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INTRODUCTION

In ecological environments such as soil, sewage, the intestinal tract,
dairy products, etc., there are many different kinds of interactions among
the thousands of kinds of microorganisms present. While there may be only
one kind of interaction between microorganisms, at a given time, several
types of interactions may occur under the same conditions between two
strains of microorganisms. These interactive phenomena are classified
into the following six kinds of associations.

Competition for substrates, gaseous elements, nitrogenous substances,
and growth factors play a large role in microbial 1life. Tremendous
selection pressures are placed on microorganisms by other microbial forms
that are competing for the same ecological niche. Other interactions may
be present and may be dominant in some instances.

"Antibiosis" denotes an interaction where one strain of microorganism
produces a substance or causes a condition which inhibits or deters the
growth or survival of a second strain. Usually this inhibition occurs
when the first strain produces an antibiotic to which the second strain is
susceptible, although other compounds such as metabolic end products may
cause inhibition,

"Parasitism'" can be defined as the type of antagonism that exists when
one organism lives at the expense of another, its host. An example of obli-
gate parasitism is the inability of a bacteriophage to exist without their
host bacteria.

"Symbiogsis" is defined as the ability of two organisms to live
together, each deriving benefit from the association., The association

between Lactobacillus plantarum and Streptococcus faecalis described by




Krieg and Pelczar (1961) is an example; in this case, each organism
synthesized and excreted a growth factor required by the other, Such
synbiotic interchange of growth factors among microorganisms is called
"Syntrophism'.

When two organisms produce an effect which neither organism in pure
culture does, the interaction is called "synergism'"., For example,
synergism is evident when two strains of bacteria in mixed culture produce
gas, while neither organism in pure culture does.

"Commensalism' is defined as the ability of one organism to benefit
a second organism without the first organism being affected. An obvious

commensalistic relationship is the satellite phenomenon of Staphylococcus

aureus and Haemophilus influenzae (Ritter, 1959). Some commensalisms

may become apparent only under restricted conditions which may include,
among other things, the use of nutritionally deficient media, certain
thermal stresses, or certain gaseous environments.

In the present investigation, preliminary screening tests carried out
cooperatively between the departments of Biology and Civil Engineering

indicated an association between the bacterium, Proteus vulgaris, and

the yeast, Saccharomyces cerevisiae, when a medium restrictive for the

bacterium but not for the yeast was used. Under this condition the growth
of the bacterium was dependent upon growth of the yeast,

Shindala et al. (1965) sought to delineate this interaction by the
use of steady-state cultures and electronic particle counting. However,
other fruitful approaches could be chosen for investigation of the same
interaction. In the present work, the use of batch culture methods,

viable counts, microbiological assay, and chromatography reflects a
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congiderably different tactical approach toward explaining and measuring

this interaction.
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REVIEW OF THE LITERATURE

Ito, Matsuki and Uemara in 1957 (cited by Nakamura and Hartman, 1961)
studied an association between gaki lactobacilli and saki yeast. The
growth of the lactobacilli was dz2pendent upon the excretion of certain
nutrilites by the yeast., The fermentation of the saki yeast was
inhibited by the saki lactobacilli, because the lactobacilli competed
with the yeast for the available nitrogen in the medium. Nakamura and

Hartman (1961) reported an association between the yeast, Saccharomyces

carlsbergensis, and Lactobacillus plantarum or Lactobacillus casei. 1In

sucrose-flour broth at 22, 27, 32 C in mixed culture with L. casei, the

S. carlsbergensis counts were ten times greater than they were in pure

culture; however, L. casei counts were unaffected. In sucrose broth,
the yeast counts were higher in pure culture than in mixed culture;
again, L. casei was unaffected. 1In mixed culture in sucrose broth at 22,

27, 32 C with L. plantarum, S. carlsbergensis counts were ten times

greater than the counts in pure culture; in sucrose-flour broth, the
counts of yeast were higher in mixed culture than in pure culture., 1In

either medium, in pure or mixed culture with §. carlsbergensis, L.

plantarum counts were not affected by the yeast. At 37 C in sucrose broth
the yeast counts were reduced in mixed culture, while the lactobacilli
counts were unchanged.

Challiner and Rose (1954) described a commensalism between S.
cerevisiae and an unidentified lactobacillus in which the yeast supplied
the lactobacillus with nicotinic acid and thiamine only when the concen-

tration of the other growth factors in the medium was considerably reduced
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from the concentration normally present. When biotin and other growth
factors were reduced to one-twentieth the normal concentration, the growth
of the lactobacillus was at its maximum while yeast growth was restricted.
In a medium sufficient for growth of the lactobacillus with the exception
of nicotinic acid and its derivatives, it was found that the culture
filtrate of the yeast supplied the missing nicotinic acid. The culture
filtrate of the yeast also supplied adenine, guanine, and eight amino

acids necessary for the growth of the lactobacillus. In later work, Rose
and Nickerson (1956) described three types of yeasts: 1) those which did
not show a gross excretion of nicotinic acid even when the concentration of

biotin was restricted, e.g. Saccharomyces marxianus; 2) those biotin

dependent yeasts for which nicotinic acid excretion increased as growth
increased and the concentration of excreted nicotinic acid decreased as

the amount of biotin was decreased, e.g. Pichia kluyveri; 3) yeasts that

increased excretion of ni:.otinic acid when biotin was restricted, e.g.

8. cerevisiae. The nicotinic acid was bioassayed using Candida mortifera

as the test organism. C. mortifera was not specific for nicotinic acid

but responded also to nicotinamide, trigonelline, nicotinamide adenine
dinucleotide (NAD) and nicotinamide adenine dinucleotide phosphate (NADP).
Rose (1960) found that the yeast, S. cerevisiae, when grown in a biotin-
limiting medium (less than 0.10 mug/ml) excreted nicotinic acid and nicotinic
aclid adenine dinucleotide while filtrates of yeast grown in a biotin-

optimal medium contained no "micotinic acid" activity. It was postulated
that the excretion is due mainly to the inability of the biotin-deficient
yeast to produce adenine, which, in turn, impairs the snythesis of

pyridine nucleotides. The nicotinic acid was detected on paper chromato-
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grams over cyanogen bromide, the spray being para-aminobenzoic acid. The
filtrates were chromatographed for pyridine nucleotides after precipitation
with mercuric acetate. Under ultrae-violet light, the chromatograms

showed the presence of a substance with the mobility of nicotinic acid
adenine dinucleotide}; lack of fluorescence after development with methyl
ethyl ketone and ammonia indicated that it was not a nicotinamide nucleotide.

