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INTRODUCTION AND REVIEW OF LITERATURE

Vibrios were associated with abortion in sheep by
McFadyean and Stockman in 1913. Subsequently, vibrios
were found to be causatively associated with infectious
abortion in cattle by Smith and Taylor in 1919. They named
the organism Vibrio Qgggg.

Alexander (1957) studied the energy sources of ovine
strains of_V.,§gggg by the addition of various substrates
to a peptone medium which was diluted so that it permitted
only minimal growth. Re found that laotate, pyruvate,
dbketoglutarate, succinate, fumarate, malate, aspartate,
asparagine, glutamate, and proline served as energy

sources. However, glucose, hexosediphosphate, glycerol,
glycerophosphate, oxalacetate, citrate, isocitrate,
oxalosuccinate, tartarate, glycine, alanine, threonine,
phenylalanine, histidine, lysine, arginine, cysteine,
methionine, leucine, and ornithine did not serve as energy
sources. He also showed that lactate, pyruvate, isocitrate,

and fumarate were oxidized by resting cell suspensions of

Ya .£.§..EE.§.·
Kuadas and Morse (1956), while developing a selective

medium for V. Qgggg, found that vibrios grow in a medium
containing 1% oxbile. They also stated that nicotinic
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acid, thiamine, calcium pantothenate, pyridoxa1—HCl, and
biotin were needed for growth of_!. jgtgg.

Trueblood and Tucker (1957) presented evidence
indicating that amniotic fluid added to the medium enhanced
growth of 1. fgggg.

Leccs (1958), using a total of 27 strains of,§._§gggg
from a variety of sources, studied the oxidative capability
of resting celle against 30 substrates. He used the
Thunberg technique, and used triphenyl tetrazolium chlcride
as the electron acceptor. He reported that lactate, formats,
pyruvate, «—ketoglutarate, and succinate were used as
electron donors. Although formats was the most active
electron donor, this eubstrate completely inhibited growth
of vibrios at a concsntration of 0.5% and delayed growth
at a concentration of 0.2%. There was selective inhibition
of growth of vibrios based on the species of animal from
which the organism was isolated when glycine was
incorporatsd into the medium. Growth of all five sheep
strains tested was not inhibitsd by 0.8% glycine.
Glutamate was only slightly active with four of 27 strains
of_!.,§gggg.

Kiggens and Plastridge (1958), using the sarburg
technique, studied the oxidative activity of two strains
o£_y. ggggg against various substrates using whole celle
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and cel1~free extracts. None of 16 carbohydrates tested
was oxidized, and with the exception of pyruvate, there
was no significant oxygen uptake with glycolytic
intermediates. Although there was rapid oxygen uptake
with all members of the tricarboxylic acid cycle when a
ce1l—free extract was employed, whole celle showed slight
or no oxygen uptake with citrate, cis•aconitate,

isocitrate, and<¤—ketog1utarate. Glutamate, glutamine,
aspartate, asparagine, proline, and cysteine were the only
amino acids oxidized of the 23 which were tested. Acetate
was the only fatty acid oxidized.

{ Zemjanis and Hoyt (1960a) compered the eensitivity
of,y. ggtgg, gsegdogggag aeggginosg, and Proteuslgglgggig
to various ensyme inhibitors. All of the strains of
_§. jgggg employed in the study were found to be more
sensitive than_§g. aegggihgsa orig. gglgaris to the 19
enzyme inhibitors tested. Therefore, these compounds were
eliminated as potential additional materials to be included

in a selective medium for_§._;gggg.
Zemjanie and Hoyt (l96¤b), by adding various

substrates to a peptone eemisolid medium, reported that
certain concentretions of cysteine, lactate, ¤¤ketoglutarate,

glutamate, glutamine, uracil, thymine, p-aminobenzoic acid,
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n and 17q5%estradiol enhanced the growth of]!. {ggg;. They
also stated that the addition of magnesium, manganese, and
iron salts stimulated the growth of 22 etrains of §._{gggg.
molybdenum trioxide caused slight stimulation of growth —

of_§. {ggg; when culturee were incubated aerobically, but
growth in the presence of this compound was inhibited
in an environment containing 15% carbon dioxide.

Cobalt acetate at a concentration below 0.05% neither
inhibited nor increased growth of_[. {gggg, while
higher concentrations were bactericidal. Pyruvate at
a coneentration of 1% completely inhibited growth of
E. {gggg, while lower levels of pyruvate neither
inhibited nor·increased growth. These workers reported
that the growth of 22 strains of_!. {ggg; studied was
unaffected by aspartate, adenine, and urea; however,
all concentrations of fumarate investigated caused

inhibition of growth.

Smibert (1963) reported the development of a
chemically defined medium for g,l{gggg. He found that
a liquid or semisolid medium containing 18 amino acids,
B—vitamins, and minerals supported growth of all 87 strains
of_E. {gggg tested. The addition of spermine, oadavarine,
putrescine, betaine, thioglycolate, thiosulfate, cystine,
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and ascorbic acid tc the liquid defined medium had no
effect on grauen of the slowar growing straina. Purinae
and pyrimidines were not required. Sodium carbonate and
sodium thiosulfate enhanced growth of a few atrains„
Magnesium and farrous ealts were the only major minaral
requirements. The only vitamin required by most straina
was nicotinic acid, although additional B·vitamins
stimulated growth. Smibert also reported that the asino 4
acid requirements were haterogenoua• Tha organisme were
divided into five nutriticnal groups on the basis of their
amino acid requirements. Qf 87 straine tested, 26 grau in

medium a containing glutamte, prolina, aspartate, and
leucine; nine, which did not grow in A grau in medium B
which contained glutamate, proline, aepartate, laucine,
and mcthionine; 15, which did HOE grow in a or B grau in
medium C which contained glutamate, prolina, aspartate, A

leucine, mathionina, arginina, and alanine; and 3A, which

did not draw in a, B, or C grau in medium B which contained
glutamate, proline, aspartata, leucine, methionine, arginina,
alanine, serine, hydroxyproline, valine, glycins, threonine,
tryptophan, tyrosine, and cystine; three of 87 strains grau

in medium a but not in a, s, C, er S. Medium E is listed
in Table 1, All 87 atrains grew in Medium E. Smibert
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found that amino acid requirements were related to neither
biochemical activity nor origin of the strains of_!._§gggg
studies.Fletcher

and Plastridge (1963) studied the growth
requirements of 26 catalase—positive, H2S—negative
mioroaerophilic etrains of 1. ggggg. They found that a
chemieally defined medium that would supprt the growth of
22 of 26 straine tested consisted of aspartate, cyeteine,
glutamate, sodium acetate, MgCl2•6H2O, Naßl, KZHPÜA, KHZPÜÄ,
and niacin. Growth of vibrios was compared on the defined
agar medium, yeast extract agar, blood agar, and Bacto«Thio1
dgar. On the defined medium growth of four of ten
g1ycine—intolerant strains equaled er exceeded growth(
obtained on the yeast extract agar. Two of ten strains
yielded less growth in the defined medium, and four of ten
strains gave little or no growth. All of the 16 glycine-
tolerant atrains grew on the defined medium. Niacin
appeared to stimulate growth of four strains, although

‘

it did not stimulate those strains which failed to grow
on the defined medium. Biotin, pyridoxine, riboflavine,
and thiamine added to the defined medium did not stimulate
growth of the vibrioe. Members of the glycine~tolerant
group were able to grow in the presence of 1% glycine in
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Bacto—Thiol medium. However, growth of both groups was
inhibited by 1% glycine in the defined medium. The 26

strains of vibrios tested were divided into two groups
on the basis of their ability to grow in a concentration
of 0.01% glycine in the defined medium.

