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The enzyme-linked immunosorbent assay (ELISA) is the most informative and versatile method of serological 
diagnostics. The possibility of detection by ELISA of specific antibodies of different classes allow one to differentiate 
primary infectious processes and their remission, exacerbation and chronic disease (holding of differential diagnosis). 
This approach is implemented in the methodology for evaluation of patients for the presence of humoral immune 
response against TORCH-infections pathogens (toxoplasmosis, rubella, cytomegalovirus, herpes simplex viruses 
infections, and some others). Therefore, testing for the presence of specific IgG and IgM antibodies against TORCH-
infection pathogens in blood serum is an important element of mother and child protection. The essential problem in the 
production of IgM-capture ELISA diagnostic kits is obtaining  positive control. The classic version of positive control is 
human blood serum (plasma) containing specific antibodies. But specific IgM-positive sera are insignificant raw 
material. This fact can significantly limit the production of diagnostic kits, especially in case of large-scale manufacture. 
We have suggested a methodological approach to the use of synthetic positive controls in IgM-capture ELISA kits 
based on conjugate of normal human IgM and monoclonal antibodies against horseradish peroxidase. It was found that 
it is possible to realize such a task by means of NHS ester-maleimide-mediated conjugation (by sulfosuccinimidyl-4-(N-
maleimidomethyl)cyclohexane-1-carboxylate), reductive amination-mediated conjugation (by sodium periodate) and 
glutaraldehyde-mediated conjugation. It was found that conjugates of normal human IgM and monoclonal antibodies 
against horseradish peroxidase obtained using NHS ester-mediated maleimide conjugation and periodate method are 
homogeneous in molecular weight, whereas conjugate synthesized by glutaraldehyde method comprises at least three 
types of biopolymers with close molecular weight. It was found that synthetic positive control obtained by different 
methods are characterized by higher titre compared to IgM-positive high-titre serum. However, positive control 
obtained by NHS ester-mediated maleimide conjugation has the best titration profile characteristics. We have suggested 
a methodological approach to the use of synthetic positive controls in indirect ELISA kits based on conjugate of normal 
human IgM (IgA) and monoclonal antibodies against major outer membrane protein of Ch. trachomatis. It was found 
that it is possible to realize such task by means of NHS ester-maleimide-mediated conjugation (by sulfosuccinimidyl-4-
(N-maleimidomethyl)cyclohexane-1-carboxylate) and reductive amination-mediated conjugation (by sodium periodate). 
It was found that synthetic positive control obtained by different methods are characterized by higher titre compared to 
IgM- and IgA-positive high-titre serum. However, positive control obtained by NHS ester-mediated maleimide 
conjugation has the best titration profile characteristics, both at the release time and after a week’s storage at 37 °C.  
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Introduction  
 

Laboratory diagnosis is an integral part of the clinical examination of 
a patient, since without a laboratory examination it is neither possible to 
establish a clinical diagnosis nor to monitor the effectiveness and safety of 
therapeutic measures. Among the whole complex of methods of clinical 
laboratory diagnostics, there are serological methods, which are based on 
the identification of serological markers (antigens, allergens, antibodies) of 
infectious (viral, bacterial, fungal, and parasitic) and non-infectious (inclu-
ding autoimmune, allergic, endocrine and oncological) diseases. The most 
informative, universal and, as a consequence, widespread serology test is 
the enzyme-linked immunosorbent assay (ELISA) (Nikolaenko et al., 2005; 
Galkin et al., 2017). The possibility of detecting by means of ELISA spe-
cific antibodies of different classes can differentiate the primary infectious 
process and its remission, exacerbation or chronicization of the disease 

(that is, to conduct a differential diagnosis). Such an approach is realized in 
the methodology of patient survey for the presence of a humoral immune 
response to TORCH-infectious agents (toxoplasmosis, rubella, cytome-
galy, herpes simplex virus infections and others) that can infect the fetus 
and cause developmental defects (Numan et al., 2015; Lu et al., 2016; 
De Carolis et al., 2017). That is why testing for the presence of specific 
antibodies against TORCH-infectious agents is an important element in 
the mother and child protection system.  

According to available literature data (Holmes et al., 2005; Vaz-
quez et al., 2007; Hunsperger et al., 2009), many of ELISA kits for the 
detection of specific IgM antibodies against certain pathogens in human 
serum (plasma) infectious diseases are constructed according to the 
principle of IgM-capture assay. This modification of ELISA allows for 
the first stage to fix the total pool of IgM antibodies on the solid phase 
(the concentration of which in serum is much less than the content of 
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IgG), and the second – the detection of specific IgM. In other cases 
(Reesink-Peters et al., 2001; Kamel, 2013; Galkin et al., 2018), there are 
immuno-enzyme kits, in particular for the detection of specific IgM and 
IgA antibodies to Chlamydia trachomatis in human serum (plasma), 
based on the principle of indirect ELISA.  

