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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-dependent mutants of enterobacteria for the prepara-

tion of live 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 ancigenic 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 determinant groups of 0-antigen - the

antigeni compilx consisted basically of base structure (Luderitz

et al., 1966). During the further study of 0-antigens of different

genetically rei'tted variants streptomycin-dependent mutants of S.

enteritidis It was shown that in the structure of their 0-antigens

there is a defect which in separate mutants is expressed to a
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different degree. Thus in some mutants, according to paper chro-

matography, the O-antigen lacks tyvelose, in others - tyvelose and

rhamnose, in the third - additionally mannose. There is doubtless

interest in the immunological analysis of the indicated mutants.

For study we selected 2 mutants: in one of them (921/3) the

defect in the structure of the O-antigen was expressed considerably

(there was no tyvelose, rhamnose and mannose), in the other

(921/2) - 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. Mutant 921/2 was

isolated in 1969.

In the work the established goal was to study the immune

response in respect to Q-antigens, defective in the structure of

the polysaccharide component, to determine their activity in the

test of passive skin anaphylaxis, and also to determine the

toxicity of the lipopolysaccharides isolated from streptomycin-

dependent mutants of S.enteritidis.

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

virulent for rats (LD 5 0 more than 4.106 cells) and mice (LD50

strain 921/3 - 109, strain 921/2 - 7.1010 cells).

The 0-antigen of mutant 921/3 in the reaction of passive

hemagglutinaticn did not react with 09- and 012-antisera, but

reacted with polywLIent salmonellose serum. The 0-antigen of

mutant 921/2 reacted with 09-antiserum just as the initial 0-

antigen. From the cells of mutants, and also initial virulent

strain No. 921 the ±iporolysaccharides 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 vaccine (heating of the culture of the initial strain

No. 921 at 601 for an hour and the addition of merthiolate to
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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-

entiation of IgM- and IgG-antibodj>ý. A 3x90 cm column was used.

The titers of O-antibodies in the serum and fractions were deter-

mined with the help o2 the reaction of passive hemagglutination,

using sheep e-'ythrocytes 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/mZ).

After some conversions the following formula was derived:

E 2 n

AEH~HaH

where n - number of dilutions with double step, E - the initial

concentration of protein in a fraction, determined on a calibra-

tion curve.

Passive skin anaphylaxis was studied in experiments on guinea

pigs 250-400 g in weight. The animals were given intracutaneously

0.05 ml of antiserum to the corresponding O-antigens and in 20-24

hours - intravenously a solution 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 purpose of studying the immune response into the

cushions 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 immu.izatons was 2 weeks. In each group there were 10

animals. Sera f cm -ch individual were Tnvestigated, 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 antibodies 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-antibodies according to the secondary

type.

The analysis of serological activity of the 19S 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 thl secnd 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 0-

antibodies were also detected in the 19S-fraction. After a single

immunization with mutant 921/3 in the serum of rats the level of

0-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 of gel filtration.

The immunization of rats with mutant 931/2 stimulated the

synthesis of 0-antibodies, the dynamics of formation of which was

very nearly the same as during immunization with the initial strain.

_' t~e 3, -f nore detailed immunological study of

the defective C-ant;>en of mutant 921/3 thc rats were initially

immunized with the i'eated vaccine (strain Ho. 921), and for the

second ttme - wIth The :l>arnt, and vice ver3r. It turned out

(see the table) tsha. ii initially the rats •..ere immunized with

the initial strain No. ?i, and for the se'-ond time - with mutant

921/3, the antibodies to n:rmal O-antigen were exposed in the

19S-fraction, and the antibodies to 0-antigen 921/3 were not

detected in even one of the fractions. If initially the mutant

was introduced, and the second time - the Initial strain, then

tne antibodies tn the initial 0-antigen were detected mainly in

the 19S-fraction (65 units) and in an insignificant measure - in



A
Gel flt.,ation of the sera of the rats,

. immunized doubly with the cell walls
of the initial strain No. 921 (A) andF ~mutant 921/3 (B).

;R- 85 Vertical lines - activity ,f the anti-
•as bodies (A) of fractions, 1st peak -

IgM, 2nd peak - IgG, 3rd peak -

F6 Ialbumin; E - optical density of frac-
tions at 280 nm.

the 7S-fraction (7 units). Antibodies
to O-antigen 921/3 were exposed in

(4• lower titers than antioudies to theB
initial O-antigen: in the 19S-fraction

.44 the activity of antibodies to 0-antigen

f# " /,921/3 comprised 19 units, in the 7S-
ley i fraction - 1 unit. In the immunization

07 of rats with cell walls of the corre-

sponding strains analogous results
64 were obtained.

HI
.5 f.o 5/7 In experiments on mice the follow-

Volume of eluate (in mZ) ing scheme is used: the animals

received the antigens intravenously

three times, thie it.htrval between immuni:zations vas 15 days,

period of obs.Žrvaticn - .C days. The mice of one series were

given heated vac•:ine (ict group), the livre culture of riatant
8921/2 (2nd group), mu~<snt 921/3 (3rd group) in doses of 3' 0,

5.10 and 5.10 cells f:;r each immunization. In the other series

of experiments the mice were immruniLed with the cell walls of the

initial strain (1st Croup), mutant 921/2 (2nd group), mutant 921/3

(3rd group) in doses of 60, 100 and 100 ý;g of dry weight for each

immunization.

Each group of mice consisted of 50 animals. The experiment

was repeats@ twice. In the reaction of passive hemagglutination

the mixtur,_, of se'-a from 3-10 animals of each -.roup was
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investigated. For fractionation a mixoour• of sera from 15-20
animals of one group was used.

