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INTRODUCTION

The use of antibiotics has increased the average life expectancy
of mankind. They have prevented and cured infectious diseases that
previously terminated in death. Consequently, fecovery is often prompt

and complete.

Though a benefit to mankind, the use of antibiotics in the treat-
ment of infectious disease has also been accompanied by new problems.
For example, treatment of a primary infection such as a bacterial pneu-
monitis with a broad spectrum antibiotic, may result in the death of
some of the bacteria. More than one species of bacteria, however, are
often found in the infected area. If such be the éituation, a reduc-
tion of the antibiotic sensitive bacteria may result in establishment
of a resistant bacterial pépulation. Pathogens present in this resis-
tant population may then cause a secondary infection. This infection
is often more serious than that caused by the primary pathogen (1).
The antibacterial effects of the drug are also exerted in non-infected
tissues of the body. 1If given orally, some of the drug is usually ab-
sorbed through the small intestine, circulated by the blood stream and
excreted. Quantities of the drug, however, may not be absorbed, but
discharged through the large intestine. While it remains in the large
intestine, some of the antibiotic may continue to exert its antibac-

terial action. Normally a balanced microflora is present in the lower



intestine of man, If the drug inhibits sensitive organisms in the
large intestine, the creation of an ecologic vacuum is possible. This

vacuum may be filled by other microorganisms,

The organisms which are most likely to fill this vacuum are anti-
biotic-resistant bacteria and/or other non-sensitive microorganisms.
Fungi imperfecti are pathogens which under such conditions often grow-
out resulting in a secondary infection. Secondary superimposed fungus

infections caused by yeast cells, especially Candida albicans, can be

sequelae of antibiotic therapy (2,3). Other yeast species which are
normally present as saprophytes in man can give rise to serious infec-
tions (4). Important conditions which may be involved in such yeast
infections are abnormally high numbers of these organisms and the gener~-

al physiological condition of the host.

Candida sp. is not specifically confined to man or even the ani-
mal body. Extensive evidence given in the recent review of the genus
Candida by Skinner and Flecher (5) shows that these organisms are found
in several non-animal habitats, Examples of some of these habitats are
soil, insects, mushrooms, dung, shrimp, fruit and exudates of trees.
With such a distribution, contact with this organism is frequent. 1In
addition, the exposure of the sensitive intestinal microflora to an
antibiotic would result in an even greater chance of yeast outgrowth
because of the elimination of the sensitive organisms, The incidence

of Candida albicans as part of a normal human flora may then become of

medical importance and should not be minimized. This organism has been



isolated from the oral cavity of 6 to 24 per cent normal humans in
several surveys (6,7,8). Schnoor (9) was able to isolate Candida
species from 33 per cent of 314 fecal cultures, About half of the

isolated species were Candida albicans., These studies show that

yeast organisms are present in a significant percentage of the normal

human population.

The incidence of Candida sp. in human feces has been high follow-
ing antibiotic therapy for bacterial infections. Due to this yeast
occurrence, several studies were done whose purpose was to find an
explanation for the yeast outgrowth. Over several years many hypo-
theses were published. Examples of the major theories are given be-

low (10).

1. The antibiotic may stimulate the growth of fungi which are pre-
sent in small numbers in the nasopharynx and gastrointestinal

tract (11,12). Woods (2) and Hesseltine (13) oppose this theory.

2. The antibiotic may antagonize body defense mechanisms which oper-
ate to control pathogenic fungi. A report in the literature indi-

cates that chlorotetracycline interferes with phagocytosis (14).

3. The antibiotic may disrupt the balance among microorganisms in
the body. The number of yeasts present is generally of a lower
order than the number of bacterial cells. Bacterial flora are
presumed to contribute substances which inhibit yeast growth

(15,16). If significant bacterial suppression occurs, the fungi



grow readily. This imbalance causes a disruption of the physio-
logy of the body especially concerning availability and adsorp-
tion of essential nutrilites., For instance, it is known from
animal experiments that feeding sulfonamides (17), or strepto-
mycin (18), can result in deficiencies of the vitamin B group.
This disruption is due to microbial suppression, but the mechan-

ism is not known.

Although the above hypotheses may be plausible for any given
incidence, the mechanisms whereby fungi acquire pathogenic proper-
ties after antibiotic administration is still obscure, and other un-

known factors may be equally important (19).



PURPOSE

The observation was made during clinical trials with the antibio-
tic lincomycin that an outgrowth of yeast occurred in the large intes-
tine of several subjects. This paper is concerned with the study of
the direct effects of lincomycin on yeast growth, and particularly the
effects of lincomycin on species of yeast which were isolated from

human feces.

Lincomycin was discovered in fermentation broths of Streptomyces

lincolnensis var. lincolnensis sp. n., and its biological activity has

been reported by Mason, Dietz and DeBoer (20). Isolation and charac-
terization of lincomycin were reported by Herr and Bergy (21). Lewis,

Clapp and Grady (22) studied the in vitro and in vivo antibiotic acti-

vity.

Lincomycin can be degraded into two separate components by hydro-
lytic processes. These moieties are distinguished from one another by

chromatography, and are referred to here as Compounds I and II (23).

Several clinical studies which tested the effect of lincomycin on
the human intestinal microbial flora showed a high incidence of yeast
outgrowth (24,25,26). From one of these studies, four representative
yeasts were isolated using colony morphology as the identifying charac-

teristic, These cultures were further studied taxonomically, and two



different genera were identified. They were the pathogenic Candida

albicans and the non-pathogenic Saccharomyces sp. (27). It should be

noted that the incidence of Saccharomyces sp. was greater than that of

Candida albicans. The reverse is frequently found as a consequence of

antibiotic therapy.



METHODS AND MATERIALS

Media

The media used in these experiments were either complex or syn-

thetic. The compositions are given in Tables 1 and 10.

Assay Organism

Saccharomyces sp. and Candida albicans were used as the assay

organisms., These organisms were isolated from a subject who took part

in a clinical study previously referred to in the introduction.

Stock Culture and Assay Procedures

Stock suspensions were prepared by growing the test organism in
125 milliliter (ml) Erlenmeyer flasks containing 100 ml of brain-heart
infusion broth (Difco), pH 7.4. The culture was incubated at 30°C for

20 to 24 hours without aeration and stored at 5°C for one week.

