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A STUDY OF THE ANTIGENIC STRUCTURE OF THE PLAGUE BACILLUS (PASTEURELLA
PESTIS EV NIIEG) WITH THE AID OF DIFFUSION PRECIPITATION IN AGAR

/Following is & traunslation of the Russian language
article by V. L. Pustovalov, N. G. Ovanesova, A. M.
Konnova and L. I. Kolesnikova of the Rostov on the

Don Antiplague Institute. It appeared in the jouwrnal
"Particuiarly Dangerous and Naturally Focal Infections"
vhich was published by the State Publishing House for
Medical Literature, Moscow, 1962. Translation performed
by Sp/6 Charles T. Ostertag Jr./ (Pp 140-149)

The study of the antigenic structure of the plague bacillus
is of great interest from the point of view of the subsequent isolation
of these substances and the study of their chemical composition and
immunogenic properties.

The development by Oudin (1948) and Ouchterlony (1949) of the
method of diffusion precipitation in gel was an important step in
the analysis of the antigenic structure of microorganisms (Yu. 2
Gendon, 1958).

The gel diffusion precipitin technique was used in subsequent
years for studying the antigens of the plague bacillus.

Ransom et. al. (1955) investigated the antigenic structure of
five various strains of plague bacilius and obtained 10 precipitation
zwones.

Ctar ard Meye: (1955) studied the antigenic structure of a
runber of strains of the plague bacillus and fractions from them,
and also one strain of the pseudotuberculosis microbe. It was found
that the avirulent, but antigenic, strain All122 cortained fraction I
of Baker et al. (1947, 1952), and the avirulent, but nonantigenic,
strains 14 and TRU were almost entirely lacking in fraction I of Baker.

Bhagavan, Chen, and Meyer (1956) established 7 antigens in
the composition of virulent and avirulent strains of the plague
bacillus. PFive of them turned cut to be common with antigens of
the pseudotudberculosis microbde.

Crupton and Devies (1956) exposed 10 antigens in the avirulent
TJiwide) strain. A line ol precipitation wvas identified vhich
co-responded to the envelope antigen and also lines correspinding to
plague toxin and an antigen, the specificity of vhich wes determined

by & polysaccharide component.

Burrows and Bacon (1956) observed 12 - 18 lines of precipitation
when setting up the reaction with live plague microorganisms. In
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tke composition of all the virulent strains and also the EV 76 strain
they detected the V and W antigens which depress phagocytosis.

8. I. Zaplatina (1958) investigated the antigenic structure
of a number of fractions from a virulent (177) and avirulent (EV 76)
strain of the plague bacillus, and also the pseudotuberculosis microbe
(strain 498). In another work, S. I. Zaplatina (1957) reported the
presence in live plague cultures of various origin of 7 antigens, 4
of vhich were common with the antigens of pseudotuberculosis cultures.
V. V. Aximovich and T. Ye ‘b cisvetova (1960) e-‘ablished that
virulem: and toxic strains of plague bacillus havc as & winimum 5
ar“igenic elements.

Lavton et al. (1960) found 16 antigans in the composition of
~he plague bacillus and 13 antigens in the composition of the pseudo-
tuberculosis microbe; 1l antigens were common for both species. Among
the common antigens, an lL-antigen was discovered which the euthors
consider immunogenic.

In the present work we have undertaken an alivempt with the
aid of diffusion precipitation in agar to determine the overall number
of antigens in the avirulent strain of P. pestis EV (NIIEG), and
also to follow their diffusion during the fractionation of substances
extracted from a bacterial mass.

In this work we used the avirulen} EV (NIIEG) strain of P. pestis
vhich was incubated for three days at 37 on casein-hydrolysate agar
(pH T7.2) with a 5% solution of yeast autolysate (Ye. M. Gubarev, S. I.
Zaplatina, A. M. Kcnnova, 1956). The bacteria were washed from the
surface of the agar with a physiological solution containing an 0.001M
phosphate buffer (pH T.l) and killed By the addition to the suspension
of 2 volumes of acetone cooled to -35 . After two days storage in
; + refrigerator (2°) the bacterial mass was separated out by centri-
, fugatior, then rinsed on a filter with cold acetone and dried in
a vacuum (5-10 mm mercury column).
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With the addition of 3 more volumes of acetcne to the acetone-
agueous centrifugate it ylelded a precipitate which was collected, '
dialyzed and cried by lyophilization. This substance, which is wall
soluble in a physiological solution and distilled water, wac named
precipitate R.

