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CHAPTER I

INTRODUCTION

Blastomyces dermatitidis, Sporotrichum schenckii and Histoplasma

capsulatum are fungi which cause systemic infections in man and animals.
These organisms display temperature-dependent cultural dimorphism.

Salvin (1949) noted that incubation of cultures of B. dermatitidis at

room temperature (25 C) resulted in typical mycelial growth, while
incubation at 37 C resulted in yeast-like cultures. Kligman and Bald-
ridge (1951) found similar results for S. schenckii and H. capsulsatum.
Other factors involved in dimorphism, such as growth media, sulfhydryl
compounds, irradiation, age and nutritional factors have been reviewed
by Scherr and Weaver (1953) and Scherr (1957).

Natural infections caused by these fungi generally result from
the inhalation, ingestion or implantation of spores produced by the
mycelial phase. Following implantation of spores in the host animal,

they germinate into the yeast-like, parasitic form. B. dermatitidis

is the etiological agent for North American Blastomycosis (Blastomyco-
sis, Gilchrist's Disease). The infection, which is a chronic granulo-
matous and suppurative disease, usually originates as a respiratory
infection and then can disseminate to other organs, mainly those of the
pulmonary, cutaneous, osseous, genitourinary and central nervous
systems. Sporotrichosis is most commonly a localized, subcutaneous,
lymphatic infection resulting from implantation of S. schenckii spores.
The disseminated form of the infection is much less common and involves

lesions of the oral and nasal mucosa, orchitis, mastitis, pulmonary
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involvement, periostitis and osteomyelitis. 1In rare instances involve-
ment of visceral organs may occur. Histoplasmosis (Darling's Disease),
caused by H. capsulatum, generally results from inhalation or inges~
tion of the spores and is manifested by a primary, granulomatous

lesion. The disease is usually respiratory in origin and may 1esult in
an asymptomatic, acute or chronic pulmonary infection. Disseminated
forms of the disease often involve the reticuloendothelial system
resulting in granulomatous lesions of the lungs, spleen, adrenal, liver,
kidney and lumphatic tissue. The skin and central nervous system may
also be involved.

Experimentally, Rowley and Huba (1955) found they could indace
laboratory infections in mice with H. capsulatum and that there was ns
apparent difference in the death-producing effects of either the
intravenous (I.V.) or intraperitoneal (I.P.) route of infection.

Similarly, Mackinnon (1959) working with B. dermatitidis found that

induced infections in white mice resulted in metastasis similar t>
that found in man suffering from a natural infection. He obtained
similar results in animals inoculated by the intramas:ular, I P. and
I.V. routes, Kleigman and Baldridge (1951) found that I.P. iajeccion
of S. schenckii into mice resulted in orchitis within 10 days while,
Denton et al., (1961), reported that mice could be experimentaluy

infected with B. dermatitidis by the I.V. route. In addition, Ma:-

kinnon (1951) reported that mice could be experimentally infected

with B. dermatitidis by the respiratory route. Later Cozad and Larsh

(1962), using an aerosol, found that mice were infected by relatively

small numbers (5-22) of H. capsulatum yeast-phase cells.
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Although experimentally induced infections are possible with
the three organisms, Brandsberg et al. (1963), demonstrated that various
animals exhibit different levels of susceptibility when injerted 1.V,

with B. dermatitidis. Having tested guinea pigs, goiden hamsters,

albino rabbits, white rats and white Swiss mice, they reported that
mice and hamsters were the most susceptible. In additicn, Lodmell
(1963) found that female white mice of the Webster strain were wore
susceptible than males of the same strain.

Increased pathogenicity of H. capsulatum was noted by Howell
and Kepkie (1950) when they found that cells suspended i1n hog gastrac
mucin produced a larger percent of deaths 1in mice tharn simi!a: dosages
suspended in saline. Similarly, Salvin (1954) reported 20 per-an:
more deaths 1n mice injected I.P. with H. capsulatum suspended iv
gastric mucin than similar saline suspensions. Campbeli and Sas.ow
(1950) found that following I.P. injection of mucin-suspended H.
capsulatum, they could consistently recover orgenisms 30 dsys tc:liwing
inoculation while, the same organism was only rarely is.lated Ioilowing
injection of saline-suspended cells,

Studies of the pathogenic fungi with respect to thzir grow:h
requirements have been investigated by several workers Boiliday and

McCoy (1955), working with B. dermatitidis, found that biotin was

necessary to culture this organism, and that the degree or growil was
proportional to the concentration of the biotin. Saivin (1949) repcrted
that the yeast phase of H. capsulatum required accessory growth factors
for development, namely, biotin and a reduced sultur compound. Pine

(1957) studying 11 strains of yeast-phase cultures of H. :spsulatum
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stated that thiamin was required for maximum rate of growth by 8 of
the 11 strains while both biotin and thioctic acid were required by
one strain. By contrast he found that deletion of any single vitamin
or group of vitamins was without any apparent effect on the rate or
amount of mycelial growth obtained at 25 C. Gilardi and Lafter (1962)

concluded from their experiments that B. dermatitidis synchesized its

own vitamins and that it utilized 21 carbon and 25 nitrogen compcunds
as the source of the respective elements.
Bernheim (1942) reported that both the natural and nonnatural

isomers of amino acids increase the oxygen uptake of B. dermatitidis.

Later Cozad et al. (1958), found that all the L-forms of amino acids
they tested stimulated oxygen uptake of H. capsulatum, with the excep-
tion of L-arginine. None of the D-forms tested showed any effs:t upon
the respiration of the fungus. In addition, Gilardi and Loirer (1962)
discovered that if a liquid medium was supplemented with casamino acid
and biotin, no additional amino acids or vitamins were nscessary for

growth of B. dermatitidis.

Short chain fatty acids were found to be readily oxidized by B.

dermatitidis; however, it was found that long chain fatty a.ids inhibited

oxygen uptake even with the addition of other substrates. (Bernheim,
1942). Similarly, Cozad et al. (1958), found that the lower tatty acids
from acetate through butyrate stimulated respiration whiie sodium oleare,
one of the higher fatty acids, inhibited oxygen uptake. Later Gilardi
and Loffer (1962) also reported that "Tween 80" inhibited respiration,
indicating that the oleic acid of this substance could be the inhibitory

factor., This inhibition was found by Pine (1954) to be easily reversed
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by the addition of albumin or starch. It was postulated by Pine that
albumin could function by binding heavy metals, react with mercaptan or
serve as a source of -SH groups. However, the most probable function
of albumin and starch is to bind excess faty acids and/or supply
stimulatory peptides,

Carbohydrates also induce various effects on the oxygen uptake of
pathogenic fungi. Levine and Novak (1950) reported that the hexoses,

glucose and mannose stimulated oxygen uptake in B. dermatitidis while,

galactose and fructose did not. Among the pentoses studied only xylose
stimulated oxygen uptake while incubation with ribose, arabincse and
rhamnose showed no increase in respiration over that of the erdcgenous.
Cozad et al. (1958), found that with H. capsulatum, glucose, mannose,
fructose, xylose and maltose stimulated oxygen uptake whils, la_tcse,
sucrose and arabinose were without effect. Galactose was alsc fcond to
stimulate oxygen uptake in H. capsulatum (Garrison, 1960}.

The optimum hydrogen ion concentrations for respiraticn was found
to vary by different workers. Pine (1954) reported that a pH ot 6.5
was optimum for the in vitro growth of yeast phase H. capsuiatum and
that a pH of 7.0 resulted in complete inhibition of growth after 2 to 4
days. He suggested, however, that this inhibitory effect was due not
to the pH but rather to the inactivation of available -SH groups. In
addition, a rather wide pH range of 5 to 8 was noted for the endogenous
respiration of H. capsulatum. Exogenous glucose oxidaticn, however,
showed a definite optimum at pH 7.0. Endogenous and substrate oxidation

by B. dermatitidis was found by Levine and Novak (1950} to have an

optimum pH of 6 to 8. Furthermore, they pointed out that this range
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includes pH values normally found in animal tissue and would assure
a hydrogen ion concentration conducive to parasitic existence.

The effects of ultraviolet irradiation have been studied exten-
sively with bacterial cells and to a lesser extent with fungal cells.
Dimond and Duggar (1941) found that susceptibility to irradiation
among various nonpathogenic fungi was quite wvaried. They concluded
that a combination of differences in pigmentation, size of spores and
number of nuclei may have accounted for this variation. In addition,
they noted that older cells appeared less susceptible to the eiffects of
irradiation than younger cells. Also, it is generally accepted that
the ploidy state of an organism is an important factor in its resistance
to radiation (Pomper and Atwood, 1955). Bacq and Alexander (1961)
stated that of the yeasts, the diploid organisms are much mcre resist-
ant to ultraviolet and ionizing radiations than hapleid ceils. The
mortality curve of diploid yeasts is sigmoid in nature while the haploid
yeasts exhibit a straight line. Studying the effects of irsadiacion,
Rothstein (1957) found that respiration and fermentation were noi as
sensitive to ultraviolet irradiation as was cell division. He also
observed that under cettain conditions a marked stimulation of respira-
tion was noted. Kelner (1953) found that the endogenous respiration

of Escherichia coli was not affected by irradiation even at high dosages.

Exogenous respiration was not apparently affected at first; however,

the oxygen uptake gradually declined with longer periods of exposure.

In addition, Heinmets and Kathan (1954) found that the oxygen uptake of
bacterial cells was only slightly inhibited if the irradiated cells were

tested in the presence of glucose. With B. dermatitidis, Lodmell (1963)
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demonstrated that glucose stimulated the oxygen uptake of both fresh
and starved cells, but that ultraviolet irradiation decreased the
respiration of both.

Ultraviolet irradiation just sufficient to block cell division
has been shown to have little effect on the synthesis of DNA and RNA
and protein. However, as the dose is increased, inhibitions occur and
DNA synthesis appears to be the most sensitive (Rothstein, 1959).
Barner and Cohen (1956) postulated that ultraviolet absorbed by the
DNA molecule resulted in the breaking of a critical bond (s) with the
formation of toxic products. Rothstein (1959) found that when DNA is
irradiated in solution with ultraviolet light at 254 m., loss of
transforming activity and changes in the physical-chemizal properties
of DNA could be detected. Working with D. pneumoniae and B. subtiiis
he stated that the loss of biological activity depended on the genetic
marker under investigation as well as on its size and molecular
weight of the DNA being irradiated.

Beukers and Berends (1961) reported that ultraviolet irradiaction
of thymine resulted in its conversion to mixed dimers. Later Klcuwen
(1962) found that ultraviolet irradiation was mainly absorbed purine and
pyrimidine bases resulting in dimerization which prevented uncoiiing of
the helix structure of the DNA molecule.

Recovery of irradiated cells has been shown to occur becteéer on
media not considered optimum for growth of the unirradiated cells.
Nevell (1955) and Roberts and Aldous (1959) found that best recovery was
effected on chemically defined media rather than on nutrient agar or an

enriched medium containing concentrations of animal or vegetable extracts.
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Similarly, Ramage (1961) found with Shigella sonnei that the medium

which supported the best growth was poorest for recovery of ultra-
violet irradiated cells. In contrast, Lodmell (1963) reported that

irradiated cells of B. dermatitidis required a rich medium (Blood

agar, SAB, Brain Heart Infusion) for growth and recovery.
Puromycin, previously known as tetracycline and antimycin is an

antibiotic produced by Actinomyces alboniger (Porter et al., 1952).

N(CH3)2
N
C 1]
HOCH, g Ni N
NH
|
O=C—(|JH—CH2-— —OCH 4
NH,
PUROMYCIN
NH?
~
N N

o

' N
R OCH2 0

0

0=C~-CH—R

NHp

The amino acid-bearing end of tRNA. R represents the remainder
of the amino acid residue, R' represents the remainder of the RNA
polymer (Nathans and Neidle, 1963).
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The structure was determined by Waller et al. (1953), and shown to
consist of an amino-nucleoside linked to the amino acid p-methoxy-
phenylalanine. Inspection of the structure shows that it can be re-
garded as an analog of adenosyl-phenylalanine; specifically of the
terminal groups of the phenylalanyl-transfer RNA (tRNA) (Darken, 1964).
This antibiotic has a broad range of biologicsl activity, in-
hibiting the growth of bacteria, protozoa, parasitic worms, algae
plants and mammalian cells (Nathans, 1964). 1In spite of this range of
biological activity, broad clinical use of purcmycin was never realized,
owing primarily to its nephrotoxicity. In addicrion, the antibioric
appears to be readily absorbed by virtually all tissue and is rapidly
excreted by the kidneys (Sherman et al., 1954-1955). Alchough puro-
mycin lacked widespread clinical use, it has proved of great value in
investigative work as a specific, reversible inhibitor of protein
synthesis (Darken, 1964). The observations of Creaser (1955), first
indicated that puromycin inhibits protein synthesis in bacteria. He

noted that this inhibition was manifested by complete absence of induced

B-galactosidase synthesis in Staphylococcus aureus. Further evidence for

the inhibitory effect of puromycin on prcrein synthesis was established
in 1959 by Yarmolinski and de la Haba. Its suppression of protein
synthesis in vivo was first demonstrated by Gorski et al. (196l).
Takada et al. (1960), noted that in grcowing bacreria, the overall
rate of protein synthesis was markedly reduced in the presence of puro-
mycin; however, RNA and DNA syntheses continued at an approximately
normal rate. Subsequent removal of the drug resulted in restoration of

protein synthesis and growth. 1In E. coli 15T, Sells (1964) fcund that
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the antibictic inhibits protein formation while allowing ribosomal and
transfer RNA to accumulate. In reticulocytes, puromycin promotes a
rapid nonenzymatic release of soluble prcteins from the ribosomes
(Zamecnik, 1962 and Morris et al. , 1962). Zamecnik (1962) suggested
that puromy:in might act by interrupting the synthesis of hemoglobin at
the ribosomal level. The anribiotic could thus a:t as a substitated
amino acyl-tRNA to block completicn of the protein chain: at various
points and result in the egeparation of the inccmplete peptide chain
from the ribosomes; eath chain carrying a terminal puromycin mclecule
(Brockman and Anderson, 1963).

Yarmolinski and de la Haba (1959) f:iund thar pusomyein not only
inhibited 1nzorporation of Cla—leucine 1nts protela in a cell free
preparation from rat liver, bur also innibired the transter o: Chr-
leucine f:z:om Cla-leucyl—tRNA to ptotein in the same sysctem. Alrfhouagh
the r:anster of the amino acyl residues from tRNA to the ribosomes was
strongly reduced, Yarmolinski and de la Haba ¢1959) tound thar che
acrivation of aminc acids and the formarion ci awino acyl-:zRNA was not
affected. This work was later confirmed by vcn der De:kszn and Hultin
(1960) using Cla-valyl-tRNA. Nathans and Lipmann (1961} also conti.rmed
this werk with a cell-free system or riboscmes or E. cely.

The structural requirements fo: puromycrn inhibition cf amino atid
transfer was stadied by Nathans and Neidle (1963) by examiniog the
effects otr analogs and isomers ot puromycin in the E. <oii ribosomel
system: Their major ccnclusions with regard to the structural specificity
of puromycin were: 1) Both the amino nucleoside and amino acid are

required (Yarmclinski and de la Haba previously observed that removal of
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the purine base resulted in loss of activity) 2) The aminc nucleoside
must be substituted at the 3'-position 3) The amino acid must be of
L-configuration 4) Aromatic amino acid derivatives are by far the most
potent, where as derivatives with certain amino acids are inactive

5) Compounds with a dipeptide side chain are inactive. Great differ-
ences in the activity of puromycin-like compounds with different amino
acids were noted by Nathans and Neidle. They found that substitution
with glycine or proline led to analogs with no activity, whereas substi-
tution with leucine gave slight activity and with phenylalanine or
tyrosine, marked aitivity. Nathans and Neidle state that the basis for
this specificity is unknown, but could reflect a tighter binding of the

aromatic amino acyl derivative to the inhibited site.

0
)

c

Y
|

NH

|

N
\N/C\N/

HN

NH,-C

8-AZAGUANINE

It was demonstrated by Roblin et al. (1945), that the guanine analog,
8-azaguanine produced marked but reversible inhibition of growth among
a variety of bazteria. Kidder and Dewey (1949) found that & similar

inhibizion occurred with the guanine-requiring organism, letrghymena.

