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STUDIES OF THE EFFECTS OF OXYGEN ON MULTIPLICATION
AND METABOLISM OF BRUCELLA

The emphasis which has been placed on constituents of culture
media has overshadowed the importance of certaln other facotors which
influence multipllication and metabolism of microcorganisms., Wutritional
studies of the Brucella organisms have not solved the problem of pro-
duction of large numbers of cells in a liquid medium. A&n investigation
of this problem resulted in a study of the effest of atmospheric gases
on the growth of Brucella in tryptose peptone liquid media. It has
been found that the oxygen damsnd of these organisms is extremely high
and has been a limiting factor in growth in liquid media, Brucells
cells have been grown in large numbers in a short period of time, in a
simple and practisal ligquid medium in an atmosphers of pure oxygens

Studies of the nutritional requirements of the Brucella group in
various base media have indicated that thiamine, nicotinic acid, bio-
tin and pantothenic acld are either essential or stimulatory (17, 21,
22, 27, 28, 29, 30). Roby (36) included leucine or lysine and trypto-
phene. WMeCullough et 2l. {30) reported that oystine, histidine, tyro-
sine, phenylalanine and tryptophane were essential amino acids and
glycine, lysine, arginine, methionine, glutemic acid, isoleuocine, as-
partic acid, serine and threonine were stimulatory. These authors
also found Mg salts essential, Mn and Fe stimulatory, and one per ocent
gluoose required for maximum growth.

Glucose has often been added to various media to enhance the

growth of Brucslla, McAlpine (26) reported utilization of glucose by



somo strains of Brucella but not all. Soule (37) found that two per
ocent glucose in veal infusion sgar favored growth of all strains tested.
MoNutt and Purwin (31, 32) reported that aoid production from glucose
by Brucella depended on the quality of the base medium. That glucose
utilization was not appreciably different in strains was noted by Zobell
and Meyer (40).

Coleman et al. (6) studied the fermentation of monosaccharides by
39 stralns of the abortus-melitensis group. Acid production indicated
that arsbinose was fermented by all strains tested, xylose by sall ex-
cept ons, galactose by 36, glucose by 19 and levulose by 13. 4cid pro-
duction from rhamnose and lactose was not observed,

Winslow et al. (39) were among the first to show a great inorease
by aeration in the population of facultative anaerobes, With Escheri-

chia coli the final population was increased five to ten times by mera-

tion. The lnorease was attrituted 46 ranoval of toxic waste products
of growth and to increased oxygenation. Roby (36) noted a oconsiderable
increase In the growth of Brucella cultures when asaersted by agitation.
Following preliminary studies of nutritional requiremants, the ef-
facts of verious atmospheric gases on multiplication of Brucella in a
practical and satisfactory liguid medium was determined. The metabo-
lism of the organisms when grown in an atmosphere of pure oxygen was

briefly studied.
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EXPER IMENTS AND RESULTS

A. Preliminary studies of mediae.

Preliminary studies of nutritional requirements wsere conducted in
8" x 1" test tubes containing 15 ml. of medium. The twenty-four hour
growth of a smooth strain of Brucella from liver agar slants was used
for inoculum, The cells were suspended in a diluting fluid containing
05 por cent sodium chloride and 0,05 per cent tryptose peptone. The
coll count was determined by turbidity using a Libby photonreflectometer
whioch was standardized by plate counts, To each tube of medium were
added 5 x 10* viable cells/ml. All culturess wers insubated at 37°C. on
e push-pull type of shaker machine operating at a rete of 75 strokes
per minute, Viable count was determined after 72 hours lincubation by
plating suitable dilutions of the cultures on tryptose agare.

Since praoticality rather than definition was a prime regmisite cf
the medium sought, Difco "Tryptose™ peptone was selected as the most
satisfactory basal medium (16). By adding various concentrations of
sodiun chlorlde it was determined that 0.5 per cent was optimum and
this concentration was used in all media studieds All media were ad-
justed to pH 6.7 with phosphoric acid. As illustrated by data in Table

I, viable counts after 72 hours incubation in agltated cultures werse

Table I, Growth of Brucella in Stationary and
in Agitated Cultures

Viable Cell Count 10°/ml,

Shelf Shaker
Bre. abortus OJL He
Br. suls 0L 805
Br., melitensis 065 6.8

Medium: 2% tryptose, 0.5% NaCl, pH 6.7;
15 ml. in 8" x 1" test tubes,. ,
Tnoculum: 5 x 10% cells/ml, Incubation: 72 hras.



ten to twenty times greater than in stationary culturese.
When glucose was added to 1 per cent tryptose, the viable count of

Brucella suls was significantly increased (Table II). Stanier (38)

noted that breakdown products formed in autoclaved solutions of glucose
wore toxio for the organisms in hls study. Autoclaved tryptose medium
conteining glucose (115°C,, 15 min.) exhibited no toxieity for Brucella
organisms when oompared to medium sterilized by filtration.

