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IMMUNOLOGICAL STUDY OF THE O-ANTIGENS
OF STREPTOMYCIN-DEPENDENT MUTANTS
OF SALMONELLA

L. S. Yedvabnaya, Ye. S. Stanislavskiy
and V., V. Sergeyev

Moscow Institute of Vaccines and
Sera imeni Mechnikova

(Submitted 6 April 1970)

In recent years attempts have been undertaken to use
streptomycin-depcndent mutants of entercobacteria for the prepara-
tion of 1live vaccines. It was shown that such mutants of Shigella
and Salmonella are weakly virulent for laboratory animals and
stimulate a high level of specific protection (Mel et al., 1965;
Sergeyev et al., 1967; Mikhaylov et al., 1968). In connection
with this the need appears for a study of the antigenic composi-
tion and comparison of the data of antigenic analysis with
virulence and the protective activity of such mutants.

In a preceding work (Yedvabnaya et al.,, 1969) it was shown
that the streptomycin-dependent mutant S. enteritidis 921/3 did not
synthesize the sugars of the determlinant groups of O-antligen - the
antigen compicx consisted basically of base structure (Luderitz
et al.,, 1966). During the further study of O-antigens of different
genetically reiited variants streptomycin-dependent mutants of S5
enteritidis it was shown that in the structure of their O-antlgens
there is a defect which in separate mutants 1s expressed to a
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different degree. Thus 1n some mutants, according to paper chro-
matography, the O-antligen lacxks tyvelose, in others - tyvelose and
rhamnose, in the third - additicnally mannose. There is doubtless
interest in the immunological analysis of the indicated mutants.
For study we selected 2 mutants: 1in one of them (921/3) the
defect in the structure of the O-antigen was expressed considerably
(there was no tyvelcse, rhamnose and mannose), in the other
(321/2) - in the polysaccharide'component only tyvelose was not
revealed. Mutant 921/3 was isolated in 1966, and for 3 years it
was reinoculated on media with streptomycin. DMutant 921/2 was
isolated in 1969.

In the work the established goal was to study the immune
response in respect to J-antigens, defective in the structure of
the polysaccharide component, to determine their activity in the
test of passive skin ananhylaxis, and also to determine the
toxicity of the lipopolysaccharides isclated from streptomycin-
dependent mutants of S.enteritidis.

Both mutants were found in the S-form, they were weakly

50
strain 921/3 ~ 107, strain 921/2 - 7-100 ceils).

virulent for rats (LD more than i&-lO6 cells) and mice (LD

50

The O-antigen of mutant G21/3 in the reaction of passive
hemagglutinaticn did not react with 09~ and Ol2-antisera, but
reacted with polyveient salmonellose serum. The O-antigen of

mutant 921/2 reacted with 09-antiserum just as %the 1lnitial 0O-
antligen. From the cells of mutants, and also initial virulent
strain No. 921 the i1ipornlysaccharides were extracted by the method
of Westphal et al. (1952).

Dynamics of the immune response were studied in rats of the
August line and mice of line BALB/c. The animals were immunized
with heated vaccline (heating of the culture of the initial strain
No. 921 at 60° for an hour and the addition of merthiolate to

FTD-MT-24-1903~7 4 2




1:10,000), with the live cells of mutants or with the cell walls
of the corresponding strains. The sera of the immunized animals
were fractionated on a column with Sefadex gel G-200 for differ-
entlation of IgM- and IgG-antibodies., A 3%90 cm column was used.
The titers of O-antibodies in the serum and fractions were deter-

mined with the help ol the reaction of passive hemagglutination,
using sheep evythrocytes sensitized with activated lipopoly-
saccharide.

The activity of antibodies (A) in the fractions (in each test
tube of eluate) was estimated according to the initial activity,
referred to a unit of concentration of protein (E in mg/ml).

After some conversions the following formula was derived:

A=

where n - number of dilutlions with double step, EHaH - the initial
concentration of protein in a fraction, determined on a calibra-

tion curve,

Passive skin anaphylaxis was studied in experiments on gulnea
pigs 250-400 g in weight. The animals were given intracutaneously
0.05 ml of antiserum toc the corresponding O-antigens and in 20-24
hours - intravenously a soiution of lipopolysaccharide in a 0.25%
solution of Evans' bluing. The toxicity of the isolated lipopoly-
saccharides was determined in experiments on mice using the

standard method.

