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VARYING BEHAVIOR OF P.ST EU LA-PH AG•S

(Received on 15 May 1963)

[Following is a translation of an article by
W. Knapp, Hygiene-Institute, University of
Tubingen, in the German-lanGuage periodical
Zentralblatt fur Bakteroloo3ie, Parasitenkunde,
•nfek52t, ons rankte !ten Und Hyigiene (Jburnal for

Bacteriology, Parasitology, InfectiouS Diseases
and Ky6iene), Vol 190, 1963, pa6es 39-46.]

0 It is known that Past. pestis-phares and Past. pseudo-

tuborculosis-phaies show differences in their lytic behavior
toward homologous and heterologous bacteria strains, which
could disappear undor certain conditions after adaptation
of the individual phage strains to a heterologous bacteria
strain (references 4, 5, 6, 7 and 11). It was the aim of
this work to determine whether the phage strains described
as Past. pestis-phages or Past. pseudotuberculosis-phages
exhibit differences in their behavior toward various ef-
fects of their surroundings or immunsera.

The behavior of the individual phase strains with
respect to the following was examined:

1. changing temperatures and times of action
2. chemical substances (phenol, chloroform, merthio-

late and formalin), normal serum and changing pH
as well as

3. in a cro-wense neutralization test toward various
i antiphas~e sera.
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A. ?asteuru~la-phasos: PST-pha.e; Past. pseudotuber-
ui -a + ,-uppl by 2rof. Dr. Girard, Pasteur

In~tituto, Z'Cris.

Y-phage; "Yersin" postls-phage strains, supplied by

?rof. Dr. Girard, Pastcur n,-.iute, Paris.

PTB-phaSe; Advior pestie-phage stra.in, adapted by
Gunnison and co-workers to Past. pseudotuberculosis; supplied
by Prof. Dr. Gunnison, San Francisco; School of Medicine,
University of California.

R-phage; described as Past. pseudotuberculosis-phage
by Koltjarowa (1956, 8) and supplied by Prof. Dr. V. N. Ter-
Vartanov, Director of the Anti-Pest-Institute of the Caucasus
and Trans-caucasus, Stavropol.

bysl_/The designation R-phage ("Russian phage") was chosenby i/

B. Salmonella-phaSes; salnonella 01 -phage; suppliedQ by Dr. Brandis, Hygiene-Institute, GottingenZ/.

C. Bacteria strains and ntutrients: as described in a
previous paper (Knapp, 1962).

Experimental Method

The separate enrichment of Pasteurolla-phage strains
over Past. pestis strains as wall as pseudotuberculosis
strains was carried oui in liquid or solid nutrient media
according to the known technique (References . and 2). The
titers of the phage suspensions before and after their ther-
mal or chemical treatment were determined exclusively accord-
in, to the method of overlay. In all initial mixtures, 2.5
milliliters soft agar containing 1 drop of a 24-hour proteose
inclined-a:,r culture of the indicator bacteria was treated

with five milliliters proteose solution and 1.0 milliliter

l_/The ?ast. 'pseudotuberculosis-phage strains described by
PlankhIna and co-worker (1961; 9) have not been available
as yot.

2iva are gra-teful to Professors H. Brandis, S. Girard, I.
Gunnison, K. F. Ieyer and V. N. Ter-Vartanov for letting
us have the various strains.
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phage suspension. The inoculation of tne mixture was carried
out on pre-dried proteose-agar plates. We kept thac pretreat-
ed and untreated phase suspensions In a refrigerator at 20 to
40 0.

For the preparation of the lmntu-phn<. izuusora,
increasing amounts of phage were injected into rabbits at,
first Intramuscularly and subsequently intravenously. Twro
renoral injections followed in a period of two days after
an Injection-free period of approximately two months. We
did not consider a saturation of all sera after preliminary
experiments with unsaturated immunsera, some of them con-
tainin- an agglutinate titer up to 1:160 serum dilution with
respect to the bacteria strain used for the enrichment of
the Dhages, yielding the same results in the neutralization
tests as saturated immunsera. (For further details see
Table 3).

Re sults

1. Temnerature sensitivity

Table 1 shows the behavior of the phage strains at
various teinperatures and times of actions.

As may be seen from Table ., the Y-, PTB-, and R-
phaSe strains are ._ore temperature sensitive than PST-phage
and salmonella 01-phage which had been included in the study
for comparison. While an inactivation of the Y-, PTB- and

R-phases at 600 C occurs already within 5 to 10 minutes,
this inactivation took place during approximately the same
time period, but only at 700 C, in the case of PST-phlage.

