
INTRODUCTION

In 2000, the Institute of Biomedical Chemistry 
was named after the outstanding Russian biochemist,
Academician Vasily Nikolayevich Orekhovich, 
who headed the Institute of Biomedical Chemistry 
for 40 years, from 1949 to 1989. He laid the foundations
of protein chemistry and the Russian school 
of proteolytic enzyme research. Over the last decades,
his works were further expanded in the context 
of development and use of post-genomic 
high-throughput analytical methods for biosystems
research and new analytical methods required 
to improve the concentration sensitivity of protein
detection assays.

The traditions established at IBMC since 
its foundation — careful selection of personnel, 
use of the most advanced equipment, uniqueness 
of the chosen directions — are still relevant today. 
The review provides information on the results 
of landmark research of the IBMC scientists during 
the first decades after the Institute foundation. 
Although publications of this period are poorly
represented in modern databases of literature sources,
this does not reduce their importance. Results
accumulated by IBMC scientists during well-planned
and carefully performed experiments, their
comprehensive analysis and clear data presentation
may be considered as the basis of modern protein
chemistry, despite the fact that they were obtained 
more than half a century ago.

1. PROTEASES, PEPTIDASES, 
AND OTHER ENZYMES

Since IBMС foundation, enzymes, their primary
structure, structure of active cites, methods of enzymes
activation, as well as their possible substrates and
reaction products were actively studied at this Institute. 

A significant part of V.N. Orekhovich's scientific
research is related to the study of biochemical 
problems of embryogenesis, malignant growth, and
tissue regeneration. His first experimental work was
published in 1933 in the first issue of the first volume
of the journal Doklady Akademii Nauk SSSR [1]. 
It was entitled “To the problem on activation 
of proteolysis in regenerating tissues”. V.N. Orekhovich
investigated the intensity of proteolysis at different
stages of tissue regeneration. An increase in the activity
of proteolytic enzymes was observed not only 
in the actively growing part of the regenerate, 
but also in the tissues of the amputated organ. Studying
the problem of malignant growth, V.N. Orekhovich
convincingly demonstrated that tumor proteolytic
enzymes preferentially cleaved proteins of the same
animal species. Proteins of other animal species 
were either resistant to proteolysis or were cleaved 
very weakly by the enzymes of the particular tumor. 
The results of the work were widely published 
in our country and abroad. During the period 
from 1933 to 1945 V.N. Orekhovich published 
about 25 articles devoted to the problems of malignant
growth, embryogenesis, and tissue regeneration. 
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The role of proteases and regulators of their activity, 
the significance of their destructive and regulatory
functions in the process of carcinogenesis are currently
studied in hundreds of laboratories worldwide [2–5].

The Laboratory of Biochemistry and Chemical
Pathology of Proteins, headed by V.N. Orekhovich, 
was one of the first in the world and the first 
in our country, which started to study tissue proteases.
Cathepsins (A, B, D, H, L) and dipeptidyl
aminopeptidase IV were isolated and characterized 
in the laboratory [6–8], and their role in the development
of various pathological conditions was investigated 
in a number of works [9, 10]. 

In 1988, the Laboratory of Biochemistry and
Chemical Pathology of Proteins was headed 
by a student of V.N. Orekhovich, Doctor of Biological
Sciences, Professor Nina Ivanovna Solovyeva. 
Under her leadership the laboratory continued 
to investigate the role of tissue proteases and their
regulators in carcinogenesis using clinical material and
transformed cell lines. 

The main research directions for this laboratory,
now headed by Academician Andrey Valerievich
Lisitsa, include: studies of the mechanisms 
of drug biotransformation and its regulation in cell lines
of hepatocytic origin by using omics technologies,
bioinformatics, and cell technologies; analysis 
of the influence of key genes of the embryonic
differentiation (Hh) signaling pathway on the expression
of matrix metalloproteinases (MMPs) in cervical
carcinoma. Thus, statement of scientific problems 
by V.N. Orekhovich has not lost its relevance to date. 