Similarly, Kidder et al. (1949), Sugiura et al. (1950), and Finkelstein

and Thomas (1951), reported that the development of some viruses was also

inhibited by this purine analog. Mangalo and Wachsmal (1961), stated that
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the addition of 8-azaguanine to exponentially growing cells of Bacillus

megaterium resulted in inhibition of growth after a lag period of ap-

proximately 30 minutes. In addition, they noted that this inhibitory
effect could be reversed by addition of purines and their derivatives,
but not by uridine, thymidine or cytidine. It was also reported by
Kidder et a2l. (1952), Smith and Matthews (1956) and Hoilinshead (1963)
that 8-azaguanine 1s especially bacrericidal under condiciions where

active growth is taking place. Mangalo and Wachsman (1961) found that

growth of B. megaterium in the presence of a complete amino acid mixture

either before or during exposure to the analog, incrzased the tate of
killing. Kidder er ai. (1952), also found that the iuvhibicion ratic 1s
unusual inasmuch as approximately 50 molecules ot the n«tursl purine
must be added tc the culture medium to overcome the effect ¢t 1 molecule
of the inhibizor.

One exp.anation propesed for the inhibition by 8-azaguanine is
that it is incorporated into nu. 'eic acid, torming an abnormal-Iiahibitory
product (Kidder and Dewey, 1949). The first dire:ct evidence for this
inccrporation was repcrted b Mit:cheil et al. (1950), whaen they obtained
some evidence from tracer studies indicating the inco:poration oi this
analog inco the nu~leic azids ot both tumor tissie and nontumor tissue
of tumor-~bearing mice. In 1959, Chantrenne and Devreux stared that in
the presence of 8-azaguanine the prctein syn-hesis ot Bacillus careus is
strongly inhibited and the formaticn ot consctituciie penicillinase 1s
completely destroyed. These workers alsc found that low concentrations

of the analcog which wzre suff:-ient to blo-k peniziliinase focmation

did nst change the rate of DNA synthesis. However, higher concentrations

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



13

caused an initial slight inhibition which became much stronger after
about one doubling of the DNA. In addition, they found that 8-aza-
guanine increases the rate of RNA formation while being incorporated
into the RNA molecule; as much as 40 percent of the RNA guanine was

replaced by the analcg.

6~AZAURAC.L

The uracil analog, 6-azauracil was found by Handschmacher and
Welch (1956} to be a comp:z 1ti.e antagonisc of wuc2z.. L and aridipo=2 1in

a strain of Lactobacillus bulgaricus, able t3 irisize ur=Iil to. growth

and a noncompetitive 1unhibitsor ot growth on orotare. In additi-m, they
found that 6-azaura.il nct only inhibits those organisms dependent
upon exogenoisly supplied pyrimidines, buft aiso otters in which desiva-
tives of uracil are synthesized endogencus.iy Schind.er and Wel:h
(1957) reporred that the ura:ii analog was aisc an inhibitor of several

experimental tumcrs, including sarcoma 180 in mi-e. In contrast, how-—

H
bt
®
r«’
r
n
0
o]

ever, 6-azauracil appears to exhibit no in vitrc inhibitory erf
tissue <ultures of HelLa c£<lls or mouse fibrcblasts.
Handschumacher (1957) and Schindle: and Wel:h (1957) reporticg on
studies on nucleoside and nucleotide metabolites of the analeg isolated
from the culture medium or from the inhibited ceils, suggest that 6-aza-

uracii might first be converted to phosphsoryliated dexivarives or its
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riboside in order to become an effective inhibitor. Schindler and

Welch (1957) working with the sarcoma 180 cells in tissue culture,

found that 6-azauracil in concentrations as high as 5 mM was completely
inactive as an inhibitor. This finding coupled with their observation

of the in vivo inhibitcry effect on sarcoma 180 cells in mice led them

to suggest that the in vivo observation might be atcributable to a
metabolite of the analog formed by the liver or other normal tissue.

A possible metabolite, they suggest, could be the phosphorylated riboside,
6-azauridine, since this derivative is also formed by certain miciro-
organisms and inhibits the growth of 6-azauracil-resistant strains that

emerge when Streptococcus faecalis is grown in the presence c¢f 6-azauracil.

Sokoda (1958) found that orotic acid, orotidine 5'-phosphace and
uridine 5'-phosphate accumulate in the culture medium of E. coii B fol-
lowing incubation with 6-azauracil.

Shigiura (1962) reported that the inhibitory capacity of 6-azauracil
was enhanced with the exogencus addition of adenine and adenine dexiva-
tives, while Otsuji and Takagi (1958) found that exposure of E. coli K-12
in salt-glucose medium to 1 ug/ml of the uracil analog caused inhibition
of growth.

Habermann (1960) states that with E. coli and B. cetreus, after
addition of 6-azauracil a temporary blocking of gr:wth and RNA synthesis
was observed. Ccncommitantly, a gradual cessation of protein synthesis
was noted; however, Habermann suggests that this is secondary and is not
directly inhibited.

Otsuji and Takagi (1958) suggest that the inhibitcry eftect of

6-azauracil on intact cells is not entirely directed toward formation of
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"abnormal'" nucleic acid and protein formation. Rather, a definite
accululation of N-acetyl amino sugar esters noted 30 minutes after the
addition of the uracil analcg suggests, in part, an interference with
utilization or function of uridine nucleotide compounds especially in

the synthesis of cell walls.
CH

VITAMIN K-5 (SYNKAMIN)
2 methyl-4 amino-1 hydroxynaphchaliene

Vitamin K-5 (Synkamin) is a synthetic preparation uasad thera-—
peutically for the prevention or zZorcez<ion of hypoprothirombinemia
due to Vitamin K dszficiency. In contrast £o -he natural Vitamin K,
which 1s fatr soluble and dependent on rhe presence of bile for the
adequate absorption, Vitamin K-5 is warer—-soiuble and 1s readily absorbed
in the absence of bile (Merck Index, 7th Edition).

In addition ot its therapeutic wvalue, particularly in children,
Vitamin K~-5 has also been shown to have antibacterial properties.
Fosdick et al. (1942), reported that small amounts of synthetic Vitamin
K (2-methyl-1l, 4-naphthoquinone) prevenied the production of acid when
saliva-glucose mixtures were incubated. Armst:-ng and Knutson (1943)
concluded that this efrect of 2Z-mechyl-1, 4~naphthoquinone was due to
the quinone structure of the compound and found that the same results
could be obtained, in varying degrees, with other naphtho-, tolu- and

benzoquinones. Later the antibiotice Fumigatin and Actinomycin were
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reported by Waksman and Woodruff (1942) to exhibit antibacterial
properties and also, that they contained a quinone group.
Testing the vitamin analog against coagulase-positive strains of

Staphylococcus, Armstrong et al. (1943), concluded that the antibacterial

properties of Vitamin K-5 could be explained by its rezdy oxidation to
the corresponding 1l=-4 naphthoquincne.

Comparing the antibacterial activity ot three analogs of Vitamin K,
Vitamin K-5, Hykinone (2-methyl-1, 4-naphthoquincne scdium bisulfite),
and Synkayvite (tetrasodium 2-methyl-l, 4-naphthohydroquinone), Kimler
(1950) found that the Vitamin K-5 analog was the most etrective, while
the other two were necarly devoid of antibacterial progextizs. He
concludes that this was due, for the most part, to ¢he presence of the
free aminc grcup at the fourth carbon. Similarly, Swar<zmen (1948) found
that Vitamin K-5 was an effective antibacterial agent apgainst both gram
positive and gram negative organisms. He found the cormpound strengly
effective against gram positive ba<teria in the preszence of both casein
hydrolysate and blood ser.m, and agalnst gram negative crganisms 1in
syntheti . media He also reported that the antibacterial activity of
Vitamin K-5 was related to air oxidarion and that excvessive oxidation
brought about a lcss of activity. He suggested that the antibacterial
activity of the vitamin analog was due to an intermediate state of
oxidation by air which possibiy takes place immediately upon diss>iving
the substance. However, he also states that the presence of an amino
group plays an important role in 1ts antibacterial activity.

In spite of this biological a:taivity, 1t appears that Vitamin K-5

is not toxic to individuals or animals and that side effects are
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negligible when given in appropriate doses. However, Allison (1955)
reported that excessive doses of the vitamin analog could have the
potential of causing hyperbilirubinemia, hemolytic anemia and kernicterus.
Lauranze (1955) also reported that 6 newborn children developed clinical
signs of kernicrerus and died after receiving Vitamin K-5 for 3 days.
Moore and Sharman (1959) found that in mice and rats deticient in Vitamin
E, an 1ntense hemog.cbinurea resulted fcllowing intramuscular injection
of the vitamin analog. The effect, however, was temporary and both
animals and their urine appeared normal following 24 hours. Experi-
mentally, Skimkin (1941) noticed that I.P. injections of Vitamin K-5 in
low concentrations 1n mice prcduced no observable toxicity except for a
slight discoloration of the urine. In high -cucentrations, however,
marked hemorrhagi: extravastion in the renzl tubules and in the liver

oz-urred and if death occurred, it was due to respivatory failure.
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CHAPTER II
STATEMENT OF PROBLEM
This investigation was undertaken to study the relative
pathogenicity of normal- and inhaibitor-grown systemic pathogenic

fungi and the possible relationship of nucleic acid content,

respiration and ultraviolet sensitivity to infectivity and

viabilaity.

i8
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CHAPTER III

MATERIALS AND METHODS

I. GENERAL MATERIALS AND METHODS

(1) Organisms Emploved.

Two strains of Blastcmyces dermatitidis were used in this

investigation: strain 6046, obtained from the Rocky Mountain
Labcratory, U.5.P.H.S5., Hamilton, Montanaj; and strain LBa, obtained
from the Carolina Biolcgi:-al Supply Company, Burlingron, North
Carolina. Two additicaal organisms were also included in this study:

Histoplasma cagsulatum, strain 10230, obtzined fr.m the Amecicun Iype

Culture Collection, Washaington D.C.; and Spor.trichum schenckii

obtained from the Communicable Disease Center, U S P.H.S5., Atlanta, Ga.

(2) Buffer and Saline Solutions

The sterile phosphate-buffered saline (SPBS) used throughout
this 1nvestigation consisted of 180 ml of 0.1M K2H?04, 120 m1 of 0.1M
KH2P04, 700 mi or distilled water and 8.5 g NaCl. The pH of this
solution remained 7.0 after sterilization at 121 C for 15 minutes,

Sterile and nonsterile phosphate-buftered sclutions used in pre-
paring media and in experimental studies ccnsisted of 180 ml of
0.1M KZHPOA’ 120 ml1 of 0.1M KHZPOQ and 700 ml distilled waces. Following
addition of the medium, the solutions were autoclaved.

Unbuffered saline solutions were prtepared by adding 8.5 g NaCl to

one liter of distilled water.

19
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(3) Culture Media and Maintenance of Cultures.

Stcck cultures of all organisms were grown and maintained
on Sabouraud Dextrose Agar (SAB) slants, pH 7.0 (Baltimore Biological
Laboratory). Yeast phase cultures were in:zubated at 37 C and were
transferred every 10 to 14 days. Stock cultures were checked
periodically fcr contamination by microscopic examination.

Cultures for experimental use were grown in Bacto-Eugon
broth (Difco). The phosphate buffered medium was dispensed in
150-m1 aliquots into 1000-ml erlenmeyer flasks and sterilized in the
autoclave for 15 minutes at 121 C. Following inoculation of the
media, the cultures were placed on a platform shaker and incubated
at 37 C. The shakers were adjusted so as to just break the surface
and allow for aeration of the liquid medium. Organisms cultured in

this manner are referred to throughout this thesis as "'mormal'' cells.

(4) Prepararion of Cells.

A variety of cell suspensions and con:-entrations were used
throughout this investigation. However, initial procedures in pre-
paring the suspensions were conducted in the following manner. Five-
day yeast phase cells were transferred in 10-ml aliquots to sterile
tubes and centrifuged ar 2,000 r.p.m. in an International Clinical
Centrifuge for 10 minutes. The cells were then washed tour times with
5-ml al_quots ot SPBS. If higher concentrations of cells were
necessary, additional aliquots from the culture flasks were added
following the first centrifugation. The cell suspensions were then

diluted to a volume of 50 ml., This 50 ml of suspension was placed in
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a Waring blender and agitated at low speed for 10 to 15 minutes at
approximately 8 C to assure separation of all cell aggregates.
After blending, aliquots were removed and their optical densities
adjusted with a Coleman Junior Spectrophotometer at 600 mu. In
some cases, further treatment of the cell suspension was necessary
as warranted by the experiment in question.

Mycelial phase cells were filtered aseptically on Whatman No.
1 filter paper disks in a sterile Buchner funnel. The cells were
stirred periodically during filtration with sterile glass rods. The
washing procedure was repeated four times after which the cells were
transferred to sterile vials and resuspended in 0.85 percent SFBS.

In most cases the cell suspensions were further treated as required

by the experiment and as described under Experimental Methods.

(5) Plate Counting Method.

Phosphate-buffered SAB at pH 7.0 was used as the plare count
medium Standard plate counting methods were employed using the Quebec
Colony Counter for counting colonies on the plates. When possibie, all

colonies on the plates were counted.

{(6) Ultraviclet Light Scurce and Proceduvre for Irradiation.

The sourze cr ultraviolet light was a Minerallight, Model SL
2537 short wave lamp. Factory rated, the maximum output of the lamp
was approximately 2,537 R at 5 Qatts. The distance from the mercury tube
to the bottom of the 100-ml beaker was 15.5 cm 1in all experiments. This

distance established a dose rate of 18.5 ergs/mm2 per second as measured

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



22

by the method of Jagger (1961). Cells which were to be irradiated were
suspended in SPBS and the optical density adjusted to 0.525 at 600 mu.
Aliquots of 20 ml were transferred to sterile 100-ml beakers. The out-
put of the lamp was allowed to equilibrate for 5 minutes befecre
irradiating the cells. During irradiation the suspensions were
constantly rotated on a Yankee Rotator at 180 r.p.m. A cabinet was
constructed to enclose the rotator and lamp and all work was conducted
in a darkened room., Following irradiation 1-ml and O.1-ml of 1:10 and

1:100 dilutions of the cell suspensions were plated. All plates were

incubated in a moist chamber at 37 C for 7 days.

(7) Mice.
Mice used throughout this investigation were 21~ to 26-day old
females of the CFW strain originally obtained from the Rocky Mountain
Laboratrory, U.S.P.H.S., Hamilton, Montana. The colony was maintained in

the Micrcbiology animal quarters, University of Montana.

IT. EXPERIMENTAL METHODS AND PROCEDURES

(1) Culture Methods for Inhibitor Grown Cells.

The inhibaitors used in this study were the analogs 8-azaguanine
(Nutritional Biocchemicals Corporation), 6-azauracil (N.B.C.) and the
antibiotic, puromycin (N.B.C.). The analogs were added to separate
flasks containing phosphate-buffered Bacto—-Eugon broth and then autoclaved
for 15 minutes at 121 C. Swinney filtered Puromycin was added aseptically

to previcusly autoclaved phosphate-buffered Bacto-Eugon broth. The
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concentrations of these agents for the organisms grown are summarized in
Table 1. Organisms grown in the presence of 8-~azaguanine, 6~azauracil
or puromycin are referred to as ''inhibitor grown cells" throughout

this thesis., Following inoculation of the culture media the flasks

were 1ncubatred in the same manner as the normal cells.

(2) Studies to Determine Tolerance Levels to the Inhibitors.

A, Tolerance Levels of Microorganisms to the Inhibitors.

