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INTRODUCTION

The present studies deal with the dimorphic properties

of a fungal isolate designated NRRL Y-335 and the production

of polymer by this organism. This strain has been tehta

tively assigned by Dr. L.J. Wickerham, Northern Regional

Research Laboratories, as a member of the genus Dematium (Dr.

F.M. Rothwell, Indiana state University, personal communi

cation). Members of the genus are noted for the production

of dark pigments. These organisms are sometimes referred to

as the "black yeasts". The black yeasts include species in

the genera Pulluluria and Aurobasidium as well as Dematium,

(Durrell, 1967). The black yeasts occur as soil saprophytes

and species have also been isolated from air, poultry, and

fruit as well as from the lymph nodes of patients with

Hodgkin's arthritis (Merdinger, 1969).

Several members of the genus Dematium are highly vari

able. The classification of these organisms is not well

defined. The cells of many species may occur as one of the

several forms which are generally described as yeastlike,

pseudohyphal, or filamentous (Durrell, 1967). The plastic

ity of form contributes to the difficulty in classification

of these organisms which also exhibit the imperfect stage in

life cycle. The most consistent feature of Dematium species

seems to be the formation of black pigments and the occurr

ence of dimorphism.
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A number 6f fungal species exhibit dimorphic growth

which can be controlled by the conditions used for cUlturing

the organisms. According to Romano (1966), the term

"dimorphism" was originally applied to pathogenic fungi, such

as Histoplasma capsulatum, Candida albicans, and Sporotrichum

schenckii. The morphology of these organisms is related to

their pathogenicity. He proposed that the term "dimorphism"

should include all fungi which exhibit a phenotypic duality

in cell form.

Several factors have been shown to influence the

morphology of dimorphic fungi. Romano (1966) separates

these factors into three categories--temperature dependent

dimorphism, temperature-nutrition dependent dimorphism, and

nutrition dependent dimorphism. In the case of temperature

dependent dimorphism, the organism grows in one form at one

temperature and in another form at a different temperature.

For example, Blastomyces dermatitidis exists as budding

yeastlike cells at 37 0C in vitro or in vivo and as filaments

at 2SoC. Nutrition has no influence upon the dimorphic

growth of the organism (Nickerson and Edwards, 1949) .

In temperature-nutrition dependent dimorphism, temper

ature alone does not induce the dimorphic fungi to grow as

yeastlike cells or filaments. In the case of ~. capsulatum,

at 2SoC, the organism grows in the filamentous form in both

defined and complex media. At 37 0C yeastlike growth occurs
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in complex media, but not in defined media (Pine, 1954).

In nutrition dependent dimorphism, yeastlike or

filamentous growth depends upon the constituents of the

culture medium. For example, C. albicans grows as

filamentous cells in a basal medium lacking cysteine and

with a low concentration of phosphate. Yeastlike cells are

obtained in the basal medium with cysteine or additional

phosphate added as supplements to the basal medium

(Nickerson and Mankowski, 1953).

Several authors have proposed mechanisms for the

control of dimorphic growth. Nickerson and Edwards (1949)

proposed that the control of dimorphism in B. dermatitidis

is based upon the metabolic activity of the cells. At

higher temperatures at which the metabolic activity of cells

was greater than at lower temperatures, yeastlike growth was

obtained. The metabolic rate of yeastlike cells was 5 to 6

times greater than that of filamentous cells. The in-

crease in metabolic activity with temperature leads to more

rapid cell division and the occurrence of yeastlike growth.

Nickerson and Mankowski (1953) stated that sulfhydryl

groups play an important role in cellular division and

influence dimorphic growth in C. albicans. This organism

occurs as yeastlike cells in the presence of exogenous

cysteine which is interpreted as a requirement for cysteine

to maintain the reduced sulfur groups in the cell wall
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glucomannan. The conversion of cystine to cysteine residues

in the protein component of cell wall polymers involved two

enzyme reactions. One of these was catalyzed by a

glutathione reductase with reduced nicotinamide adenine

dinucleotide phosphate as coenzyme (Mapson and Goddard,

1951). Nickerson and Romano (1952) suggested that cystine

reductase with nicotinamide adenine dinucleotide as coenzyme

was the second required enzyme for the reduction of cystine

to cysteine.

Haidle and Storck (1966) proposed that the kind of

metabolism, anaerobic or aerobic, in cells of M. rouxii was

the physiological factor which determined the morphology of

the cells. It was found that a shift of cultures from

anaerobic to aerobic conditions was accompanied by a con-

version from yeastlike growth to filamentous growth. The

formation of germ tubes by yeastlike cells was observed

within 3 hours after exposure of the cells to air. The

appearance of the germ tubes correlated also with a 10 fold

increase in the specific activity of cytochrome oxidase

in the cells. Aerobically grown filaments contained approxi-

mately 50 times more of this enzyme than the yeastlike

cells. The conversion of cell types, however, involved more

than just cytochrome oxidase. Other enzyme systems are in-

volved in dimorphic growth of M. rouxii. For example,

cyanide, acriflavin, and cyclohexamide inhibited the
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conversion of the yeastlike cells to filaments and inhib

ited the synthesis of cytochrome oxidase. However,

phenethyl alcohol inhibited cell conversion, but not

cytochrome oxidase production.

