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A COLIPARATIVE STUDY OF ANTHRAX BACTERIOPHAGES

al :fikrobiologit, Fpidemiologii Ye., N. levina and V. R, Ar-

1 Imrunolopii (Journal of lderobiology, khipova, Institute of Epi-~

Epideniology and Immmology), No 9, demiology end Licrobiology

1967, pp 24-28, imeni Gamaloya, Academy of
Jud! Medical Sciences USSR, loscow,

Among the warious tests appliceble for the purpose of identifying the
causative sgent of anthrax (capsule formation, eensitivity to penicillin,
character of growth on culture media and others), the test of lysis by spe-
cific anthrax phages has gained in importence in recent years.

Anthrax phages have been knovm for more thon 30 years (Rozgan; Gema-
leya and others), but anly in 1951 did lcGloy obtain a highly sctive specif-
ic phage, having employed an original method of isolating it from lysogemic
cultures of Bac, cereug and used an agporogenic culture of the anthrax ni-
crobe as ap indicator strain. Since then various authors in different cowm-
tries of the world, om using ieCloy’s method end strains as well as their
own culture strains, obtained anthrax phages both from lymogenic cultures
and from the soil (Brovm and Cherry, 1555; Ivanovics and Lantos, 1958;
Stematin apd Ii Van Sob, 1959; Gruz, 1962; i‘eshcheryakov, 1962; Laripa and
Petrova, 1964 and otters).

However, the authors indicated studied chiefly the specificity of
action of the phages obtained by them on anthrex cultures and spore-bearing
aerobes. Only isolated papers are kmomn in vhich the study of the biological
and antigenic properties of anthrax bacterlophages was carried ocut (Lantos
end cosuthors, 1960; Buck and coauthore, 1964; Zemtsova, 1965).

Thus, Lontos and coauthors {1560) studied tho anthrex bacteriophages
obtained by them from tho soil in comparison with the l'cCloy phage and pre-
sented the first clessification of anthrex bacteriophages. Buck and co-
authors also carried out similar work {1963), dut these pheges proved to bo
of low activity as regards the sntigen and this criterion, which is funda~
mental for classification, was not studied.
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The tesk of tho prescrt erticle was the comp rriive dotormination of
the biological antigenic and lytic propertics of cathrax phi zes, both Soviet
and foreign, which vere in our collection, for the purpose of classification
and determination of thoir spescificity.

Six enthrax bacterio;hizges were subjected to study: BA-9 (lioldavien
Institute of Epideniology end Hygieme), Saratov (Saratov iilrob Izstitute),
Bromn and Cherry X bacteriojhage (obtaired frou Prof. Seidel), lLicCloy oC
and P bacterio;hages (obieined from Prof. Ivanovics) and L7 bacteriophage
cbtained from Prof, Stamatin).

The following properties of the bacteriophages have been studied:
the morphology of the ncgative colonies, heat resistence, antigenic proper-
ties of the phages, and sensitivity of various strains of anthrax bacilli
and spore-bearing aerobes to the bacteriophages studied, lioreover the pre-
paration of optimal culture media for obtaining high-titer bacteriophages,
the selection of indicator strains, the testing of various imnunization sys-

tems for cbtaining highly active antiphage serums, etc. entered into the
research task,

The generally lknown methods of isolating pure lines end determining
the heat resistance, the activity of entiphsge serums, the adsorption of
bacteriophages and the phagosensitivity of the strains described in textbooks
on the bacteriophage (Adems, 1961; Gol'dfarb, 1961: Stent, 1565) are employed
in the work.

The 1,25 and 0,7 percent agar prepared on the Hottinger digester,
vhich contained 100 mg percent amino nitrogen, and broth with pH 7.2-7.4 pre-
pared cn the seme basis proved to be optimum for obtaining stable forms of
negative colonies of bacteriophnges and high-titer bacteriophages,

Asporogenic and sporogenic strains, virulent and vaccine strains were
used as indicator cultures; in this case the results conforming most to the
pattern were chtained with the Davis strain (McCloy). It vas necessary to
rencunce the use of sporogepic cultures, since negative colcnies of these
cultures vere not successfully differentiated by morphology — they had war-
iocus sises and an indistinct configuratiom.