1.1. Gastrointestinal Tract Enzymes 

Pepsin is one of the first enzymes studied 
in the laboratory under V.N. Orekhovich leadership
[11–13]. The study of the pepsin active site structure
revealed that its activation involved hydrolysis 
of the N-terminal peptide fragment [14–16]. 
This stimulated studies of primary and spatial structure 
of pepsin in our country. Further work continued 
at the Institute of Bioorganic Chemistry of the Russian
Academy of Sciences and the Institute of Molecular
Biology of the Russian Academy of Sciences. 
They led to elucidation of the three-dimensional structure
of pepsin and significant progress in understanding 
of the mechanism of its action (Dr. N.S. Andreeva,
Corresponding Member of the Russian Academy 
of Sciences V.M. Stepanov, Dr. L.M. Ginodman).

Currently, pepsin and other preparations 
of gastrointestinal tract enzymes are widely used 
in conditions that are accompanied by the absence 
or deficiency of their own enzymes in the body.
Enzyme replacement therapy is especially important 
in exocrine pancreatic insufficiency as well as lactase
deficiency in infants. In addition, lactase is used 
in the food industry to create the currently popular
lactose-free dairy products.

1.2. Enzymes of Carbohydrate Metabolism

Carbohydrates play an important metabolic role 
in the body; they simultaneously participate in energy
and synthetic reactions of physiological and pathological
processes: synthesis of DNA, RNA, intercellular 
matrix components, reduction of NAD and NADP, 
and also participate in the reactions of glycation and
glycosylation of proteins. 

The Laboratory of Biochemistry and
Pathochemistry of Carbohydrate Metabolism 
headed by Professor Eugenia Lazarevna Rosenfeld
specialized on studies of enzymes of carbohydrate
metabolism and diseases associated with their
deficiency. E.L. Rosenfeld and her colleagues 
isolated and characterized lysosomal acidic γ-amylase
(α1,4-glycosidase) [17, 18], the enzyme involved 
in lysosomal glycogen breakdown. It was later found
that a defect in this enzyme resulted in the development
of a glycogen storage disease known as generalized
glycogenosis type II (Pompe's disease). This disease 
is one of the few types of glycogenosis for which 
the recombinant enzyme is used as therapy, 
but its maximum effectiveness is observed only 
at the early stage of the disease. Therefore, certain
attempts are now undertaken to apply gene therapy 
for the treatment of Pompe's disease [19]. In addition,
other defects of carbohydrate metabolism [20] and
related disorders have been investigated [21, 22]. 

Studies performed by E.L. Rosenfeld and 
her colleagues significantly influenced the development
of prenatal diagnostics of carbohydrate metabolism
diseases, and early detection of pathology and 
timely treatment.

1.3. Asparaginase

Asparaginase is an enzyme that cleaves 
the amino acid asparagine. Studies of this enzyme 
were carried out at IBMC in the Laboratory of Medical
Enzymology headed by Academician Sergey Rufovich
Mardashev. After the discovery of the antitumor effect
of this enzyme on leukemia cells in mice, different
bacterial asparaginases were studied and factors
affecting asparaginase and glutaminase enzyme
activities were identified [23, 24].

Since the enzyme has the potential to be used 
for the treatment of blood tumor diseases in humans
[25, 26], asparaginase is still the object of research
conducted in the Laboratory of Medical Biotechnology
of IBMC initially headed by Professor N.N. Sokolov
and currently by Dr D.D. Zhdanov. 

The mechanism of cytostatic action of asparaginase
is associated with hydrolysis of asparagine and
reduction of its concentration in tumor cells, 
which need this amino acid for synthesis of proteins
and nucleic acids. In contrast to healthy cells, 
tumor cells are unable to synthesize asparagine 
due to low activity of asparagine synthetase. 
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The main disadvantage of such chemotherapy 
is a possible allergic reaction to the bacterial 
enzyme used; therefore, methods are currently 
being developed to reduce immunogenicity, improve
physicochemical properties of asparaginase, and
increase the half-life [27, 28]. 

1.4. Kallikrein-Kinin and 
Renin-Angiotensin-Aldosterone Systems 

During studies of the inflammatory process
conducted at IBMC by Dr of Biological Sciences
Tatiana Sergeevna Paskhina, a factor increasing vascular
permeability was discovered. Later it was found 
that it was plasma kallikrein, an enzyme cleaving
kininogens to bradykinin and kallidin [29], which
increased vascular permeability. Subsequent studies
were performed to investigate the ways of prekallikrein
activation [30], the properties and the role of bradykinin
and kallidin [31–35]. 

