl off and the bott. 

O.~ .1 ex ... fned under the Microscope. WhUe the first 2 weks~ 

ex .. inations were carried out on stand.rd Mfcroscopie slides under 
, , 

1 cov.rslip, 111 the .... in1ng re.1ngs were talten- v1th '-cyt:a.ters. 
" 1 - " ç, , 

Wh", the ha.gentzlt1an~was to ,N del~yed, the excisai .,. ltvers 

were platéd 1n sterile, petri d1shes and tncubated for 1 . bour at 370 ., 

2 hours If 250 , 3 hours It 15°' and 15 ... 18 hours at 4~ ." ln that orcier. 

o 

~, ,,~ 1. ~... \. 1 

, . 

, .-t~. ,.. . r , • ~ ( '" "'t:".jl ~,)<l ::1' 'p-~ ~Jo ::-i!I;'...2i..,.."IIJ,~"->r'-.~t.L"-'L;_ 
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41. 

The perttoftlll cavity, and the vilcera .. re clo,.ll Obltrved 

for en, Obvious trenulOlis or nodule.. 'Whtntv.r such .tructure. or 

.. sses .... obs .. ved, th.ir inddene,' and locatio" .. r. notM. and the 

nodules .xctsld for cultur1ng a~ htstopatholog1cal .... 1netton. In 
L , t 

the 'Itter CISI, the nodql .... re dropped into lOS butfertd fOr'lllLl tn. 

Secttons of 3 nodules, weks apart in th.tr occurrenc •• _re prepared 

by the ktnd co-operatton of the Department of Pathology. 

, , 

f) 8100d Ilucose detenfttnatlons and dltecUon of urlnart keton. bodies. 

Glucose WIS ~ete~ined using heart bl00d, by the Glucostat 

s_t .. lcro .thocl, the sa .. one IS used 1n the ln-vltro expert.nts. 

Urlnes wre tested for thetr k.tone content by the Ketostb method 

(AMs) • 

The 5 patrs of Mice tnjected wt~ saltne were sacrtftced 

·2 pairs 'Ibout half W1y through the expertment, and 3 at the ;nd of 
. 

the expertMnt and .. re proc::essed ln the 5l1li tnlnner IS those 

tnoculated vith the spores. 
1 • 

* .. ***************** . 
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IV - RESlLTS . . - , 

1.- ln-vitro growth' 0""",(01' alternans ancl M. subtntsst.s 
under controlled "StOUs côridftfons at 250 .na 370. 

Gross IDrph010gy and; Mtcroscopie features. 

The results are "presented@n Tabl. lA. ~nder .tr, 

.t M. ~ltern.ns grer predomtnant~y in, ~e fnlIIItntous fortll as a "del\.i~ate 

light fluff under al1 conditions of 1neub,t1on, i.e., in stat10nary 
. \.", 

t " a~ shak1ng cultures at 25° and 37°. and at the intttal pH 4.5 and 

6.8. ' Microscopie exàm1nat10n revealed the characteristtc nOn-
0, ,. .. ~ \ 

septate.~el1UM and arthrospore forming hyphae in all cultures. 
o 

large s'pherte.al single ce~ls, about 10 to 2~ .. terons in dia_ter, 
• l, J ~ 

were also observed in IIOst preplra~10ns. These °cells eould ha~e 
" ~"T 

arisen by step-wise fragmen~t1on of the arthrospore chatns 

(Fig. 12). The single eel1s were budding in cultures at 25°, MOre 

vigorously at the lower pH~than at pH 6.8. 
o 

o ., 1 
ln shak1ng cultures under n1trogen, predOilinantly yeast-

l1ke gr~th WaS obta1ned at both pH levels at 25°. and at pH 4.5 
at 37°. Growth at pH 6.8 at 370 apptared eQttrely f11..entous. 

Microscopie exam1natton of the predomtnantly yeast-lfke cultures 
l , 

showed v1gorously buddtng,eells and ocelsional hyphae. The sfngle. 

~elJs were'tYPically sphertca1, or nearly so, about 10 - 20 .ferons 

in diameter. ratber th1ck •• 111d. w1th spher1eal buds. Wh11e 

. '-
.. : I..~\J~ .J :.~ \"'~CJ". l ,,~At ... ~,~ )_I~J..:;o\ j' .... \~~~,t!': ·":~,r':>t~I~~i/J..ftf.i .. ~);.:,,,~~~..H1~ 

- " ., 
-', 
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Fig. 12 
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........ 0 ....... 1 L 

" 

"'( .. Il ··,1 , ... .,' 

Arthrospore fOrlling hyphl frcn YPGb' culture under 
air at pH 4.5 ind t5° c. 
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. '43. , 

.. ltfpl. budd1", ocaarrecl .. t o't.~ lingl. building e.'1'1 .... 
-

1 '~IO obs.,.... Th.-buds WN lessn •. an thl mth .. cln ancl 

o ..... ncI f1,." Atbe'" to tt, stnel ..... su ... a,,1ttcl to th • 

coversl tp fanecl to sepa"aq th... st.na" sph .. iCll bucls 

oecurrecl"'on hyphae, particularly on the v.ry broad and rather 

short OMS. Th. fl1 .. tous growth at 370 at pH 6.8, l'eVeiled 

cha~ns of arthrospores. tncltcattng "that g1vlft ... e tt. s1ngl. 

and bucld1ng e,"s coulet a~ar tn that ,culture also. Thl hypha. 

~nstttutfng the bu1k of th • .outIt ..... typicany long and th1n. 

ln shaktng cultures under arbon dtox1d~. a purely 1 

,YHst-l1ke grawth _5 obta1nec1 ln all fllsks. The .1croscop1c 

feltures of the budding eells .re st.Ua" in all respects to 

those fre. wkler nttrogen. and they ari presentld 1n Ffg. 13. 

-
_n typtcally fn .... tou$ and .icroscopte .a.1nat1on revetl., 

:--

bestcles the charactertstfc non-sestbte 1I)'C.1tUIII, .150 arthrospOr.-
i \., . 

fOl'lltng hYJlhae. In shlktng ~ultures at pH 4.5, occas10nal budd1ng 

cells s1.nlr to those of M. alt .. n."s 'were also found. 

ln sbattng cultures under n1trogen, and carbon d1ox1de. 

the growtft o! M. subtil tsst .. s waS It1lOSt ent1rely ytlst-l1~e 
, 

res_l tng tri every aspect of thef.r _rJ!h0logy those "..,1ous1y 
, 

daser tbed • A few hyph.. ..re' found un... nt trogen 'at pH 4.5. 
\ 

1 -

,. 

.~ 
f'-

:~ 
.w~ 

-<~ 
li 
-" , 
" 

" , 

..1 

. '. 

. 
:-11 

~ 

.1 
s, 

. , 



,> 
>, 

" 1 

, 
1 

'" 
-, 
" 

. " .' '. 
\ 

--- .. ~--.... -- -""",-- -,. .. . -::-~ ..... - ... --- --------_ .. __ ..-... ~ ........ -

Ftg. 13 - ' .. stltte cells ,.. y,.. u .... 1001 CO! 
, .... 

': 

. , 
j"-'\"';~~~"" .. "" 

\ ' 

, l 

p " 



, -. 

. 
> .' i . 

'1 

, .. ~ 
,,~. , 

.' . 
~ 

.' 

", ~.. \ Il • '\'" 'f 

J. " 

, ., , 1 1 1 /' ( • ..-
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, , T~ re$Ults are ...... tat ln :rable 18 Il. alt1rftans .... 

.. n at boUl ~atures. but producecl' cons 'Istent1; .... growth 

It 25 t..... at 37°C. .0;.,' ~, J 

Incubation under afr at 25° on the shaker. at pH 4.5, 

prl)duced 224.0 lIg D.W •• or the gr.test .55 of growtlJ 1ft that 
1, 

v • 

series" .ne the parallel cultures tncublted under sutionary 
• • u.. l' ~ 

conditions produced 114.7 III D.V •• or' only hllf that ....... t~ Thfs 

dtfference MI' .,re pronou.ced fn cultures fncubated at 37° where 

the IIDunt of growth·,fn the suttonary cultures teS 0II1y 1/310f 
- , 

thet obtltned on the shaker. 
, 

At 25°. under nttrogen~ ". alternans produced .,...cttcally . . 
ttIe SIM , .. nt of growth (.an 91.5 ... 0.11.). a~ both pH lev~ls. 

, ' . . , 
~er carbon dtoxide, an aboüt ..,.1 yt.1d '(10.96'1Ig ~.",,) .s 

. 
Il SO obtltnecl It both in1tial pH levels. 

, l 

M. subtt1fsst .. s •• i,pointeil Out bef~. fatJ" to g,. 
percept1bly at 31°" the "1 .tght ,alues ,arylng fre. 0.1 to '0'.6 1Ig. ..,. 

Incubatton under afr 011 the shaker, .at initl.l.pII 4.5, , 

produced 240.0 III o ..... ' or tIII .... test __ of ' .... th fn trial 
t .. ~ 1 

.... "'_ J f 

.... tes, .11st its .... 11.1 cult1nS on the shelf produced 113.9 .. 

..J 0.11., ot-' less \ha .... If of tMt ~.: 

'. ' 
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1 , 
1 . 

Growtla of .. alcen.. ad Il. ""tU,,.,·. UIMlft Au. 1001 .1t ...... 
.. .' 1001 caiG tiiôitt.4e.·, , 6 " 1 • • 

A.. lIIU8DU)Qf lOF .,.. -- K. alt ...... H. "'U11uiliu, Allbtlaa ' tG ...... 'pR,4.5 :pB 6.1 .. 4.5 fil 6.1 
J '. ,) StatloDar, 25 TP '. T'A l'A lA 

Air - - -
f 0 

" 
. 

31 ! A- r À' - -
J 

Y p~ A 
,........-

SbakiDa " 25 . rA y !~ , PA - - -
'A1I" 

37 r A rA ",. - -- , - . 
SbaI"fDl ·25 

\ 
! U? y r ! (P) y ., - J 

.1~ro._ 

, 37 ! (r) , FA - -
SbakiDa 2S y y T , T 
cano.a . 
DiosU. 37 y . y - -

y ... ,...t-11ka arowth. r. fU, .. tOQ. arowtb. A. Artbroapon ebaiDa Cu 
UD4I .. liMd letur iMtc.~.. th. pred0ll11Mftce of chat \ 'om of '~owtIa ia 
tlle culture). , 
() ver, ...tl quantity. 

j 

J. ORY VlICII1' DlllIIWIATlœ, 
. ( .. /~) total 1I'0If't1a 

<> 
r . . . JI. .It .... Il. ...tll1n .... -

Aaltattoa TO 
.ad ... pl A.5 pl 6.8 lB 4.5 .6.1 

25 ,114.7, 
\ 

Stat10aary 176.0 11'3.' 10\.0 . , 
Air ~ . 

