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Abstract:

A suitable basal medium was developed to determine the utilization of various energy sources by
Vibrio fetus. This basal medium consisted of 0.575 per cent Difco's dehydrated brain liver heart
medium, 0.5 per cent sodium chloride, 0.1 per cent disodium phosphate, and 0.05 per cent agar.

Under the conditions of these experiments lactate, pyruvate, acetate, oxaloacetate, alpha-ketoglutarate,
succinate, fumarate, malate, aspartate, asparagine, glutamate, and proline were found to be suitable
energy sources. Serine supported growth of only one of the two strains used in this study. Glucoae,
hexosediphosphate, glycerol, glycerophosphate, citrate, isocitrate, oxalosuccinate, tartrate, glycine,
alanine, leucine, lysine, ornithine, arginine, histidine, phenylalanine, threonine, cysteine and
methionine all were unable to support appreciable growth.

Resting cell suspensions oxidized lactate, pyruvate, isocitrate, and fumarate. Hexosediphosphate may
have been oxidized slightly. Glucose and glycerophosphate were not oxidized.
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ABSTRACT
A suitable basal medium was developed to determine the utilization of
various energy sources by Vibrio fetus. This basal medium consisted of

0,575 per cent Difco's dehydrated brain liver heart medium, 0.5 per cent
sodium chloride, 0.1 per cent disodium phosphate, .and 0,05 per cent agar.

Under the conditions of these experiments lactaté, pyruvate, acetate,
oxaloaceyate, alpha-ketoglutarate, succinate, fumarate, malate, aspartate,
asparagine, glutamate, and proline were found to be suitable energy sources.
Serine supported growth of only ohe of the two strains used in this study.
Glucose, hexosediphosphate, glycerol, glycerophosphate, citrate, isocitrate,
oxalosuccinate, ta‘r’trate,( glycine, alanine, leucine, lysine, ornithine,
arginine, histidine, phenylalanine, threonine, cysteihe and methionine all
* were unable to. support appreciable growth. o

Resting cell suspensions oxidized lactate, pyruvate, isocitrate, and
fumarate. Hexosediphosphate may have been oxidized slightly. Glucoese and
glycerophosphate were not oxidizgd° - :
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INTRODUCTION
Although Vibrio fetus was recognized as the probable causative agent

B : .
of cases of infectious abortion over L0 years ago, little is known of the

'cultural characteristics except that it is an obligate microaerophile éna
difficult to cultivate, Cbnsequenthy, the.cultufal methods presently em-
ployed are unsatisfactory for there is po'wéy to distingﬁish V. fetus from
similar vibrios. Moreover, it(is difficﬁlt to isolate this organisﬁ,

The 1nadequacy of the cultural methods has discouraged studies of the
natural habltat of the organlsm and of transm1551on factors involved in the
diseaise, |

- 'In view of this lack of_knowledge.it appears that a more complete
understanding of fhe metabolic chéracteristics of this organism might ;id
in devéloping more Suitable‘éultural methods, A Eéttér undérstanding of
the metabollsm might make it possible to d;stlngulsh V. fétus from 31mllar
v1prlos. Moreover, a knowledge of the nutrltlonal requlrements couLd pos—
sibly lead to the development of a partially sele¢t1ve medium for the iso-
lation of this organi§m° :

The determination of the utilizable energy sources was undertaken ag
the first step in studying the metabolism of this organism. Various com-
lpounds have been investigated to see 4f they would sérve as sourées of
‘energy for the growth of this organism., In addltlon to thls, resting cell
suspensions were used to determlne the ability of thls organlsm to oxidize

several compounds. The growth faetor and ?mino acid requirements have been

left for future studies.