Table I1I. Stimulation of Growth of Bre. au;g
by Glucose and Thiamine

Medium Viable coll

T ose Glucose Thiamine ocount

rypto % mg. % 109%:11.
1.0 040 0.0 6
1.0 0.5 0.0 12
1.0 1.0 0.0 18
1.0 0.5 0.5 23
1.0 1,0 065 Lo
1.0 2.0 Ce5 Lo
240N 1.0 0.5 35
1.0 1.0 2,0 31
1.0 1.0 5e0 26

Bases:s 0,57 NaCl; pH 6.7
Inoculum: 5 x 10* oells/hl.
Incubation: 72 hrs. on shsker,

When the tryptose-glucose medium was supplemented by thiamine hy=-
drochloride, a stimulatory effect was noted with all species of Brucella.
Representative data for Br. suls in Table II show the stimulation of
growth by veriocus concantrations of glucose and thiamine hydroshloride.

Thiamine hydrochloride is more stable at a low pH (8). It was es-
Yablished that thiamine hydrochloride autoclaved in concentrated solu-
tion at pH 3 or sterilized by filtration and added asceptically to a me-

dium resulted in an increase in growth of Brucella equal to that in the



autoclaved tryptose medium (pH 6.7) containing thiamine. The last pro-
cadurs for sterilization was used for all media,

The tryptose-glucose-thiamine medium was supplemented with various
other fmectors. As shown in Table III, multiplication was not increased
by eny factor tried., Counts of 35 & 5 x 10® viable cells/ml. were ocon-
sistently obteined with Br, suis in medium containing one per cent tryp-
tose, one per cent glucose, 0.5 mge. per cent thiamine hydrochloride, and
05 per cent sodium chlorides higher concentrations of any of the nutri-
ents did not increase growth. An inorease in multiplication in this me-

dium was demonstrated with elght strains of Br., suis, ten of Br, abortus

and seven of Br., melitensis,

From seven to nine mgs. zlucose/ml. were utilized by all strains
and there was not a consistent difference in glucose utilization betwesn
strains or species of Brucella,

Various earbohydratss Wsre incorporated in one per cent tryptose
medium to determine if there was utilization of the sugar and if there
was stimulation of growth as was effected with glucose. Cultures in the
carbohydrate media were compared to those in plain tryptose medium. An
increase in cell count and a decrease in pH were oriteria for carbohy-
drate utilization.

Bre suis utilized arsbinose, xylosse, galactose, and fructose (Table
IV). The stimulatory effect of any one of these carbohydrates was not
strikingly different from that of glucose, These results confirm those

of Coleman (6).



Table IIX, Effect on the Growth of Br. suis of the
Addition of Various Factors to the Bess Mediume

Substance Added Conce Viable Cell
mg. % | Count 10%/ml,

None 355
Nicotinic Acid 0.5 32
Tryptophane 1.0 33
Tryptophane 2.0 23
Lysine 20,0 32
Ca, pantothenate 0.5 22
Alanine 20,0 33
Alanine Lo.o 29
Riboflavin 0.5 33
Leucine 10,0 Ll
Leucine 20,0 31
Leucine 50,0 28
Cystine 15.0 3l
Glucosamine 5.0 32
Gluocosanine 10,0 32
Glucosanmine 20,0 27
Autolyzed Yeast 25040 Lo
Autolyzed Yeast 500.9 L2
Liver extract 31
SnClg 1.,0 22
SnClg 10.2 2l
FBSOg 1.9 224
FeS0g4 10,0 22
XC1 1.0 23
KC1 10,0 26
XC1 100.0 22
MgSO, 1.0 25
MgS04 560 2l
Mg (CoHaz02)2 10.0 25

Basa medium: 1% tryptose, 0.5% NaCl,

1% glucose, 0.5 mge % thiamine.
Inoculum: 5 x 10% sells/ml. Br, suis.
Incubationt 72 hours on shakers
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Table IV. Effects of Carbohydrates on
Growth of Br. Suis,

————

Carbohydrate pH Viable Cell

added Count 10%/ml.
None 8.1 5
Glucosea 6.1 35
Arebinose 6.5 31
Xylose 549 33
Galactose T2 32
Fruotose Te5 21
Rhamnose 8ol L
Cellobiose 8.1 5
Lactose 8e3 5
Sucrose 8.1 5
Raffinose 82 7
Starch 8.2 7
Inulin 82 6
Sorbitol 8.2 6
Mannitol Bel 5
Duleitol 8.2 L

Bagse mediums 1% tryptose, 0.5 mg. % thiamine HC1,
0.5% NaCl; pH 6.7

Carbohydratess 0.5%

Incubations: L, days on shaker.