37 53.4 56 .. 0 0.3 0.2 

25 224.Q 199.4 240.0 \. 
Sba1ciUC .215.6 

," Ail' 
37 173.0 , 157.4 

, 
0.2 0.1 , 

~ 
. 

cL . 
.if , 

..... SIl. 21 90.5 92.5~ 116.3 ... 0 
·1t~oa-

, , 

37 60.5 - 42.2 0.3 0.6 . 
, 

..... 1 ... '25 . 
~1.4 70.6 ,64.0 li.' " 

Cadtoa " . • 
-

D ..... 37 56.0', . . 5S.0 0.5 ' O., , 
, J "1 .. ' 

. ' , 

. .' 
, - . . 

... !l-J: ~IW 7~,~ \ ;t-"'" 

;;;> , 
0 

... ;l 
. ~1 
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41. 
- li Q 

, lncuilttOft ij .... In th", ' ...... ~ • CGft.t •• tl, 

grelter 11.,d at the tnt't" pM 4.\ •.•• COIIIttd to'that.t pH 1.1, 

th~ dtff.renc, blt"l Plrt1e~larl, \tr1ktn,.uftOlr ca~ dt~.,dt. 
~ • 0 

\ . 
b) Gr.th of "';;J't'SI!!!I 1" the TC Mldhll 'M. wt·th Incl w1thout 

. ..lCkItttv... .,- carbon dtox1c1t in .. robte .. a ... wobi.e 
, SI!! ",ils tu~.! ~- '; , \l ' 

... -- . 
Oro., !Orpbo'~ .nd ",tsro.eopte • ,\MI 1 ••• ' 

~ , 

" , 

Th. r •• ultl a",.prelented 1~ Table o 2. oUndtr ~rObtc 

condt.ttonl (c."bcm dt.tde Sl~ ~xYttll(U a!'dsnttr.oe- 121-) •• ttber . . . 
1 \ __ ~ 

ln tntir.,y f1f ... ntouï or a .tM~ ytl.t-ltk. and ftlillfttous growth 
.' 

, > 
1 ~ 

wal obtatned. Th. fU .... tou. growth w •• obta1ntel- tft' the _ba.te -
..' 1 1 "() -~ 6 

~1Ù1ft (1 •••• gluéO" O.l~), and _en ure •• ' l-hwr __ tYrte actd 
... r . 

In<l Ic.tOle.tic acid •• aeh at. :G.ll. WIN tddtcl to th. Mldt •• Thl 
0' 

r. 

Idditfon of glueo •• "OM~ to ,1 ~ H to th., ~stc "h.,~,,.sul~td 

1n th. 'PPHrane.· of .tn,l. and buclcttrig e.nl. ~t-tt", of 0.11 \ 
" • l '"'1 &0 l 'V • -~.. _.,.. 1 

Ile'h 'of B-hyclrox.yl)utyrlt acid and ,Uril to thl bl.te MelI_ wtth . ~ . 
.. ~ '." - ~, 

91 \lCOS' coneentrat ton. ra t sld' to 11. ...... to -have ",ductd th. 
, 

IMO~ of th. fl1l.nto~~ I~t~. bUt ~1S. ~I d~'fftc"lt to, ~ .. s. 
Addftion of, t'f-... two .cid.· Ind u .... to tl\. Mldi-.- _ieh hId tts 

.... "' ,,......... -
" 91ucos. corte.nir.tion rl'tsld to U .... oduced no .pparlnt c"'",,' 1ft 

-# 

the qu~' 1ty of growth c."ar.d to thlt tft tlat b'.sic _dt_ wtth , . 

.' glucos. "11I1d to H. .~ 
o , . -

, ' ~ P Il 1 

~ . 
, . 'Und.r in.",obic conditions (c.rbon ctto.hlt SI and nttrog.-

"1) pur. yellt-lik. ïrowth Wli obtlt,,'" tft 'th',ft •• tilts ... ,,, •• ,1. 
.. Jo:.', 0 

" 

" 

1 • 

, ' , 

• ! - , .... ~ .... 

" 
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, 47. 
J , 

.atstng the 9l~ •• to 1 and U inçr.sld the' ,lDInt of the ,JIIst-, . 
1 fke growth. Addition of. UNI ind B-hydroxybutyr1c ICtl, both It 

~ , 

0.05, lftCI O.lS. refleeted. on1y the effeet of th~ rats" ,1UtOie 

concentrltfon. 
1 \.::: 

~on of growth frOll the lbove cultures 

showed the chlracterfst1 spherfcal, multiple buclcltng,cells Ind L 
'hyphte wtth arthrospore cha1ns 1ndist1ngu1shable frOM those Observ 

earlfer-1n the YPG bro 

'Dry-wei.t determinat~ons 
" .-

The quantitative evaluation of growth i5 presented fn . -. 

Table 2. Under aerobfc conditions, the basic ... U .. prÔduced 

16.8 Mg D.W., whlle 15.1 mg D.W. \IMre obtltned. when the three non­

gl,(Ose additives, each at 0.11. ~e Idded to 'the blsic ~t ... 
• 0 J , 

The raisfng of glucose concentration to lS praduced 98.5 lIg 'D.If. 
t 

but a further 1ncrease to 21 prodUced 1 s~rprtsfn9 lawer ~1i!t'd of 

6.14 mg ·D.W,' A~ observed befor.,.the rafsing of glucose concentr.i1Ôn 
r \. 5 l 'Ir 

.caused the appearance of 'the yeas,t-like phase in the otherw1se .' 
.. .. t..' 

fflamentous growth. Stnce each'ophase IllY "Ive contrfbutecl a dffferent 
- , r1 ' 

. ~tght ~oad under different n~tMtto~l conditions, the wei-Ill 

wet~ht had to be' affected c:orresPOn~l1nglY .• 1 (Th. two Phlses ~! ~h": 
- .' 

J 

were typical1y entangled and eou1d not be r.11.1y separ.ted, the .... 

50 that .buds often appYred 110ng the hypha., SCMt1MS in considerable 

nullbers) • 

• »". 

-, 

•• 

, - .. '~ , 

, 
> [ 

- .:~ 

'" -1 , , .. j, ~ .. \ ~J< ~ 

... ,. .. ~_".\.!, .. ,,~-:,.~J.7~«: ... ~_l. J l",.:X:,'~~_ .. ,'~~J;5'~~~'r).._ .. _~*-il/..·;·'~h'.~~-~!{~r,~"::..:~ .. (~~_.#~.~~_i"A.~_~~~,;.~~J;,t .. ~l:-T"t.~.~~~.~'; ~~illÎ" 
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48. 
TOU 2 

Y' 1 • 

~owth of N. altlmlD. 1D te'Me4iùa 199 W1th aad Without AdditivI', 
UDdlr 51 Carboa ,.!'loxldl la Alro~1c and Ana.robie ca. Mixtur •• * 

, 
, 1 

, A,robio.iI Ar&alrobioal. l 

CO2 S% °213% Na 82% COz ~I "2 951 
Additivi. to TC Medlu. 

199 ' 
D.W. MorphololY ot D.W. !lt:tl'phololY of .. Irowth .. , .rowth 

-. \ 
il 

Hon. 16.8 , 4.3 y . 
'" . 

Gluco •• ' to 1% J 98.5 Y ! (A). 25.4 Y 

."" " -Gluco •• to 2% 61.4 36.4 Y 
- ., r F .- J , r,!~ 

G1uco •• to 0.5% 

.-oH-but. a 0.05% S5.S y F 13.7 Y . 

",l'" 0.05% . , 

- · 
Gluco •• to 1.0% , 

o '-oH-but. a 0.11 82~S' y F 25.2 Y .. -
Ure.' . 0.1% , :. . , . 
.-oH-but •• 0.11 

, 
, 

, 
0.11 15.1 F Ur •• 1 , 

-. , 

Ac.-ac.tic • 0.11 . 
· , 

Clueo •• to J 2.01 -· > . . ,-oB-buç •• 0.1% - J 

Ur •• O.ll~ 57.1 ! , 
~e.ac.tic a. ;9.~1 

, 

ru ..... c06. . 
F: rovttt y, , ••• t-like Irovth AI 1 arthrolpÔr •• chaifta-
() ver,' ... ll qUIDt1ty. UDdlrliDea ,lltter indic.te. pradoaiaanc. of ir~h 

0' 0 * Vol. 50 al. T of ~ub.tiOll 37 Ti •• of lftcut.&tlcm 4. hour. 
Gyrotory .hak.r. b , . 
. . 

.. 

.' ,,' 

- J 

. ~ ~ 
~ 

.... ' ... ., 
". " , 
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49. 
l ' 

&bI ..... erobtc ,condttt ••• the .... nt of growth WI' 

.uch _1111' th. tn .... abte eultutt.. Thi growth tn tM,. 

cultures bit", ... tfenly ,.ast-Hlce (T.ble 2). th, det.n.tnatfons 

of dry wight par.nellll c, .... " the tncrease in glucose ~.eentr.-
, . '" \ -

j lion. Thus. _n. the baste Mdt_ (ghlcose 0.11) productd 4;3 II!I 
) 

.. " 

o .... , the r.tstng of 'glucose to 11 yieldeel 25.4 .. D ..... , and 3&.4 III ' 
, 0 

...... glucose wes r.hed to H. The .ddittan of 8-h,droxybutyrtc 

.ctd .nd ....... t 0.11. to the Nstc .. U" with glucose .t 11 

yteldeel 25.2 .. O .... , showtng th.t thes. t., ca.pouncls dld not 
- ' 

.ffect the • .unt of growth produeed. 

C) 6I"awth curve of M •• ltem.s ln TC MIdi. 199-wlth 11 glucose 
unde .. 51 carbon df.f. fn aerobte.and .naerobte liS .txtures 

E 

........., 

Ofr the ~.ts of the results obt.lnte1 ~n the pree .. tng 

exper1-.t, • g..owth carve of M. al ternlftS .,.s pre.,.recl t n TC 

MedI .. 199, with glucose ... tsed to 111 as the sol. Idaitive. The 

results are presentecr ln Table 3 and Ftg. 14. 

~ After an tnitial' la, phase of .• boÛt 8 hours'othe dry 

wight recorded ln aerobte cultures It 24 hours shcMd a st..,1y 
< -

rhing cur~ which th .. cont'nuecl to rise, but It • slo.r ... te, 

u~it1 123.4 119 O • .,. weN obt.fft.d at"67 hours. In these'cultures, 
, 

the pH fell 51 tghtly during the l.g phase, fro. the fnitt.l level . . . . 
of 7.2 to pH 6.7 but fell sha .. p1" to pff 4'.0 at 24 hr. The pH tlten 

started to .. tse slow1y unt.' it reached • value of 5.0 at"7 hr. , ~ , 
(: , 

These Changes _rè ICc..,...ied' b,y • d .. op in glucose concent .. ation 
! 
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to 0.461 It 24 hr. Ind 0.191 It 48 Ir. At 67 hr no reliable reldlng 

could be abtltned _,.,re. tncltattng :that sœeti. betMeen 48 and 

67 hr. glucose vas exhausted. 
Q 

Mijcros~opfc ex .. tnation of cultures at 8 hr ~vealed 

enlarged cells, $Olle stlrting to bud, oUlers to genltna~e. At 24 hr 

large sphertcal cells, about 10-20 .ierons ln dfa.eter, were observed, 
. 

vi th severa 1 buds on each .,ther ce 11. Hyphae had el ongated 

extensively and .any had' developed chains of arthrospores. the 

ter.inal spores show;ng a clear tendency for. rounding off and 

separatl~g'fro. the rest of the chain. Sl.ilar growth was observed 

at 67 hr. 