(:7

-
HISIORICAL REVIEW
The flrst report of v1br10s being as§601ated with 1nfect10us abortion
in sheep and cattle was made by McFadyean and Stockman in 1913 (cited by
Smith, 1918).
Smith and Taylor (1919) studied the cultural characteristics of an
organism which wes presumably the same as the vibrio igolated by McFadyean

and Stockman and named the organism Vibrio fetus. Although the organism

is found both in the form of a spirilium and in the form of a vibrio, the

latter form predominates in young cultures, Hence, the generic name of

Vibrio was chosen. The organism was described as relatively-difficult to -

cultivate immediately after isolation. After repeated transfers the organ-
isn sometlmes became saprophitized and cultlvaﬁlon became less d}fflculto
Indole was net formed in bouillon, and no growth was attained in milk ar
nutrient gelatin or on potato'medium. The organism produced no gas and ‘the
reaction remained neutral or slightly acid in fermented bouillon4with 1 per
cent dextrose, lactose, or sacgharose. A redided oxygen tension;was reported
as necessary for growth Qﬁ the organlsmo

Stockman (1919) repérted thaf no growth ef V. fetus occurreq elther in
a free supply of gir or Qnder strictly anaeroplc condlt;ons. Barger (1928)
grew the organism in an:atmosphere in which about 10 per cent of ﬁhe.air was
replaced by.carbon dioxide.

_The concenfration of atmospheric carbon dioxide most suitable~for growth
was determined bylPlastridge and . Williams (191.;3)° ,With a semisolid medium
of liver infusion and peptone adjusted to. pH 7.h_the.mest abﬁhdant growth

was obtained when 10 per cent of tﬁe'eir"wes-repiaeed’by carbon dioxide.
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No growth was obtained when 30 per cent of the air was replacgd by carbon
cl:i.o;xidq° These wprkers also inve$tigated the utilizatién of carbohydrétés
by this organism. Né evi@ence for acid pr@duption was founa with 1 per
cent arabinose, dextrose, dgaxtxiin, dulcit.bl, gelactose, inulin, ‘lactose,
levulose, maltose, mannitol, raffinose, saliqin, suerose, so&bitoi of
trehelose. The basal medium.used in this study consisted of'beef infusion,
1.0 per cent peptone, 0.3 per cent agar, and 1.0.per cent Andrade's
indicator, |

The nutrition of V. fetis was studied by Batlin and Wilson (1950). A
medium consisting of hydrolysed casein, salts, and growth factors was suffi-
cient ts maintain growth through serial transfers. Likewise a medipm

composed of 16 amino acids, salts, and growth .factors was also sufficient

‘to maintain growth., These media were prepared with 1 pe% cenf méthocel as

& thickening agent and incubapion was under 10 per cent added'carbon
dioxide, .

Acéordiné to Plastridge et glr,_(1951) increqsed carbon dioxide
tension is required for growth of recently isolatéq strains of V, fetus
and enhances the growth of-oﬁh?r strains.’ May (19%3) found that the
organism apparéntly did not require increased carbon dioxide in the atmos-
phere; The most abundaﬁf growsh was obtained when.abdut oneuﬁglf of the
air was removed.‘ No surface growth was attained iﬁ a free supply of air.

‘The atmospheric requirementg of Vo £§§E§ are somewhat puzzling. From
a review of the 1iterature it appears thaf this o?ganism is an obligate

aerobe, but requires either a reduced oxygen tension. or an increased carbon
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dioxide tensiog for growth. Apparently it is more'difficult to provide
favorable atmoéphenic conditions for surface growth than for growth in a
semisolid medium or in a broth medium. The effect of.additioﬁal carbon
d10x1de in the atmosphere does not appear to be understood.
‘MATERIALS AND METHODS

Two strains of V; fetus, Béth of ovine origin, were used in this stﬁdy°
The se stralns, obtained from the Veterlnary Research Laboratory, Montana
State College, Bozeman, Montan@, had been assigned acc9851on numbers 2035 °
and hhihO by that‘laboratorya |

Stock.cﬁltunes were mainﬂained in tubes containing about 7 ml of Difco's
" brain liver heart semisolid medium. This medium contained L6 g of dehyarated
brain liver heart per liter. The dehydrated brain liver heart was storeg in
the eqld a5 a ﬁrecaution égainst deterioration for May.(1953) found thatr
this medium sometimes underwent progressive deterioration iﬁlstored at foom
temperature.

