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INTRODUCTION 

When JBedioaUT i.Jiportant fungi were tirst studied, sa. 

pathogenio f{ingi which were unicellular!!! ~ were tound to change 

to a mycelial torm when cultured. This change in morphology was 

llisleading as investigator• believed they were not isolating the 

correct pathogenic organiSDUI • The contusion continued until tbe 

pathogenic tungi were shawn to change their morphology as a result 

at temperature changes. The term dimorphism was adopted to 

designate the phenomenon of a !ungus existing in more than one 

morphological form. 'l'echnical.ly, the word should. ~be used with 

medically important ftmgi, however a broader definition may be used. 

Cochrane (1958) detines "• dimorphic f'lmglls as one in which a 

reversible transformation fran a JÇCelial to a no~H~J1Celial and 

unicellular growth type occur•." On this basis Pullularia pullulans 

is a dim.orphic fungus • 

The ai.Ja ot this project is to compare the pby"siological 

aotivi:t.ies of the dimorphio :torœs o:t !! pullul.ana. Chemioa1 

additives am growth conditions lmown to affect ether dimorphic 

tungi were tested tor their effect on the dimorphism of !!_ pullulanl. 

Frcm these tests, media were developed which supported predœ1nantly

myoelial or yeast-like growth. Carbon balances, 'Warburg respircmeter 

experimenta and experimenta wi th labelled glucose were uaed to 

establish s1.milarit1es and differences between the dimorphic formse 



LI'IERâTURE REVIEW 

Pullularia pullulans (de Bary) Berkhout 

Ae Classification 

~ Pullulans is not easily classified and mey different 

names have been given to this f'WlgUS• Dematium pullulans was in

oluded as a new species of Dematium when it was first described (de 

Bary, 1866). Bennett (1928) p:ropoeed the binomial Anthoatomalla 

pullulans after Dematium pul.lul.ana was shom1 to possess its om 

aacigerous stage, hence :maldng it an ascomyoete, however it was not 

like any other described species of the genus Anthostomella. No oœ 

has been able to repeat .Bennett's work consequently the name has not 

been retained. 

The name Pullularia p!lllulans was proposed when this 

organism was removed from the genus Dematium in an attempt to simplify 

nouenclature (Berkhout1 1923). This :name was not accepted at first 

but since bas been widely accepted especially when the organism is 

found as a saprobe (Miller !! !!!J l957J :Mwskett and C&lvert, 1940; 

Reynolds 1 1950) • 

The name A.ureobasidium pullulans (A.rnaud1 1910) used by 

early phytopathologista in France and Italy antedates Pullularia 

pullulans and Cooke (1959) for this reason proposed it as a correct 

name for this fungus. 

2 



Only the moat widely used names gi ven to this fungus 

have been mentioned; there are D1acy more. Since Pullularia 

pullulans is w.l.dely accepted as the name for this organism in its 

saprophytic .torm., it is used throughout this thesiBe 

Only two species are at present recognized in the genus 

Pullularia; E.!, pullulans and.!:!, werneold.i (~ and Gott1 1956); 

however, a proposed revision of the gema Pllllularia created one more 

species. In addition to!:! pullulaœ and ~ wernecld.11 Wynne and 

Gott (1956) included a new species E!_ fcrmentaœ with seven 

varieties. C'.J.ltures that fermented one or more sugars were classi-

fied as P. fermentana and varieta1 differentiation was based on the -
combination of sugare fermented. Cultures that did not ferment any 

of the augars tested were c1aasified either as !!, pul1ulana •r 

P. "Werneckii. Species distizlction was based on morpbological -
characteristics auch as relative sizes of blastospores1 arthrospores 

and ch:tamydospores and pigment production. Thus1 by using physio-

logica1 oharacteristics an attempt was made to estab1ish species in 

a genus exhibiting pronounced natural morphological variation. 

a. Description 

de Ba:cy (1866) desoribed ~ pullulans as consisting of 

aeptate mycelium1 fran the segments of which1 ellipsoidal cel.l; 

budded freely at the ends or at the aides. The organism turned 

br01m after the available food supply was exhausted. 

3 



Hegroni am Fischer (1942) studied thirt;y atraiœ ot 

!!, pullulaDI and described the colonies 'as black, tolded, aoiet 

and glistening. 'l'he h;raline elliptical blastospores bad an 

average •asurementi ot 7 b;y 3•5 Jlicroœ. They aroae frœ tbe 

lvaliœ septate brancbed JQœliUil b;y budding and on ... u pedicels. 

The blastosporea were dispoeed around tbe byphae l11œ a nall èutf 

three or four cell la;yers in thickœas. other argaœ produced b;r 

the J11Celium included arthroapores and IQ'aline chJ.alrr;Jdoapores. 

A aore recent description is b&sed on one culture (Cooke, 

1959). When grown on œopeptoœ-dextrose agar, colonies wre white 

at first, then they us~ becue black throughout except. at tbe 

urgin, or oecaeionall;y blackeœd areae developed irregularq. 

Coloniea were cœ.poaed ota •t ot Jt;Yceliœ which frequentJ.7 appeared 

muooid but scaett.es dl")" and dull. The h1Pbae radiated trca the 

center ot the coloey, becOIIing irregul.arl.7 entangled. Young h1Ph&e 

were thin-ulled. Septa in young hyphae were sillple J in older Jvpbae 

they became thiclœned am double-4alled. Celle and h7,phal sepents 

in older h1'pbae broke apart at the th1ck1 double-wallsd •pta to tora 

arthroepores or artbroepore-lik:e hypb&l segments. m cella wre 

capable or producing cœidia on papillae produced trœ the irmer •11 

ot the cell at irregular intervala. Occasionall;y, the pe.pillae be

eue short hn>hal branchee which resembled talse basidia on which an 

irregul.ar nUIIIber ot papillae produced conidiospores. The conidio

sporee were byal.ine, ovate and drawn out at the base to a poiJrt, 



where it was attached to the papillae. The conidiospores gaYe rise 

to secomary conidia by yeast-lilœ budding. These yeast-like spores 

were on the average slight}7 s•ller than primary conidiospores. 

All hypbae were h.yaliœ at first then the walls became pale green 

and finaJ.l1' the;r becue black. The mor}il.ology ot !!, pullulaœ was 

found to be subject to considerable variation from strain to strain1 

tr011 culture to culture 1 and from medi'Wil to medium. This variation 

indicates either an extre•l7 unatable typé ot tungus or a hi~ 

heterocaryotic condition in which ma:n;r possible strain types are 

represented in a single culture. 

c. Habitat 

!!!_ pullulans has been isolated !roa •DY soil aamples in 

low numbers (Jeftre7B .!! al., 195.3J Martin!! !l!• 1956J W&lœ•n1 

1917) • 'fhe organism i8 widel;r distributed as borœ out by air 

881lpling experiants in different parts ot the world (llorrow aDd 

Lowe, l943J Pady1 195l.J Paey am Kapioa1 1956). !!, pullulaœ hu 

been isolated troa maJV" ditfereDt planta and plant proiucta ••8• 178-

graSI seeda (Ifoble1 19.39)1 piœ needles (Langner, 19.3.3)1 applee (Clark 

and wallace, 1955), •trawberries (Beneke !: al., l9S4), pears {English, 

19k())1 cherries (English, 1945)1 tomatoes (Taylor and 8hanor1 1945), 

and dew ret ting tlax (W'1eringa1 1956). Painted and varnished a urt aces 

exposed to higb huaidites are subject to intestation b7 !!, pullulana 

(Reynolds, 1950). The tungus grew on the oils in the paint1 producing 



black specks which gra.dual.l7 changed the general appearance of the 

paintJ white paint cbanged to dull gray in about two years. P• -
pullulans bas also been kncnm to cause blue staining of wood (Juaap1 

1938). This organisa also bas been isolated :f'rora pulp used for 

papen• manufacture (Pehrson, 1947). A uumber of plal'Jt diseases hava 

been attributed to E!, p11lulans, however, it 1s better lmown as a llild 

plant pathogen or a secondary invader (Flor, 1936J Lewi11 1912J 

llllskett and C&lvert1 1940) • !!.! pullul.ans bas been tound as a 

çmbiont with several insects auch as saales am coccidae (Brues and 

Glaser, l921J Steinhaus, 1955)• Wynne and Gott (1956) isolated Pe -
pu.llulaœ :f'rœ ~h nades in a case of Hodgld.n's granulomae 

The above ecological resUJIIé 1s by no means complete, but 

it senes to illustra te the ubiqui tous and · omniverous nature ot this 

fungas. Thus, !.! pullulans ia ot considerable blportance 

economically as it causes discolouration of lumber products, pail'Jt 

deterioration and is the primary or secondary or co-operating organism 

causing injury to II8Dy' plants and apoilage of maeroua plant productiJ • 

D. Pbzeioloq 

a). Ph{sical Factors .Ufecting Growth 

The effect of aeration on the grovrth of !.! pullulana was 

atudied by Luteraan (1954) • J.n insui':f'icient ax:ygen supply lim1 ted 

growthJ whereas, in a well aerated medium growth was rapid and llOl'e 

6 



cellular •terial was obtained for the saœ uount of glucose con-

There are few references to temperature require•nts of' 

this fungus, however Wynne and Gott (l9S6) reported that nine out ot 

twelve different strains teeted grew at 37oc; whereas, Nagroni and 

Fi8cher (1942) .touncl the optildum temperature for growth was 23°C. 

b). Chemical Factors At!ecting Growth 

A study' or tbe abilities or some blue molds ot wood to grow 

on special media revealed that !!_ pullulans gnnr slowq and produced 

onq h1aline cella on l.S% agar, 2% glucoae am a salt Jlixture 

(Rennerf'elt, 1940). Better growth •s obtained on this medium when 

technioal grade glucose •• ueed, am beat growth was obtaiœd on leS% 

agar to which couœercial malt extract •s added. 