The an,aerobfc cultures behaved dfffe~ntly. The dry welght 
- , 

-
increased less than fit the aerobtc series, IlIvfng yielded 20.3 mg 

• , 
D.W •• at ,24 .... , 24.9 1191 at 48 hr, and 22.6 ~ at 67 hr. The ~ dropped 

, 

gradually to.J.9 at 48 br and reIIa;ned there for. the remaining. 19 hr. 

Glucose de~ased ~o Or521 at 24 hr and already a~,48 hr,no further 
. 

glucose readfngs could be taken. Microscopie ex-ination revealed . . 
,spher1cal enlarged cells at 8 hr, SOIIe of' which had started to bud, 

, 0 

and occasfo..al cells wfth elongatecl buds. At 24 hr. 48 and 67 hl', 
: --,. " 

111 cells exhib-fted .... ltiple buclding, no hyp..al growth at all being-

observed., The budding cells res_led those in- the aerobic cultures. 

J 

On the blsis .of the lbave results, ,ft can be concluded 

that the ael'Obit cultures showed 1 tw-stage groWth, a fast one 
J 
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TABLE 3 

~ -~ -_-~-..1;~ ~< ._~~ ~ ... ~ "-""~::-_;~~'-',..-.;.,.f:"f.r:<-...,. 
..... _~ 

./:d 
~ ~ .z;: 

1 • 
Growth of H. altemans 111 te Kediua 199 Vith 1% Gluco.S* UDder 5% Carbon Dioxide In Aerobic &!Id 

Anaerobie Ga. IUstures • 

~ 

Tiae AlIO.lOSIS 
C02 5%. O2 13%, 112 82% \ C02 Bour. 

. . 
~ 

D.W. Ia.id. pB &rpho1olJ of - D.W. Resid. .. Glueo •• Irowth as Pluco.e 
% % 

-

a 0.3 0.94 • f- 7.2 .pore. of inocul .. 0.3 0.94 

8 1.1 ' 0.95 6.7 aeraiQatba ad 0.5 0.85 - buddinl cen. -

24 61.1 0.46 "4.0 aycelliull and 20.3 0.52 _ltiple budclina . 
ce11. 

48 98.5 0.19 4.2 hyphae vith arthro· 24.9 * "pore. aDel budclin, 
cella , 

. 
- 67 123.4 • 5.0 ditto 22.6 1 * 

\ 

• , 

• radina beyood re~iable range 0 
** vol. 50 111 • _', T,of incubation 37 011 8,rotory shaker 

-
, ... 

ANAEIOllOSIS 
5%. H2 95% 

i 

pH Morpho1oIY of 1 

,cowth 
1 , 
i 
1 

1 

-., 1 
1 

7.2 spore. of iDoculua ' 
1 

- ,j 
! ~~~ 

6.8 enl.arled ceU. SOM 1 

.,uddiq 
1 

4.7 I-tltiple buddiD& 
1 , 

ee1ltÏ ' 

3.9 clitto ., 

3.9 c, ditto 
" 

/ . 
.- CIl, -

- .; 

-1. 
;:~ 

~:~~~)-t:).._~~ ..7~L~::~ c .... ,.t.:.;, ~_; . :::....~- - ~~ -::'1' ~:- ~;;...~~ .. '.- • ::.:. " ..;. ~.., ,- .... \ ~...:~ > 1.. .. -" :. ...... ' ~.... .. 

,,\t" ..... ~_ ,~;:r_ ... p"s;t/ ... :.~'i~~~~~ i;! 
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FIG. 14 - Growth of H. alternans in TC ~edtum 199 w1th lS Glucose 
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dur'", the f1!St ~ houri and a slow on. dur1ng the follow1ng 

43 hours. Wine the .n •• robic cultures 1ndfcated a ont-stage growth, 
, ( 

~ich occurred between 8 and 24 hours' of initial 1ncubatfon.~ 

-2~· In-vitro growth of M. alternans frOM y~ast phase inoculum 
on Sabouraud's Igar undêr unc~ntrol'ed ~~rob10s1s. 

i 

Sinee the proposed in-vivo exper1ments 1ncluded incubation 

of SOIe ltvers of the 1njected miee at gradually dropp1ng tempera-, 

tures. Ind a f1nll exposure to 4°. ft wes necessery to investigate 

the effect of the lower temperatures on the growth of th1s fungus 
. 

in-vitro', aeeluse the in-vivo exper1ments were to be elrried out 
• ,le 

in imitltion of diagnostic isolations. th~ media and methods of 

incubltion in th1s and subsequent exper1ments were such IS genera11y 
. 

employed 1n ~col09ic~1 l~borltories. 

y,ist-phase 1noculum w4s harvested from 50 ml YPG bràt~ 

cultures ~1noculated w1th 2 x 104 spores/ml and fncubated for , 
67 hours at '370 under èarbon "d1ox1de). washed and suspended in 

• 
- 50 ml of sterile sl11ne. Serf'a' dilutions were prepared ~1n sal1ne 

and 0:5 ml alfquots used ta 1noculate plates of Sabouraud agar. On1y 

the 10.3• 10-4 and 10.5 dilutions were plated out. 12 plates were , 
~ , ~ -).. 

1nocullted with 'Ich dflution and each.lot di~ded into 4 groups 

'wh1c'h wete 1ncublted It d1fferent tetnperatures for 3 wJkS •• ) 4~. 
b) gradua 11 y droppi ng temperatures. 37° for 1 hbur. 2S~ for 2 hours. 

J \ '. 

'. 
'1 
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~ 

150 for 3 hours. fol1owed by 40 for the remainder of the incubation , 

periode c) 37° and d) 2~0. 

Th, resul ts of growth in the lO-4d11'ution are presented 

in Table 4. 

TABLE 4 

Growth of M. altern6ns from yeast phase 1noculum on Saboureud eger 
under uncontrol1ed aerob1os1s 

< 

TO 
0 

No. of fil. ·colon1es/plate (average of 3 plate~_ 

0 24 hrs. 48 hrs. 5 'days 8 days 14 days 21 deys 

40 - -
37 - 40 - -

370 22.3 2~ 

25° 22 overg. . 
• fil. fflamentous 

** overg. overgrown 

- 3.3 14 2l 
12 23.3 27 overg. 

25 overg. overq. overQ. 
, 

overg. overg. overg. overg. 

/1 

At 40 the f1rst c010n1es-appeared(3.3 Iplate ) et 8 days. 

The number of colonies 1ncreased gredual1y to 22 at 21 deys". 
~ 

1nd1cet1ng ~hit the cells fnoculated were not al1 of the Same 
, , 

.. , 

genn1natfng potential. The initial exposure of plates to gradual1y ~ 
, .... 

droppfng temperatures dur1ng the f1rst 7 days', hastened the appearance 
\ 

of growth by 3 days, et 14 '-days, 27 c'olon1es were coun'ted before' they 
---- ) coalesçed 1nto one mass of light fluffy growth. Incubation et 370 

• 1 

produced e vigorous f1lamentous growth at 24 hr. At th1s temperature 
, . 

" 

• , .... '~ "', 1 #, 

- .. , ..... . 
....... ". ~'\ ' r~ '\. 'II ...;~ '<.~':i fi .... j" ~~: ~,.,fIt.~!:L .... t ,~\, .. ,- J;,~j ." 
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n 

'the col on te ..... tnld cl.'l, .1t .... tId fro. one lnotll ... fo .. 

several cIQs Md .t 5 days. ~iel .... stnl' di',tinctlY . , . 
vtsible. Incubation It,2So ~uced·the Mst ... t., grGWthJiOf 

the __ ole lot, _1eh allowed • pllte tOUnt on11 .t 24 hl' (22 colo­

nies), there.fter the grawth ~tng ca.pTetely coaleseing and , . 
• 

.. tangled. 

Sporulat1on oécurred 'bunaantly at 25 and 37° in 24-48 hr. 

ln the second group (dropptng tellperatures). growth in the 10.4 
,-,-

dilution sporulated profusely toward the end of the thtrd week. 
Gl 

. The abov. exper1-.t showed thàt under ord1nlry lel'ob1osts 

M •• 'terralnS buddtng cells revert reld111 to the f1.'..,.tous ... _ of 
> 

growth~ not onl, It roc. tellperatute (25°), but "50 at body 

, te ....... turè (37°). and even in cold ·stor ... (4°). The viable CCUlt 

vlrted ~ ltttle l;-tn the 4 sertes (22; 27,· 25 and, 22 col/pl.t.), showt"Jr 

that the g~in.t1on of the ,..st-like cells 1s unaffeeted by 
:< 

tellperature, although slowecl dN\ .nd delayed eonstderably by 
7 , 

1ncubat1cÎ1 in the eold. 
, . 

. 
3.- In-vivo expert_ts w1th .tee tnocu1.ted wtth 'M: "ymans 

.) Phystologte.l data (1ft '91, body w4ght, 1>loocl' glucose .nd 
urtnar1-.ltetones of the _1el •. 

, . 
1 • 

The _t.ted gene db MIS d1s~"ered in 1966 at dackson's 
-

laboratory in .iee. of the, str.in C57 al/Ks. This g ... dete ... 1nes 

J 

1 -, 

il 
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• ".He: dlsturbance reslllbl1ng dtlbetes _11 ttus ln ... The 
c 

phys1010gy of the dlabetle: straln C57 BL/KsJ-db/db has beln . 
Investtgatecl by Jackson's Laboratory. HOMOZ)49OUS dlabetle Mlee', 

t " 

db/db, -.y be recognized ~t three or fCM4r, weeks of age, due to thetr 

~e:y to beca. obése. They inaease ln welght rlptdly durtng 

the 2nd ... th" reaching a lIIXi .. wetght o'f about 4S grIllS. 'Obesity, 

assoct.tect vith overeating, 1s lCea.panied by hyperglye_1a. Bl00d 

sug.r concentrations of 300 lIg per 100 111 at 4 weets of age are not , ' . 
.. CID. CIft and by the ti. teiese Miee are 12 weets 01d, thetr b~ood 

sugJr level 15 usuany greater th'an 5OO~. ,When the blood' sugar 

concentration exeeeds 250 119 per 100 .1,.other SyMptOMS, glycosuria, 

po1,.,ria arid po1ydipsta becc. evident. Ho .... 1 ~1ee have bl00.d 

, sugar levels ranglng froa 140 to 180 1IgI. 

, . 

The body .ight of the, ",lee reco'rded one day.before 

tnocul.tf~. was as follows: 

dlabetie 

nOt"llll 

t 

Mtee 

(20 
(21 

""' (10 

~~ 

9 weeks 
_ 10 weeks 

11 weeks 

10 ..eeks 
11 weeks 

average body we1ght, g. 

