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Pasteureua tulsrensis

Growth characteriatics of Pateurella
tularensis in liquid egg yolk redium

W

M. S. Drozhevkins

#Report I wes published in Vol. IV of the
H 'h-a.nsactionn of the Ianstitute.

i
!

After initiel sturlies cu the selection of the cptirmum egz yolk
concentration in the medium, the xmiajmum seeding dose, acnd some animal
‘experinznts, the author extezded her studies to an investigstion of the
properties of the culture redium tself and the growth cha.mcteristics

of the tularexia agent in thls pedium.
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_ Determining how long the redium car serve. In everylay work,
the question Bow long a zedium can Te uscd becomes very isnortint.
For example, the princlipel diszdvantzge of MeCoy's medium 15 thzt 1t
must be freshly prepared. Ever oae zonth from the date of presarction
it may no longer be serviceable as & culiure medium. der Dicid
conditions, when the proper fecilitics ere lmcking, the necessity of
preparing fresh batches of tae mediun vresents very serlous éifs ‘icz.lties.

It vas definitely important, therefore, to fird out whether a liguid

egg yolk medium baving good storage characteri..tics could be devealoped,

-Therefore, a special experizent vas set up to determine houwr long

the liquid egg yolk medium ia question would remain effective. Taus,
the freshly prepared medium was poursd into flasks ard pleced Za a
closet at rocm terperature for longer storsge. Before being filled with

. the medium, the flasks were checked to ensure sterility and, once

filled, closed with rubber cape.
the date of preparation, ithe flasks were opered orce & month and the

During the first six months folloving

“pediunm vas distributed into test tudes.

The latier were seedcd with

- sterile test tubes.

- various doses of the two tularecis strains selected for the purpose.

The experimental findings demonstrated that the culture medium
retained its properties during the whole test period. It was fouzd
that the tularemia agent grew Just as well in a medium prepered =ix
nmonths before, as in freshly prepared medium. ' Consequently, the
liquid egg yolk medium can be prepsred in advarce and it can de teken
for granted that the storage dates determined do not represent limit
values. Inssmuch as it has been established thet lonz storage does
not affect the properties of this particular medium, it can de
definitely stated that it can be prepared in advance and shipped to
central supply points for subsequent distribution to peripheral and
secondary lsboratories and epidexmiolegical staticns.

The liquid egg yolk mediun was prepared in sdvance end tested
by the autbor on her field trips to epizoctic tularermdis foel and
areas vhere the disease bad broxen out. The liguid medium was trense’
ported to these points in flesks with rubber stoppers, sealed with
Mepdeleyev seeler, then transferred, when reguired for loecal use, to
It proved lnvariably effective for culturing
bacteris iaolated from animel sources.

Proliferation end "M" concentration of the turem:r. agent in
1iquid egg yolk medium. It bas been demcnstrated by the works of

Bailey, Chypon, chesncy, Penrom, Budxa.na.n, and others that bacterial
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roliferetion in 2iguid eulviw: zadle prosesds strietly zecording to
P X 4
eertaln laws of growia. oo f.ot tiat toe bacterial pepuwiiition

roliferstes azeoriing ic c.:t_“... '.' 5% rules con '.3 e....i’.-r verificd
P

by m=Xing a periciic cownt of thu WLz .e*‘:xal glls Lo oawlvire. A
grara, where the nixber of tuet.oie Lo recoricd oo Wi O "‘m‘ce axd

A o e

ewlture tize on the &bzelscs; yiclds a typleal growia cwrve

ic & zhort perdiod wien ilax e is no
proliferation. Toon the ziter ol hact

haoteris begins to Izérease; first.

slowly then rzpidly, reacain; et & given corsat a level et which 1t

rezalins constant for a time. fTals .s follcweu by a pericd when the
total nucber of vieble microsrguniszs leclines.

Toe works of Sherzsn, Careron, Dulcs, eic., have showa tiat
the growth of the bacterial populztion mey be drestically aflected

"By such factors .es temperatwre differeaces telween rother and davchter

cultures, the sge of the rotoer culturs &s vell as the size ¢f the
seeding dot.e. .