Using Saccharomyces fragilis, Campbell and Hegbom (1957) found
that even when oxygen was pumped into a flask of yeast at the rate of
5.2 g/l/hr at 37 C, alcohol was formed. At 20 C, alcohol was produced only
at oxygen rates of 1,3 g/l/hr or less. The authors concluded that the
Pasteur effect only appeared not to hold because the rate of oxygen absorp=
tion i{s inadequate for the yeast population. The increase in temperature
also Increased the rate of metabolism so that not only did new yeasts
form as rapidly as possible, but simultaneous alcoholic fermentation
took place.

The formation of clumps of yeast cells from a homogeneous
yeast suspension is termed flocculation (Jansen, 1958). Burns (1937)
determined if yeast were flocculent or not by suspending washed yeast
in a graduated centrifuge tube and adding a pH 4.6 buffer. The tube was
shaken and allowed to stand for 10 minutes. Lund (1951) cited by Jansen
(1958) suggested that if the volume of yeast sediment were more than 0.5
ml, it was flocculent; if less, it was not,

Screening for an association may be done several ways: 1) crosse
streaking of the two or more organisms on an agar plate, 2) inoculating two
organisms into liquid broth and checking for relative growth by straining
or direct microscopic count, or 3) using a dialysis cell in which one

organism is inoculated into the cell, the other outside the cell. All
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three techniques employ the same principle, if one or both organisms
grow while in association and do not grow alone, then there is an apparent
agssociation, The dialysis cell technique was developed by Ritter (1949)
who inoculated §. aureus into the cellophane envelope and H. influenzae
outside, The cellophane allowed for a free exchange of nutrilites between
the two organisms while keeping the organisms physically separated.
Nurmikko (1957) further elaborated on the dialysis cell technique as a
simple means of assaying vitamins and amino acids,

Williams (1941) summarized the existing knowledge of the nutrition
of S. cerevis%gg and emphasized that yeast strains within a species vary
with respect to one another in their nutritional requirements. Williams,
Eakin, and Snell (1940) studied the effect and interaction of six nutrilites
on the growth of three strains of 8. cerevisiae. They concluded that two
strains of yeast could grow independently without thiamine and inositol;
while one strain required both vitamine. Pantothenic acid was necessary
for growth of all three strains while vitamin Bg appeared to be non-
essential for growth., Biotin alone could not stimulate growth increase in
24 hours but when biotin was absent and the other nutrilites were present,
all strains yielded less than maximum growth. Yeast and liver extracts
contained unknown substances which greatly stimulated growth of the yeast
strains. The authors also found that during a long incubation period
(160 hr) the yeasts had an ability to grow in the absence of various
nutrilites and a single nutrilite could serve to promote growth where
before several vitamins were required. It was guggested that perhaps the
one nutrilite by furnishing the means to complete one of several enzyme

systems eventually enables the organism to derive energy for metabolic and
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synthetic activity,

A more extensive study of the effect of vitamins on yeast growth was
carried out by Leonian and Lilly (1942). These authors examined the
effect of thiamine, pyridoxine, inositol, pantothenic acid, and biotin
singly and in all combinations on the growth of ten strains of S.
cerevisiae. Only one strain required thiamine, four required inositol,
and all strains required pantothenic acid and biotin; while pyridoxine
had little effect on yeast growth. However, some strains could not produce
optimum growth when two orf more vitamins were omitted from the medium,
Many strains were dependent on vitamins during the first 48 hours of
growth but this dependency could be overcome in 72 hours. When the
amount of inoculum was increased, some strains showed much better growth,
while others were unaffected. 'Carry-over" did not account for this
effect, but rather, the larger inoculum contained more cells with
"autotrophic" tendencies. 1In another article (1943) the authors demonstrated
the ability of some strains of S. cerevisiae to grow without an exogenous
supply of vitamins where previously they had a requirement, In vitamin
deficient medium some strains of S. cerevisiae could synthesize the
vitamins which they once required for growth, The technique consisted
of increasing the initial quantity of the inoculum, of prolonging the
incubation period, and of successively subculturing the yeasts on media
from which one of the essential vitamins was missing. When the amount of
inoculum and period of incubation was reduced to normal, the yeast strains
could grow as readily in the absence of vitamins as they did in their

presence.
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Olson and Johnson (1949) described a synthetic medium (Table 1)
which produced a yield of S. cerevisiae equivalent to that obtained from
a natural medium., With copper, iron, and zinc, asparagine increased the

ield of yeast. Of the amino acids tested, only serine and alanine
completely replaced the effect of asparagine in producing a yield of
yeast that exceeded the yield when the yeast were grown in the basal

medium without asparagine,

Nutrition of P. vulgaris

Fildes (1938) reported that nicotinic acid was the only nitrogenous
substance 10 strains of P. vulgaris could not synthesize from ammonia.
When supplied with nicotinic acid, P. vulgaris could synthesize NAD and
even excrete small amounts of it into the medium, as indicated by growth

response of Haemophilus parainfluenzae. Nicotinic acid, nitotinamide

and NAD possessed the same ability of promoting growth of the bacterium
on continuous subculturing. The medium used by Fildes is given in
Table 2,

Pelczar and Porter (1940) confirmed and extended Fildes' (1938)
observations. They grew 189 strains of P. vulgaris with continruous
subculture on Fildes medium with nicotinic acid and its derivatives.
Nicotinamide, ethylnicotinamide, diethylnicotinamide, sodium nicotinate,
ammonium nicotinate, ethyl nicotinate, and nicotinyl glycine, all promoted
the growth of P. vulgaris. Picolinic acid, quinolinic acid, alpha-amino-
pyridine~3-carboxylic acid, pyridine betaine-3-carboxylic acid and
trigonelline were inactive. They also found that 37 strains of Proteus

morganii could not grow on the same medium.
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Table 1, Composition of the basal medium used by Olson and Johnson

