
Bacteria of the Streptococcus pneumoniae species are

causative agents of severe inflammatory diseases of the

respiratory tract, meningitis, otitis, bacteremia, etc. [1-3]

that sometimes have lethal outcome [4, 5]. The majority

of pneumococcal strains have a polysaccharide capsule

that is an important virulence factor of this microorgan-

ism [6, 7]. Based on antigenic features of the polysaccha-

ride capsule, 46 serogroups of S. pneumoniae have been

described, and among them more than 90 serotypes have

been determined [8-10]. The spectrum of prevailing types

of the capsule varies depending on age, time factor, and

geographical region, but the most frequent serotypes are

identified everywhere. But only about 20 serotypes of S.

pneumoniae are associated with more than 80% of inva-

sive pneumonias [11].

During the last two decades, S. pneumoniae type 14

has been recorded as one of the most widely distributed S.

pneumoniae serotypes [11-16], and its natural capsular

polysaccharide is a component of all commercial pneu-

mococcal vaccines.

The capsular polysaccharide of S. pneumoniae type

14 consists of tetrasaccharide repeating units [17] as its

minimal structural component with immunological

activity. The structure of the S. pneumoniae type 14 cap-

sular polysaccharide is well known, and this makes it pos-

sible to chemically synthesize its oligosaccharide frag-

ments with different length. Conjugates of synthetic

oligosaccharide fragments of the S. pneumoniae type 14

capsular polysaccharide with a protein carrier are known

to induce formation of IgG antibodies specific to the

same type native capsular polysaccharide [18]. Such syn-

thetic immunologically active conjugates are more

advantageous than natural capsular polysaccharides,

which frequently contain admixtures of protein, teichoic

acids (C-polysaccharide), nucleic acids, and other

microbial antigens whose separation is difficult.

To develop approaches for creating conjugated pneu-

mococcal vaccines based on synthetic oligosaccharide
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ligands, it was necessary to develop a method for evalua-

tion the antigenic activity of these ligands. The purpose of

this work was to study the possibility of creating an exper-

imental test system (based on enzyme immunoassay) with

a synthetic hexasaccharide related to the fragment of the

S. pneumoniae type 14 capsular polysaccharide chain used

as a coating antigen.

MATERIALS AND METHODS

Strains of microorganisms. Strains of S. pneumoniae

types 14, 19A, and 19F from the collection of the

Mechnikov Research Institute of Vaccines and Sera,

Russian Academy of Medical Sciences, were used for

preparation of diagnostic antimicrobial sera through

repeated immunization of mice with increasing doses of

the living culture.

Obtaining natural antigenic preparations from S.

pneumoniae type 14. Microbial cells were cultured in a

brain–heart broth for 24 h at 37°C, the cells were sepa-

rated by centrifugation, and the polysaccharide–protein

complex was isolated from the supernatant by precipita-

tion with acetone. The resulting preparation was used as a

reference preparation.

Preparation from S. pneumoniae type 14 antigens was

obtained from acetone-dried microbial cells by three

sequential extractions with water [19]. The resulting

preparation, which contained carbohydrates (5%), pro-

tein (53.5%), and nucleic acids (28%), was used as a ref-

erence preparation.

Pneumo 23 pneumococcal polyvalent polysaccharide

vaccine (Sanofi Pasteur, France). One dose of the vaccine

(0.5 ml) contains purified natural capsular polysaccha-

rides of 23 types of the S. pneumoniae, including types 1,

2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F,

18C, 19A, 19F, 20, 22F, 23F, and 33F (25 µg of each type

in a buffer solution which contained phenol, NaCl,

Na2HPO4·2H2O, NaH2PO4·2H2O, and 0.5 ml of water for

injections). The vaccine was used for comparing the anti-

genic activity of the preparations under study.

Preparation of synthetic S. pneumoniae type 14 cap-

sular polysaccharide has been described by Nifantiev,

Backinowsky, and Kochetkov [20, 21].

Synthesis of the hexasaccharide fragment of S. pneu-

moniae type 14 (1) capsular polysaccharide will be

described separately.

Preparation of hexasaccharide 1 conjugate with BSA

(4) by a squarate approach [22, 23] is presented in Fig. 1.

