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I. INTRODUCTION 

Hansenula anomala (Hansen) Sydow presents two interesting physio-

10gical phenomena: th~ formation of a pe11ic1e on 1iquid media and the 

production of large amounts of ester. 

Although the formation of the pellic1e had been discussed in re­

lation to co10ny form and cell hydrophobicity (Fabian & McC\ü10ugh, 

1934; Fabian & Wickerham, 1937; Wickerbam, 1951; Tabachnick, 1953a; 

Windisch & Emeis, 1958), no quantitative detennination of the pellic1e 

for ditferent co10ny forms of Hansenula anomala nor comparison of the 

physio10gy of the pellic1é cells with the sedimented cells had been 

done. Various physio10gica1 ro1es had been attributed to the pellic1e 

(Wickerham, 1951; Tabachnick, 1953a) but no experimental work had been 

done to verity these hypotheses. Factors 1nf1uencing the formation of 

ester by Hansenula anomala had been studied at 1ength by several authorsj 

however, the resu1ts concerning the'ro1e of aeration in ester formation 

seemed questionab1e in view of the fact that suitable contro1s for the 

estimation of ester evaporation were not usually inc1uded. 

These facts prompted us to carry out a study of pellic1e forma-

tion by three different morpho10gica1 strains of HansentL~anoma1a and 

to determine through the use of various 1nhibitors of pellic1e formation 

the ro1e played by the pellicle in ester production. M:>reover, the 

effect of aeration on ester formation by these three strains of Hansenula 

anomala was investigated. 



2 

II. LITEBATURE REVml 

Considerable attention has been devoted, over a number of years, 

to the genus Hansenula. Designated as the genus Willia by Hansen (1904), 

it vas characterized by hat-shaped or Saturn-shaped ascospores, gaseous 

fermentations and ester production. Renamed Hansenula by the Sydows in 

1919, the genus vas limited to species vhich assim1late nitrate, fer­

ment sugars strongly and hydrolyze esculin by Stelling-Dekker (1931). 

The taxonomy of Hansenula, studied by Bedford (1942), vas briefly re­

viewed by Gray (1949) and more recently by Wickerham (1951). 

The phylogeny and biochemistry of the genus Hansenula vas dis­

cussed at length by Wickerham and Burton (1962). These authors divide 

the genus Hansenula into five phylogenetic lines: 1) a homothallic 

and 2) a heterothallic chain of species, both of which evolved from habi­

tats linked with coniferous through deciduous trees and, finally, into 

habitats where microorganisme are free living and highly competitive; 

3) a homothallic ~d 4) a heterothallic chain, coth evolved toward com­

plete dependence upon coniferous trees and finally 5) a few species 

associated pr1marilywith the animal body. 

All species isolated from trees require vitamins for growth in 

chemically defined media. Species isolated fram sources independent of 

trees are predominantly diploid, ferment three to five sugars, synthesize 

all the vitamins needed and often produce mat colonies. These yeasts 

represent an evolutionary line in vhich an increasing ratio of diploid 

to haploid cells, greater fermentative powers, an increasing ability to 

synthesize vitamins, and a change from mucoid to glistening butyrous and 
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finally to mat dry colonies indicate the se~ence of evo1utionary deve1-

opment within the genus. 

Hansenula anoma1a is class1fied by Wickerham and Burton as a 

heterotha11ic yeast evo1ving towards a free-1iving state. It stands high 

in the second phy10genic 1ine, requires no vitamins, rapidly ferments a 

number of sugars, and produces predominant1y mat colonies. 

In the present study, two aspects of the physio1ogy of this yeast 

are reviewed in particular: the pe1lic1e and co1ony characteristics of 

Hansenula yeast and the formation of ester by these organisms. 

PELLICLE AND COLON! CHARACTlmISTICS OF HANSENUIA YEAST 

MOst Hansenula species produce a pe11ic1e on li~id media. Fabien 

and McCullough (1934), using several genera of yeast including Willia 

(Ha.nsenula) anomala conc1uded that the tendency to SCUlD. (pellic1e) for­

mation is due to the dissociation of the S form of the yeast to the R 

form and that SCUlD. formation took place in a shorter time at thehigher 

temperatures than at the lower temperatures because the yeast dissociated 

more rapid1y at the higher temperatures. The R form of the yeast pro­

duced scum at aIl temperatures. However, Scherr and Weaver (195') 

pointed out in their review of the dimorphism phenomenon in yeast and 

yeast-like organisme that a11 other investigators of the phenomenon had 

found that lower temperatures rather than higher temperatures induced Y ~ 

M transformations. 

The dissociation induced in Saccharomyces aceris-sacchari (Hansenula 

anomala) by lithium chloride was shawn to be a gradual and reversible 

process byWickerham and Fabian (19,6). The rough forma obtained grew 

mainlyat the surface of the 1iquid medium. MOreover, they possessed 

larger cella and produced bigger colonies on agar • 

-
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The amount of pelllcle formed seems to correspond to the colony 

type of the strain employed. Fabian and Wickerham (19'7) showed that 

the mat forma produce heavier pellicles on liquid media tban the corre-

sponding glistening forma., In ~senula anomala, al1 degrees of transi­

tion are found between highly glistening and powdery ma.t extremes in 

colony appea.ra.nce. Moreover, the authors cOllcluded that homologous mat 

and glistening forma usually have approximately equivalent physiological 

activities from a qwalitative though not from a quantitative standpoint. 

Glistening types vere found to produce decidedly more alcohol than the 

corresponding mat types. Wickerham (1951) believes that the develop-

ment of prominent pellicles by rough strains is a mechanism for the 

oxidation and utllization of the alcohol and organic acids produced. 

Tabachn1ck (1953a), on the other band, postulated that the cells 

in the surface film carried out the major portion of both ethanol and 

ethyl acetate production from glucose since in very low oxygen tensions 

very slow glucose utllization and little ester production resulted. 

Hedrlck (1960), in his study of the relative hydrophilic and 

hydrophobie characteristics of yeast cells through their sedimentation 

patterns in dllute aqueous saline solutions, postulated that the cellular 

surfaces of hydrophobie strains contain a preponderance of nonpolar 

groups such as -cH, and -o6H5. Cells vith hydrophllic surfaces, on the 

other band, have a preponderance of exposed polar groups, such as "()H, 

-NH2, -coo -, and ..()R), - • Two yeast strains employed in the present 

studyvere investi~ted by Hedrick; Y-17,7 and y-,66. Hedrick observed 

that Y-17,7 showed greated hydrophobicity tban y-,66. Y-17,7 formed 

growth clusters of many cells but the author concluded that aggre~tion 

of cells vas not responsible for the shields (sedimented cell patterns) 
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in tubes with different amounts of saline. 

lUndisch and »Deis (1958) reported that Tween 80 by a1tering the 

surface tension prevented pellic1e formation by a number of yeast genera 

inc1uding Hansenula. 

ESTER PRODUCTION BY HANSENUIA ANOMAIA 

In 1894, Hansen reported that Hansenula ~ produce a fruit y odor 

during fermentation. The ester produced by Hansenula anomala was identi­

fied by Gray (1949) as ethy1 acetate. 

A detailed studyof the chemistry and physio1ogy of ester pro­

duction by Hansenula anoma,la was presented by Tabachnick (1950) who con­

c1uded that ethyl acetate is not produced direct1y from glucose but is 

formed as the result of the aerobic uti1ization of etheno1 accumulated 

in the fermentation of glucose. Tabachnick Blso noted that ester syn­

thesis appeared to follaw a separate patb:way trom hydro1ysis. The ester­

ase responsible for the hydro1ysis is inhibited at 1aw pH values per­

mitting the accumulation of ester under these conditions. 

Peel (1951) conc1uded from bis experiments with washed suspensions 

of !. anoma.la cells that the amounts of ester formed were too large to 

be accounted for by the reversa! of a simple esterase reaction and postu­

lated a more exergonic mechanism of ester formation. 

The acidic metabolic products of Hansenula anamala were shawn to 

be, by Hughes (1952), acetic acid and a nonvola.tile acid which was not 

identified. 

Brock (1952) postulated from the respiration data obtained from 

glucose that one pataway of aerobic glucose oxidation in ~. anomale 

follaws neither the mnbden-Meyerhof scheme nor the tricarboxylic acid 

--------~- -_ .. _~_ ... 
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cycle but a scheme of the Warburg-Lipmann-Dickens type. This hypothesis 

vas verified by Davis (1957) who determined that !!.. anomala oxidized 

intermediates of glycolysis, of the monophosphate pathway and of the tri-

carboxylic acid cycle. The author suggests that the monophosphate path-

vay is a major pathway in the initial dissimilation of glucose and that 

the pentose is split into 2-carbon and 3-carbon fragments vith the 3-

carbon fragments being converted to ethyl acetate via ethanol. Sova. 