Preliminary Work. -A éearoh was made for afsditabl@ basal medium for the

growth experiments. This bqsél mgdium was designed to %upply an excess '
amount of 'the growth facteorg and amino. agids ne¢e§éary'fo?*thé growth of
this ofgaqism but to supply only & limited amount of utiliZaple energy
sources. Since £he growth factor §nd amino acid requir?mEnts.of this organ-
ism are unknown, no attempt was made to deyelop a chemi?ally defined medium.
Two basal media were tried. One contained yégst e%iract, peptoné, .
soluble starch, éodium chloride and agar. Thg other CUntéined.éix growth
factors (thiamine, pyridoxal, riboflayin, nicotinamide, calcium:pyﬁtothenate, :

and bi@tin)fcasamino acids, additional tryptophane and cysteine, soluble
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starcﬁ, sodium chloride and agar,. No:appre¢iab;e increése in growth re-
sulted when a suitable energy source was added to theseimedia.

in the course of this preliminary work; a variant of V. fetus was
encounteried that grew well oﬁ these basal media. However, since it obviously
was less demanding in ité cultural requirements than waé the parent strain,
it was not used for the remainder of the study. |

A'medium’containing about 0.3 per cent dehydrated Brain liver heart and-
additional sodium chloride and agar was found to support a slight amount of
growth., No growthiwas attained unless sodium chlériae was added to the mediumo
Apparently the organism requires a @értain,osmot&b0pﬁessum%0f6ﬁrgnawth‘
beqause the addition of 5 per cent yeqst,autolysaté ér horse serum or 0.1 .
per cent casamino acids would pét replace-sodium chloride.

The organisms were grown on agar slgnts a£ 35 C-in Brewer anaerobe jars
with about one—ﬁalf.of the air removed., .A marked iﬁcrease in the amouﬁt pf
growth was noted when a suitable energy source was added ﬁo this basal medium.
However, attempts to measure the amount éf growth attained on the agar slants -
were upsuccessfulzbecaqsé it w@s difficult tq obtain unifprm cell syspensions.
Also, Whén washing the cells off thé agar sﬁrface, a small ambuht of agar was
often introduced into the cell suspenéion; It was therefore necessary to
find a method'whereby quantitativeimeasu:emenﬁs ééuld Be made, o

Several unsucdessful attempts‘were-@ade fo devglép a broth medium using

: i
a small concentration (about 0.3 per cent) of dehjdrated brain liver heart
with additional sodium chloride. No growth was attained in this medium

unless a reducing agent was added. A siight.amount of.growth was attained
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when sodium thioglycollate or sodium sulfide were added to the fnedium° How-
ever, no growth resulted when sodium formaldehyde sulfoxylate was added to
the medium.

Basal medium. A satisfactory basal medium was developed by increasing

the concentration of dehydratéd brain liver heart from aBout 0.3 pef cent to
about 0.6 per cent and using a small amdunt of agar, presumably té maintain
a reduced oxygen.tension., The basal medium-used in the growtﬁ studies con=
tained 0.57 per cent dehydrated brain liver heart medium, 0.5 per cent
s&dium chloride,'é;l per cent disodium phosbhate‘and 0.05 per cent agar.
The concentration of the energy sources was 0.2 per.centa

The pH of the medium was adjusted electrometricélly to 7.0 after the
addition ofﬂthé energy sources, Thé phosbhate buffer was added to prevent
the -pH of the mediﬁm from changing during autoclaving. The buffer kebt the
pH of the medium within a range of 6.8 to 7.3, whereas without the bﬁffer the
pH chénged from 7,0 to about 8.0 when certain eﬁe:gy'sources were added. |
Apgérehtly this change in.pH was due to‘théfpértiél'decomp5$ition of some of
thé added energy sourées when heaﬁed. The mediumiWaé autOC}aved at 121 C
for 15 ﬁinuteé, |

Glucose, hexosediphosphate, okalbacetate, oxalosuccinates, aﬁd-isociﬂrate
solutions were adjusted to.ﬁeutrality, sterilized by fiitration,_and then
added to the‘sterilg basél medium aseptically. The oxaloacetate was prepared
by'tﬁe methbd described by Krampitz and'Wérkman,(l9hl).‘ The reﬁaining energy
sourées and also glucose wére added to the medium and sterilized'by auto-
claving. A series With no additional energy source in the basal médium and

a series with lactate added to the basal ﬁedium were included in each
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experimento Each compound was run at'least in triplicate.