Obtaining positive controls (PCs) is a significant problem in the 
production of diagnostic kits intended for the detection of IgA and IgM 
specific antibodies against different pathogens (including Ch. trachomatis 
infection). The classic version of PC is the serum (plasma) of human 
blood containing specific antibodies of a certain class. However, the 
frequency of detection of IgA- and IgM-positive sera is negligible. The 
relevant biological material as a raw material for obtaining PC is extre-
mely scarce. This circumstance can significantly limit the production of 
diagnostic kits, especially in the context of large-scale production.  

In order to increase the efficiency of ELISA test kits production, we 
proposed a methodological approach that addresses the use of synthetic 
PCs: for the ELISA test kits based on the principle of IgM-capture assay – 
the use of a conjugate of normal immunoglobulins of the IgM class and 
monoclonal antibodies (McAbs) to the enzyme horseradish peroxidase 
(HRP); and for the ELISA test kit for the diagnosis of urogenital 
chlamydia, based on the principle of indirect ELISA, – the use of a 
conjugate of IgM (IgA) normal immunoglobulins and McAbs to 
Ch. trachomatis major external membrane protein (MOMP).  

The aim of the work was to develop the biotechnological approach 
for hybrid (synthetic) positive control samples for the ELISA test kits 
based on IgM-capture modification, as well as on the indirect variant for 
the detection of IgA and IgM antibodies to Ch. trachomatis.  
 
Materials and methods  
 

NHS ether-maleimide-mediated conjugation. Synthesis of the con-
jugate was performed using the basic method (Hermanson, 2008) with 
our own modifications. In the first step, activation of the normal human 
IgM was carried out by NHS ester-maleimide cross-linker – sulfo-suc-
cinimidyl-4-(N-maleimidomethyl)cyclohexane-1-carboxylate (sulfo-
SMCC). 2–3 ml of a solution of IgM (400–420 mg/ml) was used in 0.1 M 
phosphate saline buffer with 0.15 M NaCl, pH 7.2 (PBS). To the solu-
tion of immunoglobulins, 6 mg of sulfo-SMCC was added, stirred until 
complete dissolution, and held for 30 min at room temperature. 
The unreacted sulfo-SMCC compartment was conducted on a column 
of 2.5 × 100 cm with sephacryl S-300 using PBS. Active immunoglo-
bulins were eluted from the column, diluted to a concentration of 
20 mg/ml, and immediately used for synthesis of the conjugate.  

The conjugation of activated IgM and McAbs with reduced sulf-
hydryl groups was carried out as follows. A solution of McAbs against 
HRP with a concentration of 5 mg/ml was used in PBS with 10 mmol/L 
EDTA. 18 ml of mercaptoethylamine (MEA) was added to 3 ml of 
McAbs solution, incubated for 90 min at a temperature of 37 °C. 
A 1.5 × 40 cm chromatography column with Sephadex G-25 (Pharma-
cia Biotech) using PBS with 10 mmol/l EDTA was used for separation 
of non-reactive MEA. The elution of the reduced antibodies was 
performed at a rate of 2 ml/min. Fractions were collected in a volume of 
0.5 ml and the optical density (OD) was measured at 280 nm. The col-
lected fractions of reduced McAbs were immediately mixed with 
activated human IgM in a molar ratio of IgM : McAbs equal to 1 : 4. 
The reaction mixture was maintained at room temperature for 2 h. 
The resulting conjugate was purified by immunoaffinity chromatogra-
phy on a 6-B Sepharose column, which immobilized McAbs against 
horseradish peroxidase (HRP).  

Periodate conjugation method. Conjugation of McAbs against HRP 
with normal human IgM was performed in a molar ratio of McAbs to 
IgM 1 : 1 by periodate oxidation (Tijssen, 1985) with our own modify-
cations (Galkin et al., 2013). At oxidation of human IgM (15 mg/ml), 
0.1 M bicarbonate buffer, pH 8.3, was used, adding the same volume of 
14 mM aqueous solution of sodium periodate. The mixture was incuba-
ted for 2 h at room temperature. The thus obtained solution of activated 
human IgM was added to a solution of McAbs, which was pre-dialyzed 
against a 0.1 M carbonate solution, pH 9.2. The mixture was transferred 
to a chromatographic column and 1/3 part of dry sephadex G-25 was 

added and incubated for 3 h at room temperature. Upon completion of 
the incubation, the conjugate solution was eluted from the column and 
the reaction stopped by the addition of 1/20 parts by volume of aqueous 
NaBH4 solution (5 mg/ml), leaving for 30 min at room temperature. 
After that, 3/20 parts of sodium hydroxide solution was added, 
incubated for 60 min. The resulting conjugate solution was transferred 
to a 0.02 M phosphate buffer with 0.15 M NaCl by dialysis.  