‘ Hoff (1956) developed a chemically defined medium which
supported growth of two strains of_§. Qgggg and two strains
of Vgbrio ggg.. The chemically defined medium consisted of
19 amino acids, 8 B—vitamins, L purines and pyrimidines,
A salts, a reducing agent, trace minerals, sodium pyruvate,
and 1.5% agar. Experiments in which amino acids were

deleted by groups and then singly indicated that the
strains of'!. Qgggg studied were more demanding in their
amino acid requirements than the strains of Vibrio ggg..
1. fgggg failed to grow in a medium in which all amino
acids except glutamate and aspartate were omitted, although

the Vibrio ggg. strains grew in this medium. Glutamate and
tryptophan were required by both strains of E. Qgggg. Iso-
leucine, leucine, lysine, methionine, and valine were
stimulatory for growth of one strain of 1, ggggg, while
alanine, glycine, histidine, phenylalanine, proline, and
serine were stimulatory for growth of the other strain of
§.,£gggg. Hoff reported that his results indicated the
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ability of !;gg;g_ggg. to synthesize, to some extent, the
amino acids they required. Arginine, aspartate, glutamate,

leucine, lysine, methionine, serine, and tryptophan were
stimulatory for one strain of Vibrio ggg., while arginine,
glutamate, lysine, methionine, valine, and cystine were
stimulatory for the other strain ofljggggg ggg., Hoff
studied the oxidative activity of one etrain each of
_§._;gggg and,Q;gg;g_ggg. against various amino acids.
He also investigated the ability of these strains to
deaminate amino acids. Xggggg ggg. and_1._§gggg both
oxidized asparagine, aspartate, glutamine, glutamate, and
cysteine. In addition,_K. ggggg oxidized proline. Both

,_§._§gggg and_!;gg;g_ggg. deaminated asparagine, aspartate,
and glutamine. However, aspartate and glutamine were
deaminated by_§, Qgggg in only one of two experiments.
§;g;gg_ggg. only deaminated glutamate in one of two
experiments.

Reich, Morse, and Wilson (1956) studied the effect of
10% carbon dioxide on the growth of,§.,§gggg. They reported
that carbon dioxide only serves as a diluent to lower the
concentration of oxygen in the environment. They found
that as much growth occurred in an atmosphere of nitrogen
or helium as in an atmosphere of carbon dioxide. This

showed that carbon dioxide was not required for growth.
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Kiggens and Plastridge (1956) reported that the
optimum atmosphere for the growth and isolation of_!.·£gggg
was provided by reducing the oxygen concentration to 5%
and increasing the carbon dioxide concentration to 10%.

Fletcher and Plastridge (196h) studied the gaseous
requirements for growth of L9 strains of microaercphilic
vibrios from various sources. They used 36 catalase-
positive and HZS-negative strains regarded as §._ggggg
which were divided into two groups on the basis of glycine

tolerance. Members of group I were glycine—negative,
while members of group II were glycine·positive. These

workers reported that on yeast extract agar and in the

presence of 10% carbon dioxide, the optimal oxygen level

for the growth of organisms belonging to group I was 2.5%,
while the optimal amount of oxygen for the growth of)

group II organisms was 5%. Fletcher and Plastridge stated

that in the presence of 10% carbon dioxide, a group I
strain from man and a group I strain from sheep gave

significantly larger amounts of growth than did group I

strains from cattle in the presenoe of 12.5% oxygen,

15% oxygen, and 17.5% oxygen. In the presence of 2.5%

oxygen, the optimal carbon dioxide level for growth of

all strains tested on yeast extract agar was 10%. Members
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of group I were unable to tolerate 50% to 70% carbon

dioxide, while members of group II grew in an atmosphere

containing these high concentrations of carbon dioxide„

In the presence of 50% to 70% carbon dioxide, group I

vibrios isolated from man and sheep yielded larger amounts

of growth than the group I vibrios isolated from cattle.

Group I and group II strains which were able to grow

on the defined medium, yielded maximal growth in an

atmosphere containing 1% oxygen and 10% carbon dioxide•

The vibrios were less tolerant to high concentrations cf

carbon dioxide and oxygen when grown cn the defined medium

than when grown on the yeast extract agar. These workers

stated that the effect of carbon dioxide concentrations

exceeding 10% was a lowering of pH for group I vibrioe

grown on the defined medium, while more than 10% carbon
d

dioxide was toxic for group II vibrios. Fletcher and

Plastridge stated that the growth of group I strains of

vibrios isolated from cattle differed from the growth

of group II strains ieolated from cattle, chickens, man,

and sheep. They concluded that strains of,§•_§gggg

associated with bovine infertility differed from strains
of_!• Qgggg involved in disease of chickens, man, and
sheep•
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Nageswararao and Blobel (1963) isolated an antigenic
substance from brcth culture filtrates of 21 catalase—
positive strains ofel. {ggg;. Brcth cultures were
centrifuged and the supernatant fluid filtered by means
of filter candles with an average capillary radius
of 300 mu. The filtrate was adjusted to a pH of 3.2,,
stored overnight at A C and centrifuged. The precipitate
was washed twice in 0.01 M citrate at a pH of 3.2, and
dissolved in 0.01 M phosphate buffer (pH 7.0). Following
clarification by centrifugation, the solution was dialyzed
against dietilled water for 18 hr. These wcrkers
designated the final product an acid precipitable
material (APM). Cell extracts were prepared by sonic
oscillation of,1._{gggg cell suspensions. The cell
extracts were centrifuged, the supernatant fluid filtered,
and the filtrate dialyzed against distilled water. These
workers reported that protein per unit weight of
carbohydrate generally was higher in the APM than in the
cell extract filtrates. The carbohydrate content of APM
was lower than that of the cell extracts. Therefore, the
differences in the chemical compositions of the ARM and of
the cell extracts indicated that the major part of the ARM
was not a cellular component liberated into the culture
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fluid by lysis of cells. Nageswararao end Blobel
demonstreted that the APM was entigenie. When enti—
eerums against APM from three strains were ebeorbed with
homologous cell extracts end whole cell euepensions, the
agglutinin titers of two of three streins were decreased.
The titer of the third strain was completely adeorbed.

By the use of immunoelectrephoretic analyses and cross~
precipitin tests, these workere reported some serologic
heterogeneity of APM isoleted from different strains of
_!. fgggg. The APM of two strains retained antigenicity
after heating at 60 C for 30 minutes es well as after
boiling for 5, 15, and 30 minutes. Antigenieity was
lost after boiling fer two hours and after autoclaving

at 121 C for 15 minutes. On electrophorograms, APM from
three streins was steined with protein steine but not

with glycoprotein and lipid steine.
Osborne and Smibert (1962) reported that the bovine

was hypersensitive to a material produced by K. fgggg
when grown in the chemically defined broth. The toxic
material was found in the eell·free supernatant fluid
of three to five day old cultures. Twelve calves and
six adult cows showed clinical symptome of anaphylactoid
shock following intrevenous inoculation with a broth



419-

culture or the cell-free supernatant fluid from a broth
culture. Calves were refractory to a second dose of
supernatant fluid for at least two days. The eupernetant
fluid inoculated intradermally into the cervical skin of
36 cows, calves, and young adult cattle gave a positive
skin reaction in all animals. Osborne and Smibert
suggested that the bovine becomes hypersensitive to
_1. ggggg either passively during prenatal development or
by early post-natal contact with vibrios or other
microorganisms sharing common antigens with_X._§gggg.