Immediately before an experiment 7 ml of the stock suspension was
centrifuged at 1800 rpm for 20 minutes, washed with 10 ml of sterile
distilled water and resuspended in 2 ml of test medium. Aliquots of
0.1 ml of the washed cell suspension were used which represented a
standard inoculum size of 106 cells per ml, Departures from this rou-

tine are noted.



The culture tubes were side-arm colorimeter tubes designed by
Cohen and Barner (28). The final volume per tube in each test was

10 ml.

Optical density measurements were made at 660 millimicrons (my)

in a Beckman Model B Spectrophotometer.

Viable cell counts were made using Sabouraud's Dextrose (Difco)
or Brain-Heart Infusion Agar (Difco). The spread plate technique was
used, i.e., the cultures were diluted 10-fold in sterile distilled
water and 0.1 ml aliquots were removed and spread on the surface of

the medium by use of a "L'" shaped glass rod.

Chromatography

The chromatograms were developed in two systems; butanol-acetic
acid-water 12:3:5 and butanol-pyridine-water 6:4:2. After development
in the appropriate system for 18 hours, the chromatograms were sprayed
with either of two diagnostic sprays: 0.1 per cent potassium perman-
ganate (KMNO,) or 0.1 per cent ninhydrin. KMNO, allows detection of

compound II and ninhydrin compound I.

Bioautography

Bioautography trays (54 x 20 centimeter plastic trays) were pre-
pared by pouring into them 200 ml of test medium cooled to 45°C and
seeded with 106 cells per ml of assay organism. Paper chromatograms
were overlaid on the tray for 10 minutes; the trays were then incubated

at 30°C for 24 to 48 hours,



Radioactivity Measurements

Tritiated lincomycin (lincomycin-H3) was provided by Dr. J. J.
Josten, formerly of the Upjohn Research Laboratories; this preparation
was approximately 98 per cent pure as determined by chromatography
and bioassay. Specific activity was 3.8 microcufies per milligram
(uc per mg). Yeast cells were grown 16 hours in the presence of

3

lincomycin-H”, and recovered from the medium by centrifugation.
These cells were then examined for lincomycin incorporation as de-

scribed below. The supernatants were chromatographed for detection

of lincomycin hydrolysis by radioactivity scanning and bioautography.

A Vanguard Model 880 Autoscanner was used for scanning the chroma-

tograms.

The cells were washed in trichloroacetic acid (TCA) to remove
cellular components not incorporated into cell structure, then assayed
directly for radioactivity in a Packard Tri-Carb Liquid Scintillation
Spectrometer System Model 314 AX. The scintillation solvent was a
modification of the diotol solution of Herberg (29). The efficiency
of counting tritium for this particular instrument was about 10 per
cent. Standard scintillating techniques were used, i.e., 0.1 ml ali-
quots from the TCA washes and cell suspensions were suspended in 10 ml
counting solvent and contained in 12 ml counting vials. The contents

of the vials were then assayed for radioactivity.



RESULTS

Selection of Assay Organism and Test Medium

In view of the higher Saccharomyces sp. than Candida albicans

population noted in clinical studies, a strain of Saccharomyces sp.

was selected as the primary assay organism for use in this study.

Three media were investigated for ability to support yeast growth.
These media consisted of Brain-Heart Infusion Broth (BHIB) (Difco)
and Sabouraud's Liquid Medium (SLM) (Difco) and a synthetic glucose-
salts (GS) medium, Table 1. The temperature of incubation was 30°C
(30). The effects of aeration and pH on yeast growth were also in-

vestigated.

Effect of Aeration

The growth response of Saccharomyces sp. to various lincomycin

concentrations was tested first in BHIB with aeration. Figure 1 shows
that after 7 hours incubation, growth in the presence of lincomycin
was approximately 2-fold greater than that of the control. Viable
cell counts determined at 0 and 24 hours (Table 2) showed that this
growth was the result of an increase in cell numbers rather than a
change in optical density due to cellular elongation or swelling.

This observation was considered preliminary evidence that lincomycin

stimulated an increase in population of Saccharomyces sp.

10
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Table 3 shows an analogous pattern of growth response with non-
aerated cultures., Although the stimulation was not as great as that

observed in the aerated culture, it was highly reproducible.

A growth response due to lincomycin was observed in synthetic
medium. Figure 2 shows that this response occurred in aerated and
in nonaerated cultures. The extent of growth at 20 hours, however,

was greater in the nonaerated than the aerated cultures.

The Effect of pH

Tables 4 and 5 are compilations of the data from experiments in
which the pH of the medium was varied. These data show that the test
organism grew best in the pH range 5.0 - 5.5. When the pH was in-
creased above 5.5, a decrease in control growth was noted. At pH
9.0, this decrease was greatest. The stimulation of yeast growth by
lincomycin was best observed when the pH was 6.0 or greater. Figures
3 and 4 show that stimulation at pH 9.0 and 8.0 required concentra-

tions of lincomycin greater than 100 micrograms (mcg) per ml,

When a selective yeast medium was used, SLM (Difco), presterili-
zation pH 9.0, stimulation of yeast growth occurred at concentrations
of 5 and 10 mg lincomycin per ml (Table 6). This stimulation was de-
tectable at 9 hours, but at 24 hours stimulation was not observable

(optical density).

It should be noted that the lincomycin concentrations used in

these experiments to stimulate yeast growth were comparable to those



12

detected in fecal samples obtained from clinical studies (31).

The experiments described above, showed that the growth of

Saccharomyces sp. was stimulated by appropriate concentrations of

lincomycin, This stimulation was observed in aerated and nonaerated
cultures., It was seen in both complex and synthetic media at pH

values of 6.0 and greater.

Physiology of Lincomycin Stimulation

In the experiments described below, synthetic medium, pH 6.8
and nonaerated cultures were used. In certain of the experiments,
vitamins were added to the basal synthetic medium. Unless otherwise
noted, these vitamins were contained in the medium in the concentra-

tions as shown in Table 10,

Two supplementary requirements which may function in the areas
of metabolism are the need for organic ions and trace elements, and
vitamins and ''grow factors'". The possible role of lincomycin in vita-

min or growth factor areas was studied.