Diethyl squarate 2 (1.6 µl, 11 µmol) and Et3N (1.5 µl)

were added to solution of hexasaccharide 1 (9.3 mg,

8.7 µmol) in 50% aqueous ethanol (800 µl), and the mix-

ture was kept for 4 h at room temperature and then con-

centrated. The residue was dissolved in water and applied

on a Sep-Pak C-18 cartridge (Waters, USA). The car-

tridge was washed with water (10 ml), and then the prod-

uct was eluted with 2-ml portions of aqueous MeOH with

the increasing methanol concentration from 5 to 20%. As

Fig. 1. Preparation of the glycoconjugate 4.
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a result of concentrating and subsequent lyophilization of

the eluate, compound 3 (9 mg, 95%) was obtained from

water as a white amorphous powder. High-resolution

mass-spectrometry found m/z 1221.4015 [M+Na]+ (cal-

culated for C46H74N2NaO34, m/z 1221.3982).

Compound 3 (9 mg, 7.5 µmol) and BSA (25 mg,

0.380 µmol) were kept at room temperature for 48 h in

190 µl of buffer solution (350 mM KHCO3 and 70 mM

Na2B4O7⋅10H2O, pH 9). The resulting mixture was sub-

jected to gel chromatography on a Sephadex G-15 col-

umn (350 × 25 mm) in water, and upon lyophilization

conjugate 4 (34 mg, 98%) was obtained as an amorphous

white powder. In the MALDI-TOF mass-spectrum, a

wide peak was present with maximum at m/z 84342,

which corresponds to inclusion into the conjugate of 18

hexasaccharide residues on average.

Chemical composition of the preparations. The con-

tent of protein in the preparations was determined spec-

trophotometrically at 750 nm by the Lowry method [24],

of carbohydrates at 490 nm by the Dubois method [25],

and of nucleic acids at 260 nm.

Preparation of hyperimmune mouse sera to S. pneu-

moniae type 14. To determine the specific activity of syn-

thetic and natural preparations of the S. pneumoniae type

14 capsular polysaccharide, diagnostic hyperimmune sera

were prepared to microbial cells of S. pneumoniae types

14, 19A, and 19F. The two latter sera were used as a posi-

tive control for possible cross-reactions with S. pneumo-

niae type 14. The immunizing dose of the living pneumo-

coccus culture was chosen in preliminary experiments on

infecting mice. The immunization was performed using

no less than five doses of the microbial culture. For the

first immunization, we used a dose of 106 microbial cells,

which was not lethal for the animals on intraperitoneal

injection. Subsequent immunization was performed with

10-fold increasing doses of living microbial culture with

fortnight interval. The blood serum was obtained two

weeks after the last immunization.

Enzyme-linked immunosorbent assay (ELISA) was

performed to determine the titer of antibodies to the

repeating hexasaccharide fragment of the S. pneumoniae

type 14 capsular polysaccharide chain. The synthetic gly-

coconjugate 4 dissolved in phosphate-buffered saline

(PBS) (Sigma, USA) was sorbed (0.2 µg/well) on flat-bot-

tom polystyrene plates (Medpolymer, Russia) for 2 h at

37°C and left overnight at 4°C. Upon sorption, the antimi-

crobial serum (100 µl/well) was introduced into the wells in

twofold dilutions starting from 1 : 100. The sera were dilut-

ed with PBS supplemented with 0.05% Tween 20 (Panreac

Synthesis, Spain) and incubated for 1 h at 37°C in a ther-

mostatted chamber. The serum was washed thrice with

PBS containing Tween 20 (200 µl/well), and the working

solution of the conjugate in 100 µl was added. As the con-

jugate, we used peroxidase-labeled dry (antispecies) diag-

nostic antibodies to IgG (H + L) of white mice produced

by Medgamal (Gamaleya Institute of Experimental

Immunology, Russia). The serum was washed thrice in

PBS supplemented with Tween 20 (200 µl/well), and then

the developing reagent tetramethylbenzidine (TMB;

BioTest Sistemy, Russia) was added (100 µl/well). After

20 min, the reaction was stopped with 1 M solution of

H2SO4 (Sigma). The optical density was determined with

an ELISA reader (iMark, Japan) at 450 nm. Sera of intact

(non-immunized) mice were used for control.