(1949)
Component Quantity
Glucose 10.00 g
NH,H,PO, 6.00 g
KH, PO, 0,20 g
M3804:7320 0.25 g
sodium citrate 1.00 g
L-asparagine 2,50 g
Calcium pantothenate .0005 g
Inositol Ol g
Thiamine .004 g
Pyridoxine 001 g
Biotin .00002 g
Zinc (as sulfate) 0004 g
Iron (as ferrous ammonium sulfate) .000150 g
Copper (as sulfate) ,000025 g
Water to a final volume 1,000 ml

The pH was adjusted to 5.0 with K3P04.
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Table 2, Basal medium used by Fildes (1938).

Solution A.

Component Quantity

KH2P04 0.045 g
(NH4)2804 0.005 g
NH401 0.005 g
M/2 Sodium lactate 0.590 ml
Water to a final volume 9,000 ml

Solution A was adjusted to pH 7.6 and sterilized
by autoclaving.

Solution B.

Component Quantity
Nicotinic acid 10™°M soln.

(Final Conc. 2 x 10-5M) Autoclaved 0.20 ml
Ferrous ammonium sulfate

(M/50 in N/50 HC1) Filtered 0.25 ml
MgSOa.7H20 (0.4% in HZO)Autoclaved 0.10 ml
Water to a final volume 1.00 ml

Solution A was dispensed into test tubes, 9.0
ml per tube, Solution B was added to each
test tube, 1.0 ml per tube.
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One of the problems encount.red in enumerating P. vulgaris is the
swarming phenomenon which prevents the formation of discrete colonies.
Sokolski and Stapert (1963) described a medium which inhibited swarming;
ferrous sulfate and ferrous gluconate or ferric sulfate in the medium
prevented the formation of flagella and therefore motility.

Hammer (1963) studied a commensalism between Pasteurella multocida

and Staphylococcus epidermidis in which the S. epidermidis excreted NAD

which the P. multocida used for growth.

For the identification of NAD, he used a two-dimensional ascending
solvent system for the separation of nicotinic acid and its derivatives
on paper chromatograms, This system employed n-butanol-water as the
first solvent in the separation of nicotinic acid or nicotinamide; and
acetone-water as the first solvent in the separation of NAD. The second
solvent in both resolutions was water. After the factors were separated
by the first solvent, the paper was rotated 90 degrees. The second
solvent collected and conceantrated all water-soluble substances as it
ascended., The chromatogram was dried, a strip of the solvent front cut
out, and the strip placed on an agar plate seeded with the assay organism
(L. plantarum). Comparison of areas of growth of the indicator organism
for the known compound and the unknown compound tentatively identified
the factor, The paper strips containing the standard was placed

adjacent to the strip containing the unknown on the seeded agar plate.
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METHODS AND MATERIALS

Cultures and their maintenance

Saccharomyces cerevisiae V. P, I. strain No. 1 was employed in the

investigation, It was maintained on Sabouraud Dextrose Agar (Difco
Laboratories, Detroit, Michigan) at 4 C during the preliminary
investigations including one growth curve. During the log phase of the
latter, there was a decrease in the viable cell count of 8. cerevigsi ae,
followed by a rapid increase. The decrease was of the magnitude of
approximately one log number of cells., Since this might have been due
to the presence of an abberant strain of yeast in mixture with the normal
yeast, or due to mutation and mutant selection, an aliquot from a growth
curve flask was plated out on Tryptic Soy agar (Difco Laboratories,
Detroit, Michigan) and an isolated colony transferred to the minimal
medium containing 1.5% Purified agar (Difco Laboratories, Detroit,
Michigan). This strain was incubated at 30 C for 48 hr and maintained
at 4 C with transfers every six months. From this stock culture, the
inocula were subcultured for the growth curves in minimal medium without
citrate and for the chromatographic and bioassay experiments.

Proteus vulgaris V. P. 1. strain No. 3 was also employed for the
investigation, It was maintained on Tryptic S8oy agar during the
preliminary screening; then it was transferred to Cystine Tryptic agar
(Difco Laboratories, Detroit, Michigan). The latter is a rich, semi-solid
medium that maintains viability for long periods of time. P. vulgaris

was grown at 37 € for 24 hours and maintained at 4 C with transfers every

six months,



Composition and preparation of media

To characterize the factors involved in a nutritional association,
the use of a chemically-defined medium is helpful, In a medium containing
constituents of unknown composition from biological sources, such as beef
extract, the task of identifying which nutrilites are responsible for
growth is extremely difficult, Not only does a natural medium contain
a multitude of factors known and unknown qualitatively, but the quanti-
tative composition of this medium may change from lot to lot, affecting
in turn the biochemical activities of an organism., On the other hand, an
organism tends to have a higher yield of cells and sometimes a more rapid
rate of growth in a natural medium, while a synthetic medium, due to
lack of some unknown compounds, usually achieves a lower yield of cells
or a slower growth rate,

In the present work, the chemically-defined medium described in Table
3 was used; the stock solutions for preparation of this medium are
indicated in Table 4. All stock solutions were stored at ~27 C until
used. Since autoclaving can destroy certain vitamins, such as
pyridoxine, the medium was filtered through a Millipore filter (Millipore
Filter Corporation, Bedford, Massachusetts)., The medium originally
contained sodium citrate, which was later removed because of its possible
action in causing a diauxie effect, The diauxie phenomenon is character~
ized by a leveling off of growth, or a slight decrease, while cells are
synthegizine new enzymes,

When P. vulgaris was grown in pure culture in the defined medium

prior to inoculation into growth curve flasks, sterile nicotinic acid

was aseptically added.
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Table 3. Composition of the minimal medium for the cultivation of

