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VARYING BZHAVIOR OF PASTEURELLA-PHAGES

(Recelved on 15 Yay 19583)

[Following 1s a translation of an article by

W. Knapp, Hyglene-Institute, Unlversizy of
Tubingen, in the German-language perindical
Zentralblatt fur Bakterlolozile, Parasitenxunde,
Inrextionsxrankheiten unc Hygiene (vournal for
Bacteriology, Parasitology, Infectlous Diseases
and Eygiene), Vol 190, 1963, pages 39-46, ]

t 1s known that Past, pestis-phages and Past. pseudo-
tuberculosis-phages show differences in their lytic behavior
toward homologous and heterologous bacteria sitrains, which
could disappear undsr 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 phage strains with’
rospect to the following was examined:

1. changing texmperatures and times of action
2. chemlczl substances (phenol, chloroform, merthio-

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

3. in a crcsswise neutralization test toward various
antiphzeze sera,
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susal Uatarizl

he Pasveurclla-pitazes: PST-pnrage; Past, pseudotubere
culozic-pnage sirains, cupnlicd by Prof, Dr. Glrard, Pasteur
Instituto, Furls.

Y~-phage; "Yersin" pestis-phage strains, suppllied by
2rof. Dr, Girard, Pasteur In.iivute, Paris,

PTB~phage; Advier peatvis-phage strzin, zdavnted by
Gunnison and co-workers o Past, pseudotudberculcsis; supplied
by Prof. Dr. Gunnison, San Francisco; School of Medicine,
Universaity of Californlia.

. R-phage; described as Past. pseudotuberculosis-phage
by Koltjarowa (1956, 8) and supplied by Prof. Dr, V. N. Ter-

Vartanov, Director of the Antl-Pest-Institute of the Caucasus
and Trans-caucasus, Stavropol.

The designation R-phage ("Russian phage'") was chosen
by usl/,

B, Salmonella-phages; salnonella 0;-phgge; supplied
by Dr,., Brandis, Hygiene-Institute, Gottingen2/,

¢, Bacteria strainsg and nutrients: as described in a
previous paper (Knapp, 1962).

Experimental Method

The separate enrichment of Pasteurclla-phage strains
over Pagst. pestls strains &3 wall as pseudotuberculosis
strains was carried ouv in liquid or 30lid nutrient media
according to the kmown technique (References 1 and 2), The
titers of the phage suspenslons before and after their ther-
mal or chemical treatment were determined exclusively accord-
inz to the method of overlay. 1In all initial mixtures, 2.5
cilliliters soft agar containing 1 drop of a 24-hour proteose
inclined-nzar culture of the indicator bacterla was treated
with five milliliters proteose solution and 1.0 milliliter

1/Tae Past, nscudotuberculosis-phage strains described by
Plaxkina and co-worxer (1961; 9) have not been avallable

as Ycu.

2/We arc grateful to Professors H. Brandis, S. Girard, I.

Gunnison, K., F., Meyer and V., N. Ter-Vartanov for letting
us have the varilous strains,
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phege suspenslion. The inoculntlon of the mixturs was carried

out on pre-dried proteose-agar plates. We kept the preiircav-

ig and untreated phaze suspensions 1n a refrigerator 2t 2° to
C,

For the preparation ol the anti-phage izzuusera,
increasing amounts of phzage were injocted 1into ravbblts av
first intramuscularly and subsequently intravenously. %wo
reneval injectlons followed in & period of two days cfter
an Injectlon-free period of approximately two months. We
did not consider a saturation of all sera after preliminary
experizents witnh unsaturated lmuunsera, some of thea con-
taining an agglutinate titer up to 1:160 serum dilutlion with
respect to the bacteria strain used for the eanrichment of
the phages, ylelding the same results in the neutralizatlion
tests 238 saturated iumunsera. (For further detalls see
Table 3).

Results

1. Tenperature sensitivity

Table 1 shows the behavior of the rhage strains at
various temperatures and tliies of actlons.

As may be seen from Table 1, the ¥-, PIB-, and R-
phaze strains are wore teaperature sensitlive than PS3T-phaze
and salmonella Q]-phage which nad beea included in the study
for comparison. While an inactivation of the ¥-, PTB~ and
R-phazes at 600 C occurs already witnin 5 to 10 minutes,
this inactivation took place during approximately the same
time period, but only at 709 C, in the case of PST-phage.

The temperature sensitivity of the phage strains did
not change when they were enriched over a heterologous
stpain--for instance, when PST=phage was enriched over the
Past., Destis strain TWJ, the pest phage Y over Past, pseudo-
<uberculosis strain No 21 and the pest phage PTB adapted
onn Past. vseudotuberculosis over Past, pestls-strain TWJ,
"he PTB- and R- phages show a temperature sensitlivity cor-
rezapond ing to Y-phage; *thls teaperature sensitivity remain-
ed the same, although botn phage strains had been enriched
over Pas%t. pestis of Past. pseudotuberculosis.