Competitive ELISA. To determine the antigenic activ-

ity of hexasaccharide 1, a working dilution of the serum in

PBS supplemented with Tween 20 was added (90 µl/well)

into all wells coated with conjugate 4. In the first two rows,

10 µl of PBS was added to the serum, and into all other

experimental wells the studied antigens were added in PBS

at the concentration of 10 µg/well. The plates were incu-

bated at 37°C for 1 h. Then the wells were washed thrice

with PBS supplemented with Tween 20 (200 µl/well), and

the working dilution of the conjugate was added into the

wells, which were then incubated for 45 min at 37°C and

washed thrice with PBS supplemented with Tween 20

(200 µl/well). Then 100 µl of TMB was added as a devel-

oping reagent, and the reaction was stopped after 15 min

with 1 M solution of H2SO4. The optical density was deter-

mined at 450 nm. The inhibition was calculated using the

formula: 100% − x, where 100% was the optical density of

the serum (OD450) before the antigen addition, and x was

the serum activity (%) after the antigen addition.

The data were processed statistically using the

Microsoft Excel 2007 and Biostat computer programs.

RESULTS

To determine in the homologous antimicrobial mouse

serum the titer of specific antibodies to the S. pneumoniae

type 14 capsular polysaccharide, twofold dilutions of con-

jugate 4 were sorbed on the solid phase, from 4 to

0.125 µg/well. In the serum the titer of IgG-antibodies

(IgG-Ab) specific to the used synthetic hexasaccharide

representing the capsular polysaccharide fragment was 1 :

400-1 : 800, which was significantly different from the anti-

body titer in the non-immunized control animals (1 : 100).

The findings show that synthetic hexasaccharide lig-

and 1 representing a fragment of the S. pneumoniae type

14 capsular polysaccharide chain specifically binds with

antibodies to the capsular polysaccharide in the antimi-

crobial serum, which proves the antigenic activity of this

hexasaccharide. Optimal sorption doses of the prepara-

tion were in the range from 0.125 to 1 µg/well. As a result,

the sorption dose of 0.2 µg/well at dilution 1 : 2000-1 :

4000 of the antispecies conjugate with peroxidase-labeled

diagnostic antibodies against mouse IgG (H + L) was

chosen for further studies.

To reveal the specificity of the antigen−antibody

interaction, i.e. the absence of possible cross-reactions

with other capsular polysaccharides of S. pneumoniae, we
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used antimicrobial pneumococcal sera to the 19A and 19F

types (Fig. 2). The antibodies presenting in the antimicro-

bial serum to S. pneumoniae type 14 bound with the coat-

ing antigen – conjugate 4 (the antibody titer expressed in

log10 was 3.1), whereas antibodies presenting in the

antimicrobial sera 19A and 19F reacted with this antigen

on the control level, i.e. so as with the non-immune serum

(the antibody titer expressed in log10 was 1.9).

These data confirmed the high specificity of the IgG-

Ab reaction with hexasaccharide 1 on the solid phase and

showed the absence of cross-reactions of IgG-Ab to S.

pneumoniae type 14 capsular polysaccharide with those of

19A and 19F types.

Studies on the antigenic activity of hexasaccharide 1

and conjugate 4 were continued using competitive

ELISA. Conjugate 4 (0.2 µg/well) was sorbed on the solid

phase. The immune antimicrobial serum to S. pneumo-

niae type 14 in working dilution 1 : 400 was used as a con-

trol, and the mean value of its optical density was taken as

100%. To inhibit ELISA, some antigens of S. pneumoniae

type 14 were used at concentration 10 µg/well (Fig. 3).