Saccharomyces cerevisiae

Component Cuantity per 100 ml
Potassium Phosphate (Dibasic) 0.70 g
Potassium Phosphate (Monobasic) 0.30 g
Sodium citrate .2H20 0.05 g
Magnesium sulfate .7 H20 0.01 g
Ammonium sulfate 0,10 g
D-Glucose 1.00 g
Pyridoxine-Hcl .0002 mg
Thiamine-«Hcl .0001 mg
D-Calcium pantothenate 001 mg
i-Inositol .005 mg
Biotin .00001 png

Water to a final volume 100 ml
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Table 4. Stock solutions for the Saccharomyces cerevisiae

minimal medium

Component Quantity per 200 ml
l. Salts
Potassium phosphate (Dibasic) 7.00 g
Potassium phosphate (Monobasic) 3.00 g
Magnesium sulfate . 7 HZO 0.10 g
Ammonium sulfate 1.00 g

The salts were dissolved together in ion-free water and stored
at-27 C. This solution represents a 5-fold concentration.
2. Glucose
D-Glucose 20.00 g
Glucose was dissolved in ion-free water and stored at
-27 C., This solution represents a 10-fold concentration.

3. Vitamins

Pyridoxine-HC1l 0.04 g
Thiamine~HC1 0.02 g
D-Calcium pantothenate 0.20 g
i-Inositol 1.00 g
Biotin .020 g

Biotin was dissolved in 95 % ethanol. The remaining
vitamins were dissolved separately in ion-free water and were stored at
-27 C. The concentration of each vitamin solution is 100-fold, except

for biotin which is 1000-fold.



For the selective viable counts of S. cerevisiae, potassium
penicillin G (Mann Research Laboratories, Inc. New York, New York)
was dissolved in M/15 phosphate buffer (pH 7.0), ster lized by
filtration through a millipore filter and incorporated aseptically into
sterile melted Tryptic 8oy Agar to a final concentration of 2000 units
per ml of medium,

For selective viable counts of §. cerevisiae, modified Desoxy-
cholate agar (Difco Laboratories, Detroit, Michigan) was employed. 1In
order to prevent the swarming of P. vulgaris on this medium, ferric
sulfate was added to the medium, as suggested by Sokolski and Stapert
(1963); also, an additional 1,5% Bacto-agar (Difco Laboratories, Detroit,
Michigan) was incorporated into the desoxycholate medium to give a
medium with less free water, to discourage swarming of the proteus.

To insure complete drying of the surface of the medium, the poured plates
were covered with porcelain tops and stored at 37 C until used,

Minimal medium without glucose, vitamins, or sodium citrate was
ugsed as the diluent in making plate counts.

For viable counts, the media were poured and allowed to harden;
then the samples were placed on the surface of the agar and spread by
means of a turntable and sterile glass rod. All colonies formed were
thus surface colonies and contaminants could be more easily recognized.
Synder (1947) in a study on errors involved in plate counts recommended
this method as being more conducive to accurate replication of plates
than the usual methods involving melted agar.

For biocautography experiments with Lactobacillus plantarum ATCC

8014, double strength Niacin Assay medium (Difco Laboratories, Detroit,
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Michigan) to which 1.5% purified agar was added was employed. 1In

Gor N TR
&««."

gfouing the inoculum, the agar was omitted and 2.5 mug nicotinic acid
per ml were added. In the tube assay using L. plantarum the same
medium, double strength, without agar was employed. The medium was
sterilized by autoclaving for 10 min st 121 C.

Cleaning of glassware and screw-caps

In nutritional investigations, traces of unwanted materials
such as vitaming or detergents may markedly affect the outcome of an
experiment. A small amount of inhibitory or stimulatory substance left
on the glassware may alter to a great or lesser degree the growth or
metabolism of an organism. Therefore, in cleansing the glassware, it
was of utmost importance to remove all traces of residual material.
All glassware was soaked in a 1:100 solution of 7 X detergent (Linbro
Chemical Company, New Haven, Connecticut) for 24 hr, washed, rinsed
in tap water, distilled water and finally in ion-free water. Pipettes
vere either soaked in 7X detergent for 24 hr and rinsed with tap water
for an hour, or they were washed in a Heinicke glassware washer with
a distilled water rinse.

Preparation of growth factors

NAD, nicotinic acid and nicotinamide were obtained from Mann
Research Laboratories, New York, N.Y. These were dissolved separately
in M/18 phosphate buffer, (pH 7.0), sterilized by Millipore filtration,
and then dispensed into sterile test tubes and frozen at -27 C.

The source of the water employed throughout these experiments

was a metal Barnstead still but was further purified by passage through a
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Rexyn* 1-300 (H-OH) column (Fisher Scientific Company, Silver Spring,

Maryland).

Standard inoculum for §. cerevisi:ae

A loopful of 8. cerevigsiae was inoculated from the stock culture
into 10 ml of minimal medium and incubated at 30 C for 48 hours. Ome
loopful from this culture was transferred to a second 10 ml of minimal
medium and incubated at 30 C for 40-48 hours. The second culture was
centrifuged and washed three times with sterile saline. The turbidity
was then adjusted with saline to 75 Klett units at 420 mi,using a Klett-
Summerson photoelectric colorimeter. One ml from this suspension was

diluted 1:10 with saline and 0.1 ml used as inoculum per 10 ml of medium.

8tandard inoculum for P. vulgaris

A loopful of P. vulgaris was inoculated from the stock culture
into 10 ml minimal medium containing 2.5 mug per ml nicotinic acid
and incubated at 37 C for 24 hours. One loopful was transferred into
a second 10 ml of minimal medium with nicotinic acid and incubated at
37 C for 24 hours. This second transfer was centrifuged and washed
three times with sterile saline. The turbidity of the third washing
was adjusted with saline to 75 Klett units at 420 m., using a Klett-
Summerson photoelectric colorimstef. This suspension was diluted 1:1000

with sterile saline and 0.1 ml used as inoculum per 10 ml of medium.