Mardon, Bal±sh, and Phillips (1969) suggested that

dimorphism in c. albicans may be determined by the rates of

methylation of homocysteine, nucleic acids, steroids and

phospholipids. They found that filamentous cell walls had

one third as much methionine as yeastlike cells of ~.

albicans, and that filamentous cells had considerably more

S-adenosylmethionine than the yeastlike cells.

As mentioned above, NRRL Y-335 is believed to be a

species of Dematium. Studies by Dr. F.M. Rothwell (Indiana

State University, personnel communication) have shown that

this organism occurs as yeastlike cells and filamentous

cells in the same culture. The organism produces an

extracellular polymer. A dark pigment occurs in older

cultures of this orgartism.

Durrell (1967) observed that many species of Dematium

produce mucous extracellular products which he designated

"mucin". The material enclosed the cells and spores in the

cultures examined. Durrell (1967) and Lingappa et al. (1963)

noted the presence of black pigment associated with cells

and culture media from Dematium species. They concluded on

the basis of absorption spectra, solubility, and staining
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I properties that this material was melanin.

In the present study, the influence of cultural and

nutritional conditions upon the morphology of strain NRRL

Y-335 was investigated. The relationship of polymer

formation to c~ltural conditions and cell morphology has

been examined. Some information about the composition of

the polymer is presented.

6
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MATERIALS AND METHODS

Media

Yeast-malt extract medium. This medium (YME broth)

was similar to that described by Raynes e t al. (1955), except

agar was omitted. It contained per liter 5 g Bacto-peptone,

3 g Bacto·yeast extract, 3 g Bacto-malt extract, 10 g

glucose, and distilled water. Glucose was sterilized

separately and was added aseptically to the bulk of the

medium after coolin~ The pH of the medium after autoclaving

was 6.8.

Peptone-glucose-yeast extract medium. This medium

(PGY broth) contained per liter 5 g Bacto-peptone, 36 g

glucose, 3 g Bacto-yeast extract, 3.4 g KH
2P04,

5.35 g

K2HP04' and distilled water. Glucose was sterilized

separately and was added aseptically to the bulk of the

medium after cooling. The pH of the medium after auto

claving was 6.9.

Glucose-salts-yeast-extract medium. This medium

(GSYE broth) normally contained per liter 6 g glucose, 1 g

Bacto-yeast extract, 3.4 g KH 2P04, 5.35 g K2HP~, 3 g

NH 4Cl, 0.3 g MgSO~ 7 H20, 15 mg CaC12' 0.75 mg FeS~· 7 H20,

and distilled water. Glucose was sterilized separately and

was added aseptically to the bulk of the medium after

Cooling. The final pH was 6.9.

Organism. NRRL Y-335 was obtained from Dr. F.M.
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Rothwell, Department of Life Science, Indiana State Univer

sity. The initial culture was streaked on agar plates. In

dividual colonies which appeared to be yeastlike were

transferred to agar slants. One of these isolates was used

for the present studies.

Stock Cultures. Stock cultures were maintained on

YME agar slants Caaynes et al., 1955). Freshly inoculated

slants were incubated at 2S oC until abundant growth was

obtained. Then, the stock cultures were stored at 4oC.

Fresh slants were inoculated every month.

Working cultures. Working cultures were prepared by

transferring cells from a YME agar slant to tUbes of YME

broth. A culture incubated at 25 0C for 3 days, was used to

inoculate a tube of PGY broth. Subsequently, fresh PGY

broth was inoculated every week with the previous culture in

PGY broth. The inoculum size was approximately 0.5% of.

the volume of fresh medium.

Preparation of inoculum. The organism was transferred

from the working culture to the medium which was to be

tested. After 3 days of growth in the test medium, I ml of

the conditioned culture was transferred aseptically to each

test condition.

Cultural Conditions. Working cultures were grown at

25
0C

in either 50 ml flask containing 20 ml of medium or in

250 ml flasks containing 50-75 ml of medium on a New



Brunswick Scientific reciprocal shaker, model # R~8-6635

operating at about 240 cycles/min. Test cultures were grown

at 25 0C in 2.8 liter Fernbach flasks containing 1 liter of

medium on a New Brunswick Scientific rotary shaker, model #

VS-lOO-56921 operating at about 180 cycles per min.

Sampling procedure. Approximately 10 ml samples were

removed from the test cultures with sterile pipets or

syringes. The optical density and the pH of the culture

samples were measured immediately after the samples were

taken. Samples were stored in an ice bath placed in a 50C

refrigerator for later measurement of glucose or other

tests ..

Measurement of growth. The optical density of

culture samples was measured in a Klett photometer using a

No. 54 ,filter. If the optical density was greater than 600

Klett units, the culture was diluted with water before

measurement.

Glucose determination. The glucose concentration of

culture samples was determined by the Somogyi method

(Somogyi, 1945) and the Anthrone method (Neish, 1952).

Protein determination. The protein content of the

polymer was estimated by the Biuret method (Daniel and Neal,

1967) and the Lowry, method (Low-ry- et a L, , 1951). Bovine

serum albumin was used as standard.

