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Since the isolation and cultivation of Bacterium tularense by McCoy and
Chapin in 1912, and the demonstration of its obligate cystine requirement by
Francis in 1922, little has been written concerning its nutritional requirements.

Lufkin and Evenson (1936-7) reported ‘“abundant growth’” of Bacterium
tularense in a “routine” blood culture in glucose beef infusion broth. It is
clear that the organisin survived for more than eleven days in this medium,
but their statement that the culture continued to grow well in successive sub-
cultures in glucose broth is not supported by convincing evidence. They also
stated that “growth” had been obtained under similar cultural conditions by
Gundry and Warner (1934), but that paper presents no evidence for multiplica-
tion; only for survival for a period of three days.

Brigham and Rettger (1935) obtained growth in blood and serum infusion
broths in which cultures were incubated in air to which had been added 25 per
cent of a mixture of 95 per cent oxygen and 5 per cent carbon-dioxide. The
inocula were heavy. Serial transfer in these media showed growth to be un-
certain in the absence of added oxygen and carbon-dioxide or cystine.

Berkman and Koser (1941) reported growth in a basal medium of hydrolyzed
gelatin to which thiamin or thiamin diphosphate was added. Large inocula
were necessary and serial subcultures were not described.

In a recent study of fermentation Francis (1942) stated, “No liquid medium
is suited to its growth.” For this work he used serum cystine infusion agar.

We have studied the nutritional requirements of Bacterium tularense, in-
cluding a number of substances which influence its growth. Since definition
of all factors essential for growth may well prove to be a time-consuming prob-
lem, it seems appropriate to record several simplified liquid media, without
peptone, which will support sustained growth of the organism and in which
continued serial transfer is possible without loss of initial virulence.

MATERIALS AND METHODS

Three basal media were used in this investigation. The components were
selected arbitrarily and their concentrations were varied until a combination
was found which supported excellent growth in the presence of the proper acces-
sory growth factors. The formulae of the basal media without accessory
growth factors consisted of:
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1. Synthetic basal medium

Most of the amino acids are found in gelatin, and were used in amounts roughly
proportional to their occurrence in this protein.

Concentration
Amino acids in grams/liter
GIYCIne. . .ttt e e 1.20
1 (+) glutamic................. SRR 0.40
d-arginime. ... ... e 0.20
I-prolime. . . ... e 0.35
A-dySIne. . e e 0.25
I-histidine. ... e 0.20
dl-alanine. .. ...t e 0.50
dl-phenylalanine. ............ ..o i 0.10
Al-JeUCine. . ..ot 0.30
I-tryptophane. .. ... 0.05
dl-valine. . .. ..o g 0.10
L0 1B V-3 0.015
ASPATAZINE . . . .o vttt eeteeeer e eene e e e e e e eat e 0.15
Jeeystime . .. oo e 0.10
Salts
NaCl. . e 8.50
NagHPO 12H 0. ..o et e e 0.50
€ 5 03 o0 TP 0.25
MgSO4 .............................................................. 0.05
FeSO.~7H,O ......................................................... 0.00074
GIUCOBE. . ..ottt i e i e 5.00

2. Hydrolyzed gelatin basal medium

Fischer’s gold label gelatin was hydrolyzed with hydrochloric acid according
to the method of Williams (1941). The final concentration of chloride ion was
equivalent to 3.81 per cent sodium chloride. Nitrogen content was deter-
mined by Micro-Kjeldahl.

The medium was composed as follows:

leystine. . . ... e e 0.10 gm.
glycerol. ... . 5.00 gm.
NaCl (t0tal). ..ot e e e 10.00 gm.
NaaHPO4'12H20 ................................................. 0.40 gm.
KHoPOu. .ottt et e e 0.20 gm
MO0 ettt e 0.04 gm
FeSOu-THoO . ..o e 0.00074 gm
Gelatin acid hydrolysate, 0.28% total N.......................... 1000 ml

3. Hydrolyzed casein basal medium

Casein hydrolysate was prepared from SMA vitamin-free casein in the same
manner. Other constituents were essentially the same as those of gelatin
hydrolysate medium.

