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5 Thalgiolony 0f Q0fidiun Albicung with Cpoolal
e Raferenco 1o yeelinl Production.
:Q r Ae Ao Drnpnr;
;.artmcnt of Baotoriolory % Hjhinneo Lodical Collego, Univcrslt
of Cincinnati. ’ ,
A Thosis prezented in parital fulfillment of the Requlircment for ,

tho degree of Doctor of Philosorhy.

X.
Conernl cunsiderations of the biolory and olaspiffcation.

of the Ofidin.

Oidium,(nonilin, indomjées, ﬁndghnronyﬁeg ) a;pigann is gtenarally
accepted na the specific caune of thruzh or prrzsite.stormatlitis,

n dinenso of wide dintribhution.

The organicn has boen found posociated, however, with o vorietiy

of éondiilons'n géperal‘infeotion involving tho oEin,~£nilc end lunss’
(Chrisfeﬁaan, Ane Joure. Child. Dinensés, 26:‘3, P.A00, 1923); normn
suprODﬁitc of tho atom:whz {dopprert and Yagon, Poevua iize'dicalo do la
Suigae Romandia. 42:. 8, p.505 1923); mantrioc contents in cases of
duodenal ulcer (¥arzo, ﬂoitragn Ze klininchen cnirawlo 170: p.549,
1024 larjngcal 1nvolvcﬁcnt (ﬂ. hnciucosoou-"anc~1. Arant. de xéa.
des Erf. 28: 4, é:;al 19 5) intentinal %rnot (Le Dantec. Conwt. rence
o la Uoo. de Bioi. Vol IV To.ul. p.1066; 1“08) (Bak..'f. H. 3rit.
leds .Joure Vola.2 .1"1 1014)' 1n£cction of gk in and ohronio pursnvchig

(uhclm;ia. Arch, Dernat. and W"ph. 12 6, p.779 10”5) lntrauiqitnl

uacchnromycosin (2wicik, pornonal . coumunloutlon)

In the lootiona of thruan tﬁn ornanirﬁ 19 Zound nont frequantly in

the forna of typhsoe or mycelias. The elongatod celln or f£ilamento

ranrae {ron 30 to 40 niorons in lnngth and froa 2 to b nicrong in width,
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Thoy are sudblecst to ouruslderabdble varintion &n 13120 arnd ohapo. Répro;
duction ocours by the wddition of new hyphne (upicul promnth) or by
diviclon of a sirngle nycelium.  In both caseo the nmycelia are secpar.ted
by diotinot meptn in shich roopect tho organisa closely rescmbles the |
hipher fungie Reproduction may sloo occur by budding at tho septa.

The paper doals with the mothods used in an atteapt to control ond fix

nycelinl and yeast form propogation.

' The .geast foras are as videly dlstributed es are tne mycelial
ty poe. They ars connistently found in cnltures npon‘the comadn ladvoratory
nadia madc froa thas lesioni of the diacaso. The yeuants vary little in
oizes They aore #lodbular or ovoid in shaspe and rnng?/fron 2 to 3 microns
in dinmeters They usually reproduce by budding butéut tines by hypha

end divisione Aagcs have not haan ohserved.

Both typos of celln ntain roadily with ordinary aniline <jo3e

Arokibald's stain 1a very elficient.

Upon the comion lnborntory vpdiurs (optimun reaction Py7=2:6.5)
tha 9~gan1cm grown in large white glistoning ooloniou, the surfsces boing

SIIRhtly convex ond with remuler edgen. (Pige. 4)

Under these oosnditions, reprodnction invariably occurs by yeast

{ormetion, special ms thodo hcing required to prow the mycelinl forms.

Racont rosearchos havo brouzht t5 the 1ight the prodbability of ‘the
existanag of multiplc cpacies of the “thrush fungus:g Castollani {(Caa-
to}lnni. Annals. do 1'Tast. Pactour 1916. bol. 30 Pe 149) has shownn
Yy mecre of fermentative reactions that several strains of Monilia albicuns

differ 4rn their ability ¢35 fernent eugnra as ghowr in tavle 1.
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4. .
Clasaificatior.

The trues relaticn of Oidiunm albicana to theo ”oooharomyceq i3 as

unsaettled as 1s the rclution of tho ycastos to the run?i.

