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CULTIVATION OF PASTRURELLA TULARENSIS ON A SIMPLE
LIQUID MEDIUM

see Note/ of the Chair of Npidexiology of the Military

dical Research and Training Institute of J. Iu. Purkyns,
Hradeo Krelove, in Ceskoslovensks Epidemiologis, Mikroe
biologie, Dmmunologie (Csechoslovak Bpidemiology, Micro-
biology, Immunology), No 11, Prague, July 1962, pages
2u6-253.7

([Note]. wWith tbe techaical collsborstiom of A. Chy'lova'
and V7 Simerkova').

The ocultivation of Past, tularensis on liquid medis remains to be

& difficult and complex prodlem whose solution has been already attempted
by many workers. In the year 1528 Buvorov et al, and Pranaois (6) de-
soribed cultivation on beef droth with serum or ascites fluid. Later,
novever, Prancis (5) had & more skeptical view of the possible growth of
Past. tularensis on a liquid medium. In the following years Tamirs and

Y (15, §), Riles ot al, (12, 10) wrote adbout relatively complex
syathetic or semisynthetic media (based on the hydrolysate of casein or
gelatin, amino acids and growth extracts). Recently, Traud et al, (21)
studying metedolism of Past. tularensis proposed a medium composed of
13-16 amino acids. A relatively simple liquid medium for the cultiva-
tion of tularemia was prepared by Steinhaus et al (17), Bigelsbach, et
al (3) using OGCBA media -~ and Snyder et al (16) who achieved growth
on a medium containing only peptone, glucose, NaCl and eventually
Qiloglyeoll acld.

iouovi 1s & translation of an article by Bobumir Lukes

The goal of our work was to utilize cur experiences and findings
Avtalaet during the preparation of solid agar media (10) and to attempt
"ne alaboration of a simple liquid cultivating medium.

Materials and Methods

3‘.’:‘11“

The media tested were inocoulated vwith strains 4 Ma, 098, 211,
119 (10). All of the strains used were virulent for white mouse (MLD-1
~m 100 3ells) and guinea pig (MLD 10-1000 cells).



Chemicals

The medis were prepared from the following chamicals: Bectopeptons
pifeco, Peptome Csechoslovak Organcfarme, sodium thioglycollate, 1 cystein
E Cl, nicotinic acid Difco, amide cf nicotinic aoid Difco, caloium pant-
othenate Difco, vitamin 3,, B,, B, (supplied kindly by the Research In-
stitute of Pharmacy and l}oohanoﬁry in Prague), glucose, NaCl.

stion and © sition of media

A. Base medium

0.1 - 2,06 peptone Difoc or Csechosl. Organcfarme

0.% glucose

0.9% NeCl

distilled vater added. pXE T7.5-k befors sutoclaving or filitra-
tiom.

The base msdium was enriched by componants presumed sigaifiosnt
for the growth of Past. tularensis e.g.

B. [Bee Note#] 0.1 - 0.0% Sodium thioglycollate

C. [Bes n~te#¥] 2 - L mgh nicotinic acid
2 - &k ng® amide of niootinic acid
90 = 180 gaamef Ca pantothenate

D. [Bee note] 2.5 gamme % vitemin B,
15.0 gasma § vitemin 35
7.5 ¢amma $ vitamin Bg

Media containing base and compoments B3, C, D vere sterilised by
passage through glass filter 0 5.

([Mote]: The compononts vere added to base A and eventually base
A and B either singly or in variocus cambinations.)

Medium TXOL (thioglycollate of sodium, blood, glucose, liquidum).

1.5% Peptone Czechosl. Organcfearma

0.5% Glucose

0.% NaCl

0.4 Na thioglycollate

Adistilled vater added. pH 7.4 to 5 defore autoclaving. Be-
fore inocculation 2 to 5% of defibrinated rabbit blood are added.

The liquid medis wers placed into test tubes (5 ml each), Eurl-
ermayer flasks or Patocka's hemocultivation bottles (with glass beads).