Cystine was first dissolved in one per cent hydrochloric acid and added before
adjusting the pH. The media were adjusted to pH 6.9, tubed in 4.5 ml. quanti-
ties in 25 mm. diameter tubes and autoclaved at 10 Ibs. for 10 minutes.
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Cultures. The Memp strain of Bacterium tularense was used throughout
the study unless otherwise stated. This strain was isolated from a human
lymph node in 1937, and had been passed through guinea pigs since isolation.
It was highly virulent.

Method of inoculation. Bacterial cells from 24- to 48-hour cultures, grown
either in gelatin hydrolysate medium or on cystine-heart-hemoglobin agar,
were washed with sterile saline three times and resuspended to a turbidity of
T-500 (Fullers’ earth scale). From this suspension serial 1:10 dilutions were
prepared. Hereafter the T-500 suspension is designated as 10° and its dilu-
tions are designated in the usual manner. One half ml. of the desired suspen-
sion was then used to inoculate each tube. Accurate plate counts of suspen-
sions cannot be made, but Foshay has estimated from numerous animal inocu-
lations that the number of viable bacterial cells in one ml. of a T-500 suspension
is approximately two billions.

Growth. As most of the media used were water clear and practically color-
less, growth was detected by the appearance of turbidity in the cultures.

EXPERIMENTAL

1. Synthetic medium

A number of accessory growth substances were tested for their effect on
growth. The substances tested, and the ranges of concentrations, were as
follows:

micrograms/mi.
BT 4111 W PP 1.0 to 50.0
oAV, ..o e e e 0.1 to 5.0
pimelicacid.........c.ooiiiiiii 0.1 to 2.0
calcium d-pantothenate.............................ceeeeevn.o.. 1.0 to 4.0
nicotinic acid. ... ... i e 0.1 to 1.0
nicotinamide. ... ... ... i e 0.1 to 1.0
beta-alanine. . ........ ...t e e e 1.0 to 4.0
Choline. ... o e e 1.0 to0 10.0
30T 87 ) N 1.0 to 20.0
LY 1 10.0 to 50.0
adenine sulfate........... ...t e 10.0 to 50.0
guanine hydrochloride............... ..., 10.0 to 50.0
biotin concentrate (SMA). . .....cooiiiiiiitiiiiiiiiiiiieenen. 0.01 to 0.1
dilutions in medium

biotin concentrate®. ... ... ...t 1:150 to 1:500
liver extractt.......coooiniii i i 0.5% to 0.05%,
liver cake aqueous extract}................oiiiiiiiiiaL, 1:150 to 1:500
blood cell extract§..........coviiniieiiiiiiiieiiinetenennnneenns 0.19% to 1.0%

* This biotin concentrate was prepared by hydrolyzing liver-cake in N/1 H;SOj for 4 to
5 hours at 120° to 125° C. so that one ml. of the hydrolysate represents the equivalent of
0.2 gm. of liver-cake.

t Mother-liquor from alcohol precipitation of crude liver extracts. One gm. of the

extract equals 300 gms. of fresh liver. N
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The synthetic basal medium without addition of accessory factors did not
support growth. Growth was obtained by addition of:

micrograoms/ml.
calcium d-pantothenate.................... et eeeeeeeeeieriiraaens ... 4.0
pimelic acid. ... ... . i i i i 1.0
nicotinic acid......... ...ttt 006
biotin concentrate..........ccoiiiiiiiiiiii it i it i 1:150

Organisms grown in this medium were viable for at least 14 days of con-
tinued incubation as judged by subcultivation onto standard solid media.

Table 1 indicates good maintenance of virulence by the organism after pro-
longed continuous cultivation in this medium.

TABLE 1
Titration of virulence in mice of Bacterium tularense cultivated in synthetic medium
NUMBER OF mcgrwr AMOUNT DEATH OF ANIMALS IN DAYS SUR- .
MICE USED INJECTED IN)JECTED 1 2 3 A s 6 7 VIVALS
- | | | | [ | |

10 10-¢ 0.5 0({0]|8]2 0 43 day culture with

10 10-7 0.5 010|317 0 total of 13 subcul-

10 108 0.5 ofojo0|7]|2]|1 0 tures

10 10-° 0.5 0|01 ]2 (3|2 2

10 10-¢ 0.5 0({0}|2]8 0 100 day culture with

10 107 0.5 0j0jO0(9 (1 0 total of 31 subcul-

10 10-8 0.5 0|]0]0]9 |1 0 tures

10 10—* 0.5 0j]0|0]|2 )7 1

Animals were injected intraperitoneally.
The culture medium was centrifuged and the bacterial cells were resuspended to T-500,
from which serial 1:10 dilutions were made in sterile saline.