Conjugation with glutaraldehyde. Synthesis of the conjugate was 
performed using a basic two-step method (Hermanson, 2008) with our 
own modifications. A human IgM solution at a concentration of 
10 mg/ml in the PBS, pH 6.8, was used. Glutaraldehyde was added to 
the solution of the immunoglobulin to glutaraldehyde final concentra-
tion of 1% and maintained overnight at room temperature. Purification 
of the activated immunoglobulin from the excess of glutaraldehyde was 
carried out using gel filtration on a column of 2.5 × 100 cm with se-
phacryl S-300 using PBS, pH 6.8. For further conjugation, a solution of 
McAbs to HRP was used at a concentration of 10 mg/ml in 0.5 M 
carbonate buffer solution, pH 9.5. The activated human IgM was mixed 
with McAbs in a molar ratio of 1 : 1 and maintained overnight at 4 °C. 
The restoration of Schiff bases and probable traces of glutaraldehyde 
was carried out by adding NaBH4 (10 mg/ml) and holding for 1.5 h at 
4 °C. To separate the probable insoluble forms, the solution of the resul-
ting conjugate was centrifuged at 10,000 rpm and purified on a column 
of 2.5 × 100 cm with sephacryl S-300 using PBS, pH 7.4.  

IgM-capture ELISA. Monoclonal antibodies specific to human IgM 
were sorbed in a 0.02 M carbonate-bicarbonate buffer at a concentration 
of 2 μg/ml on a 96-well polysterol plate for high-sorption capacity 
ELISA (Suzhou Conrem Biomedical Technology Co., China). The plate 
was incubated for 12 h at 4 °C, then washed three times with 0.02 M 
phosphate buffered saline with 0.15 M NaCl and 0.2% Tween-20 
(PBST) and kept in a solution of bovine serum albumin (BSA) 
(10 mg/mL in PBS) for 1 h at 37 °C. After four-fold well washings with 
PBST, the plate was filled with 100 μl of a solution of normal IgM and 
McAbs to HRP in a reaction buffer solution (0.05 M tris-HCl buffer, 
pH 8.0, 0.15 M NaCl, 5 mM EDTA, 0, 5 mg/ml BSA, 0.2% Tween-
20). The plates were incubated for 30 min at 37 °C and washed 4 times 
with PBST. After washing, a solution of the conjugate of Ch. trachoma-
tis recombinant antigens and HRP (100 μl/well) was added, which was 
incubated for 30 min at a temperature of 37 °С. Plates were three times 
washed with PBST and twice with distilled water, and then 100 μl of 
substrate-chromogenic mixture (solution of 3,3’,5,5’-tetramethylbenzi-
dine 0,25 mg/ml in 0,1 M sodium citrate buffer, pH 4, 5, with addition 
of 10 μl of a 33% solution of hydrogen peroxide). The reaction was 
displayed for 20 min in the dark and stopped by adding 50 μl of 2 M 
sulfuric acid. The optical density was measured at 450 nm/620 nm.  

Indirect ELISA. The recombinant MOMP was adsorbed in a 0.02 M 
carbonate bicarbonate buffer at a concentration of 2 μg/ml on a 96-well 
polysterol plate for high-sorption capacity ELISA (Suzhou Conrem 
Biomedical Technology Co., China). The plate was incubated for 12 h 
at 4 °C, then washed three times with PBST and kept in a solution of 
BSA (10 mg/mL in PBST) for 1 h at 37 °C. After four-fold washings 
with PBST, the wells were filled with 100 μl of a solution of the 
conjugate of normal human IgM (IgA) and McAbs to the MOMP in a 
reaction buffer solution (0.05 M tris-HCl buffer, pH 8.0, 0.15 M NaCl, 
5 mM EDTA, 0.5 mg/ml BSA, 0.2% Tween-20). The plates were 
incubated for 30 min at 37 °C and washed 4 times with PBST. After 
washing, a solution of peroxidase conjugate of monoclonal antibodies 
to human IgM (IgA) (100 μl/well) was added which was incubated for 
30 min at a temperature of 37 °С. The following procedure was similar 
to the IgM-capture analysis.  
 
Results  
 

Characteristics of biological components. The following biological 
components were required for synthetic positive controls: monoclonal 
antibodies against HRP and Ch. trachomatis MOMP; purified prepara-
tions of human IgA and IgM. Some of these components were obtained 
by us earlier. The characteristics of the panels of monoclonal antibodies 
against are shown in Table 1–2. Table 1 presents the results of the study 
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of the specificity of anti-HRP McAbs – testing of supernatants of hybri-
domas’ clones to: apoenzyme (apoHRP), chemically modified (modHRP) 
and recombinant (deglycosylated) enzyme (rHRP). McAbs were divided 
into three groups of specificity: group I was characterized by positive 
signals when tested for all variants of the enzyme; group II was charac-
terized by positive signals when testing only on native HRP; group III 
was represented by 1 clone, which was characterized by positive signals 
when tested for native and chemically modified HRP (195C10). 
Consequently, the first group of antibodies is directed to the protein part 
of the antigen, the second group is directed to the carbohydrate residues 
attached to the HRP, and the third group is specific to the prosthetic 
group of the enzyme. The composite characteristic of McAbs (ELISA 
activity, isotype, titre and affinity constant) allowed us to form the 

McAbs panel, which is promising for the development of biotechnology 
for hybrid positive control samples for immunoassay analysis. The cha-
racterization of the McAbs by titre and affinity made it possible to assess 
the prospects for the use of such McAbs in immunoassay. The isotype of 
antibodies, on the one hand, affects the feasibility of using McAbs in 
various bioanalytical methods, and, on the other hand, is an important 
prerequisite for choosing the next method of isolation and antibodies 
purification. The developed antibody panel included only those with a 
high titre (≥ 1 : 400) and an affinity constant (≥ 8.0 × 109 M–1), as well 
as an intense signal from the indirect ELISA.  