The scheme suggested by Baker et al. (1952) of using amueonium
sulfate for the extraction and fractionation of plague btacillus
antigens for the further isolation of IA, IB, and the toxic fractions
vas used by us for studying the distribution of antigens in these
fractions. With this aim 129.2 grams of an air dried bacterial mass
was subjected to three successive extractions with a 2.5% solution
of NaCl (pH 7.1). By a method of infusion (witi a periodic shaking),

2.
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three extracts were obtained in the course of 2i hours. The three
extracts were separated out from the bacterial mass by centrifugation
(2°) at 3,000 rpm for two hours. The first extract (E,) had a volume
of 1370 ml, the second (E5) -- 1405 ml, and the third {E,) -- 1040 ml.
A calculation of the dry residue in samples from each extract -iowed
that the content of dry substance minus the content of NaCl in ﬁ
extract vas 17.9 mg/ml, in E, extract -- 6.4 mg/ml, and in Ey extract --
1 mg/ml. Then all the extracts were combined. As a result,”3,815 ml
of combined extract was obtained which by calculation contained 32.3
grams of substance (25.0% in relation to the initial bacterial mass).
The substances found in the combined extract were subjected to fractione-
ation with ammonium sulfate (figure 1). All the fractions vere

dialyzed free of ammoniun sulfate and dried by lyophilization.

As a result of the addition of wp to & 25% saturation of
ammonius sulfate, fraction alpha, was isolated. It contained a large
amount of agar from the nutrient medium.

With a 30% ssturation of ammonium sulfate an unpurified fraction
IA was precipitated which then was reprecipitated several times in
order to purify it from the admixture of agar (fractions ap, a,, a,)*
and the admixture of other antigens (fractions 'I‘sl, Ts,, and ;’3 ).
Purified fraction IA (precipitate IAk) has a prctein-po cha;m
composition, giving a positive Biuret reaction and a positive Molisch
test. ’

#(Here the original text uses the Cyrillic letter 8, but
evidently meant the Greek letter alpha.)

With a 40% saturation of ammonium sulfate an unpurified fraction
IB was isolated which was then reprecipitated and puwrified from
fraction IA (fractions K, L, M)* and from the toxic fraction (Practions
gamma,, gamma,, and %The purified fraction IB (precipitate IB4)
is a Protein substance wi the adnmixture of a polysaccharide
(positive Biuret reaction and negative Molisch test).

#(In figure 1 fraction K is listed as a residue vhile fractions
L and M are listed as precipitates.)

With a 67% saturation with ammonium sulfate the toxic fraction
wvas precipitated. The substance left in the centrifuge was dialyzed,
lyophilized and designated as the residue fraction.

The quantitative yield and chemical characteristics of the
fractions are presented in the followving table.

3.
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Properties of fractions isclated frow an extract of P. pestis EV (NIIEG)

Nitrogen Phosphorus
Name of fraction Weight, g. content, % content, %
al, 0.1876 - 0.03
31:::; 0.5020 8.10 0.03 .
alpha 1.3323 9.73 0.01
alpha 0.0232 - -
Tsq 0.4220 10.42 0.11
ng 0.5624 11.09 0.03
Tsq 0.0201 - -
IA 0.9006 10.58 0.05
IB4 0.2280 14.03 0.03
¢ 0.7094 9.7T 0.03
L . 0003&0 - -
M 0.0263 . -
gﬂlml 0.78m 8.10 0.01
gamnn 0.0465 8.5 0.03
toxic 5.2095 - 0.15
residue 2.9980 - 0.19
R 2.9343 - 0.15%

The extracts from the bacterial mass (E;, E5, and E;), the
precipitate R, and also all the isolated fractions were 1néestigated
by Ouchterlony's method of diffusion precipitaticn in agar (1949)
with the aim of ascertainirg the total number and distribution of
antigens in the plague “aciilus.
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In the capacity of gel we used 1% agar-agar in an aqueous
solution containing 0.85% NaCl, 0.25% phenol and an 0.00lM phosphate
buffer (pH T.2). Into each Petri dish 4O ml of hot agar solution
was poured. After the gel had solidified, receptacles 15 or 18 mm
in diameter were made in the agar plate with a sharp cylindrical punch.
: Two drops of a molten agar solution were added intc the bottom of
i.» each receptacle for sealing. The receptacles were laid out by using
a template which conformed to the conditions of the experiment. The
distance between the receptacles was 15 or 20 mm. The experiments
based on precipitation in ge. were set up ir two wvays. In the first
or A method, batches of materisl were diluted in an 0.5 ml physiclogical
solution and in one operation were placed into the appropriate re-
ceptacles. Simultanecusly 0.5 ml of dlagus agglutinating serun was
added to the corresponding hole. ¥hen receptacles viti a diameter
of 18 mm were used the batches of material were diluted in 1 ml and
each solution wvas placed in the appropriate receptacle in one operatior.
In this case 1 ml of serum is placed in the specific hole. In this