In the vegetablo kingdom, the funpi are cmbraced by the two
pkyla, the Schizoaycetes and the Thallophytn. In the phylum Thallophyta
are irnoluded the ulgae, thoe division funvi and the lichcns. The Givinion
fungi are grouped into the £ollowing olzssea:  the Phyoomyootes. tre

Asgoagyoetes &ﬁﬁ the Hyphomyootoo or the "Pungl Imperfecti".

The reletionakip of tho nucoa;co‘cs nnd the lyphonyootes to such
Othar has been for zone yourn the sentoy o’ attack of ¢onflicting Opinion
The morphslogicsl varintions of the organinags in thene clrsyes cnd the
Pragonce dr.nbsonco of the ability io Praduse ascs have been the eolé

meang of dlfferentiation;

In the Clans Asoonjcotes arae inocluded tho orgozisius thut reprocuce
by, monns of asos and ageosporcs. In thio cleas belong tLo'Racohuramycan

Or tho "truec yeastn™.’

Tho Hyphom}ootou includos all ‘thoso cpreciec which, chiefly, cither
; because of morphology or the failurs of cacs to be obgerved, can not bae

 1ngluded amoné tho Aécomycctoﬂ.

Tre ruril; Seechsromseaten 1n~1udcg‘th9°e genera rcprecentcd by

f “nioollulnr fungl, which ~U1siﬁ1“ by duddirg, ot tincs by purtition, wd
Tegulurly by thke production of ctose The sscy as "spor-e cupaeg” thut

: 4Ytually contain frsa four tb eight noroéporar. Trne acrocporss have

the abllity ts gorairate to o vejetetive cell. Theso orponinng are the
;9°-cnlled “true ycactis” and can be Lurthcr olnncified by biocheizicnl and

;Dhyalologionl differancen,
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The Lyphonycetes on tho 6ther handfinoludo all those genera thiich
have not been ssen to produce nscs. The organinma of this rroup are
E"‘\mry fraquently found a8s nyoeiia, The apeclies of this olano arc not 5o
| onsily diffsrentintcd by biochenicsl or physiologicul méthoda. %he '
classifientiop depondn nostly uﬁon aorphological differences tich in
nany regpects my oloaaly‘roéembls those of tho true yeusts or higher

i’untzi .

The pluce of tho Cldia awadag tne funpi 15 quontionublae’ Eecannc
of a fdilhrc to produce nses 1t oan not be claseified.under the fanily
Sucoﬁarqmyootco anc talicn ito plucocby ceneral apreencent under the

Hyﬁhcmycoteso

The Fcnus has been subleoted to various names. and dosceriptiono,
The di’fcrenoen in opinion kave bhocn based upon tke dual yeaste: ycelicl

role of proporRation.

J0
Qldiun albicanq was disaovaered dy Rodbin ( Draper < Jour. Infect.

Dige 34, H0ed, pe631, Junc 1324).

The ability of Oidium nlbicunn to chonse 6t the sllﬂbiﬂnt pPro-
_VOLntion {fron tra m"cellnl t"pu of 00119 ng inolated IrOﬁ thrurh leaiors

to yoasts hax lonn baen rognrdod ay an Intorcntirr phono “endn.

The opinions v? tha earlior workers esnsernisn it thin cranre have

bean eset forth in un enrlier papcr.

-

Tho question of cluenif&oation 0f this opeccics revolves around that

Sat forth by Guilliormoxd { Guillierqo"d. Tanner, YCuB-S Pe131)

/
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An uﬁexpeotedly high proportion of Phosphorus was found to be
present, It 1o aignifiocant 1n view of tho faot’ that earlier experi-
nent reported latar in this paper hed demonstrated the beut myoelial
grovth when 2hosphorugs was preaent. c | '

Adaptation of l{ycelia to Peptone Solution.

0A: a second ntrain of Oidium Albicans was isolated from o cnse of

thrush in iebrnur; lsuu. In nll previous axperimonta 15 Poptone aolution

hnd beon uced 8o a ocontrol mediunae Under ordinary ciroumstanceo myceliul
colls did not davelopo in thig msdiun. “
Ag a further check upor. the vaiue of Poptonﬁ a3 o oontrol mediun
the two strains, CH,and 08, were 3rown simultaneously in Peptone solution
for 35 dayse Trarnsplants wero made daily or as goon nh nbupdan; growth
appeared. 0f, aftor 33 days developed myceliass Furthor subcultivation
inocreaped theo sabundance of myoc;ial productions Oﬂa ot no.tize developed
myoeliass Both organisms were grown under parallel conditions 15
7itten' and in stoock Peptono (Parke-Davio). CH devoloped hjphue 1n

P T ekt

T1ttes aftor 30 dnyoe 'OR, tailed to do ao.