Polymer isolation. The polymer was precipitated from

9
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culture samples by adding .. 95!l1.ethanolat the~ratio o f.,";

2 parts of alcohol to 1 part of medium, {Anderson et ~.,

1960). Three drops of saturated KCl per 10 ml of sample were

added. The mixture was shaken vigorously to aggregate the

polymer. Later, the use of saturated KCl was omitted be

cause it seemed to be without effect upon polymer precip

itation.

The precipitated polymer was washed 3 times with 95%

ethanol. Between each washing, the polymer was centrifuged

and the alcohol was carefully decanted. After the final

washing, the polymer was dried overnight at 100oC.

~ hydrolysis of the polymer. A 250 mg sample of

polymer in a 50 ml Erlenmeyer flask containing 2.5 ml of 8

N H2S04 was autoclaved for 5 hours at 15 lb pressure and

l2loC. After autoclaving, the solution was partially

neutralized with solid Ba{OH)2. A saturated Ba{OH)2 solution

was used for further adjustment of the solution to pH 7.

The resulting precipitate was removed by filtration and

washed twice with small amounts of hot water. The combined

filtrates were adjusted to 20 ml and stored at 50C (Clark,

1964) •

Paper chromatography for amino acids. Two dimensional

chromatography was carried out with Whatman No.1 paper

(21 cm x 21 cm) in a large screw cap jar lined with Whatman

No. 1 paper. The first solvent system was water-saturated
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phenol in an atmosphere of NH3. The second solvent system

was isopropanol-acetic acid-water in a 3:1:1 ratio by

volume. Spots were detected by spraying with ninhydrin and

heating at lOOoC.

Paper chromatography for carbohydrates. Chroma

tography of sugars was carried out with Whatman No.1 paper

(21 cm x 21 cm) in a large screw cap jar lined with Whatman

No. 1 paper. The chromatogram was developed in a solvent

system consisting of n-butanol-pyridine-water in a ratio of

3:2:1.5. The paper was developed 3 times in the same

direction with the same solvent system. Between each

development the paper was allowed to dry. Spots were

detected by spraying with Aniline Phthalate (Gelman Instru

ment Co.) and 4eating at 100oC.

Phosphate determination. Phosphate in hydrolyzed

polymer samples was determined with a Technicon auto-

analyzer (Anonymous, 1968).

Flow-rate determination. Flow-rate was determined as---------
the time in seconds required for a 10 ml sample of culture

medium to drain through a 10 ml volumetric pipet mounted at

a 450angle. This method for measuring viscosity is based on

the procedure described by Cadmus et ale (1961).

Carbon dioxide atmosphere. A partial CO 2 atmosphere

for growth was achieved by bUbbling sterile CO 2 (generated

from dry ice) through broth cultures. The C02 was bubbled
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through the medium for first 3 days of incubation. The

inlet and exhaust tubes were closed during the remainder of

the incubation period.

Determination of the ~~ of cell ~~. The

',ratio of filaments.:_~:: t'o yeastlike cells was estimated from

examination of ten microscopic fields at 400X magnification.

Each microscopic field generally included at least 200

yeastlike cells.

Aminopterin. This chemical was generously donated

by Lederle Laboratories, Pearl River, New York.
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RESULTS

Morphological observations of NRRL ~-335. The

morphology of the cells of NRRL Y-335 was observed in

cultures grown in several media to learn whether the

morphology could be controlled by the medium used for

growth (Table I). In YME broth at 250C, 3 day old cultures

contained both yeastlike cells and filaments (Fig. lA).

Yeastlike cells were the predominant form. The filaments

in these cultures were long with numerous branches. The

ratio of cell types was about 1 filament per 100 yeastlike

cells. By phase contrast microscopy, the wall of both cell

types appeared thick (Fig. 2 and 3).

Chains of yeastlike cells (Fig. IB) occurred in YME

broth at 30 0 and 37 0C. No chains occurred at 25 0C in

YME broth. At 25 0C, cultures in YME broth supplemented with

10% glucose or adjusted to pH 8 (YME was normally at pH

6.9) also produced chains of yeastlike cells.

The YME broth supplemented with 0.001 M cysteine

supported the growth of predominately yeastlike cells. Some

filamentous cells were present. The ratio was about 1

filament to 2,000 yeastlike cells. In YME medium containing

0.1% K2HP04 or 0.1% K2HP04 with 0.001 M cysteine, the

proportion of filaments was further reduced. In YME broth

with glucose omitted, only a few filaments were

observed. The ratio was less than 1 to 2,000. In PGY broth
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Unless otherwise indicated, cultures were grown at 25 0C.

o No filaments or chains of rounded cells.

• +

• ++

· +

· ++

· ++

· ++

• ++

• • +

• • ++

• • +++

• • +

· • +

· . +

. . . +

. • • +

• • • • • +

Occurrence of fila
ments or chains of
yeastlike cells in
3 day old cultures.

HCl)

NaOH

Additions to yeast-malt extract
broth

None at 300C

None

None at 370C

Cysteine, O.Ol·'M

Table 1. .Influence of additions to yeast- mal t extract

broth upon the morphology of NRRL Y-335.

