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rAMM138O0 OF IM=Ot W8ISUMlI TO PASTS SU

Path Hicrobiol W, ! Cmpp and 0. Lobsk

30: 19671 Pp 1033-121

The transferability of the Eisoma F-Lao+ from E. coli to P. pestis
(Martin, 1962; Y'htin and Jakob, 1962) and of R-fc,,tors to P. pestis and P.
pseudotuberculosis (Ginosa and Natneyo 1963) as part of the investigations
on the system irolved in these two species led to the question as to
wh4aer P. pestls and P. pseidotuberculosis, because of their close relA.
tionship, differ from other Pasteurella speces, such as for instance, P.
multocida dn P. haemol3tioa, in terms of the absorption and transsdssion of
infectious resistance.

As a result of the close relationship between P. peosti and P.
pseudotuberculosis, which does not exist with respect to P. multocida and
P. haemolytiea and other Pastetwella species, it had been suggested on vari.
ous occasions that both species be assigned to a now genus called "Yersiniaw
(van Loghem, 1945, 1946, et al) under the family of the Fntarobacteriaoesa
(Thai, 19534, additional bibllograpb7 in Knapp, 1965). These sggestionr
41'Ss URPArt COMe W 9R g1triw -uInd uIMIogl4 velatAories)pol the
partal atien6 eOmuft of P, peMo•tubeeidauid fte U1 W IV with
Salmonella of the B.6 D-, aid 5.subgroups, respectively, of P. pseudotuber.
culosis Type IV with respect to E. ooi strains with 0-antigen 7? (Knapp)
and the lysability of various P. pseudotuberoulosis. P. pestme, E ooli,
and Sh. dysenteriae strains through the same phage strains (bdbliograp!Q in
Knapp, 1965). All of these factors have been established for both speie"s.
urthermore, it was necessary to establish the presence of the Identical

phage- and also coinwn pesticin-receptors for some of the pseudotuberculosise,
pest, and coli strains (Brubaker and Surgalla, 1961; Smith a•d Barrows, 1962#
Burrows, 1963, Knapp ard Swillenbrg, 196! Bertn, 1964 frubaker and
assoo, 1965). The results of the data evaluation which was performed with
various methods finally made it possible to categorise P. pests I'n the
famdil of the Enterobacteriaceae between the genuses of lsoherichia and
Klebsiella (Talbot and Sneath, 1960; Snmth, 1962; Smith and lhai, 1965).

With a few exeptions (Mmabarma and assoo, 19631 Ginosa and lktnq,
19631 Lebek, 1963) mvst of the inemuton published so far conwereed the
transmission of the A-flaotors between bactaria staee of the var*= gsmses
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in the f•adly of Mterobacteriaesae (bibliagpap1W in Watanabe 19631 Aebk,
1965). hoept for the obsermation b7 Gi•.oa and W'tney (1963) for P. pectis
aid P. peedotaberculoais, there are no reports on the behvicm of the
various pasteurella species with respect to R&.nfeotions,

In our article here today we want to tepowt on investigations deal-
ing with the folloing questions:

1. Are f•infeeti~es pessibi.e ian P PseUaieumW emis of tm Vsd.
ons merological types and in the only avirulent strains of P. pestls as
well as Fateurella "X" available to us?

(This type of bacteria is known uider various species designations,
such as Bact. enteroooliti•um (Schleifstain and Clesmn, 1939, 1943)9
P. pseudotuberculsais "Type B" (D•ikinson anv ooquot 1961)9 Pasteuella
"f" (Danielp, 1963, Stame, 1963, Knapp and Thai 1963), or Yersinia enter.
ocolitica (Federikis 1963; •llart and Chevalier, 1964, 19635, et al);
t-do tp. of bacteria has not yet beew completely and definitively categove
ized in the "stem of bacteria. It seams to be oeser to P. pestle and
P. peodaotuberculosis than to the other Pasteurella species.)

2. Can we pd•-e an B-.neetion also in strains of those Pasteu.
rel)a species, such as P. multodda, P. baesmo3..yta, P. pnemotzoplca and
P. anatipostifer, which are not closely related to P. psendotubeiculosis
and P. pestle?

3. Can we establish aw eifferences in the tmmndssion frequenq
between the various species?

4. Oan B-4nfeCe Past~eaella strains act as &donors?

5, Do the resistance qual.ties, which are transdtted &-uh B-,
infection, remain stable when the strains are stored for a longer tim?