Other biological components used to achieve this goal were 
monoclonal antibodies to the main protein of the Ch. trachomatis outer 
membrane; their characteristics are given in Table. 2. 

Table 1  
Characteristics of the panel monoclonal antibodies to the horseradish peroxidase  

McAbs 
OD1) in indirect ELISA when testing on  

Isotype Titre1) 
Affinity 

constant1), 109 
М-1 

Epitope  
Group of 
epitope 

specificity nHRP apoHRP modHRP rHRP 

192F10 1.542 1.472 1.242 1.117 IgG2b 1 : 400 11.3 P1 I 
193C7 1.466 1.561 1.334 1.241 IgG2b 1 : 400   9.0 P3 I 
196B7 2.071 2.119 1.815 1.091 IgG1 1 : 800 20.0 P2 I 
191D5 2.341 2.048 0.050 0.099 IgG2a 1 : 800 20.0    P4.2 II 
194H10 1.574 1.120 0.079 0.025 IgG3 1 : 800 12.7    P4.1 II 
195D5 1.943 1.777 0.033 0.045 IgG2b   1 : 1600 37.4    P4.1 II 
197F4 2.348 1.325 0.054 0.031 IgG2a 1 : 800   6.5    P5.1 II 

195C10 2.324 0.220 1.042 0.072 IgG2a – – – III 
213B3 1.988 1.544 1.891 1.405 IgG2b 1 : 800 12.0 P1 I 
213F7 2.025 1.974 1.744 1.465 IgG1 1 : 800 11.5 P2 I 
211F9 2.565 2.272 0.063 0.047 IgG3   1 : 1600 10.0    P4.2 II 
212H8 2.221 2.144 0.047 0.052 IgG2a   1 : 1600 28.5    P4.2 II 
214C4 1.994 1.754 0.035 0.034 IgG1 1 : 800 19.0    P4.2 II 
215B8 1.758 1.621 0.073 0.136 IgG1 1 : 400 17.5    P5.3 II 
215G7 1.533 1.602 0.035 0.055 IgG1 1 : 800 18.2    P4.1 II 

Note: 1) – the average values of the quantities based on the results of the study of hybridoma supernatants in 4 replicates are given (P < 0.05).  

For isolation and purification of human IgM, the following scheme 
was used: serum passing through column with immobilized mouse 
McAbs of another specificity; serum brought into the immunoaffinity 
column with anti-IgM McAbs; washing the column with phosphate 
buffer; elution of IgM with magnesium chloride; washing the column 
with phosphate buffer; transfer of IgM to phosphate buffer on sephadex 
G-25. This scheme of immunoaffinity allocation and purification of 
human IgM allows us to get well-reproduced results when using differ-
rent serums. The original scheme has tangible advantages compared 
with the schemes based on nonspecific biochemical and physico-chemi-
cal methods of isolating this immunoglobulin. It does not require signi-
ficant amounts of serum, the loss of the target product is minimized, and 
the technique as a whole is simpler. The degree of purity obtained by this 
scheme of IgM does not vary from batch to batch and reaches about 
100%, which makes possible its use for immunization of animals and 
immunoassay. Obtaining human IgA was carried out in a fundamen-
tally similar scheme. 

Obtaining of synthetic positive controls for the IgM-capture 
immunoassay. The purpose of the first stage of work was the 
comparative characterization of various methods of bioconjugation as a 
method of synthesis of hybrid positive controls for the immunoassay 
test kits of the IgM-capture modification, based on the evaluation of the 
biochemical and immunochemical properties of the resulting bio-
conjugates.  

The possibility of detecting by means of ELISA-specific antibodies 
of different classes can differentiate the primary infectious process and 
its remission, exacerbation or chronicization of the disease, that is, to 
conduct a differential diagnosis. This approach is realized when patients 
are examined for the presence of a humoral immune response to 
TORCH infections (toxoplasmosis, rubella, cytomegaly, herpes 
simplex virus infections, and some others) that can infect the fetus and 
cause developmental defects (Numan et al., 2015; Lu et al., 2016; De 
Carolis et al., 2017). That is why testing for the presence of specific IgG 
and IgM antibodies against TORCH-infectious agents is an important 
diagnostic approach in the mother and child protection system.  

Table 2  
Characteristics of the panel monoclonal antibodies  
to Ch. trachomatis МОМР  

McAbs 
OD1) in 
indirect 
ELISA 

Isotype Titre1) Affinity 
constant1), 109 М-1 

Competition with 
polyclonal 
antibodies 

291B2 2.588 IgG2a 1:800 16.0 –  
291F8 2.805 IgG2a   1:1600 16.0 + 
293C8 2.496 IgG1 1:800 8.0 – 
293D2 2.402 IgG1 1:800 8.0 – 
293F4 2.789 IgG2a   1:1600 16.0 ++ 
294F5 2.602 IgG2b 1:800 8.0 + 

296B11 2.407 IgG2a 1:800 8.0 + 
296G2 2.890 IgG2a   1:1600 16.0 – 
296H8 2.224 IgG2a 1:800 16.0 + 
Note: 1) – the average values of the quantities based on the results of the study of 
hybridoma supernatants in 4 replicates are given (P < 0.05).  

