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ABSTRACT
THE ULTRASTRUCTURE OF TORULOPSIS GLAERATA
AND MORPHOLOGICAL CHANGES INDUCED
BY AMPHOTERICIN B
By

David A. Duprey

The ultrastructure of Torulopsis glabrata and the cytological
effects of amphotericin B, as seen in ultrathin sections, are
described and illustrated with electron micrographs. Several fixa-
tives and fixation techniques were employed. However, only a combi-
nation of glutaraldehyde and osmium tetroxide provided sufficient
cytological detail for Torulopsis glabrata.

The ultrastructure was similar to that reported by authors who
have studied other yeasts. A relatively thick cell wall [180
nanometers (nm)] and a double-layered cytoplasmic membrane were
consistent features. Mesosomal-like appendages were frequently
extended into the cytoplasm. Ribosomes, vacuoles, storage granules,
mitochondria, and endoplasmic reticulum were also present within the
cytoplasm.

The cytological effects of amphotericin B on Torulopsis glabrata

were quite striking. The most dramatic effect of the drug was an



David A. Duprey
alteration of the cytoplasmic membrane. Following 48 hours of expo-
sure to amphotericin B, the cytoplasmic membrane had separated from
the cell wall but appeared intact. Cytoplasmic density was reduced
and was attributed to a leakage of intracytoplasmic material. Since
decreased electron scattering can only be explained by a reduction
in cell density, it follows then that such a decrease in density can

occur only through leakage of material across a permeable membrane.
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INTRODUCTION

This research was undertaken for two reasons: (1) to study
the ultrastructure of Tﬁ;ulopsis glabrata, and (2) to demonstrate
the ultrastructural effects of amphotericin B on Torulopsis glabrata
after a period of exposure to the drug. A similar study was done by
Gale (1963) in which he illustrated the cytological effects of
amphotericin B on Candida albicans.

Torulopsis glabrata was chosen as the organism for this study
for several reasons. Recently, the medical profession has recognized
an increase in the frequency of infections involving Torulopsis
glabrata, particularly in urinary tract infections and in septi-
cemias. To this author's knowledge, there have been no published
reports on the ultrastructure of Torulopsis glabrata. Therefore,
this was an opportunity to study the ultrastructure in an effort to
provide new information about the organism that might be useful in
understanding its pathogenicity.

Amphotericin B was selected as the antifungal agent primarily
because of its widespread usage in systemic fungal infections. Since
the mechanism of action of amphotericin B is known, certain cyto-
logical effects could be anticipated. Standard electron microscopic
techniques would demonstrate these effects on Torulopsis glabrata

after sufficient exposure to the drug.



In summary, this research was designed to supply basic informa-
tion on the ultrastructure of Torulopsis glabrata that might be sig-
nificant in understanding its pathogenic role in infections. 1In
addition, previous reports on the cytological effects of amphotericin

B would be confirmed utilizing standard electron microscopic

procedures.



OBJECTIVES

The objectives of this research were:

1. To demonstrate, as accurately as possible, the ultrastruc-
ture of Torulopsis glabrata.

2. To determine the minimal inhibitory concentration (MIC)
value for the strain of Torulopsis glabrata to be used in this
research.

3. To demonstrate the ultrastructural effects of amphotericin

B on Torulopsis glabrata after a period of exposure to the drug.



LITERATURE REVIEW

This literature review will be divided into two parts: (1)
Torulopsis glabrata - history and classification, characteristics,
epidemiology, and antifungal susceptibility; (2) amphotericin B -
origin, chemical and physical properties, pharmacodynamics, toxicity
and side effects, and clinical efficacy and precautions for drug

use.

Torulopsis glabrata

History and Classification

Torulopsis glabrata was first isolated from human feces. It
was originally named Cryptococcus glabrata (Anderson, 1917) based
on its morphological appearance on solid culture media. The organism
was later classified under the genus Torulopsis (Lodder and DeVries,
1938).

Torulopsis glabrata is widely distributed in nature. It has
been isolated from cattle, horses, swine, and goats (Van Uden et al.,
1958; Van Uden, 1960). Cooke (1961) discovered the organism in the
soil, while Hasenclever and Mitchell (1962) recovered it from creeks,
ponds, and various other water sources. More recently, Kocan and
Hasenclever (1972) found Torulopsis glabrata in pigeons and doves.

White et al. (1972) isolated the organism from rats and lambs.



Torulopsis glabrata is currently classified under the family
Cryptococcaceae, which includes both mycelial and non-mycelial forms
of asporogenous yeasts. It reproduces by budding but does not pro-
duce septate hyphae or ascospores. This lack of ascospore formation
separates Torulopsis glabrata from the true yeasts, such as

Saccharomyces cerevisiae (Grimley, 1965).

Characteristics

On Sabouraud's dextrose agar (Figure 1), the colonies of
Torulopsis glabrata are raised, glabrous, glistening, cream-colored
and homogeneous in appearance (Grimley, 1965). Marks and O'Toole
(1970) described the colonial morphology of the organism on blood
agar as tiny, white, raised and non-hemolytic, remaining small
despite prolonged incubation. Growth in liquid media lacks a
pellicle or ring (Lodder, 1952) that is frequently formed with
cultures of certain Candida species.

Microscopically (Figure 2), Torulopsis glabrata is regularly
ovoid or elliptical generally measuring 3 x 4-5 microns (Lodder,
1952). It reproduces by budding. These buds are frequent and
usually single, but occasionally are found dipolar (Grimley, 1965).
In contrast to Cryptococcus neoformans, Torulopsis glabrata lacks
a thick capsule (Grimley, 1965; Marks and O'Toole, 1970).

Torulopsis glabrata is almost biochemically inert (see
Appendix C). It ferments only dextrose and trehalose with the
production of acid and gas. 1In addition, it can assimilate only
dextrose and trehalose (Marks and O'Toole, 1970). These biochemical

reactions alone are sufficient to differentiate Torulopsis glabrata



Figure 1. Torulopsis glabrata colonies appear
as small to medium, cream-colored colonies on
Sabouraud's dextrose agar.