Replacement of biotin concentrate in synthetic medium. In the mixture of
amino acids, salts, glucose, pantothenic acid, pimelic acid, and nicotinic acid,
the biotin concentrate remained the only chemically undefined constituent of
the medium. The substitution of biotin methyl ester for biotin concentrate
was not successful, though a trace of growth was initiated after 5 daysof incu-
bation. Adenine sulfate, guanine hydrochloride, uracil, etc., were supplemented

{ Two hundred gms. of liver-cake was infused in 1 liter of distilled water over-night in
refrigerator. It was autoclaved at 5 lbs. for 10 minutes and filtered through paper after
cooling. One ml. of the extract equals 0.2 gms. of liver-cake.

§ Defibrinated fresh rabbit blood cells were washed five times with sterile saline. Packed
cells were hemolyzed in 20 volumes of sterile distilled water. Heat coagulable protein was
removed by filtration through paper after boiling in a water bath for five minutes. The
filtrate was again boiled for 10 minutes. Slightly turbid solution was cleared by centrifu-
gation.

With the exception of thiamin, all were prepared in aqueous solution and added in desired
amounts to the basal medium before autoclaving.
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with biotin methyl ester to substitute for biotin concentrate without demonstra-
ble success. This indicated the presence of a chemically undefined substance
or substances in the biotin concentrate which could not be totally replaced by
any combination of accessory factors employed. The results of various com-
binations studied are shown in table 2. -

2. Gelatin hydrolysate medium

The results of a typlcal growth experiment with hydrolyzed gelatin medlum
supplemented with various accessory factors are shown in table 3. Blood-cell
extract, liver-cake fractions, and biotin concentrates were effective in pro-

TABLE 2
Effect of various growth factors on Bacterium tularense in a synthelic medium
BASAL MEDIUM (SALTS, 14 AMINO ACIDS, GLUCOSE) PLUS: G’,;’,"W":A,'h"::';;:lz:“
1. Nothing. . oooviii ettt i ittt et te et ee e 0
2. Pantothenic acid........... ... it 0
3. Pimelicacid.. ...t e 0*
4, Nicotinic acid............ooiiiiiiii it i 0
5. Biotin, methylester............ ...t 0*
6. Pantothenic acid, nicotinic acid, pimelic acid..................... 0
7. Pantothenic acid, pimelic acid, nicotinic acid, nboﬂavm .......... 0
8. Pantothenic acld, pimelic acid, nicotinic acid, choline.. e 0
9. Pantothenic acid, pimelic acid, nicotinic acid, nboﬂavm, tlnamm. 0
10. Pantothenic acid, pimelic acid, nicotinic acid, biotin methyl ester. - to +
11. Pantothenic acid, pimelic a,eld nicotinic acid, adenine sulfate ' :
guanine hydrochloride, uracil, biotin methyl ester............... -4
12. Pantothenic acid, pimelic acid, biotin concentrate................ +++4
13. Biotin concentrate............coviiiiiiiiiiiiiiiiii i +++
14. Pimelic acid, biotin methyl ester....................cooiiiiiiatn =+

All tubes were inoculated with 0.5 ml. of a 10~ dilution of a T-500 suspension and incu-
bated at 37°C. for 7 days when the final readings were made.

0, no visible turbidity; =, trace of turbidity; -}, very light turbidity; 4+, light to mod-
erate turbidity; ++ -, moderate to heavy turbidity; 4+, heavy turbidity.

* Occasionally a trace of turbidity appeared.

moting growth. In the presence of any one of these materials growth was
obtained from very small inocula. Visible growth was not obtained in the
basal medium alone during 7 days of incubation if the inocula contained fewer
than 1,000,000 organisms. If inocula were larger than this, scanty growth
was obtained. Addition of pantothenic acid, nicotinic acid, inositol, thiamin,
and riboflavin, singly and in various combinations, resulted in no appreciable
improvement of growth.