Determination of the activity of antibodies in 19S-
and the 7S-fractions of the sera of rats and mice,
immunized with heated vaccine of •. .... idis
(strain in No. 921) and with a live culture of
mutant 921/3.

A-tLty t~odies (it L.)

'n t-.at." ii, test Cthe:' .,ith
t".1)e ___ -._.,,_ ¢ ntc- prot.,t i.,

auiinal 1013S -f 0•t i,: .- fa•tL:

first oc,,td st' :. • : .Lt.i nuta:.tII
.'trai*n ;o. -21 .ttan t 1~/ 3 :!ice ,-2

Muta'lý421, " 1 13 7

In the exo ri:>.,teen mice the dua ifrferencc in the

immune response in rest :ct to the C-anti~ren of 'le initial strain

and the O-antigen oýf mutcint 921/3 was also v d Antibodies

to O-antigen 921/3 were revealed i. thu twlood o" ,-1ce after the

first, and to the inftial antigen - after second immunization.

Antibodies to the O-antigen on mutant are concen ruted mainly in

thc 7S-fraction of serum, antibo5½GJs_ ta an t `_ "c - '- -

in both fractions, but predominantly i- t',• 19 P-ra3tion, i . e .,

data are obtained w,,ich are simila.r tc the results of experiments

on rats (see the f:igu•t

in experiT.-..i - ice as cn rats, Jhe crcss i_ muri-ation

with the initial st-air and m;l:ani 921,' was conducted (see the

table). During 1k first immunization the Lntroduction of the
initial strain, ar. : ±'' i• rtho second - mutant 92./3 stimulated a

weak immune response t-. -arntien. in this case th.e a.itibodies to

O-antigen 921/3 were revealed only in the 73-fraction. Frimary

immunization with mutant an;d secondary with the initial strain

stimulated i:tonsiv• antibody formation. I:n this case the anti-

bodies to the init ial O-antigen w ..... caIL:ec redominaty in



the 19S-fraction, and antibodies to the 0-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 analogous 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 0-antigen 921/3 the primary intro-

duction of normal antigen stimulated the synthesis of 0-antibodies.

During the immunization of mice with freshly isolated mutant

921/2 or its cell walls the dynamics of fcrmation of 0-antibodies

was almost identical to the dynamics of formation of 0-antibodies

after immunization 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 0-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 0-antigen it 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 pigs in response to the introduction of

homologous antigen a distinct skin reaczion: in dilution of 1:2 -

up to 2Cx20 mm, in dilution 1:5 - 10x8 mm. Thus, with the loss

Sof the sugars nf de*;e.nrinant groups the lipopolysaccharide was

deprived of the uapacity to cause a skin reaction in guinea pigs.

The lipopolysaccnarides extracted from the cells of the

initial strain and mutants turned out to be toxic for mice to an

equal degree: the LD 5 0 of lipopolysancharide 921/3 and lipopoly-

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

7



guinea pigs a somewhat higher toxicity 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 lipopolysac(haride complex of the

cell wall, i.e., O-antigen. However, in freshly isolated 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-antigen

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 resp~et to the defective 0-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 lipopolysaccharide

was toxic for mice to the same degree as initial, which testified

to the insignificant role of the polysaccharide component of 0-

antigen in the manirestation of its toxicity.

Freshly isolated mutant 92i/2, in the antigen of which,

according to chiomatorraphy, the end sugar tyvelose was absent,

in serological and imru-ogenic activity did not differ from the

initial.

According to the data of Luderitz Pt al. (1966), tyvelose

determines the specificity of the factor of 09-antigen. However,

despite the fact that in 0-antigen 021/2 tyvelose is not revealed,

it reacted with monoreceptor 09-serum. in connection with this

two assumptions are possible: p2obably the factor of 09-antigen

is determined not nnly by tyvelose, but also by another sugar, or

in the lipopolysaccharide of mutant 921/2 there is a certain

amount of tyvelose, not exposed by the method of paper chroma-

tography, but detected by serological test.

FTD-MT-24-1903-74 &



Thus the full or significant loss of end sugar (tyvelose) was

not reflected substantially in the dynamics of formation of 0-

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 strain

predeminantly IgM- and in an insignificant measure IgG-antibodies

were synthesized.

2. The dynamics of formation of antibodies to the O-antigen

of freshly isolated 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 active in the reaction of passive

skin anaphylaxis inr guinea pigs.

4. The lipoi 1yFccharides 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 a of lig- and IgG-antibodies in rats of August strain
and of mice of BALBic strain immunized wito heated vaccine prepared from wild strain 921 S.
enteritidis, or with the living culture of streptornycin-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, h,',i-antibodies were the
ones to be chiefly synthesized. and after the admmniszration of O-ant.:;en of the initial stra-
in - chiefly Ig.\M - and an insignificant amount oi lG-antibcdwt; were synthesized.

Dynamics of formation of l-01- and 1.,G-ar.tibodies agair~st the 0-antigen of the freshly
isolated mutant 921 2, in ",itse polvsaccharid'Ž comnonent only tvvelo.e waý absent, ijil.d
to differ from the dnamics of antibOdv fo:mation aqainst the O-antien oi the wild strain.
Lipopolysaccharide of the 92113 mutant proved to be inactive in the pa.sive s:. in anaphyla-
xis test in guinea pigs. Lipo;olvsaccharidcs extracted from the cells of mutants %ere as toxic
for mice as the lipopolysaccn.,ride o0 the initial striin.
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