Figure 2. Microscopically, Torulopsis glabrata
appears ovoid or elliptical measuring 3 x 4-5 microns
with occasional buds attached to the parent cell.
X500
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from other yeasts. The organism also lacks the enzyme urease and
the ability to synthesize starch (Marks and O'Toole, 1970).

Torulopsis glabrata can be identified serologically as well as
biochemically. Benham (1935) demonstrated that Candida albicans and
Torulopsis glabrata possessed common antigens. In addition,
Hasenclever and Mitchell (1960) showed that the organism had its
own specific antigen. Tsuchiya et al. (1961) classified Torulopsis
glabrata serologically and observed that it possessed 5 thermostable
antigens and 1 thermolabile antigen. The organism shared 4 of the
5 thermostable antigens with other yeasts in its class. It is the
only member in its group, however, to possess a thermolabile antigen

which Tsuchiya designated as the k antigen.

Epidemiology

Torulopsis glabrata, frequently isolated from human material,
is ordinarily considered a non-pathogen (Pankey and Deloviso, 1973).
Stenderup (1962) reported on its frequency of isolation from human
sources and found it to be the second most commonly isolated yeast.
These observations were in agreement with those of Barthe and
Barthe (1973), who found Torulopsis glabrata ranked second in iso-
lation frequency to that of Candida albicans. The order of frequency
of isolation for the organism was as follows: urine, sputum, vagina,
stool, gastric lavage, throat, mouth and skin. Dolan (1971) reported
Torulopsis glabrata the most frequent isolate from the urine and
vagina, respectively, when compared with Candida albicans and other

yeasts from these sources (see Appendix B).
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Several authors have studied the pathogenic role of Torulopsis
glabrata . Hasenclever and Mitchell (1960) demonstrated that the
yeast would not produce a progressive infection in normal mice, but
multiplication of the yeast was observed in steroid-treated and
diabetic mice.

Marks et al. (1970) indicated that Torulopsis glabrata is an
opportunistic pathogen in the debilitated host. They isolated the
yeast 130 times from 37 patients over a 16 month period. The yeast
was considered a pathogen in 11 of the 37 patients. Ten of the 11
patients suffered major underlying illnesses and had received anti-
biotics, steroids, and other immunosuppressive drugs before or
during recovery of the yeast.

The organism was considered pathogenic if one or more of the
following criteria was present: (1) tissue invasion that could be
demonstrated histologically; (2) Torulopsis glabrata fungemia present
on two or more consecutive days; (3) repeated isolation of the
organism from multiple sources; or (4) persistent cultivation of
the yeast from catheterized urine specimens.

Torulopsis glabrata has been reported as the causative agent
of a number of clinical disease states. It is commonly associated
with urinary tract infections (Edebo and Spetz, 1965; Guze and Haley,
1958). It was considered the causative agent in two cases of broncho-
pneumonia (Black and Fisher, 1937; 0Oldfield, 1968). Plaut (1950)
reported on uterine and fallopian tube invasion by Torulopsis
glabrata.

There are approximately 23 reported cases of Torulopsis glabrata

fungemia. In almost every case the patient suffered underlying
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disease or had received antibiotics, steroids and other immunosup-
pressive drugs, or radiation therapy prior to onset of the disease.
The most common clinical manifestations of Torulopsis glabrata
fungemia are fever and hypotension resembling bacterial endotoxic
shock (Pankey and Daloviso, 1973). This suggests that an endotoxin-
like substance is produced by the yeast; however, there is nothing
in the literature to support this hypothesis.

Torulopsis glabrata has been implicated in other disease con-
ditions. Lees et al. (1971) reported a case of Torulopsis glabrata
endocarditis. In 1963, Minkowitz et al. reported a case of meningo-
encephalitis caused by this organism. There are several reports of
Torulopsis glabrata being associated with contaminated intravenous
catheters (Rose and Heckman, 1970; Marks et al., 1970; Pankey and
Deloviso, 1973). These are but a few of the many reports of

torulopsosis in humans.

Antifungal Susceptibility

Within the last 20 years, there has been a significant increase
in the frequency of infections with Torulopsis glabrata (Wickerham,
1957). This can probably be attributed to the extensive use of
antibiotics to treat bacterial infections. Consequently, investi-
gators and clinicians have begun to realize the necessity for testing
the susceptibility of Torulopsis glabrata to various antifungal
agents.

In 1968, Hahn et al. reported on the successful treatment of a
Torulopsis glabrata septicemia. The organism was isolated and tested

for its susceptibility to amphotericin B. A quantitative method, the
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minimal inhibitory concentration (MIC) test, was performed and a MIC
value of 0.15 micrograms (mcg) of amphotericin B per milliliter (ml)
was reported. The test was done to monitor the drug dosage so that
effective serum levels could be attained without causing toxic
reactions for the patient.

A similar report was described by Rose and Heckman (1970).
Their patient was treated with amphotericin B as in the previous
case. A MIC test was performed and a value of 0.10 mcg of ampho-
tericin B per ml was reported. In both cases, Torulopsis glabrata
was highly sensitive to amphotericin B.

Marks et al. (1971) investigated the susceptibility of 35
strains of Torulopsis glabrata to amphotericin B, clotrimazole
(Bay 5097), and 5-fluorocytosine using a tube dilution technique
(MIC test). Clotrimazole was shown to be virtually ineffective at
achievable serum levels. Over 90% of the isolates had a MIC value
of X1 mcg of amphotericin B per ml and a minimal fungicidal concen-
tration (MFC) of 2 mcg/ml. 5-Fluorocytosine (5-FC) inhibited over
90% of the strains at a concentration of 0.2 mcg/ml. Three of the
test strains required 27.8 mcg/ml for a "killing" effect. Vandevelde
et al. (1972) reported similar sensitivity values for 5-FC. Their
study showed that the yeast was sensitive to 0.2 mcg to 0.4 mcg of
5-FC per ml. b5-Fluorocytosine (Ancobon, Hoffmann-La Roche)*
possesses two important advantages over the use of amphotericin B:

(1) less toxicity, and (2) oral administration. A major disadvantage,

*
Hoffmann-La Roche, Inc., Nutley, N.J.
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however, is that development of resistance to 5-FC is common among

certain yeasts and other fungi (Shadomy, 1970).