work we used serum from the Saratov "Mikrob" Institute (series 66
and 68, titer 1:2,000) which was obtained by the immunization of
horsea with mixtures of cultures of P. pestis 1, 17 and EV. The
dishes were covered with covers which Tixed to their inner
surface iiscs of filter paper with a diameter equal to the dimensions
of the dish. The dishes were placed in a horizontal position ir an
incubator at 37°. The filter paper in the covers of the dishes vas
moistened with distilled water every day. In the second or B method,
batches of material were diluted in 1 ml of a physiological solution
and placei in the appropriate receptacles (15 mm diameter) over a
period of 4 days. In this, on tie first day 0.5 m of the solution
waer placed into a receptacle and the remaining amount added up to the
edge during the next three days. Serum was added into the app-opriate
receptacle i{n precisely the same way over a period of four days.
During the next 1% days, physic ogical solution (pH 7.1) was placed
in all the receptacles. The dishes vere covered vith covers which
had disce of filter DJaper 4 cm in diamester affixed to the inner
surface vith leukoplaster and placed in an incubator at 37°. The
filter paper discs were moistened with distilled water every day.

We used the B method described for a more effective separstion of

the precipitation lines. These lines are formed more gradualiy and
with the addition of the physiological solution are drawn aside from
each.other somevhat, apparently because of the nonuniform level of
ultrafiltration of the particles of the precipitate through the gel.
The final calculatisn of the resction was conducted on the 20th day
of the experiment.

In a number of cases for the more precise interpretation of
antigenic structure wve used plague agglutinating serum, absorbed by
fraction IA. For preparing it we added 25 mg of fraction IA to 10 ml
of serum. The mixture was thoroughly pulverized in a test tube with
a glass rod an. incubated at 37° for three hours with a periodic
agitation. After this the precipitate was centrifuged at 16,000
rpe and a temperature of 2°. The abeorbed serum was stored in a
refrigerator until the moment of use. Such serum didn't produce a
precipitation zone when checked by the method of precipitation in
agar against fractions IA and IB.

Special experiments, using as a control of the physiologicel
solution the extract from a sterile nutrient medium for cultivation
of the plague microbe, &nd also normal horse serum, didn't shov any
kind of precipitation zones over a monthliy observation period.

It is necessary to note that s comparison of the antigemic
structure of live bacteria (P. pestis EV NIING), taken in a quantity
of T% billiom in a receptacle an 0.5 al volum of physiclogicai
solution) with a suspension of the same aaount of these microorganisms
that have been acetons killed showed a very similar pattern of
precipitation lines (fig. 2).
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In figure 2 the precipitation zones, correspoading to fraction I
of Baker, are found near the receptacle with the microorganisms since
the number of bacteria taken is ¢0o small for creating these zones
in the place viere they are usually localized.

A study of the antigenic struciure of exiracts 3}, E,, and Bg
showed that they contained a large number of antigens (fig §). Wit
the aim of systematization we designuted these precipitation bands
vith letters of the Russian alphabet, beginning from the receptacle
vith the solution of antigens and in the direction of the receptacle
with the serum. Changes of concentration of the substances in the
extracts from B to made it possible to expcse a rumber of antigens
vhich have fusing prefipitation bands at high concentrations. Thus,
the thickest precipitation band (P) in extracts E, and E,, wb' h
corresponds to the fraction I of Barer et al. (1952), in extract

is already clearly separating into 4 bands. A study of the behavior
of this band in figure 4, and also on a great number of otier dishes,
permits the supposition of the presence in it of substances which when
the experiments are set up by method B (see fig 3) produce up to 6
precipitation bands. Thus the heterogesneity to fraction i of Baker
et al. is made apparent.