Table 7 shows the effect of lincomycin on yeast cells in the lag
phase of the growth cycle. Lincomycin (10 mg per ml) was added at
0 hours, and viable cell counts were made at hourly intervals through
5 hours. 1In the tube which contained lincomycin, there was no decrease
in the viable count. At 5 hours the viable cell count had increased

by 0.11 log units which indicates the beginning of the exponential
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phase. In the tube which contained no lincomycin, a decrease in viable
cell count was noted during the 5-hour lag period. At 1 hour, this
count had decreased 0.16 log units. An additional decrease of 0.30

log units was observed at 4 hours, At S hours the cells had increased
0.30 log units, and it was evident that the cells were then entering

the exponential phase of growth.

Figure 5 shows the optical density measurements which were made
for the experiment described above. Lincomycin (10 mg per ml) was
added at 0 and 5 hours. It can be seen (Figure 5) that at 12-1/4
hours the greatest growth occurred in the tube which contained the
lincomycin added at 0 hours. The addition of lincomycin at 5 hours
also caused an increase in growth at 12-1/4 hours - approximately
0.75 optical density units greater than the control growth. This
test demonstrated that lincomycin stimulated yeast growth during the

exponential phase and during the lag phase of the growth cycle.

In another test, synthetic medium was inoculated with 103 to 107
yeast cells per ml. The cells were incubated for 336 hours, and
viable cell counts were taken at 0 and at each 24-hour period. Serial
transfers were made from the previous 24-hour growth into fresh medium
using 1 to 10 dilutions. The results of this experiment showing

restoration of normal cell growth by lincomycin can be seen in Table 8.

The initial 4-day period showed an increase in cell numbers.

This increase was followed by a stable period, and then decreases in
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cell population. On day 5, 10 mg lincomycin per ml was added to each
tube. The tubes were incubated for 84 hours when a viable cell count
was made, At the end of this period, the viable cell count had in-
creased in all tubes - the increase varied from 4 log units to less
than 1. On day 9 and 10, the test organism was transferred into fresh
medium containing 10 mg lincomycin per ml. At the end of this period,
an increase in viable cells was noted in each tube. Therefore, the
increase observed at 84 hours was due to the presence of lincomycin
in the medium and not a result of extended incubation. During the
next 4-day period, days 11, 12, 13 and 14, the concentration of linco-
mycin in the test medium was decreased daily by 10-fold. Within this
period, the increases in the viable cell counts were proportional to
the lincomycin concentration. In fact, at a concentration of 1 mcg

lincomycin per ml cell death occurred,

These results suggest that lincomycin prevents cell death for
periods up to 8 days under conditions which did result in death.
Depletion of essential metabolites and trace elements can be considered
as causes of this yeast cell death. Other explanations, such as
cellular alterations in the internal pH concentration may allow in-
creased protein utilization for cell reproduction. It is not possi-
ble at this time, therefore, to state the exact mechanism of this

response,

Lincomycin Lots

Five different lots of lincomycin were tested for stimulatory
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activity on yeast cells (Table 9). All lots were tested at a concen-
tration of 10 mg lincomycin per ml. Figure 6 shows that all lots

stimulated yeast growth regardless of chemical form, i.e., needles or
rhomboid crystals. The "stimulatory factor," therefore was not depen-

dent on a particular form or lot of the antibiotic.

Utilization of Lincomycin as a Substrate

It was of interest to determine whether the yeast growth stimu-
lation resulted from utilization of lincomycin as a carbon source.
This possibility was tested in several experiments, and Figure 7 is

representative of these tests.

It can be seen in Figure 7 that the test organism in the presence
of 1 or 20 mg lincomycin per ml and 3 per cent glucose grew to a 4-
fold greater extent by 22 hours than the control. When the medium
contained concentrations of 20, 10, 5, 2.5 and 1 mg lincomycin per ml

but no glucose, the yeast failed to grow. These results indicate that

lincomycin was not utilized as a substrate, and did not substitute for

glucose as a carbon source,

Incorporation of Lincomycin and Metabolism

The prevention of cell death by lincomycin (Table 8) made it
logical to determine whether the antibiotic was metabolized to an

essential substrate and/or incorporated by the cells.

In the experiment represented in Figure 3, all tubes containing

lincomycin were centrifuged to remove cells.and supernatants were
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assayed for lincomycin. The assay technique used was the method of
Hanka et. al. (32). One hundred per cent of the lincomycin activity
was recovered in the supernatants and thus suggested that lincomycin

was not metabolized or incorporated by the cells,

Supernatants from the tubes containing 10 mg lincomycin per ml
(Figure 2) were chromatographed; controls were lincomycin, compound I
and compound II dissolved in the test medium. The latter two com-
pounds are the two components into which lincomycin can be hydrolyzed.
All compounds were applied at 100 mcg per spot. The results indicated

that lincomycin had not been cleaved.

Bioautographs of duplicate chromatograms were made on agar trays

which were inoculated with Saccharomyces sp. and Sarcina lutea. The

chromatogram from the culture supernatant gave a spot of Sarcina lutea

inhibition which corresponded to one given by known lincomycin. There

was no evidence of yeast stimulation.

At this time, a pure preparation of tritiated lincomycin became
available. This preparation was assayed, and its specific radioac-
tivity was found to be 3.8 uc per mg. This preparation was used sub-
sequently in order to achieve greater sensitivity than was allowed

by bioactivity measurements alone.

In the preliminary isotopic studies, the test organism was grown
in the presence of 9.9 mg carrier lincomycin per ml and 100 mcg linco-

mycin-H3 per ml,



Cells were removed by centrifugation after 16 hours incubation.
The supernatants were chromatographed and scanned for radioactivity.
Lincomycin had not been cleaved into compounds I or II as indicated
by inability to demonstrate any redioactivity other than intact linco-
mycin, The cells were extracted with cold 10 per cent TCA, washed
twice in TCA and then assayed for radioactivity. No radioactivity
could be detected in the cells, thus lincomycin was not incorporated

into the cell structure.