Cysteine, 0.001 M .

pH 8

pH 5

Malt extract- 1% ( Bacto )

Cysteine, 0.001 + KH2P04' 1 gil ....

KH2P04 , 1 gil .

Less glucose + glycerol, 5%

Less glucose

+++ 60 filaments or chains of rounded cells/2,000 yeastlike cells.

+ 1-3 filaments or chains of rounded cells/2,000 yeastlike cells.

Less glucose + glycerol, 5% + cysteine 0.001 M .

4-Aminopterin 0.005 M ••

C02 atmosphere

10% glucose •

++ 20 filaments or chains of rounded cells/2,000 yeastlike cells.



Yeast and filaments ~yeast-malt extract

broth. Magnificatton is 400 X. The culture was 24 hours old

and was ineUbated at 2Soc.

Figure I B. Chains QLyeastlike cells in peptone-glucose-

yeast extract broth ~mL ~ Magnification is 400 X. The
•

culture was 37 hours old and was incubated at 2SoC.



Figure 2. Photomicrograph of yeastlike cells showing

cell walls in ~ broth containing 0.001 ~ cysteine.

Magnification 400 X. The culture was 40 hrs. old and was

incubated at 2S oC.



Figure 3. Photomicrograph of the yeastlike cells

showing~~ walls in ~ broth at g days. Magnifi

cation 400 x.



effect upon the ratio of cell types. In contrast, Bartnicki-Garcia

I

: the ratio was less than 1 to 2,000. The addition of cysteine

to PGY broth did not change the ratio. The substitution of

glycerol for glucose in the YME broth with or without 0.001 M

cysteine also led to a ratio of less than 1 to 2,000.

The addition of 0.005 M aminopterin (Table 1) had no

and Nickerson (1962) found that ~. rouxii grew predominately

as filamentous cells in cultures containing 0.005 M

aminopterin.

The effect of additions in a defined medium upon the

morphology of the cells is shown in Table 2. The GSYE broth

supported the growth of predominately yeastlike cells. The

addition of cysteine, yeast extract, and glucose at several

concentrations did not change the proportion of the cell

types in the cultures. In the GSYE medium containing 10%

glucose, chains of yeastlike cells were present and resembled

those observed in YME broth.

The behavior of NRRL Y-335 on solid media is

summarized in Table 3. On solid media, the strain exhibited

an interesting growth pattern. During the first 3 or 4 days

of growth pale yellowish mucoid colonies were formed. These

colonies were composed of yeastlike cells with filamentous

cells leading from the edges and underside of the colonies

(Fig. 4). After about 6 days, filamentous cells appeared to

cover the surface of the colonies. The colonies were black

18
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++ 20 filaments or chains of rounded ce11s/2,000 yeast1ike cells.

+++ 60 filaments or chains of rounded ce11s/2,000 yeast1ike cells.

+

+

++

+++

+

+

+

+

+

------.,...--_._----
Occurrence of fila
ments in 3 day old
cultures.

· . . . . .

· . . . . .,

. . . . . .

Additions to medium

Yeast extract, 0.1%

Cysteine, 0.001 M

Table 2. Influence of addition? to glucose-malt yeast

extract medium upon the morphology of NRRL

Y-335.

Malt extract, 0.1%

None . • . • • . .

Malt extract, 1.0% ..

Yeast extract, 0.1% + Cysteine, 0.001 M

Peptone, 0.5%

Glucose, 0.05% •

Glucose, 0.1% . · · . . . . · · · +

Glucose, 0.2% . . . . · · · · · · +

Glucose, 0.5% . · · · · · +

Glucose, 1% · · . . . . . . . · · · · · · +

Glucose, 5% · · · · · · · +

Glucose, 10% ..

Cultures were incubated at 25 0C.

o No filaments or chains of rounded ce11s/2,000 yeast1ike cells.

+ 1-3 filaments or chains of rounded ce11s/2,000 yeast1ike cells.



on several solid media at 25 0 C.

Morphological observations 0.£ NRRL Y-335Table 3.

Medium

Actinomycin agar (Bacto)

Corn meal agar (Bacto)

Potato agar (Bacto)

Rhizobium dextrose agar (Bacto)

Sucrose mineral agar (Bacto)

Sabouraud agar (Bacto)

Tryptose agar (Bacto)

Tryticase agar (Bacto)

Trypton~lucose-yeastextract (Bacto)

Glycerine agar (Bacto)

Peptone-glucose-yeast extract

20

Appearance of
colonies after 6
days of incubation.

Black, f ila.mentous

growth.

Same as above.

Same as above.

Same as above.

Same as above.

Same as above.

Same as above.

Same as above.

Yellow, mucoid

yeastlike growth

with few fila-

mentous cells.

Same as above.

Same as above.



Figure 4. Colonial view of ~ l day old culture on

yeast-malt extract agar showing yeastlike cells with fila

ments leading from the edges and underside of the colony.

21
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in color and less mucoid in appearance. At the end of two

weeks of growth, the colonies appeared to be composed of a

layer of filamentous cells which covered the yeastlike cells.

The same cycle was obtained by streaking cells from a colony

which contained filaments and yeastlike cells. Initially,

pale yellowish mucoid yeastlike colonies developed and

eventually became black and covered with filamentous cells.