B. Effeots of atmospherlc gases.

The growth of Brucella ocultures in large volumes of the tryptose-
glucose~thiamine medium was not comparable to that in the same medium
in test tubes. Attempts to attain more efficient aeration in large
oculture containers resulted in a study of the effects of atmospheric
gases on multiplication and metabolism of Bruocella,

Subsequent investigation proved that growth of Brucelle in this
liquid medium was limited by the supply of oxygen, When the demand
for oxygen was met, the medium which was more than adequate under for-
mer oulture cpnditiona did not contain suffioient nutrients to produce
e meximum population.

There was simulteneously in progress at another laboratory stud-
ies on the nutritional regquirements of Brucella and growth in aerated
broth cultures. Reports of this group indicate their success in pro-
ducing large mmbers cf sslis in a short period of time (11, 12, 13,
30). In a medium similar to thet discussed here, maximum yields of
25:_5313 in large volumes wers 55 x 10" cells/ml, and in small amounts
100 x 10° cells/ml.

Rahn and Riohardson (3L) reported that the oxygen demand of vari-
ous species of organisms varied from 0.5 to 2 x 107 mg. oxygen/cell/

hour for Streptocosci to 10 to 80 x 107 mg. oxygen/cell/hour for Ba=~

¢i1li and that the demand did not depend only on the size of the cell.
He detoermined that one per cent Bacto~-peptone medium was depleted of
oxygen when bacteria had multiplied to about 2 to 10 x 108 cells/ml,
The supply of oxygen by diffusion and by convection currents in sta-
tionary oultures was not sufficient to meet the demands of facultative

enasrobes. They observed that the rete of multiplication of all anser-



obes. They observed that the rute of multiplication of all aerohes
studied in one per cent Bacto-peptone was the same until the oxygen
was almost completely exhausted but that tolerance for anascrcbic ocon-
ditions varied with different groups of aeroblc orgenismse

Rahn and Richardson (35) studied the population growth of aser-

obes with an optimal oxygen supply. Streptocooccl and Lactobacilli,

which did not oconsume large amounts of oxygen, were not affected by
aeration and growth was deoreased by pure oxygen. The logarithmie

portion of the multiplication curves of Pseudomonas flourescens ex-

tended from the second to the sixth hour of inoubation in a statione
ary culture and from the fourth to the twelfth hour in an aerated one.

The total growth of Bacillus subtilis was increassed by aeration.

Levine (2l;) observed that 100 per cent oxygen was nelther toxile
nor inhibitory to spores or vegetative cells of B, subtilis and that
20 per cent oxygen was nesr the minimum thet would support normel growth,
The effects of various rates of flow of air, oxygen, carbon di-
oxide and mixtures of these gases on multiplication of Brucella were
determined and the metabolism of the organisms in optimum conditions
for growth studied. It was necessary to reconsider the minimum re-
quirements for constituents of the medium. 250 ml. of each medium werse
sterilized in one liter bottles fitted with a two-hole rubber stopper
and glass tubing. The inlet tube for gas extended to within an inch
of the surface of the mediwn., The rate of flow of esch gas into a cule
ture container wes measured by means of a "Flowrator" (Fischer and Por-
ter). All eultures were grown on a push-pull type of shaker and glass
float tubes were placed in the bottles to intensify the movement of the

liquid and distribution of gas into the medium. Cultures grown in a
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normal aetmosphere in bottles which were fitted with cotton plugs served
as controls.

A single smooth strain of each species of Brucella was used in all
further studies. Twenty~four hour growth from liver agar slants was
used for inooculum. In most of the experiments the media were seeded
with 1 x 10P cells/ml. of medium. Semples were removed at 2 hour in-
tervals., Viable count was determined by plating suiteble dilutions of
the cultures on tryptose agar and total sount measured turbidimetrical-
ly from a standard curve established by direct cell counts. Clucose
was determined colorimetricelly by a modified Benedict's procedure (L)

and pH measured electrometricallye.

1. Multiplication.

Growth of the organisms was compared in three medis which differed
only in the concentration of tryptose. Figure 1 shows the multiplica-
tion of Br, suis in a normal culture etmosphere in which the bottles
were fitted with cotton plugs, in a flow of air (85 ml./minute) and in
an atmosphere of pure oxygen in which the rate of flow wes L5 ml./minute,
There was only a slight stimuletion of growth by oxygen in one per cent
tryptose, but there was a marked incresse in totel cell ocount in two
per cent and three per cent tryptose. A comparable incresse was ob-
tained in the latter two media when the rate of flow of oxygen wes on-
1y 15 ml./minute,

The inorease obteined in the multiplicetion rate of Br. mellitensis

in en etmosphere of oxygen is illustrated in Figure 2,

The effect of oxygen on growth of Br. sbortus (Figure 3) is some-

what different from that observed with Br. 5333 and Br. molitensis.