6. Can '- detax-Mne ari special featum in connection with the
infection of Past.o.ela mtrains?

The strain. were kept and passaged in potose solution (psoteose
peptone Di•ko b %, 20.0, glucose 0.5, Mad 5.0, see disodita phosphate
5.0, eq dest 1,000.0 al) reeotive.y, on blood a&ar plates with the addi..
tion of 5% wether bood. or in the case of P. mltoedda on 7PO.edimu with
and without the addition of 5% sheep blood (Nbioka and lkSata, 1962). We
used mammim altmt* agar (31mons Citratag•r) to establish the 4.Weoeo.a
of nowbe -t b7 B-infec•ed PasfteteL ta ris and we used
ede-Ir plates to cout the M21 Goloedes,

= - * m



B, T~ACteria Str ai
I, &Dnrs

For the R.-donors we s9lecd Coli strins whose tra-r-asion fro.
quency onto strains of a wide . eIta n bate a species witbin the fudly
of the oterobacteriaceae was about i0o-3 t in pr elimixy expewmi.
luenta, the donor strains were not supposed to grow a1Mre on the blood
agar plates which had been inoculated with 0A1 .1 of n o ght Aulba-.
&M W44A the 4Aftluaft " mubi4 esw WaIsh W,~ aw e A0,48 a* soem4s
tion of the R-Infected acceptor strains.

We ight note here that we did not perform &.*eotion exper aMt
with ,eah and vwe7 donor sta.in, usV anl of the aceptor strai listed
below

(a)wmtmdI&I t a%.. S_

E.C oN 4018162 TCSKkSU Siuglinpotuhl(d)

.L cell 3128164 TCSSa Patlentenudn (e)
3. con M7164 TCSSu PaUev'tenurin

L. CelA W49164 TC(SSU Patlentenurlw

L cON 11345164 TSv Patlentenudn
R, .ell 102156/4 TSu Pauentenulrin

C. CA 14304164 T Vaglunlabg•tdO (f)

L. eeo JE U TCSSU Prof. Watma.70nb,, West (S)
von BuoIno

. ee 4242164 TCSSv Patlentonuwi.

R. con 2.•2 TCSSVA Patikntenedn

KiT: a. bacteria species and strain designation
b. P-factor
c. Origin of strains isolated from or left by
d. Infant stool
e. Patient urine
toL Vaginal intear

1I& otog Wataute, Tb"e, Isolated from Ougins

i•-ns N - Ieoqran A- AmqilMin Sun- ft

In the Pastw.lU strains used as ameptors we were woridmg most3y
with freshly isolated astins and pertI with stm.lss taken frm strain
oolleotionat the latter were repeatedly inoculatad into s.ar or asoitee
boullon an an blood agar plates prUr to the start of the pag.iment,
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Kqr to fo~l~Izr Table:t
a. Pastewrella species* KMwbe', Serologioal TMp
b. 0iromsoose resistance
c. Isolation, man (H)i animal (P), rLes (F)
d. Origin of itial strins
e. against antibtotics listed below
f. primar (0), $*s"lo In vitro (8)
g. 0ur am s$tran mol ueo . In Um
bw-- respectively

The aaceptor stra~is~ marked with 5 ver t~etsd# e" RPinfeator4
againt flebui.11&-Ae~bacta (Strain No 897/62) AS aCOWpto0's In their
oap*at as donors.

la) (e)

1. a) P.,inmeakrudslobalb

2•" Polymypn it baw. p P EAlP Stamm..
Colblui mammlang BMn (8)

11111slrpi0WOMYCq I Vppue Stamm-
I'nvhm.iu fun (s)