34.5 
38.8 
40.6 

,22.9 
,.. ,24,1 

" * Dates of blrtfi varl. fra. 1 - 3 deys s.-..11y withfrt elch group, 
IcCOrdtng to fnforut1on reeelved frGIII Jackson laboratory. 

l ' 
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51. , , 

Ourt", the 3 "s If ter tta. t'nt inocUlat.on. IS .n 
IS the two ... ths follG11ing it. the .1ce l."..reiI • .,.n 1re. 

di.tes. n0lWl1 1n every respect. ~nd none dted .... less, sacrtftc •• 

" *"se 110. 51, _s .,,. slugg's" thln others and was 
./' 

sacrificed lbeed of sch"ule. but no evidence of infection or 

abnoNl1tty.' except for a .. n skin les'ton on the neck •• , 
o \ 

detected ,upon lU~y or te/sts,.. Th~ Ige of the .tce. thetf" body 
. . . 

weight. bl00d glucose Incl urinary ketone bodies It ti. of déath, 

are present" in Tables SA ancl-58. for the diabetic: InCl nortlAl .tce 
'" 

r.especttvely The data have b .... Irranged ln groups of 5 for 

easier' ex.tnation of the Tables. 

, r ' 

ln the 45 dtabettc .tee (Nos. 1 - Il). b100d glucose 

WIS .. rkedly el.lt .. In ftHrly all tIIe ant .. ls. Il though so-e had 

ln unusuilly low '1 .. 1, e.I • ., .tee No. 63 and 87 .... 141 and 1~3 
.. ~ ) ~ 

lIIgI $\Iglr on1". On the who1e, the figures vlrtell fra. .,.,se tG .,.,se, 
---- , . 

wfthout showing .. y fncrelse uporl 'glng.. o.tl everajed fOr the seven 
, - ' 

age groups of 13 to 19 ~ks. reflect si.Uar vartation tn values. 
., • 'l- _~ J 

461. 399. 431. ,276, 394, 356 and 330 lIgS respecttve1y'. 

in the 45 n .... 1 .tce ·(Nos". 2 -" 90), bl00d glucose .IS IÛch' '-
1 

lC*er. IS .Jd be, expected •• 1though.saII .... dt .... were ",ft •• ~.Ited. 

I.g •• 391 and 209 ~ in 110. 8 and 22 ,.~pecttVel,. Values ..... _ f .. 
, 0 

, thl Seven/lge groups of 13 to ~ Wleks. showed. glucose contei't of 117, 
, , 

, , \ , 
'1 

a. • 

" .' -~ ~ • ... ,~'r~" .. • .. J-;;:I.î.~ ~ 

ç. 
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•• 
.., lIe_tf 1100II Cl~_ ... ~ .. ~~ of IMdfs..l/ ....... 1e ... ' 
> " 

(ttIe _ta &ft -~ ... la" ...... of. S f. _ta- ......... taa of dt- Mt.)" . 

. , 

j . 
j • t 

j • - J ...... u .!J . ... lJ . . - • • • • • • .... 1 • • ... '. 1 .s 1 ., ... 1 u ..... i .!;? 1 , .... ,a' 1 J • 1 
• u • i: .... !I 0 .,. 

A O· .... ~;l • ...... J • ~ ':11 1 l, .=' 11 1 .!. 
~l • -1 • -1 1 • t ., u 1 • 1 ... f .. 

~ r .. ... :1 # ~ a .. ,. . -. 
1 13 ,21 SI 572 ~' SI 16 50 54 276 -3 13 21 57 1 354 

- 53 15 SO' 6S su -. 
13, 21 54 458 'SS 17, 0 61 ·211 5 - -7 14 27 '50 .337 -' 57 17 .. 51 218 -9 14 27 46 391 - 59 17 - 70 62, 458 v.p. 

-11 14 21 ~2 220 - 61' 17 ,~ 61 ; 521 -, 
13 14 28 47 247 - 63 II 60 141 -15 14 29 52 ! 6S1 - ' 65 - II n 51 300 -17 14 29 .7 ' 71. '- 67 II 76 62 694 .. 
19 14 ~ 57 0 132 , - " 18 76 61 694 -

" 
, 

"21 14 34 4S 336 - n II 77 56 - -23 i4 35 59 ' 314 - 73. 1. 77 62 ,245 -25 14 3S 60 366: - 75 II .. 7. Q 117 v.p, 
27 14 36 1 57 357 · , 77 II 7' 63 213 - " .. , 

29'- 14 36 ·66 406 - 79 19 13 64 686 -. , . 
31 14 . 41 S .• ·397 - Il; 19 ., 63 2ft- -33 ,14 41 63 375 - 13 19- 14, 60 lH - • 35' 14 42 55 ~IO r .~ 85 19 14 56 331 -37 14 42 60 301: - '87 19 15 44 123 .. 

43 
. • 172 39 14 60 301 - 19 .5 .9 -

. JaIs.. ,·· ... c __ ... , 41 14 43 65 3. - C-l 16 52 57 "1 , -43 15 .1 60 su - C-3 l' 52 " 2Yt 4) 
0«1 . .. '5 15 67 303 -, C.5 l' .51' 62 3. 47 ' 15 .9 ,SI 273 -- C-7 1. ,N Ji 1.57 ., 15· .9 55 oU,: ~ -'. . - c-. ,.. .. '5 .- IF ••• 

, 

..> 

, 

i 

. 
• • '''' 1 (- ) __ c, .. · ._' f . . , , 

(~.1t.) .... 1., .. lt' ..... tIw I ... c·,.ltt .. , ............ 1'& 
,- -. , .,. 
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TABLE SB 

" 

-lodJ Wef.&bt~ B100d Glueoe •• ad lJr:l.~ .. taaea of 8acrif:l.ced ... 1 -.ce 

. ,- . \. 

~ . - ., - -J ,.... 
J '" 

. .., 
.!! ~ .., 

..!t 1 • •• • • • -, • "'8 8 ô .:: .1 _ ". :1 ... .., 
t:: :; !L '1 ..... 

~ 8 1 • • • • .... 
i t " ..,. .... ,.... .0 0 ca. .,. ... - A ....... 

= 
. .., SI: ca. ... ... J . .., • .. ::t 8 ~ .:1 1 .. - .8 II 

., .8 11 j f • '1 ., ~a ., 
i 

., 
i~ 

., 
~ .! .... .... 

~ ~ ... :1" , III .. , 

2 13 21 .24 liS 52 16 50 27 136 
4 13 2i 27 87 ... 54- 16 .50 27 131 · . 
6 13 21 30 ·149 • 56' 18 69 32 143 - ... , 
8 14 ' 27 23 391 58 18 69 49 109 . v.p. 

10 14 27 24 lOS ... 60 18 10 28 152 . 
~ 

r 
J 

12 14 2a 25 139 - 62 ~ 18 10 28 112 -
14 14 28 28 . 97 v.p. 64 . 19 71 29 83 · 16 ,14 29 27 347 .. 66. 19 71 24 1" · la 14 29 - 27 131 . 68 19 76 27 liS -20 15 34 27 125_ . 70 19 76 28 112 -, . -
22 14 34 26 209. - 12 19 77 27 244 
24 15 35 27 140 74 19 77 21 " -26 14 '·35 29' 118 - 76 20 . 78' 27 10 · 28 14 " 36 24 171 ... 78 20 18 26 102 , 
30 14 36 26 324- - 80 20 83 30 64 ... 

, 32 14 41 28 107 - 12 20 1...13 31 12 v.p. 
34 14 41 • 27 191 141 '20 14 29 -66 ".p • 
36 . 14 . 42 ' 28 17 .. 16 20 14 26 7' ' . 
38 14 42 24 126 ... Il 20 15 21 11 
40 14 43 ' 25 102 ... 90- 20 15 ~I 101 M ••• 

. Sai iDe 18OCt1lated CcIIItZ'ol • 4Z 14 43 26 102 , 

44 -IS 48 29 127 Co-2 16 52 2.5 13' 
46 t5 48 27 114 Ca4 16 52 ~6 167 . ~ . -41 15 . 49 21 94 0.6 li '9 24 2.50 
50 15 49 23 118 Cel II 66 25 ft • 

, C-l0 11 66 21 1l6~ -
(_) aepct.. C'> 

(v.p.) ._kI7 ~ltSy., the .1 .... t .. :l.tS ... nactlGa _ a... ct-n • 
• 

" , 
, , 

, . 

... 

-" ' .. 
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.. .' u 

, ~, , , 
60. ~ 

< • 
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172, 120, 133, 1~. 141 Ind 70 lIgI respéct1ve1y. 

, '\< 'J - , 

Urii(es -.ere collected fr_ all .bu,'one diabetic .ouse. 
) • 1 

42 were ~ound negative for ketone ~ies ~nd 2 -.ere ~t1y positive. 
~ 

~ Ont! .. of the two pqsitive specilIIefIs Was obtained ,fr_ 1 highly. 
, • Q 

. " 
diabetic .ouse w1~h 458°mgl of ubl00d gluéose. the othérs fra. a near}y 

, . '-. ~}' 

nomal'lIIOuse ( 187 RIgI). 1 ( 
, ~ , - " 

. . . 
~ ? 16 normal ~ice had ~Ptied t~eir bladders before or 

". 'durfng the ,Netnbutal 1hjection, and, no saiaple could be coll~ted' fr_ 
, 

them. 5 samples were fou~ weakly posftive and 24 negative. Since 

no ketone4"bod~es.were· ex~cted in 'the urines of no,...l .. 1ce', the .~ 
D • ' 

~ . . . 
.~atch b~ k~tostix st~ips used1was r.e-tested and:revealed that ,the 

~ 

• 1 l' '1 
test strips'were still good and had notr,deteriorated • 

'i.. '. 
.f-. , 

;. ' 

" ., ' - , 
" " 

",' ~l , 

~, l' , 

~. : 

• q:} 

Saline 1noculated controls: Bet~en the 52nd-and 66th day 
.. ,~ 0 • .. J 

after inoculation, the 5 pai.r5 of s'alfne-inoculated cont~ols were', 
. . 

sacrif1ced. The average we1ght of ~hé dtabetic mice was 53 g and .. . ... .. . 
." • -'\' Il ~ ':J ", 

..... their b100d glucose varied ~rom )57 to ~~ 11191 (average value: ~O ~. 

fhe average' we1ght of the ,nQrmal mice Was 25 9 a~d th~r bl00d.glucose 
~ , , 

(, f varied fram .. 91 to 250 1119% (a'verage value 158 11191)" 
• / Or! ... ~ • .. ...~ .. .. 

, 
b) Qualitative cu~tures of organs and. body fluids ' 

,0 f 
, -

Thé qualitative results of cultures are ~resent~ in Table 6. . , 

On1y t~e diat?eti~ mi.ce ~pr~~ced., ~itive èultu~s._ Growth in ~ e~r~~' . &(( 
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TABLE 6 
.. 

, \ 

t.01att~ of pt.11t.nau 11'_ CUltul'.d Oqau, .'100II, Url .. aad 
, . .ôdul •• of-8acrillc.d·Mlce. , 

. .:. . 

, , 

, 

"'1 \ 

t • \ 

1 iJ, i·i~ " al "" . -e , .. • . -
1 

1 t J' • ~ s ,1 ï ! 61,:& . 
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.. ., ... . 
5 ... <i il~ 

,~ 

Qo • .J ;:e. t, ~ III " 1 + ~ .. .. + + .. .. .. - l' 
3 Ir ~ , .. .. .. .. .. ....... ~- '-S 1. .. - - .. .. -: - .. 
7 + .. + . :; . .. .. . - .. 
9 .. .. + . .. ~- . - .. . 