Dialysis procedure
The stimulation of growth of P. vulgaris by 8. cerevisiise was also

shown by the dialysis cell technique. The dialysis cell was a large
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open-mouthed tube, 3.5 x 20 mm, fitted with a No. 8 stopper. Through
bored holes in the stopper were two cotton-scoppered glass tubes. At

the end of one of these,a dialysis membrane had been tied so that both

ends were held against the tube, Minimal medium was added until the

tube and the dialysis sac were three-fourths full, and the entire apparatus
was autoclaved. One loopful from the stock culture of S. cerevisiae

was inoculated into the dialysis sac, while one loopful of P. vulgaris
from the stock culture was inoculated outside the sac. Similar control
tubes were also prepared, one containing S. cerevisiae alone, the other
_P. vulgaris alone. These dialysis cells were incubated at 30 C for

96 hours.

Growth curves of S, cerevisiae and P. vulgaris

The inocula and medium were prepared as described. Stainless
steel-capped liter baffle flasks containing 250 ml of medium were shaken
on a water-bath shaker at 30 C at 72 oscillations per min, For each
growth curve, three flasks were used, one with the yeast alone, one with
P. vulgaris alone, and one with the organisms in mixture., Samples were
taken at intervals and plated on the selective media. All plates were

incubated at 30 C for at least 48 hr before being counted.

Preparation of the culture filtrate for bioassay

S. cerevisiae was grown in a water bath shaker for 48 hr in a

manner similar to that described above for growth curves. The cells
were then centrifuged and the culture filtrate adjusted to pH 7.0. The

filtrate was then passed through a Millipore filter and 200 ml placed in



a rotary evaporator and taken to dryness. The filtrate was then
reconstituted to either one-fifth or one-tenth of its original volume,
dispensed in tubes and stored at ~-27 C.

For the tube assay, the filtrate was used after sterilization withe

out concentration, due to the liklihood of contamination.

Chromatographic procedures

The concentrated filtrate was analyzed by descending paper
chromatography on Whatmsn No. 1 paper., The filirate was applied in 5
or 10 ul amounts along the length of the paper leaving two inches from
each edge until 1,40 ml had been applied, the paper being dried after
each application. The paper was equilibrated for 2-24 hr after which
the solvent was added, When the solvent had descended to within one-
half inch of the bottom edge, the paper was removed and air dried. The
paper was then rotated 90 degrees from the baseline and placed in the
chromatocab for equilibration with water. When the water had descended
to within one~half inch of the bottom edge, the paper was removed and
air dried. A strip from the sheet containing the solvent front was cut
out and placed face down on an agar plate seeded with L. plantarum.

Juxtaposed with the filtrate chromatogram were two similar
preparations, one with a standard component (NAD or nicotinic acid)
dissolved in water, and the second with the standard and the filtrate.
These were run simultaneously with the filtrate chromatogram.

When nicotinic acid was the standard compound, the first solvent was
n-butanol saturated with water. When NAD was used, the first solvent

was acetone:water (60:40; v/v). In both cases the second solvent was
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water. The concentration of NAD in the applied solution on the paper
was 0.1 mg/ml while the concentration of nicotinic acid was 20 mpg/ml.
One loopful from a stock culture of L. plantarum ATCC
8014 was inoculated into 10 ml of niacin assay medium with added
nicotinic acid, The tube was incubated for 24 hr at 37 C and one loopful
was transferred into a second 10 ml of similar medium. This transfer
was 1ncubated at 37 C for 24 hr, The cells were then centrifuged,
washed with 5 ml sterile saline, and resuspended in 5 ml sterile saline;
1.7 ml of the washed suspension used to seed the assay medium (Hammer,
1963). Four hundred ml of seeded niacin assay medium containing 1.5%
Purified agar (Difco Laboratories, Detroit, Michigan), was poured into
a 8 1/2 x 12 inch pyrex plate and allowed to harden. The chromatographic
strips were placed face down on the agar and the entire plate was
incubated at 37 C for 48 hr., The papers were then removed and an
attempt was made to compare the growth of the lactobacillus in certain
areas with the growth response for the standard compounds to identify

the S. cerevisiae growth factor.

Microbiological assay (tube)

The culture filtrate was prepared and sterilized as for bioauto-
graphy but was not concentrated, Niacin Assay medium was made up to
double strength and 5.0 ml quantities placed in tubes; these were
sterilized at 121 C for 10 min. After cooling, sterile filtrate, NAD,
nicotinamide, or nicotinic acid was added in varying quantities with
sterile water to make a final volume of 10 ml per tube. P. vulgaris was

inoculated from stock culture into a 10 ml minimal medium with nicotinic
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acid and grown at 37 C for 24 hr. One loopful was transferred into a
second tube of similar medium and incubated at 37 C for 24 hr. This
second transfer was centrifuged and washed with sterile saline three
times, The turbidity was adjusted to 75 Klett units with saline and the
suspension diluted 1:100 with saline. One-tenth ml of the diluted cell
suspension was used as inoculum for each tube of niacin assay medium,
The assay tubes were then incubated at 37 C for 72 hr and the growth
response was estimated with the Klett-Summerson photoelectric colori-

meter at 670 my,

Gas chromatographic analysis

At periodic intervals during a growth curve, samples were removed

from the shaker flasks and placed in a tube; 0.1-0.2 ml of 50% sulfuric
acid was then added to each sample to bring the pH to 3.0 or lower. For
gas chromatography, approximately 1.0 ml of ether was added, the tubes
shaken and the contents centrifuged to break the emulgion., Approximately
14 pl of the ether extract were injected into ai recording Beckman Gas
Chromatograph model GC-2A with a column of Burrell Resoflex LAC-1-R-296
of standard concentration, and a carrier of Helium at 32 psi, 200

milliamps and 130 C.
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RESULTS

The association between S. cerevisiae and P. vulgaris was
tentatively establigshed by use of the dialysis cell technique. The
results are indicated in Table 5.

