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Abstract 
This work presents a study of intermolecular interactions using the model of the antigen antibody 
interactions of the ABO system. Absence of knowledge in the field of the ABO antigen’s behavior as 
a biomolecule and the integration of these structures into cascade of metabolic and physiological 
processes create the conditions, which promote a successful using this new model in the future. 
Molecular recognition and designing are included into the main catalog of computer methods of 
research, which is called “in silico”. Using PASS system, we describe the possible biological effects 
of pyruvate, lactate, antigen determinants A and B. Pharmacological effects and molecular me-
chanisms of influence on activity of the factors regulating inside and intercellular interactions are 
predicted for such minor components as pyruvate and lactate. Due to variety of the biological ef-
fects, glycoproteins A and B are very perspective to study as biological active connections. The ob-
tained knowledge proves that AB0 antigens, as well as other glycoprotein conjugates are impor-
tant mediators of intercellular adhesion and participants of signal transmission. Using ABO blood 
group system as a model helped to describe individual differences of parameters—degree and 
time of the agglutination beginning of antigen/antibody blood types of the AB0—are revealed. 
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1. Introduction 
There is an intimate, yet poorly understood, link between cellular metabolic status, cell signaling and intermo-
lecular interactions. That is why nowadays the question of fundamental research revealing the molecular me-
chanisms of the basic processes is especially important. Cell signaling is crucial in all major biological processes, 
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it maintains the processes of synthesis and degradation, signal transduction, initiation of DNA replication, tran-
scription, translation, proliferation, differentiation and adaptation. Each of these facts highlights the importance 
of our study. While many biochemical interactions that have been previously presented as a reaction consisting 
of proteins, enzymes, their substrates, we have lack of knowledge about the role of small molecules and natural 
metabolites in regulation of protein functions [1]-[3]. 

In the last decade, the study of protein interactions with small molecules, metabolites, in particular, was de-
layed in comparison with the study of other types of interactions such as protein-protein, protein-DNA and pro-
tein-RNA. Sporadic studies on the role of small molecules in regulation of protein function were first released 
only in 2009 [4] [5]. With regards to the participation of natural metabolites (small molecules) and protein-pro- 
tein interaction, this field was not studied previously and now it is the object of our study. Due to the achieve-
ments of the technical and scientific progress now, we are standing on the new level of studying intermolecular 
interactions [6]. Long-standing ideas portrayed lactate and other minor metabolites in a negative context as 
dead-end metabolites; we can trace that pattern throughout the history of biochemistry and physiology. Moreo-
ver, waving concentrations of lactate and pyruvate are typical for the number of pathologies [7]-[11]. 

The aim of this study is to provide molecular modeling and metabolic sensing using biogenic molecules of 
low molecular weight (pyruvate and lactate) and to determine the role of natural intermediates in the processes 
of protein-ligand interactions. 

2. Materials and Methods 
The object of the study was the molecular AB0 blood system model. Using that model we studied the effects of 
natural metabolites (pyruvate and lactate) on antigen-antibody interaction [12]. The control was the average 
value of time (in seconds) and the degree of agglutination of the antigens A and B (on a scale) II, III, IV groups 
of blood with monoclonal antibodies. To determine biological effects of small molecules on the agglutinogens A 
and B, natural isoagglutinin anti-A and anti-B of the AB0 blood group system and monoclonal antibodies anti-A 
and anti-B before the start of hemagglutinating reaction erythrocytes were treated with lactate and pyruvate in a 
final concentration of 2 mm [13]. 

Blood typing was performed using Anti-A, Anti-B monoclonal antibodies by direct agglutination test. Agglu-
tination was calculated by W. Marsh with indication of degree of agglutination [14]. Blood typing was also per-
formed using an automated analyzer for immunoresearch Hemos SP II BioRad, USA. 