Medium TXGA (thioglycollate of Na, blood, glucose, agar).
1.5 - 2,06 agar strand
1.0% Peptone Czechosl. Orgenofarms

1.0 glucose, NaCl
5 « 106 defibrinated rabbit blood
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Medive BOAT (Sodium mumonm blood
liver extresct). ! » Elucose, agar,

m-ruwhathmm.i.ﬁaummumlym-
»-asguted Dy the liver extrest. The woarstion 32 »0l44 medic has deen
jssacibes in detail in sncther artiole (10).

Francis' medium and OCBA medium vere prepared ascording to pre-
seiptions 1isted in literature (7, 13).

Preparation of inooculum and method of inocoulation

As inosculum we have utilised a 2k hour suspensics weshed off egg
#edia. Density vas msasured nephelometrically (Pulfrish-blue filter,
somparative gleass No 1) and by the nusber of colonies that grew on
TXGA medium from & 100 to 10-10 diluted uooouhtm suspension (the
ronsentraled basic suspension, 100 diluted, ¢ sbout 5 milliexds
of oells). The inocculum containing roughly 10° - organisms was in-
ocaulatad by a hypodermic in quantities of 0.1 ml to 3 to 5 test tubes
£11led vith the medium to be tested. The medis were inocubated in s
“hermal ahwder at 37°C f«r the period of 10 days.

Bvaluation of growth

The growth of Past. tularensis on liquid mediea containing radbit
blool vas evaluated according to the opaqueness produced, measured on
+he naphelommter (Puifrich - grean filter, compurative glass No 4) and
“he myder of colonies determined by serial decimal diluticn of a sasple
A the mediun tented in a pm’aiglogical solution (medium tested -
Etiution 10°). Dilution of 10~* 40 10-0 was inocculated in the volume
P 0.2 al 0a 2 to 3 TNIA media. Crowth on media not containing blood
wvas jetermined by mmacroscopic evaluaticn of ithe cpaqueness produced and
It 90f s colonies on THGA carried out in a way similar to that de~

trived Wove, Tho growth on the (ndividual sarples was ovaluated each
3y and final results were read on the 9th or 10th day. As & control we
wned the opejueness at O hours of lncubation (irmediately after inocoulaw
Carsoae? U v me e wtthout Ineeealun.

Resulto
oo o etae o our experiments we lLave verified some

N ST SR owsar media oLz, the effect of peptones and
L0 Sal: TS IeF SN ;LJ it~ on the growth of Past., tulareusis.

Pe - X1de 2. nuls we have studied first the growth of tularemia
m owyLia wi oo Lo v mesentration of Bacto peptone Difco and Organo-
‘arma sase mo3law A, (Table 1).

ne Lable snhows that Past. tularensis can be cultivated even in
A very "poor mei.cus.’ However, the success of the cultivation depends
e 2 O T rrobes {nocculated, the quality and quantity of the
PR W - Mginalod with a certain concentration both of the peptones




used us. preventive effect on growth; in Difco peptone from 2% con-
cantration upwards and in Organofarma peptone from 1§ concentration up-
wards,

Table I

Effect of Peptones on (rowth of Past, tularensis

l) onecntration of peptones in %
Tnocculum Type of Peptone 0.l [} 1.0 2.0
7z

5 x 100 DIFCO o 4 + T
6 OROANO 0 + 0 0
€ x 10 DIFCO 0 + * I
. ORGANO 0 z o] 0
B DIFCO - + + 0
) QROANO - o} o} -
e ) DI¥Co - U o} 0
ORGANO - 0 0 -
lg Strain L Ma
? Evuéuntign of growthi r very light opaquensss, +-wepk gglquomu

=10° =107 ormnisme /1 ml, ++nnron8 opaqueness -109 =10"" organisms
/1 ml, +++- diffuse opaqueness =101V and more organisms /1 ml, Os
negative growth, - « experiment was not carried out,

On the peptone Difco tularemia multiplied from an inocculum linear-
1y about 1000 times smaller than on the peptone Organofarma.