11 ct + • 01 ; '. .. . .. - .. - .. 
- ct 13 .. .. .. .. .. .. .. .. 

lS 6 + +. . .. .. .. .. - .. -

~ 
17 $ .. .. .. .. .. -. ~ .. 

~( . 
19 - .. .. .. . b - .. " .. .. 
21 - .. - .. 'oo - .. .. .. . ~ ~ " 
23 .. .. .. .. . .. .. - • 25 ~ 

Il .$ .. .. - -- .. - - -
u ~ e .. .. +. - - - -' .. 
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35' . .. , 

-JQ -.. .. -', .. .. - , .. 
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" - .. .. .. 
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62. 
1 

po, tt1ve cultures of organ,5 on slopes and of l1ver homogenatas . " 

under uncontrol1ed aerob1~s1s at 25°, appeared as a v1gorous 
, 

~celtu. in 24 - 48 hr. Later 1t took 3 - 4 days befora the 
, . 

çultures became ~os1t1ve.,denot1ng 1 ~r.dullly 1mpa1red v1ab1l1ty 

of the fungus in the tis,sues. Once star~èd. the, growth' soon 
. , 

became abundlntly bul~y. grey w1th the produét1on of sporlng1l. 

f1111ng èventually the ent1re tube or plate. Altogether 17 .out of 
", '. \ ... ! 

the 45 dt/lbette mice, or 37.7%" were pos1tive\1n cultur~s, (t~1s 
figure 1ncludes positive cûltures from n~dules)~_~The last 

< • . , 

positive culture was 6btai~ed in,mouse No. 53, which was sacrffic~ 

7 weeks after 1nocula~1on. tiver was ,the organ most frequently 
, .' 

positive (6 &1ce) , $plee~ was positive jn 5 mice, while 1~n9s, 

heart. brain and right kidney were posit'he, elch once in 4 mice. 

Except for mou se No. 15, from which the lfver was not cultured, al1 1 
"'" Q • 

positive organs occurred in m~ce th~t had a positive liver culture. 

Heart, blood, urine and left kidney were ·all negat1ve in culture . 
, 1 

. Ocèas1ona1 tultur.es ~fl peritoneal wash1ngs4 were ~egat1ve. 

c) Quantitative cul tures • of homogenized 1 ivers. ( 

Quantitative cultures of .livers (Table 7) "yi"elded data 

.. frQf1l only 3 o~tfof 15 mice ~o 1nvestigated, No. " 7 and 9 from 
, 

which 56, 34 and 32 colonies respectively were obta1ned. The 
" 

'quantita~1ve flasks incubated under anaerobios1s, produced pasty 

white, rather flat, yeast-like colonies w1th 1rregular marg1ns, 

• 
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63. 

ionS1st1ng~Of,larg~ s~er1cll .ult1Ple
j

budding ~.11s IRd chafn$ 

~f ltnked cens. pres ... bly arthrospores (Ftg. 15). These colonles 

reseilblad closely those' of M. roux1t observed, by Bar.tn1ckl:-Garcl,a 

Ind Nlekersori (1962 b). u~er ana"oblosts. Two of the three 
. ~( \ 

. 

, anlerobte fl.sk~ produced a few f1laMentous eolontes of M. alternans 
, 

on the glass of the flasks fr" tnoculul'l 5lllelred lecldentilly Just 

above the agar ltne, tndleating that should SOIe vltal nutr1ents , 

fall below a eertaln mln1.u.. M. alternans would revert to myee11al 

~,~h ev", u~der anal!robiosis. Although MOre c~lonies were obtalned 

in the a~erobie flasks th.n On aerobtc p~at~s. the data are 

1nsuffie1ent to eœment UpoRi partfcularly that the thiek lnoculunr 

d1d not allow • strletly'quantit~t1ve distributlon. 

tABLE 7 

Number of Colontes Obta1ned FroM HOIOgenlzed Livers of 3 D1abette Mice. 

fibuse No. 
Aerobic plates~(25g) 

1 , 2 J 3 4 5 

, 

* 
+ 

./ . 

1 16, 13 13 
= ,-7 7 , 4 6 4 

(9 
. / 

4 - ''3 5 9 
l~ 

Includes 5 f11amentou~ eolo~1es on glass 
Inc1udes 2 f11amentou$ oolon1es on glass 

, 1 

~ 

Anaeroble 0) Total 
plates 37 Colon1es 

" 
14 56 

12 * 34 
11 + 32 

îl'lf l , 
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Fig. 15 - Lactopltenol cotton blue shtft of é.lls f.-. ,YeIstlt.te 
colonies abbt .... fre. tncubat10n of 11.,er. hc.ogenate 

. under. a .txture of 51 CO2 and 951 "2 at .370 C. 
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64. 

Nonmal m1ce and sal1ne-1noculated controls were al1 negat1ve 

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

11vers were cultured throughout th1s study. and it 15 qu1te possible 

that mouse No. 6, whose 11ver showed on microscopie exam1nat1on 

(Figs. 16 and 17), numerous budd1ng cells. and vjgorous hyphae w1th 

buds, would have produced ~ositive cultures if suc~ had been prepared. 

d) Nodules - the1r occurrence and cultur1ng. , 

The first nod~es were ob,served in mouse No. 11 wh1ch was . 
sacrif1ced 28 days after inoculation. Thereafter, nodules became a 

common occurrence and thus their numbers and location were noted. 80 

nodules were found in 36 d1abet1c mice, and 12 ,n 8, nO~mil mice. No 

nodules were observed in the sa1ine-1noculated controls. A specific 

occurren.ce of the nodules 1s presented in Table 8 .., 
t1 ~~ 

TABLE 8 

/ Location and incidence of nodules 

Incidence in 
Location Diabet1c mice Normal mica Saline 

36/45 8/45 . controls 
in/on liver 16 * 6 ** 0 

in peri toneal fat 44 \.. 3 0 

on omentum 9 l 0 

at site of inoculation 4 1 0 

. nea,r b ladder r) 
3 0 0 "\1 

on per 1 tonl!al wall 2 1 1 0 

on d1aphragm 2 0 0 
. ... 

* in 11 m1ce 
** in 5 mice 

• 1 
r" .~ 

Op 

, , 

., 
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Fi~. 16 - Buddfng ~11s from homogenfzed pepsfn d1gested l1ver 
,of mouse No. 6. 9 . 
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Hyphàe fonming arthrospores: two ~ha1ns of arthro­
spores obtained in l1ver homoqenate of mouse No. 6. 
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65. 

The ffrst nodules encountered in the diabet1e .1ce-were ' 

rather soft and measure~ 2 nm. The o!der nodules bec.. , 

progress1vely smaller, and ha~er. as if shr1nk1ng, and looked l1ke' 

t1ny grains of sand. The nodules in the normal m1ee were general1y , 
1 . J 

- smaller and harder than,those fn the d1abet1c ~ee. 

In terms of age. the greatest number of nodules was 

observed tn younger ~ sacr1ffced between the 35th a~ 50th ~ay 
after inoculation., 

liver nodules received most of the attention. Wh11e soma 

nodules were visible to the unaided eye during autopsy, others 

were discovered acc1dentall~ 1ns1de the l1ver when the su~surface 

nodul'es were being examined. TtnÎs, t~e number of nodules recorded 

in livers may. in fact~ r~pres~t only a fracti~ of the total°number . ( 
of""nodules occurr~ng in that organ. ' 

.. 
Upon culturing, most of the nodulves found in diabetic mice 

sacr1f1ced between the 28th and 35th day after 1nGculation, produced 
J 

"typical cultures of M. alternans. OnJy occasional nodules exc1sed 
." ,v .J 

f~om the older dia~etic mice were positive in culture. The last 

positive culture ~ltogether was obtained frOm a nodule in the 
_ 0 

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

negat1ve in cultures. 
, 4 
1 

\. 

, 

.' 

1 • 

" 1 



: 

l" , ' ',' . , , , 

N, 

66. 

e' Microscopfc ex .. fnatfon of hoIogenfzed and pepsfn-dtgested ltvers. 

Mferosèopfc ex .. fnatton of liver digests tn wet SMears, 

WIS at ftrst a truly rewlrdtng exeer1ence. Cotton-blue stained 
, 

spherieal budding cells Ind" on rare occasions. 1arge~ non-sept.te a 

, hyphae. eonfo,.fng tn every respect to thosa of M: alternans. ,wera 

seen clearly-1n Many preparations. "~urtharmore, the slides nematned 
~-

in good condition for s~varal months upon storage in a t1ghtly 

1 sealed glass dish before the f!rst one eould be photographed. 
, 

Preparations made of ltvers of aging miee were less sat1sfactory; 

art1faets tn fo", of sp,herieal to o~al mem~rane-bound structures, 

SCIlle 5 - 50 literons t,n size, started to oecur in quanttty 

ob~tructtng the search for fungal elements, resulting in 5 pairs -

of preparations ba1ng d1scarded ~S unrel1able. 

,The results of this rather fr,gmentary investigation allow . 
;-

only broad general1za~tons: 

1) Both diabetie and no~al mice were found microscop1ea1ly 

,positive, the diabet1e miee producing more positive prepara­

tions than the normal ones. 

" , 

2) Mostly non.budding eells were observed. Collapsed and bràken-

.. 

- ~ 

wal1ed cel1s were observed in most preparations and the1r 

proportion seemed to have increased 1n older miee. Genminat1ng ~ . 
cells and hyphae were found- in only 7 dtabette and one no~al ' 

mouse. 
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3) Thire WlS no obv1ous d1fference tn morpho'logy of thl fungal 

IllMents found in ltvers peps1n-d1gestld at onci after 
-

67. 

.. 
autopsy, and ltvers tncubated at dropp1ng temperatures prior 

to hoMogentzatton and peps1n dtgest10~. 

QUantitat1ve est1~t10n of cells w1th hemacytometèr was 

done 1n 23 dtabettc ~ 24 'normal m1çe. 'Because of the làw inc1de~ca 

of the cells, not ~e Ris but whole squore m1111met~r gr~ds ware _ 

ex"1~ed, the large s1ze of the cells, about 5 - 25 m1crons, allowing 

a good count in most cases .. The entiré sedtmented liver preparat ~ons 
, . 

Wlre used up 1n these examinations, the a.2-ml sufficing to cover on 
, " . , 

" the average 10 coverslip areas. The re~ults Ire presented 1~Table 9. 

TABLE g' 
. 

The 1nctdencè of M. alternans cells in livers 
Il 

Total cells O~.betiè Normal 
per l1ver Mice (23) Mft'e (24) 

;" 

-' 0 3* 12 

<2,000 12 9 
f 'l' 

2,000 - 10,000 4 3 

10,000 - 40,000 3 
< - . 

64,400 1 , 
, 

* One of thes. 3 mice, No. 17, had a liver nodule whfch was exc1sed 
and cultured (the ,culture WI~ positive. see Table 6). The liver 
was then hOMOgen1zéd. digested and g8"erally prepared for microscopie 
exutnlt ion. . .. 
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Thl incidinci of fungal cll1s 1n dtablttc .tCI was 

. lÔWIr in oldtr .1cI' tncludtng th. two ne,attvi readt",s, tn 
, . 