Amphotericin B

Origin and Introduction

Amphotericin B, an antifungal agent, is produced by the actino-
mycete, Streptomyces nodosus. The isolation and initial properties
of amphotericin B have been previously described (Vandeputte et al.,
1956; Gold et al., 1956). The antibiotic is the drug of choice in
the treatment of cryptococcosis, histoplasmosis, coccidioidomycosis,
blastomycosis, and candidiasis (Drutz et al., 1968). On the other
hand, it has virtually no effect against nocardiosis, actinomycosis,
and bacterial infections (Kagan, 1970). Amphotericin B is highly
nephrotoxic and therefore must be used with caution (Utz et al.,

1964; Butler et al., 1964; Weismann et al., 1966; Butler, 1966).

Chemical and Physical Properties

The chemical properties of amphotericin B are quite complex
as they are for most antibiotics. Amphotericin B is an amphoteric,
conjugated, polyene antibiotic with the probable empirical formula,
C46H73NO20 (Dutcher et al., 1957). The presence of both amino and
carboxyl groups make the molecule amphoteric, hence the name
(Bennett, 1964). It is classified under the polyene group of anti-
biotics based upon the presence of a macrocyclic, lactone ring of
carbon atoms and a series of conjugated double bonds (Hamilton-

Miller, 1973). By ultraviolet (UV) absorption a polyene antibiotic,

such as amphotericin B, can be subclassified as triene, tetraene,
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pentaene, hexaene, or heptaene (Walker and Hawkins, 1952; Crashnik
and Mebane, 1963).

Amphotericin B belongs to the subclass, heptaenes. There are
three subgroups of heptaenes: (1) the amphotericin B-candidin
group; (2) the candimycin group; and (3) the antifungin group
(Hamilton-Miller, 1973). One factor which separates the amphotericin
B-candidin group from the other groups is the presence of only one
atom of nitrogen per molecule (Hamilton-Miller, 1973).

Mechlinski et al. (1970) and Ganis et al. (1971) described the
chemical structure of amphotericin B. The total structure (Figure
3) was determined by X-ray single crystal analysis.

Amphotericin B has some unique physical properties. Kinsky
(1967) found that polyene antibiotics, such as amphotericin B,
possessed detergent-like properties. This was attributed to the
presence of both hydrophilic (polyol) and hydrophobic (polyene)
structures within the molecule.

Bennett (1964) observed that amphotericin B was relatively
insoluble in water, but that it would dissolve quite readily in a
few polar solvents, such as dimethylsulfoxide and dimethylformamide.
In 1957, Bartner et al. reported that amphotericin B in combination
with sodium desoxycholate formed a complex which could be dissolved
and dispersed as a colloid in water.

This colloidal form of the drug is marketed today under the
trade name, Fungizone Intravenous—-Squibb.* The drug is supplied as

a lyophilized powder in ampoules that contain 50 milligrams (mg) of

*
E. R. Squibb, Inc., Princeton, N.J.
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amphotericin B, approximately 41 mg of sodium desoxycholate, and
25.2 mg of sodium phosphate as a buffer.

Another significant property of amphotericin B is its photo-
reactivity when exposed to light. 1In the presence of light with
wavelengths of 380 and 410 nanometers (nm), it has been demonstrated
that the drug becomes partially inactivated and loses some of its
potency (Hamilton-Miller, 1973). Therefore, it is recommended that

it be stored in the dark at refrigerator temperatures prior to use.

Pharmacodynamics

It has been demonstrated that organisms sensitive to polyene
antibiotics, such as amphotericin B, bind to these substances
probably by way of sterols in the cell membrane (Lampen et al.,
1959; Kinsky, 1962). This binding of the antibiotic with the
membrane causes distortion and malfunction of the membrane resulting
in leakage of essential metabolites (Sutton et al., 1961; Zygmunt,
1966). Other effects, such as inhibition of glycolysis, growth,
respiration, and eventual cell death, are considered sequelae to
the initial injury (Hamilton-Miller, 1973).

There appears to be good correlation between the mode of
action of the polyenes and the presence of sterols in the cell
membrane. Yeasts, algae, protozoa, flatworms, and mammalian cells
contain sterols in their cell membranes and all are susceptible to
the polyene antibiotics (Weber et al., 1965; Feingold, 1965).
Bacteria, which lack membrane-bound sterols, are insensitive to the

polyene antibiotics (Kinsky, 1962).
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Studies with artificial membrane systems, monitored by changes
in conductance and permeability, indicate that the sterol-polyene
reaction involves hydrogen bonding with 3 B-OH groups of sterols
and is dependent upon the structure of the antibiotic molecule
(Cass et al., 1970; Dennis et al., 1970).

Because amphotericin B is not absorbed from the gastrointestinal
tract, the drug is administered intravenously by slow infusion
(e.g., over a period of 6 hours). The recommended concentration is
0.1 mg/ml of 5% dextrose utilizing an initial dose of 0.25 mg/kg of
body weight. Depending upon the patient's tolerance to the drug,
the dosage can be adjusted to an average daily dose of 1.0 mg/kg
never exceeding 1.5 mg/kg. Once the optimum dosage level is reached,
the drug may be administered on alternate days (Kagan, 1970).

Like many other drugs, amphotericin B is unable to penetrate
the blood-brain barrier. Therefore, the drug should be administered
intrathecally to patients suffering from fungal meningitis. 1In
adults, an initial dose of 0.1 mg is used, which is then increased
to 0.5 mg given every 72 hours (Kagan, 1970), depending upon the
patient's condition.

