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Monoclonal antibodies to S. typhimurium K-antigens representing IgG1 immunoglobu- 
lins with a "kappa'-type light chain are prepared and characterized. They are highly 
active in indirect enzyme immunoassay with purified K-antigens and whole fixed S. 
typhimurium cells and virtually do not cross-react with O-antigen of the same bacterial 
species or with E. coli antigenic structures. The kinetics of binding and ability to 
agglutinate whole bacterial cells are studied and epitope analysis is carried out, which 
shows that antigenic determinants of S. typhimurium K-antigen quahtatively differ from 
those of O-antigen of the same bacterium. 
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Acute enteric infections are among the most press- 
Lug medical and socioeconomic problems due to 
their wide prevalence and the high mortality they 
cause [9]. Therefore, early detection of their caus- 
ative agents is particularly important. 

The aim of the present research was to prepare 
monoclonal antibodies (MAB) to Salmonella K-an- 
tigen. K-antigen is a surface-somatic thermolabile 
phosphoryl glycoprotein present in all Salmonella 
bacteria, its concentrations correlating with the viru- 
lence of strains [5,7]. Diagnostic use of MAB to K- 
antigen will help not only assess the level of  con- 
tamination of samples with Salmonella, but estimate 
the virulence of detected strains as well. 

MATERIALS AND METHODS 

Formalin-fixed or heat-killed preparations of Sal- 
monella typhimurium 3379 and Escherichia coli 055 
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and purified K-antigen preparation were made at 
the N. F. Gamaleya Research Institute of Epide- 
miology and Microbiology. Mutant S. typhimurium 
n 30 red was used to isolate K-antigen. MAB were 
prepared as follows: 5 female BALB/c mice aged 
6 to 10 weeks were intraperitoneally immunized 
with heat-killed S. typhimurium in a dose of 2• 
ceils with complete Freund's adjuvant. Immuniza- 
tions were carried out at 1-month intervals. Three 
days before hybridization a booster intravenous 
immunizat ion was performed with 100 gg of K- 
antigen in 0.25 ml of phosphate  saline (PSB). 
Animals whose sera had the highest titers in en- 
zyme immunoassay (EIA) were used for hybridiza- 
tion. Hybridization and culturing of hybrid cells 
were carried out using standard methods. To ob- 
tain antibodies in high concentrations the hybrid 
cells were grown in vivo as ascitic tumors [8]. The 
MAB were initially purified by salting out with 
ammonium sulfate [1]. Protein was measured spec- 
t rophotometr ical ly .  Fur ther  purif icat ion of the 
globulin fraction was performed using ion-exchange 
chromatography on DEAE-cellulose and gel filtra- 
tion in a column packed with Sephacryl S-200 
(Pharmacia) [1]. MAB were then aft-me-purified: 
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Fig .  1. I n t e r a c t i o n  o f  E6 MAB vath S. typhunurium K -  a n d  
O - a n t i g e n s .  

K-antigen in a concentration of 5 mg/ml was used 
as ligand, and BrCN-activated sepharose as sorbent. 
Covalent suturing was performed as recommended 
by the manufacturer (Pharmacia). Antibodies were 
adsorbed overnight at +4~ washed 3 times on a 
glass filter with PSB, and eluted with Bio-Rad 6 
M urea for 5 min. The eluate was then layered 
onto the co lumn with Sephadex G-25 to separate 
the urea. The separation was monitored spectropho- 
tometrically. The class of MAB secreted by hybrid 
clone cells was determined by immunodfffusion 
after Ouchter lony [2] with  rabbit antibodies to 
murine immunoglobulins of various classes (ICN) 