Table 2
Effect of Thioglycollate on Qrowth of Past, tularensis
Thioglycollate Peptone DII"GO2
Inocculum ) Concentration in % concentration in &
0.5 1,
0 )] +
0.1 { *
5 x 107 0.2 + F b4
0.4 r 4 =
0.8 o] + +
. 0 0 0
L 0.1 0 0
5 x 10 0.2 ++ -
0.k 0 -
0.8 - +
o] 0 0
0.1 + 0
5 x 103 0.2 e -
Oub -
0.8 0 tt



1; Strain L Ma
The table does not inolude media with peptone Organofarma all of which
had negative =0- srowth.
k)) Evléutio of powthn-:z very light opaquoncu,- = wo; mquonou
(10° - 10 organisms /1l ml), 4+ = lt.ronfoopnquonou (107=10*" organisms
/1 ml),*#F 2 diffuses opaqueness (10 and more organisms /1 ml),
0 znegative growth, =3 experiment was not carried out.

The base medium A containing peptone Difco and enriched with sod-
ium thioglycollate had substantially better growth characteristics as can
be seen from growth obtained even from reduced members of organisms in-
occulated, We were not able to record similar effect with media contain-
ing peptone Orgenofarma although we used large inoccula (Table 2),

Table 3
Effect of Defibrinates Rabbit Blood on Growth of Past, tularensis

From Small Inoccula When Varied Concentrations of Peptones and
Sowium Thioglycollate Were Used in the Medium

N Peptone Thioglycol= Orowth on Media With Peptone®
Tnocculum =) Conc, in § late Conc. in ¥ MB = mm_

U, x
3 0.% 0,2 3x 7 x 197
0.k : s
. - b 4
0.1 2 x 10¥ - 4
1.0 0.2 1 x 1030 8 x 10
0ok L x 107 2 x 109
0.8 1x 103 1 x 10°
0.1 1 x10 - 7
., 0.5 0.2 1.5 x 10° 1 x 10
10 0.4 - 72 103
0.6 - 1 x 10
0.2 b x 107 -
1.0 0.k 6 x 107 2 x 10
0.8 3 x 103 7 % 10°
0.1 1x10° 4
0.2 1.5 x 10 0 ;
. 0.5 0.4 - 1x10
'],!') 016 - 9 0
0.2 3 x 10 8
1.0 0. Lx 107 5 x 10,
0.8 1.2 x 10 7.x 10
3 2.0 0.1 cystein 03 L
10 dzz0 1x 109 %)

1) Strain 4 Ma
2) nrowth is expressed by number of cell® per 1 ml.
g Madium witheut rabbit blood (modified after Elgelsbach)
Medium with rabbit blood (modified after Eigelsbach)
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In the table there is indicated also a nertain relationship detween
the optimal amount of sodium thioglycollate and the concentration of pep~
tonn in the medium (See alaso Table 3),

In many subsequent experiments we have attempted to improve the
gulture medium by factors that =~ according to the literature -- affect
the growth of tularemis (12, 13, 1L, 18, 19, 20), Because of this we
ndded to the base A and B, either singly or in combination, nicotinic
acid, amide of nicotinic acid, Ca paniothenale, vitamin B,, B, Bg, Our
efforts were practically in vain, Even with media ;ropnrid from yolk
filtrates or liver extracts growth occurred only when mass irocoulum was
used, This growth was not standard and there were many cases of contam-
ination on yolk media.

On the basis of our experiences with agar media we have therefora
turned snr attention to blood ana ity comporsnts, In many experiments
we supplemented the base A and B (peptone, glucorxe, NaCl, sodium thio=-
glycollate) with 2 to 58 of defibrinated rabbit blood. The results are
shown on Table 3,

It is obvious that the addition of rabbit blood to media using
both Difco and Organofarma peptones fascilitated primarily the reduction
of inocculum to almoat single organisms, and inoreased ths intensity of
multiplication especially in case of Difco peptone, Similar effect was
observed with media modified after Eigelsbach, containing peptone Or-
yanofarma and cystein, QOrowth in liquid media appeared within L8 to
72 hours (diffuse opaqueness) ZEOO Note7. Rabbit blood can be replaced
with the same effect with human or guin®a pig, but not sheep blood,
Rabbit blood extract, filtrate or serum had lesser effect on the grow-
th than whole blood,

([Note71 At first the added blood made the medium somewhat op-
aque, howeveF after a few hours there doveloped a sediment above which
there was a clear supernatant which bacame diffusely opaque due to grow=
th of the organisms).