.This basal medium supported only minimal growtH, However, Wwhen' a suite’
able energy source was added a mafke@.increase iﬁ growth resulted. This
increase was much greater than any difference which occurred in replicates
of the same compound. |

The small amount of agar added to the basal medium did not. increase
the viscosity of the medium appreeiably. In order to obtain a uniform cell
suspension the medium had to be shaken., Although this shaking caused the
formation of air bubbles in the medium, these bubplee soon disappeared, and
the amount of growth could be estimated turbldlmetrlcally by determlnlng
the optical den31ty of the suspens1on. ' _

~The seed cultures for the growth experlments were grown in 150 ml pyrex
milk dllutlon bottles plugged with‘rubber stoppers. Each bottle contained
20 ml of Difce's brain liver heart sémisolid medium and was ineubated on its
side. One—day-old cultures of straln 2035 were used for :Lnoculum° Strain
hth appeared to grow slower than did strain 2035, hence, two—day—ol&
- cultures were used as‘inoculum° Howevers it was later observed that after
several rapid transfers strain LL)O apparently could grow at about the same‘
rate as sﬁrain 2035, Each boftle received 0.1 ml of inoculum. The medium
was inocuiated within a few hours after auﬁoelaving as a precaution against
oxidation of the mediem before growth could be.estabiished;

The.erganisms were grown in 25 ml'ef"the besal medium‘end the added ‘
energy eources conpained in milk dilution bottles. These botples wers
plugged with rubber stoppers and were 1ncubated at 35 C on- their sldes°

S&raln 2035 was incubated two days, straln hhbo Was 1ncubated flve days.
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The amount of growth was measured w1th a Klett—Summerson photoelectrlc
colorimeter using a blue filter. Each culture was examined microscopically
for contamination.

Manometric .studies. A few manometric experiments were conducted in

order to compare the amount of growth attained with various compounds wi’oh‘
the ability of thé organism fo oxidize these compounds. The activity of
resting cell suspensions Was‘determined by conventional manometric methodé
(Umbreit et al., 194T7J).

'The cells were grown in & broth medium containing 1.0 per cent tryptose,
0.5 per cent soaiuﬁ chloride, bel per cent'yeast e?traét, 0.1 per cent
soluble sfarch. The cultures wére incubated one ng'at 35 Co. It was found
that a large surface area in relation to the amount of medium was necessary
for the organisms to grow well. Appayently‘@he améunt of growth in»this
medium'wés”limitéd by.the amount of okygen évgilabie.n Heﬁce, the depth of
-the broﬁh was not m@re thaﬁ about O.7icm, The amount of growth attained in
a liter of this medium provided enough qéllé-for one experimeﬁt. ) -

The seed cultures weré’grown in 25 ml of the same medium contained in
125 ml erlenmeyer flasks and were inoculated from one dafeold cultures. The.
contents of oné flask éerved as iﬁoéulum'for about 350 ml of medium,

The cells were centrifuged and suspended in M/50 dlpota331um phosphate
buffer, pH 7,0. The cells were not washed because the endogenous respira-
tion of the unwashed cells was not great and washing'appeared to render the
cells less aétive° The oxygén uptake witﬁ_unwashed cells was about 20 per
cent greater.than with cells washed in 1 per ‘cent solubtions of yeast extract

or peptone. The concentration of the .cé1l’ suspensions was adjusted turbidi—
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metrically. Cell suspensions of about the same turbidity were used in each
experimento

One ml of cell suspension was used in each-vessel; the total vessel
" contents were 2.3 ml. The oxygen uptake was neasured in an air atmosphere
at 37 C. The carbon dioxide was absorbed by'alkali'in the center well,
The concentration of substrate in the'vessels was 0,005 M, The substrates
were dissolved in M/SO phosphate buffer and the PH was adjusted to 7 0.
The side arm of the endogenous vessel contained 0.5 ml of M/50 phosphate
buffer which was added to the vessel at the same time the substrates were
‘added. ILactate was used as a positive control in each experiment.