(1960) also concluded from his study of the mol ratios of C02 evolved/ 

glucose utilized that both the glycolytic and the hexose monophosphate 

pathways are operative simultaneously in the hexose metabolism of ~­

senula anomala. However, he proposed that ethyl acetate is produced 

through the glycolytic pathway since inhibition of the monophosphate 

pathway vith atabrine resulted in enhanced ester production. Toy (1963) 

confir.med the presence of the glycolytic and hexose monophosphate pathways 

in Hansenula anomala and concluded that volatile acid accumulates when 

the monophosphate shunt 1s blocked and nonvolatUe acid increased when 

glycolysis is inhibited. 

Nordstrom (1961, 1962, 1963, 1964) in his intensive studyof the 

mechanism of ester production in SaccharOmyces cerevisiae also showed 

that ethyl acetate is not formed through the esterification of acetic 

acid by means of ethanol in the medium, but by an energy-demanding pro-

cess requ1ring the participation of acetyl-CoA.. The author demonstrated 

that the acetyl-CoA for ethyl acetate formation arises through the ox!­

dative decarboxylation of pyruvic acid. Canterelli (1955) had already 

proposed that ester production in HBnsenula is dependent on CoA.j however, 

some of his results, notably the inhibitory effect of very low concen-
, 

trations of 2,4-dinitrophenol and of malonate on ester production in 

-
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Hansenula anoma.la, may indica.te that acetyl-CoA does not arise from the 

oxidative deca.rboxyla'cion of pyruvic acid in this yeast. 

Smith and Martin (19~) investigated the nature of the esterase 

present in ester-producing Hansenula and found that the partially­

purified enzyme decomposed both aliphatic and aromatic esters. The ester­

ase had a broad pH optimum, the maximum degradation of ethyl acetate 

occurring be'tWeen pH 5 and 7. These authors fal1ed, as had Tabachnick 

(195l), to produce an active cell-free preparation of the ester synthe­

siz1rig enzyme. 

Many investigators were especially interested in the effects of 

aeration on ester production. Kayser and Dema.lon (1909) stated that 

moderate excess of aeration favors ester production but that great excess 

results in decreased ester due to over-oxidation of ethanol. Fabian and 

Wickerham (1937) also concluded that when oxygen is low, ester produc­

tion is low; when oxygen is abundant, no esters are formed. Sufficient 

oxygen to maintain normal growth produced the largest amounts of esters. 

In determining this, these authors used five liters of medium in a 6-

liter flask with the onlyaccess to air being a 15 mm. hole tightly 

plugged wi th cotton, the same type of flask wi th a 50 mm. opening and 

thirdly, 5 liters of medium in a 16 inches square pan. In the first 

flask, at the end of 10 daya, less than 0.02 gm. of ester per 100 ml. 

were formed. In the second flask, 0.58 gm. of ester per 100 ml. had 

been produced. In the pan no esters were present at the end of ten daye. 

The authors, however, did not mention if ester determinations were made 

at earlier or later intervals nor did thev discuss the possibility of 

ester evaporation. 
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Gray (1949) conducted slight1y more elaborate aeration exper1ments. 

He added 100 ml. portions of medium to Erlenmeyer flasks of 125, 250, 

500, 1000 and 2000 ml. capacity obtaining the results shawn below after 

five days of incubation: 

Flask Volume (ml.) 

125 

250 

500 

1000 

2000 

Total Ester (mg.) 

109·5 

From these results, the author concluded that increased aeration 

attained by increasing the surface/volume ratio resulted in a decided 

decrease in ester production. Again there is no mention of ester deter­

minations made before or after the five~y period or of loss of the 

volatile ester. The time of maximum ester production was determined to 

be five days for cultures of 100 ml. in 250 ml. flasks and this was 

assumed to be the same for the other flasks.· It was also shawn that, in 

the 250 ml. flasks, after the ester had reached its maximum concentration, 

it disappeared from the fermentation medium at about the same rate as it 

hed been produced. 

The effect of excess aeration was also studied by TabaChnick and 

Joslyn (1953a) who noted that only 57% of the amount of ester formed in 

the standing cultures was found in the cultures incubated on the shaker. 

A control containing 1.60 mm. of ethyl acetate per 100 ml. showed only 

a 2~ loss of ester by evaporation at the end of 12 hours. Hawe".re!', 

Tabachnick (1951) also pointed out that a much more rapid rate of ester 

evaporation occurs in cotton-stoppered 125 ml. Erlenmeyer flasks con-

taining 20 ml. of medium and incubated on the shaker. 

-
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Sova (1900) found that over four timee more eeter wae produced in 

250 ml. flasks containing 100 ml. of medium when the cotton stoppers and 

the neck of the flasks were covered with aluminum foi1. The author die-

missed the 10es of ethy1 acetate by evaporation as a possible cause for 

this phenomenon re1ying sole1y on Tabachnick' s (19538.) evidence with his 

2500 ml. narrow-necked Fernbach flasks and neg1ecting Tabachn1ck' s 

(1951) results with the 20 ml. of solution in 125 ml. flasks. Neglect-

ing to verity this data under his own exper1menta1 conditions, he pre-

sented the results obtained with foil-covered flasks as turther evidence 

in support in favor of the view that ethy1 acetate is formed on1y under 

moderate conditions of aeration. 

The results obtained by those investiga.ting the effects of aera-

tion on ester production seem to indicate, in general, tha.t no ester ie 

produced under anaerobic conditions (Peel, 1951; Tàbachnick & Jos1yn, 

1953b) and that excess aeration 1eads to reduced ester production. 

-
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III. MATmrAIS AND MImIons 

CULTURES 

10 

The yeast cultures used vere three strains of Hansenula anomala 

obtained from the Northern Regional Research Laboratory through the 

courtesy of Dr. L. J. Wickerham. These vere given z.Bcdonald College 

collection numbers: Y3221, Y3222 and Y3223. 

An addi tional strain used in a few experiments vas obt8ined 

through the courtesyof Dr. William D. Gray and vas given number Y3224. 

The yeast cultures vere maintained on MY agar plates (this 

medium contains 0.3'f, yeast extract, O.?fI, malt extra ct, 0.5~ peptone, 

l'f, giucose and 2'f, agar) and vere transferred every four to five days. 

Q.UANTrrATIVE DErEBMINATION OF THE PELLICLE 

The fermentation medium emp10yed consisted of Dirco Yeast Nitro­

gen Base, a chemically defined medium deve10ped by Wickerham (1951), 

containing ammonium sulphate, minerals, trace elements and growth 

factors. This medium vas dissolved in distilled vater to give a ten­

fold concentration stock solution and fi1ter sterilized. A ten per 

cent glucose solution vas sterilized by autoclaving for 15 minutes at 

20 p.s.i. and 12loC. When the glucose solution had cooled, 40 ml. of 

the nitrogen base solution vere dispensed into 3~ ml. portions of the 

sugar solution and the resulting 400 ml. of complete mediumwere trans­

ferred to sterile 500 ml. pear-shaped separatory tunnels. 

Inoculum vas prepared by transferring a 100pful of yeast cells 

from a two to three day old MY plate culture to 10 ml. of the ferment­

ation medium descr1bed above. After incubation on the Shaker for 24 
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hours at 'OoC., one ml. of the culture was used to inoculate 10 ml. of 

fresh medium vhich vas incubated for 16 hours under the same conditions. 

The cells were then centrifuged and resuspended in enorigh water to give 

optical density measurements equivalent to 1.5-2.0 mg. dry weight of 

cells in the 2 ml. used as inoculum. 

The cultures in the separatory tunnels were incubated at 25 and 

3<)°C. Every second or third day over a period of 11 to 14 days, three 

tunnels were emptied for each strain of yeast usedj 200 ml. were vith­

drawn through the stopcock so as not to disturb the pellicle and the 

remaining 200 ml. were washed out of. the tunnel with distilled water. 

The cells from the 200 ml. withdrawn through the stopcock are referred 

to 8.S bottom cells and those in the remaining 200 ml. as top cells. 

The cells were centrifuged at 10,;00 x g for fifteen minutes, vashed 

twice and resuspended in 5 or 10 ml. of distilled water. Two ml. ali­

quots vere dispensed into 10 ml. tared beakers and dried st 9(>°C. for 

18-24 hours. 

The sugar remaining vas determined by taking the bSlling of 

the supernatant vith a Brix saccharometer, after the cells vere centri­

fuged. The pH vas determined with a glass electrode pH meter. 

DErERMINATION OF VIABILITY OF CELIS 

Top and bottom cells vere obtained as described above except that 

the fermentation medium contained 2~ instead of 10~ glucose. The centri­

fuged cells were stained vith the methylene blue "dead ceU II stain de­

scribed by Townsend and Lindegren (195'). The stain ia a single solution 

containing 0.2~ methylene blue, 5'fo ethyl alcohol in 0.2M KH2P04. Excess 

stain vas mixed with the cells and the cells were allowed to stand for a 

-
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few minutes. The percentase of dead cells - cells vhich became blue -
. q,(JP~oXl1rt.a.te.l~ 

vas calculated from a total count Of/l, 000-4, 000 cells obtained through 

the microscopie examination of two to three vet mounts. 