The growth or!! pullulaœ •s stilllulated by a hoaoloque 

or tbiaa:! na in which the pyriaidiœ fraction cont&iœd an etbyl group 

in place of' a •thyl group (Schopf'er, 1938). Recen~, growtb. ot P. -
pullulaœ in shake culture on a synthetic medium was shawn to be de

pendent on a auppq of thiuiDe (Ward, 1969)• The thiamiœ could be 

replaced by a cœabination or equivalent aaounts of' thiazole aDd 

pyrimidine but not b7 either alo•• 

c). Metabolisa 

Negroni and Fischer ( 1942) frœ a study of thirt7 straiœ 

·7 



. ot f! pullulana reported that they all utilized dextrose, maltose, 

lactose, raffinose and a small amount of galactose as sources of 

carbon. Nitrogen was supplled by peptone, asparagine, ammoniUlll 

sulphate1 potassium nitrate and to a slight extent, urea. The 

caaein in m:l.lk: was coagulated and peptonized and gelatin liquified. 

Fermentation of sugara was used as a criterion for a prow 

posed classification of the genWJ Pullularia (Wynne and Gott, 1956). 

Depending on their ability to ferment mannose, glucose, fructose, 

maltose 1 suc rose, raf'finose 1 xylose, galactose and rhamnose 1 three 

species and seven varieties were establisbed. 

Strains of f! pullulana isolated fran insecte assimilated 

glucose, suorose, maltose, raffinose and inulin (Steinhaua, 1955). 

They did not assimilate lactose and galactose although strains from 

other sources did aasimilate these sugars. Strains isolated from 

insecte fermented glucose to ethanol, with the prcxluction of acid 

and gas. .lcid aoo gas were also formed from sucrose, maltose and 

ratfinose. 

A atrain or !! pullulans studied by Clark am Wal.4ce 

(1958a) possessed constitutive enzymes for the utilization of galac

tose, glucose, maltose, mannose, raffinose, sucrose am trehalose 

but not lactose. 

In a study or pentose utilization a strain or !! pullul&ns 

utilized two pentoses, xylose and arabinose, to prcxluce carbon 

diaxide, aleohol am cellular material (Rosa~ !,h1 1929}. 
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A medium of glucose, peptone and salta was used in a study 

or fermentation products or E.! pullulana (SUmild, 1929). Frœ the 

fermented medium ethanol, acetic acid, succinic acid and D,L-lactic 

acid were isolated am identified. The quantities of the fermentation 

producte were very small and the greater part of the glucose added was 

not conswued. Cbrazaszaz and Schillak (1936) demonstrated that formic 

acid1 acetic acid and propionic acid but no butyric acid were formed 

during calcium lactate utilization by.!!!, pullulans. 

Bernier (1958) studied f! pullulans in an investigation 

of polysaccharide production by litter am decay fungi grown on 

aqueous extracta of fresh leaves and on a glucose-ealts-yeast extract 

:œdia. Although polysaccharide was produced in the leaf extract media1 

only the po:cy-&accharide produced in the glucose-salts..,.east extract 

medium was analyzed. Glucose, mannose, am traces of galactose 1 

rhamnose and glucuronic acid were shawn to constitute the polysaccharide. 

The polysaccharide which adhered closely to the mycelium contained only 

glucose and glucuronic acid. The polysaccharide contained nitrogen 

and phosphorus although a biuret test was negative. Electrophoresis 

revealed that two c~o:œnts were present in the polysaccharide • 

Bender_!! ili. (1959) described another polysaccharide ot 

E.!, pullulaœ called pullulan, produced in Czapek...nox mediUJnwith 

glucose, sucrose or fructose as a source or carbon. After hydrolysis, 

glucose was shawn to be the only sugar present J whereas 1 after partial 

hydrolysis isomaltose and a small percentage of maltose were identified. 

9 



No 811ino acids were present af'ter the po~accharid.e was hydro~ed. 

An infra-red spectrwa anal;ysis suggested a predœinant percentage ot 

0( -1,4-.J.inkages. 

Studies with cell extracts of'!.:, pu.llulans (Clark and 

wallace, 1958&) indicated tbat this organism •s capable of cata

bol1zing glucose by reactions siDdlar to those ot the Bmbden-IIQ'erhot 

sobeu as well as those of the pentoae phosphate cycle. Evidence wu 

presented that three enz1JI8s of the g~o~ic syat.J namel;y 1 phospho

gluoamtase 1 f'rt1ctose diphospbate aldolase am 3-phosphogl:y'oeraldehyde 

dehydrogenase, were active in celWree preparatiou. The reduction 

ot TPI in tM presence ot glucos~phosph&te am the utilization at 

ribose-5-phoçhate b;r cell extracts indicated the preseme ot at 

l.east two ens,.as of the pentose phosphate cy-cle. 

Tbe enzymes necessary for œidizing most of the compounda 

d: the Krebs cycle were shawn to be present in!.:. p!lllulans (Clark and 

Wallace, l958b). Intact cella oxidized 2-lœtoglutarate, 1'umarate1 

mala te am auccinate J whereas1 TPN at1•,lated the axld&tion of' malate 

in cell...t"ree preparations. Tbese resulte suggeated tbat the citric 

ac id cycle 1s active in !! ;pullul.am • 

Using glucose-l-c14 and glucose-6-clh, Clark aiid wallace 

(1958&) were able to demonatate tbat ;young cells of!!, pullulana 

produced a grea ter amount ot carbon dia:d.de from carbon •one" than tn. 

carbon •six" ot glucose. As the cells became older this ditf'erence 

10 



w.a.a lees pronounced. As the c~-114/co2-614 ratio was not one, a 

way o:t glucose dissimilation other than the Emdben-.Meyerhof scheme 

must have occurredo In!.!, pullulan& this could have been through 

the reactions o:t the pentose phosphate cycle. The existence of the 

glycolytic scheme oazmot be ellminated on this basis and evidence 

indicates that both systems were probably active simultaœously. 

E. Factors Affecting the Morpholog;y of Dimorphic Fun_g! 

a). Cysteine 

The addition of cysteine to cultures of Candida 

albicans, ~ tropicalis1 Trichosporon capitatum and Hansenula anomala 

resulted in reduced mycelium formation (Nickerson and van Rij1 1949)o 

The characteristic effect of cysteine on~ albioans was to produce 

short hyphal cella wi th very oloae spacing of blastospore clusters • 

This phenomenon could not be explained solely by redox potential 

differences since exposing these cultures to ascorbic acid bad no 

effect on their morphology. It also appeared that sorne specificity 

was required of the thiel donor since sodium thioglycollate was not as 

effective as glutathione which in turn was lesa effective than cysteine. 

A supply of reduced organic sulphhydryl compounds is essential for rapid 

cell division am hence for maintenance of the unicellular condition 

(Nickerson and Mankowski, 1953). 2.! albicaœ grew entirely in the 

mycellal phase on a medium of starch which bad been washed free of 

reduci:ng sugars. Although the growth rate was slow on the po~ 

ll 



saccharide medium1 it was clear that the cellular division procesa 

was unable to -keep pace with even the reduced grcmth rate. Upon 

addition of cysteine 1 yeast cells formed even on the poly"ssccharide 

medium; if some or the starch w&s replaced by glucose, then less 

cysteine was needed to achieve the same affect. It was proposed 

(Nickerson1 1948; Nickerson and Yankowski1 1953) that the action of 

c;rsteine was to establish an intracellular redox potential which 

maintains a critic&l concentration of thiol groups in the cell. 

b) • Selenium 

Sodium selenite was found to prcmote cellular division of 

Candida albicans1 Pullularia pullulans1 Hormisoium dermatitidis am 

Geothrichum .!2• (Nickerson!! .!h,1 1956). Preliminary experiœnta in

dicated that potassium tellurite also promoted cell division of ~ 

albicans. With selenite ions present, the normal black pigmentation 

and fil&DJentation of !.!, pullul.ana was COlllpletely suppressed and the 

growth remained in the budding yeas t f arm. Vycelia1 growth fr cm the 

peripher;y of colonies and streaks of Geotrichum !E• wu prevented by 

selenite. Selenite ions also :r:artially inhibited growth of H. -
dermatitidis but that which did occur was almost entirely in the yeast 

form. Thus, concentrations or selenite and tellurite ions which were 

soaewhat i.'lhibitory to the growth or yeast-lilœ fungi caused a variet,

of filament producing organisms to grow in the yeast-phase coo:li tion. 