IsPymyzb N ba. p T PrWf. Thai, Sucb-

P,.Iý 414;-•Its 1! lPIA. IYý' 11 J Il

25711 Polymyal. It baw. p M Dr. Danish,
CoiNstl Rotterdam

43tm Polymypir B baw. p T Prof. Thai, Stock-
CoINstin holm

it' Piolyxiyln D baw. p M Prof. K. F. Meyer,
Cowin Sue Pacnlse

nov Strotmomyndn a T Prof. Trlh, Stock-

Ka•eawycin bsw. 5 T Prof. Tbnl# Stock-
Neomycin oboh

S25,' Pllymyxln 11 b•. p T Prof. TIMa, Stock-

f Coolstln balm
PolymyxN ua baw. ,, H E Stam.-

- ~~~~CA~stic arig1c1

6) P. p.a•,a

TWJ* Pulym•y,,a bow. p Pro. K. r. INyw.

TWJ Kama"yda . a Pro. K. F. M•or.

3341 Km ylow. I F Pig. K. P. MWa,
lNooiaft * fr•



13276 Polniyryn lxw. 1 8; Prf K. F. Myr
CollatloSan Franciso

EV770oy~ixI 3 11,3w. p Prof. K. F. MeMe,

Colishin Son Francisco

76 Streptoraycn T o r. Frederlhas4
* 1. Kopenhasfl

stretamy" T Dr. Slegms"n.

1100 streptomytin T M I. Slegmeun,

36 lreptentyuln T Dr. merhi,

PS strartafnyci" Dr. Dnsluls,
Rotterdamt

1UKanamycin bxw. T Dr. Denies,
INeomycin Rotterdam

273f Kanamycin bsw. a T Prot. That, stea-
Neomnycn halm

710 Kansmycin baw. 8 T Dr. Frederikau#
Neomycin Kopenbegsfi

2710* Kanamycln baw. a T Dr. Slegmenin
Neomydn Cell

59Krstmydn baw. I T Dr. ehtb,

Nemnsycin Ztrleb

2. a) P. muffseew

St 17* Kanarnycin baw. .4 T Pror. Foy, flens
Noomycin

D4171840 Kanamydau baw. T Foal. Fley, Barn

D31~0100 IKaxwyda baw. t Pool. Fey, awns



Mem~ncr- - wlv IN~ Aaaafgt-Umm

Typ~~sh Awdlu U il. :6i.ms p lb (d)

93* MKanamyclo htw. 8 T Ptat Foy; Bler
Neomycin

Wt64/60 Kansmydn bhw, I T Prof. FPy, ujem

Neomydn

D I201115 Kanamydn hew. 9 T Prof. Fey, Mrn

Neomydn

DIg/f0o Kanamydn bhw. I ' Prof. Fey, I3cm
Neomydn

D10310e Kannmydn bsw. I T Prof. Fey, Bern
Neomydn

U7S1" Kasimnyda bsw. 9 T Prof. Fey, Bern

Neomydn umuulu

131311• 5 K-namydn brw. e u ElWMe StemmT,
Neemydcn -ommu M g)

33161W5 PKanmyxn B bsw. p u Ewa Steamm
SCoin lanubm. Beb P

D125#00 Kanamyda bhw. T ProW. Few, oewn

NoomyduiDU2861 Kanamyda bsw. O T Prnw. Fey, amer
Neowydis

443411 Kansmydn bsw. T PM. Fery, on
Neemydn

o)p.0-s lilpl.

D01o Kasmanyde ban. s T Ptw. ray, own

DIOS$ OW bow. I T TP I" Jro"

110.0 WOOK"w

M" KIM•d bM.'. .. --- s "o..."
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The Approx~iate germ or virus content in every al of the overnight
cultures of donor and acoeptor rreoipentl strains was determined prior to
the preparation of the mixed cultures by plating in each case 0.1 ml of the

cultuwes which had been diluted down to +40". and 10.6 and by counting the
colories after the plates rdishesl had been inoubated for 48 hour at3•3 C.

We selected atalins of the variou Pastemella #peieso .'ith a pri.
mary resistance against polynxdin B or with a seleeteI resistance which
would increase in vitro against doses of an Motics-(200 k ganalml strepto-
ucin, respectively, kanumyin/nooMin). In the transmission experiments
we used on3y the resistant strains which would reveal a growth rat. orres-
ponding to the control cultures, without the addition of antibiotics, on
blood agar plates with the addition of antibiotic required for sleotion
against the donor strain, after we had spead 0.1 ol of an overnight ou3.
ture in proteose solution.

C_,_..Infections and Selection of ?.Infected Reciie, nts

Overnight cultures ox' the donor (S. ooli) and recipient strains
(Pasteurella) were sdxed In a ratio of 1:10 and the mixed ittues were
incubated at 370 C, After 4 and 24 hours we plated 0,1 .1 of the mixad
ulmtrs and as oontaols we plated the puwe culture. of the pawaoul•a don.

or Mh rodplew t P*m 1 on @5 od@ pIts.e &MIM antlblotAo gaut
which the r.pmipl emraoep and %no aonor wero senuve. in flamon,
these blood agar plates contained one of the antibiotics against which the
:',faotor of tho donor revealed resistance factors rdoern ts'. In other