RESPmATORY S'ruDIES 

Top and bottom cells, collected as indicated above, vith 2~ 

glucose in the fermentation medium, vere resuspended to give 3.0-4.0 mg. 

of cells dry veight per ml. Standard manometric techniques (~reit 

~ ~., 1964.) vere used. One millilitre of HC1-KCl bu.:r:t'er at pH 2.5 

(Colowick and Kaplan, 1955), 1.0 ml. of cell suspension, 1.0 or 0.9 

ml. of vater vere dispensed into the main vell of the Warburg flasks. 

In the center vell, 0.2 ml. of 10~ KOH vas used and in the side arm, 

0.1 ml. of a glucose solution containing 10 uM of glucose. The re­

spiratory studies vere conducted at 300 C. All values for gas exchange 

have been calculated in )11. of oxygen per hour per mg. dry veight of 

cells. 

STUDY OF PELLICLE INHIBITORS 

For these experiments, fermentations vere carried out using 20 

ml. of Yeast Nitrogen Base medium containing 2~ glucosë in 50 ml. 

Erlenmeyer flasks. The cells used for inoculum vere taken from two 

to three day old MY agar plates, inoculated into 20 ml. of 5~ glucose 

Yeast Nitrogen Base and incubated on the shaker at 300 C. for 16-18 

hours. The cells vere centrif'uged, washed once and resuspended in dis-

t1lled vater to give an optical density reading equivalent to about 2 

mg. of cells dry veight per ml. The flasks vere inoculated vith 0.2 ml. 

of this cell suspension. 

-------------------------
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In a series of fermentations, 0.05-0.2% Tween 801 (vol./vol.) vas 

used. Supplement of 0.8% yeast extract vas addedto fermentations vith 

and vithout Tween 80. 

An ergosterol stock solution vas prepared according to the method 

of Hesseltine ~~. (1952) using 2.5 gm.' of ergosterol vith 250 ml. of 

Atlas Tween 80 and 500 ml. of 95% alcohol. Solution is effected by 

heating in a vater bath at 6/:)-700 C. and then the volume is made up ta 

1,000 ml. vith 95~ alcohol. Eight millUiters of this stock solution 

vere uSed in 1,000 ml. of medium. An equivalent amount of alcohol vas 

added ta the cultures not receiving any ergosterol • 
. 

Ta other cultures, L (+) cysteine hydrochloride monohydrate vas 

added to give a molar concentration of 10~ to 10-5• All these cul-

tures vere incubated at 25°C.: some vere left still and others vere 

placed on a New Brunswick rotary shaker, G 52, rotating in a tvo-inch 

circular orbit at 130 r.p.m. 

ESTER DmmMINATION 

The amount of ester produced in still and shaken cultures vas 

determined using 20 ml. of the Yeast Nitrogen Base medium previously 

described vith 2% glucose in 50 ml. Erlenmeyer flasks. Foam plugs 

(Identi-Plugs, Ge.yma.r Co.) vere used to stopper the flasks. The 

inoculum vas prepared as described above. The cultures vere incubated 

The ester vas determined by the colorimetrie method outlined by 

Peel (1951) measuring the colour intensity vith a Beckman model 9 

colorimeter and a 5gQ JI1}l filter. Cultures vere placed at 50 C. for 

lsupplied free of charge by the Atlas Powder Co., Brantford, Ontario. 

-
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20-30 minutes before removing the plugs tominimize loss of ester. The 

fermentation liquor vas then clarified by filtering through a No. 3 

Whatman filter paper. Ester determinations vere alvays carried out 

immediately on the clarified solutions. For each ester determination, 

three separate flasks in the fermentation series vere employed and dupli­

cate determinations vere done on each. 

The effect of increased aeration on ester production vas studied 

by increasing the surface-volume ratio using 20 ml. of mediUDl in 25, 

50, 125:1 250, and 500 ml. Erlenmeyer flasks. 

To minimize the loss of the volatile ester, fermentations vere 

set up in vhich the air vas distributed to the cultures through a mani­

fold. The fermentation flasks vere connected to the manifold and air 

reached the culture through a glass tube extending into the flask and 

ending one inch above the surface of the medium. Air left the flask 

through a glass tube at the top of the flask and vas bubbled through 

20 ml. of a solution of lN hydroxylamine and ;N NaOH contained in a 

large test tube. The 250 ml. fermentation flasks contained 50 ml. of 

medium and vere inoculated vith 0.2 ml. of a ceil suspension. The 

fermentation flasks in the 'train' vere either left still allawing the 

pellicle to graw or else incubated on a New Brunswick rotary shaker, 

G 10, rotating in a one-inch circular orbit at 130 r.p.m. All' train' 

fermentations vere incubated at ;OoC. 

DmmMINATION OF GWCOSE 

The qualitative disappearance of glucose in the fermentation 

medium vas followed by paper chromatography of 10 microliters of fer­

mentation liquor using as solvent mixture n-butanol (50 parts), 
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pyridine (20 Parts), and vater (18 parts). The paper vas sprayed.vith 

an aniline spray (1.3 ml. aniline and 0.6 ml. orthophosphoric acid in 

100 ml. glacial acetic aCid). The chromatogram vas dried and heated 

at lOOoC. for a few minutes. Ten microliters of 0.2~ glucose vere run 

as control. 

Dm'ERMINATION OF CARBON DIOXIDE PRODUCTION 

Carbon dioxide vas removed from the incoming air by bubbling 

through 400 ml. of lN Ne.OH in a 500 ml. Erlenmeyer fla.sk. The air 

leaving the fermentation fla.sk vas freed of moisture by passage 

through aU-tube containing anhydrous Mg(C104)2, then through aU-tube 

containing Indica.rb, 6-10 mesh (FiSher), to remove the carbon dioxide, 

follawed by another U -tube vi th the dessica.nt and finally a bubbler to 

regula.te air flaw. Fermentation fla.sks contained 50 ml. of Yeast 

Nitrogen Base contain1ng 1.000 gm. of glucose. The Indicarb tubes vere 

weighed daily and the fermentation stopped by pipetting in 20 ml. of 

5N HOl vhen the Indica.rb.tubes showed no further increase in veight. 

The number of millimoles of CO2 evolved vas determ1ned by the follow­

ing ca.lculation: 

W't. increase of Indica.rb tube in mg. = mM 002 
44 

Dm'ERMINATION OF ESTERASE ACTImY 

Cells cultivated in the 'train' fermentations described ab ove 

and having reached the beginning of ester peak production were centri-

fuged, vashed once and resuspended in 50 ml. HC1-KCl buffered (pH 2.3) 

ester solution and reincubated under the same conditions as the train 

fermentations. Fla.sks containing only buffered ester solution vere 

.... _-----~-\-- .- .... _-----------. 
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used as controls. The ester remaining in the flasks after a gi ven period 

of incubation was determined as described above. 

DErERMmATION OF ESTER PRODUCTION IN THE PRESENCE OF AIKALINE ~OH 

Fifteen milli1iter beakers cont8ining 10 ml. of lN ~OH.HCl and 

1.25N NaOH were placed in 250 ml. Erlenmeyer flasks cont8ining 50 ml. 

of Yeast Nitrogen Base with 2~ glucose. Fluted filter paper was in­

serted in the beakers to insure greater surface area to the alkaline 

hydroxylam1ne solution. The flasks were stoppered with cotton plugs 

and aluminium foil. Water was dispensed into the beakers of the con­

trol cultures. 
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IV. :E:XP.FRIMENTAL RESULTS 

CHARACTERISTICS OF THE COWNm 

Appendix Figures 1-4 show the colony appearance of the four 

strains of Hansenula anamaJ.a. used. 

No. Y322l (NRRL Y-366) - produces smooth, even-edged colonies 

which may have a glistening or mat appearance depending on the age of 

the culture, the kind of medium and the amount of moi sture present, 

Appendix Figure 1. The colonies are almost pure white. This strain 

will be referred to as the intermediate strain. 

No. 13222 (NRRL Y-l737) - produces rugose, coarsely convoluted 

colonies with a powdery appearance, Appendix Figure 2. This strain 

will be referred to as the ~ strain. 

No. Y3223 (NRRL Y-407) - produces smooth, glistening colonies 

which possess a creamy t 1nge, Appendix Figure 3. This strain will be 

referred to as the glistening strain. 

17 

No. 13224 (No .. 20 of the Ohio state Stock Culture Collection) -

produces white, powdery colonies which are less rugose than those of 

Y3222, the rough strain, but are characterized by the formation of 

myceliar threads extending from the colonies into the agar, Appendix 

Figure 4. 

CHARACTERISTICS OF THE PELLICLE 

Suantitative Determination of the Pe1licle 

The total dryweight and the respective weights of the top and 

the bottom cells vere determined. Accompanying changes in ball1ng and 

-
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pH vere noted as the fermentation progressed. Appendix Table l, II, 

and III list these Changes for 13221, Y3222, and 13223 both at 250 and 

300 C. and Figures 1-5 compare each of these aspects as they occur in 

the three yeast strains. 