Little is known about the distribution of amphotericin B once
it leaves the bloodstream. There is some indirect evidence that
the drug is taken up by the reticuloendothelial cells (Bennett,
1964).

Only a small portion of amphotericin B is excreted in an active
form in the urine. About 40% of a single dose is slowly excreted
via the kidneys in a 7 day period. Two months after terminating

therapy, its presence can still be detected in the urine (Kagan, 1970).
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Toxicity and Side Effects

Intravenous administration of amphotericin B is frequently
associated with side effects and can be accompanied by serious
toxicosis. Therefore, the drug must be given under the supervision
of a hospital nursing staff.

Some side effects commonly encountered with amphotericin B
administration are fever, anorexia, nausea, vomiting, headache,
abdominal pain, weight loss, thrombophlebitis, and stiffness
(Kagan, 1970). The most important toxic effects are nephrotoxicity,
some hepatotoxicity, and anemia.

In recent years, there have been attempts to minimize the
toxicity of amphotericin B. Nephrotoxicity from the drug has been
reduced in laboratory animals by concomitant administration of
intravenous mannitol or sodium bicarbonate (Keim et al., 1973;
Bonner et al., 1972).

Mechlinski and Schaffner (1972) prepared amphotericin B methyl
ester (AME) hydrochloride, a water-soluble derivative of amphotericin
B. This derivative has been shown, in experimental animals, to be
significantly less toxic than the parent compound (Keim et al., 1973).

Howarth et al. (1975) reported that AME activity in vitro was
slightly lower than the parent compound when tested against 61 iso-
lates of pathogenic and potentially pathogenic fungi.

Bonner et al. (1975) reported similar activity in vivo for AME
as compared with amphotericin B. They observed that the chemothera-
peutic activity of AME was slightly lower than that of the parent

compound. When they compared ED values, they discovered that AME
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was one-fifth as active against Candida infection and one-tenth as
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effective as amphotericin B against other systemic mycoses. At the
same time, they observed that AME was one-tenth as nephrotoxic as
the parent compound when used to treat histoplasmosis, blastomycosis,
cryptococcosis, and candidiasis in experimental mice.

It is theorized that decreased efficacy of AME is associated
with its greater water solubility and diffusibility. In addition,
it is apparently unstable in aqueous solutions, particularly at an
acid pH, as compared with amphotericin B (Bonner et al., 1975).

Combination therapy, utilizing amphotericin B and a less toxic
agent, has been useful in minimizing toxicity due to amphotericin
B. Kobayashi et al. (1972) showed that rifampin and 5-fluorocytosine
could be used in combination with amphotericin B with good results
and with minimal toxicity due to amphotericin B. When rifampin is
used in combination with low concentrations of amphotericin B, RNA
synthesis is inhibited. The amphotericin B attacks the cell membrane
allowing the passage of rifampin into the cell to inhibit the RNA
synthesis (Medoff and Kobayashi, 1975). Toxicity is reduced with
lower concentrations of amphotericin B. Other examples of combina-
tion therapy are reported in the literature (Block and Bennett,
1973; Titsworth and Gruneburg, 1973; Huppert et al., 1974; Garriques

et al., 1973).

Clinical Efficacy and Precautions for Drug Use*

As previously mentioned, amphotericin B is the drug of choice

for most systemic mycoses including histoplasmosis, blastomycosis,

. .
Recommendations of E. R. Squibb & Sons, Inc., Princeton,
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coccidioidomycosis, cryptccoccosis, and candidiasis (Drutz et al.,
1968). Amphotericin B has little or no effect against bacteria
(Kagan, 1970; Kinsky, 1962).

Certain precautions must be exercised when using amphotericin
B. The drug is highly effective when prepared and administered
under proper supervision. Corticosteroids, anti-neoplastic agents,
and other nephrotoxic antibiotics should not be administered simul-
taneously except with extreme caution.

Renal function tests, blood urea nitrogen (BUN), and creatinine
clearance should be done periodically while the patient is receiving
amphotericin B therapy. Whenever possible, MIC studies and serum
assays should be evaluated to determine the effectiveness of the

drug as well as the potential for toxicity to the patient.



MATERIALS AND METHODS

General Plan and Considerations

Initially, Torulopsis glabrata was tested for its susceptibility
to amphotericin B by using a method known as the minimal inhibitory
concentration (MIC) test. Once the susceptibility had been determined,
an appropriate drug concentration (e.g., 100X the MIC value) was
added to samples of an overnight broth culture in preparation for

electron microscopy studies.

Fungal Strain and Culture Conditions

A stock laboratory strain of Torulopsis glabrata maintained on
Sabouraud's dextrose agar at 37 C was used as the test organism.
It was checked periodically for purity by using a battery of bio-

chemicals (see Appendix C).

Preparation of Drug Solutions

Commercial amphotericin B (Fungizone) was reconstituted with
100% dimethylsulfoxide (DMSO) to yield a concentration of 10,000 mcg
of amphotericin B per ml. This stock solution was further diluted
with Sabouraud's dextrose broth (Difco)* to 2,000 mcg/ml for use‘in

the MIC procedure. A drug concentration of 10 mcg was utilized in

the electron microscopy portion of the study.

*
Difco Laboratories, Detroit, MI.
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Minimal Inhibitory Concentration Test

Principle

A quantitative method known as the MIC test is often used to
determine in vitro susceptibility of an organism to a particular
antibiotic. The MIC is defined as the lowest concentration of the
drug that inhibits growth of the organism. The drug is serially
diluted, a specified concentration of organism is added, and the
tubes are incubated at 37 C for 24 to 48 hours. They are examined
macroscopically for growth and the MIC value is recorded as the
lowest concentration (greatest dilution) showing no growth.