Visualization of protein-protein complexes was conducted using an experimental stand, which is based on the 
confocal optical microscope Olympus IX 71 (Olympus, Japan), a confocal scanning unit and a laser unit (firm 
ANDOR); as well as on flow cytometer FACS Calibur Beckton Dickinson company (USA), using specific con-
jugated monoclonal antibodies labeled with fluoresceinisothiocyanate (FITZ) company Santa Cruz biotechnol-
ogy, Inc. (USA). 

Computer prediction of the spectrum of pyruvate and lactate biological activity was performed by the com-
puter system known as Prediction of Activity Spectra for Substances (PASS) based on the structural formula of 
the compound of interest. In the PASS program results of prediction of biological activity spectrum are shown 
as an ordered list of the names of corresponding activities and the probability Pa (“to be active”) and Pi (“to be 
inactive”), which are functions of the statistical values for the analyzed compound. Since we have investigated 
the molecule of known structure, the optimal probability value for the presence of certain biological activities 
was considered as Pa > 0.5 [15].  

Statistical analysis was carried out using a statistical software package SPSS 12.0, ANOVA and the program 
MS EXCEL 2007. 

3. Results 
3.1. Lactate and Pyruvate Computer Modeling  
Pointing out some of important effects (Figure 1(a)), we would like to attract your attention to the ability of py-
ruvate and lactate to influence the processes of maturation of cells: stimulating the leukopoiesis and the eryt-
hropoiesis, to exert immunomodulatory, anti-inflammatory, antineurotoxic actions. Furthermore, small mole-
cules can provide a protective effect on the membranes of the cells and blood vessels. Probably, the realization 
of this effect depends on neurogenic tone of blood vessels [16]. Indicates the ability of lactate to exercise fibrino-
lytic, antitoxic effects. The ability of lactate to exert such biological effects, is presumably related to the constitu- 
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Figure 1. (a) The predicted spectrum of biological effects of pyruvate and lactate; (b) The predicted spectrum of biological 
effects of lactate; (c) The predicted spectrum of biological effects of pyruvate; (d) The predicted spectrum of biological 
activities of A and B antigens.                                                                                  
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ent hydroxyl group, which allows to take part in reactions of nucleophilic substitution. 
In addition, we have observed the influence of lactate and pyruvate on antioxidant systems of the body, in 

particular—superoxide dismutase. Both act as an inhibitor of this enzyme, lactate and pyruvate are able to slow 
down the process of protecting cells from reactions of free radical oxidation, which constantly flow in the body, 
creating conditions for oxidative stress, damage molecules and structures. 

Assessing the biological effects of lactate (Figure 1(b)), we found the ability to potentiate antibacterial activ-
ity, antiviral effect against arboviruses, rhinoviruses, picornaviruses and papillomaviruses. Antiviral activity of 
lactate is presumably associated with pH-dependent rearrangements in the structure of the virus: with decreasing 
pH, the virus loses its infectious activity, the connection of ribonucleoprotein with the protein matrix increases, 
which prevents the replication process [17]. Interesting was data that lactate was a promoter of insulin synthesis, 
thus clearly supporting the required amount of this hormone in the blood.  

As for pyruvate (Figure 1(c)), it revealed the ability to act as a regulator of lipid metabolism, inhibitior of 
thrombocytopoiesis, to cause geroprotecting effect, to provide analgetic, anti-carcinogenic actions. Significantly, 
pyruvate participates in the process of tissue respiration, inhibits L- and D-forms of lactate dehydrogenase cy-
tochrome. Pyruvate can be an oxidizer, an inhibitor of acylglycerols and a regulator of lipid metabolism, to in-
crease cholesterol level and to reveal lipotropic effects.  

The next step was to elucidate the potential biological activity of the antigens defined by the structural cha-
racteristics of the antigenic determinants of the ABO system (Figure 1(d)). To implement this task, we again 
used the computer program PASS. While studying the antigen A with N-acetylgalactosamine as a terminal mo-
nosaccharide and B antigen with galactose, obvious quantitative and qualitative differences of the identified ef-
fects and mechanisms for their realization were found.  