Yeast phase cells of all the organisms were employed. Melted
phosphate-buffered Eugon agar was dispensed in 10-ml aliquots into test
tubes and incubated in a 55 C water bath. Two~fold dilutions of
8-azaguanine and 6-azauracil were made starting, in each case, with a
concentrarion of 50 mg/ml. The two-fold dilutions were carried through
seven tubes resulting in a low concentration of 0.39 mg/ml. The tubes
were then capped and sterilized at 121 C for 15 minutes. Following
sterilization the media were poured into sterile petri plates and allcwed
to solidify. Two-fcld dilutions of puromycin were also made by adding
filter-sterilized puromycin aseptically to the first tube of each series
of melted sterile Eugon agar at 50 C. The final concentration of puro-
mycin in the first tubes was 200 ug/ml. Two-fold dilutions were carried
through 6 tubes in each series, resulting in low concentrations of 3,125
Lg/ml. The media were themn poured into ;terile petri plates.

Five-day yeast phase cell suspensions in SPBS were prepared as
previously described. The optical densitites in each case was adjusted

tc 0,525 at 600 m.. All plates were inoculated with 1-ml aliquots and

incubataed in moist chambers at 37 C for 10 days. The highest concentration
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of the inhibitors showing appreciable growth were used for further

studies.

B. Tolerance Levels of Mice to Vitamin K-5.

Several methods of preparing the Vitamin K-5 solution were
attempted resulting in varying degrees of success. The procedure
finally employed was to suspend Vitamin K-5 in previously sterilized
0.15M phosphate buffer. Though some flocculation occurred, the sus-
pension was constantly agitated to provide a uniform suspension. Two-
fold dilutions of the Vitamin K-5 solutions were used for initial
screening. The highest concentration was 10 mg/ml. Two-fold dilutions
were carried through 6 series, resulting in a low concentraticn of
0.3125 mg/ml. Ten mice were injected with Vitamin K-~5 in each series,
and 10 received sterile phosphate buffer as control. All mice were
injected with 1l-ml doses intraperitoneally. Surviving mice were
reinjected 48 hours later with the same concentration. This was repcated
every 48 hours for as long as the mice survived or until a maximum of 15

doses had been administered. All mice were autopsied upon death.

(3) Analytical Methods for Nucleic Acids.

The methods employed for analysis of RNA and DNA were similar to
those used in "Methods of Biochemical Analysis' (Volkin and Cohn, 1954).
Also employed were procedures used by Morse and Carter (1949). Cells
were prepared as previously described with distilled water being used for
the final 3 washings. The final volume of the cell suspension was
adjusted to 10 ml and 1 ml from each preparation was removed and placed

in separate tared crucibles for dry weight determinations. Aliquots of
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5 ml and an equal volume of No. 10 Ballotini beads were then agitated
in a Mickel disintegrator at maximum transit for 30 minutes at 4 C,.
The entire contents of the Mickle vial was then centrifuged for 10
minutes. The supernatant fluid was transferred to a test tube and
treated, in an ice barth, with 10 percent trichloroacetic acid (TCA) for
30 minutes. Following centrifugation for 3 minutes in the cold, this
procedure was repeated. The residue was treated with 1 ml of distilled
water and 4 ml of 95 percent ethyl alcohol and centrifuged for 3 minutes.
The residue was extracted and washed 3 times with 3:1 95 percent ethyl
alcohol: diethyl ether at room temperature. Two ml of 0.3 N KOH was
added to the resiude and allowed to stand for 16 to 20 hours in a 37 C
water bath. The solution was then neutralized with 6 N perchloric acid.
An equal volume of 5 percent TCA was added and the entire mixture was
centrifuged. This procedure was repeated and the combined supernatant
fluids saved for RNA analysis. The remaining resiude was suspended in
5 ml of 5 percent TCA, heated for 15 minutes at 90 C and centrifuged.
The supernatant was decanted and the procedure repeated with 2.5 ml TCA
at room temperature. Following centrifugation the supernatant fluids

were combined and saved for DNA analysis.

A. RNA Analysis.

Stock RNA reagent was prepared by dissolving 13.5 g ferric
ammonium sulfate and 20 g recrystalized orcinol in 500 ml of distilled
water. Prior to use, 2.5 ml of this stock reagent was added to 41.5 ml
of concentrated HCl and diluted to 50 ml with distilled water. In the

test for RNA, 3 ml of the serially diluted test solution (containing 4-40
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ug pentose) was mixed with 9 ml of reagent. The mixture was heated in a
boiling water bath for 20 minutes and then cooled to room temperature.
Optical densities of the solution were determined at 660 mu. The
readings obtained were compared with a reference curve prepared with
solutions containing known RNA (Nutritional Biochemicals Corporation)

concentrations.

B. DNA Analysis.

The DNA reagent was prepared by dissolving 1.0 g of
diphenylamine in 98 ml of redistilled glacial acetic acid and 2 ml of
concentrated HZSOQ. For the analysis of DNA, 7.5 ml of the reagent was
added to 3 ml of the test solution. The mixture was heated for 10 minutes
in a boiling water bath then cooled to room temperature. Optical
densities were determined at 540 mu and the experimental values compared

with a reference curve prepared with known concentrations of DNA (N.B.C.).

(4) Studies to Determine the Effects of Irradiation on
Normal and Inhibitor Grown Cells.

Five-day yeast phase normal and inhibitor grown cells were
prepared in the manner previously described and were suspended in SPBS.
The optical density of each cell suspension was adjusted to a reading
of 0.525 at 600 mpy. The time of irradiation ranged from 0 to 60 minutes
with samples taken at intervals of 1, 2, 3, 4, 5, 10 and 15 minutes and
every 10 minutes thereafter. Normal and puromycin-grown cells were
plated on SAB buffered with 0.1M phosphate buffer at pH 7.0. ©Normal
and analog-grown cells were recovered on SAB and were also plated on

SAB media containing the normal purine and pyrimidine. The concentrations
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of the guanine and uracil in the plate count media were the same as
that of their analogs in the respective culture media. This step

was included to test for possible chemcial reversibility of the

irradiation effects on analog-grown cells. All plates were incubated

in a moist chamber at 37 C for 7 days.

(5) Manometric Methods.

A. Studies to Determine the Respiration of Normal and
Inhibitor Grown Cells.

Conventional manometric techinques were employed (Umbriet,
Burris and Stauffer, 1949). The main compartment of the flask was
charged with 1 ml of 0.1M substrate solution in 0.15M phosphate buffer.
The substrates employved were: glucose (Allied Chemical); monosodium
glutamate (N.B.C.); ribose (N.B.C.); fructose (Fisher Scientific Company)
and xylose (Fisher Scientific Company). The endogenous system was
prepared in the manner indicated above; however, 0.15M phosphate buffer
was used in place of the substrate~buffer solution. The center well was
charged with 0.2 ml of 20 percent KOH, A piece of filter paper was
folded and placed in the center well in order to aid absorption of the
carbon dioxide evolved. Yeast phase cells from a 5-day broth culture
were washed as previously discussed and after the final washing suspended
in 0.85 percent saline. The suspension was adjusted to an optical density
of 0.525 at 600 mp and a 1-ml aliquot pipetted into one of the side arms.
The water bath temperature was maintianed at 37 C + 0.2 C. The flasks
were allcwed to equilibrate for 20 minutes with the stopcocks open., All
connections were then reexamined for leakage. The levels of the Brodie

solution in the closed end of the manometers were adjusted to the 150
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mm mark, the stopcocks closed and the shaker started. The system was
then allowed to equilibrate for 5 minutes before the first reading was
recorded. The cell suspension was then tipped into the main flask
compartment. The sidearms were rinsed with some of the solution from
the main compartment in order to mix the cells and the substrate.
Readings were recorded every 30 minutes for the first hour then every
60 minutes follcwing. Thermobarometer and endogenous systems were
manipulated in the same manner as the experimental systems throughout
each experiment. One control system using normal cells was always

employed when studies involved the use of inhibitor grown cells.

B. Studies to Determine the Effect of Vitamin K-5 on
Cellular Respiration.

Manometric techinques previously described were used
throughout this series of experiments. The second sidearm was charged
with 1 ml of a 0 15M phosphate-buffered solution of Vitamin K-5. All
experiments were accomplished using a Vitamin K-5 concentration of 1.5
mg/ml The vitamin solution was tipped into the main compartment 2
hours after addition of the cells to the substrate. Control and
thermobarometer systems received 1 ml of 0.15M phosphate buffer in lieu
of the vitamin sclution. A second endogenous system was also emploved
using the Viatmin K-5 solution. The average length of time for each

experiment was 9 hours.
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(6) Studies to Determine the In Vivo Effect of Imhibitors
on Virulence.

A, 1In Vivo Studies with Normal and Inhibitor Grown Cells.

Five-day yeast phase cells were harvested, washed and
suspended in SPBS as previously described. Normal and inhibitor-grown
cells were treated in the same manner. After the cells were blended,
the suspension was initially adjusted to an optical density of 0.825
at 600 mp. The final concentration was then adjusted to 4.0 x 10°
cells/ml by actual hemocytometer count. The suspensions were then
diluted with an equal volume of sterile 5 percent gastric mucin
adjuvant, pH 7.0. This resulted in a final concentration of 2.0 x 10
cells/ml. The suspensions were mixed by shaking and 0.5-ml aliquots
were pipetted from each and plated on SAB, pH 7.0. These were used to
establish the viability of the cells inoculated. One ml of the sus-
pensions was inoculated intraperitoneally in each of 10 mice. The mice
were checked on the average of 2 to 3 times daily and any dead omnes
were removed and autopsied. At the end of 8 weeks, the remaining mice
were etherized and autopsied. Any visible lesions on the liver, spleen,
lungs or diaphragm were removed aseptically and placed on SAB agar
slants. If lesions were not visibly present, the liver, lungs and
spleen of each animal were removed and macerated with 5 ml of SPBS.
One-ml aliquots of these suspensions were plated on SAB plates and
incubated at 37 C for 2 to 3 weeks. Livers and lungs showing visible
lesions were also taken from each test group and placed in 10 percent
buffered formalin. After fixing for 2 to 3 days the tissues were washed
for 1 hour in running water then dehydrated through an ethyl alcohol

series. Following complete dehydration in absolute ethyl alcohol, the
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tissues were cleared for 48 hours in methyl salicylate. The tissues
were then rinsed in toluene and imbedded in paraffin. Sections were
made using an American Optical microtome model 815. Thickness of

the sections varied between 8 and 15 microns. The sections were stained

with the Hematoxylin-Eosin method and the Periodic Acid-Schiff reaction.

B. In Vivo Studies with Normal Grown Cells and Vitamin K-5.

Five-day normal yeast phase cells were prepared to a final
concentration of 1.0 x lO5 cells/ml as described in Part A. The
experiment was divided into 6 experimental groups of 10 mice for each

organism employed.

GROUP I, (CONTROL)

The mice were injected intraperitoneally (IP) with 0.5-ml doses of
a 1.0 mg/ml Vitamin K-5 solution every 48 hours until a tctal of 6 mg
of the viramin had been administered. The mice were then injected IP,
with a 1.0-ml aliquots of 2.5 percent gastric mucin in lieu of the :zell
suspension. Following injection of the adjuvant, 4 additional 0.5-mg

doses of the vitamin were administered at 48 hour intervals.

GROUP 11. (CONTROL)

Mice in this group received sterile 0.15M phosphate buffer in lieu
of the Viramin K-5 solution. The schedule was the same as that described
for Groap I. In place of the cell suspension, these mice werz injected

with 1.0 ml of 2.5 percent gastric muein,

GROUP II1l. (CONTROL)

Sterile 0.15M phosphate buffer was administered to the mice 1in lieu

of the Vitamin K-5 solution. The schedule of injections was the same as
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that described for Group I. Cells suspended in the adjuvant were injected
intraperitoneally in 1.0-ml doses and this was followed by 4 additional

doses of sterile 0.15M phosphate buffer at 48 hour intervals.

GROUP 1V. (CONTROL )
The mice in this group were injected with the cell suspension;

however, they did not receive Vitamin K-5 or 0.15M phosphate buffer.

GROUP V (EXPERIMENTAL)

The mice were injected IP with 0.5-ml doses of 1.0 mg/ml Vitamin
K-5 solution every 48 hours until a total of 6 mg of the vitamin had
been administered. The cells, suspended in the gastric mucin adjuvant,
were then injected IP in 1.0-ml aliquots. Following injectiocn of the
cells, 4 additicnal 0.5-mg doses of the vitamin were administered at

48 hour 1ntervals.

GROUP Vi. (EXPERIMENTAL)

Mice in this group did not receive Vitamin K~5 prior to tke IP
inje:tion of the cells Four hours fcllowing injection of the <ells,
0.5 mg ot the vitamin was administered IP. This was followed by injection
of 0.5-mg dcses at 48-hour intervals until a total of 6 mg had been

administered.

C in Vivc Studies with Bacterial Cells and Vitamin K-35,

Coltures of Streptococcus pvogenes and Salmoneila typhosa

were maintained on Brain Heart Infusion agar slants (Difco) ar 37 C.

Cell suspensicns were prepared as previosly described for the yeast
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suspensions. The final concentration of the cells was adjusted to 1.0
X 106 cells/ml. Aliquots of 1 ml were injected IP into each mouse.
Mice were treated prior to cellular inoculation with Vitamin K-5 as
previously described for Group V. However, following inoculation of
the bacterial cells, no additional injections of the vitamin were
administered.

Positive determinations of an infected mouse, for all studies,

were made by recovery of characteristic growth in culture, microscopic

examination of stained tissue section.
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CHAPTER 1V

RESULTS

(1) Tolerance Levels of the Microorganisms to the Inhibitors.

Tolerance levels of the organisms varied with the inhibitor
employed. The results summarized in Table 1 show that S. schenckii
exhibited the greatest overall tolerance to the inhibitors. It was
also noted that the soluble pigment normally evident after 7 to 10
days incubation became markedly noticeable after 2 to 3 days incubation

in the presence of the inhibitors. ' H. capsulatum exhibited the lowest

overall level of tolerance resulting in a 2- to 4-fold difference from
that of S. schenckii. A distinct variation was noted between the two

strains of B. dermatitidis. Though the maximum concentration for

8-azaguanine was 2.5 mg/ml for both strains, a 2-fold difference in
tolerance level resulted with 6-azauracil and puromycin.
Table 1

Maximum#* Tolerance Level of the Organisms
to the Imhibitors

Crzanism 6—azauracil 8~azaguanine Puromycin

B. dermatitidis 3.12 mg/ml 2.50 mg/ml 50 .g/ml
strain 6046

B. dermatritidis 1.56 mg/ml 2.50 mg/ml 25 ug/ml
strain Lba

S. schenckizi 6.26 mg/ml 2.50 mg/ml 50 upg/ml

H. capsulatum 1.56 mg/ml 1.56 mg/ml 25 ug/ml

* Concentrations higher than those indicated completely inhibited
growth.
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(2) Tolerance Level of Mice to Vitamin K-5.

All mice injected with 10 mg/ml in a single injection of
Vitamin K-5 died within 5-15 minutes after administration. Within
10-30 minutes after injection, 100 percent of those mice receiving 5
mg/ml in a single dose were also dead. Mice receiving 2.5 mg/ml
survived the first dose; however, all died within 30 minutes after
administration of the second similar injection 48 hours later. All
mice injected with 1.25 mg/ml survived the first two doses; however,
within 3 hours after the third dose had been administered, 60 percent
had died. The surviving mice all died within 30 minutes following the
fourth injection. All mice receiving 0.625 mg/ml and 0.313 mg/ml doses
survived a series of 10 injections of these quantities given at 48-hour
intervals. Marked toxicity to Vitamin K-5 was observed in those mice
receiving the 0.625 mg/ml doses. Mice injected with 0.312 mg/ml doses
appeared to remain normal except that all passed reddish brown urine.
Upon autopsy, no noticeable organic disorders could be observed in any
of the mice injected with the vitamin analog. Liver, kidney and spleen
coloration remained normal. The spleen was not distended. All mice
showing toxemia to the vitamin analog exhibited extreme hyperaccivity,
scratching, labored breathing and convulsions. The experiment was re-—
peated with 0.5 mg/ml concentrations and resulted in no apparent toxicity

to the mice after 15 injections although reddish brown urine was observed.

(3) The Effect of Inhibitors on the Concentration of Nucleic Acids.
(Figures 1, 2, 3.)