The bacteriophages with the highest titers, which contained 1-101°-
1-1011 corpuscles per ml, were cbtained on solid culture media.

On studying the BA-8 bacteriophege on the Davis indicator strain
three pure lines were isolated from the originel ;hage. The rhages of ome
line formed stable negative col?ies similar in morphology t¢ the § phage
— they were designated as BA-D" phages. The form of the negative colcnies
of phages of the seoond line was similar to the J phage, but their size
did not exceed one ol the phages were unstable, constantly formed colonies
sinilar to the BA-9" ocolanies, and were characterized by low activity —
they contained up to 1.106-1.107 corpuscles per ml. The phages of the third
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1ine had the form of negative colonies with a clear lysis spot surrounded
by a sone of incomplete lysis apd with a diemeter of up to three mm; they
also proved to be unstable and formed colonjes of the first two types.

A comparison of the morphology of negative colonies of antnrax bdac-
teriophages permitted separating them into four groups (see figure): 1)
the negative colonies were round in form, with smooth edges and a diameter
of up to five mm, designated as c.l. phages (clear, large) corresponded
to the Ivanovich og group; in this group are put the Y, BA-9’, Seratov, o\C
end Ly phages; 2) the negative colanies corresponded in form to phage colo-
nies of the first group, but their diemster did not exceed cne zm; this group
is designated as o.s. (clear, small), they corresponded to the Ivanovich _
C.S.Y phages; the second line of the BA-9 phage is classed in this group and
is called BA-9C«8:; 3) the negative colonies up to three mm in diampeter dif-
fered markedly from the colonies of the first two groups and oonsisted of a
distinct center surrounded by a sone of incomplete lysis; this phage wes
named "clear with peripheral ring" after the form of ths colonies; in this
group is classed the third line of the BA-9 phage, which was named BA-9inc.
and vhich corresponded to the Ivamovich Cr group; 4) the negative colouies
were characterized by two forms, of which ons corresponded to the form of
the Y phage negative colonies and the other is lmown in the litersture wm-
der the name bull's-eye colonies; under this type is classed the B phage,
which consisted of mutants of the two phages and corresponded to the Ivamo-

vich tleg group.

Of the biological properties of bacteriophages the sensitivity to
temperature and the rate of adsorption at different multiplicities were
studied, All the bacteriophages proved to be highly sensitive up to 569, ex-
cept the AC phage (Table 1). They all possessed high adsorptive activity
except the BA-9iNC phage (Table 2).

In studying the reaction of bacteriophage neutralization by antiphage
serums ap sntigen kinship was ascertained between the Y snd BA-9 phages
vhich permitted combining them into a single antigem group (Table 3).

The antigen activity of the phages differed in the K wvalue, The most
active serums are obtained for the Y phage, the least active cmes for the
BA-9iRC phage.

The P, olC, Saratov and I7 phages csn be classed in the other group
of phages. These phages took part in the neutralization oross reaction with
the Saratov and antiphage serums. The P and olC phages proved 1o be low
in activity for obtaining the corresponding antiphage serums.

The results obtained an the activity of antiphage serums differed
from the data of Lantos and cosuthors. These authors cbtained the most ac-
tive serums upen immunisaticn by phages which corresponded in the morpholo-
&y of the negative colcmies to the BA-9150 phage with a K value equal t0
215-225, while in our expsriments the serum cbtained én immmisation by this
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TABLE 1

Thernal Inactivation of Various Bacteriophages at 56°

mmarian - em ey |

Muocti- Result of Thormal Inactivotion of Thores.
; vation Incex ! Y e E. in' |
time ¥ 1BA-9 |BA-9°"%BA-9""] [ | ara-
in min,) tov
i !
15 Percent inactivatiom | 85.2/ 1C0 |99.5 97.7 ‘ 94 70 | 97
of bacteriornages ! : !
30 98.4| 100 |99.4 | 98.5 ! 96 |95 | 97 ;
: !
| ! | |
15 Inactivation rate
constant (in min-l) |0,78/0.76 {0,710 | 0.55 ©.78 0'351 0.41
|
TABLE 2