Except with fumarate, the experiments were terminated after the rate
of oxygen uptake in the vessels containing substrate became about the same
as the rate of oxygen uptake in the endogenous vessel., All determinations
were made at least in duplicate. |

RESﬁLTS

Growth studies. The amount of'growth attained by two straihs of

V., fetus with various non—nitrogen‘containing oompounds'and amino acids
was determined in the growth studieso

‘The results'showing the amount of'growth obtained with the non-nitrogen
containing compounds are summarized in Table I; Lactate, 1:>yr1:tvate‘9 alpha—
ketoglutarate, succlnates fumarate9 and malate all served as excellent
energy sources. Acetate supported. excellent growth of strain hth but only
slight growth of strain 2035,

Glucose, whether sterilized by filtering or autoclaving, did not

support appreciable growth° of the'carbohydrate intermediates,
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Groﬁth of Vibrio fetus with 0.2 per 'cént .of the
various non-nitrogen containing compoands added

to the basal medium.
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Avérage turbidity of at
least .3 determinations.

Strain 2035
"2 Days

36 .
.31
Lo
38
31
155
193
68
68

31

L6
183
173
206

166
30

# Represents the average of at least 21 determinations,
#% Compound steriliZed by filtration and added aseptically to the basal

medium,

Strain hhLo
5 Days

40
31
33
38
36
37
116
152
1hh
9k
31
38
58
123
189
12
184
43

Compounds not so marked were sterilized by autoclaving.
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hexosediphosphate, glycerol, glycerophosphate, citrate, isocitrate and
oxalosuccinate did not.support appreciable growth. Likewise, no increased
growth was attained with tartr;até°

Tartrate was tried as a possible.energy source because of the simi-
larity between its molecular structure and the structure of succinate,
fumarate, and malate. The inabilitj‘of the organism to utilize taftrate
ﬁight be due to the specificity of one or more enzymes involved.

Most of the compounds of the Krebs cycle servéd‘as excellent energy
sources. It might possibly be-that citrate was not utiliZ¢d becausg of
the‘lack of permeability of the cell membrane for this compound. Likewises
the poor utilization of oxéloaCetate and oxalosuccinate.may have been due
- to the limited pérmeability of the cell membrane fer these compounds. '

No increésed grcwth was attained with-any of the compounds of the
gLyéolyﬁic scheme which were investigated, except pyruvate. This may in-
dicate that the erganism.does not have the ability to respire.anaerobi-
cally. If this is trqe,“then it may‘ﬁossibly be an explanation‘of the
need for oxygen by this organ}sm; .

,Tbe resylts showing the amount of growth obtainéd when,different amino
acids were.aned to the basal medium are summarized in Table'II.t Aspartateg
asparagine, 7fumarate, and proline supported growth of both strains‘of;
zo'£g£2§°- Serine suppofted excelieﬁt growth*éf straip 2035 but supported
no appreciable growth of strain hhho. Aspartate apd ésparagine Woﬁld‘be
expected to‘be converted into oxaloacetate by deamination. Straiﬁ Lhho
utilized these latter cgﬁpounds better than did strain 2035, The gregter

utilization of these compounds by strain LLLO may be due to a more active




. Table IT

Growth of Vibrio fetus with 0,2 per cent of the
various amino acids_added to the basal mediunm.

Average turbidity of at
least 3 determinations.