and by EIA with caprine biotinylated antibodies to 
various immunoglobulin chains (Sigma). The ca- 
pacity of  MAB for agglutinating whole bacterial 
cells was tested as recommended  elsewhere [6]. 
Indirect EIA was carried out using the standard 
procedure [4]. K- and O-antigens were dissolved 
in a c o n c e n t r a t i o n  of 1 m g / m l ,  d ivided into 
aliquots, and stored frozen at -20~ EIA was per- 
formed in 96-well Dynatech Microelisa, Nunclon, 
and Lenmedpolimer polystyrene plates. Antigens in 
concentrations of  0.01, 0.1, 0.5, 1.0, 2.5, 5, and 
10 Ixg/ml in PSB (working volume 50 gl) were 
used for saturation of plates. Immune murine sera 
in dilutions 1/2 to 1/64 were placed in wells in 
a double step, then supematants of hybrid cultures 
in dilutions 1/2 to 1/128 in a double step, and 
then ascitic fluids in 14 successive dilutions. Con- 
jugate of  rabbit ant imurme immunoglobulins with 
horseradish peroxidase (N. F. Gamaleya Institute 
of Epidemiology and Microbiology) in dilution 1/ 
200 was used. Orthophenylenediamine in citrate- 
phosphate buffer was used as the substrate [4]. The 
results were assessed from the value of optical den- 
sity using Multiscan-Elisa at wavelength 492 nm. 
The kinetics of MAB binding with antigen was 
studied as recommended previously [10]. For EIA 
with whole fixed cells, 50 gl of a 0.1% solution 
of poly-L-lysine were placed in polystyrene plates 
for microtitration and incubated for 1 h at 37~ 
Fixed bacteria were washed free of formalin once 
in cold PSB and sedimented by centrifugation at 
2000 g for 40 rain. A bacterial cell suspension in 
concentrations 104, 105, 106, 107, 10 s, 109, and 10 z~ 
cells/ml was placed in wells, working volume 50 
!1l, incubated overnight, centrifuged for 30 mm at 
300 g, and washed in PSB, after which 5 0 g l  of  
2% glutaraldehyde were added. The mixture was 
incubated for 1 h at room temperature. The sub- 
sequent steps were carried out as described before. 
For characterization of sugar residues in the bind- 
ing epitope of K-antigen periodate oxidation of  
antigen was performed using a sodium periodate 
solution in concentrations 1, 2, 4, and 8 mmol.  
Further treatment was carried out as described else- 
where [3]. The antigen thus treated was used for 
adsorption on polystyrene plates for EIA. 

RESULTS 

Fig. 2. Interaction of E6 N4AB with S. typhimuriurn K- and 
O--antigens pretreated with sodium metaperiodate. Antigen 
concentration 5 ~tg/ml, supernatant dilution 1/20. 

Sixteen hybrid clones were obtained; clone E6, 
which produced MAB to K-antigen, was selected as 
the p roducer  clone. MAB secreted by clone E6 
were referred to the IgG1 class with a "kappa"- 
type light chain. The yield of  purified specific 
antibodies from 1 ml of supernatant was 79.8 ~tg/ 
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ml. The antibodies could not agglutinate whole 
bacterial cells. 

Analysis of E6 MAB in EIA showed that they 
were specifically directed to S. typhimurium K-an- 
tigen, and cross-reactions with S. typhimurium O- 
antigen occurred in 8.1% of cases (Fig. 1), the 
mean square error being 6.87%. 

Treatment of K-antigen with sodium metape- 
riodate in ascending concentrations did not reduce 
binding, whereas similar treatment of O-antigen, 
according to our data, noticeably reduced the re- 
action values in inverse proportion to the concen- 
tration of added periodate at the expense of oxi- 
dation of cx-glycol groups of the polysaccharide 
part. The results give grounds for assuming that ff 
the binding epitope is a component of the polysac- 
charide, it differs qualitatively from that in O-an- 
tigen or belongs to the protein part of the K-an- 
tigen complex (Fig. 2). 

Study of the binding kinetics showed that 
half-saturation under  the specified conditions was 
attained in 10 rain, and complete saturation in 
45-50 mill. 

Analysis of MAB binding to whole bacterial 
cells showed that the MAB specifically bound to 
S. typhimurium. No cross-activity of MAB between 
Salmonella K-antigen and E. coli antigenic struc- 
tures was observed (Fig. 3). Concentrations 106-107 
cells/m_l were reliably detected, whereas in EIA 
with polyclonal serum concentrations starting from 
10s-109 cells/ml were detected [5]. 

Hence, MAB to S. zyphimurium K-antigen were 
obtained and characterized for the first time. They 
belong to IgG1 immunoglobulms with a "kappa"- 
type light chain. MAB to S. typhimurium K-antigen 
bind to whole cells of S. typhimurium and do not 
cross-react with E. coli, a representative of the 
Enterobacteriaceae. K-antigen binding epitope differs 
qualitatively from those of S. typhimurium O-antigen. 
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Fig. 3. Interaction of E6 MAB with whole bacterial fixed cells. 
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