controls, we pla•td the uwe cultures on blood agar plates. each ti add..
ing only one of th*so two antibiotics.

As a funotion of the resistance rzkeas and the R..faotor, we added
to the nutrient media together 80 gamma/si po2lymdn B a 10 gaio m/ma
chloramphe.iool or .0 gamfaul strepto~ein and 10 umua/ml tetracy*Un.
respectively, 100 gSam,/ml kanamuen and 10 gamna/ml chlhraewhadol.
The antibiotic which is mentioned first heres in each case, was used to
inhibit the donor and the second-nmed antibiotic was used for the seleoo
tion of the P.-infeted roepients.

The tranauision experiments could be evaluated if there was no
bacteria growth in the pure cultures of the partner strains on the blood
agar plates, when both antibiotics were added and when the recipient, re-
speotively, donr szain would grow only on the plates when we added thML
antibiotic against which the recipient was rosistant and against which thv
donor was sensitive, or vice versa.

If we were able to observe colony growth on the selection plates
containing both of the antibaotiecs, within 4 days, then we imou ted and
investigated up to 10 colonies (clones). We tested the puri1yr of the elvne
and their ildentit•y with the recipient strain bt moan of oultural-bioahaeal
and, a mob s possible, also bt mew of smological investiations and
we Also swaun- the rodstazoe spectrm In 4w rM test.
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We deterrdned the resistanee of the germs rviruse quantitativeY
by inoculating solid nutrient media -4th the corresponding addition of
antibiotics or we determined it qualitatively in the rin teat with tooth-
wheel•.shaped test rin- (according to Itnsenm•eir). The firee ends of the
teeth coatained the folewvdnt 10 gaim strepto•ycin, 20 gaia tetrat.&yolU

N I? gams chloreuphenicol, 20 giam kanw~yrciu 1600 gam stfusomazol,
50 gms pol•vpri B# wd 40 -,am fur-aslidon.

The resistance was re-trjuantted from the Pl.infecta Pasteurella
strains to the flibsiella-aerobacter •t-Sin No 8970/62. We took ow' ovae-
niht multures and we mixed 0.1 Al of the Klebelella cultures, each, and
0.9 al of Pasteurella cIturea with these ovendght culturw and these
mixed cultures (0.1 al) were then Inculated on Cimns Citzatagar plates
after 4 and 24 hours of incubation at 3? C. V wva of addm U, the"
plates oontained one of the antibiotics against uhich the &factor can.
tained resistance determnts,

The purity of the colodes which had p' within 2 days and thenr
identiiy -vith the recipient stai.n -owe tested by seding on eadoegar
plate" (single-ooloiz technique), by prqalng a varied seies, auil b
determining the resistance spectrus6

Por a ronh oalOulation of the tU frequanw, we started
with the bler of r•cplent Coms per ml at the tim of the mixtre of the
partaw etein and fm the mwbe" of the 5.infeted gso fro In te
Nized Mu " wItMz4 4 ws

1.(a) N-InfectIM of ?2. .2!g~gbt gUberula

We S-infected tom strains, each, of the serological types UV of
P. peou*otubuculasis. The -inifeetion did not cons out suooessWu in
eob and every P. pseudatubaculosis strain with the sao donr strin,
respsetively, In the sams high frequwiV. We transfer-' (T) 1 fw
donor strain 14394/64 to P. p,,tdotabeilouis No 36/172W", 85
3.. 9 In a fr.,-uea, of 1-0" to i0o" T (M:•) from the donor stramin
No 10285/61. andt 11345/64 to F. pseadotuberculosis lb 36/j720 1 in a fro.

qusmW of 10"6, respectivey, P0"5i A (TCSSU) from the dow s.ta.ins
No 9667, 9&9l J951 and 420./64 on P. po. hotaibrculos.i So 2591. A# .q

85 .3 2nllfi/,, 9Y, an 2? n the R(TMA)o rvespo~y, R((Te/mu)
from donar stvai'w No "/Y65 and W.08/62 toP. ps.VuiOtubr*A'clSi sfraiu

3ZN~ le, reepectivey 2ý and 2? In a fruouencW of about 10-6.