To determine the minimal fungicidal concentration (MFC), or
the concentration that "kills" the organism, the tubes are subcul-
tured to a recovery medium and examined for growth. The MFC is
recorded as the lowest concentration (greatest dilution) of the drug

that caused inhibition of growth upon subculture of the samples.

Procedure

The broth-dilution method of Marks and Eichkoff (1970) was
used in this study. Twofold dilutions of the amphotericin B in
Sabouraud's dextrose broth were made in sterile test tubes. Concen-
trations of the drug ranged from 1000 to 0.03 mcg/ml. The final
volume in each tube was 1.0 ml. An inoculum of 0.05 ml of a 1:150
dilution of an overnight broth culture of Torulopsis glabrata was
added to each tube and to a control tube containing only 1.0 ml of
Sabouraud's dextrose broth. The test was done in duplicate. All

tubes were incubated at 37 C for 24 to 48 hours.
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The MIC value was defined as the lowest concentration of ampho-

tericin B causing complete inhibition of growth. The MFC was
determined by subculturing 0.05 ml of the solution in all tubes
without visible growth onto Sabouraud's dextrose agar. These sub-
culture plates were incubated at 37 C for 24 to 48 hours. The MFC
value was defined as the lowest concentration of amphotericin B
that caused complete inhibition of growth upon subculture to an

appropriate recovery medium.

Transmission Electron Microscopy (TEM)

Principle

The transmission electron microscope (see Appendix D) utilizes
electrons instead of light, and contains magnetic fields, not glass
lenses to focus electrons through the specimen to form an image on
a fluorescent screen. Since it works in a vacuum, its use is
limited to dry specimens. After fixation, dehydration, and resin
infiltration, the specimen is sectioned, stained and examined under
the electron microscope. A beam of electrons directed onto the
specimen will be only partly transmitted; the remainder will be
reflected. Thus, particles which have taken up the stain appear

dark whereas unstained components are transparent.

Procedure

Several colonies of the organism were inoculated into 100 ml
of Sabouraud's dextrose broth and incubated for approximately 16
hours at 37 C. One milliliter of a 100 mcg concentration of ampho-

tericin B per ml was added to 9.0 ml samples of the broth culture.
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An equivalent concentration of 100% DMSO was added to the control
tube. All tubes were wrapped in aluminum foil and incubated at
37 C. At specified time intervals (0, 4, 8, 12, 24 and 48 hours),
the specimens were centrifuged, the supernatant discarded, and the
pellet fixed in an equal mixture of 6% glutaraldehyde and 2% osmium
tetroxide (modification of Trump and Bulger, 1966) in 0.2 M cacodylate
buffer (pH 6.8) for 2.5 hours at room temperature. The material was
rinsed three times with 0.1 M cacodylate buffer (pH 6.8) and then
filtered onto a Seitz filter to obtain a pellet of the organism. The
pellet was enrobed in 3% molten agar. The agar was allowed to harden
and then cut into approximately 1.0 mm squares.

The cubes were dehydrated through a graded ethanol series (30,
50, 70, 95 and 100%) using 15 minute steps. They remained in the
100% alcohol overnight. An equal mixture of 100% alcohol and pro-
pylene oxide was used for 15 minutes. The samples were then trans-
ferred to full strength propylene oxide for 30 minutes. This was
followed with equal proportions of propylene oxide and Epon-Araldite
resin for 1 hour. The specimens were then placed in 100% Epon-
Araldite resin for overnight infiltration. The following day, the
material was transferred to BEEM capsules containing fresh resin,
placed in an oven at 65 C, and allowed to polymerize for 48 to 72
hours.

Thin sections of the material were cut with a diamond knife on
a Porter-Blum ultramicrotome.* The sections were placed on naked,

300-mesh grids, stained for 30 minutes with saturated uranyl acetate

*
Ivan Sorvall, Inc., Norwalk, Conn.
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and 5 minutes with saturated lead citrate (modification of Reynolds,
1963). The specimens were examined in a Philips 300 electron micro-
scope* operating with a double condensor at 60 kV.

Other fixation methods (Edwards et al., 1967; Karnovsky, 1965;
Kreger Van-Rij and Veenhuis, 1971; Hofsten and Hofsten, 1974) proved
to be inadequate for use in the electron microscopy study. Also,

a number of fixatives used alone and in combination failed to pro-

vide satisfactory results. These included: (1) 3% glutaraldehyde -

3% acrolein, with and without sucrose; (2) 1.5% acrolein - 1%
potassium dichromate, with and without sucrose; (3) 2.5% glutaraldehyde
- 2% potassium permanganate; (4) 2% potassium permanganate; and (5)

2% osmium tetroxide.

In addition, the organism was exposed to these fixatives for
various time periods (e.g., 30 min, 1 hr, 2 hrs, and 3 hrs). All
attempts failed to yield adequate structural detail. In nearly
every instance, extreme granularity was observed throughout the
cell and no internal structures were present when the above methods

were utilized. It is hypothesized that the cell wall may be wholly

or partly responsible for these inadequacies.

Viability Study

Principle

When an organism is exposed to an antibiotic, the effectiveness
of that antibiotic is related to the concentration and time of onset

of action of the drug. This effectiveness can be qualitatively

*
Philips Corp., Holland.
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determined by subculturing a portion of the solution to a recovery
medium at designated time intervals. After an appropriate incuba-
tion time, the plates are examined for colonial growth. The anti-
biotic is considered ineffective if any colonies are present upon
examination of the plates. Absence of colonial growth would indicate
sufficient time exposure and/or appropriate drug concentration to

effectively "kill" the organism.

Procedure

Samples were withdrawn at specified time intervals, as pre-
viously described in the TEM section. A portion of the sample was
washed with excess saline, centrifuged, and the supernatant discarded.
The pellet was resuspended in saline and inoculated onto Sabouraud's
dextrose agar plates. After 48 hours of incubation at 37 C, the

plates were examined for colonial growth.