This effect was not a selective inhibition of the filamentous type of 

growth but a prc::motion of cellular division. This was believed to be 
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the first instance in which antimicrobial agents were shawn tc. en

h&nce division of normally filamentous cens. 

c) Cobalt 

Cobalt treated cells of .2.!_ albicans formed long mycelial 

fragments with no crosnalla and very wide spacing between blasto

spore clusters (Niclœrson and van Rij, 1949). Cobalt bas been re

ported to form complexes spontaneously with cysteine which are 

oxidized in air to stable compounds (Michaelis am Ba.rron, 1929; 

Vichaelis, 1929). 

d) Ox.ygen 

A taxonomie study of .2.!_ albicans (Wicherham and Rettger, 

1939) disclosed than an abundance of ax.ygen resulted in a decrease 

in hyphal production; whereas 1 blastospore growth was enhanced. 

Bauer (1938) reported that the mycelial phase of !.!, pullulans was 

more pronounced umer conditions of good aeration; whereas, conidial 

production was more pronounced under poor aeration. 
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KA.TERULS AND lŒl'HODS 

A. Cultures 

Three cultures of!! ;pullulans were used in this study. Mao 

ll 18 was previously in the Macdonald Coll.ege culture collection. Mac )( 

2lwas supplied by the Plant Research Institute, Dept. of Agriculture, 

Canada num.bered, 46-666c. Mac M 23 was obtained from the Centraal Bu.reau 

voor Sohimmelcultures, Baarn, Netberlands, labelled Pullularia pullulans 

(de Bary) Berkhout var. fusca (Browne) Berkhout. ---
Otber cultures were collected, however they were not uaed in 

this investigation after preliminary screening trials. liac )( 1.5 was iso

lated from an apple and Mac M 16 and Mac li 17 were isolated from straw

berries. Kac M 16, Mac ll 201 liac !! 22 am Mac 11 2.5 were supplied by the 

Plant Research Insti tute, Dept. of Agriculture 1 Canada numbered a a 49-91 

L5-189G1 47-37SD and 419.53 respectively. Mac 14 24 was obtaiœd frœ the 

Centraal Bureau voor Schimmelcultures, labelled Anthostomell& pullulans 

(de Bary et Low) Bennett. 

B. llaintenance of Cultures 

Cultures tor inoculum were grown as slants for four da,.- at 

roaa temperature on malt extract agar (Di!co). They were stored at 2°C 

and transfera to fresh medium were made every three weeks. ~ the 

three week period all necessary inocula were taken from the se slanta. 

Stock cultures were lœpt f'rozen at -1000; the se were used to start fresh 

slants whenever the morphology of the slants stored at 2°C deviated 

from the original description. 

c. lledium 

The basic growth medium containeda 0.1% ammonium nitrate, 

o.O.$% magnesium sulphate, o.l% potassimn monohydrogen phosphate, o.5% 



yeast extract (Difco) and 2% glucose. The glucose, yeast extrsct aDd 

salta 'ftere autoclaved separately at 121°0 far fifteen minutes. 

D. Growth Gondi tioDII 

All cultures were grown at 25°0 on eitber a reciprocating 

shaker adjusted to llO strolœs per minute ar a rotary shaker rwming 

at 250 revolutions per minute. 

E. Separation of the Dimorphic Phases 

Separation was accomplished by using a sere en wi th openings 

equal to o.074 m. with 200 JMshes to the inch (u.s. series equivalent 

No. 200). Directly under the acreen a 600 ml. beaker was placed to 

catch the culture fluid and yeast-like cella as they passed through 

the screen. About one-tourth of the contents of each flask was poured 

onto the screen at one time. This material was mixed with a spatula to 

tacilitate screening. When most of the culture liquor was through1 the 

remaining materi&l. on the screen was washed with ca. 25 ml. distilled 

water diapensed ur:der pressure from a wash bottlee The procedure was 

repeated using the rest of the contents of the flask in about tbree 

batches. The Jtrcelium on the screen was checlœd microscopical:b' to 

determine if the separation was satisfactory. 

A.fter separation of the two phases, the fUtrate which 

contained the yeast-like cella, culture f'luid and washings, was centri

tuged at 6,000 revolutions per minute far fifteen minutes. The 



supernatam; waa discarded am the yeast-lilœ cells resuspended in 

10 ml. diatil.led water to whioh 20 ml. acetone •s added. The 

cellular material was collected on a tared filter with the aid of 

reduced pressure. The weight ot the filter was taken as the aTerage 

weight ot !ive ruters ot the same aize. The yeast cells on the 

:filter were dried at 900C and their weight determiœd b;y difference. 

The lll.fCelilDil on tbe aoreen was placed on a tared :filter with a spatula 

arri the mycelium waahed with 10 ml. acetoœ uaing reduced pressure to 

aid filtration. The mycelium waa dried overnight at 90°C and ita 

weight determined by the difference. In this •7• the cb7 weight o:f 

the yeast and JDTC811al phase was determinede Onq deviations :fraa 

the control greater than la% were conaidered signi:fic&nte 

F. Tests on Various gents At:fecting DimorphiSJil 

a). Selenious acid, Cobalt sulph&te and Qysteine 

The ettect of selenious acid, cobalt aulphate and qsteine 

on the dillorphisa of Kac K 18, Mac K 21 and Kac )( 23 waa evaluated by 

add1ng each ot theae obulicala ae:paratel.y to the growth •di.ua pre

vi.oua:q describedJ the basic growth med1Uil witb noth1Dg added aened 

as control. 1 ml. of inoculnm was added to each 2.$0 ml. Erlenmeyer 

:fl.ask containing lOO ml. medium. Uter five days growth on the 

reciprocating shaker the yeast-like cella am JÇ'oeliUil in each tlaak 

were eeparated and t.heir dry weights detendned. 



b). OXlgen 

The same procedure outllned above was repeated except 

500 ml. Erlenmeyer tlaslal àm the rotarJ shalœr were used to in

creaae aeration. Because of this increased aeration, the cultures 

were grc:nm only for !our daye. 

c). Thiamine 

The cultures were grown in 500 ml. Erleiiieyer flasks on 

the rotary shalœr using the following mediumJ 2 ga. glucose, 0.2 gm. 

~sparagine1 10 J;JiJA• thiamine, OeO$ gille Egœsi\111 sulphate, Oel ga. 

potassium monohydrogen phosphate am 100 Ill. diatilled water. In 

order to grow »ac )( 18 and liac JI 231 2 Jlgllle yeast extra ct (Difco) 

were added to 100 ml. medium. Each constituent of the medium wu 

autoclaved separately at l21°C for fifteen minutes. The dry weights 

or tbe yeast and myoelial phase were determined as already described. 

Ge Identification of End-Products of Glucose JletabolisJœ 

a). Gluconic •cid 

Using lOO ml. or the appropria te mdium (see resulta) in 

a 250 ml. Erlenmeyer flask, both phases of each culture were grown for 

four days on the reciprocati:ng shaker. Daiq suples of the culture 

liquors wre analyzed using one di.mensional asceoiing paper chrca.to

graphy wi th butanol-pyridine-water (50 t20al8) and isopropanol-pyridiœ

acetic acid-water (8a8ala4) as the mobile phase. Alkaliœ sUver 
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nitrate (l.'reveJ.4ran et al., 1950) aniline phosphate (Bryson and --
Jlitchell, 1951), and o-phenylene diamine (Block et a1., 1950) were --
used as developing rea gents • 

b). Ethanol 

Af'ter four days growth, the cellular material was centri

fuged dawn and 5 ml. liquid was distilled from 200 ml. of the canbined 

culture liquor of both growth phases. The three distillates con-

18 

taining ethanol produced by Jlac 1l 18, Mac ll 21 and Mao U: 23 respectivel.y, 

were used to syntbesize ethyl-315-di.nitrobenzoate by the method des

cribed for derivative formation or alcohols in an aqueous solution 

(Cheronis and Entrikin, 1958). 