For the purpcse of studylng the immune response into the
cushicns of the extremities of rats 4-109 cells of mutant 921/2 or
921/3 or of heated vaccine was introduced doubly. The interval
between imnu.izations was 2 weeks. In each group there were 10
animals. Sera [rom ezch individual were investigated, and for
fractionation a mixture of sera from 5-10 animals was used. The
dynamics of formation of antibodies was observed for 30 days after
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the double immunization. After the single immunization in the
blood of rats antibodiles to the O-antigen of the initial strain
were revealed in dilutions of 1:40-1:320 and to the O-antigen of
mutants - in dilutions of 1:10-1:80. The secondary immunization
stimulated the synthesis of O-antibodles according to the secondary
type.

The analysis of serological activity of the 193 ana 7S-
fractions of serum of singly and doubly immunized rats showed the
following. On the 7th day (maximum of antibodies) after 2 immuni-
zations with the initial strain the activity of antibodies was
localized in the 19S-fraction, and after the sec.nd immunization
with the mutant 921/3 -~ in the 7S-fraction (see the figure). After
a single immunization with the initial strain on the 7th day O-
antibodies were alsc detected in the 195-/racticn. After a single
immunization with mutant 921/3 in the serum of rats the level of
O-antibodies was very low, therefore in the fractions the anti-
bodies were not exposed in view of the significant dilution of

serum in the process ol gel filtration,

The immunization of rats with mutant ¢21/z stimulated the
synthesis of O-antitodies, the dynamics of formation of which was
very nearly the same as during Ilmmunizaticn with the initial strain.

bBo- the vurposs o0 2 more detailed immunological study of
the defective C-2nticen of mutant 921/2 the rats were initially
immunized with tre b2ated vaccine {strain No. 921), and for the
second time - w.%h =iie ni2an%, and vice wvers~. It turned out
(see the table) tha. il initizlly %the rate were immunized with
the initial strain No. vY<i, and for the serond lime - with mutant
921/3, the antibodies to normal O-antigen were exposed in the
195-fraction, and the antibodles tc O-antigen 921/3 were not
detected in even cne of the fracticns. If initially the mutant
was introduced, z2nd the second time - the initial strain, then
tne antibodies ton the inltinl U-antigen were detected mainliy in

the 190-fraction (£5 unlts) and in an insignificant measure - in




R A e

£ A A
Gel filtration of the sera of the rats,
20 immunized doubly with the cell walls
5 of the initial strain No. 921 (A) and
Ly 2! mutan: 921/3 (B).
Losk . Vertical lines ~ activity f the anti-
o8| bodies (A) of fractions, lst peak -
47 IgM, 2nd peak - IgG, 3rd peak -
e albumin; E - optical density of frac-
[fi-y tions at 280 nm.
¢
g”l’r’
réer;
Y 7 _ , the 7S-fraction (7 units). Antibodies
70 ol ) = to O-antigen 921/3 were exposed in
£ 4 B lcwer titers than antiboudles to the
initial O-antigen: 1in the 19S-fraction
L 24 the activity of antitodies to O-antigen
Ly 127 921/3 comprised 19 units, in the 7S~
[%"’ o //\ fraction - 1 unit. In the immunization
il ¥4 1
%g " of rats with cell walls of the corre-~
26+ ;
yvry sponding strains analogous results
q¢
L3tk 6 were obtailned.
-ﬂz
vag
%7 700 77 In experiments on mice the follow-
Volume of eluate (in ml) ing scheme is used: the animals

received the antigens intravenously
three times, th2 intorval between immunizations was 15 day
period of obs: :rvarticn - 2C days. The mice of one series were
given heated wvaccine ‘izt group), the iive culture of nutant
921/2 (2nd group), nutant 921/3 (3rd group) in doses of 3- 08,
8

510" and 5~108 celis f.r each immunizaticn. In the other series
of experiments the mice were Immunized wi fthe cell walls of the
initial strain (1lst group), mutant 921/2 {(2nd group), nutant 921/3
(3rd group) in doses of 60, 100 and 100 pg of dry welght for each

o
t
oy

immunization.