Compound added , " Strain 2035 Strain L4hLo
, 2 Days ' 5 Days

None* + o« oo o o o s o o 0 06 8 o o o o o 36 Lo-
Glycine - o o o o o o o o s o a o o o s o 22 . 33
DL-Alaninee o o o o o o o o o s s s o o o 29 ' 38
L-Alanine « o o o o o o o o o o o o o o » 30 . 5
DL~Serine « o o o o o o o o o o o o o o o 104 ' Lo
LeSerifi€c a-o o « o o o o s o' 5 5 o o o o 178 . L7 ‘
DL~Aspartatee o« 6 o o o o 0o o o 5 o o o o 69 118
LeAspartdte s « o o o o o o o o o o o o o 1189 129
Asparagine. « »« o o o o o o 5 o o o o & o 93 . .191
LGlutamate o ¢« o o o ¢ o 5 o o 2 0 o o, 90 ~ 227
L-Proline o« o o o o o o o o o s o o o o o 101 , 185
Teucine o o o o o s 06 o o 0 0 s o 5 o o o 58 32
L-Ornithing o o o « o o o o o s o » o o o 52 55
L=Arginine. o o.o o o o o o o o o o o s o 36 32
Histidine o o o o o o o o 0 o o o o o o o 25 33
DL-Threonine., « s o o o o o s o ¢ o s« o = 22 23
I=Lysinee o o« o o o o 6 o 6.6 o 5 o o o o 3 .39
DL-Phenylalanine. « « oo o o o« o o o o o 40 .2
Cystedne¥*. o o« ¢ ¢ o o o s o « a o 5 o o 13 30 -
DL-Methionine . = o« o ¢ o o o o s o o 25 . 3

# Represents the .average of at least 21 determinatiens.
#% Some of the turbidity probably due to the formation of cystine in the
medivm. T , .
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enzyme or enzyme system in this strain thgn in strain 2035. '

Strain LLLO utilized glu£amate and proline better than did stfain
. 2035; Both of these compoundé woﬁld be exﬁected‘to be converted iﬁto
glggg-ketoglutara£e.' However, strain 2035 utilized'é}g&g—ketoglutarate
better than did strain Ll4LO. |

With éhe exception off serine the amino dcids which supported appre-
ciable‘gfowth.ﬁére either transaminatiné amino acias or compounds which
might be expected to fpfm transaminating amino acids in the process of dis-
similation., Obviously the transaminating amino acids would be expected to
. be most readily introduced into the Krebs cycle.
L-aspartate supported better growth of both strains than did DL- '-
aspartate. Mgre growth of strain 2035 was attéined.with L-serine than with
DL.-serine. However, only slight growth of strain Lhhli0 resulted with either
L=serine or DL-serine, The configuration of the alanine molecule made .
little'difference in the amount of growth attained with éither strain.
With each amino acid with which growth was attained with the DL-configura-
tion an increased‘amoun£ of growth‘waé attainéd with fhe L—configurétiono
A‘possiblé ekpianation for the more abundant gro&th with thé L-igsomer might
be that tﬁe D-isomer had a blockiné effeét.on'the‘enzyme involved. Ano£her
possibilitj is-thét only the L-isomer was utilized and that the increasea
growth was due to é.greater supply of the utilizable form. |

Glycine, alanine, threonine, phenylalanine, histidine, lysine, argi-
nine, cysteine, and meéthionine were all unable £o support appreciable '
growth; Slight growth was'affofded'strgiﬁ.2035-by leucine but not strain

44O, Ornithine supported only slight éfthﬁ-bf‘both strains, It is o
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possible that phenylalanine and methionine entirely inhibited growth of
strain LU0, “With the exception of alanine, none of these amino acids

wojtld be expected to be easily introduced into the Krebs cycle.

Mﬁnometric studies, The fesults of tﬁe manometric studies are summa-
" rized in Table III. In general these results are in line with the results
obtained from the growth experiments. The active oxidation of isocitrate
and thelsliéht bxidation of hexosediphosphate, however, are not in' accord
with the results of the growth'studies.

The large amount of oxygen uptake with isocitrate ié difficu1£ to
understand in view of the slight amount of growth obtained with this com-
pound.: . |

The slight Qxidation of hexosediphosphate may indiéate that this com-
.pound can be oxidiéed by V. fetus. On the other hand, the lack of increased
growbth with this‘compound and 6ther compounds in tﬁé glycolytic:scheme, and
the inability of the organism to oxidize glucose and glycerophosphate,
would sgem to be.reaSOn not to expect hexosediphosphate to be oxidized.