On tryptone-glucose-yeast extract agar and glycerine agar,

colonies remained yeastlike much longer than colonies on the

YME agar and the other agars listed in Table 3.

Studies of the ~ changes in medi~. The pH of culture

media was measured during growth to determine whether

changes in pH which occur in the medium are related to the

development of the filamentous form of NRRL Y-335. The pH

of a culture in PGY broth which was buffered with KH 2P04
and

K2HP04 at pH 7 is shown in Fig. 5. The pH of the medium was

essentially constant throughout the growth period. There

were no changes in cell morphology. Figure 6 shows the pH

of a culture during growth in PGY medium with glucose

omitted. The medium was also buffered with phosphate. The

pH increased from 6.9 to 7.4. During this change, only a

few filamentous cells were observed. The pH change in PGY

medium which was not buffered with phosphate is shown in

Fig. 7. The pH of the culture decreased only I unit and

the organism grew with few or no filamentous cells.
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In YME, PGY, and GSYE media with an initial pH Df 8,

normal and chains of yeastlike cells occurred in the cultures

during growth. In each of these media the pH decreased to

below 7 during the growth period.

Purification of yeastlike cells. To obtain cultures

with only yeastlike cells, the stock culture was streaked on

PGY agar plates. Colonies which showed only yeastlike

growth were used to inoculate PGY broth. After 3 days of

incubation in PGY broth, cultures appeared thick and were

yellowish in color. Fresh PGY broth was inoculated from a

previous culture every 3 days. In this manner, pure yeast

like cultures were obtained. Filamentous cells were absent

for 16 days or longer in these cultures. The appearance of

the yeastlike cells obtained from a 32 day old culture is

shown in Fig. 3.

Measurement of the (growth Jate. The growth rate of

NRRL Y-335 was measured as a basis for comparing the be

havior of the organism in different media. Three flasks of

the PGY medium were inoculated and cultured in an identical

manner. The average generation time in the PGY medium was

about 7 hours (Fig. 8). During the period of logarithmic

growth, the cell morphology was yeastlike.

The growth curves for culture of NRRL Y-335 in PGY

broth at 3 concentrations of glucose are shown in Fig. 9.

Without glucose, the average generation time was about 7
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approximately the same conditions.

Figure 8. Growth of ~!-335 in peptone-glucose-
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were absent and very few filaments were observed (Fig. 10).

Measurement of_polymer formation. An attempt was

made to measure amount of polymer in the medium as the

difference between free glucose and total carbohydrates. The

difference between the Somogyi method for reducing sugars

and the Anthrone method for total carbohydrates was too

small to be used as a measurement of polymer production.

Later studies showed that the polymer produced by NRRL Y-335

does not react with the Anthrone reagent. The results from

hours and growth stopped-after 64 hoUrs with an optical

density of about 500 Klett units. In the medium which

contained 0.15 M glucose, the optical density reached about

1,000 Klett units by 80 hours. The culture which contained

0.2 M glucose reached an optical density of 2,000 Kletts

units by 80 hours. The cell morphology in each of the

cultures with glucose was completely yeastlike. In medium

which lacked glucose, a few filaments were present and the

medium was light pink in color instead of black.

The influence of pH, phosphate, and cysteine upon the

growth rate of the organism in PGY broth is shown in Fig.

10. Growth at pH 8 was slower than at pH 7. However, the

difference was not very large. In the medium with an

initial pH of 8, a few chains of yeastlike cells were

observed. The ratio was about 3 chains per 2,000 yeastlike

cells. In the other cultures, chains of yeastlike cells



Figure 10. Influence of phosphate and cysteine upon

the growth and morphology of NRRL ~-335 in peptone-glucose

yeast extract broth.

A PGY alone.

B PGY medium buffered at pH 8 with KH2P04 and K2 HP04.

C PGY medium with 0.1% KH2P04.

D PGY medium with 0.001 M cysteine.

o No filaments.

+ 1-3 filaments /2,000 yeastlike cells.

++ 20 filaments /2,000 yeastlike cells.
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Anthrone determinations correspond to those obtained by

using the Somogyi method (Fig. 11).

Characterization of the polymer. In all media tested,

cultures of NRRL Y-335 became thick and viscous. Cell-free

medium samples separated into two phases during storage

at OOC or SoC. The thick, viscous layer on the bottom

was not dispersed by stirring. Treatment of a sample of

the viscous medium with several drops of concentrated

H2S04 lead to a precipitate and the viscous character of the

medium disappeared. The precipitate dissolved in dilute

base and formed a viscous solution. The viscous material

in the ~edium was also precipitated by 95% ethanol (See

Materials and Methods). The material precipitated with

ethanol was difficult to redissolve in dilute acid or base

after drying.

Dialysis of solutions of the polymer against distilled

water overnight did not change the viscous nature of the

solutions. A sample of the dialyzed polymer gave negative

tests with the Biuret and Anthrone reagents as well as with

the iodine reagent for starch. Biuret tests were performed

with 10 different samples which ranged from 1 mg/ml to 10

mg/ml of the polymer. All samples gave negative results. A

positive test was obtained with the Lowry procedure.