From the external side of the described band (see fig 3) in
the direction of the eceptacle vith B, there is a wide yrecipita*ion
band which at separates intc 3 zones (MM0). Two closzly lying bands
ZI are found further tovard the outside, and more toward tne periphery
a vide band is fonnd which at By is separated into zones ZhYe and DG;
after these follov bands V, B and right at the receptacle with the
solution of antigens - band A.

Invards from the thick line P there is yet one more wlde
precipitation band cansisting of the 2 components UP. Between this
band and the fraction I band is a small zone T. Invards from the
UPF band in the direction of the hole with the serum, three more zones
are noticed -- Kh, Ts, and Ch.

It must be noted that the thick precipitation line P contains
tvo more precipitatior zones RS, vhich by their position coincide
with it. 3etting up the precipitation reaction w tn plague agglutinating
serum abzorbed by fraction IA makes it posgitle *0 clearly expose the
presence of zones RS (fig 5). In figure 6, bands K and L are salso
clearly visivle. They lie between zones ZI and MNO.

Betveen the receptacle with extract and the receptacle with
serum, 16 precipitation bands (see fig 3) are immediately obdserved.
Hovever, keeping ir ma'nd the expressed comsideration adbout the com-
Plaxity of btand P and the presence of several more zomes vhich are
apparent in figures S and 6, the presance can be affirmed in the
extract from P. pestis EV (NIINO) of entigens wtich produce 28 precip-
itation mc._ﬁa 7 depicts a schematic of the antigenic structure

of P. pestis EV {NIING).

LI




In the process of work w2 made a number of extractions of various
portions of a bacterial mass of P. pestis EV (NIIEG) and wit:u these
extractions a large number of rcactions were set up of doutle iiffusion
precipitation in agar. A study of the precipitation pictures ~ornletely
supported the proposed arrangement of the antigenic structure of P.
pestis EV (NIIEG) incubated on & utdium of caseinic acid hydro.ysate.

It is necessary to note that the very intensive precipitation
band P may sometimes inhibit the diffusion through it of antigens
T, UF, end KfTsCh. In figure 8 it is apparent that & decrease In the
receptacles of the amount of extract of the bacter‘al mass leads to
the appearance of zones UF, Kh and Ts.

Investigation by the method of precipitation in agar of the
fractions of tie antigeas of P. pestis EV (NIIEG) showed thai they were
heterogenous according to thelr composition. Fractions IAM, IBh,
alpha,, a.lpha3, and gama’produce the precipitation band P without
the asnixture of other zones. It must be noted during this that by the
method of precipitation in agar, fractions IA and IB cannot be distin-
guished from each other. Sera adsorbed either by fracticr IA or fraction
IB equally do not produce precipitation lines corresponding to fraction I
of Baker «#ith the bactierial extract. With a number of special exper-
iments it was also established that serum abdbsorbed by fraction IA
doesn't produce a precipitation line with a substance of fraction IB
and vice versa.

Fracticns alpmx6 ,» K and produce precipitation
tand P accompanied by dne ol‘ several other 3¢ which testifies to
the contamination of fraction I in these preparstions with cther antigens.

Precipitation in agar of the toxic and residue fractions is
presented in figure 9. It is evidunt that in toxic Just as ir the
residue fractions there is a band P, corresponding to fraction I of
Baker et al. This once again testifies to the heterogeneity of
substances forming a precipitat.on bdand corresponding to fraction I
of Baker.

In figure 9 it {s spparent that in the toxic f-action there is
a large number of antigens since some lines are noticead'y more
intensive than with the initial extract of bacteria.

In conclusion it must be noted that the suigr ted lay -out for
the arrangement of the antigens is true omly for the st:iain of plague
dbacillus being cultivated (P. pestis EV (NIING)) which vas cultivated
on a 2edium of caseinic acid hydrolysate at 37°. O.ber strains of
plague bacillus may have other concentrations of antigens vhich vill
strongly influence the relative arrangsasnt of the precipitation dands.
The adsence of certain antigens or the presence of others will ~harge
the general picture. Therefore for the reliable idenmtificatior of
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these artigens it 1o necessary to lsolate them In pare form, prupive
monovalent antisera, end by using these preparations set atout iitur-

preting the entigenic structure of avirulent and virulent sira. 5 of
the plague bacillus.