c). Pullulan 

An extracellular po11'saccharide1 pullulan, was produced by 

each culture during glucose metabolism.. It was precipitated by the 

addition of 1.2 volumes or acetone to the cu:Lture fluid (Bender et al., --
1959). Biuret am xanthoproteic tests (Hawk et al., 1954) were applied --
to a portion of each polysaccharide. The remaining polysaccharide frœ 

each culture was separately hydro~d, neutralized and finally the 

hydrolyzato analyzed by paper chrauatography for amino acids and sugara 

(Bender et al., 1959). --
d). Organic acids 

The yeast phase ot Jlac 1l 18 was grown for five daya on a 



reciprocating shaker (for medium, see resulta). The cella were re .. 

moved by centrifugation at 61000 revolutioll8 per minute for f'if'teen 

minutes. The cell-free culture fiuid (1000 ml.) waa concentrated 

in a rotary evaporator to ca. 100 ml. This liquid was acidified1 

saturated with NaCl and extracted for 12 hours with ethyl ether 

( Neish, 1952) • The ethyl ether was evaporated leaving a mixture 

ar tree organio acids. Using thionyl clü.oride and butanol1 

hydroxuates were fermed from o • .5 ml. of the mixture or acide 

{ Cheronis and Entrild.n, 1958). Some of the se hydrox.amates were 

tentatively identii'ied by paper chromatograpb;y using butanolJ

aoetic acid-water (4sla5) as the mobile phase and a ferric chloride 

spray for developnent {Block et al., 1958). --
Using the method described by Neish (1952) withœt the 

boiling acid permanganate treatment, the silver salt of succinic acid 

was separated from 1 ml. of the organic acid mixture • The succinic 

acid was freed from its salt by acidification, then extracted with 

ethyl ether. The ethyl ether was evaporated and the suocinic acid 

dissolved in 0.5 ml. distilled water. This solution was placed on 

a silicic acid column and eluted as described by Neish {1952). When-

ever the silicic acid columnwas used the procedure described b.1 

Neish (19.52) was followed e:x:actly except that 0.1 N NaOH in a micro

meter syringe burette (Neish, 19.52) was used in place of the Macblett 

5 ml. burette • 

A few drops of the organic acid mixture were used to test 

for acetic acid using lanthanum nitrate (Feigel1 1956). 
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Lactic acid was identified by a colour reaction with p

hydraxydiphenyl (Neish, 1952). Using the silicic acid colman, o.5 ml. 

of the acid mixture was separated. The lac tic a cid fraction was 

evaporated down on the rotary evaporator to ca. 2 ml. and the p-hydre>

xydiphenyl colorimeter test applied. 

The organic acids produced by liac )( 23 were identified 

solely on the basis ar elution from the silicio acid column. 

e). Partial Characterizatian of Unidentified Organio Acide 

Organic acids produced by the yeast phase of Mac :U: 23 were 

extracted with ethyl ether and the ether evaporated. During evaporation 

a light brown solid separated out; it was centrituged and wasbed with 

ca. o.5 ml. ethyl ether. The decomposition point of the solid was 

determiœd am its ultra violet absorption spectrum plotted. It was 

ana~ed by paper chromatograpby using the butanol layer of a butanol

formic acid-.ater (l0t2a15) mixture as the mobile phase and pooodimethyl

amino benzaldehyde as the developing agent (Block ~ .!!.!.1 1950). 

Citric acid, isocitric acid, cis-aconitic acid and itaconio acid were 

used as standards duricg paper chromatography analysis• 

.After ether extraction the organic acids from the m;ycelial 

phase of liac Il 18 and Mac :U: 23 were also analyzed by paper chromato

graphy using the S8ID8 solvant and developing agent. 
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He Quantitative Determination o:f the End-Products o! Glucose 

Metabolia. 

As !!!, pullulans is an aerobic organism, a continuous 

supply or air had to be provided during growth in auch a way that 

respiratory carbon dioxide could be •asured. Therefore, it was 

necessary to construct a fermentation train (Figure 1) which would 

sterilize the air entering the train, re.move carbon dioxide from it, 

and finally collect the carbon dioxide prod.uced during glucose 

mtabBliSIIe Since the fermentatioœ were aerobic it was impossible 

to calculate an OJd.dation-reduction ratio. The •thod. used for these 

aerobic fermentations was as follows. Both phases of each culture 

were grown in a 500 ml. Erl.enme,er flask constructed so that air could 

be forced through the tlask (Neish, 1952). The air sterilizer was made 

troa glass tubing 2.4 cm. x 18 cm. packed firml.y with absorbent cotton. 

eare· was taken that the cotton was not compressed too tightly thua 

stoppi.ng the air now. The ends of the glass tube were fitted with 

rubber stoppera, each containing one glass tube 8 cm. x o. 7 cm. Theae 

glass tubes protruded into the cotton ca. 4 CID• when t.he rubber stoppers 

were fitted tightly so that the air could not escape. Rubber tubing 

was attacbed to the 8 cm. x o. 7 cm. glass tubes atd an adapter to hold. 

a B-D Yale hypodel'Jiic needle1 •ize 321 length 3 inches, was placed in 

the longer end ot the rubber tubing. The hypodermic needle was 

attacbed and this end ot the tubing placed in a 20 cm. x 2.5 cm. test 

tube. Cotton was paclœd between the top of the test tube and the 
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Figure 1 Fermentation train used for carbon balances. 



rubber tubing J then the air steriliser was wrapped in paper and auto

claved at 121°0 ror l5 minutes. 

The medium was placed in the fermentation flask in the 

follow~ manner; ca. 2 gm. glucose were weighed out am placed in 

a lOO ml. voltlliiStric flask. The tlask was Jlade to volume with d.ie

tilled water and shaken until all of the glucose was dissolved. Frca 

this glucose solution, 2 ml. were removed, placed in a 10 ml. volu• 

~~etric flask and diluted to volu.. With this solution the amount of 

glucose added to the fermentation tlask was determined by the method 

of Sœogyi and Nelson (Neim, 1952). Triplicate determinations were 

made for all samples and preparation of the standard curve. Tbe re

maining glucose solution in the 100 ml. vol'WIIetric flask was poured 

through the aide am into the fermentation flask uaiDg a glass tunnel. 

The lOO ml. volumetrie !lask am f'lll'lœl wre rinnd twice with 

ca. 5 ml. distilled water; the washings were added to the fermentation 

tlask. The aide armand the top ot the fermentation tlask were fitted 

with cotton plugs and the flask autoclaved for fifteen minutes at 121°0. 

The ,eas-t extraot, sal.ts and, w.here applicabl.e (aee resulta), cysteiœ, 

W &miœ and asparagine were sterilized separately in test tubes and 

added aseptical.l.y' through the side ara. A!ter addition of these sub

stances the fermentation flask was then inoculated and the aide arm 

fitted with a sterUe rubber serum bottle cap. The sterUe needle !rea. 

the air sterilizer was pUihed through the rubber cap and the fermenta• 

tian flask placed on a reciprocating sbalœre The top of the 
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fermentation f'l.aak waa then connected with rubber tubing to a glap 

head tower gas washar containing 20 ml. carbonate-f'ree 6 N NaOH. 

Rubber tubing from the air sterUizer was attached to a Fiaher

Killigan gas washer filled with 200 ml. 20% HaOH to canpl.ete the 

fermentation train. The Fisher-Milligan gas 11aaher in turn was 

attacbed by rubber tubing to an air aupply umer a pressure of ten 

pauma per square inch. The flow of air was adjusted so th&t 

600 ml. f'lawed through the fermentation train in one houre The 

fermentation f'lask was ahalœn on the reeiprocating shaker tor tive 

days. 

a). Carbon Diaxide 

A.t the end ot this period the hypodermic needl.e 1188 

pulled out ot the rubber cap in the fermentation tl.aak, tben the 

air was turœd off. The rubber tubing was diseonneeted tram the top 

ot the fermentation flaak and the 20 ml. 6 N NaOH in the bead tower 

gas Rsher transferred to a 200 ml. volumetrie flaak. The gas washer 

-.s rinsed three times with C~...t'ree water and the washings added to 

the 200 mle VOl'llllletric n&ake Using C~-free water the volumetrie 

tlask was made to volume and shalœn. The amount of C~ absorbed by 

the HaOH was determined by titration atter BaC~was added (Neieh, 

1952) • Tbree 20 ml. aliquota or the Naœ solution and blank were 

titrated. 

b). carbon lssimilated 



The culture fluid in the fermentation flask was placed 

in a centrifuge bottle, then the fermentation flask was washed twice 

with 10 ml. distill.ed water am the washings added to the culture 

nuid. After the culture fluid was centrifuged at 6,000 revolutiODII 

per minute for .f'ifteen minutes, tbe supernatant was poured i:n:to a 

200 ml. volumetrie naak. The cellular material was washed twice 

with 10 ml. distilled water J the washings were added to the super

na tant. The volumetrie nask was then made to volume with distilled 

water and shaken. The cellular material was suspended in 10 mle 

distilled water am ca. 20 ml. acetone were added. The cell.s were 

collected on a tared filter with the aid or reduced pressure and 

washed with pure acetone. The acetone-prepared cella were dried 

overnight at 900C and weighed. Using 10 ml. Van s:qkee.Folch com

bustion fluid ( Neish1 19$2), the amount of carbon in 10 mgm. dried 

cella was determined by the combustion and direct titration methocl 

of Baker et al. (19S4). All combustion flasks were autocl.aved for --
one hour at 121oc. Blanks and cell carbon content were determiDed 

in triplicate. 

c). Residual Glucose 

Residual glucose was determined by the same method used 

for initial glucose determill&tion (Neieh, 19S2) arter appropriate 

dilution of 10 ml. of the culture liquor in the 200 ml. volumetrie 



d). Ethanol 

Ethanol was distilled from 20 ml. of alkaline .fermenta

tion liquor and collected in a 10 ml. volumetrie flask. The dis

tillation wa.s continued until oaa 9 ml. distillate was collected. 