When one per cent tryptose was inoculated with only 1 x 108 cells/ml.
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and oxygenated, there was no visible growth in 72 hours. In twe per
ocent and three per caent tryptose median, stimulation of growth by oxy=-
gen was slight,

In Figure L the rates of growth of Br., suis in a normal atmosphere,
in & stream of alr and In oxygen ere compared. The air flow was of suf-
ficient volume so that the oxygen content was the seme as the quantity
of pure oxygen. To one culture, pure oxyren was furnished at e rete of
15 ml./minute and in the other, eir flowed at & rate of 85 ml./minute.
The inorease that oscurred in the total count in the atmosphere of pure
oxygen was not peralleled in air with eny species of Brucella,

Determinations of residual glucose in the media proved that en
initial concentration of one per cent was an adequate supply if one per
¢cent tryptose was used. However, in a medium containing three per cent
tryptose, multiplication and metabolism increased so much that an in-
itlal concentration of glucose of 10 mgs./ml. was virtually exhausted
in 72 hours. 1In Figure 5 date are summarized for Br. suis grown in
three media which differed only in the comncentration of glucose. The
total cell eount was slightly higher in two per cent glucose than in
one per cent or three per cent. The maximum amount of glucose decom-
posed wae 17.5 mgs./ml.

Similar comparisons are shown for Br, abortus in Figure 6 and for

Br. melitenslis in Figure 7. These two species decomposed more glucose

in medium of three per cent concentration, but maximum total counts
were attained in the medium containing two per cent gluceosaes.

When either glucose or thismine was omitted from the medium, the
maximum total oell count in ecultures of Br. suls never rose above 29 x

10° cells/ml. (Figure 8)., Comparable counts wers observed with both
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Br. abortus and Br. melitensis. Thiamine hydrochloride added to the

medium in amounts greater than 0,5 mg. per cent did not inorease the
oell ocount,

Thus, the medium which was the most satisfectory for all three
specles of Brucelle when they were grown in an etmosphere of pure oxye

gen contalined the following constituentss:

Tryptose 340 gm.
Glucose 2,0 gm.
Thiemine HC1 005 mge
NeCl 0e¢b e
Distilled Water 100,00 ml,

Total and vieble cell counts for the three species in this medium

are shown in Figure 9 and mexima from the curves are given in Teble V.

Table V. Maximum Counts under Optimum Conditions.

Cell Counts 10%/ml,
Total Viable

Br. suis 178 102
Br. abortus 92 Ls
Br. melitensis 126 62

Growth was observed in atmospheres of pure carbon dioxide and in
mixtures of oxygen end carbon dioxide. The multiplication of all three
gpecles was suppressed by pure cerbon dioxide, which was supplied at a
rate of nine ml./minute. In mixtures of the gases, the amount of car-
bon dioxide wasg maintained constant and the supply of oxygen was varied
80 the ratiocs of concentrations were 231, 9:1 and 1511, The date in
Figure 10 show that the totel cell count of Br. suis in pure oxygen was
higher than in eny atmosphere containing carbon dioxide. In the mix-
ture of two parts of oxygen to one of carbon dioxide, the multiplica-
tion of Br, suis was approximately the same as in the normel atmosphere.

With mixtures of these gases in ratios of 2:1, or greater, the multi-
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1%

plication of Br., abortus was equal to that in pure oxygen; a ratio of

1811 was as satisfactory for Br. melitensis as pure oxygene

The per cent of viable cells was calculated for each culture in
all media tried. Representetive data for Br. suls are shown in Figure
11 for a culture in normal atmosphere and one in pure oxygen, in medie
containing one, two, and three per cent tryptose. The per cent of via-~
ble cells decreased as the concentration of tryptose in the medium was
inoreaseds Cultures grown in an atmosphere of oxygen showed in gener-
al a slightly higher per cent of viable cells in the two per cent and

three per cent tryptose concentration than those in a normal atmosphere.

2, pH Changes.
The pH changes in the medie during the growth of Br. abortus, Br.,

melitensis end Br., suis are plotted in Figures 12, 13 and l,, These
are compared in a normal stmosphers and in pure oxygen in medie cone-
taining one, two and three per cent tryptose, without glucose and with
one and two per cent glucoss. The arrows on the graphs indicate the
time at which the supply of glucose was virtually exhausteds

In medis without glucose all cultures became alkaline. In gener=-
al, an inoreese in the concentration of tryptose in the medium resulted
in a higher pH, while an inorease in the concentretion of glucose had
the opposite effect. When the supply of glucose was exhausted, there
wes & distinot rise in pH from nitrogen decomposition productse

bThe decrease in pH in cultures of Br. melitensis was generally

not as low as that of Br. abortus. Cultures of Br. suis remmined neu-

tral or beceme slightly elkaline even though lerge amounts of glucose

were decomposed in all media., The pH chenges in media during growth

of Brucells cultures emphasize the uncerteinty of ascertaining ocerbo-
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hydrate utilization by detection of acid production with the usual
acid~base indicators. The correlation of pH with products of metabo-

lism will be discussed later,

%2e¢ Glucose decomposition,

It 1s shown by data in Figures 5, 6 and 7 that if an ample supply
of gluoose was availeble, the Brucells organisms decomposed 18 to 21
mgs./hl. when grown in an atmosphere of pure oxygen in a medium of
three per cent tryptose, 0.5 per cent sodium chloride and 0.5 mg. per
cent thiamine hydrochloride. There was not a significant difference
in the amounts of glucose decomposed by the three species even though