The oxygen uptake with hexosediphosphate might possibly have been due to
the oxidation of an impurity in the préparation and not due to the oxida-
tion of hexosediphosphate. . '

'Figure I‘shoﬁs tﬁe rate of:oxygen uptéke in one experiment. A shor‘d~
lag at first was evident with lactate, followed by a rapid rate of oxygen
uptake. The rate of oxidation then gradually diminished, pr'esumably because
of the lack of substrate, until the rate of oxygen uptake became about ﬁhe
same aé in the endogenous vessels. It is evident from figgre 1 that the

rate of oxidation of fumarate was relativeiy constant up to the time that
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Table IIT

Oxidative dissimilation of energy sources
by strain 2035 of Vibrio fetus.

Substrate Oxygen uptake in microliters

(0.005M} ' , (Average of at least 2 determinations)
GLUCOSE « o o« o o o o o o o o s 0 o o o o 0
Hexosediphosphate o « o o 2 o o o o o o & 50
Glycerophosphate. . . . o o o % e o =3
Lactabte®™t & o v ¢ v v ¢ o o e o o 0 e 262
Pyruvat@. « o o o o o o a o« o o o o o o o . 280,
Isocitrate. « o o o o o o o o o o o o o o - 238

o 5 o e 6 o o e o o o o 162

Fumaratees: -, . .

#* Endogenous respiration has been subtracted from the total oxygen uptake,
3% Represents the average of 5 determinations.
ek Experiment terminated before oxidation was complete.




LACTATE

FUMARATE

OXYGEN UPTAKE IN MICROLITERS

ENDOGENOUS

MINUTES

Figure 1. Rate of oxidation of lactate and fumarate by strain 2035 of
Vibrio fetus.
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the expérimen% was‘ferminated. The oxidation of fumarate may be limited by
£he pernmeability of the cell membrane for %his compound.

Fumafate was oxidized at a slower rate than were lactate, pyruvate,
and isocitrate. ' |

DISCUSSION

Previous'fé this study tﬁe media used for the cultivation of this org-
anism have been extremely complex. As a result, isolation has been diffi-
cult because contaminants often overgrew V. £§3E§° The information
obtained in thls study might be used in developlng special media for the
isolation oij. fetus. Lactate, for‘instance, yould probably serve as a
suitable eﬁergy source in such media for it can be readily utilized and
can be autoclavéd'without decomposing.,

In the ﬁast, thgre Has not been enough known %o identify V. £g§ﬁ§ by
its cultural characteristics. The inability of V. fetus to eithef oxidize
or ferment giucose would appear to be an'excellent'criﬁerion for distin- -
guishing this organlsm from most other vibrios.

The results -of this’ study indicate that this organism cannot utilize
any of.the compounds in the glycolytic scheme except pyruvate. From what
is known only compounds associated ﬁith aerobic metaboliém'can be readily
utilized. It appears that this organism can only obtain energy from com-
' pouﬁds in the Krebs-cycle or compounds which can be easily introduced :
into the Krebs cch:e°

In many respects V. fetus and Brucella abortus appear to resemble

each other. The similarity of these orgénisms'appears to extend beyond

their pathogenic effect in cattle. Both organisms seem to have striet
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atmospheric requirements, are relatively difficult to cultivate, and
apparently rquiré & certain osmotic pressure for growth. In addition
to these similarities there appears to be a marked reéembiance between
the ability of B. abortus to oxidize compounds in the Krebs cycle and
amino acids.and the utilization of theseicompounds,by V. {g&gg.‘ B.
.abortus has been found to oxidize most of the compounds in the Krebs cycle
{Gerhardt, Leviné, and Wilson, 1950)}; V. fetus was afforded excellent
growth by most of thesé compounds. Asparaéine; glutamate, and proline
were oxiqiéed by B. abortus;‘these compgunds suppofted considerable growth
of V. fetus. This resemblance was not absolute, however, for_alanine was
oxidized by B. abortus but‘ﬁas not utilized by V. fetus. Moreover, serine
was not oxidized at an épﬁreciable extent by B. abortus but supported
growth of one strain of V. fetus. Aspartate, arginiﬁe, ornithine, histi-
diney leucine, lysine, phenylalanine, methionine, and ﬁhréonine were not
oxidized at an appreciable ra£e by B. abortus. With the Qxceptioﬁ of
aspartate, none of these amino acids supported appreciable growth of

z. ﬂetusp
SUMMARY

The utilization of energy sources for the growth of Vibrie fetus has.
been investigated. It appears that only éompounds in the Krebé cycle of
compounds which can easily be introduced into the Krebs cycle will serve
as suitable energy sources for this organism.