P. peeAotabbuimlo•s straln c6n ould not be S-1afeoted by ^W of
the related dmon stri•w. Dooaase of the tramsdosa xmt of w'k is
volved, it w" iziossibla to partbra. transfer 'q, esImmta wit% e#Ah of the
4ono, stralas listed .a e B Is these a s theA m iM tiU 2.
s"0 thwet" d aA smble as to make s ieal low so b-tw

-8.
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imp
the donor streM , on the one hand, and the frequenc, respoetiole, the
differenee in the reoeptivity of the miens Pasteurela steins with .o-
*poet to R,.lnfsctions, on the other hand# On the base of our observ. I.,
tions we can o rtainly s that tho 0lo.1 s*trai 14W,4/64 R(T), MI R
(TCS3u)v and 9849/64~ R (?C~ft) vore pari'toulAtrly suited as donors.

L Wb R.InS,&gggAns *I P..Metis I

were suocesful in transferring the &-factors R ,{( ,/Wu and R (Tcsu)
with donor stmi•ns N 4018. respectively, ontA the P. petis
TWJ in s. freear of 10"•-6 rý5-l~~.I".ad h om ti•repciil.1 ,adusn h donofP r strin
JE51 we weeo abl to transfer the &tfactor R (?Cuf) onto the 11trains

the frequencyr of Wo5. Mm other two post strains oal not be HPnfocted

wItb these Coli strains and by means of the expaimmi- technique selew
here.

1. (c) P-InfectIons of FzstemWe11 "X"

The &factors of the 5 donor strains selected, that is, 1I4394/6
R (T). 11345/64 R (TSu), MI5 R(1'TCM)r 422/6I4 R(T1~u) mid 223k/65
R(TCSuA) could be transferred to 9 out of the 10 strains tested in fre-

que.,es betem 10" and 10-6. The oiet donors, with the highest trans-
fear freuency, proved to be donor stxins No 14393/64, JE51, and 11345/64.
R.-infaction -,dled oullv in strain N~o 59,

t6f~t 61 8t hei MOhMAWi F AhM dih %ii d# t. belosi. bi
donors wo used the strains No JE 'It R(TMu), 422/64 R(T5u and 221[/6lR(T•u).

As we can aeot the ,nfectiom o om out sumssmful in met of the
Pasta•relU strains of the four different specied shown in UKbio I. It is
intaresting to nots her. that the thro strains of P. multoedda which we
had frehl Isolated and which mw of hmen origin *ould not be R-infected
witL the experimental. technique a~1oyed heve# althoq~h the tranusatssion
of the 1-atctors ms ao•omlished with high freaueoW In mot of the traim
of animal origin whch had boe prtly froshly isolated or whith had been
takm from the e ollectioni. ?Ut inemstations ar being v.ues with
the streins.

So special fsatx noted in the I-IWteotle of the Nstsfla
strains we listed mw Faint 6, be1a, and in VW* It.
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Tablo 1. Results of the RInflerotn of YArious Pt.mteiUm
Species (With Ote &cpton of F'. psovdotaberoulo4.u,P. Petist Wdt Pa+s+awo•11a "r-m

(b) Wm*a b .Im

Jr 61 43"M23 5,,1

P. niniloetd P. mithdl•dg

S1I.71g +-+ + + 61 - - -

D11714.1 -+-- - - 13131i5 ' ,,

D2,j60 "t + + + 3.O3165 M I 6
1)25096 -- -

S5+ + + + ~ ~e.~e
W164160 + + + D12tS5 ++ + +
D2QIeO + + ++ - + . -+ -

D103/60 + + - - 443~416t -

D199/tlO +++ + + AP.n uMftVwPJ
811611S - - - D99 ++ + -

5575165 + + +
D103 +++ + +

P. Mwip,1iler

MOM4• +++ + +

Kart a. Recipient strains
b. Donor rains 0=
Nte: transfer fraqenW +++ V o

negalOt~ive experimuent; - srepeated negative wxiats.

D.Iifferences i~n fr~ansfer Fuegve"
Ou experients are not coprahensive enough to enable us to rake

reliable utatewmts as to the ditffrenoes in the frequ•emq of accep•t•e
of 9e various A-factors in the various Pastearella species. But we think
that we can eV this: among al of the sfrim of the various PasttWah
types which we tested, the highest frequenc in tawms of R-infeeton was
achieved in the strains of Pastetuel3a "X". Nt arm# the strains of
P. pamtotuberaiLlosiw, P. uultocida, and P. pasti,. - eause of the smil
waubsr of available sta•ins tbre Ie re&y nothie we oan sm abmt the
differenes in the trwfer ireqpnaq in the waje of the nther Pasuto la