Table L
Isclating Characteristics of TKQL in Comparison With Solid Agar Media

Francis Francig MeCoy
TKGL, TKGA TKGAJ OCBA Difco Organo  Chapin

Liver 10/9%) 5/L 10/7 /5 6/ 3/0 /3
Splaen o8 L/3 9/8 6/ 5/2 2/0 3/2
Marpow 3/2 2/L  3/1 3/1 3/0 2/0 2/0
Klood 6/5 S/ 6/5 6/5 L/O 2/0 L/2

Strains: 098, 211, 130
#Numerator = number of cultivations, nominator = number of isolatlons
of Pant, tularensis,




On the basis of these results we have prepared a simple liquid
K@ medium ({for preparation see Methods) which we tested in two ser-
Llen of experiments.

In the firat series of experiments we have verified the fsolat-
ing and culturing properties of TKGL on mice and guinea pigs infected
with strains 098, 211, 130. From the organs (liver, spleen, marrow,
blood) of the infected mice and guinea pigs we have prepared a 10% sus-
pension which we inocculated into 5 ml of medium TKOA /#ic7 and on solid
media TKOA, TKGAJ, OCBA and Francis', Within 72 or L8 an® in some cases
2li hours we were able to observe growth on the liquld medium. This
was verified by transfer inocculation onto solid medium TKGA (Table L).

Table 5

Isolation of Past, tularersis From Blood Cultures
(g.-pigs) CarrTed Out on Liquid and Solid Medis TKOA

Dosage Number of Positive Isolations in % Per Medium
Strain  in MLD LTquid TR Jolid A
L Ma 10 57 Lk

1000 80 32
211 10 62 59

1000 7 9

In the second part of the verifying experiment -- in direct blood
cultures from ypuinea pigs -~ we have utilized independent inocculum as
supplementary blood on one side and as an advantage of the fact that
larper volume of inocculum can be introduced into liquid media than on
s0)id media, on the other.

The experiment was carried out on 80 g.-pigs divided into L @ oups
af identical numbers. The test animals were infected with the strains
L Ma and 211 in dosapes of 1000 and 10 MLD. The infecting agents were
introduced suboutanenusly in a total volume of 0,2 ml each day. In each
proup we heart-bled 3 to & p.-pigs obtaining 3 to L ml of blood for a
hoparin solution., /Ses Note7, This blood was then placed into Ehrler-
mayer flauks or PatGcka's bottles (contents of 30 to LO ml of the medium
without blood) while a portion of the blood was inocculated in quanti-
tie8 of 7.0 ml on 7 to 3 Putrd dishes with TKGA. (The liquid media were
inocculated on gnliud T4 on the 3rd and Sth days, for control purposes,)
Results are shown on Table 5.

(Zﬂotg7i L/ pra of the commercial preparation of Heparin Spofa).

With the Liquid medium we have achleved a hipher percentage-
number of Past  tularensis isclations than on apar media.

From Tables i and & we can conclude that our modified liquid med-
ium has pooad albivatony and isolatang characteristics and is sultable



even for diagnostic purposes especially when larger amounts of the
suspected material to be tested are used as inccoulum (9).

Discussion

The difficulties which we encounter in the cultivation of Past.
tularensis on a liquid medium are freguently ascribed to the grea® de-
mAnds ol the microbe and the presence of several factors necessary for
growth (1, 2, 5, 12, 1k, 19, 20, 21), An interesting contribution is
the work of Steinhaus, et al (17) and especially of Snyder, et al (16)
who succeeded in the cultivation of several strains on a simple medium
containing peptone, NaCl and glucose. OQur experiments fully confirmed
his data, The success of the cultivation, however, frequently depends
on the *alection of suitable -- high quality peptone (16, 8), An im=
portant factor, tharefore, will be the method of preparation of the pep-
tone and its substitutes (1, L, 20, 21) and possibly also the relation-
ship of the components contained in the peptone -- growth stimulating
and growth inhibiting ones -- as pointed out by Knothe, et al (8) for

S typh.