The veight of the bottom cells (Fig. 1) incree..ses gradually at 

the beginning of the fermentation and exhibits a sudden increase to­

wards the end of the fermentation, between the 9th and l4th day. The 

time of this remarkable change in the amount of bottam ce11s varies 

vith cultures inoculated and incubated at the same time and under the 

same conditions. The increase in the amount of bottom cells is ob­

servable visually in the tunnels and occurs during a 2-3 day interval 

in funnels belonging to the same fermentation batch. 

The appearance of the peilicles formed by the three strains is 

~ite different and vary aIso depending on the media and the sugar 

concentration. The intermediate strain, Y322l, forma a white, deli­

cate, lacelike film covering ail the surface and climbing 2-3 inches 

on the walls of the flask, Appendix Figure 5. The pellicle is some­

vhat povdery and vhen disturbed breaks up into de11cate, floating, 

hydrophobie flakes. The glisten1ng strain, 13223, forma a similar 

peilicle but after a longer period of time and this pellicle may remain 

incomplete and seant y vhen the glucose concentration is lov. The pel­

licle formed by 13222, the rough strain, is more membranous, th1ck and 

had a yellov tinge, Appendix Figure 6. Gas accumu1.ates under both 

types of peilicles producing a large central bubble or several smaller 

ones if the glucose concentration is high enough. The intermediate 

strain forma 1ts pellicle the fastest, within 24 hours; the rough 

strain may take 48 hours to produce one at 300 C. in lO~ glucose medium 

-
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Figure 1 

YIELD OF BOO:'l'OM CELlaS OF HANSENUIA ANOMAIA 

r ',':'!,"' . 1 

Total dry weight of cells obtained from the bottom 200 ml. of 

fermentation broth trom cultures consisting of 400 ml. of Yeast 

Nitrogen Base vith lO~ glucose in 500 ml. pear-shaped separatory 

funnelsincubated at 3OoC. 
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and the glistening strain, 96-120 hours. 

The weight of the top cells (Fig. 2) rises quite rapidly and falls 

quickly once the maximum is reached. The glistening strain shows a less 

rapid increase in top cell weight. The sudden decrease in top cells co-

incides with the sudden increase in bottam cells and is related, obvi-

ously, ta the sinking of the pellicle cells ta the bottam at same time 

after the 9th day of fermentation. 

The ~ weight of cells (Fig. 3) increases rapid1yat first 

especially with Y322l and Y3222; the glistening strain, Y3223, requires 

the longest amount of ttme ta reach the maximum and Y322l, the inter-

mediate strain, the least. Ultimately, all strains produce approximately 

equivalent biomasses. 

The initial @. of 6.2 drops rapid1y to very low values (Fig. 4). 

The rough strain, Y3222, gives the most rapid drop in pH and the lowest 

final pH. 

Suer disappears the most rapidly wi th Y322l, the intermediate 

strain, and the least rapidly with Y3223, the glistening strain (Fig. 

5). The balling also reaches a lower value (1.9-0.0) with the inter-

mediate strain before the pellicle falls to the bottom than with the 

rough strain where this occurs at a balling ~ue between 2.3-3.0. 

Cultures were incubated at 250 C. and 30°C. Equivalent total cell 

weights are obtained at bath temperatures at the end of the fermenta-

tion but the total cell weight is less in cultures at 250 C. in the 

earlier stages of the fermentation. With Y3222, the total cell weights 

reach equal values by the 7th day; with Y3223, by the 18th day; with 

Y322l, by the 8th day. Strain Y322l shows the greatest differences 

between the total weights of 2-6 day cultures at 30 and 250 C. The 

differences between total celi weights at 25 and 300C. are due to a 

-
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Figure 2 

YIELD OF TOP CEUS OF HANSENUIA ANOMAIA 

Total dry weight of cells from the top 200 ml. of fermentation 

broth :f'rom cultures consisting of 400 ml. of Yeast Nitrogen Base 

with 10% glucose in 500 ml. pear-shaped separatory funnels incu-

bated at :;ooC. 
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Figure 3 

TOTAL YIELD OF CELIS OF HANSENUIA ANOMIUA 

Tota.1 dry weight of cells obt&.ined trom 400 ml. of Yeast Nitrogen 

Base with lO~ glucose in 500 ml. sepa.ra.tory tunnels at ;0°0. 
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Figure 4 
CHANG:m IN pH IN FERMENTATIONS OF HANSENUIA ANOMAIA 

Fermentations were carried out in 500 ml. pear-shaped separatory 

funnels containing 400 ml. of Yeast Nitrogen Base with 10'" glu-

cose incubated at ;aoe. 
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Figure 5 

CHANGES IN BALLING IN FERMENTATIONS OF HANSENUIA ANOMAIA 

Fermentations were carried out "in 500 ml. pear-shaped separatory 

funnels containing 400 ml. of Yeast Nitrogen Base with IO~ glu­

cose incubated at 30°C. 
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greater amount of top cells at the higher temperature rather than to a 

difference in bottom cell weights. 

The only remarkable difference in pH values recorded for the 

cultures at 25 and ;OoC. occurs with Y322l when at 48 hours a pH of 

5.0 is recorded at 250C. and of ;.1 at ;ooC. With all strains the 

balling falls more slowly at 25°C. 

Reducing the air exchange in the tunnel cultures by covering 

over the cotton plugs and the necks of the vessels with aluminium foil 

delayed the fall of the cells to the bottom of the tunnels. In 4-<1ay 

old cultures containing 2~ glucose, 5l~ of the cells of the intermed-

iate strain in the foil-covered tunnels were found in the top 200 ml. 
1 

of the medium as campared with 19~ in the control cultures and ;;~ of 

the cells of the rough strain as campared wi th 25tf, in the controls. 

The total yield of cells produced in the foil-covered tunnels was 

smaller than that in the controls (8l~ for the intermediate strain 

and 95~ for the rough strain). 

Viability of TOP and Bottom Cells 

Table 1 indicated the numbers of cells enumerated and the per-

centages of dead and living cells determined by the methylene blue 

stain and using Y3222, the rough strain. This yeast tends to form 

clusters (Appendix Fig. 7) which make it difficult to obtain quantita-

tive counts of viability. These clusters are not too numerous up to 

the fourth day but predominate afterwards. Then, some small clusters 

containing 25 -50 cells occur as well as many larger clusters whose 

diameter is 1/;-1/4 of the microscopie field using the oil-immersion 

lens (xllOO). Some extremely large groups occupy the entire micro­

scopie field. The results obtained wlth Y3222, the rough strain, indi-

cate that at the beginning of the fermentation, bottom cells demonstrate 
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Table l 

ViabUity of Top and Bottom Cells of Hansenula anomala, Y3222, incubated at 250 C. 

Incubation time Type of cells S~le cells Grou~s of 2 -10 Groups of more than 10 
Days dead~tal ~ dead dead7total ~ dead dead7total l.' dead 

2 Top fJ3/1574 4.3 11/146 7·5 1/4 25.0 

2 Bottom 101/1227 8.2 23/133 17.3 4/10 40.0 

4 Top 148/791 18.7 22/1"51 16.8 17/54 "51.5 

4 Bottom 80/623 12.7 21/264 8.0 13/47 27.7 

Live cluster+ ! dead cluster Dead cluster 
total per cent total per cent total per cent 

6 Top 59 23.4 98 38.8 95 37.7 

6 Bottom 50 38.8 41 31.8 38 29.5 

+Clusters ranging in diameter from 1/4-1/3 of the microscopie field at llOOx 

~ 
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a greater proportion of dead cells. By the 4th day, the top cells 

account a larger proportion of dead cells. By the 6th day, cell clusters 

constituted most of the cell mass, so only the large clusters vere 

taken into account. These clusters vere not constituted entirely of 

cells of one category - al! dead cells or all live cells. Therefore, 

in counting the clusters, those in vhich the majority of the cells vere 

not stained vere listed as live, those in which the majority of the 

cells vere stained vere listed as dead and those in vhich as many cells 

were stained as unstained were listed as l dead. The results obtained 

in this vay also indicate a greater percentage of dead cells amang the 

top cells. 

With strains Y322l and 13223, the problem of grawth clusters 

vas not encountered. Some attached cells in groups of 2 -6 vere found 

but no groups larger than this. Buds vere counted as cells if they 

had attained the same size as the smallest single cells. Tables II 

and III indicate the viability of cells found amang the bottom and the 

top cells of these two stra.ins. The intermediate strain, Y322l, mani-

fests an increasing percentage of dead cells amang the top cells from 

the 4th dayon. The glistening strain, Y3223, also shows a larger 

proportion of dead cella amang the top cells after the third day but 

the difference is not a~ impressive. It must be noted, however, that 

these cultures of 13223 possessed only slight islets in lieu of a 

pellicle so that the top cells examined would be in greater part cells 

suspended in the top 200 ml. of medium rather than pellicle cells in 

direct contact vith the air. 

Respiratory Activity of Top and Bottom Cells 

Table IV indicates the oxygen uptake of cells of Y322l, Y3222 

------------
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Table II 

Viability of Top and Bottom Cella of Hansenula anomala, Y322l, at 250C. 