*tpes. In this serie of lavatigations w w wee oon a e ,neA pwimrily witb
the question as to whether - eotions awe p*ssible only In ths fP.stea.
ella speoies P. pseetdotbwrpwohs LId P. pestle, aIluding Pasteumwela
"X"s which might pouuibly be categorized within the fsxL],v of the hta'ow
baoteriaeaoe, or whether these infections ight not also be possible in
othes stmins which we not relatdd to P. pn•Kotberoulosis an P. petls
and whio do not b.long to the Pasterela tarpes that are aMer the ht.
bacteiacese. As our Im tigatlon rwvealedi, B.factors oould be trans-
feaved to thestrains of &lU of the Pastemrells species tested.

- 0O



4. Testing the R'.lneetted Pastagrella Sk~ans as R-Donors

Out of the strains of each Pastorelja species. at ea1st one B- R.
iWfected clone was t÷wted for its ability to tranafer the absorbed 1.ufactor

Vr-ha upon KilOb i4ee obcter (straiN • 970/62). As we an see in
lable 2, below, this could be established in all strzinv As donor, Pa*.
teswel]A UP~$ reveed a tmnafer frequency Wht m by pwwig of 10
grgater th", the atraing of the other Pastetn'ill species. With respeot
to this proper- Pastrella, "I" corsponded to most of the Cbli stzains.

Clona of Pateurella stralns of the various speciev, which had beentested for their purity an wdce h had boe R-Infeeted# wer kept in t•he

refrigerator, in stab erultures sealed with rubber stoppers, with +he ex-
ception of P. maultocida. The cultures of P. viltocida, which accarding toour experiences could withstand !oriearstorage pw-iods more safely wAn re-
liabl~y at 370 C an -270 C than at 1 2 Ct on the otLher hand were kep in

tharmostats at 3_I C. After 6 nnths we tested the inoculations - whic
at the same time had been t'-nferred to blood and adoagar plates ad in
prttecue solution .- for thdr purlty, and their culturaLbiotheadel as
won as, to +' extent possible, their swologioal behavior. The resiftae
determination was made on the basis of the overnight cultures in proteose
solution. Table II, below, tells us about the lose of the &-factors, re.
spectiveo, Mdeteiinants.

These ewperimental results indicate that P. pseudotubearclosis and
P. pestil strains, like Salmnells strains can lose twst of their R.faotors
in case of longer storage of stab cultures, although thase same factors did
remain stable in most of the strains of the other Pastsmelia species whLih
we exammned.

It was interesting to note here that, a=nxg the P. multocida strains,
the strain 199/60 lost the resistance determirants onl of rfori the R-
factor of E. col 2341&6 R(TCSuA) but not of the &-factors of E. coi,
JE51 R(CSSu) an R. colt 422/64 R(TCSSu) (Teble MII). Thi3 seems to
indicate that the Abilit to lose R.factors or PRdete4rnants depends not
on•y on the host cell but also on the Pe-factor.

The control of the cultural properties of B-infected Pasteurella
st•ans -'cially of P, uutooida, was rendered very difficult because the
rsistane otants, which bad been selected In vitro, with amd without P-
factoraq re•veld poor growth papea"es. We wi repor on these obaewa.
tioa olewheree
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T•bl6 rl. Experim~entalIT R-Y1mfoated Pactarlla Stroina an

midtts of Rt.actors Upon Klabsiaqwmus (Strsin No 897/62)

P pstuddubmaaias
21 TcS;;/N5Q 4018102 1"-' 4 TWSKINSu
32%v TCSSO JE 51 10-4 t0 TCSSu
25' T.SKINSM 4018/62 10.4 4 TCSKIVFSu

p'. pnfte

TWJ TCAK"?k 4015162 10-4 I TCaKlcil

PwetrsIta Xt10" TCSSu JE 51 10" to TCSSu
373 TOSSM 1 1040 10 TCSSv

71 TCSSu is 21 '10-' t0 TCSSm
2"1 TCS33 Ji 51 10" 10 TcS3u

I P. multocid
S1117 TCSSu 424464 10" 7 CSSu.
D417164 TCSSU JEin 51 0- to TCSSu
D29960 TCSSU Js 51 10"' 10 TCSSu
S95 TESSa JE 5l 10' .1 CSSU
WSO4S 0 TCSSG, JE 51 10' 10 TCSSv

DIMMO TCSSN JE 51 10-2 10 TCSSU