The temperature sensitivity of the phage strains did
no" change when they were enriched over a heterologous
st-ain--for instance, when PST-phage was enriched over the
Past. pestis strain TWJ, the pest phage Y over Past. pseudo-
tuberculosis strain No 21 and the pest phage PTB adapted
on Past. pseudotuberculosis over Past. pestis-strain TWJ.
The PTB- and R- phages show a temperature sensitivity cor-

responding to Y-phage; this eremperature sensitivity remain-
ed the same, although both phage strains had been enriched
over Past. pestis of Past. pseudotuberculosis.

Our experimental results have been summarized in
Table 1.
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*Titer determinations were carried out after 5, 10,
15, 20, 30, 45 and 60 minutes. For reasons of sim-
plicity oiily the values after 5, 30, and 60 minutes
were given from 560 to 650 C and only the 5, 15 and
30 or 5 and 15 minute values were given at 700 and
750 C.

**cfl = confluent lysis, plaques uncountable.
= no plaques detectable

2. Sensitivitv towards chemical actions

The inactivatinr effect of phonol and formalin in
0.25 and 0.5 percent concentration, of chloroform in I and
10 percent concentration, of merthlol.ao in 0.01 percent
concentration, of undiluted and 1:10 diluted human normal
seruxm and of solutions with pH 3-9 was studleZ, usually
after a time of action of 1, 3, 6, 24 and 48 hours, 2 and
4 weeks or 2 or 4 months (exceptions see fn tnote Table 2).

~0 -4-
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Th xorpe.e.ta, reaults for hun-aan norm-1 se'ý wl •poL td at another place.

For t"'tic reparatlon of, POr t- , tho -- o
_,on 11 a 0.25 percent phenol Solutio:., 1 l of a

2.5 pOrc.Lt phenol solution n-d 1 :.il-i'of a cence.trat-
ed piha7e suspension were added to 3 mill0lltcr 2 of pl'otaoýe
solution, After the variouz times of act'on had cp•-
the auoulit of Dhenol phage suspension ncce_,,aay fo- the
perimonz was further diluted until the titor to be use. wa,
obtained. The phenol was hereby diluted to such an oxtent
that an effect inhibiting the growth of the te:it nucleus
did not occur. The remaining test solutions were troeated
corre spondingly.

Table 2

Sensitivity of the Phase Strains Toward Varlous Chcicri
Actions

N1o oz" incomplete Iaactlvatlon - of
the phages after hours(hr), dayz(d),
or months(mo); longest observation

Test Concentration period
_Compound ____ _ Pnage- Strains

PST 0
PH-Levt (Titer: see Tablo 1)

Phenol 0.25 No inactivation of the phages in
0.50 4 months

Chloroform 1.0 No inactivation of the phages in
10.0 4 months

.-lerthiolate 0.01 No inactivation of the phages In
4 months

Formalin 0.25 1-3 hr 1-3 hr I hr 1-3 hr
0.50 1 hr 1 hr 1 hr 1hz

pK*** 3.0 6hrs 6 hrs 6 hrs 6 hr a
4.0 none/l zo 6 hrs 6 hrs none/i zo
5.0 none/l mo none none none/l _O

(Titer Decrease)
6.0-3.0 no inactivations of the phages in 1 mo

9.0 none none none none
(Titer Decrease)

*Inactivation no detection of plaques. A titer deoreastO
-5-
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a sign of partial inactivation of the phagos is not
Conoidored in the Tabla with few exceptions.

**Same behavior of PTB-ph.nga.
***Toot for inactivation after 6, 24, and 43 hours, as

w•el as 1 month.

The razults summarized in Table 2 show that:

a) in contrast with fomwalin, phenol does not possess
ýny inac*tivatias efe'ct on the tested phage strains
ii the concentrations and times of action studied;

b) ti-ne phage strains behave equally towards forma-
lin, chloroform and merthiolate and besides they
behave like other phages knowvn from the litera-
ture (1, 10, 11);

c) the Y-, PTB- and R- phage strains wore more sen-
sitive than PST-phago and Ol-phage toward pH 4.0-
5.0.

3. Behavior of the phazo strains toward phage immun-
sera in the neutralization test

0 The neutralizing effect of the following rabbit im-
munsera was tested:

Serum No 2285: PST-pha e enriched over Past. pseudo-
tubercu osis strain 21.

Serum No 3046: Y-phage enriched over Past. pestis,
strain A 1122.

Serum No 900 : R-phage enriched over Past, pseudo-
tuberculosis, strain 21.

Serum No 1376: R-phage enriched over Past. pestis,
strain TdJ.

Each serum was tested at 1:40 to 1:1280 dilution for
each neutralizing effect on PST-, Y- and R- phages. In each
case, the phasc strains had been enriched over Past. pestis
or Past. pzeudo-tuberculosis. The initial mixture for theexperim~ents consisted of 1.5 millilit14er of the diluted serum
with 1.5 milliliter of the phage suspension (see Table 3 for

titer). After an action period of one hour, 1.0 milliliterSof the eram-phase mixture wars added to 2.5 milliliters sof.