Based on literature data and our own experience (Galkin et al., 
2013; Dovgan et al., 2016; Yang et al., 2016; Kalayu Yirga et al., 2017), 
we selected three principal  methodological approaches for the synthesis 
of  antibody-antibody conjugates that was evaluated for the synthesis of 
the appropriate PCs (non-specific IgM/IgA + anti-HRP McAbs): 1) NHS 
ether-maleimide mediated conjugation on the example of succinimidyl 
4-(N-maleimidomethyl) cyclohexane-1-carboxylate (SMCC) as a cross 
linker; 2) glutaraldehyde method; 3) periodate conjugation method. 
The use of the above methodological techniques is possible through the 
following prerequisites. NHS ether-maleimide conjugate-mediated 
conjugation is possible with the participation of two biomolecules, one 
of which has free amino groups, and the other has free sulfhydryl 
groups (Fig. 1). Obviously, human IgM and mouse monoclonal antibo-
dies have appropriate groups that can be involved in this technique. 
Glutaraldehyde reacts with ε-amino groups of lysine residues of the 
protein molecule. It is important to note that several reactions occur 
simultaneously, the result of which is the formation of a product that 
contains stronger chemical bonds than Schiff simple bases (Hermanson, 
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2008). The potential possibility of using the trial method is due to the 
fact that the human IgM molecule contains up to 12% of carbohydrate 
residues (Nikolayenko et al., 2005). This, in turn, allows for the modify-
cation of the IgM molecule to form active aldehyde groups, which will 
subsequently react with amino groups of antibodies to form the Schiff 
base. Aldehyde groups in the IgM molecule are formed by oxidation of 
sodium periodate of their carbohydrate components, amino groups 
which are pre-blocked or 1-fluoro-2,4-dinitrobenzene, or protonated 
(Hermanson, 2008). Thus, we should in practice evaluate the acceptabi-
lity of these techniques for the synthesis of antibody-antibody bioconjugates.  

Let’s dwell on the choice of McAbs specific to the horseradish 
peroxidase, which will be used to synthesize the corresponding hybrid 
(synthetic) controls for ELISA kits. When forming the selection criteria, 
the following was taken into account. First, among all the immunoche-
mical McAbs characteristics, which were pre-established (Table 1), the 
affinity of antibodies is the most important, since this property to a large 
extent depends on the stability of the immunochemical complex, which 
includes HRP, anti-HRP McAbs, human normal IgM. Secondly, their 
equally important characteristic of anti-HRP McAbs is their epitope 
specificity. Monoclonal antibodies directed to the carbohydrate residues 
of HRP (P4 and P5 epitopic regions) are characterized by higher affinity 
constants, compared to McAbs that interact with the polypeptide chain 
of the enzyme (P1, P2, and P3 epitopic regions). At the same time, the 
constants of affinity for all the McAbs are rather large (109–1010 M–1). It 
should be noted that the McAbs of both groups of epitopic specificities 
from the theoretical point of view is promising for the creation of hybrid 
controls on their basis. Possible limitations include the following. A part 
of the carbohydrate residues of the enzyme may not be available for 
interaction with anti-HRP antibodies, since the formation of a 
peroxidase conjugate is the most important method precisely because of 
the carbohydrate residues of the enzyme. At the same time, the 
interaction of anti-HRP antibodies with the protein part of the enzyme 
may potentially change the enzyme activity.  

Based on the foregoing, among the obtained anti-HRP McAbs 
panel, we have chosen the most affinity antibodies directed both to 
carbohydrate (McAb 195D5) and to the polypeptide portion (McAb 
196B7) of the enzyme of horseradish peroxidase. The further tactic of 
research was as follows: parallel assessment of synthetic control based 
on each individual McAb, as well as on the basis of their mixture. At the 
same time, this unit of research was preceded by a comparative 
assessment of various methods for obtaining conjugates of murine 
McAbs to normal human immunoglobulins.  

  
Fig. 1. Principle of SMCC mediated bioconjugation (by Hermanson, 2008) 

 Fig. 2 shows the results of the isolation of reduced (monovalent) 
anti-HRP McAbs 196B7 and mercaptoethylamine (MEA) residues by 
gel filtration on Sephadex G-25 in the production of a NHS-ether-
maleimide-mediated method. As seen from the chromatogram, the 
reduced antibodies emerged from the column in the form of a clear 
homogeneous molecular weight of the peak. The non-reactive MEA, 
which is smaller than its molecular weight, descended from the chroma-
tographic column somewhat.  

The results of purification of the conjugate obtained by glutaralde-
hyde, gel filtration on sephacryl S-300 (Fig. 3) were interesting. The re-

sulting conjugate was not homogeneous in molecular weight: it detected 
at least three groups of conjugated molecules with close molecular 
weights. Similar studies with the conjugate obtained using the instant 
method were not carried out, since previous studies indicated the conju-
gates of the homogeneous composition (Nikolaenko et al., 2005).  