In a test of similar design in which the specific activity of
the tritiated lincomycin addition was increased to 19 uc per ml, no

detectable lincomycin metabolism or incorporation occurred.

Relationship of Lincomycin to Vitamins, Amino Acids and Nucleotides

Vitamins

At least six nutrilites are known to be essential for the growth
of yeasts., They are thiamine, biotin, inositol, niacin or nicotin-
amide, pantothenic acid and pyridoxine. Para-aminobenzoic acid has

also been shown to be essential for the growth of certain strains of

Saccharomyces cerevisiae (33).

The effects of biotin, dethiobiotin, thiamine, lipoic acid and
a multiple vitamin solution on yeast growth were examined. These

compounds were tested alone and in combination with lincomycin,
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Figure 8 shows the results of an experiment which examined linco-
mycin as a substitute for biotin and/or dethiobiotin. This experiment
demonstrated that concentrations of 0.1 - 10 mcg biotin per ml and
0.1 - 10 mcg dethiobiotin per ml did not stimulate yeast growth to the
same extent as lincomycin. There was no additive response with the
lincomycin biotin or dethiobiotin supplements. Similarly, (Figure 9)
no stimulation was obtained with lipoic acid. Thiamine, however, with

lincomycin caused an additive stimulatory response.

The effect of a multiple vitamin solution (Table 10) on yeast
growth was tested with the results shown in Figure 10. There was
stimulation with the vitamin solution or lincomycin alone and the
lincomycin-vitamin combination caused a 3-fold increase in growth,
Thus, a clearly synergistic effect due to the lincomycin-vitamin com-

bination occurred. The mechanism is not readily apparent.

Amino Acids

The possibility that lincomycin was involved in amino acid metab-
olism was tested with the results shown in Figure 11. The composi-
tion of the added amino acid mixture is given in Table 11, Growth in
the presence of the amino acid mixture was less than that in the pres-
ence of lincomycin. When lincomycin and amino acids were combined,
the growth response was not greatly enhanced. When the yeast cells
were supplied with vitamins and amino acids, the growth response was
greatly stimulated. Lincomycin with vitamins and amino acids resulted

in the greatest growth response.
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It will be noted that the control culture, i.e., no supplement,
did not grow. This failure of control growth had been observed in
several experiments of like design. The growth failure appears to be
linked to a lack of available growth factors necessary for cell repli-

cation such as vitamins or trace elements,.

Lincomycin appeared not to be involved in amino acid metabolism

per se.

Nucleotides

The possibility that lincomycin was involved in nucleotide metab-
olism was studied as shown in Figure 12. Nucleosides were added to
the medium (Table 12). These results showed that the nucleosides added
did not greatly affect the growth response. When the nucleosides and
lincomycin were added together, the growth response was the same as
that with lincomycin alone. Lincomycin, therefore, did not appear to

be involved in nucleotide metabolism,

Lincomycin and Compound I and II Studies

It was of interest to determine whether the stimulation was a
property of lincomycin per se or could be attributed to either com-

pound I or II, the two principal products of lincomycin hydrolysis.

Preliminary studies indicated that compound I stimulated yeast
growth while compound II inhibited yeast growth. Compound II, at

10 mg per ml, changed the pH of the medium from 6.8 to 8.0, and
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gradually precipitated over a 24-hour period. In subsequent experi-
ments when the pH of the medium was corrected to 6.8 before inocula-
tion, no inhibition, but rather stimulation was observed. Lincomycin
and compound I are freely soluble and have no affect on the pH of the

medjum.

In a comparison of compound I and II and intact lincomycin, a
test was performed with equal concentrations of the compounds. The
results can be seen in Table 13. In the case of compound II the pH

was corrected to 6.8 at 0 hours.

Lincomycin supplementation effected a dose response; the greatest
stimulation occurred at 14.7 mg per ml, and correspondingly lesser
stimulation at each lower concentration. At 29.5 mg per ml, the stimu-
lation was less than at 14.7 mg per ml. This diminished response at
the increased concentration may be due to compound I in the lincomycin
molecule since as noted below, higher concentration of this compound

showed inhibition of cell growth.

Compound I caused the greatest stimulation at the lower concen-
tration used, and was only slightly stimulatory at 1.85 mg per ml.
As the concentration of compound I was increased, inhibition of the

test organism at each increase was observed.

Compound II elicited stimulatory responses at all concentrations

tested.



Figure 13 is representative of studies which showed that neither
compound I nor II was utilized as substrates. 1In the presence of
3 mg of each compound per ml, the yeast failed to grow. When 3 mg

glucose per ml was added, the yeast grew normally.

These studies indicate that supplementation of the medium with
lincomycin, compound I or compound II causes stimulation of yeast

growth.

Candida albicans Stimulation by Lincomycin

Table 14 shows that Candida albicans growth was stimulated by

lincomycin. Stimulation occurred in the presence of 10, 5, 2.5 and
1 mg lincomycin per ml. The greatest stimulation took place at a

lincomycin concentration of 10 mg per ml, the least at 1 mg per ml.

21



DISCUSSION

The studies described in this paper were prompted by the results
of clinical experiments in which outgrowths of yeast were observed in
the feces of patients after lincomycin administration (34). It is a
purpose of this study to examine the mechanism of yeast outgrowth as
it pertained to lincomycin therapy in particular, and antibiotic therapy

in general.

The data from this study showed that lincomycin stimulated the
growth of yeast at concentrations greater than 100 mcg per ml; 10 mg
per ml was optimal. Stimulation was observed in complex and synthetic
media, and was pH dependent. The stimulation could be observed at pH
values as low as 6.0, but when the pH was raised to 8.0 the better
stimulation was observed (Figure 4). At alkaline pH values, the con-
trol growth decreased proportional to pH increase (Tables 4 and 5).
The stimulation was observed under both aerated and nonaerated condi-

tions, but was better seen when the cultures were not aerated (Figure 2).