The total RNA concentration of normally grown organisms ranged

from an average of 68.2 Lg/mg dry weight for S. schenckii to 86.6 pg/mg
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dry weight for B. dermatitidis strain LBa. The concentration difference

between B. dermatitidis strains LBa and 6046 averaged 5.8 ug/mg dry

weight, strain LBa having consistently the higher concentration. H.

capsulatum averaged 74.4 ug/mg dry weight.

The effect of puromycin on the total RNA concentration was negli-
gible with all values being within + 1.1 ug of the normal cells. The
uracil analog produced only slight changes from the normal cells. Net
changes of the 6-azauracil grown cells from the normal cells ranged
from 2.3 ug/mg dry weight decrease for S. schenckii to 6.4 ug/mg

decrease for H. capsulatum. This represents a change of 3.7 to 8.6

percent from the normal. B. dermatitidis strains LBa and 6046

exhibited similar slight decreases in RNA concentration. The respective
changes represented 4.8 and 4.2 percent decreases.
The organisms grown in the presence of 8-azaguanine showed consis-

tent increases in RNA concentration. H. capsulatum exhibited the

greatest change of 17.6 nug/mg or a 23.8 percent increase. The net

changes for B. dermatitidis strains LBa and 6046 represented a respec-

tive increase of 9.5 and 11.8 percent. S. schenckii showed an increase
of approximately 17.8 percent.
The DNA concentration of the normal cells ranged from 8.3 nug/mg dry

weight for H. capsulatum to 6.2 ug/mg dry weight for S. schenckii.

B. dermatitidis strains LBa and 6046 averages 7.2 ug/mg dry weight and

6.3 pg/mg dry weight respectively. The changes in DNA concentrations
for inhibitor grown cells from that of the normal were'negligible for

all organisms and inhibitors employed.
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Fige 1
THE RNA CONCENTRATION OF NORMAL ARD INHIBITOR GROWN CELLS
Rng/mg Dry Veight
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Fig, 2

THE DNA CONCENTRATION OF NORMAL AND INHIBITOR GROWN CELLS
pg/mg Dry Weight
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Fig. 3

THE CONCENTRATION OF NUCLEIC ACIDS IN NORMAL AND INHIBITOR GROWN CELLS
(pg/mg Dry Weight)

RNA CONCENTRATION
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DNA CONCENTRATION
Normal 6-Azs. 8-Aza Puromycin
Uracil Guanine
B. dermatitidig 6046 6.3 641 640 WA
Net Change =041 043 +0.1
§. m‘_tm LBa T2 7e3 7.0 Te2
Net Change +0.1 0,2 j_‘0.0
H. eapsulatum 8e3 840 78 8.0
Net Change "'0.3 "005 "'003
S. gchepckij 6e2 6.0 6.0 6e5
Net Chan.ge ~0e2 042 +0.3
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(4) The Effects of Ultraviolet Irradiation on Normal and
Inhibitor Grown Cells.

Normally-Grown Cells.

Irradiated cells of normally-grown B. dermatitidis strain LBa

exhibited little differences when recovered on SAB, SAB plus uracil
and SAB plus guanine. Following 5, 15, and 45 minutes of irradiation
recovery on SAB averaged 70.2, 46.8 and 6.8 percent of the 0O time
control. Respective recovery values obtained with SAB plus uracil
averaged 76.6, 40.2 and 8.7 percent. Similarly, percent recovery on
SAB plus guanine after the same periods of irradiation averaged 73.3,
49,2 and 7.3

Percent recovery of B. dermatitidis strain 6046 after 5, 15

and 45 minutes exposure to ultraviolet averaged 62.3, 33.2 and 0.26,
respectively, on SAB agar. On SAB plus uracil respective values were
67.1, 24.7 and 0.11 percent for the same time periods. Using SAB plus
guanine as the recovery medium, respective survival rates averaged 58.6,
38.2 and 0.11 percent.

Irradiated cells of S. schenckii recovered on SAB agar exhibited
average percent survival values of 92,2, 80.3 and 1.1, respectively at
5, 15 and 45 minutes. Respective values obtained using SAB plus uracil
were 87.7, 81.1 and 0.62 percent. On SAB plus guanine percent recovery
during the same time periods averaged 88.2, 75.1 and 2.6 percent.

Recovery of H. capsulatum cells following 5, 15 and 45 minutes
irradiation produced respective values averaging 72.4, 34.2 and 0.31
percent of SAB medium. Using SAB plus uracil as the recovery medium,

respective values averaged 70.2, 38.6 and 0.81 percent. On SAB plus

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



40

guanine survival rates following the same periods of exposure were

74.7, 30.0 and 1.3 percent.

6-Azauracil-Grown Cells.

Following 5, 15 and 45 minutes of irradiation recovery of B.

dermatitidis strain LBa on SAB medium averaged 69.4, 42.5 and 1.4

percent of 0 time controls. Recovery on SAB plus uracil differed

little with respective values of 71.1, 43.1 and 2.6 percent.

Percent recovery of B. dermatitidis strain 6046 after 5, 15 and
45 minutes exposure to ultraviolet averaged 57.7, 28,6 and 0.73 on SAB
agar while on SAB plus uracil, values were 58.3, 29.7 and 0.96 percent,
respectively.

Irradiated cells of S. schenckii recovered on SAB agar exhibited
percent survival rates of 90.1, 77.1 and 0.71, respectively after 5, 15
and 45 minutes exposure. Respective values obtained using SAB plus
uracil were 91.2, 71.2 and 0.71 percent.

Recovery of H. capsulatum cells on SAB following the same periods
of irradiation were 70.1, 33.6 and 0.57 percent. On SAB plus uracil,

recovery values averaged 71.67%Z, 35.1% and 0.827%, respectively.

8-Azaguanine-Grown Cells.

Irradiated cells of B. dermatitidis strain LBa exhibited percent

survival rates of 62.1, 42.3 and 0.14, respectively, following 5, 15 and
45 minutes irradiation. Recovery was accomplished on SAB medium. On
the "enriched" medium of SAB plus guanine, respective rates were 71.2,

43.2 and 1.1 percent.
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Percent recovery of B. dermatitidis strain 6046 after the same

periods of irradiation, averaged 46.6, 19.7 and 0.09 on SAB medium,
while using SAB plus guanine values averaged 51.1, 24.4 and 1.0 percent,

Results of S. schenckii cells following 5, 15 and 45 minutes
irradiation and recovered on SAB averaged 81.1%, 41.17% and 0.16%,
respectively. Using SAB plus guanine as the recovery medium, respec-
tive percent survival rares were 85.6, 45.1 and 0.56,

Irradiated cells of H. capsulatum recovered on SAB following
similar periods of exposure were 64.7%, 28.3% and 0.11%, while on the

enriched medium respective values averaged 68.3, 30.1 and 0.22 percent.

Purgomyzin~Grown Cells.

Cells grown in the presence of puromycin were found to be the
most sensitive te ultraviolet irradiation.
Table 2

Perzent Survival of Puromycin-Grown Cells
Afrer Varying Exposure to Ultraviolet.

TIME A B C D
(Minutes)

0 100.00 100.00 100.00 160.00

1 96.10 94.20 97.20 90.20

2 80.40 71.60 82.20 65.60

3 41.10 43.20 46.30 35.10

4 17.60 12.70 20.10 14.20

5 370 1.60 9.70 1.60
10 0.82 0.43 0.61 0.12
15 0.27 0.11 0.07 0.09
25 0.07 ———— mmeme— e
35 mmee— e mme——— e
A. B. dermatitidis Strain LBa; B. B. dermatitidis Strain 6046;
C. S. schenckii; D. H. capsulatum.
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Table 3

PER CENT SURVIVAL* OF NORMAL AND INHIBITOR GROWN E, DERNATITIDIS

STRAIN LBa AFTER VARYING KXPOSURE TO ULTRAVIOLET

NORMALLY-GROMWN 6-AZAURACIL~GROWN 8~AZAGUANINE-GROWN
Time SAB SAB SAB SAB SAB SAB SAB
(Minutes)
URACIL GUANINE URACIL GUANINE
0 100,00 100,00 100,00 100,00 100,00 100,00 10C.00
1 99.30 95.20 100.00 97.70 98.20 97.20 97.40
2 96,10 95.80 93.20 97.10 97.60 96.40 97.10
3. 92,20 94.40 91,60 92,70 90,40 92,10 91.60
4 87.10 90.60 87,40 82.10 85,30 83,50 86.30
5 70,20 76.60 73.30 69.40 71.70 62,10 71.20
10 6C,10 57.70 58.20 59.70 62,40 50,40 53.70
15 46,80 40,20 49.20 42,50 43,10 42,30 43.20
25 29,90 27.30 32.60 2,80 21.80 12,10 18.10
35 15.10 17.70 16.40 7.80 8.30 2,10 4.30
45 6.10 8.70 7.30 1.40 2.60 0.14 1.10
55 2.10 3.30 3.90 O.48 0.83 0.05 0.17
60 0.25 Oul7 0.32 0.09 0.12 e —_—

# Percent recovery calculated from O time controls,

(A
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B. dermatitidis strain LBa exhibited survival rates of 41.1, 3.7

and 0.27 percent following 3, 5, and 15 minutes exposure. B. dermati-
tidis strain 6046 averaged respective values of 43.2, 1.6 and 0.11
percent. Percent survival rates for S. schenckii following the same
periods of irradiation were 46.3, 9.7 and 0.07 percent. Respective

values of H. capsulatum averaged 35.1, 1.6 and 0.09 percent.

(5) The Oxygen Uptake of Normal and Inhibitor-Grown Systemic
Pathogenic Fungi.
(Figures 4, 5, 6, 7; Tables 7, 8, 9. 10, 11)

Normally Grown Cells

A distinct difference was noted between B. dermatitidis, strains

LBa and 6046 when ribose was used as the substrate. B. dermatitidis

strain LBa exhibited slight but consistent oxygen uptake. Two hours
afrer the start of the experiments, an average of 1.60 pl/mg dry weight
was recorded. At the terminal point of 6 hours the oxygen uptake was
7.28 .1/mg dry weight. These figures represent net values of oxygen
uptake, with the endogenous rates subtracted.

Throughout repeared experiments, B. dermatitidis strain 6046,

in the presence of ribose, exhibited no oxygen uptake. All recorded

values for B. dermatitidis strain 6046 were within + 1.12 ul of the

normal endogenous rate. Similarly, no exogenous oxygen uptake could

be detected for S. schenckii when ribose was used as the substrate.
Values obtained for S. schenckii were within + 1.67 ul of the endogenous
rate. H. capsulatum showed slight uptake with average net values of
1.87 pl/mg dry weight at 2 hours, 4.44 at 4 hours and 4.95 vl at 6

hours.
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Exogenous respiration was clearly evident with all organisms
using moncsodium glutamate, glucose, fructose and xylose. With
monosodium glutamate as the substrate, respective net terminal values
in ul/mg dry weight were 23,80, 17.58, 36.19, and 19.35 for B.

dermatitidis strain LBa, B, dermatitidis strain 6046, S. schenckii and

H. capsulatum. Average net exogenous values at 6 hours, expressed
also in pl/mg with glucose were 28.84, 24.85, 33.47 and 15.24, respec-

tively for B. dermatitidis strain LBa, B. dermatitidis strain 6046,

S. schenckii and H. capsulatum. Respective net oxygen uptake exhibited
using fructose were 24,39 ul, 20.94 ul, 26.66 pl, and 18.40 ul per mg
dry weight.

. With the exception of ribose, each organism exhibited the lowest
rate of oxygen uptake when the pentose sugar, xylose, was employed.

Average .1 of oxygen uptake per mg dry weight with xylose were 20.51,

17.98, 22.26 and 13.61 for B. dermatitidis strain LBa, B. dermatitidis

strain 6046, S. schenckii and H. capsulatum respectively.

6-Azauracil-Grown Cells.

The efferct of growing cells in the presence of the uracil analog
was most evident when glutamate was subsequently employved as the substrate,
and to some lesser extent when fructose was used. With glutamate as the
substrate, reduction in the oxygen uptake by the inhibitor-grown B.

dermatitidis strain LBa amounted to approximately 39.5 percent from the

normal, at the 6 hour mark. B. dermatitidis strain 6046 exhibited an

average terminal decrease of approximately 50.0 percent, S. schenckii

43.9 percent and H. capsulatum 36.4 percent. When fructose was used as
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Table 7

AD B. DERMATITIDIS STAIN LBa WITH RIBOSE AS THE SUBSTRATE

H. gapulatum
Normally Azauracil | Azaguanine | Puromyein
Grown Grown Grown Grown
Time O, 0, * Oy * *

(Hours) Uptake Uptake Uptake Uptake

2.0 1.87 1.05 .60 0.64-

440 held 1645 0.91 1,06

6.0 495 2e74, Ta47 1429

B. dermatitidlg strain LBa

2.0

yAN )
6.0

1460

4e79
7428

x%

* n1/mg dry weight, minus the endogenouss

¥* No oxygen uptake detected,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




49

the substrate, B. dermatitidis strain LBa exhibited an average terminal

decrease of 34.8 percent, B. dermatitidis strain 6046 38.2 percent, S,

schenckii 31.6 percent and H. caEéulatum 44,0 percent. Reductions in
oxygen uptake of 6-azauracil-grown cells were not as great, when com—
pared with the normal, with the substrates glucose and xylose. Average
terminal decreases with glucose were 13.5, 18.3, 22.2, and 22.2 percent

fer B. dermatitidis strain LBa, B. dermatitidis strain 6046, S. schenckii

and H. capsulatum, respectively. With xylose the respective reductions
were 11.4, 7.7, 19.6 and 26.3 percent. Calculation of average slopes
(Table 8~11) revealed similar results.

The organisms which normally show slight oxygen uptake with ribose
were also tested. Results obtained showed a reduction in oxygen uptake
of approximately 45 percent for H. capsulatum. Throughout repeared

experiments, no oxygen uptake could be detected for 6-azauracil-grown

B. dermati:idis strain LBa, B. dermatitidis strain 6046 or S. schenckii

with this substrate.

8-Azaguanine-Grown Cells.

Cells grown in the presence of 8-azaguanine exhibited distinct
reductions in oxygen uptake from that of the normally grown cells.
Althcough uprake rstes were consistently lower than that of the cells
grown with the uracil analog, an optimum substrate(s) was not clearly
derinable as was the case in the former group. Results obtained using

glitamate showed terminal reductions from the normal of 63.9, 56.5, 62.2

and 56,5 percent for B. dermatitidis strain LBa, B. dermatitidis strain

6046, S. schen:kil and H. capsulatum, respectively. Values representing
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percent reductions obtained with fructose were 51.1, 61.9, 45.1 and
49,5 for the same respective organisms. The rather slight differences
in oxygen uptake on glucose noted between normal and 6-azauracil-grown
cells were markedly increased with the S;azaguanine—grown cells.
Average reductions in net oxygen uptake at 6 hours were 42.2 50.0, 44.2

and 35.1 for B. dermatitidis strain LBa, B. dermatitidis strain 6046,

S. schenckii and H. capsulatum, respectively. Similarly, a greater
decrease was ncted with the substrate xylose. Respective reductions

from the normal were: B. dermatitidis strain LBa, 47.0 percent; B.

dermatitidis strain 6046, 45.5 percent; S. schenckii, 47.2 percent

and H. capsulatum, 50.6 percent. Warburg studies with ribose were

negative for all the organisms tested.

Puromycin-Grown Cells.