To determine the relationship of the numbers of each organism
during multiplication in mixed culture, viable counts were employed.
Counts §f pure cultures of 8. cerevisiae and P. vulgaris are shown in
Fig. 1; the viable cell counts of the two organisms in mixed culture
are shown in Fig. 2., Because of the large dip encountered in these
growth curves, a second growth curve experiment was performed. The
sodium citrate was omitted from the minimal medium to eliminate the
possibility of a diauxie effect., The viable cell counts of the pure
cultures of §. cerevisiae and of P. vulgaris are given in Fig. 3, while
the viable cell counts of the mixed culture are given in Fig. 4.
Although the degree of decrease in viable cell count durink the dip was
somevhat lius and occurred at a different time, it was still present.

The viable and total (direct microscopic) cell counts of the
yeast in pure culture are given in Pig. 5. From this growth curve,
samples were removed for gas chromatographic analysis, shown in Fig. 6.
It can be seﬁn that no detectable amounts of ethanol were present in
the samples until 32 hr. The suggestion of a peak for alcohol at 28
hr {8 not reliable since it possibly could be due to experimental

error.
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Table 5. Growth of Saccharomyces cerevisiae and Proteus vulgaris

in pure and mixed cultures in the dialysis cell.

Flask No. Organism Klett Units *
1 S. cerevisiae 443
2 P. vulgaris 4
3 8. cerevisise (inside sac) 440
3 P. vulgaris (outside sac) 170

%*Turbidity estimated at 420 mu using a Klett~-Summerson

photoelectric colorimeter.
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Fig. 1. Viable count of Saccharomyces cerevisiae and Proteus

vulgaris in pure culture in minimal medium at 72 oscillations

per minute at 30 C, O = S. cerevisiae; f:]- P. vulgaris.
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Fig. 2. Viable count of Saccharomyces cerevisise and Proteus

vulgaris in mixed culture in minimal medium at 72 oscillations

per minute at 30 C. O = 8. cerevisiae; [j= P. vulgaris.
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Fig. 3. Viable count of Saccharomyces cerevisise and Proteus

vulgaris in pure culture in minimal medium without sodium citrate

at 72 oseillations per minute at 30 C. 0 = §. cerevisiae;

O = P. vulgaris.
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Fig. 4. Viable count of Saccharomyces cerevisise and Proteus

vulgaris in mixed culture in minimal medium without gsodium citrate

at 72 oscillations per minute at 30 C. 0 = §. cerevisiae;

O =P. yulgsris.
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Fig. 5. Viable and total count of Saccharomyces cerevisiae

in minimal medium without sodium citrate at 72 oscillations
per minute at 30 C, 0 = viable count; = total (direct

microscopic) count,
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Fig. 6. Gas chromatographic analysis of Saccharomyces cerevisiae

in minimal medium without sodium citrate at different stages of

growth, 4 = Ethanol peak
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Bioautographic techniques were employed in an attempt
to determine the identity of the growth factor. Although the method
was very sensitive and although several months were spent in
performance and perfection of this method, the amount of growth factor
excreted by the yeast was too minute to be identified even by this
technique. The large quantity of concentrated filtrate necessary
on the paper chromatogram for a growth response of the assay organism
contained such a large quantity of salts and glucose that axtensive
tailiag of the areas occurred and growth was consequently diffuse and
not easily comparable to standard compounds,

In the tube microbial assay, it was found that nicotinic
acid, nicotinamide, and NAD all stimulated the growth of P. vulgaris
in niacin assay medium. (Fig. 7). The supernatant from a 48 hr culture
of §. cerevisiae also stimulated the growth of P. vulgaris as shown

in Fig. 8. From these microbial assay results, it would appear that
the stimulation of P. vulgaris by the yeast is due to the excretion
of a nicotinic acid-like factor by the yeast,

To determine if restriction of growth of the yeast due to
biotin deficiency would result in a gross excretion of the growth factor,
an experiment was performed in which the yeast was grown in biotin-free
medium, in a medium with 0,05 ug/ml biotin, and in a medium with
0.10 ug/ml biotin., The activity of the filtrates is shown in Fig. 9;
the activity of the standard compound, nicotinic acid, is shown in

Fig. 10.
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Fig. 7. Microbial assay of nicotinic acid, nicotinamide, and

NAD using Proteus vulgaris in niacin assay medium. The turbidity

was estimated at 660 my; uvo a Klett-Summerson photoelectric

colorimeter after 48 hr growth at 37 C, 0 = nicotinamide;

g = nicotinic acid; A = NAD.
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Pig. 8. Microbial assay of culture filtrate of 48 hr old

Saccharomyces cerevisiae grown in minimal medium without sodium

citrate using Proteus vulgaris in niacin assay medium. The

turbidity was estimated at 660 m: on & Klett-Summerson photo-

electric colorimeter after 48 hr growth at 37 C.
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TURBIDITY
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Fig. 9. Activity of culture filtrates of Saccharomyces cerevisiae

grown for 48 hr in minimal medium without sodium citrate, using

Proteus vulgaris in minimal medium without sodium citrate. The

N
o
1

turbidity was estimated at 420 mp on a Klett-Summerson photo-
electric colorimeter after 120 hr at 37 C. 0 = filtrate from the
medium without biotin; 0 = filtrate from the medium with 0.05

pg/ml; AN = filtrate from the medium with 0.10 pg/ml,

T
0 - 0.5
ML OF SUPERNATE



e 4] -

Fig. 10. Activity of nicotinic acid using Proteus vulgaris in

minimal medium without sodium citrate. The turbidity was estimated

at 420 mu on a Klett-Summerson photoelectric colorimeter after

120 hr. at 37 C.
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DISCUSSION

A commensalism is defined as the ability of one organism
to benefit another organism without the first organism being affected.
If one examines the growth of P. vulgaris in pure culture (Figs. 1
and 3) and in mixed culture (Figs. 2 and 4), it is evident that the
extensive growth of the bacterium in mixed culture (apptoximntely
109 cells maximwm) as compared to its growth in pure culture (approximately

cells maximum) is due to the presence of the yeast. The

stimulation of the growth of P. vulgaris by the yeast satisfies one

condition of the defination of commensalism. The second condition,

that the yeast be unaffected by the bacterium, seems to be fulfilled

in that one can superimpose the growth curve of the yeast in pure

culture (Figs. 1 and 3) over that in mixed culture (Figs. 2 and 4).