D19310 TCSSU Ji 51 10"- 10 TCSSU

D125 TCSSu J? 51 1" 10 Tc
D126 TCSSu JR 51 10-' •10 TCSSu

P P. pnegxum,,p

DIOS TCSS" JR 51 10-4 5 TCSSv
D" TC3S 42421J W0 10 1 Kol, - C,

5 Kd. - Cleo

Ke': a. Doawr arna Boo 9o R-doteir.nts taW farrad
b.eIn ected f. with P1-faotors
z., fransfsdzon 5frqu.a go P. 1' 0, s@"±No
d .]b. of colo, tes testted 1 - oo•i~

. . , 12...
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Table TIL loss of ).Faotors, tRespectiel3yg 16.

DPtefrvd-t I Sa Ceue Stared 6dif! Pl,,I¢m~~ t••h' IUhli•f

; ta~ m H . .l: . et.- ' -t . (d)• .

P. PACudoIkbhledIs
2t 401812 TCSK/NSo I <95% Velust des .1-Faktsn (RFi)
I2;y in 6- TGN5w OWN % V0rIi.tt i T-riAwusd (h)

461202 TaBRINNOu I <05% Vglusk tus lp (1)

P. pestis

TWJ 4018162 TCSKINSO 1 <95% Verhust 403t RV M.)

96714 TCSSU 1 <95% Verlust c kTP (M)

Pagetirdl. eX.
1055 JE 51 TCSSu 5 KeIn Verlust des !p (W )
373 42421M TCSSU 2 1 KMon keln VedtrhA a HF (k)

I Klon Verlust der 'X•sRiites (1)
71 3E 51 TCSSu 7 Kein Verlust des F 0J)

271 Ji 51 TCSSu 5 KeIn Vedlust dis REU (V)

P. multoefda

D199160 2234164 TCSSuA 4 2 Kime kein Verlus. (-m)
I Meon Verlust der T., C- mmd -RhsWMM $10
I Kion Vorllt der T.• Sp urni .KhO)

7 Stimme verseb. TC9Su o 21 KeIn Verust des RP (Q)
Stlmm TCSSJA

P. heemotliIfa

* D125165 JE 51 TCSSU I. Reln Verhist des RP

4242/64 lTS3u a Keo. "Prlust des F (0)
22314l TCSSuA 4 KeIn Verhist des RF

D1J2 51 TCSSI 2 Kein Veflut des RP

P.D0 in H t I Kohln pnus des RV

am/6I ICSIm I KRIn Ve~l:t des ti (R )

MW 645%M4 TCS' u 2 KeIn Verlust doe RP Q

P. 4"611peeiIer
18845 Ji 51 TClSI I Kein Vedust doe l (Q)

223410 TCSSuA 4 KeIn Verlust des RP

a. Pasteur.lla specdes# strain Nag surological t'pe
b. infected 1. One olom-, loan of .-rsi.st-
a. No of clones tested ence
d. Evaluati;on of reselt a. 2 clones, no loss

e. ByE oli No n. I olone, los of T, C, & A.
f. With -faCter reuistm• e
g. lor3 of Pwfaotoa(RF)(loss of all o. 1 aoe loss of TC,, & A

resistane properties obtained throuch e sistsnoe
infection in mr than 95% of viruses of
the clone test

h. Ions of Tresistance (lose of sOme Ili~ddUl reisamo PMopWtAee)
i. Ioss of IF

k. One clone, no loss of RIP

- 13 -



It is interesting to note that, in various Pasteurella strains#, onl
some individual and not all resistance dotermdnants ton up in the phaeno-
type. A few exazL lee are given in Table IV, below. In these experiments,
the colonie•, grown on solection media, were tested for their piurit in

the mw*sr indicated, t-i a blood plate not containing aq antmbio*s, and

their Nesistmee was then deteidneod, The r'esults uV that o011y MYI7 tow
Paste&efa straine eould be femd to absorb the t4.ftao4.c inoepletAty
It is interesting to note that 4 out of the 9 strains of Pasteurella "1"
tested here expressed on.y a part of the resistance deterudnants of the
R-faotor 1, phaeno.1otpeal ferm. Inveesatione we now in progress in
connection with the question as to whether the incomplete absorpton here
in oany apparent am whether it might perhaps consist in the fact that the
detarvinatP of the missing resistance propertr are not wxressed phsaxim
•tley (Lobek).

Table 4I. Pastear.llU Strins With Incowlete
Absorption of -.Factor

Ahz"~4 Wb E.W., A,uh M'p *Aw~R~
Art '= ft le'a L

P. PMeUAMaNbWn4~
25• 371a4 T" eS 2 T ( 1X)

• csSN (I X)

25' "49164 TCSS. 4 T(CSC (2OX)
CSu (1 X)

P"S (lx)"
*P. Pfai

F77 is $I TCSSe 7 TCSS (U x)
CSS. (Ox)

B 2764 JE 51 TC$Su 10 TCSSI (9x)

CS X.I)

71 Ja 51 TCSSa 9 ,SS. (Ix))I TESS (0 x);
271 JE 51 TCSS. 2 (7S,3- (2X)

37 1 J51 TCSSU 3 TCSS. (2 x PICS1W (X)
1055 is51 TESS. 10 EISS (lox),

P. 11Madk
164110 4242164 TC.'SSIA 2 TESS. (I X)

1155 415 TESSUA 4 Tc.SS*A (3 x)

K:a. Reipimnt, speeies and Strain m06e d Resistance Properties
b. Donor tote's