Incubation time Type of cella Dead cells/Total cella Percentage 
Daye of' dead cella 

2 Top 580/1631 35.6 

2 Bottom 418/1344 31.6 

3 Top 454/2055 22.1 

3 Bottom 479/1937 24.7 

4 Top 740/3496 21.2 

4 Bottom 386/3020 12.4 

6 Top l31B/3ffiB 35.7 

6 Bottom 5~/3548 15.1 

Table III 

Viability of Top and Bottom Cella of Hansenula anomala, Y3223, st 250 C. 

Incubation time Type of cella Dead cells/Total cells Percentage 
Days of dead cells 

3 Top 389/2734 14.2 

3 Bottom 338/3099 10.9 

6 Top 955/3063 31.2 

6 Bottom 245/971 25.2 
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( \ Table IV 

Oxygen Uptake by Hansenula anomala, stra1ns Y3221, 13222 and 13223+ 

Incubation time Yeast TOE Cells Bottom Cells 
Days strain Endogenous Substrate" Endogenous Substrate~ 

2 3221 13.9 54.1 10.7 47.6 

3 3221 11.0 35.3 ll.5 41.7 

4 3221 15.7 38.4 18.6 40.8 

6 3221 8.4 23.4 10.4 37.1 

1 3222 15.6 43.6 14.0 43.0 

2 3222 14.7 53.7 13.3 43.3 

4 3222 13.1 37.1 15.9 33.2 

6 3222 7.7 25.1 7.3 34.6 

3 3223 13.1 28.2 ll.l 30.0 

4 3223 16.1 42.7 21.8 30.5 

6 3223 12.4 41.4 16.3 34.1 

7 3223 8.8 30.3 9.5 37.9 

+Oxygen uptake 1s expressed as ul. of oxygen/mg. of cells dry vei~t/hr. 
at 30 C. in HC1-KC1 bui'fer at pH 2.5. The cells vere collected from 
pear-shaped separatory tunnels contain1ng Yeast N1trogen Base medium 
vith 2% glucose. 

~ptake vith substrate 1s expressed as net uptake, i.e., as total 
uptake minus endogenous uptake. 
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and 13223. Experiments carried out first at pH 6.0 using McIlwaine's 

buffer (ColOWick and Kaplan, 1955) gave approximately the same .results: 

In the experiments reported here, HC1-KCl buffer at pH 2.5 was. used 

to simulate the conditions under which the cells normally respire. 

The endogenous uptake of· 13222, the rough strain, is slight;t.y higher 

vith the top cells on thefirst and second day and th~top cells 

show greater activity on the substrate than the bottom c~lls on the 

second day. The endogenousuptake by bottom cells exceeds that of 

top cells on the fourth and on the sixth day both types of cells mani-

fest an endogenous uptake that is lower than that found on previous 

days. On the sixth day, the bottom cells display a higher oxygen 

uptake than the top cells in the presence of the substrate. 

With 13221, the intermediate strain, the two-day old top cells 

also possess a higher endogenous respirat10n and a h1gher oxygen up-

take vith glucose as substrate than the bottom cells. The top cells 

of Y322l seem to lose their enhanced resp1ratory powers sooner than those 

of Y3222. The bottom cells of 13221 possess higher endogenous and 

higher substrate uptake than the top cells from the th1rd day on. 

The gl1stening strain, Y3223, shows h1gher endogenous uptake 

of the bottom cells from the fourth day on. The top cells, however, 

seem to retain an enhanced respiration in the presence of glucose up 

to the s1xth day 1nclusivelyvh1ch represents a longer interval than 

that found vith 13221 and 13222. 

Using the data of Tables l, II and III and calculating oxygen 

uptake in relation v1th the percentage of live cells g1ves figures 

vh1ch are not qua11tatively d1fferent from those of Table IV. These 

results seem to ind1cate that top cells in1tially ox1d1ze glucose at 
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a more rapid rate than bottom cells but, as gI'owth progresses, the 

exogenous uptake of the top cells slows dawn at a faster rate than 

that of bottom cells so that the bottom cells eventually oxidize 

glucose more quickly than the top cells. 

TheBe results can alBo be correlated with the speed of fer-

mentation. The most rapid fermenter, 13221, is the first to mant-

fest higher oxygen uptake by the bottom cells. This occurs in tne 

three-day old cultures. With 13222, however, the bottom cells sur-

pass the top cells only on the sixth day, and with 13223, the slow-

est fermenter, on the seventh day. 

Inhibitors of Pellicle Formation 

Standing cultures of the three strains of Hansenula anomala 

produced no pellicles in cultures containing from O.05-o.2~ Tween 

80. Considerably fewer cells were produced in still cultures con-

taining Tween 80. Table V gives the total mg. of cells, dry weight, 

produced in cultures of the rough strain containing 0.2~ Tween and 

the control cultures without Tween. 

Table V 

Total Yield of Cells of Hansenula anomala, Y3222, in the Presence of 
Tween 8ô 

Days 

1 

2 

4 

Cultures with 0.2~ Tween+ 

15.3 

21.4 

19.6 

Control Cultures+ 

20.8 

~. dry n. of cells in 20 ml. of Yeast Nitrogen Base medium con­
taining 2~ glucose and incubated at 250 C. 
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The addition of 0.5~ Difco Yeast Extract to the fermentation 

medium did not overcome the inhibition on cell growth exercised by 

Tween 80 nor did it permit pellicle formation. Table VI indicates 

the results obtained with these cultures. 

Table VI 

Total Yield of Cells of Hansenula anoma1a, 13222, in the Presence of 
Tween 80 and Yeast Extract 

Days Cultures with 0.2%. Tween Control Cultures 
& 0.5~ Y.E.+ & 0.5% Y.E.+ 

1 21.8 2;.0 

2 28.8 84.4 

4 27.5 91.; 

+r.fg. dry wt. of cella in 20 ml. of Yeast Nitrogen Base medium con­
taining 2~ glucose and incubated at 250 C. 

The addition of ergosterol to the fermentation mediumwith 

Tween 80 did not result in pellic1e formation either. Andreasen & 

stier (195;) found that both ergosterol and oleic acid (in the 

form of Tween 80) are required for the anaerobic growth of Sacchar-

om,yces cerevisiae in defined medium. However, the addition of 

ergostero1 to the cultures of Hansenula anomala containing TWeen 80 

did not remove the inhibitory effects brought about by the sur-

facant. 

The addition of 10-2M cysteine resulted in complete inhibi-

tion of pellic1e formation vith 13222, the rough strain. This con-

centration of cysteine resulted in a smaller biomass of yeast being 

-
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produced: after 53 hours, 20.3 mg. compared to 35.0 mg. of cells dry 

weight in 20 ml. of medium. lUth 10-~ cysteine, a very slight film 

is formed and at lO~, the pellicle appears within 24 hours and is 

normal. Similar results were obtained with Y3224 in spite of the 

differences in cell morphology between the two yeast strains. 

The effect of these pellicle inhibitors on the formation of 

ester by the yeast will be presented in the follawing section. 

ESTER PRODUCTION 

Ester Production in Flask CUltures 

Table VII gives the amounts of ester produced using 50 ml. 

Erlenmeyer flasks containing 20 ml. of medium and closed with fcam 

stoppers in still culture. 

Cultures incubated on the shaker produced more ester than 

still cultures. This ester was formed more rapidly and also dis­

appeared sooner than the ester produced in still cultures. In 

Table VIII the amounts of ester produced in shaken cultures of 

Y3222 and Y3223, under the seme conditions as the still cultures 

discussed above, are listed. 

A large difference occurred in the total amounts of cells 

produced on the shaker and in still cultures. Table IX notes the 

total mgs. of cella obtained at different intervals in still and 

shaken cultures of Y3222 and Y3223. 

Sugar also disappeared faster trom the shaken cultures than 

trom the still cultures. Disappearance of sugar in shaken cultures 

of' Y3222 was noted wi thin 22 hours whereas a small amount of sugar 

still remained after 48 hours in still cultures. 
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Table VII 

Ester Produced in Still Culture+ 

Incubation time Y322l 13222 13223 
Hours 

16 0 1.7 0 

20 1.4 3.7 0 

24 2.5 6.5 0 

30 4.5 7.4 0 

42 6.0 12.7 0 

48 6.1· 15.0 0 

52 13.6 0 

66 5.0 0 

72 5.3 13.4 0 

90 5.2 7.3 1.4 

96 7.5 2.9 

120 9.1 1.8 

142 7.8 1.; 6.0 

166 4.0 0 9.8 

186 0 0 5.4 

213 0 0 7.1 

237 o· 0 2.2 

~ster is determined as )lM/ml. Values of ester listed as "0" repre-
sent amounts of ester ranging from 0.0-1.0 UM/ml. Flaeks vere 
incubated at 25°C. 

0 
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Table VIII 

Ester Produced in Shaken Cultures+ 

Incubation t1me 
Hours 13222 Y3223 

12 0 

17 1.6 

21 17.6 

23 16.5 

24 20.0 

26 21.7 

28 21.0 16.4 

30 27.9 

34 24.8 

43 9.8 

45 8.1 

47 11.2 

54 3.6 

~ster is determined as pM/ml. Values of ester 1isted as "0" repre­
sent amounts of ester ranging trom 0.0-1.0 JJM/ml. Flaskswere 
incubated at 250C. 