the total populetions ranged from 92 x 10° cells/ml. for Br. abortus

to 178 x 10° cells/ml. for Br. suis. In a medium of one per cent tryp-
tose in oxygen, however, Br. suis decomposed a significantly larger

amount of glucose than did By, abortus or Br., melitensis, and the three

cultures did not vary widely in totel cell count. To facilitate these
comperisons, calculations were made of the glucose decomposed per unit
number of cells. Data in Table VI are average values for Br, suis in
in media whiech contalned thiamine apd an ample supply of glucose. A4s
the concentration of tryptose was increased, less gluccse was needed
for each billion cells produced. The total mgs. of glucose decomposed

Teble VI, The Effect of Tryptose Concentration and an Oxygen
Atmosphere on Glucose Decomposition by Br. suis.

Tryptose Glucose decomposed-mgs./ml./10% cells

o

Normal Atmosphere Pure Oxygen
or Flow of Air

1 0.12 0022
2 0.08 0.l2
3 0.05 0.97
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in three per cent tryptose wes much groater, as was the total count,
but the amount of gluoose utilized by each cell was less. More glu-
cose was decomposed per unit number of cells in an atmosphere of pure
oxygen than in & normal atmosphere or in a flow of air. This differe
ence was most marked in one per cemt tryptose and is clearly presented

in Figure 15. In generel, Br. abortus and Br, melitensis decompos ed

50 to 100 per cent more glucose per unit number of cells than did Br,

suis, The influences of the concentration of tryptose and of the culw

ture atmosphere were evident, though less marked with these two species,

C. Metabolism.
Experiments were designed to study briefly the metabolism of glu-
cose under serobic conditions, Attempts were made to detect interme-

diete products and end-products which might be expected from the oxi-

istic of Brucells cultures,

In a study of oxidations produced by gonococci, Barron and Miller
(1) summerized that in the presence of atmospheric oxygen, glucose weas
fermented to lactic acid which was oxidlzed to pyruvie acid, which in
turn was oxidized to acetic acid and carbon dioxide. Krebs (23) re-
ported that the preferential reaction of gonococoi and staphylococci
was an snserobic dismutation of pyruvic acid to lactic acid which was
then oxidized., Barron and Lyman (2) showed that the dismutetion of
pyruvic acid observed by Krebs was independent of the oxidative pro-
cess, that under optimum conditions for oxidetion pyruvic acid was di-
rectly oxidized to acetic acid and carbon dioxide, and under optimmm
conditions for reduction it might be reduced to lactic acid or split

by dismutetion into acetioc acid and formic acid.
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In later studies Barron and Friedemarm (3) showed that rlucose
was oxidized by a number of bacteria without previous fermentation and
that in cases in which the glucose molecule was not oxidized it became
oxicdizable as soon as the molecule was phosphorylated,

Kliger and Grossowicz (18, 19, 20) studied the role of niacin and
thiamine in metabolism of glucose., In medium containing both substan-
ces there was quantitative production of carbon dioxide from glucose

or lactate by Salmonella. In cultures of Staphylococcus aureus two

and a half times as much glucose was utilized as when niaecin alone was
present and the end-products consisted of about LO per cent acetic ac-
id, 20 per cent lectic acid and slight amounts of pyruvic ecid. If

thiamine was lacking there was active growth of Staph. aureus under

aerobic conditions and partial utilization of glucose. The reection
was essentially glycolytici pyruvic acld and lectic acid were produced,
Grossowloz (1) determined that pyruvic acid was en intermediste

in metabolism of glucose by Neisseria intracellularis. Thiemine cata-

lyzed the metabolism of pyruvic acid but did not increase growthe.

In respiratory studies of proplonic~acid-bacteria Quastel and
Webley (33) found an accumulation of pyruvie acid during oxidation of
glucose, lactic aocid, glycerol, and propioniec acid by thiemine-defi-
cient bacteria, The emount of pyruvie acid diminished in the presence
of thiemine, which also increased the oxidation rate of acetic acid by
these bacteria,