Paper chromatography of samples of the polymer

hydrolyzed with acid showed the presence of reducing sugars



Figure 11. Changes in' concentration of free glucose

and total carbohydrate during growth of~ !-335 in peptone-
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and amino acids. One hydrolyzed polymer sample (which was

obtained from a culture prepared in medium lacking glucose)

showed a single spot for a reducing sugar on the chromato

gram. The spot corresponded in Rf to mannose (Table 4).

Another hydrolyzed polymer sample (which was obtained from

a culture which contained 0.2 M glucose) showed two spots

for reducing sugars. These spots corresponded in Rf to

mannose and glucose (Table 4). Based upon the Anthrone

determination, this hydrolyzed sample contained 13. 6 g

of sugar as glucose per 100 g of polymer. Both of the

hydrolyzed polymyer samples showed seven spots on paper

chromatographs developed in the system for separation of

amino acids (Fig. 12). The phosphate content of polymer was

0.064 g per 100 g of polymer.

Measurement of polymer concentration by viscometry.

Since the chemical properties of the polymer did not seem to

provide a convenient approach for measuring the concen

tration of the polymer in culture media, a method based upon

viscosity was triedo In this procedure, the drainage time

for samples from a 10 ml volumetric pipette was measured

(Cadmus et al., 1961). The procedure was applied to a

series of samples obtained after various periods of growth.

The flow-time increased during the incubation period in a

manner which paralleled the changes in viscosity estimated by

visual observation. The procedure seemed to be a satisfactory
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Table 4. Rf values of standards and of the sugars

from an acid hydrolysate of the polymer.

Rf values of standards

Rf value

0.68

0.63

Rf values of the hydrolysate

Unknown

1

2

Rf value

0.69

0.69

0.65

0.60

0.45

Sugars

Mannose

Fructose

Glucose

Galactose

Lactose
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measure of relative viscosity and was used for subsequent

studies. A polymer solution which contained 1.98 mg/ml of

dry polymer had a flow-time of 100 sec/ml of medium. A

solution which contained 0.53 mg/ml of dry polymer had a

flow-time of 50 sec/IO mI. The flow-time of the uninoculated

medium was 24 sec/mI.

Influence of cultural conditions upon Eolymer pro

duction. The viscosity of cultures grown in the GSYE medium

and in PGY medium broth was measured at intervals during

the incubation period. The PGY broth was used with two

levels of glucose, 1% and 3.6%. The GSYE medium which

contained 0.6% glucose supported less total cell growth than

PGY broth but led to the formation of a greater amount of

polymer. There was a peak accumulation of polymer which

subsequently declined in amount. In PGY broth, the rate of

growth and the final cell density were about the same for

both levels of glucose. Although the amount of growth in

PGY broth was higher than in GSYE medium, the polymer

production as measured by flow-time was lower in the PGY

broths (Fig. 13).

Influence of yeast extract upon polymer production.

The visosity of cultures grown in GSYE medium with concen

trations of yeast extract from 0.01% to 0.3% is shown in

Fig, 14. The viscosity of the culture with 0.01% yeast

extract showed little or no change from the initial

37
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with different concentrations of glucose was measured to

was 1,300 Klett units. Few or no filaments were observed

In the culture grown with 0.3% yeast extract, themedium) .

maximum flow-time was 90 sec/IO ml and the optical density

same as the starting value (flow-time at 24 sec/IO ml of

viscosity. The final optical density of the culture was

about 300 Klett units. The culture grown in GSYE broth

containing 0.05% yeast extract had a flow-time of 55 sec/

10 ml of medium and a final optical density of 1,500 Klett

units. The culture with 0.1% yeast extract exhibited a peak

in flow-time of 100 sec/IO mI. The optical density of the

sample was 600 Klett units. After the peak, the viscosity

of the medium decreased. At an optical density of 1,400

Klett units, the viscosity of the culture was about the

Influence of glucose upon polymer production. The

in each of the cultures during the entire incubation period.

viscosity of the medium from cultures grown in GSYE medium

determine the effect of the glucose concentration upon

polymer formation. The initial flow-time of the medium was

24 sec/IO ml (Fig. 15). With 0.1% glucose in the GSYE

broth, the final cell density was 280 Klett units and the

accumulation of polymer was relatively small. A peak flow

time of 45 sec/IO ml was observed. The flow-time decreased

to the initial value during subsequent growth of the culture

(Fig. 15). With 8% glucose in the GSYE broth, the highest



Figure 150 Influence of glucose concentration upon

the viscosity of ~ cultures at various leveks of growth in
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obtained.

less than 1% glucose was of interest. The culture was

medium. When the mediumviscosity of 72 sec/IO ml of

contained only 2% glucose, the maximum viscosity was 92

sec/IO mI. With only 1% glucose, the maximum viscosity was

100 sec/mI. The culture which had 0.5% glucose produced a

viscosity of 88 sec/IO ml which then decreased. These

results show that polymer formation was not increased by

concentrations of glucose above 1%. Instead, at higher

The average uptake of glucose by cultures with

viscosity of the medium was 45 sec/IO mI. The viscosity of

the medium persisted and the optical density reached 1,300

Klett units. The culture with 4% glucose had a maximum

concentrations of glucose a decrease in polymer formation was

abundant glucose during the growth period was 1.8% and the

optical density at the end of the growth period was 1,650

Klett units (Fig. 15). The appearance of the culture with

pinkish brown in color rather than the usual black color

obtained in media with 1% or more glucose. The ratio of cell

types was less than 1 filament to 2,000 yeastlike cells.