Our experimental results have been sumtarized in
Table 1,

Ullianlttel
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#Titer determinations were carried out after 5, 10, .
15, 20, 30, 45 and 60 minutes, For reasons of sim- :
plicity ouly the values after 5, 30, and 60 minutes !
were given from 56° to 65° C and only the 5, 15 and

30°or 5 and 15 minute values were given at 70° and :
759 C. i
##cf) confluent lysis, plaques uncountable, !

seded = no plaques detectable

2. Sensitivity towards chemical actious

The inactlvating effect of phonol and formalin in
I 0.25 and 0.5 vercent concentration, ol chloroforz in 1 and
10 percent concentration, of merthiolage in 0.01 percent
concentration, of undiluted and 1:10 dilutel human normal
gserun anéd of solutions with pH 3-9 was studled, usually
after a time of action of 1, 3, 6, 24 and 48 nours, 2 and
4 weeks or 2 or 4 months (exceptions see fnhatnote Table 2).
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The oxperimental results for hunman normal serur will be e
porvod a%t anoiher place.

VUV S |

: For the preparation of, for instance, tho phnamo suonpon-
! sion v a 0,25 percent phenol oOluuiO“, I milililizer of o
2.5 verceat phc 0l solution ond ni1liliter ol o concontrat-
cd puase suspension were added to 8 millilxt rs o proteocs
solution, After the various times ol astlion had clapacd,
oy
it ]

| the aaount of phenol phage suspension nccecco o> the ox=
periment was further diluted until the STuter 1o e used wuas
obtained. The phenol was hereby diluted to such an oxtent
that an effect inhibiting the growth of the test nuclous
dld no: occur. The reaaining test solutlons were treated
correspondingly.

Table 2

Sensitivity of the Phage Strains Toward Various Chczlical
Actions

o or inconplete inactivatlonw ol
the phages alter hours(hr), hys(d),

<:) or months(mo); longast observation
Test Concentration perlod
Compound ] Phage Strzins
P37 Y R C4
Py-Levs (Titer: see Table l)
Phenol 0.25 No inactivation of the phages 1in
0.50 4 zonths
Chloroform 1.0 No inzectivation of the phages in
10.0 4 months
Mertnlolate 0.01 No insctivation of the phuges Iin
4 months .
! Formalin 0.25 1- 3 hr 1-3 hr l1hr 1-3 hr
i 0.50 1 hr 1 hr 1l hr 1 nr
{ D 3.0 6 wrs 6 hrs 6 hrs 6 hra
i 4,0 none/1 zo 6 hrs 6 hrs none/l mo
5.0 none/1 =o none none none/l no
(Titer Decrease)
6.0-8.0 no inactivations of the phazes in 1 o
| 9.0 none none none none
: (Titer Decrezce)
‘ #inactivation no detection of plagues., A titsr decreass oo
O
_ -5-
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a2 slgn of partial inaoctivation of the phages is not
considored in tne Tahlo with few excepticns,

#Same behavior of PIB-phage.

###7egt for inactivation after 6, 24, and 48 hours, as
waell as 1 month,

Tuae resulis summarized in Tsble 2 show that:

a) in contrast with Torzalin, phnenol does no* possess
any inactivating ollect on the testod phage strains
i1 the conccutratlons and times of action studled;

b) trhree phage strains behave equally towards foraa-
1lin, chlorofora and merthiolate and besides thoy
behave like other phages kuown frozm the litera=-
ture (1, 10, 11);

¢) the Y-, PTB- znd R~ phage stralins were more scn-
sitive than PST-phage and Oj-phage toward pH 4,0-
5.0,

3+ Behavior of the phaze strains toward phage immun~
sera in the neutralization test

The neutralizing effect of the following rabblt im-
nungera was tested:

" Serum No 2285: PST-pha e enriched over Past. pseudo-
tubercu osis strain 2I,

Serum No 3046: Y-phage snriched over Past. pestis,
strain A ll22.

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

Serum No 1376: R-phage eariched over Past. pestis,
straia 7WJ.