As & result of his studles on the ertero-typhoidsl grown of
bacterie, Beiley reached the conclusion that at the pezk of the
stationery phase, the nuxber of becteria per wnit volume -of the
mediun is at its peek, and that this maxirum is aiwsys ai absolutel *
constant for each bacterizl typs. It is Bailey who introduced to the
microbiological vecabulery the term "M" concentration, i.e., the

concept that eack btectericl strain bas a characteristic rexdrmum
population density.

Different bacteris) tyves &iffer by their "M" concentrations
even ueder absolutely identicel corditions.

The "M" concentration of esch tne in & given cwlture rediux
is en absolute constart. When the seeding dose exceeds the "NM"
concentrstion of the strain, the suzplus Pacterie dle of?f, a.na. the
charncteristic "M" concentration is soon; re-established. l

|

Since bacterial growth rate end "H" corcentration are factors
which can serve as good indicators of the quality of the cllture medium
and cen determine its applicetion in & nuxber of situstlons arlsing
in the course of studies on a ziven bacterial type, the muthor set up

- experirents to that effect with the tulereria egent in liqw.d egz yolk

ellture medium.
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A,_in days Those along t.be ora.i.nate give the ba.cteriu count. .

It has been found tisat for siuvlies on basterial grovth im liquid

. medis the most appropricte are the direct becteriel cell count xzatiols
?

d.e., either a count of ithe coleries growing on the ewlture Dlate, or
a comnt of tle viadle becteria in limit dilutions corresiosiing to the

mual proliferation valus=s.

In tke presect vo*}: i4: guthor hed used the secord of these
2]

methods. -She inodulsted with material from two-day twlzrezia cwltwres ~~ —

100 ece of liquid egg yolk medium, the imoculation dose beinz 100,000

- bacterial cells per 1 cc of the pedium, The batch was corefully stirred

and titered into a series of test tubes which had been cerefully
sterilized before being filled with verious @{lutions {ten-fold dilutions)
of the culture medium. 7The test tubes were seeded using & different
pipetie each dilution.. The pipettes employed in this ¢peratica were
gradusted and carefully calibrated. Both mother end daugater eultures
were grovn at 3T°C. At set tirmes, sarples were taken frcm the mother
cultures and titered, as before, into a series of test tubes. JIn order
to nullify the effect of temperzture differences, the test tubeg with

 the culture medium were heated in a thermostat before seeding to 2

tenperatwre of 37°C. The growth of the tularemia agent iz this rediwm
wvas stulied in two strains: llo. 9 and Ko. 13. me mother culvures were
kept under observation for 80 days.

" Bvaluation of the 'results consisted of a microscoplc ekamina..ion
of the cwiture smears, and tests in waich mcterial from the test tudes
was grown in the themostat in MeCoy's mediwuxm for five days. . ’

The experi.mental data obtlained prove that the 1nitia1 statiorery
phase in this case is very short, siasce elresdy two hours after seeding
one ean note the first sizns of proliferstion, and during the next few
bours the pumber of bacteris rises to 100 million/ce of the pediuxm.
Within 35 hours, bacterial concenireticn in this experiment reached its
"7 value, ths count being 1 billion bacterisl cells/cc of the mediu:n.

.

For graph see p.-.ge 74.

The numbers along the ebscissa indicate the age of the culture,

m ewrve in this gnph ahaws 'ch.zt the atationa.x-y phase of pesk
proliferation with the Bact. tularense Is very leng in the liquid egg
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yolk rediwm azd that et 37°, 4b: bacterisl count does not bezia to dxop
wntdl the 9th dzy. The coumt esniinucl to decline for pemy doys so that
it was still drepping o i Ulih dop, which zarbted the exl of the

. observation pericd. Stz gemeril pocuta choroeteristles anl iz MM

{ eoacentreticn of Postersells twlerczniis In e liouid enz yoll miilug
prove thet the l=tier is oo excellcni culture mediws for il mlerds

organisa.

The zertholosy €2 Fastewseit. Slerencis ia tke licutd eve volk
redlu, The porzholczy of the Tilereuis Ggent 4o this medivs 2Ioscits
many ioterestipz features. . :

Francls, Park, Culli-Velerio, Somov, Kuaterzver, Sicsy, Dviziiov,
Ievebanko, end Volferis were all edlie to demenstrate Zn thair studics
that the tularemia agent is extremsly pelymorzhous exd thet 4t xey
occur eitker in aoccal form or in thz form of short rods. Iaey proved
Zurther that the coccal forms predordnete in older lzboratory sircics

grovn for long pericds of tire in artificisl putrient medis, srl toci &

_ predomizance of rod-like for=s characterizes the newly 1solated siralus.