The flask was made to volume, shaken and after appropriate dilution, 

the ethanol was determined in duplicate by the acid dichrau.te 

oxidation method (Neish1 19$2) • 

e) • Pullulan 

Pullulan wu precipitated out of 20 ml. culture liquor 

by the addition or 24 ml. acetone. The precipitated pullulan wu 

collected on a tared filter using reduced pressure, washed with pure 

acetone, dried overnight at 90°0 and weighed. 

f). Organic Aci~ 

The organic acids were prepared for separation and 

quantitative determination by the silicio acid column method (Neish1 

19~2) as f'ollowsJ 40 ml. of the cul.ture f'luid were concentrated to 

about 10 111. on a rotary evapora tor • The solution waa saturated wi th 

NaCl and extracted with ethyl ether for 12 hours. The ethyl ether 

was evaporated lesving the free organic aoids for column chromato

graphy. Because there were unidentified organic acids present which 

were not eluted by the solvents used1 five times the rec0111111ended 

number of milliequivalents of organic acid.s were placed on the column. 
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This bas no e!fect on the operation or the co1umn except possibly in the 

separation or lac tic ac id and succinic acid; however 1 lactic acid was pro

duced on1y by Mac M 18 during yeast-like grcmth. The quantity of lactic 

acid in this case was checked by a colorimetrie determination (Neish1 1952). 

The calcium salt of gluconio acid was precipitated between pH 

9.4 and pH 10.2 after addition of calcium nitrate and 120 ml. 95% ethanol to 

40 mle culture fluid (Herrick and MlV, 1928). The precipitate was oollected 

in a tared crooch crucible, dried at 90°C and weighede 

I • Oxidation of Various Substrates by the Dimorphic Forms 

standard 'Warburg respirometer experimenta were carried out using 

the "direct method• described by Uabreit ~ .!!!1 (1959). Each Warburg t1uk 

contaiœd; o • .5 ml. o.œ M substrate., l ml. cell suspension, 0.2 mle 20% 

NaOH1 and 1.5 ml. o.œ M phosphate buffer, pH 6.5. The flasks were sbaken 

at 90 strokes per minute at 25°c. The followi.ng substrates were tested far 

oxidation by both growth ph&sea:J of Uac ll 18, Mac :M 21 and Mac U 23; glucose, 

gluconic acid1 2-ketogluconic acid, glycolio acid1 pyruvic acid, cis• 

aconitic acid, fumaric acid and succinic acid; in addition, a preparation of 

crude ribulose which contaiœd at 1east one other pentose was used. 

The yeast and mycelia1 phases of each culture were grown in the 

appropriate medium. for 48 hours on a rotary shaker. The growth !IIBterial waa 

separated by centrifugation and1 using the screening technique previously 

described1 one growth phase was washed :free o:f the other. The cellular ma

terial was examined microscopically to verify that only one dimorphio form wa• 

present. The cells or mycelium were suspended in 50 ml. Oe02 M phosphate buffer, 



and aerated on a rotary shaker for 2 hours to decrease endogenou. 

respiration. AxrJ' large pellets of mycelium still remaining atter 

aeration were removed. The cellular material was centrifuged àt 

61000 revolutioœ tor 15 minutes, the supernatant discarded and the 

centrifuge bottle inverted tor ten minutes to drain excess water. 

The cellular •terial was placed in a tared 50 ml. Erlei\JIIeyer fiask 

and weighed. A. calculated volume ot 0.02 • phosphate butter, pH 6eS, 

•• added so that 1 ml. of the suspension cœtaiœd 75 aga. (wet 

weight) cellular material. A substrate was coœidered utilized 1t 

the œcygen uptaJœ was 10% higber tban endogenous. 

J • Fermentation of Glucose-1-Clh. and Glucose-6-c14 
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CDt hundred llicrocuries ot D-glucose-l..clh and D-gluca.e...O..Cl4 

were obtained tram Atœic Eœrgy of canada, Ltde Glucose was added to 

each radioactive umple to give a total weight of 1 ga., then the 

glucoee was recrrstallized as the monohydratee A o.œ )( gluco.e 

solution was made with each type ot radioactive glucose. The quantity 

and radioactivity of the glucose in each solution was checked by plating 

three Oel Jnl.e quantities of each 0.02 :U: glucose solution on glase 

planchets. J.t'ter drying UD:ier an infra-red .beat ~, the radio

activity was detenrl.ned by a Berk:ley ].()()().a decimal scalere Follcndng 

dupUcate counting, tbe quantity of glucose on each glass planchet 

waa determined by the method of Soaogyi and Nelson ( Neish, 1952 )e 

The Warburg respirometer waa used tor the radioactive 



experimente, the pH, temperature, agitation speed, and f'lask contents 

being the same as outliœd previously. The yeast and mycelial phase 

of' cultures vac Il 18 and liac Il 21 were grown~ prepared am suspended 

in the same marm.er as previously described. Six Warburg flaslœ were 

used for each growth phase of' each culture; two were used to 

measure endogenous respiration, . two contained glucoae-1~14 and two 

contaiœd glucose-..6-<:14 as subatrates. llhen about 1.5% of the sub

atrates were utilized1 l ml. of' .30% formaldeeyde was added to each 

flask to stop respiration. The NaOH in the center well and in the 

fUter paper waa removed with adequate rinsing, then 1 Jll. 1 JI BaC~ 

was ad.ded to precipitate the radioactive carbon dioxide. B7 centri

fuging1 the precipitate was washed once with 5 ml. diatilled water, 

once with .5 ml. 95% ethanol and finally suspended in a few drops of 

95% ethanol. Infini te ].y thin glass planobets were ude frœ this 

suspension by evenl.y plating ca. le.5 mgm. of the radioactive barium 

carbonate (calvin et al., 1949). Each planchet was counted twice --
and the barium carbonate on the planchets was determined by direct 

titration (Baker et al., 1954). 
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RESULTS 

.A.. llorpho1ogy of the Dimorphio Forms 

Figures 2 to 7 are representative photographs i1lustrating 

the morpho1ogy of the dimorphio forms o:t eaoh culture. The photo-

graphs were talœn of cultures grown predominantly in one dimorphio 

forœ whioh was separated from the other phase by the washing technique 

previously desoribed. Figures 21 4 am 6 present yeast-1ike cells of 

liac )( 181 Mao M 21 and Mao )( 231 respective1y. These oells multiplied 

by budding and as shawn in Figure 4 by bipolar budding. Figures 3, 5 
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and 7 present mycelium of Mao M 18, Mac M 21 and Mac K 231 respeotively. 

Mac 1l 18 (Figure 3) bad marlœdly septate mycelium; whereas, the septation 

in mycelium of Kac M 21 and liac M 23 was not as pronounced (Figures 5 

aJXl 7). 

B. Effect of Varions !gents on Dilllorphi8Jil 

a). Selenious acid, Cobalt sulphate and Cysteine 

Dry weight determinations ot the yeast and Dcy"celi.al phases 

o.f !!_ "Oullulaœ (Table l) shows that cysteine favoured yeast-like grcmth 

of all cultures tested. Additional yeast extract enhanced this effect 

for Mac )( 18 and liac K 211 but bad no ef.tect on Kac ll 23. Too m11ch 

cysteine bad an antagonistic e.tfect on ;yeaat-1ike growth of Mac 11 211 

however this ef.tect was counteracted by additional yeast extract. 

Selenious acid had no affect on Mac M 18, but the more dilute concentration 
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Figure 2 Yeast-like cella ot vac K 18. (700 X) 

~igure 3 Mycelium of Kac )( 18. (700 X) 
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. Figure 4 Yeast-like cella of liac M 21. (700 X) 
+- - bipolar budding. 

, Figure 5 Mycelium of Mac M 21. (700 X) 
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Figure 6 Yeast-like cells of Mac M 23. (700 X) 

Figure 7 Mycelium of :U:ac M 23. (700 X) 



TABLE I 

Effect of Various Agents on the Dimorphis of P. ~llulans. 

Ratio of dry weight of yeast growth 
to ~iceli.al firOWth as Eer cent. 