Lactate, pyruvate, acetate, oxéloacetate9 glghéfketogluﬁarates sug=
cinate, fumarate, malate, aspartate, asparagine, glutamate and pr.oliné all

served as suitable energy sources under ﬁhe_conditions of these
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experiments. Glucose, hexosediphosphate, glycerol, glycérophosphate,
citrate, isocitrate, oxalosuccinate, tartrate, glyciné, alanine, thfeonine;
cysteine, methionine,_histidin'e » pheny:lalanine; leucine, 1&33’.1’16 s ornithine
and arginine did not support éppreciable growth. |
Resting cell suspensions oxidized lactate, pyruﬁate, isocitrate, and

fumarate. Hexosediphosphate may have been oxidized slightiy. Glucose and

glycerophosphate Weré not oxidized.




_23-
REFERENCES

Barger, E. H. 1928 Report of a case of abortion induced by Vlbrlo fetus.
J. Amo Veto Medo ASSD.o, 25, h68-h7h

Batlin, Alexander, and Wilson, J. B, 1950 Nutrition and antigen
production of Vibrio fetus. Bact. Proc., L1 (Abstract).

Gerhardt, Philipp, Levine, H., B., and Wilson, J. B. 1950 The oxidative
dissimilation of amino acids and related compounds by Brucella
abortuSn Jo Bacto 9 60 h59-)_|.67o

Krampitz, L. O., and Werkmsn, C. H. 1941 Preparation of oxaloacetetlc
acid. Biochem. J., 35, 595.

- May, L. K. .1953 The microaerophilic nature of Vibrio fetus. Master's

Thesis. Montana State College, Bozeman, Montana.

Plastridge, W. N., and Williams, L. F, 1943 Observations on Vibrio foetus
infection in cattle. J. Am. Vet. Med. Assn., 102, 89-95.

Plastridge, W, N., Williams, L. F., Easterbrooks, H, L,, Walker, E, C., and
Beccia, R. N, 1951 Vibriosis in cattle, . Bulletin 281., Storrs
Agricultural Experiment Station, College of Agriculture,
University of Connecticut, Storrs, Connecticut,.

Smith, T, ‘1918 Spirilla associated with disease of the fetal membranes
in cattle (Infectious Abortion). J. Exptl. Med., 28, 701=719.

Smith, T., and Taylor, M. S. 1919 Some morphological and biological
characters of the spirilla (Vibrio fetus N. sp.) associated
with disease of the fetal membranes in cattle., J. Exptl., Med.,
_3¢9"9 299“3120 ' .

Stockman, S, -1919 Vibrionic abortion. J. Am. Vet. Med, Assn., 8,
h99“50ho

Umbreit, W. W., Burris, R. H;, and Stauffer, J. F. 1947 Manometric
techniques and related methods for the study of tissue
metabolism, Burgess Publishing Co., Minneapolis,

< o
! /n'u/,‘ ,/r):"(,’.: f,";! [
[5l‘7'."1'h"( e

el 1
iy 7 g
vy

110376




MONTANA STATE UNIVERSITY LIBRARIES

IEARUNIARIN)

3 1762 10011981 5

N378 -_&:
L22Tu - ‘

COP.R 110376 -
Alexander, James K,

. The utilization of
intermediates U& aumccggﬁggydr =t
%
2-8-55 B&B Library
4-29-5% o’m;z‘,; ,
WAY 21757 HZ\J;TERU?‘JRAHV LUAN 1

Hrv .o+ Minn . I,

JUN 2 757 TLIFRADY 1'nan
NN N )
H =170 v ,{,”ﬁ;fWN378

AQZ 77y
APR 1-2°85. | DNTERLIP CoP .2
MAY 53 4K _—
2 w&z&

————

110376