Infiuence of Vufiouo "otnlu and thcirhéhosphnto'Saltn
upon uyoolial Produotion. | -
Since ‘the fnotor thnt 1nfluenoed tﬁe produotion of nycelia in
oarrot infusion apponred to be ln the ansh of carrota. ooluticna of

percont waeight in Poptono aolution 0of the followinr naltn were pro-
parcd: Ze0H, Fe,(504)s, Ag 503, 81110 )y, Cu Brn. }gI. Ph aestste,

Hg °1n. unclo, and Peptons solution os a oontrolo

Stratn 052 which did not produoo.myoolin in Paptunn solution was uned.

A glimht production3of nycelic in a solution of Ferric sulphate

(1:1.000.900) led to a exporinont usiﬁg various soluble zalto of iron.
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11.
I have shown thut mycolia dovelope 1ﬁ.carrot infusion at a8 given
“distarnce below the surface of the-mediuﬁ'lnrnpor « Jour. Infect. Dic.

34, 51046, pe631, Juno 1024} ° The sowo condit;bnsiprovéil in the -

cultivation of tho organinms in sgar,

Tent'tuboa dontnining ib cc}'ot booled melted ughr. Pu 6.5, to
which had bcen added 2 co. of one-half molnr volutions of varlous
’ phosphate aalta. ware inooulated with yeasts of OA and OA2 The
contentn of the tubes were paaned into Patri dishen nnd alloved to
nolidif 1; A lnyer of atarile agar was eupnrimponed upon the seedesd
.lnyor. Tho plutee waro 1noubated ot 37.56 dogrees C, In.24 hours
03107108 nrowing mycoliu woro viniblo with a 16 m o leng, and rapidly
'uaveloﬁod to vhero the mycelin were visldble to tho eyse If the seeded

’/,I ) ’)‘ ,
_ lay:; wan not oovorad by a 1&40?'0’ agar the surface colonics developed

yeuét formw rapidl; and nﬂpurently this yrowth interferred with the
dovulopncnt of the deoper oolonien. 1f ‘one soeded the platba with

/}',/;z

mycel al throndu coloniea of thls .tine armenred rnpldly. Thirteen

solutlo phonphatca were naed. Of thoae thogce o2 Ca. Fe, Pb, Un. and

I wqrc moot fuvorablo. while tbouo of X and Cr gnvo unfnvorablo gro= tr.
oy ',‘. i ,:» i LR

i y/l It waula uppoar that phosphatea in tho presence of a suitable
,Oxygen tenuxon do influonoe nmyoelied production, as will be shown below
;b
: un#@r;tho roapiration exporinents 008 also oocens to pley a role.

"4 Y

y i
;.
.. s .

',/
V4

though the hyphue growth in vnrions phoephute agurs under partial

9 Appoarnnoo oL "Typo" bolonion.

ten 1on was gonoral, thaeir mode of dovolopmcnt differed so much as to

Jield entiroly ditferent typos 0of colonies.

va
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2.

For the purposs of studying wnoro in dotall the-factors influencing
. thia varintion, the salts thaf nupportod thres types of growth, re-
Spectively, wore gelected: 1rcn phoaphute. sodiun phonphito and oarrot /

1nfualon. 4

Carrot infusion gave rise to what will be horeurter térmed as
"Type I" coloniesn { Fige 1 ) .”hey zay be deeoribod on beling oolon es,
congioting of a nultitude of yenate from whlch proliforatc hairqliko
filamonts aftor five to seven days of incudbation. Qubcultivathn of
nuch colonics was accompanied by a decresse in the tine necoéoary ror

¢

the production 02 nycelin,.