On binding of serum IgG-Ab to capsular polysac-

charide with the antigen in solution, the quantity of anti-

bodies decreased, and this decreased quantity bound with

the solid phase, which was manifested by a decrease in

optical density. The IgG-Ab to the S. pneumoniae type 14

capsular polysaccharide presenting in the antimicrobial

serum recognized with high specificity the studied pneu-

mococcal antigens (% of the inhibition): synthetic capsu-

lar polysaccharide – 60%; hexasaccharide 1 – 16.3%;

conjugate 4 – 73.1%; commercial 23-valent pneumococ-
cal vaccine containing type 14 natural polysaccharide –

77.3%; natural polysaccharide–protein complex –

75.4%; microbial cell antigens – 0%.

Our findings show that synthetic hexasaccharide 1

representing the fragment of S. pneumoniae type 14 cap-

sular polysaccharide within conjugate 4 possesses high

antigenic activity comparable with the activity of natural

antigens of S. pneumoniae type 14. This can be used for

preparation of highly sensitive ELISA test systems, and

prospectively also for preparation of semisynthetic conju-

gated vaccines against this type of pneumococcus. Note

that studies on the potential of structurally related

oligosaccharides representing different fragments of S.

pneumoniae type 14 capsular polysaccharide revealed that

just the oligosaccharide chains, similarly to the case of

hexasaccharide 1, seem to be the most promising for cre-

ating conjugated carbohydrate vaccines against the con-

sidered pathogen [26]. Just this determined our choice of

compound 1 for the present work.

DISCUSSION

The antigenic activity of synthetic hexasaccharide 1

structurally related to S. pneumoniae type 14 capsular

Fig. 2. Study on cross-reactions of conjugate 4 with antimicrobial

sera to S. pneumoniae type 19A and 19F capsular polysaccharides.

Conjugate 4 (2 µg/well) was sorbed on the solid phase. The antimi-

crobial sera were prepared on the 14th day after the fivefold immu-

nization of mice with increasing doses of living cultures of S. pneu-

moniae type 14, 19A, and 19F. The serum pool from 10 mice was

studied. C, control.
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polysaccharide and including the tetrasaccharide repeat-

ing unit of the polysaccharide has been studied. IgG-Ab

of antimicrobial serum to S. pneumoniae type 14 recog-

nized hexasaccharide 1 on the solid phase, whereas in the

liquid phase hexasaccharide 1 poorly bound with IgG-Ab

to the natural capsular polysaccharide of the antimicro-

bial serum. As a result, the reaction was inhibited only by

16.3%. On the contrary, conjugate 4 containing 18 hexa-

saccharide ligands joined to the protein carrier BSA

actively bound with IgG-Ab in the liquid phase, and this

increased the reaction inhibition to 73.1%, which was

comparable to the antigenic activity of the synthetic and

natural capsular polysaccharides. Most probably, the dif-

ference in the binding of monomeric oligosaccharide 1

and the oligosaccharide within conjugate 4 is due to the

cluster effect [27] and/or to oligodentate binding with

immunoglobulins in the sera.

Although the findings presented are still insufficient-

ly used in practice, nevertheless we can determine the

main lines for using the experimental ELISA test system

based on conjugate 4. The ELISA test system can be used

for evaluation of antigenic activity and specificity of syn-

thetic oligosaccharide fragments of the capsular polysac-

charide and their conjugates with protein carriers, for

determination of titer of antibodies to S. pneumoniae type

14 in subjects immunized with pneumococcal vaccines to

assess immunity level, for testing experimental specimens

of pneumococcal capsular polysaccharides to specify

their belonging to type 14, for determination of S. pneu-

moniae type 14 distribution in patients with pneumococ-

cus-induced diseases by the level of pneumococcal IgG-

Ab, for evaluation of S. pneumoniae type 14 circulation in

populations of different regions and in different age

groups, and also for other laboratory and clinical studies.

Diagnostic pneumococcal test systems based on the

pneumococcus synthetic capsular polysaccharide or on its

fragments can be useful for avoiding shortcomings of natu-

ral polysaccharides, such as presence of admixtures, using

living cultures of microorganisms, expensive methods of

isolation and purification of antigens, and will result in

creation of qualitatively new modern ELISA test systems.

The findings can be used for development of synthet-

ic and semisynthetic vaccines against pneumococcus and

other socially important microorganisms possessing a

polysaccharide capsule.

This work was supported by the Russian Foundation

for Basic Research, project No. 11-04-01187.
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