Khatenever, Sinay, Freneis, Dressel, and others repost ihot
cwtures grown in liquid media conteln curved, thread-like, freguently
O granular forms the coloratios of which is often bi-poles.

O'Hara, Kudo and Kubayeshi mention th: tnususl polymorphism’ -
of Pasteurella tularensis axd corzelate this fact with itbe virulezce of
the strains. The findizgs of these cuthors indicated that the rore
virulent & culture, the more diversified the morphology of its forcs,

and the less wniform its color. When virulence decresses, the tacteria
assuze & coccal form.

o the strerzth of studies performed on 43 strains veryles es o
virulence and isolated at different .dates, Besselbrock and Fochay
conclude that the tulerermia esgent displays e great diversity of forrs,
the most typicel of which.zre those common to 811 Pestewrella tulerensis -
gtrains: large and szall coccal forzs, flat or cylindrieal rod-like
forms, thread-like end very lsrge spaericel forms, as well as the so-called
filtreble reproductive forms so minute that they appear as pere pin-pricks.
The authors think that all these peculiar snd unusual entities are not
involutionel, but thet they represent sctusl ard typleal forms of this -

- pathological agent, representing various periods of its growth.eyele.
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© e MeCoy's mediup, the ‘bsctem mm vere nnm'bly tna ta f.heir

In liquld egg yolk rediim sz:eTs, Pagteuwr2lle tularensis ap;:ear:
in general much larger then in solid culituze x._r.'.:.:., end its form
definitely bacilliform. When carelly o *—-‘:cu, T 1iqz_... :;;;:.iu:
smears show (especimlly Quring the Sizss 15 - 2% Lows of swonik) =y
. ‘bacterds arranged in psirs and imtcrccuzoetud LY Leawdus Lil.oonic.
- . Koatenever and 0'Esra pention these thosaf-iZle chodows wideh soen
- t0 link the separate bactc...a., end 0'Eura regorcs then as a ehiracterdstic
-¢f the -tularemie ageni. —The presence of these filererts irdleztesa T T
very active process of proliferation. Occasiozelly, the toeteris in the ’
smears are arranged in fours and fives, forming short chainz. As tke
density of the becterial populaiion rices, these ckains toseze Irog:‘e..sivcly
shorter, their links gradually essumz tbe form of cccel v‘*..ich .o-;, Yy
and by, aggregetes and "cltm:ps. .

In her owvn studies, the euthor could observe meny urustal forms,
e.g., vidrioid forms, clavated forms resembling duzbbells, &5 well a3
some ‘extrezely loxg end coiled forms. She fourd that in general these
wususl forms stain very wmevenly, - a.nd. the.t they often contain one or
. two deeply stained granules.

- During the early proliferative stezes, i.e., at those times vken
proliferation is very active, cne often observes relstively long chaing
of tacteria which remaip linked for & time by tenucus filaments. This

- coineides with the findings of Imshenetskiy, who called attention to the
elongated Proteus vulgaris forms found around the periferies of the :
" colonies of this microorganism. When they are stained one czn see that ;
" they contain granules. It was thought at first thet these grazules
represented nuclel, dut subsequent cytological studies proved this
ecocept to be errcneous. It was found that these granules belorg to
individusl bacteria which are not separsted, still lacking dividing
valls. Iater there is an esuslizaticn of the rates of grovihk and
- .. prolireration. The long Proteus rods separate to forn individual
bacterial bodies. The same ocewrs, spparently with Bact. tularenze in
the course of its growth cycle: during the period of active growth
. some of the bacteriel cells cannot detach themselves from the mother
‘ecell, and present the appearance of long filar-ats containing verious |
~ inclusions. EHesselbrock and Foshay om observirz such forms thought
- that they consisted of several, still unseparated becteria. ¥Wben
zaterial from cultures containing such peculiar forms was seeded in
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When liquid epg yol}: gzeers gyl stulzed, 44 should b2 remazbered
that in the preparaticns the ewlv.oe Lol Zostafred teg, coittut 1t

forzs the beckgrousd for tre siclind Uocetiric. ans2, eocnivost staining
technicues are recemminied. Iz iemso stoinel preroroslenc due toeteria
ere stalned vio"et, the Backorowl polv mini, SAs

(2-3 bours) in ecueous reshylime Liuw zolutlons zi

:'-O»-..\......._ :r- ~“;
- “.L\u.a --u\- 1—--;.1"0»: ﬂ:o
Tacteria are stained deep blue, the background lizht divs.