-

. N .
‘Iron phosphata agar gave rise to "Type II” colonidﬁ ( Fig; é )
The early appearances of such colonics are sinilar to thoae ot ;ype I
but after 6~8 days small tufto .0f mycelia choot out fronm the eideu of
the colony, which appear like tufts of grass. ° These tufta grow 1nta
long single hyphae which. in turn, give rice to latornl branohing at an
anglo of nbout <0 degroee. The longitudinal hypha along. vitb/ita

3 branches tnkoa on af&wnd-like OPPeArancse. | 'u,,;i

4

Colony ”Type III” ( Pig. 3 ) devalopes in podium phonphite agars
It aiffern 1n that 1t i85 usually slower $n dovolopment. Attor 10 days
E of incubation apina-like projections proliferate into tho medinm from a
% oontral niss of yeuut oellu. Thepe projootione are olaraoterised by
% a ninglt lonzitudinol f!lnmont but diffar fron Type 1Y 1n the produotlon
i of yoanats ulong the axis inotecd of nycolia. A 15 day old oolony re-
z gembles nuch the ghape of a otar fish. It is ‘usually fram 1/4 to 1/8
% the uize‘ot the other typose Repeated oxpcriments ghowed that|the N

- Types devoloped conniotantly in their given wmediums, ".r a.'Z\;
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13.

Regspiration of Ofdium u."lcaons with ipocinl Heference to

A

liycelinl Production.

.

Plaié culturos of 0fdiun albicans in 10 oce. of agar, to vﬁlcﬁ had
boon added 2 coce. 0f n half molar solution of onloiun mononhorphate
grovn aorabxcally. eupworted the provth of colonies throughout the
%f dapth of the mcdium. Upon the ourface yeaat calonies only devoloped,
At the bottoa of the medium nnd upsn the inner surface of the dinh
yoaet ocolonfes likewine developeds . After 5,daya incubation nycalial
threadn pnolifaratcd from the deepest oolonibn up into tho nmodiun,.
Colonies nidway between the surface aond the botton of the medium

-dovoloncd hyphae. This phe%ﬂbmenon enpgeetad the uss of pnrtinl tonaion

mnthodr.

An attampt waa nade to deternmine, if poanible. the exaot. 00 - O
equili riun necennnry for tho beot nyoceliel developmants.: Cultures
"ore made upon tho.ourfaoon bt varioﬁs'phosphate agar plates in pairao.
‘One oaries wan incubataed aerobioally. The othor serios in a dessioating
: Jar contalninp 8026 003., Zittla difterenoe was notad in the ansunt of
; nycolial growth with the oxoeption that under coq tho mycelial develope-

: mont occurred about 24 hours earliicr than in the aserobioc sorien.

t Uixtures of COo and air in pronortionn of 1: 5. 2:4, 3: 3, 4
f and a 1 oo rourhlj determined by volumetrio nethodo. vere plaoed over
g agar ulant oulturau. oontal.ing no 8dded phorphutua. The mixtures of
:ono p?ft air to fivo parts of con. growth wap nccolorated. After
7 dn;n myco;xal growti appeared in all cultures as shown in Table O,

7 / . |
/
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16,

In another exparinent n; was miied with air in tho anaxze proportions
nu'in the CO experinent. IHere growth and nycelinl produotiou occurred

early ina mixture of 19 pnrtu of H and 1 part of air; but in 19 parts

of gir and 1 part of 1, no mycelin wers produoed"all woro yeastso.

Evidently if roduced Op tonnion and CO,p 1n£1uenco tho production of
mycelin they exort thisn influcnoo ohietly at tho beginning of growth,

aend bvefore the growth of the mioroorganiums hna altored the media.

It now appea§g that nycelial prodpotiqn’ot 0idium aldbicans deperds
upon either or both of two facfors.' The presonce of soludble non toxic
phosphates snd a low 0 tonsion or thip combined with a high CO, tension

and of favorable tensions of Op = COp"or Op =l

ny not the disturbance of this &elicato balance be accountadlo

' for pleonorphisn of Oidium albicnns?

1]
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16, .
Part III.

Ixperinents relating. to Type Colonies of Oidiun nlbicgna And an

attempt to fix such colonien upon vorious mediums.

The aifferent typao of ocolonies produced b? 0fdiun albicanog have
alrondy beon dincunscde At the time thaot these typoo vero observed
no purticulnr cﬂnhasiu wa9 placed npon then othor than that thoy
representsd mycelial production of the nrganina upon agar oontalning

phosphatese

Pleomorphisn 18 not an unusual oboervation as many osganiong have
been'notddfto praduce under certain conditions colonieo tbut were

differont in appearance fron thoss usually pseens.

, Sevora?/igvsatlgatarn havo by differcnt nethodn Buccess:ully bred’
gnh fixed type coloniesds An axamplo of thin 1s the wark of Jordun.
{(Jordan, Je de e As 863 6 pe 177) upon tho "roush” and "smooth" types
of colonies upon the Paratyphosid bacilluge By Belecpioﬂ of q,agngle '

coll he was ablo to fix a type.