Influence of pH upon polymer production. The in

fluence of the pH of the medium upon the formation of

polymer in the glucose-salt-yeast extract medium is shown

in Fig. 16. At pH 8 , 5.7 and 3 . 5 , no detectable production

of polymer was observed. At an initial pH of the medium of

7, polymer was produced by the organism.
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DISCUSSION

The dimorphic characteristics of NRRL Y-335 observed

in this study were less pronounced than in organisms such as

Mucor and Candida. In each of the different culture media

tested and under several conditions of pH, temperature, and

aeration, yeastlike cells were the predominant forms

present. It should be noted that the findings of this study

were obtained with a "single colony isolate" from the

original stock culture of NRRL Y-335. The colony was

selected because it appeared to contain only yeastlike

cells. The isolate was maintained as yeastlike cells by

frequent transfers to fresh broth medium. No effort was

made to obtain isolates with an increased tendency to grow

as filaments. Thus, this discussion is restricted to

considerations of the isolate.

NRRL Y-335 grew in a variety of media, at pH values

from 3.5 to 8 and was able to utilize various carbon and,

nitrogen sources including ammonia. This behavior is

similar to that reported for ~. pullulans which requires no

vitamins (Spector, 1956) and utilizes glucose, fructose,

galactose, sucrose, lactose, trehalose, maltose, dextrin,

starch, inulin, and pectin (Lingappa et al., 1963).

In the glucose-salt-yeast extract medium (GSYE) and

the peptone-glucose-yeastextract medium (PGY) , cultures were

obtained in which filaments were not detected or were

44
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present as less than 0.1% of the total number of cells.

The addition of cysteine to the medium did not induce pure

yeastlike growth in contrast to the findings~t Nickerson and

Mankowski (1953) with c. albicans. Either endogenous

levels of cysteine are sufficient for the cells to maintain

the yeast form or the cysteine in the medium is not utilized

by the cells. A further possibility is that cysteine is

not a factor for determining morphology of the cells.

Other substances which have been implicated in the

regulation of morphological type for M. rouxii and C.

albicans were without effect for NRRL Y-335. These include

carbon dioxide, aminopterin, glucose, and phosphate. How

ever, mutants of several dimorphic fungi have been obtained

which do not exhibit dimorphism under conditions which in

fluence the parent strain (Mardon, Balish, and Phillips,

1969).

In the yeast extract-glucose-malt extract medium

(YME) , a higher proportion of filaments was observed than

in other media tested. But even in this medium, yeastlike

cells were the predominant form. The proportion of

filaments was only about ten times higher than in PGY

broth, i.e., 1:200 versus 1:~000. The proportion of

filaments was higher in medium containing 1% malt extract

than in medium with 0.3% .malt extract. These observations

suggest some form of nutritional regulation of dimorphism.
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Haidle and Storck (1966) reported that their strain

of M. rouxii behaved differently in complex media than in a

synthetic medium. Under N2 alone, only yeastlike growth

occurred in a synthetic medium, but some filaments were

produced under the same cDnditions in a yeast extract-peptone

medium and in a tomato juice medium. Mardon et ale (1969)

found that c. albicans grew predominately in the yeast form

in media containing glutamic acid, glutamine, tryptophan,

or proline as the sole source of nitrogen. Predominately

pseudohyphal growth occurred with glycine, ornithine, serine,

methionine, phenylalanine or tyrosine as sole nitrogen

source. The effect of malt extract upon NRRL Y-335 may be

related to its amino acid content.

As mentioned previously, predominately filamentous

growth of NRRL Y-335 was not observed. Yet, nearly all

cultures eventually produced some filaments. In the PGY

broth and in the GSYE medium, the proportion 'of filaments

was generally very low during the period of active growth

and increased markedly after growth had ceased. Similar

behavior was observed for colonies on solid media. During

the first few days of incubation, yeastlike cells were the

only type present in the colonies. As the colonies became

older, filaments could be seen around the edges and on the

surface of the colonies. In no case was a colony detected

which was composed only of filamentous cells.



These observations suggest that the filaments are

produced by transformation of yeastlike cells and that the

yeastlike form is the primary form for mUltiplication of

cell nUmbers. The filaments did not appear to increase

significantly in number by cell division. Instead, it

seems likely that reversion of yeastlike cells to filaments

occurs with a more or less constant frequency which is

characteristic for the medium and which becom$greater in

old cultures.

An alternative explanation for the low proportion of

filaments is that the yeastlike cells grow at a faster rate

than filaments and that filaments are able to continue

growing after certain nutrients have been exhausted which

are required by the yeastlike cells. This explanation is

consistent with the purification of yeastlike cells by

frequent transfer, but does not account for an increase in

proportion of filaments that was occasionally detected in

growing broth cultures. Further studies are needed to

establish the factors which influence the dimorphic behavior

of this organism.