I'cc.:-in-b‘ui..;,
used as irndicateé by Huromtsev, px ciu..;s s:.’:.is:._c ory ¢ ""‘t.. x.' a1

sepi-liquid ewlture zodium preperaticas. fifs is a very 4 eontrast-
stainins method,

With these smears it is best to ezzloy wet
autkor, in her work, used the
10-15 minutes.

inaszuch as it often causes thbe smeers to wrinkle or even v*..h o
vater.

fastion mei
wkiforov zixture and sicizir

-2 »
3 whinle OL

clz. Zae

Studies on the rotility of 2ase

- b2 W

urelle tuwlorensis. The motilidy
of the tularemia ageat bas been siudied by meny, out nmin.. o =00t
question.

.

‘L'ne ﬁndings of Kudo, O'Hara e8xd Kubsyashi indicate thkat
Pesteurelle tulerensis cen move actively. These authors are of tke |
opinion, furtbermore, tkat there is e certain correlation between the
zotility of & sirain end 1ts virulence., They mude use of speclel gtaine

ing metkods to dexonsirate that hacteria cultured frem suck straics vere
provided vith fiegella.

Soviet as well as A:erica.n sclentists reject the assumption

that Pesteurelle tulerensis is a mobile microorgenism, cince nome of
thex heve succeeded in observing it in zotion. Verenmizove, for exaszmle,
studied twenty diflerent strains of Pasteurelle tulerensis in haninge

drop culturea, but could mever observe any active mvemnt.

Besselbrock and Foghey discuss this matter exhausilvely in thelr
latest work. Using certain nighly ecormlicated supraviial stcining
z2thods, they were able to saceriain that the dacteria were provided
wvith delicate filaments which linked them dnto groups. In fixed

_yreparations these filawenis were ofiexn broken and locked like aagem,

vhich epparently must have wisled O'Hara and his coworkers inte

thinking they were true flagells. These “nagemte“ tom, hmr,
were perfecily moticnless,

Toe cooventionzl flera-fixstion methed gives pocr rea'ults,
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After havin" S‘L...s"'éa Aerous sreuareiions ( ety thapnmarls

o of preparations) ihe authors beecme sou¥inced thad IosteuTill: Silireasls
. . - 4is motiomless. fhey feel thet the filarznis ame oulzrves 1o e ]

ars not real flagells, bui 2 speciil Jooiine chorLlU.UlnLTg S22 O Wl
m ‘taseﬂ ot miﬂ par‘;icm __‘_c-«;,--’--m-v.-...

?:xe vz'iter ot t.:e p~c;c-:.t ay .iclc, bein" asddous o 1".es'.‘.i:_.fa
‘the quastion of the motiliiy of the twlzrexmiz ageat fer ..a;..-.“, seubel

'_b-——_—‘r--—-—l:lqu& egr -yolk cultures witi ten strcins: Nes. 9,13, 14, 10,5, 23, 28,

B, and BXh.  The zobility of the ziercorganizzs was studied tnroc;,ho.x‘
by the hanging-drop method efier the cultures ked been inevtated Zor
. twenty-four hours in the therzsstete. Tae cultwres for this siuly ve-e
grovn at different terperatures, thus, st 37°, 28> exd 20°., fLuey wo
ewltured at different temperatures for this rea.on that pary ..icro-
* organisms are zore active & lower teuperatures. For exaxple, B.
" ““tubereulosis Pf. is motioniess when grovn at 37‘ But quite activ
vhen cultured at 18-20°.

*

Although the autaor grew and studied in liguid egz yolk rediwma |
ten Aifferest sirains of the twlarenia agent (stra.ins which differed es
40 their virulence),not once was she adble to detect any movemeat. In
some highly virulent strains (for example, iz Nos. 31, 1k and Xm),
O the brownien moverent was quite distinct; it was so rerked inm some |
cultures grove at lover ten.perattn-es that it almest gave tbe appenmce
-4 alcv moticn.