  
Fig. 2. Isolation of reduced anti-HRP McAbs 196B7  

and mercaptoethylamine residues by gel filtration on Sephadex G-25 
(NHS ether-maleimide-mediated conjugation)  

  
Fig. 3. Final gel filtration purification (Sephacryl S-300) of the 

antibody-antibody conjugate obtained by the glutaraldehyde method  

Hybrid positive controls obtained by different methods were evalu-
ated by titration in an enzyme-linked immunosorbent assay designed to 
detect IgM antibodies to the Ch. trachomatis that we developed earlier. 
This study was conducted in comparison with titration of high-titrated 
serum containing IgM specific to Ch. trachomatis, as well as negative 
serum (Fig. 4).  

The results of the experiment showed the following: the best result 
was the PCs obtained by means of SMCC as a cross-linker (NHS-ether-
maleimide-mediated conjugation); the decrease in the activity of diluted 
PCs obtained by other methods was more intense. At the same time, all 
variants of synthesized PCs were characterized by a more favourable 
signal in the ELISA than high-titrer IgM-positive serum.  

 Fig. 4. Titration of hybrid positive controls based on McAb 196B7, 
obtained by different methods 

At the next stage, titration of the hybrid positive controls obtained 
by the NHS-ester-maleimide-mediated method based on monoclonal 
antibodies 195D5 and 196B7, as well as their mixtures, was performed 
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(Fig. 5). Consequently, synthetic controls based on 195D5 (epitope P4.1 
on the carbohydrate part of HRP) and 196B7 (epitope P2 on the protein 
part of HRP) show comparable results, while synthetic control based on 
a mixture of these McAbs at small dilutions (1 : 10 ... 1 : 20) provides a 
truly better result. Thus, the use of a McAb mixture aimed at different 
chemical properties of parts of the horseradish peroxidase for the 
synthesis of hybrid positive controls is justified.  

  
Fig. 5. Titration of synthetic controls obtained  

by the NHS-ether-maleimide-mediated method on the basis  
of different McAbs and their mixtures  

Assessment of bioconjugation techniques for hybrid positive ELISA 
controls for detecting IgA and IgM antibodies to Сh. trachomatis. The 
purpose of the second stage of work was to compare the various me-
thods of bioconjugation for the synthesis of hybrid positive controls of 
immune enzyme kits for detection of IgA and IgM antibodies to Ch. tra-
chomatis, based on indirect ELISA. To evaluate the hybrid controls 
obtained, their immunochemical properties were used.  

We have already described in detail the methodological approaches 
that can be used to synthesize antibody-antibody type conjugates (in this 
case, nonspecific human IgM/IgA + murine McAb to Ch. trachomatis 
MOMP). The most suitable methods are NHS-ester-maleimide-
mediated conjugation with succinimidyl-4-(N-maleimidomethyl) cyclo-
hexane-1-carboxylate (SMCC) as a cross-linking agent, as well as a 
reagent method (restorative amination). Thus, at this stage of work it 
was necessary in practice to evaluate the acceptability of these techni-
ques for the synthesis of synthetic PCs of ELISA kits for detection of 
IgA and IgM antibodies to Ch. trachomatis.  

In the synthesis of synthetic positive controls, anti-HPP McAb 296G2 
was used. The main prerequisite for the use of this particular antibody was 
that McAb 296G2 did not show active competition with polyclonal 
antibodies from serum of Ch. trachomatis infected individuals, which, in 
turn, minimized the likelihood of PC competition for the site of binding to 
antigen that is sorbed to the solid phase or steric constraints in such 
interaction.  

Hybrid PCs obtained by different methods were evaluated by 
titration in an enzyme-linked immunosorbent assay for detection of IgM 
and IgA antibodies to the urogenital chlamydial pathogen. This study 
was conducted in comparison with the titration of highly traceable 
serum containing relevant specific antibodies, as well as negative serum 
(Fig. 6). The results of the experiment indicated the following: the best 
result was a PC obtained by means of SMCC as a cross-linker (NHS-
ether-maleimide-mediated conjugation). Decrease of immunological 
activity at dilution of the PC, obtained by the first method, was more 
intense. At the same time, all variants of the received PCs were 
characterized by a more favourable signal in the ELISA than high-titled 
IgM and IgA-positive serums.  

Similar studies were carried out after a test of accelerated stability 
(storage for a week at a temperature of 37 °C). The results of the 
corresponding tests (Fig. 7) showed that the decrease in the activity of 
hybrid PCs occurs less slowly than the positive serums containing the 
corresponding specific antibodies. Such results determine the promising 
use of the described method for the development and production of 
immuno-enzyme kits for the diagnosis of urogenital chlamydiosis.  

Thus, at this stage of work, methodological approaches to obtaining 
hybrid positive controls for indirect immunoassay analysis, which are 
intended to detect IgM and IgA antibodies to the pathogen of urogenital 

chlamydia, have been substantiated, namely: NHS-ether-maleimide-
mediated conjugation on an example of SMCC as a cross-linking agent 
and periodate method of bioconjugation. It has been established that 
hybrid positive controls, obtained by different methods, are characterized 
by a higher titre compared to high-titre serum containing IgM and IgA 
antibodies to Ch. trachomatis. However, the positive control obtained by 
means of SMCC was characterized by the best titration profile (a slower 
decrease in the activity of the ELISA during its dilution) both at the time of 
its obtaining and after its storage at increased temperature.  