{" 

mtc. N~. 51 and 89, 1 .•.• the MlJorttY,of t~ (2,000 cel1 group 

occurred tn .tee No. 53 to 87, although.-contrary to that trend, 

the htghest stn91~ reading,reco~~, of 64,400 cells, was obta1ned 

irom an older mouse'No~'7l. In the no~l Mtee toô NO$t of the 

low teadtngs were obtatned from the older~mice. 

Mouse No. 6 deserves a:Jspech 1 conwnent. Th. preparation 

was éxamined qualttattvely only on standard microscopie s11d~s. , 

Very numerous cells. sphertcal, single Ind surràuridê~ by numerous 

buds, as well as hypha~ wtth arthrosPorf chalns. "l" ffund 1n , 

many fields. 15 il,lustrated in Flgs. 16 and 17. Because tht\ 
, , 

~ .., 1" 

budd1~g cells otten tormed llr.ge clusters whtle hyph~e occurred 
ç - • -) • 

in bundles, no count would have been possible (th1s MOUse, being 
/ ' 

1nvest1~ated qua11tattvely only wa$ not tncluded 1n Tibre ~). 
/ 

l \ l 

f) Htstopathologlcal study of,nodules. 1 

,/ 

- ' 

HtstOPlth .. ologtèal séctions ~f 1 nodule from a mouse 
'-t'I-\ , 

'-,acr1ftced 29 dlYs .. fter inoculltion (No. 17). revelled yeast-l ike1 

~ Il ... • 

cells. seme 50 llrge as to simullte small bl00d vessels of a mouse 
II( . ' , • 

.. _ r U 

1n a hemetoxy11n eostn sta1ned seçt10n. Many of the~e cells were 

damagld. t.e., the1r cel1s'were split open and they Ip~ared empty. 
, ' 

~ smaller cel1s were in'apparently qood condition. Budding and 
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gawtnattng cills were 1110 found rlth ... tnfrequent1y (F1gs. 18. 

lt and 20). A ff/W hypta .. were' s.... tn sO. 'lCtt~. and CCMllcl 
u 

.astly bI idlnttfted in Grocott statned sltcles (Ftg. 21). The 

PAS statned Slettons of thfs nodule s ..... granula. fOf'llltton vtth 
1 

no gtant cells but vtth lJMPhoéytes Ind pli'" cells on the 
- . 

<'J' " 

pert Phery. The cen~er of the D~le wes 'C~eId ,of cell~ clebjts~, , 

necro~fê tissue Ind a few bl~ vessels. Thts NlS sur~b~ 

" tollagen tissue and ·hts~lOCytes. ,,;"'ules fr .. older .1~ (fs. ~3. 
, "27. 39 Ind\3) showed a burnt~out condftion wtthout any f""pl cells 

1 

in ev1dence. 
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F1~. 18 -' Single cells 'and budd1ng cells in sect~on of' a nodule 
from mouse No. 17. Sta1ned w1th>PAS. 
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Budding 'cell in-' section of a 
J. ... " 

Grutott stainfng. , . . 
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Ger,rninat'1ng cell s in .section of a nodule from mouse 
No, 17. Grocott sta1ninq. 
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P'1ece of., hyphae in 'sect ion of a ntJdul e from mouse 

No. Grocott sta1n1nQ." 
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70. 
v - ~lscusStOH -

1 . \ 

The abiltty of ~_c_o.!. ~,l!~r!'~~ to fon1l un1celluhr 

budd1ng'ce11s was f1rst obs~ved in suqar-rlch media by Gayon 
\r 

and Oub'!.urg hl '1807. and c1 descript iO!l' ,of this type of qrowth 
, 4 t;J . ' ,,~ 

, r 

has bdcn Au~ted at 1enoth in the Review of L Hl'ratltre. The 

remarkable fermentative pow~rs of this spec1es attracted~the . ' 

attention of Japaneseo--r"esearchnrs who deJ,ositcd stra1n No. 20132 
" , 

in the Amerlcan TyPe Culture Collection'(lOth éd. catalogue), 

follow1nq an application for a patent by Kyowa rerm. Ind. 'ço. Ltd. 

Otherwise, M. alternans 15 rarely being lIIenttont!d in the 1 iteratur(~, --____ ..... ~ 1 .. 

(. , ' 

~ ~~oes not tppear,ln textbooks of general or med1ca1 mycology. 

~ Neither d1d the Ôartnfck1~GarCI~ and Nfckerson qroup include this 
• ~ 1\ - l ' 

spec1 es in the 1 r s ttid i es of d imorph i sm ·i n Phycomycet('s. It s 

occurrence under apparently patho1oq1ca1 con~~t1ons at the Royal 

~fctoria Hospital~ Montreal, in 1962,~has prompted an 1nvest1qation 

of its dimorphism in-vitro an~ of the pathogen1city of its ypa~~­

like phase for diab,ettc-mice. 

Th~ in-yitro studies were carried out under a variety of 
, 

,-conditi~ns. Under aerohiosis in thc ~east extract~peptone-qlucose 
\r} " )" 

(YPG) broth', M. alternans 'qre\'./ .in the ffla11lentous 'forin. The fact ,that . - ~--_ ....... -_.- -- . .. 

I119re growth was obtajned in .thc shak1nq cultures·as'compared.to 
• 

stationary ones 1s not's~rpr'isinQ since fun~"i are b~sically aerobfc 

organisms, they pFoduce 'more Qro~/th with bcÙer aerat1on, whilè the 
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71. 

MeChlnte.l IgitlttOn per-~e atds growth ~y 1 flster dtstrfbutton of 
c .... " 

nutrfents in th. MediUM. Cells of tho yea$t-l.~e type were ~een 

in S~ of thes. cultures. but stncQ,arthrospore formatton is . ' , 

charactertstte of thts spècies. it coul~ not be ascertained if'the -. .. 
observéd 'buddtng cel1s Iro~e dlrectly from the Spb~lnqt05porc­

lnocur .. or fr~ broken-off arthrospores forined on myce1fum ... 

Bartnlckl:"(iarcta and Nt~ker5o~ (1962 b)~' 'phclstzed the fact that" . '. 

t~ yelst-like cells.mlcro5coplcal1y.may b: tndtsttnqutsh~hle 
, . 
from sphertcIJ cells derived by Irthrosporal 'morphogencsis. , . 

Under IQaerob'tosts,on1y the vrG cultu.res .t 25° at pH 4.5" 

or conditions under whlch RlrtnictJ-Gftrcta and Nickerson (1962 b) 
" ' 

found H._subtI11sst~~ to grqw ln pure yelst-llke fonm. cari be - , . - ~ 
cons Idere<! for comparat hl' s tud les of "!.;_~.1.J.e:r-":.ns.. , 

f" 

Un~er ni trogen. ~._.~J!~rn.a~5 and M." ~~~,~~~ is~ 1~_~ produccd' 
è' 

almost Identlcal appearinq cultures, i.~.,.,both were yeast-1Hc, 
, . . 

except for very ~IM 11 amount o(,ff l~tnen'tr.,,:. Nutrit ton may have Il la.ved 
. . ;R . ;-f ' 

a l'art ,tn thls experiment slnce in both S.~~~(,.: th~ f"1a,'!.~nts .'tfer,e, ; _ 
,. '- ~ 

.f0rmed pri~ri1y on the qla5~ whcr .. S,Olne .spo~s niiqht have hf'cn . 

sp l.ashed ori" durinq the t'xperiment. S Ince qro~t\ q" 'the 91 ass w~s 
-, J 

poorly supplied with the mcdiufll,"'sOIne vital nutricnts were'prohllb1y . , 

" 
'lacking for initiation 0'- !,"aintenal'lce of the yea!i.t-Hk(> flrowtn. 
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72. 

Under _ca'rbon~)( ide a pure yeast-l iko C1rowth wu ... 
, . \ 

obtainéd in both species. 

Th~ above results thus showed that M. alternons 15 a , 
, ~ . .( 

species 'n° that under air it qrows in 1ts typic~l filamentous-

under,anaerobiosis it assumes a yeast-likeJ6rm of qrowth. 
" , .... \ ;J. 

/ 

Since the potential pathogen1city of ~~ __ alternëths consti-

"'" tuted'the main object of this study, the 1n-vitro investigation in 1 

< 

" YPG broth was extended ~yond Bartnicki-Garcia and Nickerson's scope 
, ( . 

. ~o 1nclude incubation a1M37° t i.e. body temperature. The results" 
. , 

~ ~howed that whi~~btilj!~jmu~. grew only at ?So, and not a~ 37°, 
, 

. thus proving that this ,pecies coul~ not be pathogenic, M. alternans" ---------,-- - .... 

generally 9rew wel1 at 37o~~dicating that in t~r~s'of temperat~re 
.' . . ." 

th1s 'species could be pathogen1c. However, in corltrast t~ pathoqen1c 

di phas 'te fungi, such as ,~Jj.t(U!.!~~"!.é!. ç~J?s .. ~.J~.tum_ or,~l!stomtc~~ der.!'1atJ_t.ld~'· 

temperature 1nfluenced rather t.he~ amount of gr:pwth, as ~hown bY,dry 

we1ght determinations·, thlln the Çlrowth form. In a11 trials more 

/ growtb of ~-.!I1 ter~an2 WIlS produced at 25° than il t 37 0 
• 

.. ~ 
In the TC Medium 199, und~~ a qas mixture imitatinQ alveolar 

atm'osphere, i.e. '. consi~tiftq of 51, çûZ' ,131. 02 and_ 82't.' N2!',<1~OWlh \'las, 
1 • 

, ,predominantl y. fi l,am nt~us whHe 1ncreasin~oncentr.ations of Ql."ucose 

favoured the developme t of yeast~like <1rowtn. A critical tnspection " ,. . -

of Table 2, '~hOws' a rath'ê odd set of data under dry weight, the value' 
- ;1 J 4" 

for growth in a 2% qluco'Se-pnt'icned medium beinrt 1ec;s than at, p~, 61.4 
.. ~ ... ' 4 • ~ , • _ ~ 
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and 93.5 mg respoctively. It ts possible that the yeast-ltko c.lls 

'--':," , ' '/.~ 

i' 
AI 

• ·11 .-
,~ , 

" contrtbuted loss wetght bacause of'thetr slQwor growth rato as 

... 

• 

~ ; 

comparcd to tho t o~ the ft lamentous fom. Tho d tffcrence tn the rate 
~ 

of growth of the two phases was roportcd by Bartnlckt-Garcta end 

Nlckorso.o (1962 b), for-~ .. r.!>.u.)(Jt. Q~I conf.lrmcd by my own observations . ' 

~ fOr M. alternans ln a prol1mtnary oxpcrtmr.nt. Whon kotonos and 
......... '""'"- ... _-- .. _, LI 

'. il J' ' v 

wor1o addod to 91ucoso~un.rt~hcd medium, tho dry wetqht becaIMJ a 
1) • 

• " r;" 

.smalflr whtlo morpholoHlcally on(' of the'io culturp,'j chanqoo from-
, " \ 

predomtnant 1Y fl1Qmcntou'~ to n' predo,"in~nt i9 y(>~;t- ffko fonn: J It 
"\ . 