RESULTS AND DISCUSSION

General

In general, the objectives of this research were accomplished.
The ultrastructure of Torulopsis glabrata possessed similar features
to that observed in other yeasts. Examination of the effects of
amphotericin B on Torulopsis glabrata showed that the drug induced
an alteration of the cytoplasmic membrane. These effects were
anticipated since it has been demonstrated that organisms sensitive
to polyene antibiotics, such as amphotericin B, bind these substances
specifically by way of the sterols in the cytoplasmic membrane
(Lampen et al., 1959; Kinsky, 1962). This binding results in dis-
tortion and malfunction of the membrane with subsequent leakage of
cytoplasmic material (Sutton et al., 1961; Zygmunt, 1966).

Minimal Inhibitory Concentration (MIC)
for Torulopsis glabrata

The MIC for Torulopsis glabrata was established for two reasons.
Initially, the MIC was performed to ccmpare the results with pre-
viously published data. Marks et al. (1971) tested 35 strains of
Torulopsis glabrata by a tube dilution method for susceptibility to
amphotericin B, 5-fluorocytosine, and clotrimazole (Bay 5097). Over
90% of the isolates were sensitive to Xl mcg of amphotericin B per

ml. The strain of Torulopsis glabrata used in this research was
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sensitive to 0.12 mcg of amphotericin B per ml. This compared favor-
ably with the results reported by Marks et al.

However, an unusual phenomenon occurred when the MIC test was
performed which deserves mention. A yellow precipitate appeared in
the series of tubes which contained from 31 mcg to 1000 mcg of
amphotericin B. The size of the precipitate increased as the drug
concentration increased. Fortunately, the test organism had a low
MIC value which presented no difficulty in determining the end point.
Nevertheless, the presence of the precipitate suggested potential
problems. For reasons not at all clear, it appeared that the drug
was precipitating out of solution.

Bennett (1964) noted that when amphotericin B was dissolved
in an organic solvent and the resulting solution was mixed with
water at neutral pH, the amphotericin B would generally precipitate
unless it was quite dilute. Depending upon the ccncentration and
the manner of mixing, the precipitated particles could be large or
small.

Marks and his colleagues (personal communication), however, did
not encounter a yellow precipitate like the one previously described.
They concurred with Dr. W. B. McDowell of E. R. Squibb, Inc. (personal
communication) that partial precipitation of amphotericin B resulted
when the drug was diluted.

Therefore, a small experiment was conducted to determine if the
precipitate was amphotericin B. A number of the tubes, which con-
tained the yellow precipitate, was centrifuged and the supernatant
discarded. A 100% solution of DMSO was added to half of the tubes.

The precipitate redissolved immediately. The same results were
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obtained when 100% dimethylformamide (DMFM) was added to the remaining
tubes. This would seem to indicate that the precipitate was ampho-
tericin B or at least a portion of it. Nevertheless, sufficient
active drug was present in the tubes to inhibit growth as, when the
MIC tubes were subcultured to determine the MFC value, no growth was
observed in the tubes which contained the precipitate. Therefore,
the results were considered valid.

The second reason for establishing the MIC value was in order
to select a suitable drug concentration for the electron microscopy
study. An appropriate drug concentration cannot be selected without
some previous knowledge of the degree of sensitivity of the organism
to the drug.

Owing to a difference in cell density in the tube dilution
assay as compared with the electron microscopy study, the drug
concentration was increased from 0.12 mcg to 10 mcg of amphotericin
B per ml. This was considered an appropriate concentration to
cause demonstrable cytological effects. The adequacy of this con-
centration was tested according to the viability studies mentioned
in the Materials and Methods section. The results indicated that
10 mcg of amphotericin B was sufficient to "kill" the organism with
48 hours of exposure. Exposure for 4, 8, 12, and 24 hours failed

to induce fungicidal effects on the organism.

Ultrastructure of Torulopsis glabrata

Control (Untreated) Cell

As far as this author knows, there have been no published

reports on the ultrastructure of Torulopsis glabrata. Consequently,
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every effort was made to establish an accurate description of this
organism. Several fixation techniques were employed, and it is
regretted that most of these did not sufficiently preserve the
ultrastructure. Possibly, penetration of the fixatives was inade-
quate to cause complete fixation. This may be wholly or partly due
to the thickness of the cell wall of the yeast.

Nevertheless, a mixture of glutaraldehyde and osmium tetroxide
(modification of Trump and Bulger, 1966) proved to be an adequate,
if less than ideal, fixative for Torulopsis glabrata. The cells of
Torulopsis glabrata were generally round or oval (Figure 4). Some
of the detail of the internal structure resembled that reported in
yeasts of other species (Agar and Douglas, 1957; Edwards et al.,
1959; Robinow and Marak, 1966; Edwards and Edwards, 1960). For
clarity, observations and descriptions of the cell components will

be presented separately.

Cell Wall. It measures approximately 180 nanometers (nm) in
thickness (Figure 5). As previously mentioned, Torulopsis glabrata
reproduces by budding. Initially, a bulging and thickening of the
cell wall occurs, which eventually results in the formation of a
bud or daughter cell (Figure 6). Once the daughter cell has sepa-
rated from the parent, a "bud scar" remains on the surface of the
parent's cell wall (Figure 6).