  
Fig. 6. Titration of synthetic controls obtained by different methods  

 
Fig. 7. Titration of hybrid controls obtained by different methods  

after its storage at 37 °C  

 
Discussion 
 

Among the whole complex of methods of clinical laboratory 
diagnostics, one of the earliest surgical methods of serologic diagnostics 
was proposed and introduced, which remain extremely relevant to the 
present day. Serological methods are used for diagnostics as infectious 
(bacterial, viral, fungal, parasitic), and non-infectious (oncological, 
endocrine, allergic) diseases. A significant proportion of diagnostic 
examinations carried out by the laboratory service relates precisely to 
serological tests. Serological methods remain an indispensable part of 
ensuring the sanitary and epidemiological well-being of any country 
(Cosgun et al., 2018; Di Poto et al., 2018; Riboldi et al., 2018). 

It should be noted that since the expiry of the introduction of a 
laboratory examination of patients with a diagnostic purpose, the range 
of used methods and technologies has significantly expanded. Scientific 
and technological progress has considerably increased the possibilities 
of laboratory diagnosis – almost all chemical and cellular components 
of biological materials have become available for evaluation, and 
available methods, technologies and equipment have made it possible to 
accurately characterize the state of organs and systems of the organism 
with a fair degree of accuracy. A whole branch of scientific and 
production activity was formed, which is engaged in development and 
manufacture of means for clinical laboratory diagnostics. Appropriate 
scientific and technological developments are the subject of biotechno-
logy. Development of serological diagnostics kits is the subject of 
immunobiotechnology – a section of biotechnology, which aims to 
create diagnostic and immune drugs for the diagnosis, treatment and 
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prevention of human and animal diseases. From the biotechnological 
position, the starting point for any serological method is the immune 
response. And hence one of the most important fundamental foundations 
of the development of serological diagnostic kits is the understanding of 
the pattern of the immune response to one or another antigen. Given this 
circumstance, information about the antigenic structure of various 
proteins and substances of another chemical composition that may have 
a diagnostic value acquires special significance. Relevant fundamental 
and applied research is usually preceded by the development of 
serological tests. Important “tools” in the development of diagnostic 
products are the actual carriers of the immune response – immunoglo-
bulins. At present, the use of polyclonal antibodies in the total volume of 
serological studies has significantly decreased – monoclonal antibodies 
have appeared on the foreground, which have undeniable advantages 
both from the point of view of their production technology and their 
biological and immunochemical properties. Hybrid technology has 
been one of the most used biotechnology for the fourth decade (Mao et 
al., 2017; Camacho et al., 2018; Cortez et al., 2018). With the advent of 
genetic engineering, a unique opportunity was created for the purpose-
ful design of molecular genetic systems and the production of recombi-
nant proteins, including diagnostic purpose. Without the use of recombi-
nant protein antigens of various origins, it is not possible to present a 
modern serological diagnosis. It should be noted that biomolecules used 
in serological tests (antibodies, antigens, etc.) do not always “work” in 
their free form. Often the need arises to combine such biomolecules 
with one another or with substances of chemical origin. To solve such 
problems, a wide arsenal of methods of bioorganic chemistry is used – the 
conjugates of biomolecules of different qualitative and quantitative com-
position are obtained. The development of new and improved existing 
methods of conjugation of biomolecules is an urgent task of biotechnology.  

The works were devoted to the development of biotechnology for 
hybrid (synthetic) positive control samples for ELISA test-kits. The 
composition of the immunoassay kits have to include control samples 
(negative and positive). The latter is either directly to the serum 
(plasma) of the blood of infected persons, or a solution of specific 
antibodies derived from such a serum. As already noted, in the case of 
producing ELISA kits intended to detect specific IgG antibodies, there 
is no problem in obtaining positive controls, since immunoglobulins of 
the IgG class are the major protective antibodies in the serum of infected 
individuals and convulsants in relatively high titres. At the same time, 
for the large-scale production of immunoassay kits designed for 
detection of IgA and IgM antibodies, there are limitations on the 
availability of large amounts of starting material – IgA and IgM positive 
sera (Galkin & Gorshunov, 2014; Galkin et al., 2015). An adjuvant that 
solves such a disorder is the usage of hybrid positive controls, including: 
universal synthetic positive control for IgM capture ELISA – a conjugate 
of normal human IgM and McAbs to the horseradish peroxidase, as 
well as synthetic positive control for indirect ELISA, which is designed 
for detection of IgM and IgA antibodies to Ch. trachomatis – a conjugate 
of normal human IgM (or IgA) and McAbs to the Ch. trachomatis MOMP.  