~ 1" ...' ~.. ~ \ \ 

shoul.d be borne tn IIIln<l that a CJuéll1t4't.iv~ (>v"lui,Uon of qrowth fr . ~; 

microscopie s lldes 15 bound to , ' ~on" tdc~ab 1 c crror)._ 

1.., 

. Undcr 4nacrobiç co ttton~ CJf &~ CO2 .,nff 951. "2' .1 

~cllst-l1ke growth Wi'lS obtà1hc , tncr~at;tng gluco-.c c?ncentra 

produclng IncreaslRQ. ft"'9unts 0 9rowth. It:appqars that .1",11 
.,~ ~ • '~J''''JJ] 

O-hydroxybutyric ac1d and uro~ .had no effeet ~p()n qrowt~ unctf!r Ihe'ie 
, . 

cond1t10n~p. the dry wc1qht valul!"i rc,ldlnq 25.4 mq wHhout addttlvf~S~ , . 
and 25.2 mg w1th additives. .' ( 

199. produccd under aerobtc conditi~ns a secm1nqly two-~tage turve, the 
, 

--., 

, ,. 

~ " 
\1:' J. 

amount of the mostly f11amentous qrowth 1n~reas1nq over the 67 hr of~· • 
, 

l '!:)' , 

the 1ncu.~atlon t1me. Undc.r anaeroblosts,'rthe exclus1vely yea5t-l1ke 
, ~ 

, . 
qrowth 1ncr_eued over tj}e tirst 24 ho","s'only. and then levell~ oH. ," 

The st~dY;~f"tihe' PH- ln t~l~ expcr1ment,"·tr'dtcat~ 4tthat, ~hé medtum, be1nq(? .,.; .' . 
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74 • .. , ~ 

tnlU~ftcten~ly buf'~red. allowed the pH to drop dur1ng g~owth by . ' 

, as MÜch l' about 3 untts. Undar aorob10s1s. the pH aventually rose ~ 
•• , l ,. 

to 5 at 67 hr showing that the fungus start8d ta uti11z1 the 

products of qlucose catabo11sm, wh1ch would const1tuta the second 
• ':> . ~ 

~ ph,ne of tha t growth curve. Under onacrob 1 os 1 s, however. the pU 
, ~ 

" 

remetned at 1ts lowest lcvel to the end of the incubation t1me, 
, ' p 

indtcattng that in the absence of oXYQ<!piI. !'1 .. _,.~Jt~r:!l,a!1_~. Cl1nnot . 

uttl ize the ac1dtc products of qlucoso brcakdown. 
'-

~ 

Veas t- 11 ke ce 11 ~ of M,. _a.1 te.r!1!J!1.s produced' und or CO2 ) 

reverted',uP9n incubation ln ofr, t~ the f1hmo~tou~ growth .nt a11 

temPer~tures' tried, although ~t dlffcrent t1mes. At 4°, f11amcntous 

. co-lonte-s .were· observed w1 th unp1déd eye at 8 days. At 25 and n°. 
j ,.. 

( :'. 
wtthtn 24 hours.' the colon1es;Wcro visible wMle on plates lncubated 

at the dropp1ng t~mperlltures 'irom 37 t$ 4°, Mucor qréw vislb1y at 
• 

5 days. (In terms of orqans '~tored ~r1or to fl~atlon, the obove', 
• t 

.' experi~nt carr1éd out. as 1t wa~, Ln air, could' pcrhaps explâln a, -' 

poss lb 1. pos t-mor tom Qrowth of funQal hy.pho. a t eut sur;ac.~ow.v.r, 

,. 

~uch ~aprophyt1c qrowth could eilsily be dHft-ront1ated hy'the . 

pa tho log i s t from one wh 1 ch occurred 1 n.-v 1 vo) . 

The answer t~ QlI~.~~.10_n .1 Cdn thus be fdrmuhtcd as fol10ws: 
(1 ~ ... ~ .. • 

M_:"a_1J!-!!.!'~~s_ prot1uced Il," exclus1vf.ll.v yeast .. like""-'th under carbon . . . \ o . 
dioxide <1t 25 ~nd 37 • at an 1n1~lal pU vcll"~f 4.5 and 6.8 in the. 

non-def1ncd med'ium of yeast-c')(tract-pcptonc~cJlucoc;\c broth and under' 
"--' 

l 
, .' 

"" . 

, . 
' ... • Q 

r .. 

.... 

.. 

• 
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75. 

a mixture'of'carbon dioxidl and n1trogln (5 and 95~ respecttvel1) 
, 1. . ( 

'. 370
• and initia' pH 7.2 in th.e dlf1ned tissue culture medium 199. 

1 
T.h amount of growth in th~ TC Medium 199 depended on glucose 

eon entration. the yeast-l1ke qrowth hav1ng been obta1ned Iven at 
, • 1 

the lowest gfucose concentration of O.a:: The yoast-l1ke cells 

revert to mycel1al gr9Wth when expos~ to a1r. (Growth in tht YPG 
4.. 1,.. .. :Jo 

broth under n1troQen requ1res further experimentat1on). 

, 
ln-vivo exper1ments w1t~ d1abet1c~~ 

. " 
. 

In 1966, Jackson Labor~tor1 (Humm~1 et al. 1966), rep~rted 

,'\.. th.t their strain of dhbetic mtce (C57 BL/KsJ-db/db) succombs 

• '. 
LI 
~\.::. 

, " 

. . 

,,' 

~, .' 
'1 .. 

to' diabates 1n.3 - 6 months, with accompany1ng 10ss of wa1ght. The 

mice recè1ved from,that Laboratory in Oecember 1972. r~ined in 

remÎrka,bly 900d condition dur1ng the 5-month long exper1,:"ent. -None 
• u 

d~ed (un1ess sacr1f1ced), '~nd no. not1ce~b1e wetght 10ss was pbserved. 

The average we1ght of ,the dhbet1c m1c," (13."9 weéks' 01d) wu 57 g. 

which was h1gher by 12 q than the 45 9 reported by the Laboratory~ 
, 

Althoug~ blood ~ugar was as h1gh .as expected 1n th~s,stratn. ft 
,,' , J-

var1éd gteatly from mouse to mouse throuf)hout the 10t~. from about. 
, -
,.~ , 

123 (a normal value) to ~32 mg%, w1thout pattern or trend. No mice 

we~e ~,,!,lY.k.totlc. 'Cnly ,two sh~;n9 a ~e.kl~ positive reaction', 

the lowest on Ames chart. r.h~ ~1ne-1nocùlatp.d controls showed a 

s1mÙàr span of bOdy'~19h't,p blbod glucose and ~~tones. Normal intee 
• .., 1"] J 

. ' 

on the whol~ ~o]formèd ~etter to the norms. d~s~1bed by the LaborJtory, 
~ '. 

, '. 

'. 

- i 

, -' 
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76. 
except that 4~M1c.·had,an elevated blood glucose, 1.e.~ about 200, 

1 • , • J 1 

~ and 5 gave a weikly positive test for ur1nlry ketones: The . , 
t 

nor..l .tce were identtfted by the Llborltory as -/1 to denote 
f 

uncerta1n 1nfonmatton about the1r genet1c character and th1s may 

account perhaps,. for the' rather weak d1abetic tendenc1es in t'his 

part1cular lot of antmlls. 

The Mucor-tnoculated mice, d1abetic and norma~, remainad 
1 -, 

"grossly asymptomattc -throughout the exper1mental ~r1od. The 
,,~ '-l 

'exami nat 1 on 0'1 the peri toneal cavl ty and the orgarfs, how~r. 
G 

revealed that tnvasion of tissues did ~cur and the fungus was 

re-isolated from 3~.7% of diabette mice. liver was the or~an which 

was most often positive in cu]ture. followed by spleen,. wh1l., lunqS, 
/ 

helrt, k1dney Ind brain each produced one positive culture. Urine. 
l' • , 

blood and an occàs1onal per1toneàl washing -were 1·11 negat1ve tn 
( 1 

cul tures·. The fact that peritoneal 'wishings were negat1ve proved 
\ -' - ~ 

that positive 'cultures of ,the or.,gans were not due ta contamination 
J 

w1th spores su~v1v1ng with1n the pe~itoneal'cav~ty. The positive 
• '1' ' 

o~rr(s from the y~unge~t mice~ 1.e,,*, thdse kiJled \ 3 - -4 weeks after, ~ 
inoculation, appeared normal ,upon ·.autopsy: Later. oodul es \.tere 

obsérved on the peritoneal wall. 6mentu~, in tbe per1to~eal fat and 
. 

on the liver. Eventually. nodules ~ere d1scovered deep in the l1ver 
~ 

, , 
tissue. Charactertst1cally, such nqdules carefully excised, produced 

• • 
pos it ive cul ture,s ~whl1e the, nodul ~-free lJvers were nega~1ve upOh 

'L 
microscOpie examination, indicatinq strict localization of infection. 

.. . .\ 
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77. 
" . 

Altog,ther 80S of d11bet1c M1ce exh1b1ted nodule formlt1on. At 
, . 

first, MOst of the nodules ~re positive 1n ,cul tune , but gradually 
, ' 

the cultures beCaMI nega~iYe ari4. starting with the 50th day after 
, ' 

t' inoculAtion, all atteMpts at culturing the fungus failed, show1ng 

, that the .ice succeeded co.pletely in repovering from the 1~fect1on. 
. , 

'. 
All cultures pr~pared from normal(m1ce were n~gat1ve" 

l7.7S of nonMll mice exhibited nodule formation. but l1ke the organs 
, -

the nodules were negative upon culturing. 

Cultures of the l1vers of the ffrst three diabetic mice 

produced' yeast~11keocolon1es under anaerob10~i~ )~1cat1ng that 

,th!S method of 1ncu~~t10~ CO~ld yield p~s1t1~e cultu~ ~or d1~gno~t1c 

purposes. Altho~g~ tncu~ation under anaerob1osfs 1s h~ly a method 

of preference 1n mycological laborator1es. 'bact~r10logical techn1cians 
, 0 

• r ;:, .c' 

working w1th anaerobes shou1d perhaps be aller-ted to'such a poss1b~lity. 
• .. c () " 

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

following wayi M. alternans 1'5"' pathogenic in ~hat the_d1seas~ ~as 

produced 'in diabettc mice, but the nlice did not succomb t,o it. ln' 
\ 

'( , 

agreement with Bauer (1956 b). hyperglycemia alè~e d1d no~ favour. 

, the development of a fu1m1nating 'infection. Even if ketosis h'ad . ~ 

devèloped in the 5th month. the fungal cel~s, in the nodules'being 

afready dead. no furth~r developments' could be 'e)(pected. Ta attain a 
~ 

fatal·'hsue~,a close c01ncidence of·the presence of viable t-\lcor ce'lls 
;.. ~... f.) ,1 

, "', ~ 

and opportunBt le phys1.o1oqlèal cha,nges. such as kétoac1dos i s (Bauer 
, ' ~ .. 

and Sheldon 1958), must occur. In diabetic m;ce such c01ncide~ce 
• 

, Il, , 

• J 

{~~ , ,:!i 
" , 
, ~ 

~ -" 
" 

" 
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78. . , 
should occur withiri-7 we.ks after inoculation. but preferably 

, - , , 
.ar11er. t. .... within 4 weeks after inoculation. before the , 

formation of nodules. The second part) of ~estion 2. can be 

, answered 1~"aff1rmat1ve • no,..l Mice succéeded.~eliMi"at1ng the 

infection, in thlt none of the so-tested M1ce wa$ positive in .J... ... 

cultures, ré-affirming the opportun1st1c oature of mucormycosis . 