Prolonged dialysis or adsorption on vegetable charcoal removed the growth-
stimulating substance from blood cell extract.

In basal media without accessory factors, gelatin hydrolysate supported
very light growth, whereas in the synthetic medium no growth was initiated.
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, 4 ug./ml.; bim, pimelic acid, 1 yg./ml.; nie, nicotinic acid, 0.8 ug./ml. bio. biotin
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0, no visible turbidity; =+, trace of turbidity; 4, very light turbidity; ++, light to moderate turbidity; +++,

moderate to heavy turbidity; ++++, heavy turbidity.

Pan,
(SMA) 0.02 pg./ml.; inos. inositol, 20 ug./ml.; BC ex. blood cell extract, 1%; bio. con. biotin concentrate, 1:150; LC

ex. liver-cake aqueous extract, 1:250.
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It is evident that hydrolyzed gelatin contains a substance or substances which
will support limited growth.

Effect of addition of certain amino acids. To a liter of gelatin hydrolysate
medium was added a supplement of 6 amino acids; 30 mgs. each of 1-trypto-
phane, dl-valine, dl-leucine, dl-methionine; 15 mgs. of 1-histidine and 10 mg. of
dl-threonine. In this medium growth was apparently accelerated during the
first 3 days of incubation. However, no quantitative difference could be
observed at the end of 7 days of incubation in comparison with hydrolyzed
gelatin medium without addition of amino acids.

3. Hydrolyzed casein medium

With vitamin-free casein hydrolysate in place of gelatin, a basal medium was
prepared in the same manner. When this medium was supplemented with
blood cell extract or with liver-cake extract excellent growth was obtained.
The amount of growth so obtained was essentially the same as that in gelatin
hydrolysate medium.

Substitution of other sulfur-containing compounds. Homocystine, methionine,
glutathione, and thioglycollic acid were used to replace cystine in gelatin hy-
drolysate medium. These substances were added to the medium in concen-
trations to equal the molecular equivalents of 0.019, 0.05%, and 0.19, cystine.
From 0.0059, to 0.019, cystine is sufficient for excellent growth.

As shown in table 4, none of the compounds except glutathione and cystine
were capable of supporting growth. The highest concentration of glutathione
used was ten times the optimal molecular equivalent of cystine. Growth ob-
tained in this concentration was scanty.

The present study of cultural requirements confirms the indispensability of
cystine for growth.

Effect of various amounts of sodium chloride. For this purpose the following
basic medium was used:

NadHPO12H 0. .ot 0.4 gm
:KHzPO; ......................................................... 0.2 gm.
MO0k, . ottt e e 0.02 gm.
FeSOu THoO . ... e 0.00074 gm.
Cystine. ... 0.1 gm.
GlyCerol. ...t e 5.0 gm.
Liver-cake extract............coitiiiiiii et 1:250
Pantothenic acid........... ... ..o i 0.004 gm.
Pimelic acid. ... ... ..o e 0.001 gm.
Nicotinic acid....... ..ottt it 0.005 gm.
Gelatin hydrolysate free of chloride ion, 0.28%, total N........... 1000 ml.

Sodium chloride was added to this medium in amounts from 0.25 to 2.0 per
cent. Since sodium chloride resulted from adjustment of the medium to pH
6.9, the actual concentration was slightly greater than that indicated for each lot.

The presence of certain concentrations of sodium chloride in the basal medium
proved important. The optimal concentration appeared to be one per cent
or above. Two per cent was not inhibitory. The results of varying concen-
tration of sodium chloride upon growth of B. tularense are shown in table 5.
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TABLE 4
Growth in gelatin hydrolysate medium in which various compounds were substituted
for cystine
. GROWTH OBSERVED
BASIC III?TI;T: Q(UG:LLAT;?:OYDROLYSAg,‘:VALTS, AOSSSS:&AC&O;:)) PLUS: “I‘:: Ug 2 TA;:)SN OF
No additions. . ...vviiin i i e e 0
Homoceystine. ...ttt 0.01 0
0.05 0
0.1 0
Methionine. ...... ... ... .. i e 0.01
0.05 0
0.1 0
Glutathione............ ... ... . i 0.01 0
. 0.05 0
0.1 +
Thioglycollic acid...............c.oo i 0.01 0
0.05 0
0.1 0
CyStine. ..o 0.0005 +
0.001 +++
0.005 ++++
0.01 ++++
0.05 ++++

All tubes were inoculated with 0.5 ml. of a 102 dilution of a T-500 suspension.