Agent Concentration llac ll 1 Mac 14 21 Mac 14 23 
(m~·LlOO ml.medium) Ïeast Mzcelium Yeast Mzceïium Yeast ~ce!Ium 

Control 4 96 40 60 3 97 
Cysteine 50 18 82 91 9 17 83 
Cysteine lOO 55 45 76 24 30 70 
Cysteine and 100 
extra yeast extract 50 78 22 97 3 32 68 

Selenious acid 0.003 1 99 36 64 5 95 
Selenious acid 0.0003 4 96 52 48 96 4 
Cobalt sulphate 0.03 6 94 27 73 4 96 



. of selenious acid favoured yeast-like growth of Mac K 21 and Jlac M 23. 

Cobalt sulphate favoured myoelial growth of Mac M 21 but had no effect 

on liac li 18 or Mac li 23 • 

b). Oqgen 

Increased aeration bad no effect on Mac K 21 or :Mao M 231 

but favoured yeast-like growth of Mac K 18 (Table ll)a This was 

also true when cysteine and extra yeast extract werœ added to the 

medium. Selenious acid at the concentration tested f'avoured yeast

like growth or Mac )( 21, but it did not atfect liac )( 18 or )(ac )( 23. 

Cobalt sulphate appeared to have no effect on any culture. 

c). Thiamine 

Thiamine increased yeast-llke growth of all cultures. 

The percent dry weight of the yeast phase of Mac li 181 Mac JL 21 and 

Mac M 23 was 10%, 78% and 83% respectively, when these cultures were 

grown in the thiami œ-asparagine medium. When cobalt sulphate waa 

added to this medium the percent dry weight. of the yeast phase of 

Kac K 21 was 7%a 

c. Media Used for PredCIDinantly Yeast-lllœ or llycelial Growth 

From the above resulta media (Table In) of different 

canposition were devised to support yeast-like growth or mycelial 

gronth or the three cultures. 
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TABLE II 

Effect of Increased Aeration* an the Dimorphism af ~ pullulans. 

Ratio of dry weight of yeast growth 

Concentration 
to mycelial ~rowth as per cent 

Mac1lllr' Mac 14 21 Mac M 23 Agent 
(m~./100 ml. medium~ Yeast !lcelium Yeast Mlcellum '!east M~celium 

Control (Table I) 4 96 40 60 3 
Control 36 64 38 62 7 
Cyateine and lOO 
extra yeast extract 50 100 0 100 0 36 

Selenious acid 0.003 43 57 60 40 10 
Cobalt sulphate 0.03 28 72 43 57 15 

* Aeration was increased by using a larger surface to volume ratio and a 
rotary shaker. 

97 
93 

64 
90 
85 
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TABLti; III 

Media Used for Predaminately Yeast-like or Mycelial Growth. 

Culture !east Phase Mycelial Phase 

Mac M 18 Glucose 
!east extract 
Cysteine 

Potassium monohydrogen 

2.0 gm. 
0.1 gm. 
0.1 gm. 

phosphate 0.1 gm. 

Glucose 
Yeast extract 
Potassium monohydrogen 

phosphate 
Magnesium sulphate 

Magnesium sulphate 0.05 gm. Ammonium nitrate 
Distil1ed Water 100 ml. Cobalt sulphate 

Distilled Water 

Mac M 21 Glucose 2.0 gm. Glucose 
!east extract 
Cysteine 

0.1 gm. L-Asparagine 
0.05 gm. Potassium monohydrogen 

phosphate 
Potassium monohydrogen 

phosphate 0.1 gm. 
0.05 gm. 

lOO ml. 
Magnesium sulphate 
Distilled Water 

Mac M 23 Glucose 
!east extract 
Cysteine 

2.0 gm. 
0.05 gm. 
0.05 gm. 

L-Asparagine 0.05 gm. 
Potassium monohydrogen 

phosphate 0.1 gm. 
Magnesium su~phate 0.05 gm. 
Thiamine 10 ugm. 
Distil1ed Water 100 ml. 

Magnesium su1phate 
Ammonium nitrate 
Cobalt sulphate 

· Thiamine 
!east extract 
Distilled Water 

Glucose 
Yeast extract 
Potassium monohydrogen 

phosphate 
Magnesium sulphate 

Ammonium nitrate 
Distilled Water 

2.0 gm. 
o.o5 gm. 

0.1 gm. 
0.05 gm. 

o.o5 gm. 
0.05 mgm. 

100 ml. 

2.0 gm. 
o.1 gm. 

0.1 gm. 

0.05 gm. 
0.05 gm. 
0.05 mgm. 

10 ugm. 
1 mgm. 

100 ml. 

2.0 gm. 
0.05 gm. 

0.1 gm. 
o.o5 gm. 

o.o5 gm. 
100 ml. 



D. Identification of End-.l':roducts o:t Glucose Metabolism 

a). Gluconic Acid 

Gluconic acid was produced during mycelial growth o:t 

Mac !! 18 and Mac !l 21 after 48 hoursJ it was not produced by 

Mac M 23 in either growth phase. Gluconic acid was identified 

by paper chromatography1 having an RF of o.o$' in the butanol

pyridine-water solvant and o.42 in the isopropanol-pyridine

acetic~cid~ater solvent. Both glucose and gluconic acid were 

detected with a.lkaline silver nitrate and glucose was identified 

with aniline phosphate. The absence of-< -keto acids was demon-

strated with o-phenylenediamine. 

b). Ethanol 

The ethyl-:hS'-dinitrobenzoate was made from ethanol 

produced by Mac M 181 Mac !! 21 and Mac M 23; the three samples had 

melting pointa of 89-91oc, 89-9loc and 89.5-9l°C respectively. 

Authentic ethyl-315-d.initrobenzoa.te melts at 9.3°C. The dàtillation 

characteristics and the melting points ar the derivatives indicated 

that all cultures produced ethanol. 

c). Pu.llu.lan 

Pullulan was recovered from the fermentation liquor and 
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biuret and xanthroproteic tests demonstrated that the poqB&ccba

ride was essentially protein free. After h,m-oqsis or pullulan 

from Mac )( 18, Mac )1 21 and Mac )( 231 glucose was the onl.y sugar 

found and no amino acida were present. These cultures then pro

duce a similar polysaccharide to that described by Bender et !!:. 

(1958). 

d) • Organic Acids 

Silicic acid column chromatography i.ndicated that 

acetic acid1 fonlic ac1d1 succinic acid am lactic acid were pro

duced during yeast-like growth or Mac )( 18. J. positive colour test. 

wi.th p-hydroxydiphenyl was obtaiœd before column chromatography and 

with the solvent containing lactic acid after colwan chromatography. 

This confirMd the presence ot lactic ac1d. 

The formation of silver succinate which was eluted from 

the silicic acid column by the correct solvent established the 

presence or succinic acide 

Paper chromatography of hydraxamates and a positive 

lanthanum nitrate test indicated that acetic acid was present. 

Form:l.c acid was identified by paper chromatography of 

its hydraxamate derivative. 

e) • Partial Cbaraceterization of Unidentified Organic Acids 

An organio aoid produced by the yeast phase of Mac )1 2.3 
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decanposed between 21o-22ooc. It bad the same ultra-violet absorp

tion pattern as cis-aconitic acid (Figure 8) and anlysis with paper 

chromatography indicated only oœ compound. This compoum reacted 

with Erhllch•s reagent to produce a yellow spot (RF o.B9) which 

strong~ absorbed ultra-violet light (citric acid, isocitric acid, 

and cis-aconitic acid gave blue spots and they had lower RF values). 

Itaconic acid gave tbe same yellow colou.r with Erhlich's reagent 

and its ~ value was sim11ar but the melting point of itaconic acid 

is 162-164oc. Binee the unidentified acid gave the same colour wi th 

Erhlich 's reagent as itaconic acid and itaconic acid was oxidized by 

glucose grown resting cells or Mac M 23 (Figure 12) then perhaps 

the unidenti!ied acid was formed from itaconio acid oxidation. 

Ana1ysis or the organic acids produced by mycelial growth 

or Mac M 23 revealed a spot which corresponded to the unlmown acid 

described in the preceding paragraph (i.e. it showed the same RF value, 

yellow co1our 1 and strong absorption ot ultra-violet llght). There 

was another acidic compound present which had an Rr or o.,2 and gave 

a yellow spot wi th Erhllch 's reagente 

lrfyoelial growth or Mac M 18 produced an acid which had 

the 8&JI8 ~ value and yellow colour reaction as the latter compound. 

E. Quantitative Determination of End-Products of Glucose lletaboliam 

The two end-products or glucose fermentation which 



TABLE IV 

Carbon Balances for P • Pllllulana. 