Puromycin grown cells exhibited the lowest overall degree of
oxygen uptake., Net changes during the three 3-hour periods of each
experiment were also lowest for this group. As was the case for 8-aza-
guanine-grown cells, it was difficult to establish an optimum substrate(s)
from those tested., However, it appears from the tables and figures
indicated above that monosodium glutamate generally stimulated the
least amosunt of exogenous oxygen uptake. Results obtained using
glutamate showed terminal reductions of 78.0, 67.2, 80.2, and 74.4

per.=n%, respertively fcr B. dermatitidis strain LBa, B. dermatitidis,

S. schen:kii and H. capsulatum: Respective changes with fructose amounted

to 62.2, 67.6, 59.8 and 57.9 percent.
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Fig.L
THE OXYGEN UPTAKE OF NORMAL AND IKEIBITOR GROWN
B. D STRAIN LBa
rg Dry Weight*
304 JMonosodimm Glutamate 30 4 Glucose

10- ’I

10 _

i 3 5
| HOURS

+—— Normal, °-~-*Ags Urmeil, *——<Asa Guanine, =--——~*Purcmyciz.
% Minus the endogenous.
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Fice 5
THE OXYGEN UPTAKE OF NORMAL AND INHIBITOR GROWN
B. DERMATITIDIS STRAIN 6046
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Pige H

THE OXYGEN UPTAKE OF NORMAL AND INHIBITOR GROWN
S. SCHENCKIX
mg Dry Weight#®
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THE OXYGEN UPTAKE OF NORMAL AND INHIBITOR GROWN
H. CAPSULATUM
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Table 8
A Surmary of the Data Presented in Figures 4
Blastomyceg dermatitidis, strain LBa
Normal Grown Cells
Menosodium
Endogenous Glutamate Glucose Fructose Xylose
Time : L 2 { 13 } 1] i % :T 25
period 02 | Slope On%* | Slope Oo* |S1ope 0% | Slope O0,* { Slope
(Hours ) Uptake | Uptakel Uptake| Uptake | Uptake E
} i ’. | :
0-2 | 2,701 1,35 | 5,16 ) 2,58 | 4.83 | 2441 | 5.72 | 2.86 | 3.3111.65
24, 2402 | 1201 | 12,37 1 6,18 | 13412 | 6,56 | 9,79 | 4.89 | 11.82 ! 5.91
46 1.29: 0,64 | 6427 | 2,13 |10.89 | 5edd | 8488 1 4udd 5638 1 2,69
! ! | [ |
i ] l 1 !
6~hza Uracil Grown Cells
H | | ] ;
0-2 | 2,57} 1.28 | 2,10 1.05 | 1.99 | 0.99 | 3.28 | 1.60 | 2.17 11,08
2= | 2,19 | 1409 | 7,38 1 3,69 | 13,07 | 6,53 | 7.31 | 3.65 | 10.87 !5.43
4=6 | 176 1 0,88 | 5.12 | 2,56 | 9458 | 4479 | 5.33 | 2.66 5,18 12459
| \ | t i
| | : | H
8=Aza Cuanine Grown Cells
: ' : ' |
0-2 | 3.16 | 158 | 1,24 | 0462 | 2,37 11418 | 2.61 | 1230 | 1.46 10,73
2-f | 1425 1 0462 | 317 | 1458 | 6462 | 3.31 | 4483 12441 | 5.9112.95
4Lt 1016 | 0,58 3493 : 196 | 7.66 | 3.83 | 4470 | 2,85 3450 {1.75
| | ! |
| ! L H i
Puromycin Grown Cells
™ ! { { i
02 | 2.80 | 1.0 | 1.12 1 056 [ 1.27 10,63 | 1299 0,99 | 1.14 lo.s7
2= | 1,20 | 0,60 | 221 | 1,10 | 5,69 12,84 | 425 | 212 1,98 10,99
46 | 1,10 | 0,55 | 1492 | 0496 | 3.15 | 1.57 | 3.20 !1.60 2,94 11447
H | 1 ' ]
] 1 i 1 ]

% Change in oxygen uptake during the designated time period in ml/mg dry weight,
minus the endogenous,
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A Surmary of the Data Presented in Figures 5

Blastomyceg dermatitldis, strain 6046

Normal Grown Cells

Monosodium
Zndogenous Glutamate Glucose Fructose Xvlose
1 1 ¥ I '
I 1
Ti?: 4 o : 5 =% o ; o1 "% : % i % ! *#
perio 2 Slope ope O2* ) Slo 0% 1 3lo Oo% 5]
{Hours Uptake} Uptgkei Uptake} we Uptg.ke i we Uptg.ke i °Pe
[ {
| | | : |
0-2 3.72 | 1.86 470 1 2435 | 5,58 | 2,79 | 3.251 1.62 | 3,93, 1.96
2-4 | 1.76 1 0,88 | 6.85 } 3.42 [20,01 | 5.00 | 8.27) 4,13 | 7,09 E 3454
4=6 | 1460 | 0,80 | 6403 | 3.01 | 9426 | 4463 | 9.42 | 471 | 7.96 1 3.98
! ! 1 1 :
6-Aza Uracil Grown Cells
: f = !
02 | 3.35 | 1,67 | 233 {1416 | 292 | 146 | 2.131 1,06 | 2,93 | 1.6
24 | 222 1 1.1 ] 3039 1669 | 9,79 | 4.89 | 4494 | 2447 | 7.96 | 3.98
b= 1.79 0.89 3.08 : 1e54 746 { 3473 5427 i 2,63 563 ! 2.81
| 1 ] | i
&-Aza Guanine Grown Cells
: ' ' : ]
I
0-2 | 3.29 | 1.64 | 1433 10,66 | 2,90 | 1245 | 1274 0063 | 1.0 | 00
=4 140 1 0,70 3628 :1.64 4e88 | 2444 hel3 | 2421 4e57 | 2,28
46 1629 | 0,64 | 2499 1049 | 468 | 234 | 3.27 | 1.63 | 3.96 | 1.98
I i ! 1 !
L | A i | {
Puromyein Grown Cells
| ; ' : T
Om2 2,96 | 1.48 | 1.85 | 0-92 2484 } 1642 | 115 | 0,57 | 1.57 | 0.78
2-4 | 132 | 0466 | 1.91 10,95 | 3.7 | 1.87 | 2.77 1 1.38 | 3.9 | 1,95
b | 114 1 0.57 | 1.86 10,93 | 3.91 | 1495 | 2.85 | 1442 | 2.55 ) 1,27
¢ |
! ] 1 L 1

* Change in oxygen uptake during the designated time perioed in pl/mg dry weight,

mimus the endogenous.

S = rR-O.
tz - t-'

*n
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Sporotrichum schenckil
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Talle 10

A Surmary of the Data Presented in Figures 6

Normal Grown Cells

!

Monosodium
Endogenous Glutamate Glucose Fructose Xylose
| | ! ] T
Time : 33 : : : i
period 0o | Slope Oo% ' Slope O* ! Slope O,* | Slope O2* | Slope
(Hours) Uptak% Uptake! Uptake! Uptalzce : Uptake E
i i [ H
| | | I i
0-2 | 2,81 | w0 | sl 28| 3.7) 193 | sus ] 172 | 651 1.2
2=, | 2,06 | 1.03 | 14.99) 7.49 | 25.48| 7074 | 9.75| 4.89 | 10.67 | 5.33
46 142 | 0,71 15.73{ 7.86 | Lo12| 7,06 | 13,44 6,72 | 7.94 | 3.97
| | | | |
6-Aza Uracil Grown Cells
| | | { [
0-2 | 3.17 | 1.58 | 3.27] 1,63 | 1.70] 0.85 | 1.65 | 0.82 | 2.43 | 1.21
ya 1.64 | 0.82 9.94| La97 | 13448 6474 | 10459 | 5429 6483 | 3641
| | | 1
1 3 | | [
8=~Aza Guanine Grown Cells
i | i 1 ]
0-2 | 2.64| 1.32] 209 1.04| 2u48] 1,24 | 2911 145 | 2.7 | 1023
=L, 1692 | 0496 3.6’5I 1.82 755 | 3477 Le35 | 2,17 LeT9 | 2439
JA ) 129 | 0.64 Te94 | 397 8.7 } 4e35 Teh3 | 3471 451, 2425
I |
| : i f |
Puromycin Grown Cells
] ‘{ r : }
0-2 2,32 | 1,16 | 1,39 0.69 | 1.42 } 0s71 | 1453 | 0476 | 1,37 | 0.68
24, 1.47 | 0,73 1.87| 0,88 7030 | 3.65 2,71 | 1435 3634 ! 1.67
46 1.08 | 0454 3.67| 1.83 Te57 | 3478 6.50 | 3425 3460 | 1480
| ' l I
| | !

d

* Change in oxygen uptake during the designated
minus the endogenous,

* 5= Y2 =31
ta - tq

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

time period in ml/mg dry weight,




58

Table 11
A Summary of the Data Presented in Figures 7

Eistoplasma capsulatum

Normal Grown Cells

Monosodium
Endogenous Glutamate Glucose Fructose Xylose
I ] | T 1
Time I % t P I { : e
peried 0, | Slope Oo* | Slope 0 | SIOpe 02% | Slope Oo* | Slope
(Bours) Uptalkd Uptakel Uptaﬁ Uptake} Uptake }
1 ' l '
0-2 2,91 { 1445 5.1 1 2,95 | 3.2 | 1,72 | 7.98 | 3499 | 2.41 | 1.20
2-4, 2.65 | 1,32 3.87 1 1,93 | 5.7 | 2,73 | 4236 | 2.18 | 6097 | 3.28
46 | 1234 1 0,67 | 9.57 | 478 | 7439 : 3069 | 6,07 | 3.03 | 4u47 | 2.23
I
l | L ] ]
6-Aza Uracil Grown Cells
| I | i !
0-2 | 3,20 | 1,60 | 3418 | 1.59 | 3.19 | 1.59 [ 2.29 | 1,14 | 1.81 | 0.0
2=4 2,96 | 1.48 405 | 2:02 | 4450 | 2,25 | 3.95 | 1.97 | 403 | 2.0
46 1.88 | 0.94 5649 | 2.74 | 432 216 | 4405 | 2,02 | 4.22 | 2.11
| ' |
| | | i |
8-Aza Guanine Grown Cells
1 | |
0-2 2,97 | 1048 | 2449 | 1424 | 2,22 } To11 | 2,71 | 1635 | 1431 | 0465
24, 2 30 | 1415 2.62 | 1e31 | be24 | 2012 3.62 | 1481 | 2029 | 1.14
| i
] { ! | 1
Puromycin Grown Cells
[ | l : T
o-2 | 2047 | 123 | 132 Vowes | 2.59 | 1024 | 2011 1 1205 | 1.28 '[o.éa
2-4, | 2415 | 1,07 | 1.8, 10,92 | 2.68 | 1.3, | 3.22 | 1.61 | 1.99 | 0699
46 | 1.23 | 0.61 | 1.80 | 0.90 | 3.22 : 1461 | 2442 | 1021 | 3,13 | 1.57
| |
| | 1 |

* Change in oxygen uptake during the designated time period in nl/mg dry weight,
minus the endogenous,

» g = dem. 1
to- t4
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Only slight differences between puromycin-grown and 8-azaguanine-

grown B. dermatitidis strain 6046 and H. capsulatum could be detected

in the presence of glucose. Net changes from the normal were 57.8 and

47.5 percent, respectively. B. dermatitidis strain LBa and S. schenckii

exhibited reductions of 64.9 and 51.2 percent. Oxygen uptake using the
substrate xylose produced reductions ranging from the most marked

difference of 75.3 percent for B. dermatitidis strain LBa to the lowest

of 51.2 percent for B. dermatitidis strain 6046. S. schenckii and H.

capsulatum exhibited changes of 62.5 and 53.0 percent. No oxygen uptake

could be detected with any of the organisms using ribose as the substrate.

(6) The Effect of Vitamin K-5 on Cellular Respiration.
(Table 12, 13 and 14; Figures 8, 9, 10, 11)

Vitamin K-5 had marked effect in reducing the oxygen uptake of
the organizms tested. This inhibition was noted with all substrates
employed. The rates of oxygen uptake for the control systems (those
cells not exposed to the vitamin analog) were similar to those previously
described as normally grown cells. Similarly, endogenous rates for
those systems lacking the vitamin analog were similar to endogenous
rates previously described. A slight but consistently higher rate of
oxygen uptake was noted with endogenous systems for organisms tested
in the presence of Vitamin K-5.

With the addition of the vitamin analog 2 hours after the start
of each experiment, a period averaging 1 hour was noted before any
inhibition of oxygen uptake was observed. Distinct inhibition became
evident during the 3 to 6 hour period, though the degree of inhibition

varied considerably among the various organisms and substrates.
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Table 12

THE CHALGES Il OXYGELl UPTAKE OF NURMAL CELLS AID CELLS IX THE
PRESENCE OF VITAMIN—E~5

He gapsulatun

Riboce
Substrate Ribose Vitanin K=5
Time
Period 0n % Slope *¥* 0o Slope
(Hours) Uptake Uptake
O3 3.89 129 3.63 1421
3-6 1.55 0051 ~0,92 Q.31
69 3,10 1.03 ~Le32 ~0.11
B, dermatitidis strain LBa
0"‘3 2.75 0092 3.06 1 002
3 Le54 1.51 =1e33 = o lid,
=0 6e15 2605 0,69 w(g23

* The chonge in oxygen uptake during the designated time
period in ug.mg dry welght, minus the endogencus.

S = y22:Y1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



61

During this time, S. schenckii exhibited an average positive uptake
rate with monosodium glutamate of 1.26 ulper hour. Similarly, B.

dermatitidis strain 6046 showed an average hourly uptake of 0.47 ul.

With fructose as the substrate, the slopes for the 3~ to 6é-hour period

for B. dermatitidis strain 6046 was positive; however, it was negative

for B. dermatiridis strain LBa. S. schenckii exhibited a distinct

negative slepe during this time period with xylose as the substrate,

while B. dermatitidis strain 6046 showed a total oxygen uptake of 2.97

w1l during this same period. Although all the results obtained indicated
distinct inkibition beginning approximately 1 hour following addition
of the vitamin ana.cg, absclute values for oxygen uptake were variable
with any given organism or substrate.

The final 3-hour period (hours 6 to 9) were generally similar
for all the organismes and all the substrates. With the exception cf H.
capsulatum 12 fruitose and xylose which exhibited slight positive slopes,
all other r:zsults were pletted as negative slopes. Terminal differences
in the netf oxygen uptake varied from 56 percent reduction, from the

normal, wicrh B. dermaritidis strain 6046 on glutamare to 87 percent

redution with S. schen-ki1l on glucose. B. dermatitidis strain 6046

showed the greatest reduction from the normal at the 9 hour mack with
respecrtive reductions of 56, 75, 70 and 59 percent on glutamate, glucose,

frictose and xylose. B. dermatitidis strain LBa produced respective

de:reases of 69, 71, 83 and 82 percent. S. schenckii exhibited re-
spective reductions of 65, 87, 82, and 78 percent. H. capsulatum

produced respective 84, 83, 64 and 65 percent reductions from the normal.
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Fige 8
THE EFFRCT OF VITAMIN K5 Ol THE CXYGEN UPTAKE
OF B. DERMATITIDIS STRAIN LBe

wi/ng/ Dry Weight*®

50Q, 50,
Monosodium Glutamate Glucose
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* The endogenous uptake has been subtracted. Vitamin K-5
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Fig 9

THE ETFFECT OF VITAMIN K-5 ON THE OXYGEN UPTAKE
OF B. DERUATITIDIS STRAIN 6046
mg Dry Weight*

5Q 50-
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e
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./‘ /
i v '
- : /
v .
;LT T /
16! Y d ' 10 =TT T T
_:'/' ,I
VK ’ )
/ - '/'/
’ /
p—— I/ oy
1 3 6 9 1 3 6 9
Hours Hours
501 5%
Fructoze Xylose
30_ /- 30"1
/ 7
- /'/
Lo S
107] ,/37 ' 107 7
- e -7
= =7
" i
éT I : e eeeee——
1 3 6 9 1 3 6 9
. Normal s ===+ Vitamin K5 —* Addition of
Vitamin K=5

* The endogenous uptake has been subtracted.
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THE EFFECT OF VITAMIN K- ON THE OXYGEN UPTAKE
. OF S, SCEENCKII

xl/mg Dry Weight®

50, 50,
Monosodium Glutamate Glucose

30+ / 36 /
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Vitamin K=5

#* The endogenous uptake has been subtracted.
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Fige 11

THE ZFFECT OF VITAMIN K5 ON THE OXYGEN UPTAKE

OF H. CAPSULATUM
mg Dry Weight*
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* The endogenous uptake has been subtrzcted.
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Table 13
A Summary of the Data Presented in Figures 8and 9 .