The in vitro and in vivo conditions allow the following correla-
tions: the concentrations of lincomycin in fecal samples are compara-
ble to the concentrations which caused stimulation in vitro of yeast
growth (31); the contents of the lower bowel contain sufficient nutri-
lites for microbial growth as evidenced by the presence of the large

numbers of microorganisms in the feces; the pH of the digestive tract

22
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is acid nearest the stomach, and becomes progressively more alkaline
in the large intestine in which the microflora are located; the con-
tents of the large intestine are also under reduced oxygen tension.
Based on the in vitro data given in previous sections, similar in vivo
conditions would allow yeast to multiply. The specific mechanisms of
yeast stimulation are not, however, readily apparent from the in vitro

results,

In a recent paper by Luckey (35), the stimulatory activity of
antibiotics was discussed. Antibiotics have been shown to promote
growth in some animals., It has been demonstrated, for instance, that
antibiotics decrease the apparent vitaﬁin requirements and increase
the utilization of protein by animals (36). It is interesting to note
that lincomycin may stimulate the growth of yeast by a mechanism which
is related to vitamins. When both lincomycin and vitamins were present,
a synergistic relationship clearly existed (Figure 10). It was sug-
gested that lincomycin might function by preventing the leakage of
vitamins necessary for normal cell growth (Tables 7 and 8). Thus,
lincomycin under such conditions would protect any further decrease
in the apparent vitamin requirements and allow for normal cell repli-

cation.

The possibility of a lincomycin-thiamine interrelationship exists
(Figure 9). Lincomycin could act as a thiaminase antagonist. For
example, inhibition of thiaminase activity by lincomycin would 2llow

utilization by yeast cells of exogenous thiamine. Although thiaminase
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activity was not shown in this study, thiaminase has been demonstrated
in yeasts (37). 1In these yeasts an equilibrium between synthesis and
inactivation of thiamine was postulated. Lincomycin, therefore, may
function by establishing a temporary imbalance in this system. A

consequence would be stimulated yeast growth.

Steward (38) discusses several compounds which are involved in
the control of plant cell growth. The chemical structures of these
growth control factors are dissimilar, but some contain nitrogen atoms
in their structure. The emperical formula of lincomycin has two nitro-
gen atoms as shown by Herr and Bergy (21). It is possible that these
nitrogen atoms are of importanceée in the mechanism of yeast growth
stimulation. Some other subtle structural feature may, however,

account for the stimulation of this yeast growth.

To determine whether yeast stimulation was a unique property of
lincomycin or a general characteristic of antibiotic compounds, several
commonly used antibiotics were tested for stimulatory properties under

conditions that resulted in stimulation with lincomycin.

Antibiotics are grouped into specific categories on the basis of
their biochemical action on bacterial cells. These categories are as
follows: 1) suppressors of cell wall synthesis, 2) suppressors of
protein synthesis, 3) disrupters of lipoprotein membranes. In group
(1) penicillin, cycloserine and bacitracin are placed; chloramphenicol,

the tetracyclines, erythromycin, puromycin and streptomycin are placed
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in group (2); group (3) contains gramicidin S, the polymyxins, subtilin,

and tyrocidin (39).

Penicillin, bacitracin, chloramphenicol, tetracycline, erythromy-
cin, streptomycin, polymyxin B and neomycin were examined. These tests
showed that all of the above antibiotics except erythromycin and neo-
mycin stimulate the growth of yeast. In addition, the polyamines
spermine and cadaverine also stimulate yeast growth. A comparison of

the structures of these compounds reveals no common entity.

The mechanism of lincomycin yeast stimulation may lie in areas of
cell physiology that are not amenable to the direct approaches attempted
in this study. Such areas would include cellular control and permea-

bility.

In cellular control mechanisms the "glucose effect" is included.
That is, in an inducible enzyme system, the induction of the enzyme is
inhibited by glucose. When glucose is removed, enzyme synthesis occurs.
This glucose effect has been long recognized in bacteria. It has
recently been shown that the same effect occurs in yeast (40). If the
glucose effect applies to the study described in this paper, lincomy-
cin may reverse glucose repression and cause an apparent stimulation

of growth.

It is possible that lincomycin has a role in permeability, i.e.,
making the membrane more permeable to nutrilites which are necessary

for enhanced growth. This effect would be related to the particular
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molecular configuration of lincomycin in contact with the cell membrane,

Finally, lincomycin may affect the intracellular environment of
the cell in a non-specific manner, for instance, alteration of H-ion
concentraction. This alteration would reverse the activity of a rate

limiting reaction, and cause a stimulation of yeast growth,



SUMMARY

The influences of lincomycin on yeast growth were studied. The

in vitro data are summarized below.

Lincomycin stimulates the growth of yeast at concentrations
greater than 100 mcg per ml., This stimulation is consistent at a
concentration of 10 mg per ml, which concentration is comparable to
that found in clinical fecal samples. In synthetic and complex media,
the stimulation occurred under aerated and nonaerated conditions, and

was pH dependent.

Lincomycin does not function as a carbon source, nor was linco-

mycin metabolized or incorporated by yeast cells,

When the basal medium was supplemented with amino acids or nucleo-
sides, yeast stimulation was not as great as with lincomycin alone.
A synergistic relationship between lincomycin and vitamins was demon-

strated.

Two lincomycin degradation products stimulated the growth of

yeast.

Lincomycin prevented a decrease in viable cell count during the

lag phase of growth.

27



10.

11.

12,

13.

LITERATURE CITED

Dunlop, B. A., and J. McC. Murdock. 1960. The dangers of anti-
biotic treatment. Brit. Med. Bull. 16: 67-72.

Woods, J. W., I. H. Manning and C. N. Patterson. 1951. Monilial
infections complicating the therapeutic use of antibiotics. J. Am.
Med. Assoc. 145: 1-14,

Pappenfort, R. B. and E. S. Schall. 1951. Moniliasis in patients
treated with antibiotics. Biopsy 2: 9.

Haley, S. D. 1961. Yeast of medical importance. Am. J. Clin.
Path. 36: 227-234.

Skinner, C. E., and D. W. Fletcher. 1960. A review of the genus
Candida. Bacteriol. Rev. 24: 397-416.

Benham, R. W., and A. M. Hopkins. 1933. Yeastlike fungi found
on the skin and in the intestines of normal subjects. Arch. Derm,
and Syph. 28: 532-543.

Todd, R. L., and W. W. Hermann. 1937. Studies on yeast-like
organisms isolated from the mouths and throats of normal indivi-
duals. Am. J. Hyg. 25: 212-219.