II
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NOT REPRODUCIBLE
N umrbers sorum d~ilhtlOn Still! innibit'_:c pla-e effect
(for inztance 1:160 ctc.).

**L =o~ fet(lysizo or nimorous Plaques) not inhi-
ýýtz by immun~scrur (dilution 1:40)., co~pariron withf

11% 'LJ US seOf Pact. pet-.ran'IWJ instead of --train
A 1122, becau~o thc latter pest strain exhibited

degeneration~ plienorne.-a.
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The ccoimentc- tozts obtalnod In te oxr-.
show: . ith

a) Y, - and phago strals beve l n a
n.utra.zatict.-.. >r-ely identical. Theoir lytic
c'fect- was inhibited by anti-Y-oe se±'rum (No 3046)
and the tw-o anto-Z-phag sora (No 1376 cnd 1o 900),
but not b. antzi-?T-h:. .e 5e 2'fl (:*o 22S5). On t:ae
ot' hand, sor-uI•.0 2235 inhibited only the PST-
phae strain; but the lytic offect of the latter
W•: 0ot al'octod b"' the anti-Y- and anti-R-Phare
sora (No 3046, 1376 and 900).

b) The enrichment o- tho pest-and pseudotuberculosis-
phase strains ov%.r a hetorolo:ous Pa tcurolla-
strain a-ld t'hn teoitin of those phago suz0ension1s
in the neutralization test to .!rd the bacteria
strain used "or the enrichment as indicator strain
does not permit detection of change of their be-
havior toward iamunsera prepared with the homologous
or the heterolo-ous phage strain.

The kinetics of the phase inactivation by a certainO dilution of the variouz anti-phaýc sera was tested in further
expcrimonts. Also in these experiments, .thich v:ill be pub-
lished on another occasion, a similar behavior of the Y-,
PTB-, anid R- phages was found. For instanae, anti-PST-phage
serum ';o 2235, when diluted to 1:200, led within 45 rinutes
to a decr ase in the PST-phage titer (indicator strain 22)
from 5-10o to 7.104 and after 60 minutes no plaques occurred.
The titer of Y-, PTB- and R- phages, on the other hand, was
not considerably affected.

These studies of the inactivation kinetics of various
Pastcurella-phages by immunsera, which had been prepared
'ith hoaologouz or heterologous phage strains, respectively,
shall al.o provide an answ;er to tha question whether the
pha la zt3 a ;s do not exhibit, on account of a change in
their serological properties, a different inactivation-pro-
p erty by the homologous or heterologous 1m=unsera with si-
multa-cous testing against a homologous or hetcrologous in-
dicator strain, after enrichmont of the phage strains via
homoloous strains or adaptation to and enrichment via the
hoterologous Pasteurella strain.

These results, as well as thoee su~ar zod under 1.
and 2., which show a behavior different from ?•2-phage,

I
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2 Cý n, only p".zin5-ao' s
'101; Iyz'ateci. rurtho rm'_ý all 15 toztu& "c-t .tairz

'sat c, but zn2On of thc c.Z12C2 0?c ~of '. Of thlcý 3p0cles

activation asreported to occur at 560 0:. _4>ý C w.-tain 90

o30 :.,iuts J. c~Vey

Tho'oouhavior of ýwotrainz of' Past. po~bru
losIzs-pha~o s and two othsrs dooc~rlbod as Pa-at. peLstis-phaý7:3O one c f walc (PTE-,%,3 e) vrar, adapted to Past. :),,udotubercu-
lorsi:3 oa tudied in regard to thsz=1c (560-75 C) and chicm-
Cal factors (Phenol, choloroforrm, mi.othiola-te, z'ormalln,
PHi 3 --). Also, cross-wise neutralisation- an,' Iract ivit !on.-
tests w-iti p,hase-ilnrunsera were carried out. The MI $sU '_t S, _40-
11 ý a_"udies atre listed and discussed. They shou, that tno
Past. pze-ud-ot~uberculos4--pha-.e called PZST-pna:a Is aoro ra-
SIS.talt to temperature3 off 560 650'C and to solations wit'a
p 4 .0 to 5.0 than tho three Y-, PTB- and Z- strtrins dosc ribod

~az; t. ))estis- or Past. p)Seudotuboerculosis---Phaý,ecý 'ud I:h\. 1c4
roa -,t ýd alikce. The dl1l'erence In the behavior of PST- and

•-p~czon. one hand and the. uniforai behavior of Y-, PT-3-
a-nd i ~ac ona tl.e other hacnd susgest t-hat the R-p'aases

2.orpresernt a primary strein ofC Past. -etspae ' which
~s I.med o ?aat. pseudotuberculosis. Furt'her e."periments

>-avo -.. be done to show hehe this varyir.L3 behavlor Is com-
* to alarS(ct number of~ Past. pestis and- Past. pseudo-

tuberculosis-phages.
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