An antigen determinant B has 106 pharmacological effects, performing with 311 molecular mechanisms of 
action. The number of side effects decreased to 16, metabolic activity increased, regulatory effect on gene ex-
pression still remains low, but increased in 1, 5 times comparing with A antigen. Probably this difference is the 
basis of selective affinity to antigens and foreign molecular, which appears in different incidence between 0 
(I)-AB (IV) blood groups. 

However, the results obtained by computer simulation are not the same as status vivo. Determinants of oligo-
saccharide chains of the ABO system, presented on the membranes of all cells of the body, might have multi-
functionality and capacity to multiple effects on vital processes, maintaining the purity of our endoecology and 
providing a dynamic homeostasis along with other factors. 

3.2. Effects of Lactate and Pyruvate on Antigen-Antibody Interaction  
After examining in silico the potential of natural metabolites and antigenic determinants, we passed to the series 
of model experiments. Influence of pyruvate and lactate on the antigen-antibody complexes AB0 system was 
carried out considering changes of degree and speed of onset of agglutination. We found that the second blood 
group was the most sensible to the effects of pyruvate and lactate—the time of agglutination onset increased by 
16% and 40% respectively. Antigen determinant A of the fourth blood group is more sensible to the influence of 
external stimules in contrast to the glycoprotein B. The degree of agglutination of the antigens of A (II)-B (IV) 
blood groups remained stable comparing with the control and amounted 4+. In general, we note that lactate in-
fluences more than pyruvate on the A and B determinants: formation of complexes antigen-antibody was longer 
(Figure 2(a)). Red blood cells A (II) and AB (IV) groups which have glycoprotein A on the surface, slower en-
gage with the monoclonal antibodies than B (III) and AB (IV) blood groups on the membrane which have anti-
genic determinant agglutinogen B. 

We can see a different effect of pyruvate and lactate in contacting with natural antibodies (Figure 2(b)). It is 
shown that the effect of lactate on whole blood system causes a modification of the immunoglobulins in plasma. 
There is a reduction in the degree of agglutination of the natural anti-A and anti-b antibodies with corresponding 
antigens compared to the control value.  

Various impacts of pyruvate and lactate preincubation with monoclonal antibodies were discovered (Figure 
2(c)). Lactate caused the deterioration of monoclonal antibodies recognizing antigenic determinants A and B A 
(II)-B (IV) blood groups, slowing down the formation of antigen-antibody complexes 20 and 15 times, as well 
as the severity of the degree of agglutination of 75%. Based on the obtained data, it can be assumed that incuba-
tion with lactate leads to structural and functional changes due to high chemical activity of the hydroxy acids,  
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Figure 2. (a) Effects of lactate and pyruvate on antigens AB0 blood system; (b) Effects of lactate and pyruvate on anti-A, 
anti-B antibodies of AB0 blood system; (c) Effects of lactate and pyruvate on anti-A, anti-B monoclonal antibodies.          
 
the presence of a negative charge. We consider it is connected with non-enzymatic interactions. The time of ag-
glutination of anti-A and anti-B monoclonal antibodies, preincubating with pyruvate decreased comparing with 
the control. In the interaction of anti-A and anti-B monoclonal antibodies with red blood cells of AB (IV) blood 
group-time interaction with the antigens A and B increased. The relative standard deviation (RSD) for each ex-
periment result was evaluated (Table 1 and Table 2). Three series of model experiments on the effect of inter-
mediates on isolated proteins—antigens, monoclonal and natural antibodies showed that the introduction of lac-
tate in the antigen-antibody system is more active increasing the time of the onset of agglutination A glyco-
protein with the corresponding antibody and reduce the degree of agglutination with natural anti-B antibodies in 
contrast to preincubation with pyruvate. Apparently, the differences can be explained with the peculiarities of 
their structure. 