Each group of mice consisted of 50 animals. The experiment
was repeat.d twice. In the reaction c¢f passive hemagglutination

the mixture of seo-a from 3-10 animals of each gSrcup was




irvestigated. For fractionation a mixture of sera from 15-20

animals of one group was used.

Determination of the activity of antibodies in 193-
and the 7S-fractions of the sera of rats and milce,
immunized with heated vacclne of U, enteritidls
(strain in No. 921) and with a live cal:u:e of
mutant 921/3.

wticodies {in A)

Irmunizaticn oo ostrain-
ir, test “ubes with
oy vt I A F T
Tyve = ntent U oprotoln
animal T.o=rraticn
{irst second Laarfotrain nutant

ST qua. 2210 h21”

Strain Sio. 921 | Matant 9213 N N &
0 h “ 2l
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In the exporiici.ts on mice the gqualitueiive difference In the

e
immune response in restect to the C-antizen o tae Initial strain
and the O-antigen »f nutant 971 S0 revesicd. Antibcdies
to O-antigen 921/3 were revezlsd in the tlood of mice after the
first, and to the initial antigen -~ after the second lrmunization.
Antibodies to the O-antigen of nmutant are cconcenirated mainly in

. PR L PR R} PP -
oz Yo ot nivig J—antigen -

the 7S-fraction of serum, antibci

in both fractions, but pr ion, i.e.,
(S

e i t
data are obtained w.ich are similar to the r2sults of experiments

on rats (sce the Iipure),

In experimeats or ~1¢e 23 cn rats, the ocress immunization
with the initial s+ »airn and mooant 92173 was con
table). During ‘he first immunization o}
initial strain, ar.: 4 ing the se 92./3 stimulated a
weak immune response t. U-zntlgen. In thic cas
O-antigen 921/3 were revealed only in the 73-fraction. Frimary
immunization with mutant aid secondary with the initial straln
stimulited intonsive antibody formation In this case the anti-

bodies to the initial U-antigen were locali;ed predominantly in
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the 193-fraction, and antibodies to the O-antigen of the mutant -
in the 7S-fraction. The activity of antibodies to O-antigen 921/3
in the 7S-fraction of the serum of mice was significantly higher
than in the arnalogous fraction of the serum of rats.

It should be noted that during the primary immunization of
mice antibodies to normal O-antigen were not detected in the
reaction of passive hemagglutination; however, after preliminary
sensitization with defective O-antigen 921/3 the primary intro-
duction of normal antigen stimulated the synthesis of O-untlbodies.

During the immunization of mice with freshly isolated mutant
921/2 or its cell walls the dynamics of fcrmation of O-antibodies
was almost identical to the dynamics of formation of O-antibodies

after immunizaticn with the initial strain or its cell walls.

The study with the help of the test of passive skin anaphyl-
axis was conducted only with the lipopolysaccharide of mutant 921/3,
since the response to the introduction of the O-antigen of this
mutant differed most strongly from the response to the O-antigen
of the initial strain. In the experiments hyperimmune rabbit sera
were used. The titer of serum to the O-antigen of the initial
strain was equal to 1:2560-1:5120, to defective O-antigen 1t was
equal to 1:160-1:320. The results of the determination of the
skin reaction testified that the defective lipopolysaccharide
turned out to be inactive, and the lipopolysaccharide of the
initial strain caused in pilgs in response to the introduction of
homologous antigen a distinct skin reaction: 1in dilution of 1:2 -
up to 20%x20 mm, in dilution 1:5 - 10x8 mm. Thus, with the loss
of the sugars of determinant groups the lipopolysaccharide was
deprived of the capacity to cause a skin reaction in gulnea pigs. 1
The lipopolysaccharides extracted from the cells of the
initial strain and mutants turned out to be toxic for mice to an
of lipopolysaccharide 921/3 and lipopoly-

50 {
saccharide 921 was equal to 0.088 mg. However, in skin tests on

equal degree: the LD
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guinea pigs a somewhat higher toxiclty of lipopolysaccharide of
the initial strain is revealed in comparison with lipopolysaccharide
921/3.