: Though the experiments were repea.ted m.ny tixes, the results obta.ined
were alvays the sane. v v

' Pasteurelle tularez:sis growvn in ’131.16. egs yolk m°d11:n at v
different texperatures. Contrary to most bacteria which ean grovw i
VIihin & temperature range of 3 or 4° to 45°, the tulareriam agen: proves
in a.rtiﬁ.cia.l culturs media Elghly sessitive to tempera‘m-e ch..nges.

In McCOy s pedium, even when grown at the optirnm tment of
37%, Pasteurella tularensis begins to show the first signs of prolifera-.
tion only after L3 hours.’ At lower temperatures it gererslly fails to
! grow. Hence, the temperature has to be clnsely watched, particulerly
vhen the bacterium is to be grown from freshly isolated anirsl moterial.
i - This 13 a great complication, since under certain field cozditions axd .

“7] it certaln types of equiment, it is practically upossim to obtailn
thc optimm ter.rperatm level. - :

P-e_ﬁo._ e -
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'Bne author set up gpeeinl ermerizints in oxder 4o tily “le
possibilities of cultu:in; Zugt. wloTense ot 1ax:c- LEITETLLANC S,
Nine @ifferent strainps were crowa et 37°, Lo =i ec’t
(Tadle 1). Is Mefoy's ...-u-..., ....-:;. w3 u:,ed Lz those Lotz Sov
tke controls 5 - T
hours. At 28‘ oaly a few suralio _..c.....,w L WoLX [aowis Wy tel
5¢h to Tth coy.

~o S et
seel.l. Lni

PR L
a0 el anlae

It must be mantloncd, hevewver, that ip the ligui. ¢ yolt
mediuz, a% terperatures less thon eptisous T2l gl

S0y toeserizl ,--__-..:‘a.‘u:x
is much slewer. For exsc—ple, woile bBoeterial cok: ..ur....-.,..\ i3 g=Rars
from cultures grove at 37° is cocperatively nipga elrecly wluer 1-8
hours, in swears from cultures crowa ot 23° it i3 lewer, =i

szears from culiures growvn at 20’ there are only a few ccatiere
bacteria. .

Beet. tulerense cult urﬂd at differsnt terszeratwres.
(seeding cose 10,000 bacteriel organiczs)

Incuba ticn tezperctuwse
Strain 37 257 20"

Liquid egg| McCoy's!| Liquid egg| McCoy's| Ilaquid egz! XeCoy's

fyolk med. | medium | yol red. pedium | yolk zmed. | mediuxm
Yo. 9 ’ -+ L aad ++ - + -
Fo. 13 i R o ++ - + -
¥o. 3 e L ax3 % - + -
Fo. 14 s 44+ ++ - + -
= it N Akl -+ - - -

. Ko. 10 b L and -4 - + -
Fo. 25 -+ +++ a2 - + -
Fo. 23 AR i +t - @ -
Fo. 28 ' 4+ =+ 4+ - + -

Sy=bols: +++ = very active proliferation
4+ = aciive proliferziica
+ = slight proliferztion
« = po proliferation.

Rewark:

proliferation data recorded for o z2:iod of two days (w L8 hrs)
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Rumerous experizanis with verious szeedirs focos haove dumsnsieais
o5 -

that Pesteurellc tilerensis iz less concdsive 0 Tammnorutiare variuvticas
in the liquid ez3 yolx meldiwx. : : :

" Bact. tularense will grow i: 4l mefdum evea ot 23°0.

v

B Ccnclu..icn.. e
1. As prover by the becterial growis rate ,._._1 ye e
concentration, liquid egg yolk 13 en excenent culture :.::.i.::. "*r

‘Paateurem twWarensis.

2. in the liquid egg yo.k xr.edium, tke Bact. tule.rease ka3 ‘
same morphology as in impression preparations freo enimal orzang.-- ‘Inis e I
Proves that for growing Pesteurella tulerensis the liquid egz yolk ‘ !
medium is better than other pedia, because its composition 15 very . S
similar tothat of the mediux in which this microorgenism occurs i:z ture.

: 3. The liquid egg yolk zediwn does not deteriorate ia sto-au... :
According to the author's ova ex_perience, it can be effectively used for -
ypwards of six mnths.

k. Bact. tularense iz less sensitive to tz@emtm'e variationa
in the liquid egg yolk medium, end can be grown in the latter even at
lover texperatures (according to the author's experience, even st 28°).