Table IX 

Total Amounts of Cells Obtained in still and Shaken CUltures+ 

40 

Incubation t1me Sbaken CUltures Incubation time still Cultures 
Hours 13222 13223 Hours Y3222 13223 

32 75.4 81.1 50 35.0 28.0 
47 93.6 72 33.0 

165 36.5 35.0 

+Mgs. dry weight of cells obtained from 20 ml. of medium in 50 ml. 
Er1enmeyer flasks incubated at 250C. 
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Contro1s vere used vith the fermentations described above to 

determine the amount of ester evaporated off in a given interva1 of 

time from 20. ml. of solution containing 30-35 PM of ester/ml. in 

50 ml. Er1enmeyer flasks, p1ugged in the same fashion as the flasks 

used in the actua1 fermentations and incubated under the same con-

ditions. Flasks vith p1ugs covered vith aluminium foU vere a1so 

inc1uded. Table X indicates the percentage of ester evaporated 

from the control flasks siter 21 and 48 hours. 

Table X 

Per Cent Evaporation of. Ester at 250 C. 

Incubation time 
Hours 

21 

48 

72 

Shaker 

91.1 

Still 

61.6 

81.9 

FoU-covered 

2.9 

6.4 

As Sova (1960) had a1ready remarked, foi1-covered cultures 

gave remarkab1y more ester than those not so protected. Table XI 

1ists the amounts of ester obtained in foU-covered cultures and 

Figures 6 and 7 compare the amounts of ester produced in the foi1-

41 

covered cultures vith the corresponding amounts found in the control 

flasks. 

The effect of increased aeration obtained by increasing the 

surface-volume ratio vas studied vith Y3222, the rough strain. The 

results are 1isted in Table XII. 

- _.-, 
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Figure 6 

ESTER PRODUCED IN FOn.-COVERED AND CONTROL FERMENTATIONS OF 
HANSENUIA ANOMAIA 

Twenty milliliters of Yeast Nitrogen Base containing 2~ glucose 
.- j'" 

in 50 ml. Erlenmeyer fh~ks at 250 C. were used. Control flasks 

were stoppered with foam plugs and 'fol1-covered' flasks had in 

addition aluminium foil over the stoppers and around the necks 

of the flasks. The rough strain, 13222, was used. 
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Figure 7 

ESTER PROOO'CED IN FOn.-COVERED AND CON'IROL FmMENTATIONS OF 
HANSENUIA ANOMAIA 

TWenty milliliters of Yeast Nitrogen Base containing 2~ glucose 

in 50 ml. Erlenmeyer flasks at 250 0. vere used. Control flasks 

vere stoppered vith foam plugs and 'foil-covered' flasks had in 

addition aluminium foil over the stoppers and around the necks 

of the flasks. The glistening strain, Y3223, vas used. 

() 

() 



( 

1 
( 

24 A FOIL-COVERED 
o CONTROL 

18 

o 
84 120 

T 1 M E (h ou r s ) 

45 

156 192 



() 

CJ 

46 

Table XI 

Ester Produced in Foil-covered, Still CUltures+ 

Incubation time Y3222 Y322; Hours 

;0 12.6 0 

47 25.8 0 

54 :;B.8 0 

72 39.8 0 

94 39.8 4.8 

122 36.7 7.6 

142 11.4 

150 34.2 11.9 

164 30.6 13.4 

171 17·7 

189 10.7 17.3 

213 22.8 

~ster is expressed as pM/ml. Flasks were incubated at 25°0. 

As can be noted from the above figures, the maximum ester 

production occurs progressively later in the course of the ferment-

ation as the surface-volume decreases. Similar results were ob-

tained with Y322l and are 1isted in Table XIn. 

Faper chromatographie examination for glucose remaining 

indicated that glucose qad disappeared after 31 heurs' incubation 
(see F,~. 8) 

in the 500 ml. flaS~, after 44 hours in the 250 and 125 ml. flasks 

and after 68 and 124 heurs in the 50 and 25 ml. flasks respectively 
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Table XII 

Ester Obtained by Varying Surface-volume Ratio with Y;222, 
the Rough Strain+ 

Incubation time 250 ml. 125 ml. 50 ml. 25 ml. 
Hours t'lask t'lask 1'lask 1'lask 

22 4.9 5.5 2.5 1.0 

29 11.5 11.9 5.8 1.6 

46 9.5 13.8 14.6 3.4 

51 10.7 15.4 14.9 3.3 

70 1.0 3.2 16.0 5.2 

93 0 0 8.9 7·5 

117 0 0 2.7 9.3 

~ster i6 expressed as ~ml. Flasks were incubated at 25OC. 

when Y322l, the intemediate strain was employed. 

The amount 01' cells produced increases as the surface­

volume ratio increases. Figure 8 depicts the dacrease in percent-

age transmission with time in the dift'erent size flasks. 
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The amount 01' evaporation 01' the ester 1'omed also increases 

as the surface-volume ratio increases. Figure 9 illustrates this 

facto 

Ester Production in 'T' ... '"8in' Cultures 

The significant loss of ester incurred during the course 01' 

1'ementations necessitated the investigation 01' ways 01' minimizing 

loss 01' volatile products while maintaining high oxygen levels. 

The 'train! 1'ermentation using alkaline hydroxylam1ne to catch the 

volatile ester gave very good recoverywith control solutions of 

----------. 
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Figure 8 
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Figure 8 

CHANGES m CELL DENSITY WITH INCRFASmG AERATION 

The intermediate strain, Y322l, was used in 20 ml. ot Yeast Nitro­

gen Base, containing 2~ glucose, in Erlenmeyer tlasks ot ditterent 

sizes. The tlasks were stoppered vith cotton and incubated at 2]OC. 

-
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Figure 9 

EVAPORATION OF ESTER AS AFF'ECTED BY THE SURFACE-VOl1JME RATIO 

Each Erlenmeyer flask contained 20 ml. of ester solution having 

34.4 pM of ester/ml. The flasks were plugged with cotton and 

incubated at 25°C. 
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'l'ab1e XIII 

Ester Obtained by Varying Surface-volume Ratio vith 13221, 
the Intermediate Strain+ 

Incubation time 250 ml. 125 ml. 50 ml. 25 ml. 
Hours flask flask flask f1ask 

20 2.3 2.7 1.4 0 

25 4.2 4.1 1.9 0 

31 5.6 4.1 2.0 0 

44 7.8 6.0 4.4 0 

51 7·9 5.6 4.1 0 

68 6.4 5.7 2.8 1.6 

124 0 6.8 9.1 1.4 

140 0 0 7.8 2.1 

164 0 0 4.0 2.8 

196 0 0 0 3.1 

239 0 0 0 3.4 

~ster is expressed as uM/ml. F1asks vere incubated at 250 0. 
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ester. The percentage of ester recovered vith 50 ml. ester solution 

in 250 ml. f1asks using hydroxylamine in the 'train' fermentation 

and vith the same volume of solution in 250 ml. foi1-covered flasks 

is noted in 'l'ab1e XIV. 

'l'ab1e XV compares the amounts of ester produced in the 

'train' fermentations and the still foil-covered flask fermentations 

using 50 ml. of medium in 250 ml. Er1enmeyer f1asks and yeast Y3221, 

the intermed1ate stra1n, and 13222, the rough strain. Each flask 

rece1 ved about €o ml. of air/minute. 

-~-_.- ;--- ._------ -

111" 
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Table XIV 
() 

Percentage of Ester Recovered in Control Flasks at 300C. 

Incubation t1me • '!raine Fermentation (NlI20H) Foil-covered Flasks 
Hours ~m ~en Still 

24 105.5 100.4 87.5 

48 99.6 94.6 

72 98.3 92.3 85.3 

Foil-covered cultures not only received less oxygen than the 

cultures stoppered onlywith cotton plugs but also accumulated more 

carbon dioxide within the flasks. This might account in part for 

the high ester production in the foil-covered flasks and to verify 

this, beakers containing alkaline hydroxylamine were placed in 

foil-covered flasks as described above. The amounts of ester produced 

in these and the control cultures of 13221, the intermediate strain, 

are shawn in Figure 10. As can be noted, less ester was produced 

in the cultures with the hydroxyla.m1ne wells. Similar results were 

obtained with 13222, the rough strain. The numbers of cells pro-

duced in flasks wi th hydroxylamine wells and in the control flasks 

as determined by turbidity readings are approxtmately the same. 