In an attempt to determine the direction of the breakdown of glu-
cose, quantitetive determinetions were mede of pyruvie acid, lactic
acid, acetic acid and carbon dioxide. The effect of thiamine on the

amount of glucose decomposed and the role of thiamine in the utiliza-
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tion of pyruvic acid were studied. Glucose was replaced by pyruvate
and laotate to determine if the organisms could utilize these substrates.
In thess experiments the organisms were grown in 250 ml, of medi-
un in one liter bottles in an atmosphere of pure oxygen as previously
descrited., Samples were removeod at 2, hour intervals for totel cell
count, pH and chemical analyses. All date are representative of tests
in at least two preparations of each medium. Pyruvic acid was deter~
mined by the method of Clift end Cook (5) as modified by Elliot et al.
(7). The procedure of Friedemann and Graeser (9) was followed for the
measursments of lactic socld and the method of Friedemann (10) for vola=

tile acids,

1. Glucose and thiasmine,

Figures 16, 17 and 18 are graphic representations of results from
exporiments designed to study the ¢ffsst of thiamine on multipliocation,
gluocose decomposition and pH changes. The addition of thiamine to tryp-
tose did not alter the total cell counts or pH changes. When glucose
was added, but not thiamine, there was a significant increase in rate

of multiplication of Br. abortus and Br. melitsnsis and in these cul-

tures six to seven mgs. glucose/hl. were decomposed. In the culture

of Br, suls 1, mgs. glucose/ml. were decomposed but thers was not a
significant ohange in the total eell count. When the medium contained
both glucose and thismine, meximum populations were obtained. The thia=-
mine effected an inorease of the desomposition of glucose‘which.was most

marked with Br. abortus and Br. melitensise.

2, Pyruvate and lactate.

There was evidence of a slight accumulation of pyruvio acid from
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glucose when the organisms were grown in a medium without thismine
(Table VII). The smounts measured in cultures of Br. suis, however,
were within the range of experimental error of the determination,
Though only small amounts of pyruvic acid were measured in a medium
without thiamine, none could be detected in cultures in medium con-

taining thiamine,

Table VII, Pyruviec Acid Detected in
Cultures of Brucella,

Species Med ium Days

1l 2134
Pyruvic Acid mgs./ml.

5 . Glucose 0o | 0eD | Ol | 061
r. suis " + Thiamine OOO Ooo Oo() 000
Glucose 0.1l | Qo | 065 | 067
Br. abortus " 4+ Thianmine 0.0] 0.0 | 0.0 0.0
Glucose 0e6 | 143 | 1ali | 165
Br. melitensis "+ Thiaming 00| 040 [ 0,0 | 0.0

Base medium: 3% tryptose, 0.5% NaCl; pH 6.7.
Glucose: 2%; Thiemine: 0.5 wmg.%.
Atmosphere: Oxygen.

Anslyses for lactic acid showed that none was present in cultures
of any of the three species of Brucella when examined daily during six
days of incubation.

The decomposition of pyruvate, with and without thiamine, eand de-
composition of lactate were determined in media in which these sub-
strates replaced glucose, The acids were neutrelized with sodium hy-
droxide and added to tryptose broth before autoclavinge. The relatively
low cell counts in pyruvate media ranged from 15 x 107 cells/ml. for

Br. abortus to 50 x 10® cells/ml. for Br. suis., The addition of thia-

mine did alter multiplication except with Br. melitensis and with that




species the stimulatory effeat was slight., The data in Table VIII
show that pyruvate was decomposad by each species and ita decomposi-
tion was most rapid in cultures of Br, suis. The slower rate of utie

lization by Br. abortus end Br, melitensis was impliecd by the accumu-

lation of pyruvate from glucose in the absence of thismine. The pH
in all ocultures in pyruvate media increased to B.2 to 8.5,
In the lactate substrate there was virtually no multiplication

of Br. melitensis, growth of Br. abortus was slight until the third

day, but growth of Br. suis approached that in a glucose medium, The
quantity of lactate utilized correlates with the population in the
cultures. Results in Table VIII show that considerable amourts of

lactic acid were decomposed by Br. suis but none by Br. melitensis,

Br., abortus began to decompose lactic acid after the second day.

2 gg}gtile acids.

To verify the application of Friedemann's procedure for identi-
fication of volatile acids to the conditions of the experiment, small
emounts of acetie and propionic acids, added to uninoculated medium,
were distilled and titrated.

Each of the three speciss of Brucelle was grown in a medium con-
taining three per cent tryptose, two per cent glucose and thiamine,
Numerous amalyses did not indicate the presence in any culture of ace=-

tiec acid during four days of incubation in an atmosphere of pure oxygen.

Jts Carbon dioxide and ammonia,

In eerly studiss of metabolism of Brucella, McAlpine and Slanet:z
(26) measured large amounts of free ammonia produced by all strains

in plain broth. In glucoss medium, strains which used glucose pro-



Table VIII, Decomposition of Pyruvate and Lactate by Brucella,

Madium Br, suis Br. abortus Br, melitensis

Days

1] el 3| ylrlels] hlrle] ]y

Pyruvic acid decomposed mgs./mle

Pyruvie Acid 23] 268 2:9] 2¢2]0.3]0.6[0.7] 007|069 1a5] 1e5] 145

o Thiamine 237 209 2'9 3.0 003 008 0.8 1.0 0‘9 1.3 1.9 2.9
Lactic acid decomposed mgs./ml,

Lactio Acid el 867 | Liodi | 18411 | 06A [ 069 | Te3 | 1262 | 069] 040 | 00| 0.0

Base mediums 3% tryptose, 0.5% NaCl; pE 6.7.
Pyruviec acid: 3,7 mgse/ml.