5. The liguid egg yolk culture mediuxm proposed will meke 1%
possible to initiste comprebensive studies on such imperfectly clerified .
gubjects as the pathogenicity, morphology, motility, enzym’tic propertiea
and other characteristics of the tmremiaagant. . _ '

S T Sxmry.

Studfes ca the growth characteristics and morphology of Bact.
twsrense in liguid egg yolk medium as well as the keeplng properitles
of the latter hewe dexonstrated that this medlum rapidly produce Bact.
t\.la.re..se culturss from minimm seeding d.oses. A & :

g;-ovt.h chmcterisﬂcs, mmhology and "M" concentrotion o
Bact. tularense in the medium in question prove that the Jatter is
superior 'to other culture media used Lor the pu-;pose, R
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o ' Attachront to Yoo 4-11-61 [1 o2 1) i
"‘“"r——~f—"-— "TT“N.,-L._“fh*.q:m‘ EPUR
Proliferztion of tuleremia strain Fo. 13 !
in lquil o3z yolk medium &t 37°C. oL
Initia) seeding dose: 100,000 Mty
_ i . tacterial Wodles. APL
. .Fw
- b aogm— . &d.
' S e T TITT _
1 vilidon Yonpn —t- , : h
200 millier 1395 'T// ' S . i
10 =41lion .9 L J ] 1 :
it : .
1 million ' im“" mes du s \-7---&---.. '
100 thousardyggy, Hl | | I I A
10 thousard 4py. : i ot
1 thousand g, - !
0 100 ; . St

' 9123456788100 12131420253035 4380 ¢ -

-Ha OCH alemitee OTROXENO BUEMR BLIPAWIBANMS B CYTKAX.

4 OCH ODRHH2Y OTNOACHO XOMNNECTBO MEKDOSHHX XAeTOX.

: Kax sizno ma npusencunoi rpadnveckoll xpupoft, Maxcu-
MaILHaR cTauHonapinar $23a N20MEX TYAAPEMUN B IKIRXOMN
XKEATOYHON cpexe OYe:lb MDOAOMKHTENABHA H., TOALXO BaviHag ¢
S-ro aus npu T-pe 37°, H2UHHAeTCR Meanenxoe ysensweHie o6-
mero xoxuyecTsa MiKpoSos, Omunpanse MUXDOGOB 33TRIHB2CT-
€8 H2 NPOIOKUTEALHLIT CPOX M HE 3aKanynBaerca ete x 80-my

- &m0 {cpox nabaozemns). OCWNHA XOK PA3MHOKEHUN TYARDEMNT.
HuIX MHKDOSOB B MIIKOU AKCITONHON £peje 51 BHCOK2A «Ma-KoR-
HSHTDAUNA VKAILIBAKOT Ha ONTIMAALHOCTL 91O/l CDednt A1 Bripz- -
EUIBZHHR BOISYAHTENR TVASDEMHH, . , - ]

Mopdoaorsa uuxpoGon Tyaspesnt s MHEXOR xenToyuoH
tpee. Mopdoaorun Tyaspesuiinoro Muxpoba B KIAKOR HeATON-
nofi cpene npeacramaseT DRI HHT2DECHBX ocoSensocTes. )

Paboray Opencuca, Tapka, Taann-Bazepno, Couoea, Xa- .
renesepa, Cuuas, Monxxopa, Jlesvenxo, Boandepu noxaiano, e
9TO MAI0NKIE TYARPEMIE —~ YPe3BNYATHO NOMINOPDRRN MuKpCS,
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. facrocuoulnfics B puIe KOKKOB X XODOTEHBKEX nanoyex. Ilpm ‘-

L 3TON, JAR CTaDHX AACODATODHMX IWTAMMOB, LIHTENBHO XDaHND~ }
. - WIIXCA N3 UCKVCCTBOHHLIX MNHTATENBHMX CPeNAX, XaDAKTEDHHM

Fatsercn npeoSiadaune KOKKOBWX GODM, B TO BPeNS Kax Y cee- :
ROSLEICHUSIX WITAMNOB DPEBATNPYIOT TaNOYKOBRAKRKE GapMLL
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