The rolativoly oonsiatunt produotion of totully difforcnt types

of oclonica upon cortain mediuns by 0idiun ulbicnns pusgested the

following work.

In dcaling with threo typcn of colosnios upon three nedfuns it
i3 wiae to bear the following relntionnhipa in nind. |
1. In Corrot Infunion, (C. I.! agnr the najority of colonics are Type X
(Fige 1) ' ¢ |
2. In l§/2 Ferric ?hmophnio’(ﬁd) uéur the majorit& of colonico aro

?ype II. (Fige. 2)

-
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e In u/a Sodium ?hoaphito agar (v13) tho najority of ¢olonies aro

Type 11X, 5 180 3)0

Can o given type bo rcproduced in 1005 purxty upon its8 apeo;fio
modium by nenno of eolection of t"po cella? '
| Oan one type bo £ixed elthor tsmporarily .or rnrvanently by means
of chepicai or physical agents updn the-nedium that upually supports

another type?

. uxnavimontn {n producing o _pure twpe colony astrain

bz naleogtion nnd_pAapase unon 1¢ta anecifio neiiyal-

Yoasts of & 24 hour 01d onrrot gulturs of 01diuh albicens, OA,,.
' ware sesded in agnr nodinas containing Catrot Intuniong $4 (Iron)
and #13 (Sodium)‘roaboctlyoly and 1noubated under tho pattial tenslon
gorditiono previounly desoribod; a 1ayor of aterilc agar belng 3upcr-

1mponed upon the 1nocu1ntod ngar.

In cnch plate thore wers devolopcd nany colonies that were’
crataotoriﬁtio in type,in. 5-8 deya, for thelr opecific nediuude Suaegh -
tyno ‘sd2lonieg were fished and geeded upon slanto of mcdlo uovreepondgng

to thc oririnnl mediuns on which thoy originally bad nppoarede

Suboultures Weroe’ nade npon tho ogre mediunsd duily for u'period
of 35 dayo. The organiszs, ad ycustu, wero niain pocded into partial
tonslon plates of t?a gnnao zmediunl nnd the perosntuie of true t7pe colune
ieo oomputod. There apvourod to be no marked difference in tho per-
centago bofore the auboultivnt!on nnd theo pgrcontnga recorded after 1t.
Bowaver, &0 usunl, Type I, TIpe II. and 2ypo IIi oolonieé were alwoyo

tn majority upon Cel, 34 and 313 rospootivelye




8.

Tranaforring and Cultaéring Typo Col-nies “in toto".

VYery young type colonico were cut froa. thelr respective ncdiums
)and introduced into cooled nelted agar and shaken to disporso the
%mycolial'cells 09 much an posoible. - Tho suspensions wore diintcd ard
iroplanted upon the rmodiuns in the sxie nmanner as was dedcribed in the
Eprecoodlng exporinent. It is obvious that the solo difforence in the
itwo exporiments was the use of nycelinl colls in the latter zpr secdirz

éthe plates.

: Saeventy-five percent of tho colonien ihut dbvolopod in C. I. Bgor were
:og Type I and the ranaining porcent included Type 1I, Type III and

iyeaat colonico, The gro&th@upon‘!i‘modium wags unueually.rapld end for
éthe firat timp éhowwd qg?;ggigntelyglooﬂ truo Typeﬂillbreeding.'.rﬁe |
icolcnica tn §1§‘med;qm'vo;9 olow in devolopings 'Due to tgiq retorded
;growth the peroentngo ot fqpe éoloniea could not.bo dotarmlnéd.‘ The
%exporiment haa repentcd wlth ninilnr reanlta. It thnn apyonrs that

;if partinl tension plntos aro 1nocnlnted nith m"oelin of a- typc colon;
%tro porcentage of true tvpe«developed 10 greutor than if they are
%inooulated with yecaotse.e Is the tondenaoy to vary nore inheront in tre-

:yeast foras of a given strain than in the mycolls of the oame ptrain?

By meuné of selection, & given e}rain produces in £4 nedium aéproxi«
mately 1007 colonics trua to type. }ngljsﬂ. I£, howevar, this strain
18 then cultured uégn Ce e, 011 Typo 1II characteristico are loot in
:fnvgr of Type I« It is thun not poassible to £1x ocolony choraoteristics

ipormanent]y by continucd cultivation upon & single mediun.