We adhere to the opinion that the modified method of double
diffusion precipitation in agar which we adopted (method B) makes
it possible to better deteet the presence of existing antigens in an
extract of a bacterial mass and doesn’'t permit the emergence of
Liesegang's phenomnerna. The recent investigations of Allison and
Humphrey (1960), .cnlucted with normal and leve.e antigrens, yet
arain testify to the fact that the corresponding antigens do nat
nenetrate the zone of visible precipitation and only a negligibie amour:
cf antibodies pass through. The illustrations presented by Oudin (1952)
and also by other investigators of the formation of several zonres of
precipitation with the periodic supplementing of the receptacles with
reacting substances are in our opinion the result of the appearance
of seversl protein components in the antigens used (mistakenly taken
as homogeneous proteins). Thus, for example, chemical analysis showed
that egg albumen is & mixture of several proteins (Rhodes, Azari and
Feeney, 1956), and naturally a preparation of this substance could
yield several precipitation zones wten utilizing a method wuich
possesses a great resolving power.

Cor:clusions

1. A scheme has been proposed for the distribution of 28 precipitation
zones, csused by antigenic eubstances of the plague bacillus (p. pestis
EV NIIEG) cultivated on a medium of caseinic acid hydrolysatc.

2. The distribution has been studied of the antigens in fract ous
from tn extract of plague baclllus which were obtained by separation
¥ith amm:nium sulfate.

3. The heterogeneity was shown of fraction I of Baker et al. which
consists of at least 6 components.

L. 'The parity was confirmed of fractions IA and IB isolated according
10 the scl:eme of P~ker et al. from an admixture of otner antije:c,
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Fig., 1. Fractionation of ihe antigenic substances of an extre t ‘of P, pestis EV (NIIBG).
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Page 145 (Ori inal)

Fig.2. Precipitation “ines for
live and acetone killel plague
microorganisms (P. pestis EV
NIIEG).

1 - suspension of live microorg-
anisms (75 billion); 2 - suspen-
sion of acetone killed microorg-
anisms (75 billion); 3 - normal
horse serum; 4 & 5 - physiolog-
ical solution; 6 - extract with
a physiological solution of
sterile nutrient media; 7 -
plague agglutinating serum.

Fig. 3. Precipitation in agar of
extracts from a bacterial mass of
P. pestis EV NIIEG.

- first extract (26.8 mg); E, -
second extract (9.6 mg); E, - third
extract (1.5 mg); FR - phygiological
solution; ChAS - plague agglutinating
gserum (explanation in text).

12.

e e ity ne




Page 146 (Original)

Fig. 4. Precipitation in agar of Pig. 5. Precipitation in agar of
antigens from the combined extract antigens from the combined extract

of a bacterial mass of P. pestis of a bacterial mass of P. pestis

EV NIIEG. 1 -- extract (5 mg); EV NIIEG, 1 - extract (1D ng); ;
2 - extract (1 mg); 3 - extract 2 - plagus agglutinating serum; !
(0.5 mg); 4 - extract (0.3 mg); 3 - plagus agglutinating serum ‘
5 - extract (0.2 mg); 6 - ex- adsorbed by fraction IA (explenation

tract (0.1 mg); T - plague in test).
agglutinating serum.
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Page 147 (Original)

Pig. 6. Precipitation in agar of
the antigens from a combined ex-
tract of g bacterial mass of P.
stis BV NIIEG (explanation In
xt L ]
1 - extract (15 mg); 2 - plague
agglutinating serum; 3 - plague
agglutinating serum absorbed by
fraction IA.

Pig. 7. Schematic of the arrangemsnt and designs'ior Of the antigens
of P. pestis EV NIING.
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Page 148 (Origiral)

Pig. 8. Precipitation in agar of
the antigens frcm a.u extract of a
bacterial mass of P. pestis EV
NIIEG.

1 - extract (100 mg); 2 - extract
(50 mg); 3 - extract (20 mg);

4 - extract (10 mg); 5 extract
wvith a physioclogical solution of
sterile nutrient medium; 6 -
extract from the bacterial mass
(200 mg); 7 - plague agglutin-

at serum (explanation in
text).

Pig. 9. Precipitation in agar of
the antigenic fractions from an
extract of P. vestis EV NITHG.

1 - toxic on (1h mg); 2 -
extract from the bacterial mass

§32 ng); 3 - residue fraction

2k mg); 4 - physiological solution;
5 - plagus agglutinating serum
(explanation in text).
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