Frequently, mitochondria and other organelles were observed at
the budding site of the parent cell (Figure 7). Kreger-Van Rij and
Veenhuis (1971) made similar observations with Rhodotorula glutinis,

other ascomycetous yeasts, and certain basidiomycetous yeasts.
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Figure 4. An untreated (control) cell of
Torulopsis glabrata showing thick cell wall (cw),
cytoplasmic membrane (cm), mitochondria (m), storage
granule (g), bud scar (bs), and occasional tubules
of endoplasmic reticulum (arrow). The nucleus is
obscured by the large clump of dark, granular
material. These clumps may represent nuclear
material; however, no nuclear membrane can be
seen. X60,000.
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Figure 5. The cell wall is thick and measures
approximately 180 nanometers in diameter. Invagina-
tions, called lomasomes (1), are often extended into
the cytoplasm from the inner surface of the cell
wall. X112,500.
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Figure 6. A parent cell of Torulopsis glabrata
showing an attached bud or daughter cell (b). Note
the thickened area at the place of attachment (large
arrow). Also present are two bud scars (bs) which
have formed following separation of other daughter
cells. Internal detail is indiscernible. Holes
(small arrow) represent artifacts of dehydration.
X32,000.
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Figure 7. 1In early budding, mitochondria and
other organelles can be seen near the bud area. These
structures generally follow the nucleus to this area,
but occasionally precede it prior to formation of
the daughter cell. X56,250.
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Capsule. Based upon examination of a number of electron micro-
graphs, Torulopsis glabrata did not appear to have a capsule surround-
ing the cell wall. This observation was consistent and in agreement
with earlier light microscopic findings (Marks and O'Toole, 1969;

Grimley et al., 1965).

Cytoplasmic Membrane. The cytoplasmic membrane appears to

consist of two dark outer layers and a central lighter one (Figure

8). For years the membrane was believed to consist of a central

layer of phospholipid molecules, and outer and inner layers of pro-
tein. Robertson (1962) showed that the reactions of the inner and
outer layers to different fixatives are not identical. It is sug-
gested that the inner layer may consist of protein and the outer

layer of carbohydrate. Manton (1961) described the membrane as

being really tripartite and suggested the use of the term "plasmalemma"
rather than membrane.

This membrane or plasmalemma was an undulating structure appressed
to the cell wall over most of its surface. At certain points along
the membrane, invaginations could be seen. Moore and McAlear (1961)
referred to these structures as "lomasomes" and considered them
unique to the fungi (Figure 5). The function and significance of
these structures remains obscure. Similar structures, called meso-

somes, are formed by bacterial membranes.

Cytoplasm. The cytoplasmic matrix contained most of the organelles
seen in other yeasts. Ribosomes were infrequently observed throughout
the cytoplasm. When they were present, the ribosomes appeared as

small, dark, irregularly shaped particles. Generally, they are seen
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Figure 8. The cytoplasmic membrane, consisting
of two dark outer layers and a lighter central one, is
firmly attached to the inner surface of the cell wall.
X160,000.
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more often in younger than in older populations of cells. Ribosomes
may also vary in size depending upon the nutritional status of the
cell (Hawker, 1965). Vacuoles were usually bounded by a membrane
and often looked homogeneous in the electron micrographs (Figure 9).
Endoplasmic reticulum was apparent in many of the cells; however,
continuity of these structures was indistinguishable. Structures
resembling lipid or storage granules appeared as spherical, globose
objects (Figure 10).

Mitochondria of various sizes and shapes were interspersed
throughout the cytoplasm (Figure 1l1l). The characteristic cristae
pattern was lacking due to the presence of dense mitochondrial
matrix. In general, there are fewer cristae patterns in fungal
mitochondria than in those of higher organisms and they tend to be
less rigidly arranged (Hawker, 1965).

Golgi bodies were not observed in any of the preparations.

They are considered to be normally present in plant cells, but have

rarely been identified in most yeasts and other fungi (Hawker, 1965).

Nuclear Membrane and Nucleus. The nucleus was surrounded by

a nuclear membrane that appeared to be double-layered (Figure 12).
Nuclear pores and cisternae, which are frequently observed in other
yeasts (Robinow and Marak, 1966), were not visible. This might be
the result of incomplete fixation. Also, continuity of the nuclear
membrane (McAlear and Edwards, 1959) with membranes of the endo-
plasmic reticulum was not demonstrated with this technique.

The nucleus of Torulopsis glabrata was usually centrally located

within the cell and there was no irregularity in its size and shape
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Figure 9. Vacuoles (v) were occasional features
of the cytoplasm. They were usually bounded by a
membrane and often looked homogeneous. X144,000.
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Figure 10. Storage granules (g) appeared as
spherical globose structures. Remnants of the endo-
plasmic reticulum (arrow) and an occasional mito-
chondria were seen nearby. X180,000.
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Figure 11. Mitochondria (m) were interspersed
throughout the cytoplasm and appeared to be in dif-
ferent stages of development. Only partial cristae
formations (arrow) were observed. Occasional mito-
chondria were attached to the cytoplasmic membrane
and remnants of the endoplasmic reticulum. X180,000.
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Figure 12. The nucleus (n) was surrounded by
a double-layered nuclear membrane (nm). Other
organelles, mitochondria (m) and vacuoles (v) are
also present adjacent to the nucleus. Hole (arrow)
represents artifact of dehydration. X72,000.
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(Figure 12). Nucleoli, usually present within the nucleus, were
not discernible. Occasional dark chromatin-like bodies were some-
times observed within the nucleus but these were not interpreted as

nucleoli.

Treated Cell

Chapman (1962), in a study of the cytological effects of
colistin sulfate on Escherichia coli, discussed the importance of
selecting representative cells in any comparative study. In the
present study, the population represented primarily older cells,
some of which were a part of the original inoculum, and also a
number of relatively young cells. Despite this age variation,
little ‘cytological differences were noted in the control prepara-
tions when the glutaraldehyde-osmium tetroxide mixture was used as
the fixative.

It should be noted also that when a drug is added to such a
population, the response of that population will be somewhat incon-
sistent or erratic. It can be represented in the form of a Poisson
distribution curve, regarding time of response and the dosage at
which the response occurs. Some cells respond quickly to a low
dosage while others respond only at higher drug concentrations and
after a longer period (Gale, 1963).

The viability studies reported here indicate that dosage was
not a limiting factor in response, since the drug concentration used
was adequate in killing all cells after adequate exposure; in this
case, 48 hours. Cellular response was therefore a function of time.

Nevertheless, it is unlikely that the degree of response would be
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the same in all cells of this population. Replication of the pro-
cedure showed that the changes observed were relatively consistent
under the conditions of the experiment.