During the same period, another enzyme,
carboxycathepsin (modern name — angiotensin
converting enzyme, ACE), was isolated. This enzyme
catalyzes two important reactions: it cleaves bradykinin
and forms angiotensin II from angiotensin I [36, 37].
Thus, a more detailed study of the kallikrein-kinin
system (KKS) and renin-angiotensin-aldosterone
system (RAAS) and their role in the body, primarily 
in the regulation of vascular tone, began (Fig. 1).

It was already known that kallikrein-kinin and
renin-angiotensin-aldosterone systems produced
vasodilator and vasoconstrictor molecules, respectively,
involved in blood pressure regulation. But in endothelial
dysfunction, there is an increase in vascular tone, 
which leads to hypertension and worsening of other

cardiovascular diseases, as well as pre-eclampsia 
in pregnant women and delayed fetal intrauterine
development [40]. Therefore, studies on the search 
for ways to treat hypertension by ACE inhibition have
been carried out [41, 42]. In a slightly different research
context, such studies still continue at IBMC [43].

The role of KKS has now been shown not only 
in the regulation of vascular tone and pressure, 
but also in plasminogen activation, NO production, and
inflammatory processes [44].

The functions of RAAS are determined 
by the balance of two pathways: canonical, which 
leads to the activation of angiotensin II by ACE 
and its effects, and non-canonical one, which involves
ACE2 reducing the effects of angiotensin II. These
pathways regulate blood pressure, water-salt balance,
vascular permeability, oxidative stress, cell death and
proliferation, proinflammatory and anti-inflammatory
effects, angiogenesis, fibrosis, and hemostasis [45]. 

Besides its carboxypeptidase activity employed 
in the non-canonical RAAS pathway, ACE2 also acts 
as a receptor for the viral proteins of SARS-CoV-2 and
SARS-CoV [46]. This interaction results in reduction of
ACE2 activity and the protective effect of ACE2 
in the non-canonical RAAS pathway is diminished,
leading to lesions mainly in the lungs, heart, liver, 
and kidneys [47, 48].

2. COLLAGEN METABOLISM

Since 1945, the main research work 
of V.N. Orekhovich was focused on the study 
of the chemistry and biochemistry of connective tissue
proteins. His studies of the collagen proteins, their
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Figure 1. Relationship between the kallikrein-kinin (KKS) and the renin-angiotensin-aldosterone system (RAAS).
Adapted from [38, 39].



physicochemical properties, chemical composition 
and structure, as well as the metabolism of these
proteins under various normal physiologic and
pathologic conditions made outstanding contribution 
in the field of protein chemistry. Collagens are a family
of extracellular matrix proteins that account 
for 25–35% of the total protein mass. Collagens are 
a part of bones, cartilage, blood vessels, dentin of teeth,
intervertebral discs, ligaments, lungs, etc. [50].

Interest in these proteins is associated with their
involvement in physiological and pathological
processes: growth and aging of the organism,
hemostasis, reparative, inflammatory and tumor
processes, and collagen diseases [51]. 

It should be noted that by 1947, not all the
processes in which collagen was involved had been
recognized and studied. V.N. Orekhovich and his team
isolated procollagen (a protein unknown at that time)
from animal skin [52]. Subsequent experiments
provided convincing evidence that procollagen 
was a precursor of collagen [53, 54].

Since then, studies on the structure and role 
of collagen continued [55, 56]. It was shown that 
the lack of hydroxyproline and hydroxylysine
significantly influenced the three-helix structure and
stability of collagen [57]. Collagen was synthesized 
on endoplasmic reticulum ribosomes [58]. 
Collagen mRNA was isolated and translation 
of collagen peptides was reproduced in a cell-free
system [59]. The interaction of collagen with
fibronectin has been demonstrated [60]. Inhibition 
of procollagen and, consequently, collagen synthesis 
by cortisone (a steroid hormone of the adrenal cortex)
has been shown [61]. The latter fact is important 
in the pathogenesis of hypercorticism, as well 
as in the treatment with steroidal anti-inflammatory
drugs: prolonged increased concentration of steroid
hormones inhibits collagen synthesis and causes
development of steroid-induced osteoporosis.