Each serum was tested at 1:40 to 1:1280 dilution for
each neutralizing effect on P5T-, ¥=- and R- phages. In sach
case, the phaze stralns had been enriched over Past. pestls
or Past, pseudo-tuberculosis. The initial mixture for the
expoerinents consisted of 1.5 milliliter of the dlluted serum
with 1.5 21111liter of the phage cucpension (see Table 3 for
titer). After an action period ol one hour, 1.0 milliliter
of thre serua-phage mixture was added to 2.5 milliliters sof.
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a3alr contvalnin~ 1 Srop Lnllonuer cuiture,
asue w1ates were cootiu v JLS nAxXture. 4
strain TWe wsed Jor enn nd Past p:ouc**uao*c locis
: straln 2 were coerved 28 Inilcator culiurec, Thao oculds of
: theso eiporiuventsl ssrics are zhovn in Table 3.
| Tavle 3
1 Senavior or 2hoge Strninc Toward Immuncerz (noutrali-
! caticn test
[} [ RIS ¢ ST AN
over 20858 KISY-! 1878 Gy
Fhoge Cite: o Seiie rouniostion steednu/
Tre e cat.: Wniicu v T BLTLIN
T R N Ctrein Tt Y rn A Aep TWS R Ut
PaT Uogmth ot o HEN l.*® i l. :
Fiter w jar 1
1* peentin 1AV 1 T ) J.u i, 1. i. !
Titer ¢ 1V '
Y l' pathe. (. g I} Lino 0in R :
Tier & .-r' i
p. peatia (TAV1000 T I nrl - A !
Tiwer. 1 1ot . ;
O PTH I' pathe (20} di i e A LI
Tiker » lo* .
P opostia (TW.) TwW I 4 4 ton l
Tier: 3 - 10° !
]
R P.puibe. (21) 2 I 1a0 SR By I
Titer: ¥ - ot ‘
P opest, TW, T i N 1h 40 !
Titer: 1 - Jus i
|
!
‘
NOT REPRODUCIBLE .
# Nunbers = serum éilution still innibiting phoge effect
(for inctance 1:1€0 cic.).
## L = phage effect (lysis or numerous plagues) not inhi-
Sited by lmmunscerun (ailution 1:40), comparison with
\ serun-Iree control.
1 W#ikse TVIS = use of Past. vestisestrein TWS instesd of cstrain
41122, becausc the latter pest straln exniblted ,
1 degeneration piuenomena. -
O
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2hac coperimentel tests obtained in tho oxperinents
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sge sireins over 2 heteroloszous Pastecurclla-
rain end thae tecting of these Dhabo susvensions )
in the ncutralization test toward the bacterin :
strain used for the enrichaent as indicator strain :
does not permit 4 etection of change of thelr bhe-
havior toward lozunsera prepared with the homologous
or tho heterolooous prnage strain.
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The kinetlcs of the phaze lnactivatlion by a certailn :

(:) dilution cf the various anti-phase sera was tested in further !
experiments. Also In these experiments, whiclh will be pub=- i
lished on another occasion, a sinilar behzvior of the Y-, :
P73-, and R=- phages wos found. For instance, n*i-“Sm-phage !
serul o 2;85, JaeA dllutea to 1:200, led within 45 r inv*e4
to a decrease in the DS'T‘-pnage titer (indicator sirain 22)
from 54109 to 7.104 and after 60 minutes no plagues occurred.
The titer eof Y-, ‘TB— and R= punages, on the other hand, was
not consideradly affected,

These studies o0f the lnactivation kinetlics of various
.xstc“rella-pnages by immunsara, which had been prevared
with hozolozous or heterolozous phage stralns, respectively,

snalXl zlso Drovide an answer to the question whether the ;
paa;3c stralns do not exkhiblt, on account of a change in h
their seroiozical properties, 2o fferont inactivation-pro-
norty by the homolozous or heterologous lcmunsera with si-
*ul*_;coas testing agalnst a nomologous or heiterologous in-

&ica%or stralin, after enricimont of the phage strains via ?
homolo;ous strainc or adaptation 10 and enrichment vie the
hoterologous Pacteurella strain,

These results, as well as thoss swizarlicod under 1.
and 2., which show a behavior different frox Zil-phage, '

1
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The behavior of <vwo stralans ol Pasu. pseudovuber
¢0510- ha ses and two others described as Paat, pcutig-9“4~hs
onc of whicn (Prz-pucze) was adapted to Past. bad0uabe“ou—
losis was studled in regard to thaznalc (560- 750 C) and chenl
¢al fTactors (phenol, chloroforn rerthiolate, Tormalin,

PH 3«3). Also, cross-wise neutralisation- and inactivatlion-
tests with vhage-lumunsera were carried out. The resulis.ef
theso . studies are listed end discussed., They show thal the
Post. Do uiotubercuIOSis-nﬂﬁ*e ¢alled PST-phuze 13 wore ro=-
slstant to temveratures of 900-550'0 end to solutions with

¥ 4,0 to 5.0 than the three Y-, PTB- and R- stirains described
15 Past. vestlis- or Past. ngeuao uberculosis=-phages and which
reactad zlike, The differcnce in the benavior of PS57- znd
Yepnnses 04 one hand and tne uniforu bchavior ol Y-, PI3~

saa = rhagzes on the —er hend sugmest that the R-phages
=150 repreount a prlna"y strein of Past. nestlis-phazes which
15 sdunted vo Past. pseudotuberculosis. Furtner experiments
tave Lo be done to show whether this varylnz benavior is coz~
on to 2 larger nuaber of Past, pestls and Past. pseudo-
taberculosis-phages.
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