. , 

.Mtcro$copJc exa~inat1on of hOMOgentzed and peps1~-dtgested 
) 

l1vers. reve.led that both diabettc and norma,l mtce were posit1v$! 
, . ~ 

_for fungal elements, the d1abettc mtce show1ng, except in one case, 

Many more cel)s 'than the 'normal ~nes. JMany spherical Single 'cells 
. -' 

were observed~ buddtnQ cel1~ were a150 encountered, while germtnat1ng 
~ 

cells ~nd hyphae were observed. very rarely. ~Oll~PSed a"1 broken 

cells were ~lso observed indieating destruction by the h~~. 
. ' 

rhe best results 'of direct microscopie examination were , 

obt8tned, 1ronieally, in a normal mouse (No. 6), whose 11ver 

revea1ed the great~st number of fu';ga1 elements recor~e~ -ln ~his 
~ <>.. ' .. c" 

,;. stu~y, in any singJ,\test. Extensive hyphae w1th arthrospore'ch~ins, 

, as wel1 as multiple-budding cell~~were-obs~~v~d in clusters, all ~ 

perfect morphologieal condition. Obviously, an unusually large and 
. ' 

appar.ently still active fQCUS was encountered by chance, in this 

p~rticular youn~ .mouse. Now that a ,fine t~iqU:has bee~~"w~~k~d out, . 
~ e - f .. -. ,. \ 

future ~tudies ean concentrate on direct examination of l1ver~ prior.. 
~ " 

• - -1 , ~. 0 

to formation of nodules in yoUnq miee, as thè most prom~is1ng approaC'h . , 
, , 

teward a more precise elucidation of the mode of (tissemination ih;· 

" phycomyc:::os 1 s. ' ' , 

, .. . , , 
-,. " ~ '. , 0 ," • 

/ 
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79. 

Upon ~icroscoptc eXIMtnltion of htstopatholog~'l sect tons 
, 

of a nodule frOll MOuse Ho. 17. Many dllMged IncL ~ few undlMged 
, 

c,ells were SHn. Buddtng and g,,,,!,inattnq ,cells. were '.lso fCM.lld. 
r . t 

Il though rlt~r -lnfrequently. whtch conftnted the Microscoptc stud'es 
J 

of digested liver~. A closer inspection revealed 1 few hyphae' in 
, < 

.. ' 
.. 

. ' 

" . 
\ .' ~,\..l,", ..... , ~ 

most~$,ect10ns. provtng that conditions instde the nodules .11owed 

mycelial growth rather th,an active budd1ng. Nodules fre. older .. tee" 
~ . . ' 

showed a butnt-out condition without .ny fungal eells in evidenee, . . 
alsQ conftrm1ng m1c.roscop1e exam1nat10ns whfch wére-lIIOstly negat'he 

in oider m1ce. . 
" 

j 

.,..# 
The answer to Questi'on 3 'has been earefully fonru1lted as 

# ..,. • JF 

fo'lows: due'to a restricted number of mice used~ this study • 
. 

onl; a tentative conclusi~an be draWo. M. alternans myçelium can . . --- . 

produ~ arthJ'ospores in-vivo as -1t d1d in mouse No. 6. After ,. , - . ; 

breaking off. the a~throspores' can be visùa1izeèi~'as single cells, . " 

disseminating the disease. furthcr growth of the fungus occurring 

by germination rather than buddinq, as obser.ved" in the'histopathOlogi~al 
....... 

C,·" 
, , 

sections of the nodule ot dfabetfc mouse No~ 17. 

. .' ," ' Answer to Question No. -4, aopears to be" negattve'. No evidencé 
i ~r - , 

has been found to substantiate th~ s,,~position of post-mortem " 
, ~ 4 1. • i\ ... 

filamento,us gr~th.," The. in mousé No.' 6 ~ad O~CU~ed in 1i~et' 
.which was processed,at'once after ~utopsy. Mtéroseop1c examination 

g , 

o~ al'1 other mice; fail,ed to pro~uce any"signs' of morphologically c li 

.' . 
J, .. 

li. 

. " . , ' . 
, , 
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diff_rent fung.l elaments, in the two methods employed in the 
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80. 

,~ . 

, ' 

; .'. 
Il (, . 

l> 

h.ndltng~o' the l1vers. , . 

Experimentltion w1th .1mmuno-suppress1vl ~rugl'"y br1ng 
< • 

about a fulmtnlttn~ course' in mucormycosis, and provide chanel' of 

positive cultures from body flu1ds. Sinc. muconnycos~s is per~ 
'~ , 

excellence an opport~n1stic dhea~e, ,future 'Work. 'Sh~ld concentr~t. ' 

on immunolog1ca1 compromtsed hosts; whether by th.rapy'as· tn 
, .. \ ... 1 

transplanhtion patients or pat1.ent.,under beatment oi cancer w1th 
" l . , . 

cytotox1t'drugs~ or by laek of·the~apy. as in u~control1ed ketotic 

dtabetes. 
, 

Too l1ttle 1nform~t10n 1s ava11able. unfortunatély, .~t -the 1dentity of the' specifie causat.1ve agents of I1IIconftyeos1s. In <' ' ') 
.. ~ J ~...). t;w. 

(7" \ .~. gO 

many 1~nstances't, only 1 post-mor~em diagnosis 15 mld~ frOl! ti1sto- *àt • 

pathol0.9.fta1 seètions, whieh does not allow more than,'a vagu& 
. \'; ~ (, 

descr1pt10n-l)f ". phyeomycetous fungus., whl1e the"'oc';as10nal report·s 
~ '. 1 

of 1splations in mycology rarely QO beyo~d identification of a genus, 

" Thus i t 15 not known w~h.ether M. a lternans, '1'501 ated f~gal. the debr1s 
1 -- .... , 1 

of torn tissues' in .~ patient at Royal! V,ictor'1i Has~~t~~· in 19f!2. 

15 o'r ts not ,a eonmonly occurri~g pa~hOg~~ic ~pecies: .. Untn' qreat)r~ 
, . ... .... " ~ .. 

care 15 taken in isolation and identif1ea.t'1on' of phycomycltous fung1. . ~ . . 
, :l j :P • , ... 

, from op~ortun1st1c, 1nl~c,t!ons, ,no a~swer to thi's ~tI~s~~on' 15 ,PosS1b~e.: . 

Identification of species wit~in tnat grouR of -fung1 1s no easy matter,' 
~ .. Q 1 .. ; ... 

# ..t. , .. , ~ ~ 

s,ma~'er, 1at·:orator.ie~ ougtit to seek h~lpifrom researetlers ,e~~~1.enCed \ • 
, .J/I:'o/ f ~ \ \ , a..... , ,. "",, 

Ind 

• • 
'" 

1 
, ;. 

... 

· , 

'. 
.' 1 • ... \ • ~ 

1 • ~ t- '""" ' , ......, ,. ~ '1 

\. r l, • ,- ". l , • ,o~, 

< • 

ft_ '" 1Io' ' C ~,'" (/lM.. ~t:' 
v >' • ~ -., 1 _' _ ',- •• -1'~ .. 4',. <Ô ~... • ." ~ 

" v - • .'1 -~ .'! .'lr) ... b- 1 . .. 7.J"" : .. 
,. b ~ ~.., Po r \ i / "r ' ' ~ . .. JI" • f> • ," ~ • • • .. • ., ~ .. ';;' ..; .. *1 

1 t .. ~, ... "'.. • ,'" a " i r ,ID. 1. ('~ .. '.. ...... .i <) À iJ ~ , ,Jo.."'.,". "~ 
.. il .. . .J. .. ",)"... f ...... \" -,.... ... • ') .. r .. 'l l 'i1Z .... ~ '. : • .,.,..' ." • { , ." ;' 

.. 1:1' • • • 1 7 J ~ 1. il \ 4' • _ ... t...' 1 .. 0 , '. ",.; , '"\ 1, -*,.. : -~t1: Li " ". - ~.:' J,! -". ... ~ '. _., / • '., • .', • • • l,.' ' •• " t ".i IIJ· J~.Jd' i, . r'., ~.. !I. _' ... ' .. 7'''' 'J. r"ll III ' ..... ;.,} _\ " ~\~t". J'.'''~_~~ I~ , ::- l' '. ~ 1 t .... 0. \ .. ~-t'l.:~''-~v.~, _"'li\LI(~ .1l. .... _ ~:-L 
.. 1 _._.~ .... f'o~' .It -, .. " f III .~ 1 .' "'! .. 



._, 

\ -

" . 

" 

} 

, 

!, r. 

.1 .' 

~, \ \0 

'. 

. 
1ft this da.atn of ~cology. As acknowledged in' Materials and ., 

• c 

~th~s. M •• Jternans isolated at the McGil1 MYcolog1cal laboratory 
1( 

WlS so' ident1fied by the kind and expert assistance of 

Dr. Hesse 1 tine 11 peor, i a 11 J.11. 
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VI - SUtf4ARY 

f '& 1) Filamentous ~rowth of Mutor a1ternans was seen upon P 

, 0 

incubation under air .. Exclusive yeast-like growth was obtained 

under carbon dioxide at the two temperatures investig~ted. i.e., 

25 and 31°,.a~ at an initi~ pH value' of 4~5 and 6.8-in yeast-

ex tract-peptone-g-l uco,se broth. Th i s type of ,growth was al so . 

observed:under a mi~ture of carbon dioxide and nitrogen (5 and 95% 
,( .', 

r~spectively), at 379, and initial pH 7:2 in the def1ned tfssüe . 
, 

culture medium 199. It was a1so observed that the yeast-like~cel1s 

reverted to ~celial form when exposed to air. . .( 

2) When diabetic nice were fn.iected fntraper'itoneally 
, . 

with preincubated spores of M. alternans~ there wa~ dissemination r ---,.--------
of the fungus to internal organs, someti,me dur~ng the ffrst ,eeks 

after inoculation, \'/h1ch was refl.derec1 evident by positive cultures . . 
obtained from visceral ornans, lunqs" heart and brain.' At 4 weeks, 

nodules started to ~ppear in various parts of the per1toneum, 

main1y 1n the peritoneal fat and lfver~ . Until ~O days after 

inoculation. the excfsed nodules gave positive cultûres, indicating 

localization of the -infection. rr~n then on~ organs and nodules 

remained,negative in culture. The dlabetic mice overcame the 
. . 

infection. Some nodules were ~observed in normal mice, but di~not 

produce positjve cultures. -..... 
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... l ' 
3) M. altemans l.yceU .. can produce arthtospores 

in-vivo. After breakinq-off. the arthrospores CM be vfsualized 

1$ single ce'ls dissa.inating the disease. &en.inatlon of 

IrthrosporeS would accOURt for the preserace of hyph~ in distant 

foci 9f infection, as observed in histopathological sections. 
} . 
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