Osborne and Smibert (196A) conducted an extensive
study of the hypersensitivity and abortifacient action
of g, jgggg whole cell cultures and cell~free supernatant
fluid in the bovine, caprine, ovine, porcine, and lapine
species. These workers reported that all strains of
yy. fgggg used produced toxicity signs following a single
intravenous inoculation, although a second inoculation
ZA or A8 hr later produced slight or no shock symptome.
Whole cell_§._§gggg cultures were highly toxic as were
y!. jgggg cell—free supernatent fluids. washed whole cells
were only slightly toxic. A more severe shock reaction
was noted in calvee older than one month and up to sexual
maturity than in calves that were younger than one month
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or beyond sexual maturity. A moderate degree of hyper-
sensitivity to K. Qgggg whole cell cultures and
supernatant fluids was reported in coloetrum deprived
pigs and calves. After receiving colostrum for one day,
hypersensitivity was not enhanced. Osborne and Smibert
reported on the abortifacient action of Z, §§ggä
supernatent fluids and whole cell cultures in the bovine,
caprine, and ovine species. Two of four pregnant cows
aborted following inoculation of_§.‘§ggg§ (bovine origin)
whole cell cultures. Necropsy of a third pregnant cow
revealed a dialeted cervix and impending abortion. One
of two goats inoculated with K. fgggg supernatant fluide
ehowed e reversible shock reaction followed by abortion
in two days. A larger dose of_K. Qgggg supernatant fluid
was given a second goat and an irreversible shock
syndrome occurred. Viable §._§gggg cell culture
inoculated into two pregnant goats resulted in
reversible shock reactions followed by ebortioos. In
one gest the inoculation of_Z. fgggg whole cell culture
follcwed with_§.,§gggä supernatant fluid four days later
resulted in reversible shock after both inoculations end
abortion following the inoculation of the supernatant
fluid. These workers inoculated five ewes with whole
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cell cultures or cell—free supernatant fluid. However,
only four ewes were pregnant. The non—pregnant ewe died
within ZA hours. Another pregnant ewe aborted after

18 days, and died the following day. A severe reversible
anaphylactoid shock occurred in two ewes incculated with H
_K. {ggg; supernatant fluids. 0ne of the ewes abcrted
three days after inoculation• A mild anaphylactoid shock

occurred in a pregnant sow inoculated with K. {gggg

supernatant fluid. Three pregnant rabbits inoeulated

with,K._§gggg supernatant fluid in the marginal ear vein
enhibited a severe irreversible shock reaction. One
unbred female rabbit had no reaction when inoeulated

intravenously with a bovine strain of_K.,{gggg whole cell
culture which was lethal for the two pregnant rabbits.
It was therefore suggested that pregnancy increased the

sensitivity of the rabbit to Kg {ggg; toxin. However, a
larger dose of a bovine strain ef Kg {gggg whole cell
culture produced severe reversible anaphylactoid shock

in another unbred female rabbit. In all animals, the
severity of the shock reaction seemed to bear a linear

relationship to the size of the inoculum. These workers

stated that the nature of abortion involving K. ggggg

appeared to be allergie since a bacteremia was not
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demonstrable in the bovine following intravenous
inoculation with viab1e_y. Qgggg cells and since
pregnant goats aborted within 43 hours after X. Qgggg
inoculation, and a single inoculation of_!. Qgggg
cell~free supernatant fluid could produce a severe
anaphylactoid shock reaction and abortion of pregnant

animals. I
The purpose of this study was to test the

‘

stimulatory or inhibitory effect of Kreb's cycle
intermediates, fatty acids, amines, and miscellaneous
compounds on the growth and the production of acid
precipitable material by Vibrio_ggggg when grown in
a chemically defined medium. —
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MATERIALS ANB METHODS

Seven strains of_§._§g;gg (3530, 085, 277, 279,
Kohler, S2 and 30) isolated from cases of bovine abortion
were used in the study. Strains 085, 277, 279, Kohler,
and 30 grew well in Brucella broth (Albimi) containing
0.15% agar, while strains 3530 and S2 grew poorly. Stock
cultures were maintained in Brucella broth (Albimi)
containing 0.15% Bacto—agar and were transferred weekly.
Stock cultures of each strain were also stored under
mineral oil.

Biechemical and physiological characteristics of
each strain were determined by inoculating one loopful
of culture of each strain into Brucella semisolid media
(Albimi) containing 3.5% sodium chloride, 1% glycine,

and 1% oxbile. Hydrogen sulfide production was
determined using Brucella semisolid media (Albimi)
containing 0.02% cysteine. Strips of filter paper
impregnated with lead acetate were used as the
detection system for HZS. Catalase activity was
determined by the addition of 3 ml of 3% hydrogen
peroxide to cultures of each strain.

Cultures used to inoculate the experimental media

were maintained in the chemically defined liquid medium
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of Smibert (1963} and incubated at 37 0 in an atmosphere
of 85% nitrogen, 10% carbon dioxide, and 5% oxygen. The
composition of the medium is shown in Table 1. Seven ml
of experimental media were placed in 16 mm by 150 mm
ecrew cap culture tubes. The number of celle inoculated
into experimental broth media was detenmined by using a
Patrcff—Hauser counting chamber and a phase contrast
microeccpe. Five day old broth cultures were diluted
1:100 with 0.l%·formalized 0.85% sodium chloride
solution. The Petroff·Hauser counting chamber was

· filled, and the number of vibrio celle in A8 squares
counted. After determining the average number of celle
per square, the number of bacteria per ml was calculated.
Appropriate dilutions were made so that a known number
of celle was inoculated into each tube of experimental
media.

The smalleet number of celle of Z, Qgggg that could
grew in the chemically defined medium was inveetigated
ae well as the length of time for growth to be seen
visibly. An inoculum containing 106, 105, 10h, 103, 102,

and 101 celle of_K. {ggg; was inoculated into duplicate
tubes each containing seven ml of the chemically defined
medium. The cultures were checked for visible growth



Table 1. Composition of chemically defined medium for Vibrio fgggg

Amino Acids Amount Salts Amount Vitamine Amountmg mg jää
L~G1ntamie acid 200 (NH1)2S01 300 Nicotinic acid 1 mgL—Proline 120 KZHPOA AOC Pyridoxal~HCl 200L—Aspartic acid 70 NaC1 5 Pyridoxine—HC1 200L·Leucine 70 Salt solution* 3 ml Pyridoxamine•2HC1 100LeMethionine 50 Sodium tniosulfate 80 p-Aminobenzoic acid &00L—Arginine A0 Sodium carbonate A0 Biotin 10
Ornithine 20 Folie acid 10DL-d-Alanine 30 Calcium pantothenate 500DL·Serine 30 Thiamine-HC1 AOCL—Lysine HC1 20 Hiboflavine 100Hydroxy—L—pro1ine 20 B12 10DL—Va1ine 10 i·Inositol 200Glycine _30 Choline chloride A001 L-Threonine 30 Ascorbic acid 500L-Tryptophan 30 Water 100 mlL—Phenylalanine 20

L·Tyrosine 30
DL—Isoleucine 50
L—Cystine #0 ·

.