Solving the task started with characterization of McAbs to HRP. For 
further synthesis of hybrid positive controls for IgM-capture ELISA kits 
the most affinity antibodies directed both to carbohydrate (McAb 195D5) 
and to the polypeptide portion (McAb 196B7) of HRP were used. These 
studies were conducted in parallel for three different methods of obtaining 
antibody-antibody conjugates that are widely used in biochemistry and 
biotechnology: 1) NHS-ether-maleimide-mediated conjugation, using succi-
nimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate (SMCC) as a 
cross-linking agent; 2) glutaraldehyde conjugation method; and 3) perio-
date conjugation method. It has been shown that the use of SMCC as a 
cross-linking agent provides the formation of more active conjugates that 
formed one peak during chromatographic purification. At the same time, 
the conjugate obtained by the glutaraldehyde method was inhomogeneous – 
during chromatography, it formed three groups of molecules with differ-
rent molecular weights. Such results correlate somehow with the data of 
authors (Raev et al., 2015) who studied the size distribution of carbon 
nanoparticles that were covalently functionalized by protein macromole-
cules with glutaraldehyde, as well as with recommendations (Hermanson, 2008). 
To obtain hybrid positive controls for the ELISA kits for detecting IgA 

and IgM antibodies to Ch. trachomatis needed to get McAbs to the Ch. 
trachomatis MOMP and examine their immunochemical properties. To 
solve this problem, mice of the Balb/c lines and the immunization 
scheme, such as the one receiving antibody antibodies, were used. As in 
the case of McAbs of other specificity, the required characteristic of the 
panel of antibodies obtained was their epitopic specificity. At the same 
time, analyzing the data of various authors regarding the structure and 
localization of MOMP in the cytoplasmic membrane, the features of the 
human humoral immune response to this protein (Wang et al., 2006; 
Vasilevsky et al., 2016), as well as the results of their own research on 
the competition of some McAbs with polyclonal sera of patients with 
urogenital chlamydiosis, it was decided to use the method of epitope 
mapping based on the technology of phage display (the establishment of 
directly amino acid residues with which antibodies interact). This study 
was conducted for the most affinity antibodies that competed (McAbs 
291F8 and 293F4) and did not compete (McAb 296G2) with the 
polyclonal antibodies of the serum at the sites of antigen binding. 

Consequently, at the first stage of the work, methodological appro-
aches to obtaining hybrid positive controls for the IgM-capture ELISA kits 
were theoretically substantiated. It has been established that conjugates of 
normal human IgM and McAbs to HRP, obtained with NHS-ether-malei-
mide-conjugation and periodate conjugation method, are homogeneous in 
molecular weight, whereas the conjugate synthesized by the glutaral-
dehyde method contains at least three groups of close molecular mass 
biopolymers. Hybrid positive controls, obtained by different methods, are 
characterized by a higher titre compared to high titer IgM-positive serum. 
However, the positive control obtained with the help of the SMCC is 
characterized by the best titration profile (a slower decrease in the activity 
of the ELISA during its dilution). The feasibility has also been proved of 
synthesizing positive controls on the basis of MAT, aimed at the various 
chemical nature of the epitopes of the hormone peroxidase molecule: 
carbohydrate residues and the polypeptide chain.  

The resulting set of data allowed us to reasonably select McAb 
296G2 for use in hybrid positive control for ELISA kits as this antibody 
in the positive control should not compete with polyclonal antibodies at 
the site of binding to the sorbed antigen. Further experiments to determi-
ne the optimal method for obtaining hybrid controls also confirmed the 
greater effectiveness of the NHS-ether-maleimide-mediated conjuga-
tion method.  
 
Conclusions  
 

The methodological approaches to obtaining synthetic positive 
controls for the IgM-capture immuno-enzymatic analysis are theoretically 
substantiated, namely: NHS ether-maleimide-mediated conjugation, using 
SMCC as a cross-linking agent, glutaraldehyde and periodate bioconjuga-
tion methods. It has been established that conjugates of normal human 
IgM and monoclonal antibodies to the horseradish peroxidase obtained 
with NHS ether-maleimide-mediated conjugation and periodate method 
are homogeneous in molecular weight, whereas the conjugate synthesized 
by the glutaraldehyde method contains at least three groups of close mole-
cular biopolymers masses. Synthetic positive controls, obtained by diffe-
rent methods, are characterized by a higher titre compared to highly-
labeled IgM-positive serum. However, the positive control obtained with 
the help of SMCC is characterized by the best titration profile (more 
slowly decreasing the activity of the ELISA during its dilution). The me-
thodological approaches to obtaining synthetic positive controls for 
indirect enzyme-linked immunosorbent assays for the detection of IgM 
and IgA antibodies to Ch. trachomatis are substantiated, namely: NHS 
ether-maleimide-mediated conjugation, using SMCC as a cross-linking 
agent, glutaraldehyde and periodate bioconjugation methods. It was found 
that synthetic positive controls obtained by different methods are 
characterized by a higher titre compared to high-level serum containing 
IgM and IgA antibodies to Ch. trachomatis. However, the positive control 
obtained with SMCC is characterized by the best titration profile (slower 
decrease in activity of ELISA during its dilution) both at the time of its 
receipt and after its storage at elevated temperature. The high activity of 
hybrid positive controls open up opportunities for increasing the efficiency 
of ELISA kits.  
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