I__e(Ix

a. Number of P.,.L-If'ectd oleMeS test" e. Iflac
IneaUmua of indavid'mI oolonde8 of t~he ptARNrY oelootSO plate ve%'s

in"Nueua d and tot .d

it-, 40e



Discu~sion of F1.ndi•

The observation that, among the experimental conditions selected
us, R.infections were possible in the strains of all sclies tested urder
what has so far been called the genus Pasteurella constitutes further proof
that RMinfections can oc'ir also in strains from various genuses which do
not belong to the fayiiy of the Enterobacterlaceae. This was supported by
the observations on Vibrio cholerae (Kuwabara, and assoc, 1963) and Pa.
aoruginosa (Lebek, 1963), It is interesting to note that our experiments
involving P. pseudotaberculouis and P. pestis strains-revealed the same
inclination toward the spontaneous 3ss of the R-factore as had been reported
for the Salmonella strains (Lebek, 19). It was not to be observed In the
strains of other Pasteurella species which we investigated. The strains of
the various Pasteurella species thus differed in terms of thei inr l aims I
to lose 11factors and not in term of their capability of receiving thee
and transferring them.

Our invectigation results bring up various questions which we cannot
answer at this time. For instance, it was interesting to note that some
Coli strains proved to be good donors with respect to the recipient
flebsiella-Awobacter but not wi h respect to numerous 'asteureYna strains
wbich, for their part, easily accepted the P-factor from the other CoiA
strains. There was thus no inability to cepress the resistanoe deteand.
ants phaeno-t'pcally. EHre is another question which we carnot answer
right novs we do not know vhy the Coli strains differ from each other In
term of the frequency with which they transfer their R.factors to the same
recipient strains. The cause for these differences might perhaps be found
in the type of the R-factor or in some of the as yet wunkown properties of
the acceptor rrecipientl cells. It is entirely conceivable that fvrther
episomas or plasuddes, in the donor or recipient cell, might inhibit the
transfer or acceptance of the R-factors.

Sindlarly, we do not kwo why only P. pseuiotubmuculosis and P.
pestis strains, respectively, strains of various Sabwnolla species, dwr.
ing longer storage time, again spontaneously lose their R-factors or some
indAvidual rosisonce determinants. in corotrast to the strain* of the other
fastemella species and strains of other gems" frm the famxy of bterow
bactericeae. T4s might perhaps be due to the fact that the number of
R-factors in the lndividul bactrim conell differs for the various species*

Investigations on the .-infection of strains of varioeus Pasteulla
speoies mede it possible to establish the R.infection of all species
tested. One differeaze between the Pastearal species, suoh as P. posnio.
tuabercosis, P. pests, and NPatemalla orp, r ospctarasy, the other
PNeteaela sp~ese. wvdeh are not reated to the, such as P. muttacid
P. eemlnytioe, P. pnemotzopic, and P. anatipetifer - ubich might be
oateorlsed mug the family of the ,ttwrobaotrUiaose, consisted in the
fact that the wo first-ne,,d species and Pastella '" accepted the
R..faetos with a higher frequeA, then the other Nste.lla species.

,0.nGOtsd stMelW of all Natemrella species tr eeawed the faetor to

- 15 -



an accoptor rrocipi.ont" strain. An -ia kncrv for the case of the Salmonella
tho R-factors or i-.mlividual RýdeiJi' drnts, the case of P. pseudotuberou..
losi s and P. postis, wore not stab~h Uh the cultures were stored for 6
moriths~o whereas, In the other Pastual species, a spontaneous logo of
the R-factor could be established only in some indlividual clases,
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