L

B. dermatitidis strain 6046

Monosodium
Sube. Endogenous Glutamate Glucose Fructose Xylose
1}

Time o '[ o ] #* ! 3% l ST |
period 2 'Slopet 2| Slope 02 lSlope 0, I Slope 0, :SlOpe
(hours)} Uptake: Uptake | Uptake | Uptake | Uptake |

| | | 1
I ! | | l

0-3 | 408 | 1.36 ] 10.08 | 3.36 |11.05 | 3.68 9.12' 3404 8403 | 2.68

3-6 | lak2 ! 0.7 | 7.93 | Reb6h | 14458 | 4486 | 12.39' 4,13 | 10.06 | 3435

6=9 | 1.27 | 0.2 | 6.93 | 2.31 110.53 | 3.51 140151 4o71 9406 | 3+02

[
[ ] | l ]
B. dermatitidis strain 6046 with Vitamin K-5
| ! | | I
0-3 | 5.74 | 1.91 |13.081 4.36 §10.76 | 3:59 | 10.77] 3.59 8.99 | 300
3-6 2.12 0071 1.1&0 l Ooh? -l 0007 "0002 0081‘ 0027 2.97' 0099
t-9 | 2,02 | 0.67 |- 3.32 | 110 { 0.89 |-0.26 |- 0.67/=0422 |~ 1.2k l-0.41
n , l ‘
] 1 ] i L
b. dermatitidies strain LBa
I | ] I |

0-3 | 3.79 | 1.26 | 10351 345 | 9.75 | 3025 | 12,120 seon | 831 2.7

36 | 2,06 | 0.68 | 13.48 | 4,49 119,61 | 6453 | 13.05] 4e35 | 12.95] L3l

6-9 ] 1.70 | C.57 | 11.78 } 3,92 | 12.27 | 4.09 9.66] 3.22 8464 ) 2.88

i I
] 1 | | |

B, dermatitidis strain LBa with Vitamin K-5

| | | ] 1
0-3 | 2,39 | 1.36 | 12,091 3.83 | 20.75 | 3.65 | 9.250 3.08 | 7.861 2.62
3-6 | 2.54 | 0.85 |- 0.27|-0.09 | 211 } 0,70 |~ 1.70|-0.63 |- 1.32| 0.tk
6=9 } 239 | 0.79 |- Oell | =0.13 0.88 '-0.29 - 1.36=-o.a5 = 1,21 -0.40
] ] 1 L 1

# Change in oxygen uptake during the designated time period in pl/mg
dry weight, minus the endogenouse

# 5 - J2 =31
ts =ty
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Table 14
A Surmary of the Data Presented in Figures 10 and 11,

He capsulatum

Monosodium
Sub, Endogenous Glutamate Glucose Fructose Xylose
. | J T | !
Time % | #* +* | s |
period 02 ISlope** 02 | Slope 0, :Slope 02 |s1ope 05 :iilope
(hours) Uptakel Uptake | Uptakey [uptake | Uptake |
] | | 1 !
1 | | ; 1
o3 | 352l 1a7] el 2 | si72) 1.0 | ousuy 3. 5.72 1,90
3-6 | 2.24 | 0074 | 1he7l1 4490 | 10419 ) 3436 | 8,70 | 2470 8,091 2469
6-¢ | 2191 0.7 | Lhll) 470 | 13.30 | L3 | 13.27 | k2 | 11.20] 3.73
| I 1 1 !
He capsulatum with Vitamin K-5
: T : } f
0-3 | 4o6h ) 1u5u | 20,911 3064 § 7.67( 2456 | 9.30 | 3.0 | 6.20] 2.07
3-6 | 3420 ) 1.07 |- Lé211 <1040 |- 1,06 1-0.35 | ©.32 | 0.10 Cok8| 0416
-9 | 3.12 | 1.04 |- 0.50| ~0.17 |- 0.26 1-0.08 | 0.17 1 0.06 Ce51| 0,17
n
| ! 1 1 {
Se schenckii
I [ | | i
0-3 | 3.12 ) n.on | 13.33) ew [ 10a7] 3ee2 | 72l su0 | oaml 5.0
3=6 | 2050 1 0.87 | 19,761 6459 | 1173 | 3491 | 19,53 | 6.51 14,810 1,93
6=5 | 1.55 : 0252 | 10279 3.59 | 13.37 | haté | 12.13 | LoOL Te27) 2,62
1 | l ] |
5. schenckii with Vitamin K-5
| I | { }
0-3 | 3.82 } 1.27 14.69‘ Le89 | 12.78 ! Le26 | 9429 | 3,09 | 1l.21| 3.73
3-6 | 339 ) L3 | 3,781 1026 |- 427 -1.k2 | 0.59 | 0.19 |- 2.54] ~0.€3
6-0 | 2.83 | 0.9k [~ 2811 0293 |- 1.98 | 0066 | 1s72 [-0.57 | = 1.12| 0437
|
i | | i ]

** The change in oxygen uptake during the designated time period in
pl/mg dry weight, minus the endogenous.

#% S m 222 Y1
to -ty
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The two organisms capable of metabolizing ribose produced
trends similar to the other results (Table 12). The reductions from
the normal at the 9 hour mark were 72 percent for H. capsulatum and 82

percent for B. dermatitidis strain LBa.

(7) The In Vivo Effect of Normal and Inhibitor-Grown Cells.
(Tables 15, 16, 17, 18)

Normally Grown Cells.

Twenty-five percent of the mice injected with B. dermatitidis

strain LBa were dead by the fifteenth day and 95 percent after 30 days.

B. dermatitidis strain 6046 exhibited a somewhat lower rate with 15

perzent dead at 15 days and 75 percent at 30 days. The mice inoculated
with S. schenckii had rates averaging 45 percent at 15 days and a
terminail level of 95 percent. H. capsulatum-injected mice exhibited

rates similar to B. dermatitidis strain 6046 with 15 percent and 85

percent death at 15 and 30 days respectively.

6-Azaurac1l=-Gr:zwn Cells.

Results obtained from this group did not differ appreciably from
the normally grown cells Fifteen percent of the mice injected with B.

dermatitidis strain LBa were dead after 15 days and 90 percent after 30

days. Again, B. dermaritidis strain 6046 exhibited lower rates than B.

dermatitidis strain LBa with 5 percent and 70 percent of the mice dead

after 15 and 30 days respectively. The mortality rate among mice in-
jected with 6-azauracil-grown S. schenckii were nearly identical with
that of the normal rate. Similarly, H. capsulatum exhibited little

differen e from its nourmally grown counterpart with 10 and 85 percent of

the mice dead atter 15 and 30 days respectively.
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8~-Azaguanine-Grown Cells

A distinct reduction in the mortality rates of the mice was

observed when injected with 8-azaguanine-grown cells. B. dermatitidis

strain LBa and H. capsulatum showed approximately 15 and 30 percent

decreases, from the normal, at 15 and 30 days. B. dermatitidis

strain 6046 exhibited decreases of approximately 5 and 30 percent at
days 15 and 30. Mice injected with the analog-grown S. schenckii
resulted in a 30 percent decrease at the 15 day mark and a 25 percent

reduction at the terminal point of 30 days.

Puromycin-Grown Cells.

Puromycin-grown cells produced the lowest mortality rates in mice.
A marked red.ction in rates was observed with all the organisms

employed. B. dermatitidis strain LBa inoculated mice showed an average

reduced mortality level of 45 and 60 percent at 20 and 30 days. B.

dermatiridis strain 6046 exhibited a significant change with a 25 per-

cent reduction atr 20 days and 65 percent at 30 days. S. schenckii-
injected mice produced 10 percent dead at 20 days and 40 percent dead
at 30 days. This represents average decreases of 60 and 55 percent at

the indicated days- H. capsulatum grown in the presence of the anti-

biotic resulted in a reduction of 40 and 55 percent at days 20 and 30.
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(8) The Effect of Vitamin K-5 Treatment on Mice Inoculated with
Systemic Pathogenic Fungi.
{rables 19, 20, 21, 22, 23)

GROUPS I AND II. (CONTROLS)

Control groups I and 1II (Table 20), gave consistent results
throughout repeated experiments indicating that gastric mucin in
combination with Vitamin K-5 (Group I), or phosphate buffer (Group II)
have no observable effect on the mice. One hundred percent survival
rates were noted for both groups and no toxicity was observed, except

for the reddish brown urine previously described.

GROUP III. {CONTROL)

Mice of this group were injected with the cell adjuvant suspension
and were administered sterile 0.15 M phosphate buffer in lieu of the
Vitamin K-5 solution.

No deaths were recorded with B. dermatitidis strain LBa at 10 days.

Fifteen percent of the mice were dead at 15 days with a terminal death

count at 30 days of 55 percent. B. dermatitidis strain 6046 exhibited

an average of 5 percent dead at 15 days and 35 percent at 30 days.
Mice injected with H. capsulatum showed an average terminal death rate

of 40 percent and S. schenckii an average of 50 percent dead.

GROUP IV. (CONTROL)

The micze in this experimental system were inoculated with cells;
however, they were not injected with Vitamin K-5 or phosphate buffer.
Mortality rates among this group of mice did not differ appreciably

from those of Group III. B. dermatitidis strain LBa produced mortality

rates of 10 and 60 percent 15 and 30 days following injection of the
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cells., Again, B, dermatitidis strain 6046 exhibited a lower degree

- of virulence with 15 percent of the mice dead after 15 days and 40
percent dead at 30 days. S. schenckii-injected mice had average
mortality rates of 5 and 45 percent at days 15 and'30, respectively.
Mice receiving H. capsulatum cells exhibited no deaths 15 days after
injection; however, an average terminal death rate of 30 percent was

observed by the thirtieth day.

GROUP V. (EXPERIMENTAL)

The mice of this group, which received a total of 6 mg of Vitamin
K-~5 prior to inoculation of the cells and an additional 2.0 mg after
inoculation, exhibited the most rapid and highest death rates. B.

dermatitidis strain LBa produced the highest death rate in the mice with

an average of 55 percent dead after 10 days and 100 percent by 25 days.

An average of 5 percent of the mice injected with B. dermatitidis strain

6046 were dead the fifth day and 90 percent after 30 days. Twenty-five
percent of those mice injected with H. capsulatum were dead by the tenth
day and 90 percent by the thirtieth day. S. schenckii did not differ
markedly from the other organisms killing an average of 5 percent of

the mice after 10 days and 95 percent by 30 days.

GROUP VI. (EXPERIMENTAL)

This group of mice received a total of 6 mg of Vitamin K-5, with
the first injection being admihistered 4 hours following inoculation of
the cells. The death rates for the groups of mice in this experimental
system did not differ appreciably from their counterparts in Group V.

B. dermatitidis strain LBa-injected mice had the highest death rate with
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an average of 50 percent dead after 10 days and 100 percent dead

after 25 days. The two strains of B. dermatitidis averaged a difference

of 30 percent at 10 days and 15 percent at 30 days. B. dermatitidis

strain 6046 consistently exhibited the higher death rate. Of the mice
injected with S. schenckii, no deaths were recorded at 10 days;
however, 100 percent of the mice were dead at 30 days. H. capsulatum
inoculated mice exhibited 5 percent dead at 10 days and 90 percent

dead at 30 days.

(9) The Effect of Vitamin K-5 Treatment on Mice Injected with
Bacterial Cells.

Vitamin K-5 treated mice injected with S. pyogenes exhibited
somewhat higher death rates than untreated mice. Ten percent of the
Vitamin K-5 treated mice were dead 3 hours following injection of the
cells and 40 percent by 6 hours. Ninety percent were recorded dead at
9 hours and 100 percent at 10 hours. Of the untreated mice, 10 percent
were dead at 8 hours, 50 percent at 18 hours and 100 percent at 35 hours.
One hundred percent survival rates were recorded for the 3 control groups.

Vitamin K-5 treated mice injected with S. typhosa exhibited 10
percent dead 12 hours following cellular inoculation, 30 percent at 16
hours, 60 percent at 18 hours and 90 percent at 26 hours. One hundred
percent of the untreated mice survived through 36 hours. All controls

exhibited 100 percent survival throughout the experimental period.
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Table 19

The Effect of Vitamin K-5 Treatment on Mice Inoculated
With Systemic Pathogenic Fungi

Control Groups I and II

2.5% Gastric Mucin, 2.5% Gastric Mucin,
Vitamin K-5: Groups I* Phosphate Buffer: Group II*
DAL #*#* No. % DAL *#* No. %
Dead Dead Dead Dead
5 0/10 0 5 0/10 0
10 0/10 0 10 0/10 0
15 0/10 0 15 0/10 0
20 0/10 0 20 0/10 0
25 0/10 0 25 0/10 0
30 0/10 0 30 0/10 0

* These controls were set up with each series of experiments.
Results were identical for all experiments.

*%* The number of days after inoculation of cell (gastric mucin).
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FIG. 12
The Zffeet of Vitamin K=5 in Mice Injected with Streptocecous pyoreneg,
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CHAPTER V

DISCUSSION

The two strains of B. dermatitidis, S. schenckii and H. capsulatum

were found to vary in sensitivity to the inhibitors employed. Most

noticeable was the difference between B. dermatitidis strain LBa and

B. dermatitidis strain 6046. The former strain exhibited tolerance

levels half that of the latter with 6-azauracil and puromycin, while
sensitivity to 8-azaguanine was the same for both strains. Growth of
all the organisms was obtained at the indicated inhibitor concentra-
tions; however, in each case fresh inocula from stock cultures were used
at the start of each experiment to prevent possible adaptation or
attenuation of the organisms which might occur following long term
maintenance on media containing the respective inhibitors. It was also
felt that high concentrations of the inhibitors should be used to ob-
tain the greatest possible effect, whatever it might be. For this
reason, the concentration which proved to be one which was near maximum
in tolerance for the organism was employed.

The effect of the inhibitors on the total nucleic acid content of
the cells was found to vary with the specific inhibitor tested. Puro-
mycin did not appear to inhibit or alter the total RNA or DNA content
of the organisms following incubation in the presence of the antibiotic
for 5 days. Similarly, the total DNA content of the organisms following
growth in the presence of 8~azaguanine or 6-azauracil did not change

significantly. For the most part, these results are consistent with
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previously published reports. Early'work suggested that puromycin
might block nucleic acid synthesis resulting in a decrease in RNA and
DNA formation. However, in studies with the synthesis of purine

compounds by Trypanosoma cruzi, Fernandes and Castellani (1958) showed

that preformed bases were used to build up the purine nucleotides and
polynucleotides and that incubation with the antibiotic did not inhibit
this utilization. Asanuma (1959) reported that puromycin inhibited

the synthesis of protein in Pseudomonas fluorescens but did not alter

the synthesis of RNA, Similarly, Takeda et al. (1960), working with

the same organism noted that P32—orthophosphate was incorporated into
cellular RNA during exposure to the antibiotic but that protein
synthesis was completely inhibitied. In studying the effect of puro-
mycin upon certain tissues from rats, including liver, heart, kidney

and thymus, Gorski et al. (1961), found reduced protein synthesis in

all iastances. Inhibition of RNA synthesis, however, was found to occur
only in the thymus, Mueller et al, (1962), studying HeLa cells dis-
covered that the antibiotic at a concentration of 2 X 10~ M inhibited
the incorporation of cl4-leucine by 90% and at 5 X 10™° M blocked all
incorporation. They also found that this inhibition could be reversed
by transferring to a puromycin-free medium. Furthermore they noted that
the concentration of puromycin which inhibited protein synthesis pre—
vented the acceleration of DNA synthesis without inhibiting the established
rate of DNA synthesis. 1In this investigation total DNA and RNA contents
were determined following a five~day period; therefore, the data pre-
sented represent the net differences at the time of sampling and do

not measure the changes in rates of synthesis. Since the effect of
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puromycin is more closely associated with translation rather than
transcription it is reasonable to assume that available RNA would not
be affected. The inhibition of protein and enxyme syntheses have been
demonstrated by other investigators and could have an effect on RNA
synthesis., In this respect it might be possible that the availability
of RNA polymerase is not affected and that only synthesis of the enzyme
is repressed. Nucleic acids may be derived from the pool with little

or no need for increased nucleic acid synthesis until depletion warrants
synthesis or degradation of available nucleic acids.