Yeast growth does not appear to differ significently regardless of

vhether the yeast is in pure or mixed culture. Since the two conditions

for commensalism are met, this interaction appears to be a true commensalism,
A question arising concerning this commensalism is this:

Is the beneficial factor excreted, or is physical contact between the

two organisms necessary for the growth of the bacterium? The dialysis

cell, which allows free interchange of nutrilites while keeping two

organisms physically separated, gives evidence that physical contact

is not necessary in this case for the commensalism. This dialysis cell

technique also indicated that the growth factor was a low-molecular

weight melecule.
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Another important question is this: 1Is the nicotinic
acid-like factor really excreted or does cell autolysis cause its
appearance in the medium? A guide to this dilemma was the age of
the yeast cells when they began to stimulate the growth of the bacterium,
The growth curves of P. vulgaris in mixed culture (Figs. 2 and 4)
began to show an increase in bacterial populations over those in pure
culture (Figs.tiiand 3) at the end of the first 8 hr of yeast growth.
While cellrautgly:ta may occur in young growing cells, old cultures
are much more prone to lysis than young cultures (Pollock, 1961).
Another approach that could have been used would be to check for lysis
by examining the medium for compounds not normally present such as
nucleic acids.

The possibility existed that the dip in the growth curve of the
yeast was evidence for autolysis but from the direct microscopic count
(fig. 5), this seemed not to be the case. Qualitatively, microscopic
observation indicated that the yeast was found in a clumped or agglu-
tinated form for 36 hr, after which it seemed that the single cells and
pairs of cells were predominant., A quantitative clump microscopic
count procedure, vigorous shaking is essential to assure representative
sampling. Such shaking was not comparable to the shaking procedures
employed for viable counting. Also, the crystal violet employed may
have influenced clumping to a certain degree. (2) Another reason why
the clump microscopic count was not done was that it would not have been
accurate; if the clump count were equivalent to the viable count, it
would be difficult to count accurately using a hemocytometer when the

viable count during the dip drops to 104 - 10S colonies/ml,



Clumping was, perhaps, the rasason for the spparent decline
in the viable cell count of the yeast, and after the dip, breakup of
clumps may have been responsible for the sharp increase in viable count.
It can be seen from Pig. 5 that the apparent rate of log growth was
much faster after than before the dip. Ahother means of measuring
yeast growth, turbidimetry, did not detect any cell decrease. The
dip was apparent only when the plate count method was used; direct
microscopic total counts showed no decrease in cell number. The
penicillin added to the plate count medium was not responsible for the
dip since the dip appeared whether or not penicillin was used,

The alternative possibility that the dip was due to a
diauxie effect was unlikely on these considerations; after removal
of the sodium citrate there was no second major source of carbon other
than glucose in the medium. There is a possibility, however, that the
yeast used the inositol present, or another vitamin, for a carbon source.
Since the concentration of inositol was only .005 %, this possibility
would appear highly unlikely. The diauxie phenomenon is typically
characterized by a leveling off or a slight dewrease of growth while
the enzymes for using the second carbon source are being synthesized,
but there is no citation for a one log decline in viable count.

The production of alcohol at the 32nd. hr. of growth
(Fig. 6) is of considerable interest. It might be coincidental te
the dip or it might directly be connected with it. If one assumes
that the oxidation-reduction potential became more negative during growth,
perhaps this change would result in a shift from aerobic to anaerobkc metab-

olism, resulting in alcohol formation, which in turn might cause cell clumping.
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Campbell and Hegbo® (1957) showed that yeast grown aerobically can
produce alcohol if the number of cells is high enough to produce

the anaerobic conditions necessary. In the present work, alcohol
could not be definitely detected until the 32 hr; however, the
possibility exists that alcohol was being produced continually by the
yeast, but not in amounts large enough to be detectable by gas
chromatography.

There are innumerable other questions about the dip in
the viable count curve and as many methods to approach the problem
of explaining it. Does it occur with all strains of 8. cerevisiae
or is it merely a phenomenon of this strain? Would other medium
compositions, shaking rates, or growth temperatures enhance or decrease
the dip? Does the genetic makeup of the cell influence the clumping
or does the number of chromosomes change at the time of the dip?

It is not within the scope of this thesis to answer these questions, but,
certainly, an {nteresting problem has been presented.

Biocautography is a very sensitive tool for detecting minute
quanties of substances. The combination of two techniques, paper
chromatography and microbial assay, has enhanced the ability to detect
and identify compounds. Paper chromatography can separate extremely
small amounts of compounds which, if subjected to chemical treatments,
would not be detectable; whereas bioautography could easily detect them.
The application of the unknown compound in a band, rather than a single
spot, increases the amount of filtrate that can be separated by paper

chromatography without increasing the amount spplied per unit area of paper.
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This 1s advantageous since high concentrations of extraneous solutes

may slow down migration rates so that they are not comparable to those

of the pure standard dissolved in water. Consequently, the standard
compounds must be dissolved in the same culture filtrates as are being
tested (Krieg, 1960), After the unknown is separated by the first
solvent, and the paper dried and rotated, water is used to collect all
water-soluble substances along the front and to concentrate them in their
separated places. This water front is cut out and placed face down on

an agar plate seeded heavily with the assay organism., If the assay
organism grows at places on the unknown strip corresponding to its

growth at those places containing the known standard, then the factor

is tentatively identified. Of course, an Rf value alone does not
conclusively prove the identity of a compound. In addition, the salts
and sugar present in the filtrate may hinder the movement of the

unknown compound so it would not have the same Rf as the standard.

(Block, et al, 1955). Using L. plantarum as an assay organism, as

little as 0.05 pg of nicotinic acid can be detected; this is 20 to 100
times as sensitive as chemical means (Williams, et al, 1950)., A chemical
method can detect about 0.5 ug of nicotinic acid (Block, et al, 1955).