*Sa1t solution: 800 mg of MgS0 and A0 mg of FeS0 •7H 0 in 100 ml ofdistilled water, pH adjustedtb 7.1, medium filtered andheteäilized by autoclaving.Semisolid medium contained 0.15% agar. ‘

||||||||||llllIIIIIIIIIIIIl¤¤¤¤¤¤*""""""""""""“‘“““_“———7
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at 2h hr, A8 hr, 72 hr, 96 hr, and ltd hr. After seven
days incubation, each culture was mixed on a Rotary
Evapo-Mix, diluted 1:6 with 0.1% formalized 0.85% sodium
chloride solution, and the optical density read at
5h0 mugin a Model lb Coleman Universal Spectrophotometer
equipped with a flow through cuvatte. The experiment
was replicated at least one other time.

Experimental media consisted of the chemically
defined medium containing various concentrations of the
test compounds. Tricarboxylic acid cycle intermediates,
lactic acid, pyruvic acid, propionic acid, and butyric
acid were added to the chemically defined medium at
concentrations of 30 mg, 100 mg, and AOC mg per 100 ml.
Spermidine, cadavarine, putrescine, aminobutyric acid,
glutathione, glutamine, asparagine, and hydroxybutyric
acid were added to the medium at a concentration of
20 mg per 100 ml. Surface-active agents (tween 80,
'tween A0, and tergitol 7) were incorporated into the
medium at a concentration of 0.01 ml per 100 ml.
Phenylacetyl chloride was added at a concentration of
10 mg per 100 ml. Sodium bicarbonate was incorporated
into the medium at a concentration of 710 mg per 100 ml.
The control for each experiment consisted of a tube of
chemically defined media inoculated with each strain.
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Cultures were observed daily for visible growth.
After five days incubation, each control culture and
each test culture in experimental media was mixed on
a Rotary Evapo-Mix, diluted 1:6 with 0.1% formalized
0.85% sodium chloride solution, and the optical density
read at 5Lp0 mju in the epectrophotometer. Slightly
turbid cultures were not diluted before reading in 7
the spectrophotometer.

After incubation of all cultures and prior to
reading culture densities, wet mounts of all cultures
were checked for non-vibrio celle using a phase contrast
microscope.

The usefulness of the method described by Zemjanis
and Hoyt (1960b) was investigated. Stimulation or

inhibition of growth by experimental compounds was
determined by an increase or decrease in the depth of
growth of vibrios in 7 ml of semisolid media contained

in 16 mm by 150 mm screw cap culture tubes. The
chemically defined medium was used es the control.
A depth of growth of vibrios of 0-5 mm was recorded
as +, 5-10 mm as ++, 10-15 m as +++, and 15-20 mm
as ++++. A double loop was used for inoculation cf
cultures into semisolid experimental media.
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The concentration cf acid precipitable material
(APM) produced by each strain of*§._£gggg grown in
experimental medium was detemmined, ae well as the
concentration of APM produced by each strain of
_!.‘ggggg green in the liquid chemically defined medium.
Experimental media consiated cf the chemically defined
medium containing the above mcntioned compounds. The
etimulation er inhibition of APM production by the
experimental compounde was determined for each strain
of‘§._§gggg. Five day old cultures were centrifuged
at 18,000 x g for 30 minutes. Three ml of the
supernatant fluid were mixed with 3 ml of 20%
trichloreacetic acid. The optical deneity of the
mixture was read at 380 mp in the apeetrophotcmeter
after l0~l5 minutes at room temperature. The control
was 3 ml of uninoculated chemically defined medium
plus 3 ml 20% trichloroacetic acid.

All culturee in liquid media were incubated at
37 C in deeiccator jare in an atmcephere containing
85% nitrogen, 10% carbon dioxide, and 5% oxygen.
Allculturesin semisolid media were incubated aerobically
at 37 0.
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RESULTS

The biochemical and phyeiological characteristice
of all etraine of_!._§gggg used in this study are shown
in Table 2. All etraine were cata1aee·positive. The
catalase reaction was weak with strains 3530 and S2.
Strains 277, 279, Kohler, and 085 produced HZS, while
strains 3530, S2, and 30 did not produce HZS. None of
the strains grew in a medium containing 3.5% sodium
chloride. All straine grew in the presence of 1%
glycine, and all grew in a medium containing 1% oxbi1e•
Strains 3530, S2, and 30 were [._§g;gg var. venerealig,
while strains 085, 277, 279, and Kohler were identified
as E, Qgggg var. inteetinalis.

Strains 085, 277, 279, and Kohler grew in the
chemically defined medium when inoculated with only 101

' celle (Table 3); however, etrain 3530 required at least
103 celle for the initiation of growth in the chemically
defined medium. The number of celle in the inoculum did
not appreciably affect the total cell crop for any of
the straine. The number of hours required for visible
growth ofq[.,ggggg to be observed is shown in Table L.
Strain 3530 required a longer time for visible growth
to occur tan strains 085, 277, 279, and Kohler.
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Table 2. Biochemical and pnysiological characteristics
of seven etrains of Vigrgg feggg

Strains of Vgbggo fetgs

3530 085 277 279 Kohler S2 30
ßaßalagg + + + + + + +

328 „ + er- + + • ..

3,5% Nagl -------
1.0% Glycine + + + + + + +
1.0% Oxbile + + + + ·>~ + +

Results expressed as plus (+) for positive test or
growth and minus (—) for negative test or growth.
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Table 3. Influence of inoculum size ou total growth of
five straims of Vgbrio feggs

Number Strains of Vibgio ggggg
calls/inoculum .„„„„„„„„„..„...„.„„..„„„..„.„.„„„„..„.

3530 085 277 279 Kohler
106 0.2A 0.26 0.21 0.30 0.29
105 0.22 0.23 0.23 0.27 0.23

103 0.19 0.21 0.22 0.25 0.2k
102 0.02 0.27 0.21 0.32 0.32
101 0.02 0.25 0.15 0.21 0.26

Results expressed ss optical densitä at Shiägyl. Cultures
were diluted 1:6 with fbrmalized 0. 5% physi logioal
sodium ohloride solution.
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Table A. Number of hours required for visible growth offive streins of Vibrio fetug

Number Streins of Qibggg jggug
calls/ineculum ...„„_„„„„„„„„„„„„,_„,,_„,_,_„„__„____„

3530 085 277 279 Kohler
106 3

72 1+8 21+ 21+ 21+
105 96 18 2h 2k 2h
10* 96 18 18 2h 2h
103 111 18 A8 18 18102 ~ 18 18 18 18
101 - 18 vz 1+8 18

Results expressed as number of hours required fer visible
grewth to be seen.
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Table 5 shows that 30 mg, 100 mg, and 400 mg of
fumarate and oxalacetate increased the growth of
strain 3530 in the chemically defined medium. The
100 mg and 400 mg concentrations of succinate and lactate
also stimulated growth of this strain. The 30 mg and
100 mg coneentrations of citrate increased the growth
of strain 3530. Tween 80 and tween 40 increased growth

(

of strain 3530.
The 400 mg coneentrations of lactate and butyrate

stimulated growth of strain 085 (Table 6). Glutathione,
glutamine, asparagine, and tergitol 7 inhibited the
growth of this strain.