Summary
Cultivation of Pasteurella tularensis in a Simple Liquid Medium

(1) The possibility of cultivating Pasteurella tularensis on a
simple medium, containing bactopeptone (Difco or Organolarma), glucose
and NaCl, was confirmed. Orowth on this medium depended on the site of
the inocculum and the quantity of peptone contained in the medium. Be-
pinning with a certain concentration of both peptones tried, an inhibi-
tion of growth was observed (Organofarma-- 1%, Difco -- 28)., The Organ-
ofarma peptone had inferior growth properties than bactopeptone Difco,

(2) The cultivation conditions were favorably influenced by an
addition of sodium thioglycollate (in the optimum proportion to the con~
centration of peptone) and particulariy by an addition of 2-5% difibrin-
nted rabbit blood. knrichment of the medium with the above comstituents
intensified growth and permitted to reduce the inocculum on both pep~
tones aven to single microbes,

(3) A simple liquid medium was prepared -- TKQ, (sodium thio-
rlycnllate, blood, glucose and liquid). The qualities of this medium

for cultivation and isolation were tested against the solid media,
The liguid medium was found very good in these experiments,

Bibliography
1. T Berkman, S, A. Koser, J. Bact., L1, 1941, 38,
2. G.D., Rrigham, L.F. Rettger, J. Infect. Dis., 1935, 561225,

3. H.T. Elpgelsbach, R. D. Herring, J. Bact., 1951; 61:89.

- -



LR
9
6.
T,
8.

10.

1.

11,
1k,

15.
1.

17.

14.
19,

I. W. Gibdy, P.8. Nicholes, J.T. Tamura, L. Foshay, J. Bact., 19548;

551855 .
K. Prancis, J. Bact., 1942; 43:3h2.

0. 8. Yemelyanova, Microbiology of Tularemis, 1951, Moscow.

Collective of authors: Miecrcbiological Testing Methods, 1959,
Prague.
H. Knothe, O. Witt, Zbl, Bakt. I. Abt. Orig., 1958; 171:128.

¢, L. Larson, Publ. Health Rep. (Wash.), 1945; 60:863.

for the Cultivation

B. Lukes, Z. Vliasak, Ceskosloveriska epidemiologie (Czechoslovak
Epidemiology), 1961; I (2): 121.

J. Mager, A. Traub, N. Grossowiecz, Mature, 1954; 174;74k7.

I. Malek, V. Wagner, Practical microbiology, 1949, Prague.

H. ¢, Mills, H. Berthelsen, D. Donaldson, P. L. Wilhelnm,
Abstracts Proc. S8oc. Am. Bacteriologists, 1549, Citation after 9,12.

X, C. Reansmeier, 7.0. Schaud, Arch Intern. Med., 1941; 68:747.

7.8, Snyder, R. A. Penfield, P.B. Engley, J.C. Creasy, Proo. 80¢.
¥xp. Biol. (NY), 1946; 63:26. -

X. A. Bteinhaus, R. R. Parker, M.T. McKees, Publ. Eealth Rep.
(Wash.), 194k4; 59:78.

M. Oimphenson, Bacterial Metabolism, Russian edition, Moscow, 1951.

T, T. Tam-: D, B. Fleming, Abstracts Proc. Soc. Am. Bactoriol-
Jg19te hoth Meeting, 1949,

*, P, Tamura, T. W. Gibby, J. Bact., 1943; 45:361.
Ve Mrgh o ey e Bt o, 19555 70:60.

I. 7 3vwride, . Jmmnol., 195T7; 78:1956.

RATTENER s S o }

Bohumir Lukas
Prague I
Vinohradska' 9.

- END =