Exporinents on the fixation of typos by meuns of heat:e~

The well known experinento of Hausen on the use of heat to fix type

varianto amonz the yeasts, and those of Pasteur on the anthrax haolllus
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for 36 minutes. A third heating further increased ito sennitivity
to hont, thic otrnin bvoling kilicd in 35 minutes hut not.inlso mlnuf&si
A fourth hesting of nuch oubculturos reduced the £411ing tize to

20 nminutes, growth ocourring nftor'gs minufoa. o higher degreé of
scnbitivity'oonld bo renched., Thiso latter étrain will'ba'dcaignuted
8 25-75 to differsntiatec 1t from the originul 8 40-75. |

. An intoresting fact presonts itself 1n the, observation that a
‘hented strain (3 25-75? grovwn upon b; I. opgar snd transplanted into 14
medfum will produce colonies rotaining fype I charaotoristics and not

 roverting to Type II a3 io the cago with unhegged'qtrains. Such-results
rointed to & parqpnent ;igagive of colony charno;oriaticn by heat re-

gordlens of the mediun upon which it wan subgoquontly grown.

These resnltns were checizad in the following nannor:

™0 suspensions were propared of OA.in carrot infusion. Ohe suspenzion

wap hoated to 75 depgreces for 25 minuten.s The other was not heated and

wag used o3 a control. Both suosponsions wofe plated in Ot I. agar

by the usual) portial toncion mothod; Typo 1 colonien proadﬁlnated in

both eubculfuéoc. The ougponsions ﬁero also séedcd into #4 nediun

in which tho usual Typs II oblonion'deVOIOped. Transplunto of sube

oulfuroa 0of the heated and unheated strains fron Ce Xe agar to 74 nedjum
- ware accoapnnied by the retunsiqn of the Typa I choraoters in many ol the

colonien of the heated atrain (Fig. 6), ond by the reverting to Type Il

choractorietics of the colonies of the unheated strain.  (Soe 2igures)

“heuy the unhented strain was plutéd in exactly the same way nost of

the colonien grow a3 Type II coloniaes an wan to be expected (Fig.6)
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Thoso oxperinents were rnbentcd three timos, and the fization effects

E of the hontinz may be sald to last for at lcunt oix wesks. It ig too

'~ soon to say whother the fixation is permanent or not.

D Shealh

\

In thcmubovc exporinent- we npparontly fixed Type I colony tn Type IIX
mediua (#4). Some experinonts which are ingomplete geeas to show that

nlailar rosults may be expooted in the fixation of Type II colony on

. Typo I rediua ( Co o). Here, howover, difficultiecs have becn encounter-

od in tho £aot that the honted celln of Typa II colonies Go not grow
out under the partial tensibn‘conditiona uped sdove. They nny be tado

to appear, howover, by inoscuinting fho surface of tho sceded platé =ith

: ycastnnof iheAname otrain, and when they grow thoy develzps as dsep Type

II coloniaz.
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Part 1IV.

"Sumasry snd Conclusionge

Yenoto o2 Oldium aldicans, when grown in carrot infusion,
devaloped as nycelia holow o 6ertain level in the test tubes The ash
of enrrots contained cdome cubatance that influenced such nycelial groathe.

Anglygsen of the ash nhowed that it contained a large aaount of

Phoaphorune.

Various phosphate-contalning solts, in uppropriuto oanoaﬂtratiohs

fn 13 Poptono, supported the hyphae grovthe

The orgenisas grew in mcat infunion agar us nyoolin 1 a saall
aaount of i{norganic phosphato or carro?t infusion waos andded, ond they

wera cultivated under spccial partinl tension conditions.

Verioun atraing of the orgﬁnibm difforaed in thoir biochenical
and physiologiocsl activitiocs. Celln of the sane strain when grown 1n
d{fferent phonsphate mediums developed "Type” cdloniesn that were spesific

£5r¢ tholr ronpootivo mediunmgs. Three ouch tjpes wero otoerved, .

A Type grown in its npeciti& nedium over a considerable period

of time d1d not retain its Type charactors when transplanted into a

nedium opeoifio for another tipe.

.Bxposure of cells from a glven type colony to an appropricte gnaunt

- 0of hent tended to f£ix the i{ype coloﬁy ocharnctars inrofar that they were
retainoed when thoy were nsceded in agmedium which usunlly supported

- another typee By thin wel. i Typo I woa f£ixed upon #4 medium, anda Type

II wan partinlly fized upon Cs I. mediume Tho degroe of paraunence of
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