Table 7 shows that lactate at coneentrations of
100 mg and 400 mg increased the growth of strain 277.
Oxalacetate at a eoncentration of 400 mg also stimulated
growth. Propionate at the 400 mg level was inhibitory.
Spermidine, glutathione, glutamine, asparagine, and
tergitol 7 were also inhibitory.

Growth of strain Kohler was increased slightly by
succinate at the 400 mg concentration (Table 8). Growth
of strain 279 was neither increased nor decreased by the
compounds tested.

The 100 mg coneentration of citrate stimulated growth
of strain 30 (Table 9). Malate at a concentration of
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Table 9. lnfluence of various test compounde on total growth of Vibrio jgggg
strain 30

Compound mg/l°° él, „„_ „„„„_m„_„„_____

10 mg 20 mg 30 mg 100 mg h00 mg 710 mg

Phenylacetyl chloride 0
Spermidine - -0.13 · · · ·
Cadavarine - -0.11 -

•
·

—

Putrescine - -0.08 ·—-~
Aminobutyric acid - -0.10 - -

•
·

Hydroxybutyric acid - -0.0 - - -· -
Glutathione - -0.10 - - — ·
Glutamine - -0.07 —··-
Asparegine - -0.07 —···

Tween 80 - -0.13 —···
Tween A0 - -0.08 ·-·—

Tergitol 7 - -0.22 ----
Succinic acid - - -0.09 -0.07 0 —

deKetoglutaric acid - - +0.02 +0.05 +0.09 ·
Malic acid - - -0.0h -0.0h -0.10 -
Citric acid _ _ +0.06 +0.12 +0.05 ~
icetic acid - - -0.0h -0.07 -0.05 —

Lactic acid - - 0 +0.01 +0.01 -
Pyruvic acid - - +0.01 +0.0b +0.03 -
Propionic acid -

— +0.03 +0.02 +0.02 -
Butyric acid - - +0.6 +0.05 +0.05 ·
Sodium bicarbonate ---•--0.09

Results expressed as the difference in optical density (5hO mpä between
the growth of the cultures in the control chemically defined medium and the
culturee grown in the experimental chemically defined medium.

Cultures were diluted 1:6 with formalized 0.85% physiolegical eodium
chloride solution.

0aeh (~) indicates that no test was run at this level.

l_...................----nn-an-¤un:un!llllllllllllllllllllllllllll
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400 mg inhibited the growth of this strain. Other
compounds which inhibited growth of strain 30 were
spermidine, cadavarine, aminobutyrate, glutathione,
tween 80, and tergitol 7.

The h00 mg concentrations of suceinate,
¤—ketoglutarate, and pyruvate stimulated growth of
strain S2 (Table 10). The 100 mg and 400 mg levels
of lactate were also stimulatory. Citrate and butyrate
at a concentration of 30 mg stimulated the growth of
strain S2. Oadavarine, tween 80, and tween 40 were also
stimulatory. However, glutathione, glutamine, and
asparagine inhibited the growth of strain S2.

The production of APM by_1.‘§gtgg strain 3530 in
the chemically defined medium is shown in Table ll. The
amount of APM produced by strain 3530 was increased by
the 100 mg and 400 mg concentrations of lactate. These
levels of laetate aleo increased growth. Tween 80 and
tween 40 increased APM production as well as growth.
APM production was decreased by the presence of tergitol 7
in the medium. However, tergitol 7 did not decrease the
growth of strain 3530.

Table 12 shows that the 100 mg and 400 mg
concentrations of dwketoglutarate increaeed the amount



Table 10. Influence of various test compounds on total growth of Vibrio {ggg;
strain S2

Gvmpeund10
mg 20 mg 30 mg 100 mg AOO mg 710 mg

Phenylacetyl chloride 0 -
--—-

Spermidine — 0 •——·

Cadavarine - +0.12 --—-
Putrescine - +0.09 -———

Aminobutyric acid - +0.09 ·———

Hydroxybutyric acid - -0.07 --—-

Glutathione - -0.12 -·--
Glutamine - -0.12 - - - -
Asparagine - -0.10 ----
Tween 80 - +0.14 ··—-
Tween A0 - +0.19 ·---
Tergitol 7 - -0.09 ———·

Succinic acid - - 0 +0.05 +0.10 —

d„Ketog1utarie acid - - +0.01 +0.02 +0.11 -
Malic acid - - +0.01 +0.01 -0.08 -

l Citric acid -
— +0.11 0 0 -

Acetic acid - - +0.01 +0.07 +0.02 -
Lactic acid — - +0.0A +0.10 +0.22 -
Pyruvic acid — - 0 +0.08 +0.23 -
Propionic acid - - 0 0 0 -
Butyric acid - - +0.13 +0.0b -0.01 -
SodiumbicarbonateResults

expressed as the difference in optical densitY (540 ) between
the growth of the cultures in the control chemically defined mediää and the
cultures grown in the experimental chemically defined medium.

Cultures were diluted 1:6 with formalised 0.85% Physiological sodium
chloride solution.

Dash (-) indicates that no test was run at this level.



Table 11. Influence of various test compounds on the production of acid
precipitable material by Vibrio_;ggg§ strain 3530

Compomd mg/100 ml
10 mg 20 mg 30 mg 100 mg ADO mg 710 mg

Phenylacetyl chloride +0.03 -----
Spermidine - -0.01 ----
Cadavarine - +0.0A -——·

Putrescine - -0.02 —---

Aminobutyric acid - -0.01 - -
-V

-
Hydroxybutyric acid - -0.03 ----
Glutathione -0.09 ----
Glutamine - +0.06 ----
Asparagine - +0.0h ·-·—

Tween ao 7 - +0.29 - - - -
Tween A0 - +0.10 ----
Tergitol 7 · -0.lA ··--
Succinic acid - - +0.0A - +0.09 -
¤kKetoglutaric acid - - -0.0A +0.01 +0.07 -
Malic acid - ~ +0.07 —

·
—

Acetic acid - - +0.02 0 +0.03 - W
Lactic acid - - +0.01 +0.18 +0.1A —

Pyruvic acid -
— +0.22 -0.12 -0.22 -

Propionic acid - ~ +0.06 +0.02 -0.03 —

Butyric acid - - -0.01 +0.01 0
Sodium bicarbonate - ---- +0.03

Results expressed as the difference in optical density (380 ) between

W
APM produced by the cultures grown in the control chemically defiägd medium
and the cultures grown in the experimental chemically defined medium.

APM was precipitated by adding 3.0 ml of trichloroacetic acid to 3.0 ml
of the culture.

Dash (-) indicates that no test was run at this level.