Gale (1963) demonstrated that amphotericin B caused a reduction
in cytoplasmic density, but that it had no effect on the nucleus and
mitochondria of Candida albicans. Characteristic changes in the
cytoplasmic membrane were undetected. This was attributed to incom-
plete fixation. These observations were made after 2 hours of
exposure of Candida albicans to 100 mcg of amphotericin B per ml.

In the present study, 10 mcg of amphotericin B required 48
hours to "kill" Torulopsis glabrata. A 100 mcg concentration of
the drug was inappropriate because of the precipitation problem.
Although this presented no problem in the MIC procedure, the precipi-
tate would have interfered with the electron microscopy study.
Therefore, a 10 mcg concentration was used for 48 hours and found
to be effective.

Amphotericin B had its most dramatic effect on the cytoplasmic
membrane of Torulopsis glabrata. A separation and apparent shrinkage
of the membrane from the cell wall was evident (Figures 13 and 14).
The cell wall, on the other hand, appeared to be intact. Similar
observations were made by Lane et al. (1972) when they exposed
Blastomyces dermatitidis and Histoplasma capsulatum to amphotericin
B for 6 hours. They also noted marked degenerative changes in these

cells which eventually led to death of the organism.
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Figure 13. Torulopsis glabrata after 48 hours
of exposure to amphotericin B. Note the separation of
the cytoplasmic membrane from the cell wall (large
arrow). Also, the cytoplasmic density is considerably
diminished. Only occasional storage granules (small
arrow) and freely dispersed ribosomes (r) could be
discerned. X40,000.
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Figure 14. Higher magnification of Figure 13
showing the separation of the cytoplasmic membrane
(arrow) from the cell wall. In addition to being
separated, the membrane appears distorted. X72,000.
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The overall density of Torulopsis glabrata, following exposure
to the drug, was relatively "electron-thin" indicating a probable
leakage of cytoplasmic material. Most of the cytoplasmic organelles
were indiscernible with the exception of an occasional storage
granule or lipid body. These results were most evident after 48
hours of exposure of the organism to amphotericin B.

When samples were withdrawn at 4, 8 and 12 hours, the cells
showed no discernible ultrastructural variation from that of the
control cell. The twenty-four hour sample of cells showed a slight
detachment of the membrane from the cell wall, but the cytoplasmic
density was maintained throughout the cell. As with the forty-eight
hour sample, internal organelles were essentially indistinguishable

(Figure 15).
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Figure 15. Torulopsis glabrata after 24 hours
of exposure to amphotericin B. No substantial varia-
tion is apparent from that of the control cell; how-
ever, a slight detachment of the cytoplasmic membrane
from the wall is evident. The cytoplasmic density
appears to be consistent with that of the control
cell. X90,400.



SUMMARY

The ultrastructure of Torulopsis glabrata and the cytological
effects of amphotericin B, as seen in ultrathin sections, are
described and illustrated with electron micrographs. Several fixa-
tives and fixation techniques were employed. It was discovered that
the ultrastructure of Torulopsis glabrata could best be demonstrated
using a combination of glutaraldehyde and osmium tetroxide.

The ultrastructure was similar to that reported by authors who
have studied other yeasts. A relatively thick cell wall (180
nanometers) and a double-layered cytoplasmic membrane were consistent
features. Mesosomal-like appendages were frequently extended into
the cytoplasm. Ribosomes, vacuoles, storage granules, mitochondria,
and endoplasmic reticulum were also present within the cytoplasm.

The cytological effects of amphotericin B on Torulopsis glabrata
were quite striking. The most dramatic effect of the drug was an
alteration of the cytoplasmic membrane. Following 24 to 48 hours
of exposure to amphotericin B, the cytoplasmic membrane of Torulopsis
glabrata had separated from the cell wall but appeared intact.

Cytoplasmic density was reduced and was attributed to a leakage
of intracytoplasmic material. Since decreased electron scattering
can only be explained by a reduction in cell density, it follows that
such a decrease in density can occur only through leakage of material
across a permeable membrane.
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APPENDIX A

NOMENCLATURE

ANAEROBIC: A term used to describe an atmosphere free of molecular
oxygen.

ASCOSPORE: A spore formed as a result of sexual reproduction
developed in a sac-like cell known as an ascus.

ASCUS: A sac-like structure, characteristic of the ascomycetes,
in which ascospores are produced.

ASPOROGENOUS: Lacking the ability to produce spores.

ASSIMILATION: A form of metabolism that involves a building up or
synthesis of material by the cell.

BUDDING: A form of asexual reproduction typical of yeast, in which
a new cell is formed as an outgrowth from the parent cell.

FERMENTATION: Anaerobic oxidation of carbohydrates by enzyme action
of microorganisms.

FUNGEMIA: The presence of fungi or yeasts in the blood.

MYCELIUM(A) : Mass of threadlike filaments, branched or composing
a network, which constitute the vegetative portion of the
fungus.

OXIDATION: The process of combining with oxygen, or the loss of
electrons or hydrogen.

PHARMACODYNAMICS: The study of drug effects and the handling of
drugs by the body.

PSEUDOHYPHAE: A false tubular-like structure formed by certain
yeasts (e.g., Candida albicans) in the presence of human or
fetal bovine serum.

SEPTATE: Possessing cross wells within the hyphal structure of
certain fungi.

SPORE: A small reproductive unit or body, functioning like a seed,
that is produced by the organism.
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THERMOLABILE: Destroyed by heat at temperatures below 100 C.

THERMOSTABLE: Relatively resistant to heat (resistant to tempera-
tures of 100 C).
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APPENDIX D

CROSS SECTION OF A SINGLE-CONDENSOR ELECTRON MICROSCOPE
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A simplified section through a simple single-condensor 4-lens medium
performance electron microscope.¥

x
From G. A. Meek, Practical Electron Microscopy for Biologists.
Wiley-Interscience Ltd., p. 98, 1971.
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