Knighton, H. I. 1939. A study of monilia and other yeast-like
organisms found in the oral cavity. J. Dent. Res. 18: 103-111.

Schnoor, T. G. 1939. The occurrence of monilia in normal stools,
Am. J. Trop. Med. 19: 163-169.

Paine, T. F. 1952. 1In vitro experiments with monilia and Escherichia
coli to explain moniliasis in patients receiving antibiotics.
Antib. and Chemo. 11l: 653-658.

Campbell, C. C., and S. Saslaw. 1949. Enhancement of growth of
certain fungi by streptomycin. Proc. Soc. Exptl. Biol. and Med.
70: 562-563.

Pappenfort, R. B., and E. S. Schall. 1951. Moniliasis in patients
treated with aureomycin. Arch. Internal. Med. 88: 729-735.

Hesseltine, C. W., M. Hauck, M. T. Hagen and N. Bohonos. 1951.

Isolation and growth of yeast in the presence of aureomycin,
Proc. Soc. Am. Bact. Meeting, Chicago, 66.

28



14,

15.

16.

17.

18.

19.

20.

21,

22.

23.

24,

25.

26.

27.

28.

29.

29

Mumoz, J. and R. Geister. 1950. 1Inhibition of phagocytosis by
aureomycin. Proc. Soc. Exptl. Biol. and Med. 75: 367.

"
Nissle, A. 1916. Uber die Grundlagen einer neuen ursachlichen
Bekgmpfung der pathologischen Darmflora. Deutsche Med. Wchnschr.
42: 1181,

Heatly, N. G., and H. W. Florey. 1946. An antibiotic from
Bacterium coli. Brit. J. Exptl. Path. 27: 378.

Black, S., J. M. McKibbin, and C. A. Elvehjem. 1941. Use of
sulfaguanidine in nutrition experiments. Proc. Soc. Exptl. Biol.
and Med. 47: 308.

Emerson, G. A., and D. G. Smith. 1945. 1Induction of nutritional
deficiencies by oral administration of streptomycin. J. Pharmacol.
Exptl. Therap. 85: 336.

Metzer, W. I., L. T. Wright, and J. C. Dilorenzo. 1954. Effects
of esters of parahydroxybenzoic acid on Candida and yeast-~like
fungi. J. Am. Med. Assoc. 155: 352-358.

Mason, D. J., A. Dietz, and C. DeBoer. 1962. Lincomycin, a new
antibiotic. I. Discovery and biological properties. Antimicro-
bial Agents and Chemotherapy. 554-559.

Herr, R. R., and M. E. Bergy. 1962.' Lincomycin, a new antibiotic.
II. 1Isolation and characterization. Antimicrobial Agents and
Chemotherapy. 560-564.

Lewis, C., H. W. Clapp, and J. E. Grady. 1962. 1In vitro and

in vivo evaluation of lincomycin, a new antibiotic. Antimicrobial
Agents and Chemotherapy. 570-582,

Schroeder, W, Unpublished observations.

Grady, J. E., and H. W. Clapp. 1963. Unpublished observations.
Grady, J. E. 1963. Unpublished observations.

Grady, J. E., and H. W. Clapp. 1963. Unpublished observations.
Dietz, A, 1963. Unpublished observations.

Cohen, S., and H. Barner. 1955. Enzymatic adaptation in a thymine
requiring strain of E. coli. J. Bacteriol. 69: 59-66.

Herberg, R. J. 1960. Determination of carbon-14 and tritium in
blood and other whole tissues. Anal. Chem. 32: 42-46.



30.

31.

32.

38.

34.

35.

36.

37.

38.

39.

40,

30

Jorgensen, H. 1948. MICROORGANISMS AND FERMENTATION. 15th
Edition. Griffin, London.

Whitfield, G. B. 1963. Unpublished observations.
Hanka, L. J., D. J. Mason, M. R. Burch, and R. W. Treick. 1962.

Lincomycin, a new antibiotic. III. Microbiological assay. Anti-
microbial Agents and Chemotherapy. 565-569.

Cook, A. H. 1958. THE CHEMISTRY AND BIOLOGY OF YEAST. Academic
Press, Inc., New York.

Lawson, J. B. Personal communication.

Luckey, T. D. 1963. Antibiotics action in adaptation. Nature
198: 263-265.

Luckey, T. D. in ANTIBIOTICS, THEIR CHEMISTRY AND NON-MEDICAL USES.
Goldberg, H. S., p. 174, D. VanNostrand., Princeton, New Jersey.

Jacobsohn, K. P., and J. M. Rosado. 1952, Etudes sur la thiaminase
des champignons. Compt. Rend. Soc. Biol. 146: 1454-1456.

Steward, F. C. 1963. The control of growth in plant cells.
Scientific American. 209: 104-113.

Smith, J. L., and E. D. Weinberg. 1962. Mechanism of antibacterial
action of bacitracin. J. Gen. Microbiol. 28: 559-569.

MacQuillam, A. M., and H. 0. Halverson. 1962. Physiological
changes occurring in yeast undergoing glucose repression. J.
Bacteriol. 84: 31-36.



TABLE 1

Composition of Yeast Synthetic Basal Medium in

Per Cent

Compound Per Cent
(NHy), SO, 0.4
KH2P04 0.2
MgSO4 0.05
Glucose for Carbon Source 3.0

added aseptically

Sterile distilled H20 QS to 100 ml.
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FIGURE 1

The Effect of Various Lincomycin Concentrations on Saccharomyces sp.
Growth. BHIB pH 7.4 30°C + Aeration
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TABLE 2

The Effect of Lincomycin on the Extent of Yeast Growth
Viable Cell Counts/mll

Conc. of Lincomycin/ml 0 Hour 24 Hour

Growth Control (No Lincomycin) 2.23 x 106 1.27 x 108
1 mg 2.23 x 106 1.88 x 108
2.5 mg 2.23 x 106 2.08 x 108
5 mg 2.23 x 106 1.59 x 108
10 mg 2.23 x 10° 3.26 x 109

1 = Counts recorded after 48 hours incubation at 30°C. Cells were

plated on brain-heart infusion pH 7.4.