Table 12. Influence of various test compounds on the production of acid
precipitable material by Vibrio Qgggg strain 085

Compound mg/100 ml

10 mg 20 mg 30 mg 100 mg 400 mg 710 mg

Phenylacetyl chloride -0.11 -----
Spermidine - -0.07

Cadavarine - 0 ----
Putrescine - +0.01 ----
Aminobutyric acid - -0.01 ----
Hydroxybutyric acid - -0.04 —~·~

Glutathione -
-0.24Glutamine- -0.24 —-——

Asparagine - -0.24 ·———

Tween 80 - +0.14 —-·—

Tween 40 * +0.01 ·---
Tergitol 7 - -0.27 —--—

Succinic acid - - +0.02 +0.01 +0.06 -
d··Ketoglutaric acid - - +0.03 +0.12 +0.26 ·-
Malic acid —

- -0.02 -0.04 +0.07 —

Citric acid - - 0 +0.03 +0.01 -
Acetic acid - - +0.04 +0.06 0 -
Lactic acid - - +0.06 +0.07 +0.13 -
Pyruvic acid - - +0.09 +0.03 -0.17 -
Propionic acid - - +0.02 0 -0.06 -
Butyric acid - - +0.06 +0.02 +0.02 —

Sodium bicarbonate ------0.06

, Results expressed as the difference in optical densiby (380 my) between
APM produced by the culturea grcwn in the control-chemically defined medium
and the cultures grcwn in the experimental chemically defined medium.

APM was precipitated by adding 3.0 ml of trichloroacetic acid te 3.0 ml
of the culture.

Dash (-) indicates that no test was run at this level.
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of AP produced by etrain 085. However, these levels did

not show a similar increase in growth. The AOG mg

concentration of lactate increased APM production as
well as growth of strain 085. The amount of APM was
increaeed by the presence of tween 80 in the medium;
however, growth was not increased by tween 80.

Glutathione, glutamine, asparagine, tergitol 7, and

phenylacetyl chloride all inhibited the production of
APM as well as growth of strain 085.

Table 13 shows that the production of APM by
strain 277 was stimulated by the 100 mg and A00 mg

concentrations o£‘¤ßketoglutarate. All levels of
malate etimulated APM production. Tween eo and tween A0
also increased the amount of APM produced. None of the

above compounds increased the growth of strain 277. The

AO0 mg concentration of propionate decreased APM

production as well as the growth of etrain 277.
Spermidine, cadavarine, putrescine, aminobutyrate,
glutathione, tergitol 7, and eodium bicarbonate also
decreased the amount of APM produced as well as the
growth of strain 277.

APM production by strain 30 was increased by the

A00 mg concentration of succinate and the 30 mg level
of butyrate (Table 11+}. However, these compounds did



Table 13. Influence of various test compounds on the production of acid
p1·e¤1p1¤ab1e material by ,Y,¥,b,,!;l,Q ..112.aaa atrein 277-

Compound mg/10 ml

10 mg 20 mg 30 mg 100 mg ADO mg 710 mg

Phenylacetyl chloride +0.12 --—-—

Spermidine - -0.16 - - - -
Cadavarine - -0.17 —••—

Putrescine - -0.1h —·--
Aminobutyric acid - -0.1h • r •

·
Hydroxybutyric acid - +0.03 —···Glutathione --0.12Glutamine- -0.0h -·——
Asparagine - -0.06 - - 2 - -

_ Tween ec · +0.10 -
Tween A0 - +0.11 ·

-•
· ·

Tergitol_7 - -0.25 ----
Succinic acid - • ”-0.01 -0.0h -0.0L -
d-Ketoglutaric acid - - +0.09 +0.13 +0.28 -
Malic acid - • +0.13 +0.13 +0.1h -
Citric acid - · -0.0h 0 +0.09 -
Acetic acid - - -0.01 +0.02 -0.01 -
Lactic acid - - -0.06 +0.09 +0.05 -
Pyruvic acid - - +0.0h -0.03 -0.13 -‘ Propionic acid - - -0.03 -0.08 -0.1k -
Butyric acid - · +0.03 +0.06 -0.09 -
Sodium bicarbonate -----—0.10

Results expressed as the difference in optical densitY (380 my) betweenAPM produced by the cultures gown in the control chemically defined medium
and the cultures grown in the experimental chemically defined medium.

APM was precipitated by adding 3.0 ml of trichloroacetic acid to 3.0 mlof the culture.
Dash (-) indicates that no test was run at this level.



Table 14. Influence of various test compounds cn the production cf acid
precipitable material by Vibrio ggggg strain 30

Compomd mg/100 ml
10 mg 20 mg 30 mg 100 mg 400 mg 710 mg

Phenylacetyl chloride +0.06——---

Spermidine - -0.13 ----
Cadavarine - -0.17 -·--
Putrescine v -0.13 ·-··
Aminobutyric acid - -0.08 - - - -
Hydroxybutyric acid - +0.06 ----
Glutathione

0
- -0.24 - - - -

Glutamine - -0.03 ··•·
Asparagine - -0.01

0
- - - -

Tween 80 - -0.06 ----
wween 40 P - -0.08 ----
Tergitol 7 - -0.37 -—--

Succinic acid - - +0.06 +0.07 +0.10 -
¤-Ketoglutaric acid - - -0.07 0 +0.07 -

' Malic acid A - - -0.05 0 -0.08
-Citric acid - - +0.06 +0.06 0 -

Acetic acid - - -0.01 -0.05 +0.01 -0
Lactic acid — - -0.07 -0.03 0 -
Pyruvic acid - - +0.01 +0.07 +0.0h ·

_ Propionic acid - - -0.05 -0.01 -0.05 -
Butyric acid - - +0.12 +0.04 -0.02 -
Sodium bicarbonatc · · ----0.17

‘ Results expressed as the difference in optical densitY (380 mu) between
APM produced by the cultures grcwn in the control chemically defined medium
and the cultures grown in the experimental chemically defined medium.

Of thiP§aä2ärärecipitated by adding 3.0 ml of trichloroacetic acid to 3.0 ml
Dash (-) indicates that no test was run at this level.

1—.—.——---------------nn-¤¤¤¤¤¤¤¤¤¤¤¤¤¤¤¤¤¤¤¤|||||



Table 15. Influence of various test compounds on the production of acidprecipitable material by Vibrio fgggg etrain S2

Compmmd
‘ mg/100 ml

10 mg 20 mg 30 mg 100 mg 400 mg 710 mg

Phenylacetyl chloride 0 ----—

Spermidine - 0 ----
Cadavarine • +0.10 --—·
Putrescine - +0.08 -—--

Aminobutyric acid - +0.11 —-—-

Hydroxybutyric acid - -0.07 - - - -
Glutathione - -0.03 ~ -

—
-

Glutamine - -0.04 ---—

Asparagine
- -0.04 ----

* Tween 80 - +0.18 •—·—
Tween 40 - +0.09 --—-

Tergitol 7 - -0.11 ----
Succinic acid - Q +0.02 +0.15 +0.07 -
¤»Ketoglutaric acid - - +0.04 - +0.40 -
Malic acid —

- +0.07 +0.14 —
-

Acetic acid - — 0 +0.03 +0.07 ·
Lactic acid - - -0.03 +0.18 +0.41 —

Pyruvic acid - - +0.06 +0.13 +0.14 —
Propionic acid -

• -0.08 -0.02 -0.03 -
Butyric acid „

- +0.07 +0.02 -0.02 -
Sodium bicarbonate - - - -

„ +0.05

‘ Results expreesed ae the difference in optical density (380 mu) betweenAPE produced by the cultures growu in the control chemically defined mediumand the cultures grown in the experimental chemically defined medium.
APM was precipitated by adding 3.0 ml of trichloroacetic acid to 3.0 ml

3
of culture.