Determination of esterase activity at a low pH value (2.3) 

s1milar to that found in the actual fermentations revealed that 

ester was hydrolyzed to a much greater extent in the shaken 'train' 

fermentation than in the still' train' fermentations or in the foil-

covered flasks. The foil-covered flasks exhibited less hydrolysis o than the still' train' fermentations. The rough strain, 13222, 

-
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·Figure 10' 
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Figure 10 

THE EFli'ECT OF ABSORP.rION OF C02 ON ESTER PRODUCTION 

The intermediate strain, Y322l; was grown in 250 ml. Erlenmeyer 

flasks containing 50 ml. of Yeast Nitrogen Base with 2~ glucose 

and having a weil containing 10 ml. of alka.line hydroxylamine 

(l.ON NlI20H.HCl and 1.25N NaOH). Control flasks had water in 

the wells. Al1 flasks were covered with foil. 
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Table XV 
() 

Ester Production in 'Train' Fermentations and in Fol1-covered Flaska+ 

Incubation time 'Train' Fermentation Foi1-covered Flasks 
Hours Still Shaken Still 

Y3221 19 12.3 
Intermed-
iate Strain 24 31.0 5.1 

31 38.7 

43 43.1 

48 20.6 

72 25.2 ;6.2 17.8 

96 35.6 30.8 

120 41.6 33.5 

144 36.2 42.7 

1t8 40.3 

Y3222 20 1;.5 
Rough 
Strain 22 17.9 

25 21.; 

30 31.6 

35 33.6 

45 23.2 32.7 

51 26.5 30.9 22.2 

72 54.1 48.5 

96 49.5 45.8 

120 48.9 32.3 

Cî +rift Y mi1l111ters of Yeast N1trogen Base with 2~ glucose in 250 ml. 
Er1enmeyer flasks at 300 e. were used. Ester is expressed as JJM/ml. 



• 

1 

1 

1 

i 
i 
i 
' .. 

57 

exhibited much greater esterase activ1ty than 13221, the intermediate 

strain. However, actual fermentation conditions could not be com-

pletely replicated in the method used to measure esterase activ1ty 

since the cells resuspended in the buffered ester solution in the 

still cultures settled to the bottom of the flasks whereas in the 

actual fermentations, the pellicle was present and could have been 

more actively engaged in ester hydrolysis than the bottom cells. 

However, as the esterase is known to be active under anaerobic con-

ditions in cell-free extracts (Smith & Martin, 1963), the enhanced 

esterase activ1ty in shaken flasks could be due stmply to better 

m1xing of the medium and cells. 

Determination of carbon dioxide production in still and 

shaken 'train' fermentations indicated that the still cultures pro-

duced 1.5 mM of 002 per mM of glucose utilized whereas the shaken 

cultures gave 2.5 mM of C~ per mM of glucose utilized. 

Ester Production in the Presence of Pellicle Inhibitors 

No ester nor pellicle were produced by any of the yeast 

strains in still cultures containing 0.5 to 2.0 ml. of Tween 80 

per liter. The addition of yeast extract (0.5~) or ergosterol to 

the medium did not reverse this effect. Incubation of cultures 

containing Tween on the shaker resulted in the production of 

ester and cells in amounts proportional to that produced in the 

control cultures. 

Cysteine in a 10-2M concentration completely inhibits pel-

licle formation and also ester production. The effect of this con­

centration of cysteine is not completely reversed when the cultures 

are incubated on the shaker. Only one third of the number of cells 
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obtained in the control cultures appear in the cysteine-containing 

cultures. The disappearance of glucose from the medium is also 

greatly delayed by the presence of cysteine. Ester is produced in 

cysteine-containing cultures incubatedon the shaker, but amounts 

to only one third of that found in the control flasks. 

Concentrations of 10-4 and 10-5M cysteine permit complete 

pellicle formation and the production of ester in amounts equiva­

lent to those found in the controls. The presence of 10-3 cysteine 

results in lighter film production and the reduction of ester by 

half. Shake cultures containing 10 -3. ~ cysteine actually produce 

more ester than the controls (20.8 vs. 29.4 pM/ml.). 

Whereas control cultures of 13222, the rough strain, produced 

a pellicle and ester within 24 hours, those containing 0.5~ yeast 

extract produced no pellicle and no ester before 48 hours even 

though more. cells and mare rapid glucose utilization vere noted in 

the cultures 6upplemented with yeast extract. 

-
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v. DISCUSSION 

From the study of the pellicle in relation to colony form, 

the following two observations were made. First, the S ... R change 

occurring at higher temperatures and responsible for scum formation 

mentioned by Fabian and McCullough (1934) was never encountered in 

the present study. Pellicle cells formed at 300 C. and as old as 

six weeks were streaked repeatedly on agar plates and consistently 

produced colonies characteristic of the strain employed. No dis-

sociation was ever observed so that this cannot be the sole factor 

governing pellicle formation. Secondly, visual observation of 

pellicles produced by mat and glistening strains seemed to indicate 

that the mat forms produced heavier pellicles than the correspond-

ing glistening forma (Fabian & Wickerham, 1937) but the quantita-

tive data obtained in the present study indicate that with the 

strains used approximately equal amounts of top cells were produced 

by each. The total yield of cells obtained with the rough strain, 

however, is slightly larger. 

The enhanced respiratory activity of the top cells at the 

beginning of the fermentation seems to point out their active role 

in the metaboli6m of the yeast as suggested byWickerham (1951) 

and Tabachnick (1953). It i6 interesting to note that the pel-

licle cells do not appear to possess this enhanced respiratory 

activity at the very onset of the fermentation as indicated by the 

data obtained on the first daywith Y3222 and on the third daywith 

13223. At this time there is as yet little or no ester formed. 

The role of the pellicle in ester formation is also suggested 

by the results obtained with the 1nhibitors of pellicle formation. 
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CUltures containing Tween 80 produce no pe11ic1e, fewer cells and 

no ester. Since these three effects are comp1ete1y reversed by in­

cubating the cultures on the shaker, they must be due to the 

partial anaerobic conditions existing in still cultures possessing 

no pel1ic1e. The pellic1e would then be the agent responsible for 

maintaining the aerobic conditions needed in still cultures for 

ester production. 

The results obtained using cysteine as pe11ic1e inhibitor 

are 1ess straight-forward since the inhibition brought about by 

a cysteine concentration large enough to inhibit pellic1e formation 

(lO~M) is not complete1y reversed when the cultures are incubated 

on the shaker. There is, however, here a1so, a correlation between 

the amount of pellic1e produced and the ester formed: no pel1ic1e 

results in no ester formation; slight pellic1e, in reduced ester 

production; complete pellic1e, in normal ester production. There 

is also a partial or complete reversal of the inhibition of ester 

production with increased aeration by incubation on the shaker. 

The ro1e of cysteine on the morphologiesl interconversions between 

the yeast-state and the filamentous state (Y~M) was studied by 

Nickerson & Van Rij (1949), Nickerson & Mankowski (195') and 

Nickerson (196,) using mainly Candida a1bicans. The authors ob­

tained with a strain of !. anomala inhibition of the Y M phenome­

non with 10-~ cysteine. Similar changes were noted in the present 

work when We used 10-2M cysteine with strain Y'224. 

Besides its action on ce11 morphology, cysteine exerts a 

number of other effects. It is a strong reducing agent and a160 a 

chelating agent. It may remove from the medium Zn++ which is known 

60 
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to be indispensible to !:!.. anomala for ester production (Miva, 1961). 

Organic nutrients are also known to act as chelating agents 

(Jones, 1964) through the action of amino acids and other metal­

binding metabolites. This may account for the delay in pellicle 

formation and ester production in cultures containing yeast extract. 

The yeast extra ct may also possess some surface~ctive material vhich 

vould account for the ~e phenomena. 

Thus, the results obtained vith inhibitors of pellicle forma-

tion seem to indicate the role played by the pellicle in enhancing 

the aeration of still cultures thus permitting the formation of 

ester in these cultures. 

The maximum value of ester produced in shaken 50 ml. flasks 

is 1.9 and 2.0 times as great as that formed in the still flasks 

for Y;222 and Y322; respectively. Even though the amount of eva-

poration occurring in the shaken flasks 1s much greater than that 

found in the still flasks, th~ ester content of the shaken cultures 

drops much faster than that of still cultures. This might indicate 

that the esterase activ1ty in the shaken flasks exceeds that of the 

still cultures. 

The foil-covered 50 ml. flask cultures give a maximum ester 

value which is 1.4 t1mes that obtained in the shaken cultures of 

Y;222. HOwever, the amount of evaporation of ester occurring in 

the foil-covered cultures i8 much less than that found in the shaken 

flasks and the long period of time during which the ester present 

retains its high value seems to indicate only weak or no esterase 

activ1ty. The results obtained using alkaline hydroxylamine to 

d1m1nish the carbon dioxide tension in these cultures may indicate 



() that carbon dioxide plays a role in ester accumulation. 

The results obtained with increasing aeration by varying the 

surface-volume ratio force us to reach conclusions which are quite 

different from those expressed by Gray (1949) and outlined in t~ 

Literature Review. The peak of es"ter production occurs progress­

ively earlier as the surface-volume ratio increases. The maximum 

ester values attained in the various flasks, however, does not vary 

very much with the different degrees of aeration. The increased 

amount of evaporation occurring as the aeration augments accounts 

for some differences. 