TABLE 3

The Effect of Lincomycin on Nonaerated Yeast Growth
Optical Density at 660 mul

Conc., of Lincomycin/ml 0 Hour 6-1/2 Hour
10 mg .000 .377
5 mg .000 .387
100 mcg .000 .387
50 mcg .000 .377
5 mcg .000 .357
Growth Control (No Lincomycin) .000 .319

1 = Optical density measurements were made in a Beckman Model B
Spectrophotometer. Cells were grown in brain-heart infusion

broth pH 7.4.



FIGURE 2

The Effect of Various Lincomycin Concentrations on Yeast Growth.
Synthetic Medium pH 6.8 30°C

Optical Density at 660 my
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TABLE 4

The Effect of pH on Growth Response of Saccharomyces sp. to Lincomycin
in Brain-Heart Infusion Brothl

Conc. of Lincomycin/ml 0 Hours & Hours 6 Hours 7 Hours pH

10 mg .000 .076 .357 .569 5.5
5 mg .000 .086 .367 .585 5.5
100 mcg .000 .086 .377 .585 5.5
No Lincomycin .000 .061 .347 .585 5.5
10 mg .000 .027 .155 .377 7.5
5 mg .000 .027 .138 .357 7.5
100 mcg .000 .032 .125 .275 7.5
No Lincomycin .000 .018 .102 .259 7.5
10 mg .000 .080 .191 .284 8.5
5 mg .000 .029 .164 .243 8.5
100 mcg .000 .048 .108 .138 8.5
No Lincomycin .000 .048 .108 144 8.5
10 mg .000 .027 .071 .125 9.0
5 mg .000 .018 .046 .081 9.0
100 mcg .000 .013 .022 .027 9.0
No Lincomycin .000 .022 .032 .036 9.0

1 = Optical density measurements were made in a Beckman Model B
Spectrophotometer at 660 mu, Cells were grown in brain-heart

infusion broth with no aeration.



TABLE 5

The Effect of pH on Growth Response of Saccharomyces sp. to Lincomycin
in Synthetic Mediuml

Conc. of Lincomycin/ml 0 Hr. 4 Hr. 6 Hr. 24 Hr. pH
10 mg .000 .009 .018 .187 5.0
5 mg .000 .011 .018 .187 5.0
2.5 mg .000 .004 .022 .187 5.0
1 mg .000 .009 .022 .187 5.0
No Lincomycin .000 .009 .022 .119 5.0
10 mg .000 .013 .022 .201 6.0
5 mg .000 .004 .022 .161 6.0
2.5 mg .000 .004 .018 .161 6.0
1 mg .000 .009 .022 .113 6.0
No Lincomycin .000 .009 .022 .125 6.0
10 mg .000 .022 .056 .387 7.0
5 mg .000 .022 .051 .377 7.0
2.5 mg .000 .022 .046 .328 7.0
1 mg .000 .013 .032 .276 7.0
No Lincomycin .000 .018 .009 .018 7.0

1 = Optical density measurements were made in a Beckman Model B

Spectrophotometer at 660 myu. Cells were grown with no aeration.



The Growth Response of Saccharomyces sp. to Various Concentrations of

Optical Density at 660 mu

FIGURE 3

Lincomycin. BHIB pH 9.0 30°C No Aeration
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FIGURE 4

Dose Response of Saccharomyces sp. to Various Concentrations of
Lincomycin Synthetic Medium pH 8.0 30°C No Aeration
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TABLE 6

Growth Response of Saccharomyces sp. to Various Concentrations of
Lincomycin in Sabouraud's Liquid Medium pH 9.0l

Conc. of Lincomycin/ml O Hr. 33 Hr. 53 Hr. 9 Hr. 24} Hr.

10 mg .000 .031 .168 . 959 1.50
5 mg .000 .022 .137 .886 1.50
100 mcg .000 .013 .097 .796 1.50
50 mcg .000 .013 .097 .796 1.50
5 mcg .000 .013 .102 .796 1.50
Growth Control .000 .013 .108 .796 1.50

(No Lincomycin)

1 = Optical density measurements were made in a Beckman Model B
Spectrophotometer at 660 mu. Cells were grown at 30°C. No

aeration.



TABLE 7

The Effect of Lincomycin on Yeast Cells in the Lag Phase of Growthl

Log of Viable Cells/ml

i Lincomycin 10 mg/ml No Lincomycin
0 Hours 5.60 5.66
1 Hour 5.61 5.50
2 Hour 5.59 5.50
3 Hour 5.68 5.50
4 Hour 5.66 5.20
5 Hour 5.71 5.50

1 = Counts recorded after 24 hours incubation at 30°C. Cells were

plated on Sabouraud's Glucose Agar.



FIGURE 5

The Effect of 10 mg/ml Lincomycin Added at O and 4 Hours. Synthetic
pH 6.8 30°C No Aeration
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TABLE 8

Restoration of Normal Growth by Lincomycin. Results Listed as Log of
Viable Cells/ml

Tube Number

Day No.
1 2 3 4 5 6 7
#1 0 Hr. 7.48 7.43 6.74 6.21 5.63 4,62 3.52
24 Hr. 8.21 8.13 7.68 7.20 6.58 5.39 4.36
#2 0 Hr. 7.21 7.13 6.38 6.20 5.58 4.39 3.36
24 Hr. 7.22 7.15 6.54 6.21 5.53 4.50 3.64
#3 0 Hr. 6.22 6.15 5.54 5.21 4.53 3.50 2.64
24 Hr. 6.31 6.16 5.59 5.17 4.45 3,54 2.71
#4 0 Hr. 5.31 5.16 4.59 4.17 3.45 2.54 1.71
24 Hr. 5.43 4.89 - 3.91 3.07 2.41 0.57
#5 0 Hr. - - - - - - -
(10mg/ml)* 24 Hr. 2 . 2 . s . -
#6 0 Hr. - - - - - - -
(10mg/ml)* 24 Hr. - - - - - = .
#7 0 Hr. - - - - - - -
(10mg/ml)* 24 Hr. - - - N = & -
#8 0 Hr. - - - - - - -
(10mg/ml)* 24 Hr. 5.80 5.45 5.06 5.02 5.03 4.73 4.13
#9 0 Hr. 4.80 4.45 4,046 4.02 4.03 3.73 4.13
(10mg/ml)* 24 Hr. 5.01 4.83 4.68 4.72 4,60 4.47 4.18
#10 0 Hr. 4.01 3.83 3.68 3.72 3.60 3.47 3.18
(10mg/ml)* 24 Hr. 4.53 4.60 4.56 4.57 4,67 4,15 4.09