Dash (-) indicates that no test was run at this level.
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not increase growth, Spermidine, cadavarine,
putrescine, glutathione, tergitol 7, and sodium
bicarbonate inhibited production of APM. These
compounds also inhibited growth of strain 30,

Table 15 shows that production of APM by strain S2
was stimulated by the 100 mg and 400 mg concentrations
of lactate• The h00 mg eonoentration of ¤bketoglutarate
also increased APM, These levels of lactate and
eeketoglutarate also inereased the growth of strain S2,
The 100 mg concentrations of suceinate and malate
increased APM, but growth was not increased by these
compounds, The amount of APM produced was increased
by the addition of cadavarine, aminobutyrate, and
tween 80 to the basel medium, However, these compounds
also increased growth of strain S2. The presence of
tergitol 7 in the medium inhibited APM production as
well as the growth of strain S2,

The growth of four of five strains of vibrios tested
was increased when lactate was added to the chemically
defined medium, Succinate as well as citrate increased
the growth of three of five strains,

Glutathione added to the chemically defined medium
inhibited the growth of four of five strains of vibrios
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tested. The growth of three of five strains was
inhibited when glutamine, asparagine, or tergitol 7
was added to the chemically defined medium.

h1pha—ketoglutarate added to the chemically defined
medium was stimulatory to the production of APM by three
of five strains tested. However, growth of only one
strain was increased in the presence of dpketoglutarate.
APM production of three of five strains was increased
in the presence of lactate. This compound increased
the growth of four of five strains. Tween 80 was
stimulatory to the production of APM by four of five
strains tested. However, there was no increase in
growth by any of the strains in the presence of tween 80.

Glutathione added to the chemically defined medium
inhibited the production of APM by three of five streins
of vibrios tested. This compound inhibited growth of
four of five strains. APM production of all streins
tested was inhibited by the addition of tergitol 7 to
the chemically defined medium. The growth of three of
five strains was also inhibited by this compound.
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DISCUSSION

This investigation has shown that although the
chemically defined medium of Smibert (163) supported
the growth of all strains of_1._§gggg tested, compounds
which stimulated growth of some strains could be added
to the medium. Lactate etimulated the growth of four
of five strains and did not inhibit the growth of any
strains of vibrios tested. Lactate increased ARM
production due to the increased number of cells produced
in its presence. Therefore, the addition of lactate to
the chemically defined medium used for growth or APM
production would be advantageous„ Succinate and citrate
stimulated the growth of three of seven strains of
Vibrios tested and did not inhibit the growth of any
strains. Succinate and citrate could also be added to
the chemically defined medium used for obtaining maximal
growth of_!.l£gggg. The increased APM production of the
vibrios in the presence of¢!•ketoglutarate or tween eo
was due to an increased APM production by each cell,
since these compounds neither increased nor decreased
growth of the vibrios• Alpha—ketcglutarate would be a
desirable addition to the chemically defined medium used
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for production of APM and may be useful in studying the
biosynthesis of APM, Although tween 80 inhibited growth
of one of seven streins of vibrios tested, it could also
be added to the chemically defined medium used for
production of APM. However, dsketoglutarate would be
e more desireble addition to the medium.

The compcunds which increased APM of each cell may
have been involved in the biosynthesis of APM. A compound,
such es citrate, which increased growth but did not effect
APM production, probably was not utilized in the
biosynthesis of APM. This compound may have inhibited
the synthesis of APM, since an increased growth would
nonmally result in increased APM production.

Nageswararao and Blobel (1963) demonstrated the
antigenic nature of APM isolated from broth cultures
of_!. fgggg. The toxicity of APM was shown by Osborne
and Smibert (1962). Compounds which increaeed APM
production may be added to the medium when studies
involving the antigenic nature and toxicity of APM are
conducted. Compounds that increased APM production
would facilitate also the study of the biosynthesis
of APM.
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The study of a specific strain of,1._§g§g§ could be
facilitated by adding to the chemically defined medium
compounds that stimulated the growth of that particular
strain. For example, compounds such es fumarete and
succinate stimulated growth of strain 3530. These
compounds could be added to the chemically defined
medium used for growing this particular strain.

None of the compounde stimulated the growth of
strain 279. Succinate slightly stimulated the growth
of strain Kohler. The chemically defined medium of
Smibert supported growth of these strains quite
adequately. Therefore, the study of strains 279 and

Kohler was discontinued after testing the effect of six
compounds on growth of these strains.

Test compounds such es glutathione which inhibited
the growth of four of five strains of vibrios tested
should not be included in the chemically defined medium
of Smibert. Tergitol 7, glutamine, and asparagine all

inhibited the growth of three of five strains tested and
should, therefore, not be added to the medium. Compounds
which inhibited APM production should be avoided as
additions to the chemically defined medium. Tergitol 7
inhibited APM production of all strains tested, while
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glutathione inhibited APM production of three of five
strains.

Alexander (1957) found that citrate did not serve as
an energy source of E. Qgggg. The present investigation
has shown that the growth of three cf seven strains of
_y. jgggg was increased by the addition of citrate to the
medium. The strains used in this investigation differed
from those used by Alexander. Different strains of
_!. jgggg may vary in their ability to use some compounds
as energy sources. Citrate served as an energy source
of three of seven_!. jgggg strains used in this study,
while this compound did not serve as an energy source of
the strains used by Alexander. Membrane permeability to
various compounds may also differ among strains. Three
of seven strains used in this investigation obviously
possessed membranes which were permeable to citrate.

Kiggens and Plastridge (1958), using the Warburg
technique, reported that there was rapid oxygen uptake
with all members of the tricarboxylic acid cycle when a
ce1l—free extract was used. They found, however, that
whole cells showed slight or no oxygen uptake with
citrate. Cells of the §._£gtgg strains used by these
workers had a permeebility barrier to citrate,
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cis·aconitate, isocitrate, and ¤ßketoglutarate. However,

the celle of most of the strains used in the present
investigation were permeable to citrate.

Alexander (1957) reported that ¤~ketog1utarate was
used es an energy source by the strains of §,_§g;gg he
tested. Lecce (1958) etudied the oxidative capability
of resting celle of 27 strains of_§._§gggg. He found
that<¥»ketoglutarate was used as an electron donor.
Zemjanie and Hoyt (1960b) reported that certain
concentrations of‘¥·ketoglutarate enhanced the growth
of_§._§gggg. The present investigation has shown that
growth of only one of seven_1._§gggg etrains tested

was stimulated by the addition of<!-ketoglutarate to
the chemically defined medium. The chemically defined
medium used in the study may have provided an adequate

supply of glutamate for deamination to<¤•ketoglutarate

(Hoff—l956; 8mibert—persona1 communication); therefore,

the d»ketoglutarate added to the medium was not needed

for growth. As mentioned previously, Kiggens and
Plastridge (1958) reported that there was rapid oxygen

uptake with all members of the tricartoxylic acid cycle

when a cell·free extract was used. However, whole celle

showed slight or no oxygen uptake with<¤kketog1utarate.
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The strains used in this study did not possess a

permeability barrier to ueketoglutarate es evidenced

by the fact that the production of APM by three of five

strains tested was increased by the addition of

asketoglutarate to the medium.
Some of the tricarboxylic acid cycle intermediates

tested did not stimulate growth of the strains of
_§. jgggg used in this study. The cell membrances may
have been impermeable to compounds such as malate which

did not stimulate growth or ARM production. Some of the

strains possibly could have used a shunt of the

tricarboxylic acid pathway, thereby eliminating
compounds such as fumarate as growth stimulating

compounds.
V
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SUMMARY

Lactate, added to the chemically defined medium of
Smibert (1963), increased the growth of four of five
straine o£_K. ggggg tested and did not inhibit the
growth of any streins. The production of APM was
increased in the presence of lactate. Succinate and
oitrate, added to the medium, increased growth of three
of five strains of vibrioe and did not decrease growth
of any strains of.§._§gggg tested. Alpha—ketog1utarate,
added to the chemically defined medium, increased the
production of APM by three of five strains of_§. ggggg.
The addition of tween 80 to the medium increaeed the
production of APM by four of five straine of vibrios.
The increased APM production hy the vibrios in the
presence of<i-ketoglutarate er tween eo was not
accompanied by a similar increase in growth.
Alpha-ketoglutarate and tween eo increaeed the
production of APM by each vibrio cell. Glutathione,

0 glutamine, asparagine, and tergitol 7 all decreased the
growth of_!._§gggg. Glutathione and tergitol 7 decreased
the production of APM by K. ggggg.