Lactic acid: 19.); mgs./ul,

Atmosphere: QOxygen.




duced very slight amounts of ammonia. He was unable to show that Br,

abortus, which produced large amounts of ammonia, could utilize glucose
in a peptone medium. Since it has been shown in this study thet all
strains of Bruocella are capable of extensive utilization of glucose in
optimum culture conditlions, it was of interest to observe the effect of
this utilization on peptone metabolism. Quantitative measurements of
carbon dioxide and ammonia were employed as rough estimates of carbohy-
drate and peptone decomposition, Métabol;sm'was compared in a tryptose
medium without glucose and one containing two per cent glucose.

Cultures were grown in 250 ml. of medium in one liter hottles on
a shaker machine in an atmosphere of pure oxygen. The gas was directed
from the culture container first through = bottle containing one liter
of 0,01 N sulphuric acid and second, through one liter of 0,3 N potas-
sium hydroxide. A 25 ml. aliquot was taken from the standard acid daily
and titrated with standard sodium hydroxide. A 50 ml, aliquot of the
potassium hydroxide was removed each day and after precipitation with
barium chloride, the excess titrated with hydrochloric ecid using phe-
nolphthalein as the indicator,

Ammonia in the culture wes determined by steam distillation of a
semple into dilute boric acid and titration with 0,01 N sulphuric acid.
A culture sample was aerated by a stream of air into 0.03 N potassium
hydroxide to measure dissolved carbon dioxide.

The cultures wers examined daily for four days and final tests were
made on the seventh day of incubation. Quantities of ammonia and car-
bon dioxide were computed as the amount produced in eech 2ly hour period;
the values for the seventh day were calculated as one-third of that ac-

cumulated in the three previous days., Calculations included determina-
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tions on uninoculated media. The data shown in Figure 19 as rates of
ammonia and oarbon dioxlde production emphasize the preferentisl break-
down of carbohydrate over peptone dscomposition.

Without glucose in the medium the rates of metabolism were highest
during the first 2l; hours of incubation and followed s similer pattern
in all three species. Ammonia production was greatest in the oulture
of Br. suis; this was the only species of Brucella in which the pH of
the oulture medium inoreased sufficiently to release emmonia in meas-
urable emounts in the colleoction bottle of standard acid.

In medium containing glucose, the carbohydrate breakdown, as meas-
ured by carbon dioxide produced was greatest during the second and third
days of inoubation in all species. From Br, suis 3ol gms. cerbon diox-

ide were collected in a seven day period, from Br. sbortus 5,0 gms., and

from Br. melitensis ;.8 gms, Ths carbon dioxide dissolved in each cul=

ture was only 0.1 to 0.2 gms. The ammonia production indiocated that
Br. suls attacked peptone during the first day and reached a peak on
the second day. However, no ammonia was deteoted until the third day

in culturses of Br. melitensis and until the fourth day in Br. abortus,

Thus glucose exerts a 'sparing action' on peptides which is most obvious

with Br. abortus and Br. melitensis,

The presence of ammonia in cultures correlates with pH in all me-
dia, Figure 19 shows that from the time of initiation of growth of Br,

suis there was production of ammonia end an inerease in alkalinity.

The rise in pH produced by Br. abortus end Br. melitensis occurred si=

multaneously with the appearsmce of ammonia in the culture media.
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DISCUSSION

Studies of the effects of atmospheric gases on multiplication of
the three species of Brucella emphasize that controlled culture atmos-
pherss are equally as important as medium constitusnts., A sontinous
supply of oxygen to a culture in an adequate medium had a pronounced
stimulatory effect on multiplication, but the mechanism by which this
was accomplished wes not explained, When oxygen wes supplied to a cul-
ture in a flow of air, the total cell count was not greater than when
air was available through a cotton plug. It was sstablished that car-
bon dioxide, in the concentration which exists in air, was not inhibi-
tory. A stimulation of multiplication by a mixture of carbon dioxide
and oxygen in a ratioc of 18:1 was equal to or approached that of pure

oxygen. However, Br. abortus exhibited & tolerance for carbon dioxide

much greater than did Br., suis or Br, melitsnsise In view of the re-

quirements for carbon dioxide of this species for isolation from patho-
logical material (15) this finding was not unsxpected,