#11 0 Hr. 3.53 3.60 3.56 3.57 3.67 3.15 3.09
(1 mg/ml)* 24 Hr. 4.33 4.26 4.26 4.30 4.39 4.10 4.00
#12 0 Hr. 3.33 3.26 3.26  3.30 3.39 3.10 3.00
(100 mcg/ml) * 24 Hr. 3.76 3.79 3,49 3.74 3.91 3.67 3.55




TABLE 8 (Cont'd)

Day No.

Tube Number

1 2 3 4 5 6 7
#13 0 Hr. 2.76 2.79 2,49 2,74 2.91 2,67 2.55
(10mcg/ml)* 24 Hr. 3.10 2.89 2,53 3.11 2.95 2.64 2.71
#l4 0 Hr, 2.10 1.89 1.53 2.11 1.95 1l.64 i, 7'1;
(lmcg/ml)* 24 Hr. 0.84 0.95 0.47 0.47 0.60 0.47 0.69

* = Conc. of Lincomycin added.
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TABLE 9

Information of Coded Preparations and Pre-Growth pH Values

Pre-Growth
Code Information H
%
6702-ADA-128.1 Concentrated Mother Liquor1 8.3
14,121-19 Lincomycin lot of questionable 6.8
purity2
6177-MEB-86 Lincomycin Form 113 6.8
5449-DMW-66 Lincomycin Form 4 6.8
14,121-13 Lincomycin lot used in clinical 6.8
studies
14,121-14 Lincomycin lot used in previous 6.8
yeast studies.
Growth Control 6.8

1
zation.
2
preparation.
3 Crystalline form
4

Crystalline form

= needles.

rhomboid.

Substance remaining in mother liquor after lincomycin crystalli-

Failed specifications because a red color was detected in the
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FIGURE 6

The Growth Response of Saccharomyces sp. to 10 mg/ml Concentrations
of Different Lincomycin Preparations. Synthetic Medium pH 6.8 +
Vitamins 30°C No Aeration

Optical Density at 660 mp
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FIGURE 7

Lincomycin Utilization as a Substrate Test Organism Saccharomyces sp.
Synthetic Medium pH 6.8 30°C No Aeration
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FIGURE 8

Lincomycin Substitution for Biotin and/or Dethiobiotin Saccharomyces sp.
Synthetic Medium pH 6.8 30°C No Aeration
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FIGURE 9

Lincomycin Substitution for Thiamine and Lipoic Acid Saccharomyces sp.
Synthetic Medium pH 6.8 30°C No Aeration
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TABLE 10

Vitamins Added to Basal Medium Final Concentration in mcg/ml

mcg/ml in the

Vitamin Test Medium
Biotin 1
Choline 1

Folic Acid 1
Nicotinamide 1
Pantothenic Acid 1
Pyridoxal |
Thiamine 1
Riboflavin 0.1

Inositol 0.54
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FIGURE 10

Saccharomyces sp. Growth Response to Lincomycin in Synthetic Medium
+ Vitamins pH 6.8 30°C No Aeration
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FIGURE 11

Lincomycin Relation to Amino Acid Metabolism Saccharomyces sp.
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TABLE 11

Amino Acids Added to Basal Medium Final Concentration in mcg/ml

mcg/ml in the

Amino Acid Test Medium
Arginine 21
Cystine 12
Histidine 8
Isoleucine 26
Leucine 26
Lysine 26
Methionine 8
Phenylalanine 16
Threonine 24
Tryptophane &
Tyrosine 18
Valine 24
Glutamine 300
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FIGURE 12

Lincomycin Relation to Nucleotide Metabolism Saccharomyces sp.
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TABLE 12

Nucleosides Added to Basal Medium Final Concentration in mcg/ml

mcg/ml in the

Nucleoside Test Medium
Adenosine 10
Guanosine 10
Thymidine 10
Cytidine 10

Uridine 10




TABLE 13

The Effect of Equal Concentrations of Lincomycin, Compound I and
Compound II on Yeast Growth in Synthetic Medium and Vitamins pH 6. gl
0.D. at 660 mpu

eyl 0 Hr. 5 Hr. 11 Hr.
No Air No Air No Air
Lincomycin
29.45 .000 .027 .284
14,73 .000 .019 .287
7.36 .000 .023 274
3.68 .000 .013 .252
- 1.84 .000 .019 .225
No Lincomycin .000 .009 .028
Compound I
14.80 .000 .025 .336
7.40 .000 .005 .296
3.70 .000 014 .330
1.85 .000 .029 .371
0.93 .000 .029 FL15)
No Compound I .000 .009 .027
Compound II
16.96 .000. .000 .008
8.43 .000 .000 .053
4.22 .000 .000 .155
2.11 .000 .009 .288
1.05 .000 .013 .409
No Compound II .000 .000 .244
Compound I & II
31.76 .000 .038 .345
15.83 .000 .032 .420
7.92 .000 .050 .495
3.96 .000 .009 .357
1.98 .000 .041 .398
No Compound I or II .000 .009 .187

= Temp. incub. = 30°C.



FIGURE 13

Compound I and II Utilization as a Substrate Test Organism =
Saccharomyces sp. Synthetic Medium + Vitamins pH 6.8 30°C
No Aeration
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TABLE 14

Candida albicans Stimulation by Lincomycin in Synthetic Medium pH 6.8
+ Vitamins

Conc. of Lincomycin/ml 0 Hr. 12 Hr.
10 mg .000 .339
5 mg .000 .306
2.5 mg .000 .306
1 mg .000 .263
Growth Control (No Lincomycin) .000 .178

1 = Optical density measurements taken in Beckman Model B Spectro-

photometer at 660 mu. Cells were grown at 30°C - no aeration.
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