-56- ‘
LITERATURE CITED

Alexander, J. K. 1957. Energy sources utilized by
Vibrio fetus. J. Bacteriol. 7h:l68—170.

Fletcher, R. D., and W. N. Plastridge. 1963. Chemically
defined medium for some microaerophilic vibrios.
J. Bacterio1.‘§ä:992-995.

Fletcher, R. D., and W. N. Plastridge. 196u. Gaeeous
environment and growth of microaerophilic vibrios.
J. Bacterio1.,§1:352-355.

Hoff, J. C. 1956. eThe amino acid requirements of and
oxidative deamination of amino acids by Vibrio
fetus and some Vibrio fetus—1ike organisms. H. S.
Thesis, Utah State XgricuItura1 College, Logan.

Kiggens, E. M., and W. N. Plastridge. 1956. Effect of
gaseous environment on growth and catalase content
of Vibrio fetus cultures of bovine origin.J. EacterioI. Z2:397·A00.

Kiggens, E. M., and W. N. Plastridge. 1958. Some
metabolic activities of Vibrio fetus of bovine
origin. J. Bacteriol. Z§:ZÖ§—2Ö8.

Kusdas, C. D., and E. V. Morse. 1956. Physiological
characteristics differentiating V bri fetug and
other vibrios. Am. J. Vet. Res. ‘: 1-3 .

Lecce, J. G. 1958. Some biochemical characterietice
of Vibrio fetus and other related vibrios isolated
from animaIs. J. Bacteriol. 1§:3l2-316.

McFadyean, F., and S. Stockman. 1913. Report of the
departmental committee appointed by the board of
agriculture and fisheries to inquire into
epizootic abortion. His Mjesty‘s Stationery
Office, London.

Nageswararao, G., and H. Blobel. 1963. Antigenic
substances isolated from filtrates of Vibrig
fetus broth cultures. Am. J. Vet. Res.§?I§1s-1220.

.4



Osborne J. and R. Smibert. 1962. Yibrio ggtgsendotonin. Nature 12§:106—107. er

Osborne J. C. and R. M. Smibert. 196t. Vägggo jgtggtoain. I: Hypersensitivity and aborti acient
action. Cornell Vet. In press.

Reich, C. F., E. V. Morse, and J. B. wilson. 1956.
Gaseous requirements for growth of Vibrio fetus.Am. J. Vet. Res. §g:1tO~1&3.

Smibert R. 1963. Nutrition of Vibrgo fetgg.J.’Bacteriol.,§j:394~398.
Smith, T., and M. S. Taylor. 1919. Some morphological

and biological characters of the spirilla (Vibrio
fetus, n. sp.) associated with disease of tKefatal membranes in cattle. J. Exptl. Mod.
jQ:299·312.

Trueblood, M. S., and J. 0. Tucker. 1957. An improvedmedium for the cultivation of Vibrio fetus.
Am. J. Vet. Res.,Q1:hh5—Lh8.

Zemjanis, R., and H. H. Hoyt. 1960a. The effect of
enzyme inhibitors on V b o feägg Proteus vglgaris
and äseudämgggg ae osa. . J. Vet. Res.

,
E:]. "1 ho

Zemjanis, R., and H. H. Hoyt. 1960b. The effect of
growth factors on the growth of Vibrio getus.
Am. J. Vet. Res._g1:l109·1113.





ABSTRACTTitle

of Thesis: The etimulation or inhibition of growth
and acid precipitable material produc-
tion by Kreb's cycle
intermediates, fatty acids, amines,
and miecellaneoue compounds•

Caroline Amies Kowalak, Master of Science, 1964
Thesis directed by: Dr. Robert M. Smibert

Using the chemically defined medium designed by
Smibert (1963), the stimulatory er inhibitory effect of
test compounde on the growth and the production of acid
precipitable aterial by seven streins of Vibrio_§gggg
was determined. The test compounds were Kreb*e cycle
intermediates, lactate, pyruvate, fatty acide, amines,
surface active agents, aminobutyrate, hydroxybutyrate,
glutathicne, aeparagine, phenylacetyl chloride, and
sodium bicarbonate. Experimental media consisted of
the chemically defined medium containing various
concentratione of the test compounds. An exact number
of celle of each strain of_§..£gggg was inoculated into _
tubee of experimental broth media. The cultures were
incubated at 37 C in desiccator jars in an atmoephere



containing 85% nitrogen, 10% carbon dioxide, and 5%
oxygen„ Gulturee were observed daily for visible growth•
After five days incubation, the optical density of each
culture was read at 5/+0 un; in a spectrophotometer. The
concentration of APM produced by each strain of'!. ggggg
grown in experimental media was also determined„ Five dayV
old cultures of each strain were centrifuged, and the APM
present in the supernatant fluid was precipitated with
trichloroacetic acid. The optical density of the mixture
was read at 380 ny}, in the spectrophotometer.

Lactate increased the growth of four of five strains
of_§„,§g§g§ tested, and did not inhibit the growth of any
strains. Lactate increased ARM production of_!.,;gggg due

Sto the increased number of celle produced in its
presence. Therefore, the addition of lactate to the

8
chemically defined medium used for growth or ARM e3
production would be advantageous. Citrate and succinate,
which increased the growth of !„,§gggg without affecting
APM production, could be added to the chemically defined
medium used for obtaining maximal growth of vibrios•
Studies requiring a large cell crop of vibrios would be
facilitated by the use of the chemically defined medium

· to which lactate, citrate, and/or succinate had been



added. A large cell crop of 1._§g;gg_would be useful
in preparation of_!. jgggg cellular antigen. Any
study requiring large cell crops cf vibrios would be

facilitated by the use of a medium which increased

the growth of_§. jgggg.
Alpha—ketoglutarate and tween 80 increased APM

production of_!. ggggg, although these compounds neither
increased nor decreased the growth of the vibrios.

Therefore, the addition of ¤bkBCOg1UÜ&P&U8 and tween 80

to the medium used for maximal production of APM would
be advantageous. An increased production of APM by
_§. jgggg would aid the study of the biosynthesis of APM.
Also, the antigenic nature of APM could be studied more

successfully by using a medium which increased the

production of APM by vibrios.
Compounds, such es glutathione and tergitol 7,

which inhibited the growth and the production of APM

of vibrios should not be added to the chemically defined

medium. Glutamine and asparagine inhibited the growth

of gg ggtgg and should also be avoided as additions to
the medium.