The assay medium is designed so that L. plantarum grows luxuriantly, only
with the addition of nicotinic acid-like compounds, and the addition of
substances other than nicotinic acid or its derivatives will not stimulate
noticable growth. The disadvantage of using L. plantarum for assay is
that its response is not specific for nicotinic acid. It also responds to
nicotinamide, NAD, and other nicotinic acid-like compounds. However, this

disadvantage is overcome by the difference in position of these compounds,
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if present, by paper chromatography. Since a standard compound is run
at the same time, growth of the assay organism in an area not having

a similiar Rf value as the standard (allowing for slower migration rates
of the filtrates) indicates that the compound is not identical to the
standard. Pelczar and Porter (1940) reported that P. vulgaris

required nicotinic acid and its derivatives for growth; therefore,
nicotinic acid, nicotinamide, and NAD were used as the standards in

the present bioautographic procedures.

There are two possibilites why there was not suff-icient
factor in the yeast filtrate to detect by bioautography. P. vulgaris
may have continually used up the nicotinic acid-like compound and the
yeast, in response to this, may have excreted & larger quantity of
compound that it would have done in pure culture. When the yeast cells
were grown in pure culture, there was nothing to stimulate the excretiomn
of the factor, and, thus, it was present in amounts too small to be
accurately identified.

The yeast cells may also have been inhibited from producing
large quantities of the factor by the amount of biotin in the medium.
Rose (1960) showed that the filtrate of S. cerevisiae grown under biotin-
deficient eonditions (0.005-0.010 mug/ml biotin) contained nicotinic
acid as well as nicotinic scid adenine dinucleotide, while yeast culture
filtrates grown with more than 0.010 mug/ml biotin contained no nicotinic
acid activity detectable by chemical means. This strain of yeast used in

the present work was grown with 100 mug/ml biotin present in the medium.
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It can be seen from Fig. 9 that this strain when grown without any
biotin added to the medium produced consi.lerably more nicotinic acid-
like factor. One ml of such filtrate stimulated much more growth of
P. vulgaris than that caused by 1.0 ml of the filtrate from the yeast
culture grown with added biotin, Interestingly, while the turbidity of
the yeast population in the absence of biotin reached only 44 Klett
units, and in the presence of 0.10 ug biotin per ml reached 240 Klett
units, nevertheless, the smaller population produced much more nicotinic
acid-like activity for P. vulgaris than did the larger population. It
is possible that while the bacterium does not require biotin for growth,
it will take it up from the medium, causing the yeast to grow under biotin
deficient conditions and thus excrete more of the factor.

The tube microbial assay indicated that the strain of P, vulgaris
used in the present work will respond to nicotinic acid, nicotinamide,
NAD and yeast filtrate., The NAD did not stimulate as much growth as did
nicotinic acid or nicotinamide on a weight basis; however, on a molecular
basis, NAD stimulated the growth of the bacterium to a greater extent than
did the other compounds. The filtrate from the yeast stimulated the growth
of the bacterium; 4.0 ml of filtrate stimulated about as much growth as
0.20 pg of NAD. All three compounds could be present in the yeast filtrate,
not just a single compound, as well as other nicotinic acid derivatives not

employed.
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SUMMARY

On the basis of the viable counts, it was found that
S. cerevisiae stimulated the growth of P. vulgaris, while the
bacterium did not affect the growth of the yeast.

The factor responsible for the stimulation of P. vulgaris
vas small enough to pass through a membrane, and was apparently
excreted at the beginning of yeast growth as well as throughout the
growth curve,

The dip encountered in the growth curve of the yeast would
not seem to be due to & diauxie effect or to autolysis. Alcohol was
produced at the 32 hr. of growth, four hr. after the minimum point
of the dip.

Such a minute quantity of the stimulatory growth factor for
P. vulgaris factor was produced by the yeast in pure culture that it could not
be accurately detected or identified by bioautography despite exhaustive
attempts. |

The tube microbial assay indicated that the strain of P.
vulgaris used would respond to nicotinic acid, nicotinamide, and NAD.
The yeast filtrate also stimulated the growth of P. vulgaris, indicating
that the factor excreted by the yeast is probably a nicotinic acid-

like compound.
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ABSTRACT

Saccharomyces cerevigiase V. P. 1. 8train No, 1 was found to
stimulate the growth of Proteus vulgaris V. P. I. Strain No. 3 in a
chemically~defined medium when growth curves of the viable counts of
the two organisms in pure and in mixed culture were studied., The yeast
stimulated the growth of the bacterium without its own numbers heing
affected, indicating a true commensalism., The stimulation began by the
8th hour of incubation and continued throughout the growth period.
The organisms were plated on differential plating media designed to
specifically permit the growth of one orgenism while inhibiting the
other. The medium uged for P. vulgaris contained bile salts to inhibit
the yeast, while the medium used for 8. cerevisiae contained penicillin
to which the bacterium was sensitive.

During the phase of active growth of the yeast, a temporary
decrease or dip in viable count occurred to the extent of about 1/2
to 1 log unit, regardless of whether the yeast was in pure of mixed
culture. Total counts of the yeast cells (by direct microscopic
methods) failed to show any corresponding decrease. A rough correspondence
of the appearance of amounts of ethanol detectable by gas chromatography
in the medium was observed; however, the factors causing the viable count
dip remain obscure. It is possible that clumping of yeast cells is

closely connected with this dip.



Separation of the yeast and bacterium by a dialysis membrane
failed to halt the stimulatory action of the yeast. The ability of
2. yulgarig to exhibit a growth response toward nicotinic acid,
nicotinamide, or nicotinamide adenine dinucleotide was demonstrated,
suggesting that the stimulatory factor formed by the yeast was a
compound of this group. The amount of stimulatory factor férmed by
the yeast in pure culture after 48 hr corresponded to 0.20 ug
of nicotinamide adenine dinucleotide/ml. Exhaustive attempts to
identify the stimulatory factor by bioautography were unsuccessful;
the amount of factor was too slight to be detectable by even this
highly sensitive method. Evidence is presented to indicate that the
high amount of biotin employed in the defined medium may have resulted
in production of only small quantities of nicotinic acid-like factor

in comparison to the amounts formed when less biotin was presant,
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