In contrast to the effect of puromycin, 6-azauracil reduced the
total RNA content of the organisms studied, while the total DNA content
remained unchanged. Although the decrease of the RNA does not represent
a marked reducticn, results obtained were consistently lower than
normally-grown cells, Studies with E. coli have shown that 1 pg/ml of
6-azauracil ceused complete inhibition of growth (Otsuji and Takagi,
1958). They also reported that the short term effects of the uracil
analog resulted in slight increases in total RNA content; however, fol-
lowing longer periods, near normal concentrations were noted. 1In addition,
Habermann (1960) staited that in intact biological systems, 6-azauracil
is transformed ts 6-azauracil-riboside-5'-phosphate which inhibits
orotidylic acid decarboxylase, so that the synthesis of pyrimidine pre-
cursors oif nucleic azids is inhibited. 1In spite of this transformation,
the analog does not seem to be incorporated into nucleic acid. The former
authors suggested that interference with polymerization enzymes might
have taken place. In this respect the noted decrease in RNA content may

have resulted directly from an inhibition of nucleic acid polymerization
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into RNA mocecules. On the other hand, an indirect inhibition is also
feasible; that is, if orotidylic decarboxylase is inhibited by the
accumulation of 6-azauridine-5-phosphate the inhibition of uridylic acid
synthesis could be rate-limiting in terms of nucleic acid precursors.
This could in turn result in a depletion of the nucleic acid pool with
a subsequent reduction in total RNA content. In addition, inhibition
of enzyme synthesis, due to reduced RNA availability, may also have
played an independent or additive role in yielding the data presented.
The most ncticeable effect of an analog on the nucleic acid content
was obtained with 8-azaguanine-grown cells. Organisms grown in the
presence of this purine analog exhibited marked increases in total RNA
content, while the total DNA content remained unchanged. Although all
the cells showed increases in total RNA, the degree of increase varied
with different organisms. 1In contrast to puromycin and 6-azauracil,
8-azaguznine has been shown to be incorporated into RNA replacing a
portion of the guanine residues. Since it has been experimentally
demonstrarted that 8-~azaguanine is incorporated into RNA, the implication
that the analog will serve as a substrate with a specificity similar to
guanine appears reasonable. In this context it may be possible that the
analog nct only serves as a substrate but in addition it could induce
the RNA syntheric pathway, hence, resulting in increased RNA synthesis.
The synthesized RNA may be nonsense codes; however, this was not studied
in this investigation. On the other hand, 8-azaguanine was not detected
in the DNA (Smith and Matthews, 1956). Otaka (1960) discovered that the
synthesized RNA which contains the guanine analog is accumulated in the

ribosome fraction. In spite of this incorporation into RNA, however,
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the analog inéreases the rate of RNA formation while DNA formation is
not changed appreciably {(Chantrenne and Devreux, 1959).

Sensitivity to ultraviolet irradiation varied somewhat among the
organisms studied. Normally-grown §. schenckii appeared to be the

least sensitive while again a strain difference could be detected be-

tween B. dermatitidis strains LBa and 6046. B. dermatitidis strain

LBa consistently exhibited lower sensitivity to irradiation. H.
capsulatum appeared to resemble more closely the strains of B. dermati-
tidis than S. schenckii. Culturing and preparation of the cells prior
to and following irradiation were identical in all cases. It must be
assumed, therefore that the physiological states of the organisms with-
in each experimental group were the same, as were the conditions in
whizh the organisms were irradiated. Plate counting of the systemic
fungi poses additional problems over that of bacteria in that colonial
morphelcgy of the yeasts often prevent accurate counts. For this reasom,
preliminary experiments had to be performed to arrive at optimum cell
concentrations and incubation times. The optimum, starting concentration
was found to be 1 X 104 cells/ml while the best incubation period was

7 days.

Cells grown in the presence of 6~azauracil did not differ appreciably
from their normally-grown counterparts nor did recovery on SAB plus
uracil medium significantly alter recovery rates. In contrast, 8-aza-
guanine-grown cells consistently exhibited greater sensitivity to
irradiation. Recovery of the organisms on the SAB-guanine medium
appeared to be greater than on SAB alone, particularly following 35-60

minutes of i1rradiation. The significance of the observed difference
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between re-overy on the two media may be questionable, principally in
the 45-60 minute periods as the number of colonies counted were, in
some cases, below the minimum (30) considered to be significant in
standard p.ate count methods.

Puromycin-grown cells definitely exhibited the greatest sensitivity
tc ultravioletr irradiation. Recovery rates of the pruomycin-grown cells
were repeatedly low and resulted in values of approximately one-half
that of the normally-grown organisms. It has been observed that
irradiation of cells with ultraviolet results in injury, which in the
case cf yeast cells, is manifested by mutation, interference with
budding or cell death in order of increasing dose. Furthermore, Witkins
(1946) stated that the genetic make-up of the cells could, in part,
contribute tc some variation, and other factors previously mentioned
have been suggested by Dimond and Dugger (1941). Thus it was to be
experted that the organisms used in this investigation would differ in
sensirivity to ultraviolet irradiation although the effect of growth
in the presence of inhibitors could not be anticipated.

In pursuing other parameters, respiration and fermentation do not
appear to be as sensitive to irradiation as cell division (Rothstein,
1959). 1In addition, Giese and Swanson (1947) found that activity such
as storage of carbohydrates is much more readily affected than the total
rezpiration of fermentation in S. cerevisiae., Interesting studies by
several workers have shown that the enzyme content of a cell may play
an important role in sensitivity to ultraviolet irradiation (Novelli,
1961; Stapleton and Engle, 1960). The concentration of amino acids,

phosphate esters, organic acids, proteins and other substances which can
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react with free radicals have also been shown to effect sensitivity.
Rothstein (1959) stated that the effect on any particular substance in

a cell appears to be a function of its concentration., If a substance is
present in surplus of its requirements, its inactivation will not be
reflected in a change of that function. If, on the other hand, the
substance 1 a rate~limiting factor, then its inactivation will result

in diminished function. The differences in sensitivity to irradiationm

of the normally-grcwn fungil as opposed to inhibitor-grown cells could be,
in part, due to an alteration of the normal biochemical make-up of the
cell resulting from the effects of the inhibitors. Thus the increased
sensitivity to irradiation of purcmycin-grown cells may be a function of
reduced protein and enzyme formation and activity which has been found to
cczur fcliowing in-zubstion with the antibioric. More specifically,
Creaser (1955) reported that puromycin-induced inhibition resulted in

the complete absence of B-galatosidase in S. aureus while, Sypherd and
Strauss ¢1963) found that the antibiotic interfered with the synthesis of
the enzyme 1in E. ccli. Although this enzyme is not found in the yeast
celle, 1t might be assumed that other enzymes may be similarly affected
by the antibictiz. General inhibition of protein synthesis has also been
demonstrated by several workers. Similarly, it has been suggested that
8-azaguanine a.sc interferes with protein synthesis (Hollinshead, 1963)

and that seve:al enzymes of Aerobacrer aerogenes are repressed completely

by this analcg (Levine and Magasnik, 1959; Dewey and Kidder, 1960).
The ertect of 6-azaurazil on protein synthesis does nto appear to be
as great as is the case with the other inhibitors studied. Although,

Habermann (1960) demonstrated that the pyraimidine analog caused a decrease
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in protein synthesis and activity of some enzymes, other workers
suggest that this is not the primary site of inhibition. It is
possible then that the differences noted in ultraviolet sensitivity of
yeasts following incubation in the presence of the three inhibitors
could be a function of a decrease in ultraviolet absorbing substances

in the cells with a concomitant reduction in enzyme acitvity. 1In the
case of 8-azaguanine-grown cells, an increase in total RNA content was
noted. However, in terms of ultraviolet sensitivity, the effect of this
increase may have been masked by a possible marked decrease in other
ultraviolet absorbing materials. Although, results obtained from this
investigation do not show marked differences between recovery on SAB and
SAB plus the natural purine or pyrimidine Lodmell (1963) found that

recovery of B. dermatitidis was variable on different media. He further

stated that media having the highest ratio of nitrogen to carbon was
better for growth and that SAB medium was one of the better media for
reccvery of irradiated yeast. It should also be pointed out that
addition cf the natural purine or pyrimidine to the recovery medium does
not necessarily predispose utilization of that substance. The multiple
effect of growth in the presence of an inhibitor plus that of ultraviolet
irradiation may have reduced the metabolic and enxymatic activity of the
cell to the state that normal utilization of guanine or uracil was negated.
This inhibition of prorein and enzyme synthesis may also be of signifi-
cance in the variation noted in the oxygen uptake of normal and inhibitor-
grown organisms,

The effects of the three inhibitors on respiration were studied and

all were found to inhibit the rate of oxygen uptake. Although variation
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was noted with respect to the organisms and substrates tested, all

rates were consistently lower than that of the normally-grown organisms,
Normally-grown cells were found to utilize glucose, fructose, xylose and
monosocdium glutamate. Previous work by Levine and Novak (1950)demon-
strated that fructcse and ribose did not stimulate oxygen uptake in B.

dermatitazdis. In this investigation, however, fructose was found to

stimulace marked oxygen uptake in both strains of B. dermatitidis, S.

schenzkii and H. capsulatum. In contrast, ribose stimulated only

sligh~ uptake ain B. dermatitidis strain LBa and H. capsulatum and none

in S. schenckii or B. dermatitidis strain 6046. Following growth in the

presen-e of any ct the inhibitors, B. dermatitidis strain LBa no longer

demonstrated any utilization of ribose. H. capsulatum showed reduced,
though consistently positive rates of respiration.

The rates ot oxygen uptake of 6-azauracil-grown cells were some-
what. lower than that of the normally-grown organisms; however, the rates
were always higher than both 8-azaguanine and puromycin-grown cells.

In addztion, the influence of the substrate on oxygen uptake was noted
with othetr systems. The 6-azauracil-grown cells showed the least amount
of uptake when glutamate was employed as the substrate. Althcugh 6-aza-
urazil has been shown to cause a decrease in protein synthesis and re-
pressizn or scme enzymes (Habermann, 1960), these manifestations are
pcobably an indirect resuit o the action of the uracil amnalog on other
sites. It has been suggested by Shigura (1962) that the analog is
converted to the a:tive foim, 6-azauridine-5'-phosphate by one or the
phosphorylating enzymes. Earlier, Handschumacher (1960) demonstrated

that 6-azauridine-5"'-phcosphate was an inhibitor of orotidylic decarboxylase
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in rat liver cells and yeasts, This could result in a blockage of the
pathway which results in the decarboxylation of orotidylic acid to form
uridylic acid. Skoda and Sorm (1959) reported that the inhibitory
concentrations of 6-azauracil resulted in accumulation of orotic acid

and ortidylic acid in cultures of E. coli. In addition, Pasternak and
Hands (1955) noted marked inhibition of oretic acid incorporation into
the nucleic acids of various mouse tissues by 6-azauracil and suggested
that interference with the metabolism of oretic acid might be the primary
site of acticn. 1In this same context, a point of indirect importance

may also involve the formation of cytidine nucleotides. It is apparent
that the formation of cytidine nuclectide is dependent on the phos-
phorylaticn of uridylic acid to form uridine triphosphate and the subse-
quent aminaticn of this triphosphate to yield the corresponding cytidine
triphosphate. Thus the primary site of action of 6-azauracil may

result in indirectly producing the observations of several workers that
the analog inhibits the synthesis of proteins and enzymes. The results of
this study suggest that enzymes associated with oxidative respiration and
repair of irradiation injury may be among those inhibited.

Cells grcwn in the presence of 8~azaguanine exhibited definite
decreases in oxygen uptake with all the substrates tested. Warburg studies
indicate that with the exception of ribose, xylose was the least actively
utilized substrate. 1In B. subtilis and other bacteria 8-azaguanine has
been shown to be a strong protein inhibitor (Otaka, 1961). It has also
been demonstrated, with this same organism, that as much as 40 percent of
the RNA guanine is replaced by 8-azaguanine following incubation in the

presence of the analog. It appears that the amount of analog incorporated
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into RNA reaches a peak then declines to a relatively stable level.
This is fellowed by an accumulation of "abnormal' RNA with a subse-
quent decrease in cellular protein (Chantrenne and Devreux, 1960).
Smith and Matthews (1957) suggest that the effect of 8-azaguanine is
not due to competitive inhibition of enzymes engaged in purine matabo~
lism, but rather is more satisfactorily explained by the failure of
at least some of the analog containing RNA to function normally. 1In
the case of the tobacco mosaic virus, Matthews (1955) found that the
decreased infectivity of preparations containing 8-azaguanine (RNA)
in the virus RNA suggests that infectivity is impaired when the analog
is inzorporated into its nucleiec acid. The accumulation of "abnormal'
RNA lends support to the results of this investigation if we assume
that the RNA ancmalies are altered only at the guanine site. In such
an instance nonsense or missense coding could result with a subsequent
production and accumulation of nonfunctional proteins and enzymes. In
such a case a decrease in enzyme concentration might result with a
concomitant decrease in metabolic activity. Since enzyme analyses were
not performed in this study, it is difficult to hypothesize whether the
inhibiticn 1s specific for certain enzyme systems or whether a general
nonspecifi: reducticn in enzyme activity occurred. In any event, a
decrease in oxygen uptake involves a number of interrelated pathways
which if inhibited singly or in combination could account for the results
obtained.

Growth in puromycin produced the greatest effect on the oxygen uptake
of the organisms tested. In all instances puromycin-grcwn cells had the

lowest rate of respiration. Glucose and fructose appeared to stimulate
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the greatest amount of uptake, and xylose the least. The rates of
uptake of puromycin-grown cells were more similar to that of 8-aza-
guanine-grown cells than organisms incubated in the presence of
b-azauracil. More specifically, when glucose was used as the substrate,

puromycin-grown B. dermacritidis strain 6046, S. schenckii and H. cap-

sulatum all exhibited respiration rates closely allied to the 8-aza-
guanine-grown organisms on the same substrate., Although species and
strain variation did occur, the trends in oxygen uptake of these
organisms were similar. It is interesting to note that both of the
agents known to be strong protein inhibitors studied in this investi-
gaticn, produced the greatest change from the normal controls. In
1954 Agosin and Brand reported that puromycin inhibited the overall

carbchydrate mecabolism or Trypanosoma equiperdum and that the degree

of inhibition was propcitional to the concentration of the antibictic.
It appea.s that conzurcent with a general inhibition of protein
synthesis, purcmycin also interferes with the formation and activity of
many enzymes resulting in reduced metabolic activity.

The early wcrk ot Creaser (1955) on the inhibitory effect of
puromycin upon induced B-galactosidase synthesis in bacteria was con-
firmed by Eypherd et ai. (1963). They also reported that when the
antibioti: was added at a concentration causing a 40-50 percent reduc-
tion 1n grewth rate, a 30 percent decrease in enzyme synthesis occurred.
In studies condu:ted using rat liver, Goldstein (1962) reported that
the antibiotic prevented or interfered with the continuing formation of
the active enzymes, tyrosine- o- ketoglutarate transaminase and

tryptophane pyrrclase. Using cells of the same type, McGeachin and
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Potter (1963) demonstrated that puromycin in a concentration of 1.4
X 10'.4 M prevented amylase production and that the incorporation of
cl4-leucine into proteins was completely inhibited. Similarly,

Garren and Howell (1963) found that with mammalian liver cells, a

rapid loss in the activity of the enzymes tryptophane pyrrolase and

tyrosine transaminase resulted following incubation with puromycin.

It therefore appears that the inhibitory effect of puromycin on the

organisms studied in this investigation could result from a reduction

in growth due to the inhibition of protein synthesis and also, a

related interference with enzyme formarion and activity resulting in

a reduction of cellalar metabolism. No attempt was made in this

study to identify the particular enzymes affected,

Vitamin K-5 was found to reduce markedly the oxygen uptake rates

of normal yeast cells. Inhibition was noted with all the substrates

employed and trends appezred to be similar for all the organisms studied.