TABLE 5
Effect of varying concentrations of NaCl upon growth of B. tularense

MEDIUM PLUS: NaCl %,
NoCT- 0.25% | 0.5% | 1.0% | 2.0%
LoM 10:

Growth in days

112345 |6 |7 |t|2|3|als |6 |7 |1|2|3]4]5]6]|7|1|[2][3]4|5])6]7

L[| | ] ] ] ] ] ] T
=2 | Ok ||| | | H| O£+ | H|F+ [FH[FH|H[FH ]| | [ T
-3 | 0| O O|+| +| +| +| 0] Of=|+| +| +|+ | Of+|+[+| +| +| +| O]=|+|+| +| +[+
~4 0|0/ 0+ +| +| +| 0] 0f 0|+ +| +|+ | O|+|+|+| +| +| +| 0f O+|+| +| +|T
=5 0] 0| 0f Of | | +| 0f 0| 0|+| +| +|+ | O] Of+|+ +| +| +| 0| 0|+|+| +| +|F
-6 |0/ 0] 0| 0 £ | %[ 0] 0| 0|=| x| +|+ | 0| O[++| +| +| +| 0] 0| O|+| +| +|T
-7 |00/ 00 0 x| =00 00 x| +[+ |00 0+ +| +|-+| 0o o+|-+ +|*
-8 |0/ 0|00 0 x| =£|0| 0 00 x| +[+ |0|0| 0|+ +|+|0fo0folxl+|+|*+
-9 |0l ofoo o of ofo]ofofo o o=x*of0ofof =+ +|ofoolo o £t

* Heavier growth appeared later.
=+ Trace of turbidity; 4, pronounced turbidity.
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Alkalinization of culture media. Attempts were made to determine fermenta-
tions of various carbohydrates with 20 strains of B. tularense in gelatin hydroly-
sate medium. Brom-cresol-purple or Andrade’s solution were used as indicators.
After carefully adjusting the medium to pH 6.9, the desired indicator was
added in the usual amount. The medium was sterilized in 5 ml. quantity in
tubes. The carbohydrates were previously sterilized and added to give a final
concentration of 0.59,. Each tube was inoculated with 0.1 ml. of 1072 saline
suspension of 24 hour cultures grown on cystine-heart-hemoglobin agar.

No acid production was observed during 10 days of incubation from any of
the 18 sugars tested. In all instances the reaction changed definitely to in-
creased alkalinity.

TABLE 6
Alkalinization of culture media

GELATIN HYDROLYSATE MEDIUM PLUS:
INCUBATION Nothing I 0.5% glycerol I 0.5% glucose Uninoculated control
pH changes from 6.9 to:
days
1 7.15 7.0 7.0 6.9
2 7.3 7.1 7.1 6.9
3 7.5 7.2 7.2 6.9
4 7.6 7.3 7.3 6.9
5 7.75 7.3 7.3 6.9
6 7.8 7.4 7.3 6.9
7 7.3* 7.4* 7.3* 6.9
8 8.0 7.4 7.3 6.9
9 8.0+ 7.5 7.4 6.9
10 8.1t 7.5% 7.4* 6.9
11 8.1 7.6 7.4 6.9
12 8.1 7.7 7.4 6.9
13 8.1 7.7 7.5 6.9
14 8.1 7.7t 7.5*% 6.9

* Organisms still viable.
1 Organisms not viable.