On the basis of the investigations conducted it is possible
to make the conclusion that the mutation in a streptomycin-
dependent locus of Salmonella leads to a more or less expressed
defect in the synthesis of the lipopolysacrharide complex of the
cell wall, i.e., O-antigen. However, in freshly isoclated mutants
this defect is less significant than in the mutants which are
stored on nutrient medium with streptomycin for a long time (3
years). The O-antigen of such mutants did not contain the sugars
which form determinant groups, but the specificity of O-antlgen
did not disappear completely, and in the nature of growth of the
colonies mutant 921/3 was found in the S-form. The immune response
in respect to the defective O-antigen, which consists basically
of base structure, differed qualitatively from the immune response
in respect to normal O-antigen according to the formation of IgM-
and IgG-antibodies. At the same time defective llpopolysaccharide
was toxic for mice to the same degree as initial, which testifled
to the insignificant role of the polysaccharide component of O-
antigen in the manitestation of 1its toxiclity.

Freshly isolatesd muvant 92is2, in the antigen of which,
according to chicmotographyv, the end sugar tyvelose was absent,
in serological and immuncgenic activity did not differ from the
initial.

According to the data of Luderitz et ali. (1966), tyvelose
determines the specificity of the factor of 09-antigen. However,
despite the fact that in O-antigen 021/2 tyvelose 1s not revealed,
it reacted with monoreceptor 09-serum. In connection with this
two assumptlons are possible: probably the factor of 09-antigen
is determined not nnly by tyvelose, but also by ancther sugar, or
in the lipopolysaccharide of mutant 921/2 there 1s a certain
amount of tyvelose, not exposed by the method of paper chroma-

tography, but detected by serological test.
FTD-MT-24-1603-74 g




Thus the full or significant loss of end sugar (tyvelose) was
net reflected substantially in the dynamics of formation of O-
antibodies.

Conclusions

1. During the immunization of mice and rats with O-antigen
of the streptomycin—dependent'mutant 921/3 of S.enteritidis, the
polysaccharide component of which consisted basically of base
structure, in animals mainly IgG-antibodies were synthesized,
whereas during immunization with O-antigen of the initial strailn
predceminantly Ighl- and in an insignificant measure IgG-antibodies
were synthesized.

2. The dynamics of formation of antibodies to the O-antigen
of freshly isclated streptomycin-dependent mutant 921/2, in the
polysaccharide component of which only the end sugar tyvelose is
not revealed, did not differ from the dynamics of the formation
of antibodies to normal O-antigen.

3. Lipopolysaccharide 921/3, which did not contain sugar of
the determinant groups, was not actlive in the reaction of passive
skin anaphylaxis in gulnea pigs.

4, The lirorolvraccharides extracted from the mutants were
toxic for mice to the same degree as the lipopolysaccharides of
the initial strain.
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A study was made of the formatic n of IgM- and IgG-antibodies in rats cf August strain
and of mice of BALB/c strain immunized with heated vaccine prepared irom wild strain 92t S.
enteritidis, or with the living culture of streptomycin-dependent mutant or the correspon-
ding cell walls. It was revealed that in immunization with O-antizen of the 921/3 mutant, whose
polysaccharide component consisted chiefly of the basis structure, [vG-antibocies were the
ones to be chiefly synthesized, and aiter the admn:nisiration of O-antizen of the initial stra-
in — chiefly IgM - and an insignificant amount oi 12G-antibecdics were synthesized.

Dynamics of formation of IgM- and [2G-artibodies agairst the O-antigen of the freshly
isolated mutant 9212, in wisse polysaccharids component only tyvelose was absent, {ail-d
1o differ from the dynamics of antibudy forinatioa acaiast the O-antien of the wild strain.
Lipopolysaccharide of the 921/3 mutant proved to be inactive in the passive s:in anaphyla-
xis test in guinea pizs. Lipopolysaccharides extracted from the cells of mutants were as toxic
for mice as the lipopolysaccaaride of the iritial strain.
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