Other causes that affect collagen biosynthesis,
assembly, post-translational modification, secretion,
and breakdown have now become known: 

• more than 1000 collagen gene mutations
leading to various diseases (Table 1) [62];

• autoimmune diseases (lupus erythematosus,
rheumatoid arthritis).

The involvement of collagens in tumor progression,
tissue repair, fibrosis development, as well as connective
tissue diseases with a progressive course, leading 
to disability, reduced human performance, stimulate
further research on collagens and their diseases. 
In addition, the study of the role of collagens 
in the process of skin aging has led to the active use 
of collagens and their hydrolysates in the cosmetic and
food industries. In this context it is important 
to remember: when used superficially, collagen 
will not penetrate the skin because of its large size, 
and when taken through the gastrointestinal tract, 
it is hydrolyzed into individual amino acids, 
so it is not able to get into the skin in an unchanged form.

3. METABOLISM OF AMINO ACIDS AND 
THEIR DERIVATIVES

Amino acids are important molecules for synthesis
of various compounds (proteins, enzymes, hormones,
neurotransmitters, nucleotides, etc.) and the regulation
of body functions [63]. Some specific reactions
characteristic of amino acids were discovered and
studied by scientists at IBMC. The scientific group
headed by Academician Alexander Evseevich Braunstein
discovered the process of transamination [64], 
actively studied the role of pyridoxal phosphate 
in the metabolism of tryptophan [65], cysteine [66–68],
threonine [69]. In 1952, A.E. Braunstein together with
M.M. Shemyakin proposed a theory of pyridoxal
catalysis, summarizing all known reactions with this
coenzyme in amino acid metabolism at that time, 
which contributed to the discovery of other reactions
involving this coenzyme [70, 71].

Later it was found that the determination of blood
transaminase activities (AST and ALT) (more precisely
their ratio, known as the de Ritis coefficient) 
could be used to diagnose liver and heart lesions [72]. 

Also,A.E. Braunstein and colleagues demonstrated
that ammonia, released during the hydrolysis 
of the amide group of glutamine, was further
incorporated into the ornithine cycle, where 
it was detoxified by converting into urea [73]. 
It has been indirectly shown that glutamine is a carrier
of ammonia in the body. Its amount increased
significantly due to the binding of ammonia at defects
in the urea cycle. 
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Table 1. Diseases caused by collagen gene mutations. Adapted from [62]
Gene Disease

COL1A1; COL1A2 Osteogenesis imperfecta (OI), osteoporosis
COL2A1 Chondrodysplasia, osteoarthrosis 
COL4A3; COL4A4 Alport syndrome
COL5A1; COL5A2 Ehlers-Danlos syndrome (EDS) types I and II 
COL9A1; COL9A2; GOL9A3 Multiple epiphyseal dysplasia, intervertebral disc disease, osteoarthrosis 
COL1OA1 Metaphyseal chondrodysplasia, Schmid type
COL11A1; COL11A2 Non-Syndromic genetic hearing loss, osteoarthrosis
COL17A1 Generalized atrophic benign epidermolysis bullosa



A.E. Braunstein's pupil Vladimir Zinovievich
Gorkin (later Corresponding Member of the Russian
Academy of Medical Sciences) chose the study 
of the regulatory properties of monoamine 
oxidases (MAO), the most important enzymes 
of monoamine metabolism (serotonin, dopamine,
tyramine, etc.), as the main focus of his scientific
activity [74, 75]. Although by that time, the first 
MAO inhibitors had already been discovered and
started to be used in clinical practice for the treatment
of depressive disorders, they caused many side effects
due to non-selective inhibition of the enzyme. 
In this context, one of the most important 
directions of V.Z. Gorkin's scientific activity included
the search for molecules that would selectively 
inhibit MAO and thus reduce the number 
of unwanted effects [76–82].

Currently, MAO inhibitors continue to be used 
in the treatment of a wider range of psychiatric
disorders: panic attacks, post-traumatic stress disorder,
and neurodegenerative Parkinson's disease [83].