Mac 11 18 
Product 

Ce:U.. * 170.6 116.0 247.4 147.7 211.4 161.2 
C&rbon dimcide 174.4 159.7 302.8 145.5 116.7 16S.6 
Ethanol 68.6 18.4 o.o 74.5 2e2 13.5 
Pu1lulan ** 2.6 3.7 4.1 2.0 9.0 9.S 
Acetate 2.0 o.o 3e1 o.o o.o o.o 
Fonaate 2.2 o.o 4.9 1.0 2.0 o.o 
Buccin& te 3.3 o.o 0.9 l.h 0.2 o.o 
Lactate 2.7 o.o o.o o.o o.o o.o 
Gluconate o.o 6.6 o.o 16.2 o.o o.o 

Percent carbon recovered 88 62 98 93 6S 68 
Percent glucose utilized 80 45 98 30 99 80 
Amount glucose utilized (gm.) 2.$8 1.09 2.06 o.Bl 2.52 2.18 

* Keaaured as m moles carbon 

** Measured aa m moles glucose 



accounted for most of the carbon recovered were cella and carbon 

dio:xide (Table IV). Ethanol accounted for a large portion of carbon 

during yeast-like growth of Mac JI 18 and mycelial growth of Kac ll 21 

and Mac ll 23. Pullulan was produced in the largest quantities by 

Mac l4 23; Mac M 21 and Mac )( 18 produced about the same quantity of 

the dextran. There was no difference in the quantity of pullulan 

produced by either dimorphic form of the three cultures. Lactic 

acid was produced only by" Kac )( 18 during yeast-lilœ growth. Mac ll 23 

produced no acetic acid in either growth form; · whereas, Mac Il 18 and 

Mac M 21 produced acetic acid only during yeast-like growth. Ali 

three cultures produced succinic acid and formic acid during growth 

of one or both growth phases. Gluconic acid was produced by Kac M 18 

and liac ll 21 onq during mycelial growth. 

F • Orl.dation of Various .Substrates by the Dimorphic Forma 

The resulta of resting cell axidation of various substrates 

are presented in Figures 9 to 14. Endogenous respiration was four to 

nine times higher in yeast-like cells of all cultures. Gluconic acid 

and 2-ketogluconic acid were not o.xidized by a~ or the cellular 

preparations. In general, there was very little difference in sub

strate oxidation by the two dimorphic forma. 

Yeast-like cella of Mac M 18 oxidized cis-aconitic acid 

after a short lag am pyruvic acid after a long lag period. lfycelium 

of Kac ll 18 did not utilize cis-aconitic acid but did axidize pyruvic 
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acid after a short lag period. 

cis-Aconitic acid was not utilized by either phase of 

Mac 14 21; whereas, pyruvic a cid was utilized by the mycelium but 

not by the yeast-like cellse 

Pyruvic acid am cis-aconitic acid were utilized more 

rapidly by the yeast phase of Mac M 23 than by the mycelial phase. 

Both phases of Mac 14 23 could orldize itaconic acid but the culture 

could not grow on itaconic acid as the sole carbon source. 

Ge Fermentation of Glucose-]...014 and Glucose-6-cl4 

The amount or radioactivity ad.ded to each Warburg flask 

either as glucose-l-c14 or as glucose-6-Clh was the eame because 

measurements of the radioactivity of equal portions or the sugar 

stock solutions showed that the c-614 / C-114 ratio was 1.026 (Table V ). 

The results (Table VI) show that the amount of carbon di

oxid.e coming froa the 'bne• position of glucose is higher than the 

amount cœdng from the •six" position on all trials. This occurrence 

is more pronounced in the mycelium than the ~ast cella of Mac 14 18 

and 11ac M 21. 
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TABLE V 

Ratio of counts from Glucose-l-C14 and Glucose-6-014. 

Sample 

~-
Weight(ugm..J Counts per minute c.p.m./(up.)glucose Ratio 1-clil 

Glue oae..6-cl4 
305 
302 
305 

_____________________ leœ6 

Glucose-J.....cl4 
316 
302 
297 

1,863 
1,766 
1,715 
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TABlE VI 

Oxygen Consumed and Radioactive Carbon Dioxide Produced by the Dimorphic 
Forms of Mac M 16 and Mac M 21. 

Mac M 16 Mac M 21 
Y east Mzcelium Y east MlceiTum 

Flask * 
c.E.m• 

lOuM c~ uL ~ 
c.E.m• c.E.m• 

10uM co2 uL Û2 lOuM c~ ut ~ 
c.:e.m• 

l.Ou1l co2 uL ~ 

Experiment I 

Endogenous 64 34 2o6 20 
Glucose-l-cl4 740 203 1,097 197 844 269 681 136 
G1ucose-6-c14 376 199 446 201 430 297 339 150 
Ratio co2- 114 

C02-6 14 1.96 2.46 1.96 2.01 

Time (Minutes) 60 110 80 lOO 

Experiment II 

Endogenous 89 38 209 38 
Glucose-1-cl4 705 205 1,060 204 944 291 1,021 169 
Glucose-6-c14 389 207 443 205 435 298 376 1.5.5 
Ratio co2-114 

C02-6l4 1.81 2.39 2.17 2.72 

Time (Minutes) 60 llO 80 100 

* Each Warburg flask contained; 1.5 ml. 0.02M phosphate buffer pH 6.5, 
0.5 ml. 0.02 M substrate, 1 ml. cellular preparation, and 0.2 ml. 20% NaOH. 



DISCUSSION 

llicroscopical examination revealed that the method of 

separating the dimorphic forms of .!:.! pullulans was satisfactory. 

The method was ti.me consum.il:lg, however reduced pressure to aid 

f1ltering and washing would greatly speed up the procedure. The 

separation method1 coupled w1 th the dispersion caused during 

aeration to reduce endogenous respiration, broke the mycelilDI in

to fragmenta which could easily be suspemed. This JS:nnitted the 

mycelium to be dispensed in the same way as yeast-like cell.a 

during Warburg experimente. 

Cysteine is known to favour yeast-like grcnrth of 

several dimorphic f\Ulgi (Niclœrson and van Rij1 1949) and during 

this investigation cysteine was shawn to tacilitate yeast-lilœ 

growth or !! pullulanse At least two enzymatic reduetioa 

aechanisms linking glucose metabolism with disulphide reduction 

are known. The disulphide of oxidized glutathione is reduced by 

the enz;ymatic transter of' hydrogen from TPNH (Conn and Vennesland1 

1951 a,b); whereas1 cysteine is enzymaticall.y reduced by the trans

fer of :eydrogen from DPNH (Nicherson and Rcmano1 19.$2). Nickerson 

and Jlankowski (1953) have shown that Camida albieall8 will grow in 

the myoelial f'orm on starch agar but yeast-like growth could be 

induced by adding either glucose or eysteine. The action et glucose 
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and cysteine was believed to provide DPNH and TPNH in quantities 

adequate enough to maintain the thiol groupings associated with 

cellular division (Nickerson, l948J Nickerson, 1954). Since 

yeast-like growth or !! pullulana, like c. albicans, resporrla to 

cysteine it awears tbat!! pullulans requires s1m1Jar thiol 

groupinga for cell division to occur. 

Selenious acid favoured yeast-lilœ growth of two 

cultures of~ pullulans. These resulta agree with those reported 

for !! pullulans and B.! albicans by Nickerson ~ !!.!,1 ( 1956) who 

demonstrated the effect was not a selective inhibition of fil-

amentous growth but a promotion of cellular division. Sulphur 

contained in protein occurs mostly in an orl.dized state of 

disulphide {-s-s-) linkages) the sulphhyd:cyl group {..sH) which is 

essential for the activity of many enzymes and hence possibly cell 

division, is readily subject to œddation both in the cell and in 

isolated proteins. In contr&st to the labillty of ..a, protein 

bound selenium has been reported to occur in the reduced state (-seH) 

and to be oxidized with difficulty. This explanation seems doubtful 

when applied to the resulta of this investigation because of the low 

concentrations of selenious acid found to affect dimorphisme 

Cobalt sulphate supported mycelial grawth of one of the 

cultures tested. Cobalt treated cells of c. albicans have been -----
shown to form. long mycelial fragments rd.th no crosswalls and very 
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wide spacing between blastospore clusters (Niclœrson and van Rij, 

1949). A possible explanation is that cobalt forms cœpl.exea 

spontaneously with cystine and cysteine thus maldng them un

available to the organism (llichaelis, 1929 J Michaelis and Barron, 

1929). 

Aeration was fo~ to favour yeast-like growth of one 

of the three cultures tested. This result disagrees with what 

Bauer (1938) reported for f.! pullulans but it does agree with 

Wickerham an:i Rettgerts (1939) resulta for f! albicans. 

Thiamine pranoted yeast-like growth of all culturea,. 

Since !!, pullulans has a requirement for thiamine (Ward, 1960) 

then a limited supply of this vitamin would slow dawn glucose 

metabolism with a corresponding decrease in reduced TPN am DPN. 