Msorption of Various Bacteriophages

on the Davis Strain

ulti- Percent adsorption in various
Phage Mumber of corpuscles plici- lL__time periocs
Rer ml, 154 10 20 20
x,, 6.8 + 1030 0.68 98.3 98.9 99.7
BA-9 1.8 + 2030 1.6 95 96 96 ':
BA-gG+8e 1.1 - 108 0.1 80 80
BA 1.5 * 10° 0.3 0 0 0
B 1.79 « 2011 0.17 97 98.9 98.9
xC 5.5 « 1010 0.5 95.5 26 97.6
Saratov 3.3 « 1010 2.4 99,2 9.5 97
: i
phage is less active than for the phages similar to the S phage in morphol- ;
ogy (K = 27 and 310 respectively).
. In phages an identical morphology of the negative colonies,
such ag for example and Saratov, the serological oross reaction could not

be cbserved, which probadly testified to differences in the entigenic pro-

perties of these phages.

For the purpose of testing the lytic properties 50 anthrax strains
virulences, which were isolated from the soil and from hides
tained from a museun, and also 85 strains of spore-forming asrcbes
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TABLE 3

Neutralization Cross Reaction of Bacteriophages with
Antichoage Seruns
(Neutralization Rate Constant)

Phages , ¥
X BA~9 | BA-9Se8. ipp-ginc 4’3 %C |Saratov | Ly
Seruns ’
1:100
310.0 | 148 176.6 136 ) 0 0 0
BA-9 129,7 | 58 112.8 65 o) 0 0 )
BA~gine 127.5 | 61.9 75.5 27 0 0 ) 0
Saratov 0 0 0 ) 159 | 184 262 {151
Ir 0 0 0 ) 252 | 49 156 146

vere studied. The O eand BA-BK phages (Table 4) had the widest spectrunm of

lytic activity. Under the action of the BA-9ime

phage lysis with a thin semi-

transparent f£ilm of bacteria growth wes noted. The remaining bacteriophages
- P ,oC end Saratov — did not cause lysis of from 14 to 22 percent of the
enthrax strains. Moreover, these phages did not bring about nom-specific ly-
sigs of the strains from the spore-bezring aerobe group, vhile under the in-
fluence of the & and BA-9 phages from 3 to € percent non-specific reactioms
were observed.

TABLE 4

Repults of Phagosensitivity of Bac, enthracis end Bag, ceresus
to Various inages

Total no.

tdcrobe Behavior Sara-
species of cul- | tovard | ¥ |BA-8 [BA-0¢+8.!BA-03D0| 3 l4c | tov
tureg | phages *

Bac. sathra- Sensitive |45 | 50 49 49 13939 |43
cis 50 |

Insensi-

tive 3 o1 31 A 1321331 | 7
Bac. cereous 83 Sensitive | 4 6 3 7 il 1 1

Insensi~

tive 71 17 80 76 |82 |82 | 82

- 5 -




ca aemmemme

COXCLUSICIS

<
N A study of the morphology of negetive colonies of varlous anthrax
bacteriophages shoved that according to morpholozy the negative colonies of

anthrex bacteriophages included a1l the kmom tyyes described in other bac-
teriorhages.

25 On the basis of the study of the antigenic .properties thc anthrax
baoteriophages can be divided into two groups: the ¥ (Browm and Cherry)
and BA-9 (Moldavian Institute of Epidemiology and Hygiene) bacteriophoges
should be classed in one group; in the other group — the xC, P(:.P:Cloy),

17 (Stamatin) end Saratov bacteriophages. .

S, Separation of the enthrax bacteriophages studied into two groups
correaponded to their lytic properties. Phages belonging to the first group
had a wider lytic spectrum, mot only with ruspect to homologous microorgan-
ismg dbut also with respect to Bag, cersus,

‘4, For the purpose of increasing the specificity of the phagolysis
test for identification of anthrax cultures one should at present simultan-

ecusly use ax bacteriopbages belonging to different antigen groups,
for example BA-93 snd Seratov, or)’ and akc bacteriophages.
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