Experiments were conducted to verify actual alkali production in gelatin
hydrolysate medium. After careful adjustment to pH 6.9, two liters of medium
were divided into four equal parts in liter flasks. To two flasks were added
0.5%, glucose and 0.5%, glycerol, respectively. The remaining two received no
carbohydrate. Three flasks of media were inoculated with 2 ml. of a T-500
saline suspension of a 24-hour culture of the Memp strain. One flask was kept
as an uninoculated control. Viability of the organism in the liquid media was
tested from time to time by subcultivation on cystine-heart-hemoglobin agar
during the period of incubation. As shown in table 6, alkali increased regularly
from day to day, reaching a maxingum in about 10 days in the medium without
fermentable substance.
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Toxin production. Three liter flasks, containing 300 ml. each of ‘“complete”
gelatin hydrolysate medium supplemented with liver-cake extract, were in-
oculated with 1.5 ml. of a heavy saline suspension of a 24-hour culture. After
intervals of 5, 10, and 14 days of incubation these cultures were filtered through
a Berkefeld N filter. Groups of 6 mice and 6 guinea pigs for each sample of
filtrate were injected intraperitoneally with varying amounts of the filtrate
ranging from 0.5 to 2 ml. for mice, and 1.0 to 5.0 ml. for guinea pigs.

All animals injected with the filtrates survived. Evidently the strain used
did not produce a soluble toxin, or the hydrolyzed gelatin medium may not be
suitable for toxin production.

Virulence of organisms grown in hydrolyzed gelatin and in hydrolyzed casein
media. The organisms were cultivated continuously in these media supple-
mented with 1 per cent blood-cell extract for 528 hours, with a total of nine
subcultures in each. The final culture in each was centrifuged, and the bac-
teria resuspended to T-500. From these suspensions dilutions of 10-7, 10—8

TABLE 7

Titration of virulence in mice of Bactcrium tularense cultured in hydrolyzed gelatin
and in hydrolyzed casein media

DEATH OF ANIMALS IN DAYS
e e w
1121345 6| 7| 8|9|10]11]12]13]14
Gelatin "5 |107|o|o0f0]|1|2]|2 0
5 |10%|0jojo|1|2]|1]0]1 0
5 |[10°]|o|o|ofofo|1|1]/0|0|0]|0|0O|0O|1]| 2
Casein 5 |107|o|ofofo]o 41 0
5 |[10%|o|o|oflojlo|1|1|/1]0]|0|0]0]0|0O]| 2
5 |[10°]|o|ofloflojo|1|3]|0]|0]|0]1 0

and 10—? were prepared. For each medium five mice were injected with each
of these dilutions. Each mouse received 0.5 ml. of suspension.

Table 7 shows that continued subculture in these media effected little decrease
in virulence.

SUMMARY

1. Liquid media constructed from either gelatin or casein hydrolysates or
from amino acids readily supported growth of Bacterium tularense when these
media were supplemented with accessory factors. These media are accurately
reproducible and contain no protein or other unknown substances of large
molecular structure. They are suitable for large scale cultivation of the organ-
isms for chemical analyses.

2. The significant accessory factors are liver-cake extract, blood-cell extract,
and biotin concentrate. Pantothenic acid, pimelic acid, nicotinic acid and
biotin mixture permitted growth of the orglnism to a limited degree. How-
ever, these could not replace blood-cell extract or liver-cake extract in entirety.
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Although all obligate and accessory factors necessary for growth are not yet
chemically definable, a close approximation to complete media must have been
reached since an inoculum of approximately 1 to 15 bacteria to 5 ml. of medium
is sufficient to initiate sustained growth.

3. The accessory growth factors in blood cell extract or in liver-cake extract
are thermostable and dialyzable.

4. The indispensability of cystine or cysteine was confirmed. Multiplica-
tion of B. tularense was never observed in the absence of these amino acids.
The present studies demonstrate that homocystine, methionine, or thioglycollic
acid could not be substituted for cystine.

5. The sodium chloride tolerance of the organism was found to be high, the
optimum amount of sodium chloride being one per cent or higher. Two per cent
was not inhibitory.

6. Virulence of the organism was maintained at or near maximal after pro-
longed continuous cultivation in the liquid media.

7. The production of a soluble toxin by B. tularense could not be demon-
strated.

8. The production of alkali in liquid media was well demonstrated.

The work is being continued in an effort to identify the components of the
blood cell and liver-cake extracts essential for growth.
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