This could cause mycelial growth. A. sufficient supply of thiamine 

would increase glucose metabolism thus supplying enough reduced 

TPN and DPN to induce cell division. If the concentration of thiol 

groupings associated with cellular division was critical then the 

difference in concentration ot thiamine needed for growth and cell 

division and that needed for growth alone, need not be great. 

Cella and carbon dioxide are the main products of glucose 

metabolism by E.!, pullulans but ethanol is sometimes a major product. 

Since itaconic acid can be oxidized by Mac )( 23 and itaconic acid 

as well as the unidentified organic acids give the sama colour 
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reactionwith Erhlich's reagent, it appears that the unidentified 

organio aoids are similar to itaoonic acid. If one assumas that 

the unidentified organio acids are three carbon fragmenta or 

larger1 it is evident that yeast-like cells can oxidize glucose 

further than can mycelium in the same growth period. The only 

other major difference between the two phases is the production 

of gluconate by the mycelial phase of !! pullulans. Nickerson 

(1954) i'ound that a filamentous mutant of~ albicans could 

accumulate and reduce a tetrazolium dye,; whereas, cells of the 

parent strain growing as a norma~ budding yeast accUDillated 

the dye but did not reduce it. Niclœrson concluded that the 

morphological mutant bad an impairment of a cellular oxidation 

mechaniam at a flavoprotein locus. This locus was the site at 

which a reaction essential for cellular division was coupled via 

an oxidation-reduction system to cellular metabolism. The pro

duction of gluconate by the myoelial phase but not by the yeast 

phase of !!_ pullul.allll seems very similar to the reduction of 

tetrazolium dyes by mycelium of~ albicans. The fact that 

gluconate a:rxi 2-ketogluconate were not oxidized by resting oells 

of ~ pullulans and 2-lœtogluconate was never detected in the 

culture fluid nullifies the existence af a catabolic scheme 

involving gluconate. The radioactive glucose experimenta i.n

dicated that the pentose phosphate cycle operates well in both 

phases of f.! pullulans a:rxi thus a partial blockage of the shunt 
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mechaniam in the mycelial phase is unlikely. Also1 the tact that 

gluconate is produced only by the mycelium of !.!, pullul&D8 

eliminatea the possibility of a partial blockage. Therefore1 there 

is a possible similarit7 between the production of gluconate b:r 

!! pullulana and tetrazollum dye reduction by ~ albicans. 

The pullulan produced by the cultures studied in this 

investigation was more like the dextran described by Bender et al., --
(1959) than the dextran obtained by Bernier (1958) in that glucose 

was the only sugar foum to oonstitute the polysaccharide. The 

polysaccharide was precipitated free of protein by the method used. 

Endogenous respiration is from four to nine times higher 

in the yeast phase than in the mycellal phase of !.!, pul lu] ana yet 

the rate ot glucose utilisation is only one and one-hal! tilles 

higber in the yeast phase. In one instance, glucose utilization 

was actuall.y !aster in the mycelial phase. On this basie it 

appears that most of the reserve material is stored by the yeast

lilœ cells. Possibl.y yeast-like cells would be more likely to 

survive unfavourable conditions. 

Both phases of f.!. p1llulana metabolized glucose 1 ribulœe, 

fumaric acid1 succin:ic acid and g~colic acid in a similar manner 

indicating a basic similarity between the dimorphic foras. Pyruvic 

acid and cis-aconitic acid were metabolized diff'erently by each phase. 

It is difficult to explain anything fran these differences although 



. the most obvious explanation is a difference in permeability of 

the cell membrane of the dimorphic forma. 

The significance or the rapid utilization of glycolic 

acid is interesting becauae it ia related to the carbon balances • 

.A.ll of the cultures produced fonde acid during glucose metabolisme 

However, there are a number of possible routes of formate formation. 

Formic acid may be formed from pyruvic acid1 oxalic acid1 gl:ycolic 

acid, glyoxalic acid1 formylglutamic acid1 formylaspartic acid, 

imidazole acetic acid and via the glycine-succinate cycle (umbreit1 

1960). Although none of these pathwaya may be ruled out, the 

glycolic acid-glyoxalic acid route appears to be the most probable 

since glycolic acid was utilized by glucose-grown cella at Pe -
pullulane without a lag periode If f.! pullulana possesses fonlic 

dehydrogenase 1 there is a possibility of glucose being oxidized to 

carbon dioxide by this route • 

By' measuring the radioactivity- of carbon dioxide pro-

duced from specif'ically labelled glucose• the E.M.P. scheme and 

the pentose phosphate shunt were shown to be active in both 

dimorphic forms of~ pullulanae Katz and Wood (1960) have 

presented some of the difficulties encountered in evaluating the 

relative participation of different pathways during glucose utiliza-

tion. Bl.oan ~ !h (1953) and Bloom and Stetten (1955) were the 

first to recognize and attempt to correct for the most important 
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source of error. By using c1402 yields from lactate .. J-Clh and 

lactate-l-c14, they hoped to correct for the incomplete ox:l.dation 

of the acetyl-GoA formed from pyruvate during glucose catabolism. 

To apply the correction they assumed that all the triose phosphate 

formed was oxidized to pyruvate am that it in turn was all de

carboxylated to carbon dioxide and acetyl-GoA. Since a con

siderable amount of c14 of the triose phosphate may be incorporated 

into compounds withoat decarboxylation of pyr·11Vate1 the correction 

was without doabt too low. Another source of error is recycling or 

fnctose~ through glucose..&-.?~ in the pentue phosphate cycle 

but 1 by far the most important err or is incomplete oxida ti on of 

acetyl-GoA. This souroë of error bas lead Katz and Wood (1960) to 

conolude that by itself the determination of the c1402 yields from 

glucose-~14 and glucose-6-c14 provides no useful quantitative 

and only very limited qualitative information on the patterns or 

glucose :rœtabolism. The amount of carbon dioxide caming from carbon 

"one~ of glucose is slightly higher when glucose is metabolized by 

the mycelial form of !!, pullulaDB. The carbon balances indicate 

that the mycelial. phase carmot oxidize glucose as completely as the 

yeast phase during the same ti.me period. This 1 according to Katz 

and Wood, would result in a slightly higher C<l2-114/C02-614 ratio 

for the mycelial phase, which agrees wlth the resulta. Otherwise1 

the ratios of COr·l14/c~...614 are very close indicating that glucose 

was metabolized via the 111ame pathway by the dimorphic i'orms. No 

attempt was made during this investigation to evaluate the relative 
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participation of the E.M.P. scheme and the pentose phosphate scheme. 

The investigation merely demonstrated that the participation of 

each scheme was the same in both dimorphic forms. 

No relationship between morphological form and glucose 

metabolism could be established except possib~ the formation of 

gluconate • Thus it seems that metabolism and cell di vision are 

completely divorced from one another. These resulta support the 

basic contention that "the manifold processes of growth and cell 

division that comprise cellular multiplication are not inextricably 

linked." (Falcone and ~Tickerson, 1958)• 

60 



A method of spearating the dimorphic forms er 

Pullularia pullulans was developed and used to study the effect 

which oysteine 1 selenious acid, cobalt sulphate and increased 

aeration have on the dimorphism of the fungus. Cysteine 

favoured yeast-like growth of all cultures tested; whereas1 

eelenious acid promoted yeast-like growth in two of three 

cultures. Cobalt sulphate fostered mycelial growth of one 

cultl.U'e and increased aeration favol.U'ed yeast-like growth ot one 

culture. From these data media were developed which supported 

granth of predaminantly one ar the other dimorphic form of each 

culture. 

Products of glucose catabolism by both dimorphic f'orms 

of three cultures were identified and measured quantitatively. 

Most of the glucose was either aasimilated or converted to carbon 

dio:xide1 however in some instances ethanol was produced in sub

stantial quantities. The three cultures studied also produced from. 

the fermentation of glucose, formic acid, succinic acid and the 

extracellular polfsaccharide1 pullulan. In addition, two cultures 

produced acetic acid and one culture produced lactic acide The only 

significant difference in the end-products of glucose metabolillm by 

the dimorphic forms of !! pullulans was the production of gluconic 

acid by the mycelial phase of two of the cultures. 
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Warburg respiration experimenta revealed that glucose, 

ribulose, succinic acid, tumaric acid ani glycolic acid were 

utilized equally well by both dimorphic forma. Endogenous 

respiration was considerably higher in the yeast-like cella• 

Gluconic acid ando( -lœtogluconic acid were not utilized by either 

phase of any culture. The utilization of pyruvic acid am cis

aconitic acid varied considerab:cy from culture to culture and from 

one dimorphic form to another. 

The measurement of radioactive carbon dioxide pre>

duced from glucose-l-c14 and glucoee-6-c14 revealed that the 

pentose phosphate shunt and the Embden-Meyerhof &cheme operate 

sillli1arly in both dimorphic forma of two of the cultures of 

!! pullulans. 
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