4. DRUGS/ANTIBIOTICS

Academician Mikhail Mikhailovich Shemyakin,
whose name was given to the Institute of Bioorganic
Chemistry, at the beginning of his career at IBMC
headed a laboratory where the mechanisms 
of hydrolytic and oxidative-hydrolytic transformation
of organic compounds were investigated [84–87]. 
The results of these studies helped to develop the theory
of pyridoxal-dependent enzymes (in collaboration 
with A.E. Braunstein), to explain the mechanism 
of the Hooker reaction and the hydrolytic cleavage 
of some antibiotics [88]. In addition, M.M. Shemyakin
investigated the structure, synthesis methods and
mechanism of action of antibiotics. For example, 
the structures of auremicin and terramycin were
determined [89] and some stages of synthesis 
of tetracyclines were described [90, 91]. The mechanism
of action of levomycetin (chloromycetin) 
was investigated [92] and methods of its synthesis 
were developed [93, 94]. With minor modifications,
these methods are still used in industry for the synthesis
of this antibiotic.

5. GLUCOSE OXIDASE METHOD 
OF GLUCOSE DETERMINATION 

Determination of glucose concentration 
is an important indicator for diagnostics and control 
of diabetes mellitus (type I, II, MODY, etc.), as well 
as gestational diabetes mellitus and steroid-induced
diabetes. In 1960, Vladimir Konstantinovich
Gorodetsky, an IBMC scientist, developed a method 
of blood glucose determination, which was 
a modification of the methods proposed by Middleton
and Griffiths [95] and Marks [96]. This modification
required a smaller amount of a sample used 

for one determination and a locally produced 
glucose oxidase preparation [97]. In addition, 
the method allowed selective determination 
of glucose in the presence of various sugars and other
reducing non-carbohydrate substances. A little later,
V.K. Gorodetsky and I.S. Lukomskaya produced 
a system of test strips for semi-quantitative
determination of glucose in urine [98].

Modern methods of measuring glucose
concentration work according to the same principles 
as the measurement methods of the past, but with 
minor modifications that contribute to increasing 
the sensitivity and stability of the methods. 

CONCLUSIONS 

This year IBMC celebrates its 80th anniversary. 
It should be emphasized that science in general and
chemistry in particular is a field of human activity
based on the experience and results accumulated 
by many generations of scientists and modern
researchers should know and use these results 
for further developments in the field. Eight decades 
for IBMC is a history of successful activity, in which
the contribution of each scientist was important.
Biomedical chemistry is considered as the biological
science of the XXI century. Predictive and preventive
medicine, biosafety, operational measures in case 
of biological threats are modern challenges that form
new vectors of development for the IBMC team.
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ФОРМИРОВАНИЕ ОСНОВ БЕЛКОВОЙ ХИМИИ В ИБМХ

А.В. Колесниченко*, Т.О. Плешакова

Научно-исследовательский институт биомедицинской химии имени В.Н. Ореховича, 
119121, Москва, Погодинская ул., 10; *эл. почта: alenqw7@gmail.com

80 лет назад был основан Институт биомедицинской химии (ИБМХ), который вначале назывался
Институт биологической и медицинской химии Академии Медицинских Наук СССР. За первые десятилетия
работы Института были проведены значимые исследования, которые не только способствовали более
глубокому пониманию биохимических процессов в живом организме, но и заложили основу для дальнейшего
развития этих областей.

Главные направления ИБМХ того времени касались структуры ферментов (в первую очередь 
различных протеаз), их субстратов и ингибиторов, роли ферментов углеводного обмена в развитии 
патологий, а также изучения механизмов гидролитического и окислительно-гидролитического превращения
органических соединений, исследования белков соединительной ткани, в том числе коллагенов, изучения
аминокислотного обмена.

Работы тех лет сложно найти в современных онлайн-базах литературных источников, поэтому 
данный обзор поможет понять ценность исследований, проведённых в ИБМХ за первые 40 лет работы, 
а также какое развитие получили данные направления в наше время.

Полный текст статьи на русском языке доступен на сайте журнала (http://pbmc.ibmc.msk.ru).
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