3.3. Visualization of Antigen-Antibody Interaction with Lactate Incubation 
Using the method of flow cytometry, effects of pyruvate on the expression of antigenic determinants were re-
vealed (Figure 3). The number of formed immune complexes increased in samples A (II) groups and decreased 
in B (III) and AB (IV) blood groups. The next step of our research is the visualization of antigen-antibody using 
fluorescent probes using laser scanning confocal microscopy. 
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Figure 3. Evaluation of the effect on antigen-antibody interaction of flow cytometry.              

 
Table 1. The effect of minor metabolites on the rate of hemagglutination of erythrocytes of 
blood groups A (II), B (III), AB (IV).                                                  

 
Lactate (n = 10) Pyruvate (n = 10) 

Mean (time, s) ± RSD Mean (time, s) ± RSD 

Antigen A A (II) 8.4 ± 0.06 7.0 ± 0.11 

Antigen B B (III) 7.1 ± 0.12 6.4 ± 0.08 

Antigen A AB (IV) 9.1 ± 0.09 7.4 ± 0.07 

Antigen B AB (IV) 8.1 ± 0.18 7.4 ± 0.07 

Control 5.95 ± 0.014 5.95 ± 0.009 

 
Table 2. The effect of minor metabolites on the efficiency of monoclonal antibody interaction 
with blood erythrocyte antigens A (II), B (III), AB (IV).                                      

 
Lactate (n = 10) Pyruvate (n = 10) 

Mean (time, s) ± RSD Mean (time, s) ± RSD 

Anti-A A (II) 115.5 ± 0.03 4.7 ± 0.10 

Anti-B B (III) 88.5 ± 0.07 5.3 ± 0.09 

Anti-A AB (IV) 112.5 ± 0.07 7.0 ± 0.11 

Anti-B AB (IV) 88.5 ± 0.02 6.7 ± 0.07 

Control 5.96 ± 0.011 5.96 ± 0.011 

 
Analyzing the spatial distribution of the fluorescence illumination intensity of fluorochrome in the complexes 

antigen-antibody, we notice a reduction in peak fluorescence in erythrocytes A (II) and (III) blood group after 
incubation with pyruvate compared with control erythrocytes (Figure 4). Apparently, pyruvate competes for the 
active reactive group antigens A and B with monoclonal antibodies labeled by fluorescein isothiocyanate, which 
is reflected in the change of the conformational structure of the protein molecule and the ability of antigens to 
form complexes antigen-antibody. 

4. Conclusions 
The results obtained by computer prediction show the probability of the pyruvate and lactate influence on in-
termolecular processes, maintain metabolic balance by regulating protein, carbohydrate, lipid metabolism, anti-
oxidant processes, tissue respiration. The series of experiments clearly showed a more active influence of lactate 
on protein-ligand interaction of antigen with antibody, in contrast to pyruvate, which is the result of cumulative 
modifications caused by this metabolite and recorded the speed and completeness of the process of agglutination.  
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Figure 4. Spatial intensity of FITC fluorescence distribution in antigen-antibody complexes. (a) Control erythrocytes of 
blood group A (II); (b) Erythrocytes of blood group A (II) incubated with pyruvate; (c) Control erythrocytes of blood group 
B (III); (d) Erythrocytes of blood group B (III) incubated with pyruvate.                                                 
 
The results indicate the possibility of using natural intermediates, in particular pyruvate and lactate, as a mole-
cular probe and the prospects of the use of glycoproteins A and B, presented on the membrane of red blood cells, 
as a molecular model for the study of intermolecular interactions.  

To summarize, molecular modeling and forecasting allows us to expand fundamental knowledge about the 
known properties of small molecules and to predict the possible biological effects and molecular mechanisms of 
their realization in the processes of complex interactions between ligands and their targets. 
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