Following the addition of the vitamin anaiog into the main compartment

of the Warburg tlask, a period averaging 1 hour elapsed before inhibition
{ became noticesble. The slopes of graphs for cells receiving the vitamin,

in scme cases, are pleited as negative rates. Although rigid controls

were emplcyed on the preparation and manipulation of the vitamin, no

justifiable correlation could be made betweeen the nature of the slope

and the subsrate employed. In this context, a possible explanation

for the negative slcpe may be that a gas (possibly hydrogen) was evolved

following addition of Vitamin K-5 or that the endogenous respiration

rate of the cells increased when they were exposed to the vitamin analog.

The data obtained tends to support the latter possibility as there was
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a slight but consistently higher rate of endogenous oxygen uptake with
cells exposed to Vitamin K-5.

It was prcposed by Armstrong et al. (1943), that the antibacterial
properties of Vitamin K-5 might be due to its rapid oxidation to the
corresponding naphthoquinone. Further evidence reported by Schwartzman
(1948), Colwell and McCall (1946) and Gonzalez (1945) support the
prcposal thax oxidation cf Vitamin K-5 plays an important role in its
activaty. In independent studies, these workers have demonstrated that
reducrion ct naphthoguinones by -8H compounds, cysteine, ethyl mercaptan
and sodium bisulfite suppresses antibacterial and antifungal properties
of the naphthoquincnes. This is supported by the findings of Colwell
and McCall (1946) who reporred that the antibacterial and antifungal
properries of 2-methyl-l, 4-napthcquinone was suppressed by addition
of varicue reducing agente. Schwartzman (1948) working with Vitamin
K-5 found that following silurion of the vitamin analog in water, anci-
ba-tzrial a:tivity was stzcngly evident, However, if 2 mg of sodium
bisultite was added to the solution there resulted an immediate 40
perzent icss or a:ztivity which was completely restored on exposure to
air at 4 C fce 4 dajys

Certa’n quinc.nes have been shcwn to play a fundamental role in
cellular merabgolism and appea2r to be associated with the electron
transport chain and oxidative phosphorylaticn (Brodie, 1959). Depletion
of the bound quinone results in a loss of ability of the cell to con-
duct electron transport and generate ATP, while restoration of both

these activities can be ac:omplished by the addition of quinones.

However, as 1s the case with bacterial systems, restoration of both
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oxidation and phosphorylation requires the addition of the natural
bacterial quinocne or a closely related homolog (Brodie, 1960a).
Naphthoquinones of the Vitamin K-1 and K-2 types, in addition to
benzoquinones, are widely distributed im microorganisms (Kashet et al.,
1960), and have been shown to be involved in the oxidative phosphory=-
lation system of the cells (Brodie, 1957, 1958, 1960b). 1In addition,

Russell and Brodie (1961) have demonstrated that Mycobacterium phlei

can be adapred to be dependent upon Vitamin K-1 for restoration of
oxidative phesphorylation, and have been used to study two reduced
narhoquincnes which were formed during reduction of the vitamin., The
two reduced naphthcquincne inteimediates were found to accumulate when
extracts capable of oxidative phosphosrylation were incubated anaero-
bically with substrate amcunts of Vitamin K-1 and either NADPH or
malate as electron donorss. One of the compounds was found to be
identical to synthetic Vitamin K-1 diacetate, while the other which was
formed enzymarticzlly, was similar to synthetic moncacetate of the naph-
thochroman of Vitamin K-1. When analogs of Vitamin K-1 were tested,
the naphthochromans were not synthesized and oxidative phosphorylation
was not restcred. Examination of the structure of Vitamin K-5 reveals
that an amino g:oup 1s substituted at the 4'-position which would make
cyclization to the naphthochroman impossible. In addition Kilmer (1950)
stated that the antibacterial prorerties of Vitamin K-5 were due in part
to the free aminc group contained in the analog. This latter theory
cannct be dis:ounted nor has 1t been shown conclusively to occur.
Limicted laiterature dealing specifically with vitamin K-5 makes con-

clusive statements impossible; however, a possible mechanism, in view of
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work accomplished with the naphthoquinones, is that the 2-methyl-4 amino
l1-hydroxynaphthalene (Vitamin K-5) could be oxidized to the quinone,

as previous workers have suggested, and the oxidized compound in turn
might serve as an inhibitor of oxidative phosphorylation.

All of the organisms studied in this investigation were able to
infect and produce death in female white mice of the CFW strain. High
infectivity rates were probably aided by the use, in all experiments,
of 2.5 percent gastric mucin. The adjuvant was employed in view of
previous work done by Howell and Kepkie (1950), Campbell and Saslow
(1950), Salvin (1954) and when it was demonstrated that mucin produced
a larger percent of deaths, higher number of lesions and higher rate
of recoverable organisms following autopsy. Inhibitor-grown cells
produced results generally in keeping with other studies conducted
for this investigation, that is 6-azauracil-grown cells showed the
least amount of variation, in virulence, from that of normally-grown
organisms while puromycin-grown yeasts exhibited the greatest difference.

Normally-grown cells of B. dermatitidis strains LBa and 6046 were

found to result in different mortality rates following I.P. injection

into mice. B. dermatitidis strain LBa was consistently the more patho-

genic of the two strains. Previous work in this laboratory confirms
this result. As was the case with all the organisms tested, cells were
consistently recovered from autopsied mice following 10 or more days of
infection. At the time of death, lesions were visible in approximately
50 percent of the mice injected with S. schenckii, 50 percent for B.

dermatitidis strain LBa, 30 percent for B. dermatitidis strain 6046 and

30 percent for H. capsulatum. The total mortality rates obtained from
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6~azauracil-grown cells did not differ appreciably from the normally-
grown cells. This may be correlated to the previously mentioned
observations that the pyrimidine analog produced the least amount of
change from normally-grown organisms. Organisms were recovered from
approximately 90 percent of the mice and lesions were found in 40 percent

of the mice injected with S. schenckii, 40 percent with B. dermatitidis

strain LBa, 30 percent with B. dermatitidis strain 6046 and 40 percent

with H. capsulatum.

Yeasts grown in the presence of 8-azaguanine exhibited a distinct
reduction in the mortality rates of mice. In addition, cell recovery
on SAB agar media was positive as follows: 80, 75, 65, and 65 percent

for S. schenckii, B. dermatitidis strain LBa, B. dermatitidis strain

6046 and H. capsulatum, respectively. The percent of mice, injected

with the same respective organisms, exhibiting lesions were 40, 30, 30
and 30 percent.

Puromycin-grown cells produced the lowest mortality rates in the
mice. Autopsied mice exhibited lesions on the liver, lungs and spleen
only after approximately 28 days following injection. Percent of the
mice showing lesions were as follows: 30, 30, 15 and 20 percent for

S. schenckii, B. dermatitidis strain LBa, B. dermatitidis strain 6046

and H. capsulatum. The prolonged incubation time here, and the inability

of inhibitor-grown cells to recover when transferred to media enriched
with normal purine or pyrimidine, suggest that several generations may be
required to produce cells of normal metabolic activity and, consequently,
normal infectivity. In this series of experiments, the size of the

inocula remained constant for comparison between the difterent organisms.
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Criteria on which infectivity are based could vary depending on the
nature of the experiment and may include: the production of lesions in
test animals, number of recovered organisms, or the death rate in the
experimental animals. In this investigation, mortality rates in mice
were used as the criterion and subsequent comparative results were

based on this parameter. Following I.P. injection, S. schenckii appeared
to be the most virulent of the organisms studied. It was followed, in

order of decreasing virulence by B. dermatitidis strain LBa, B. dermati-

tidis strain 6046 and H. capsulatum. Following inoculation with H.

capsulatum, the infection is characterized by an intracellular parasitic

existence in the cells of the reticuloendothelial system. B. dermati-
tidis and S. schenckii, however, are not characteristically parasites of
phagocytes (Howard and Herndon, 1960). Stained slides of infected
tissue, obtained in this investigation, show large granulomatcus lesions
of the spleen, liver and lungs. However, possibly due to the smaller
size of H. capsulatum and the difficulty to observe them in tissue, no
slides demonstrating the presence of H. capsulatum were obtained.
Studies 1n this investigation have shown that the inhibitors can
have possible detremental effects on protein synthesis, enzyme formation
and activity, oxygen uptake, ultraviolet sensitivity, purine and
pyrimidine metabolism and nucleic acid synthesis. It is not unreasonable,
therefore, to postulate that the observed alteration of virulence could
be due to one or more of these effects. The previously mentioned review
of the literature revealed that the principal effect of the inhibitors
were on protein, enzyme and nucleic acid synthesis and activity. This

tends to support the possibility that viability of the cells is reduced
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and that this may be a manifestation of the formation of incomplete
proteins and nucleic acid anomalies. The comparative differences
noted in virulence may or may not be a direct manifestation of the
effects the inhibitors have on the organism; however, a direct correla-
tion between the magnitude of change imposed by the inhibitors on
respiration, ultraviclet sensitivity and virulence may be drawn.
Whether this alteration of pathogenicity is a reflection of increased
susceptibility of the inhibitor-grown cells to humoral and cellular
defense mechanisms of the mice or a decrease in the yeasts ability to
survive, extend and initiate an infection cannot be accurately stated.
In addition, there may be implications relating these observations to
the fact that most infections are subclinical in nature and an altera-
tion of the cells may further reduce its infectivity.

Vitamin K-5 has been used as a nontoxic fungistatic agent for
the preservation of pharmaceuticals for some time. When this investiga-
tion indicated that Vitamin K-5 was a strong inhibitor of cellular
respiration of pathogenic funci, experiments were designed to obesrve
the action of the vitamin analog in vivo. It was initially thought that
this marked inhibition of pathogenic fungi might also manifest a
reduction or alteration of the course of the infection in experimentally’
infected mice. Repeated results, however, showed that instead of
providing protection by 1inhibiting the yeasts just the opposite occurred
with a definitely higher mortality rate being exhibited in mice receiving
Vitamin K-~5., Controls were designed to indicate the effect of gastric
mucin in combination with the vitamin, gastric mucin alone {phosphate

buffer used in lieu of mucin), cellular inoculation with phosphate buffer
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(in lieu of Vitamin K-5) and cellular inoculation only. All control
results indicate that mucin, buffer and the vitamin singly or in
combination with scheduled doses of phosphate buffer did not differ
appreciably. Cells in combination with Vitamin K-5, however, exhibited
higher mortality rates regardless of the pathogen injected.

Although no toxic effect could be observedlin the mice following
Vitamin K-5 treatment, some physiological changes have been noted by
previous workers to occur in a variety of animals. Kubovar (1955)
found that 2-4 mg/day doses of the vitamin analog exerted a thermo-
analgetic effect in mice with concomitant sedation. In newborn infants,
Meyer and Angus (1956), Allison (1955) and Laurance (1955) using dose
levels varying from mg to 30 mg/day, reported that Vitamin K-5 caused
kernicterus, hemolytiz anemia and hyperbilirubinemia. Similar.y, Moor
and Sharmon (1955) found that 10 mg/l00 g body weight doses of Vitamin
K analogs given intramuscularly in rats caused an intense hemcglobinuria,
Finally, Ansbacher (1942) stated that in dogs, cats, rats, rabbics and
monkeys, Menadicne and Menadiol (Vitamin K analogs) was of low toxicirty
when given in small doses; however, higher concentrations could result
in a fall in blood pressure and anemia, The hematopoietic system, however,
did not seem to be affected (Beamish and Storrie, 1956). The above
mentioned physioclcgical changes are not necessarily responsible, either
directly or indirectliy, for the phenowenon noted in this series of ex-
periments. Certainly, the role of kernicterus, blood pressure and anem:ia
in terms of the increased mortality rates are questionable. On the other
hand, damage to the liver, kidneys or other reticuloendothelial system

organs could be of significance since the organisms studied have a
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predilection for these organs. No gross damage to these organs was
ever detected, however.

The marked effect, in mice, caused by the concomitant use of several
pathogenic bacteria and yeasts and Vitamin K-5 cannot be conclusively
explained at this time. It is evident form the controls that this is a
result of the two being used in combination and may be due to a multiple
effect imposed in the test animals. In addition, it is probably related
to the basic immune mechanism of the mice. To determine 1f viable cells
alone could express this phenomenon, one other control system should
have been used. Heat-killed cells in combination with the vitamin analog
should have been injected to see if particles (cells) caused any variation.
This control might help to establish whether the observed result was
induced or supported by a toxic effect.

The time interval between inoculation and first recorded deaths with

B. dermatitidis strain 6046 was as short as 5 days. Although organisms

were recovered, no lesions were visible on any of the mice pricxy to
18-22 days. The mice injected with the other pathogens, similarly,
showed more rapid death rates than the mice not receiving Vitamin K-5
treatment. The first of these deaths were noted between 10-15 days
following injeztion. Again, organisms were recovered upon autcpsy;
however, lesions were nct visible until approximately 18-20 days,

The mice that survived through 20-30 days exhibited lesions through-

out the abdominal cavity (liver, spleen, intestine) and lungs. Although
infection was quite noticeable in these mice, the mlée that exhibited
early deaths (5~7 days) may suggest a possible toxi: eftrect. Mice

which were not injected with Vitamin K-5 showed much slower death rates;
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however, increased mortality rates were noted following 40-45 days.
For comparative reasons, however, tﬁe experiments were terminated after
30 days.

Future investigation in this area should concentrate some effort
in describing the pharmacological changes taking place in the Vitamin K=5-
treated mice. Once these are determined, experimentally induced changes
could be produced using agents other than Vitamin K-5 to see if subse-
quent injection of pathogenic microorganisms results in the same
phenomenon. In addition, experiments should be repeated using not cnly

other Vitamin K analogs, but also, the natural vitamins, K-1 and K-2.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER VI

SUMMARY

1. The maximum concentrations of 6-azauracil, 8-azaguanine and puromycin

permitting detectable growth of B. dermatitidis strain LBa,

B. dermatitidis strain 6046, S. schenckii and H. capsulatum
were determined.
A. The fungi exhibited variation in sensitivity. 5. schenckii
showed the least sensitivity while, Ef‘cagsulatum the
greatest.

B. B. dermatitidis strain 6046 could grow in 2-fold higher

concentrations of 6-azauracil and puromycin than B. dermati-~
tidis strain Lba.
2, Mice were found to show no noticeable signs of toxicity when receiving
0.5 mg/ml doses of Vitamin K-5 every 48 hours, for 15 days.
3. The total DNA and RNA concentrations of normally- and inhibitor-
grown organisms were determined.
A. The DNA content was not affected by any of the inhibitor studied.
B. Puromycin did not alter the total RNA content of the cells.
Azauracil-grown cells exhibited decreases in RNA (to about 10,2%
of normal) while, 8-azaguanine-grown organisms showed an increase
(to about 19.17%).
4, The effect of the inhibitors on ultraviolet sensitivity was studied.
A. Cells grown 1n the presence of 6-azauracil did not differ

appreciably from that of normally-grown organisms.
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B. Organisms incubated in the presence of'8—azaguanine exhibited
slight but consistently greater sensitivity to irradiation.
Puromycin-grown cells were found to be extremely sensitive to
ultraviolet light.

C. The addition of the natural purine or pyrimidine to the plate
count medium did not enhance recovery.

5. Glucose, fructose, monosodium glutamate and xylose were found to
stimulate the oxygen uptake of all the organisms tested.

A. Ribose stimulated uptake in B. dermatitidis strain LBa and H.

capsulatum, however, no respiration could be detected in B.

dermatitidis strain 6046 or S. schenckii with this same

substrate.

B. Organisms cultured in the presence of 6-azauiacil, 8-azaguanine
and puromycin exhib:ited reduced respiratory activity on ali vte
substrates tested. Purcmycin was found to be the strongsst
inhibitor of oxygen uptake.

C. When normally-grown fungi were exposed to Vitamin K-5, a marked
inhaibition of oxygen uptake was ncted,

6. The relative pathogenicity of normally- and inhibitor-grown cells
were studied.

A, Organisms grown in the presence ot 6-azauracil caused mortality

rates in mice which were similar to their normally-grown

counterparts.
B. Distinct reductions in mortality rates, of mice were noted when
injected with 8-azaguanine- or puromycin-grown cells. Puromycin-

grown organisms were found to be the least virulent.
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7. Mice which underwent Vitamin K-5 treatment showed considerably
higher mortality rates, when subsequently injected IP with pathogenic

bacteria and fungi than untreated mice or mice receiving a placebo.
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