The establishment of conditions for obtaining almost

"pure" yeastlike growth was essential for studies of polymer

formation. NRRL Y-335 produced an extracellular polymer

which greatly increased the viscosity of the medium in most

of the media tested. Polymer formation occurred in pure

47



that the polymer contains acidic groups which contribute

to the solubility of the material when dissociated. Since

the phosphate content of isolated material was quite low,

carboxyl groups are the most likely acidic groups in the

polymer.

Although the Anthrone and Biuret determinations in

dicated an absence of carbohydrate and peptide residues in

the polymer, reducing sugars and amino acids were detected

after acid hydrolysis. By paper chromatography, evidence was

obtained that the acid hydrolysate contained as many as

48

yeastlike cultures and in the malt extract medium in which

the proportion of filaments was as high as 1:200. Clearly,

the polymer was produced chiefly, if not exclusively, by

the yeastlike cells.

Since in most media tested, the cell morphology

during the entire culture period was predominately yeast

like, the decrease in viscosity in certain cultures in

dicates that the yeastlike cells can degrade the polymer as

well as produce it. The filaments mayor may not have a

role in the disappearance of the polymer.

The polymer was precipitated from culture media by

the addition of sulfuric acid or ethanol. The acid

precipitate dissolved readily in weak base and the result

ing solution was viscous and indistinguishable from that

obtained with ethanol~' This behavior strongly suggests
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seven amino acids and one or two reducing sugars. These

findings rule out the possibility that the polymer is a

simple polysaccharide such as the phosphomannan produced by

Hansenula holstii (Anderson and Cadmus, 1960) or the

glucomannans produced by yeasts, in general (Trerelyan,

1958).

chromatograms did not indicate the presence of aromatic

amino acids in the acid hydrolysate. Thus, a positive

result with the Lowry determination would not be expected.

Since samples of the polymer were usually contaminated with

variable amounts of colored material, it is possible that the

colored contaminant was the material which led to the

positive results. This possibility is supported by previous

Paper

Instead, the polymer may resemble the mucin produced

by Aurobasidium pullulans (Durrell, 1967) or cell wall

fractions studies by Bartnicki-Garcia (1963) who reported

that the yeast cell wall of Mucor contained 10% mannose,

1% galactose, 3% fucose, 4% lipid, 10% protein, 9% chitin,

28% chitosan, 22% phosphate and 1% nucleic acid. Further

studies are needed for adequate characterization of the

polymeric substance. Assays for lipid components and

hexosamines, should be included in such studies.

As mentioned above, the Biuret determination in

dicated an absence of peptide bonds; however, a positive

result was obtained with the Lowry determination.
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polymer is produced in the presence of sufficient nutrients

accumulation of polymer was less than that at these

In GSYE broth 0.1% yeast extract and 1% glucoseglucose.

those tested. At higher or lower concentrations the

were the optimum concentrations for polymer production of

reports of Lingappa et al., (1963) and Durrell, (1967) that

Dematium species produce melanin pigments. It is likely

that such pigments would bind to the polymer and reduce the

phenol reagent. On the basis of flow-time measurements, it

was found that the production of polymer on GSYE broth was

not influenced by elevated levels of yeast extract or

decreased during the later stages of growth. The incidence

concentrations. When the nutrients were limiting for growth,

the concentration of polymer initially increased and then

of filaments during the entire period of growth was less than

1 per 10,000 yeastlike cells. These results indicate that

and that the polymer can be degraded by the yeastlike cells.

Presumably, the degradation of polymer reflects the utili-

zation of this material for cell growth.

An influence of the pH of culture media upon polymer

production was detected. Little polymer was produced in

media at pH 3.5 or at pH 8. The optimum pH seemed to be

about 7. Rogovin et ale (1961) reported that pH 7 was

optimum for polymer production byXanthomonas campestria.

Cadmus et ale (1962) reported that pH 6.4 to 6.8 was optimum

I'
I
I
I
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for polymer formation from glucose by Cryptococcus laurentii

var. flavescens.

The maximum concentration of polymer obtained in

cultures of NRRL Y-335 was nearly 0.2%. Polymer levels from

0.5% to 2% have been reported for other yeast and fungal

strains which have been considered for industrial production

of useful polymers (Cadmus et al., 1961). It is possible

that the maximum accumulation of polymer in cultures of

NRRL Y-335 could be increased by other cultural conditions.

Frequently, polymer production is higher in submerged culture

than in shake flasks (Cadmus et al., 1961). Future studies

with this organism might be facilitated by use of bench top

fermentors for growing the cells.

In summary, conditions have been found which lead to

predominately yeastlike growth of NRRL Y-335. In general

filamentous growth does not occur during active yeastlike

growth. Nutritional control of dimorphism of NRRL Y-335 was

not detected. However, an increase in the proportion of fil

aments did occur in media containing malt extract. The

polymer produced by this organism is complex and contains

amino acids, one or two reducing sugars, and undetermined

materials. Polymer production was highest in media in which

glucose and yeast extract were not limiting for growth. Con

ditions were found which supported both active growth of

yeastlike cells and reproducible production of polymer.
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