In an oxygen etmosphere maximum total cell counts of each of the
species of Brucella were obtained in a medium containing three per cent
tryptose, two per cent glucose, thiamine and sodium chloride. In medisa
containing less then these emoumts, multiplication was limited by an
inadequate supply of nutrients. It seems possible that largeramounts
of medium constituents did not support further multiplication because
of the physical factor of the high concentration of molecules in the
immédiate surroundings of each cell in the early period of growth. It
is feasible thet populations higher than those reported here for EBr,

suis might be obtained by replenishing nutrients in the culture medium

at intervals during incubation.
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Multiplication of Br. abortus did not equal that of Br. melitensis

or Br. suis under any conditlons studied. It is possible that a great-

er multiplication of Br, abortus could be obtained by some additional

nutritional factor and a different atmosphere. That a small inoculum

of Br. abortus did not initiate growth in one per cent tryptose media

in pure oxygen indicates that the atmospheric requirements of this spe-

cles differ from those of Br. suls and Br. melitensise

There were many observations of differences in the three species
in multiplication, glucose decomposition, and pH changes in different
media end atmospheres. The amount of glucose decomposed per unit num-
ber of cells was less for Br. suis than for the other two speciese. This
indicates less efficient utilization of energy from glucose by Br. abor-

tus and Br, melitensis. An oxygen etmosphere was optimum for perform-

ance of the oxidative mechanisms as indicated by a decrease in the glu-
cose required per unit number of cells, The concentration of tryptoss
in the medium was alsoc a factor in glucose decomposition. As the con-
cantration of tryptose was increased, the glucose decomposed per unit
number of cells was less. This effect, greatest with Br., suis, may be
correlated with the rate of production of smmonia which was an estimate
of the breakdown of nitrogenous substances.

The metabolism of glucose by Brucslla when grown in an atmosphsre
of pure oxygen is a rapid and complste oxidation of the carbohydrate.
Sarbon dioxide is the major end-product. Addition of thiamine was not
required for decomposition of glucose, although, when thiamine was pres-
ent, the rate of decomposition of glucose and the extent of utilization
of the energy, &s measured by cell production, was accelerated. In the

absence of thiamine, however, only minute emounts of pyruvie acid were
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detected in the oulture media. There was no evidence of the formation
of lactio acid or acetioc acid from glucose,

Basioc variations in the oxidative enzyme systems in the three spe-
cigs of Brucella were observed when the organisms were cultured in py-
ruvate and lactate substrates. The rate of utilization of pyruvate by

Br. suis was significantly higher than by Br. abortus or Br. melitensis;

its utilization by all strains was only slightly accelerated by thiamine.
The decomposition of lactate by Br. suis was rapid and 18 mgs./ml.
wore utilized to produce more than 100 x 10® cells/ml., There was no

decomposition of lactate by Br. melitensis snd virtually no mltiplica-

tion. The growth of Br. mbortus in lactate medium was initiated after

L8 hours incubation. During the third and fourth days of incubation,
12 mgs. lactate/ml. were decomposed,

It is evident that the enzyme systems of Br, suis responsible for
peptone metebolism perform more efficiently in the media studied than

do those of Br. abortus and Br. melitensis. The asccumulation of ammo~-

nia from decomposition of nitrogenous substances in media without glu-
cose results in e rise in pH to 8.0 to 8.5. The pH of the media con-
taining glucose in vhich Br, suis was multiplying remained neutral or
slightly alkaline ss a result of continued peptone breskdown simulta-
neously with cerbohydrate utilization. A low pH was measured in oul-

tures of Br. sbortus and Br. melitensis and even though large amounts

of glucose were decomposed, cerbon dioxide was the only end-product of

metabolism which could be detected. Br. abortus and Br. melitensis pro-

duced an initial decreass in pH in the medium during the time that more
carbohydrate was decomposed and no emmonia was formed, &fter two to

three days of incubetion, utilization of cerbohydrate was slower, pep-
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tone metabolism was Initicnted and the pH in the culture medis inocreased

as ammonia accumulated,
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SUMMARY

The multiplication and metabolism of the three speocies of Brucolla
have been studled In a practical liquid medium which will, in an optie-
mum atmosphere, produce lerge numbers of viable cells in a short period
of time. The rate of multiplication, total cell count and glucose me-
tebolism were greatly inereesed when these orgenisms were grown in an
atmosphere of pure oxygen. The medium which was most satisfactory for
all three species contained three per cent tryptose, two per cent glu-
cose, 0,5 per cent sodlum chloride, and 0.5 mg. per cent thiamine hy~-
drochleride, Maximum visble cell counts were observed on the third or
fourth day of incubation.

The tolerance for carbon dioxide in the culture atmosphere was

greater with Br. abortus than with Br. melitensis and Br. suis,

The pH changes during growth wsre foliowsd in various media and
were influenced by the conceﬁtrations of tryptose and glucose,

large smounts of glucose were decomposed by all species of Brucelle
and utilization was accelerated by thiamine, The oxidation of glucose
ves rapld and complete, as indicated by & brief study of end-products
of metabolisme, Pyruvic acid was detected in culture medium lacking thia-
mine, but & significant accumulation of acids, in the presence or absence
of thiemine, was not demonstratede

The difference in enzyme systems of the three specles of Brucelle
was indicated by & variation in multiplication end utilizetion of py-
ruvete and lactate substrate. Peptone decomposition in cultures of Br.
suis proceeded at a significantly higher rate than in oultures of Br.

sbortus end Br. melitensis in which there was & marked preferential break-

down of glucose,
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