Controls used to determine the amount of ester evaporation 

occurring under various conditions indicated that loss of ester was 

considerable under many of the conditions employed by previous 

workers. This would account for the very low values for ester ob­

tained with increased aeration by Fabian & Wickerham (1937) and 

Gray (1949). Better control of evaporation afforded by the foil, 

covering the stoppers of the fermentation flasks and, perhaps, the 

accumulation of C02 w1thin the flasks account for Sova' s (196:» 

enhanced ester production in these foil-covered flasks. 

The shaken 'train' fermentations with Y3221, the intermediate 

strain, give the same amount of ester as the still' train' ferment­

ations but with Y3222,' the rough strain, give 0.6 times less ester 

than the still train fermentations. It is interesting to note that 

the rough strain, Y3222, gives ester values for' train' cultures 

incubated on the shaker whereas Y322l , the intermediate strain, 

gives high values, a fact which can be correlated to the much 

stronger esterase activity present in the rough strain than found in 
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the intermediate stra.in in shaken fla.sks. The foil-covered cultures 

do not give a maximum ester value exceeding that obtained in the 

'train' fermentations. 

Previous workers (Wickerham & Fabian" 1937; Gray" 1949; 

Tabachnick & Jos1yn" 1953a; Sova, 1960) conc1uded that lliaX1.mum ester 

production occurs under reduced or moderate aera.tion. However, the 

results obtained in this study 01' the effect 01' aeration on ester 

production indicate that as much" 11' not more" ester is produced 

with increasing aera.tion but that, once ester evaporation 1s con­

trolled, effects such as increased estera.se activity with greater 

aerat10n and increased carbon dioxide tension w1th restricted aer­

ation must be taken into account. 
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VI. SUMMARY 

Three strains of Hansenula anomala, vi th different morphologica1 

and colony characteristics and designated as glistening, intermediate 

and rough strains, vere studied vith respect to pellicle formation and 

ester production. The following conclusions vere evident. 

1. The amount of top cells produced by each strain vas approxi­

mately the same regardless of colony characteristics. 

2. Top cells showed a greater respiratory activity than the 

bottom cells at the beginning of fermentation and a smaller respiratory 

activity at the end of the fermentation. 

3. The use of inhibitors of pellicle formation showed that still 

cultures possessing no pellicle formed no ester but that ester vas pro­

duced in shaken cultures in the presence of the inhibitor indicating 

the role played by the pellicle in enhancing the aeration of still cul­

tures thus permitting the formation of ester in these fermentations. 

4. With increased aeration obtained by varying the surface­

volume ratio, the peak of ester production occurred progressively 

earlier and the maximum ester values attained in the various flasks 

did not vary much vith the different degrees of aeration. 

5. The amount of ester lost through evaporation in both still 

and shaken cultures 'Was found to be considerable. 'Train' fermenta­

tions vere designed to provide a controlled air supply and to give a 

complete recovery of ester. 

6. 'Train' fermentations vith the intermediate yeast strain in­

cubated on the shaker gave as high ester production as still 'train' 

fermentations and still 'foll-covered' flasks. The shaken 'train' 

-
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fermentations vith the rough strain produced less ester than the still 

fermentations; however, the strong esterase activity noted in the 

shaken flasks could account for the lower ester production in the 

shaken flasks. 

7. Results obtained in this study of the eff~ct of aeration on 

ester production indicate that as much, if not more, ester is produced 

vith increasing aeration. Once ester evaporation is controlled, effects 

such as increased esterase activityvith greater aeration and increased 

carbon dioxide tension vith restricted aeration must be taken into 

account. 
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() VIII. APPENDIX 

Appendix Table l 

Quantitative pe11ic1e determination and fermentation data for Hansenu1a 
. anomala, Y;221 + 

Incubation time pH Balling Yie1d of Ce11sz !!!ei. dry veis!!t 
Days Top Bottom Total 

A++ 2 ;.10 9.0 89.; ;4.1 12;.4 

4 ;.20 6.5 272.; 110.9 ;8;.2 

6 ;21.; 119.0 440.2 

8 2.90 1.9 ;24.1 140.3 464.4 

11 2.80 0.0 51.6 407.5 459.1 

B+++ 2 5.00 9.8 54.0 30.0 84.0 

4 ;.20 9.0 102.8 68.9 171.7 

6 2.85 7.0 171.5 115.; 286.8 

8 2.75 4.; 254.4 166.; 420.7 

1; 2.68 0.5 102.0 ;7;.4 475.4 

~ermentations vere carried out in 500 ml. pear-shaped separatory 
funne1s containing 400 ml. of Yeast Nitrogen Base medium vith 10~ 
glucose. The yield of top and bottom ce11s represents the total 
dry weight of the ce11s found in the top and bottom 200 ml. of 
medium respective1y. 

++Incubated at ;ooC. 

+++Incubated at 25°C. 
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Appendix Table II 

Quantitative pellic1e determination and fermentation data for 
Hansenula anomala, Y;222+ 

Incubation t1me pH Baning Yie1d of Cellsz §. dry wei6!!:t 
Daye Top Bottom Total 

A+ ; 2.55 6.8 254.6 47.; ;01·9 

5 2.68 5.3 303.9 49.9 ;5;.8 

7 2.57 ;.9 326.4 73.4 ;99.8 

10 2.49 ;.0 353.2 64.2 417.4 

14 2.37 2.3 164.6 ;65.1 529.7 

B+ 3 2.80 8.7 172.0 40.2 212.2 

5 2.66 7.5 26;.1 46.5 309.6 

7 2.52 6.1 288.8 104.1 ;92.9 

9 2.56 2.5 314.5 143.0 457.5 

11 2.48 1.5 320.9 148.4 469.; 

15 2.53 0.8 223.8 280.6 50;.7 

+See 1egends of Appendix Table 1. 

-
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Appendix Table nI 

Quantitative pe11ic1e determination and fermentation data for 
Hansenula anomala, Y322;+ 

Incubation time pH Balling Yield of Ce11sz !S.' drywei~t 
Daye Top Bottom Total 

A+ 2 ;.30 9.5 55.7 29.8 85.5 

4 2.90 8.1 166.7 48.4 215.1 

7 2.70 5.7 201.6 ;;.5 283.; 

9 2.62 4.2 ;21.9 43~2 365.1 

14 2.tQ 2.3 ;;0.2 ;2.0 ;62.2 

16 2.56 2.2 298.5 88.0 . :;86.5 

18 2.62 1.2 261.; 166.0 427.; 

20 2.52 1.6 187.2 258.0 445.2 

B+ 6 2.85 8.0 1;;.4 }4.; 17;.7 

8 2.74 6.7 17;.9 }4.2 208.1 

10 2.62 4.6 248.2 41.; 289.5 

15 2.71 1.8 249.6 64.; ;1;.9 

18 2.62 1.; ;24.; 96.; 420.6 

21 2.56 0.5 276.8 185.; 462.1 

+See 1egends of Appendix Table I. 

() 

-
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Appendix Figure 1 

Appendix Figure 2 



-Âppendix Figure 1 

COLONIES OF 13221, THE INTERMEDIATE STRAIN 

Five-day old colonies on MY agar incubated at room temperature. 

These colonies are often mat and not glistening as they appear here. 

Appendix Figure 2 

COIDNIES OF 13222, THE ROUGH S'mAIN 

Five-day old colonies on MY agar incubated at room tempe rature 

i ) 

------------- ----



" Âppend1x Figure 1 

COIDNIES OF Y322l, THE INTERMEDIATE STRAIN 

Five~y old colonies on MY agar incubated at room temperature. 

These colonies are often mat and not glistening as they appear here. 

1 

Appendix Figure 2 

COIDNIES OF Y3222, THE ROUGH STRAm 
'. . 

Five-day old colonies on MY agar incubated at room tempe rature 

( ) 
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Appendix Figure 4 



o 

Appendix Figure 3 

co:r.o;ru&S- OF ~3; ,THE GLISTENmG STRAIN 

Five-day old colonies on MY agar incubated at roam temperature. 

1 

Appendix Figure 4 
! '.:: i' .~'.' ~~ ... :~. ~;, 1 

COLONIES OF 13224 

Five-day old colonies on MY agar incubated at room temperature. 

C) 

\ 
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Appendix Figure 5 

Appendix Figure 6 



Appendix Figure 5 

PELLICLE moDUCED BY Y3221, THE INTERMEDIATE SftIN 

'"i -,., -' '-" : 

Four-day old fermentation of 400 ml. of Yeast Nitrogen Base con­

taining 5'f, glucose in a 500 ml. beaker incubated at room temper-

ature. 

Appendix Figure 6 

PELLICLE PRODUCED BY Y3222, THE ROUGH STRAIN . . , 

Four-day old fermentation of 400 ml. of Yeast Nitrogen Base con­

ta1n1ng 5'f, glucose in a 500 ml. beaker incubated at room temper-

ature. 

() 

() 
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Appendix Figure· 7 
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Appendix Figure 7 

~ CWSTER 'OF,Y3222, THE ROUGH STRAIN 

da.y of incubation. 1 
Taken from the top 200 ml. of a tunnel fermentation on the 4th 

. .. ~' ') 
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