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In the Front Line of World 
Science
A.V. Zelenin and V.L. Karpov

The creation and organization of the Institute of Molecular Biology (in its first six years it was called the 
Institute of Radiation and Physicochemical Biology, Academy of Sciences of the USSR) is forever con-
nected with the name of Vladimir Alexandrovich Engelhardt, one of the most outstanding biochemists 
and molecular biologists of the 20th century. Vladimir Alexandrovich won broad fame and international 
acclaim as far back as the 1930s for discovering oxidative (respiratory) phosphorylation with the par-
ticipation of ATP. In the beginning of the 1940s, Vladimir Alexandrovich earned fame again, when he 
and his wife Milicia Nikolaevna Lyubimova discovered the fermentation activity of myosin protein, 
which allowed him to suggest a theory about the combination of the structure and functions of bio-
logical compounds on the level of individual molecules. This scientific body of work became part of 
a goldmine of science, while Vladimir Alexandrovich began to be justifiably referred to as one of the 
founders of molecular biology in our country. 

ON ThE SEMICENTENARY OF 
ThE ENgELhARDT INSTITuTE OF 
MOLECuLAR BIOLOgY, RuSSIAN 
ACADEMY OF SCIENCES

In t h e  m i d d l e  t h e  1 9 5 0 s , 
Vladimir Alexandrovich 
progressed up the career 

ladder and became an Academician-
Secretary of the Biological research 
Branch, Academy of Sciences of the 
uSSr. needless to say, he had to im-
mediately join in the reconstruction 
and consolidation of russian experi-
mental biology and genetics, which 
were almost completely in ruins. the 
most important stage in that process 
was, in his opinion, the creation of the 
first specialized russian molecular bio-
logical institute. Vladimir Alexandrovi-
ch managed to build that institute with 
the unwavering support of A.n. nes-
meyanov, president of the Academy 
of Sciences of the uSSr, and a group 
of outstanding physicists such as I.V. 
Kurchatov, P.L. Kapitsa, and I.e. tam-
ma. the resolution on the creation of 
a new Molecular Biological Institute 
was adopted in April of 1957 by the 
Presidium of the Academy of Sciences 

of the uSSr, but in fact the institute 
was launched two years later. 

V.A. engelhardt managed to attract 
a series of brilliant researchers to the 
Institute of Molecular Biology (IMB), 
including biochemists A.e. Brown-
stein and A.A. Baev, cytogenetics spe-
cialist A.A. Prokofieva-Belgovsky, 
cell biologist M.n. Maisel, biophysicist 
M.V. Folkenstein, physicist L.A. tumer-
man, and crystallographer n.S. Andree-
va. At the same time, many young re-
searchers interested in the new science 
and graduates of different universities 
also joined the institute. 

the young generation of leaders 
included G.P. Georgiev, A.D. Mirza-
bekov, A.A. Kraevsky, r.M. Khomu-
tov, and L.L. Kiselev. As a result, in a 
short period of time, just as the insti-
tute received its present name, it had 
acquired a complete, actively working 
team involved in investigating a defi-
nite range of issues. the researchers 
investigated the structures and bio-
synthesis mechanisms of nucleic acids 
and the primary and space structures 
of proteins and their complexes, as well 
as the mechanisms of their function-
ing on the molecular level in in vitro 

systems, viruses, and cells. that range 
of problems to tackle predetermined 
the areas of the institute’s activity for 
many years, though it underwent in-
tensive development and significant 
modification later on. 

the institute became well-known in 
russia and abroad. In this connection, 
it is essential to note first the interpre-
tation of the primary structure of the 
valine transfer rnA carried out under 
the guidance of Baev. It was the first 
structure of biopolymer interpreted 
in our country and the sixth primary 
structure of trnA in the world. In the 
following years, researchers success-
fully studied information transfer in 
eukaryote cells, the mechanisms of 
gene expressions regulation, and the 
nature of the mobile genetic elements 
of drosophila; they also interpreted the 
chromatin structure and established 
with high resolution the tertiary struc-
ture of pepsin and some other proteins. 
Great progress was noted in the for-
mulation of the biochemical grounds of 
protein biosynthesis and the chemical 
grounds of biocatalysis and the phys-
ics of biopolymers, as well as for the 
creation of new site-directed inhibi-
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tors of biological processes. the drug 
Phosphaside (nIKAVIr), created un-
der the guidance of Kraevsky, became 
a very important drug that prolongs 
the life of those suffering from immu-
nodeficiency disorder. research by a 
team working under the guidance of 
Prokofieva-Belgovsky paved the way 
for medicogenetic service development 
in our country. 

In the late 1980s and early 1990s, the 
institute underwent significant restruc-
turing. A modern instrumental base was 
created to intensify work in the sphere 
of cell molecular biology; investigations 
in new directions such as immunooncol-
ogy and immunogenetics were started; 
and, finally, Mirzabekov initiated the 
development of biological microchip 
technology. these investigations have 
continued to the present day. the bi-
lateral russian-American Laboratory, 
which linked the Institute of Molecu-
lar Biology in Moscow and the Argonne 
national Laboratory in chicago (one of 
the leading centers in the development 
of atomic power and for the solution of 
the most important problems of funda-
mental science in the united States), 
gained distinction as well. that inter-

national team managed to create the 
technology of gel microchips on the ba-
sis of IMB development work, which is 
becoming more and more important in 
the molecular diagnostics of infectious 
and oncological diseases.  

the institute created by V.A. engel-
hardt was based on the principle of the 
three pillars of physics, chemistry, and 
biology, which formed the basis of mo-
lecular biology at that time, although 
today the talk is about specialists of a 
new profile, so-called molecular biolo-
gists who use the principles and meth-
ods of the above-mentioned sciences in 
their work.   

Almost immediately, from the date 
of its inception, the institute became 
the center of “crystallization” of the 
russian researchers engaged in re-
search and interested in molecular 
biology. the numerous meetings, con-
ferences, and seminars organized by 
the institute encouraged that process. 
As a consequence, the institute took a 
leading place among the establishments 
that spearheaded the regeneration 
of science in our country. It is essen-
tial to note the important role that the 
“revertase” program and the Soviet 

(and later russian) “Human Genome” 
program played in the development of 
russian science. 

today, the main areas of scientific 
activity at the institute are as follows:
• structure and function of nucleic ac-
ids, proteins, and their complexes;
• structural and functional genomics;
• molecular biology of cell;
• molecular immunology;
• bionanotechnologies and the funda-
mentals of medical diagnostics.

the researchers at the institute have 
carried out a range of research that has 
contributed significantly to the devel-
opment of international molecular bi-
ology and spurred current ideas about 
the physicochemical elements of living 
systems. It is impossible to consider the 
whole wide range of investigations car-
ried out at the IMB in this brief review: 
therefore, let’s turn our attention only 
to the most important issues.  

really cutting-edge discoveries are 
made at the intersection of disciplines 
such as immunology, molecular genet-
ics, bioorganic chemistry, biotechnol-
ogy, and medicine. the focus of inter-
est and primary fields in this direction 
include physiological functions; the 
mechanisms of the action and regula-
tion of cytokines; the so-called protein 
mediators of the immune system; the 
mechanisms activating cytokines, in-
cluding the whole chain of signal trans-
fer beginning from the activation of the 
genetic immunity receptors; and the 
protective and pathological properties 
of the tnF family (tumor necrosis fac-
tor) cytokines. In particular, researchers 
have created unique living systems such 
as mice with the tnF gene silenced in 
some cells of their immune systems [1] 
and mice with silenced lymphotoxin 
genes [2]. using these mice made it pos-
sible to obtain new important results 
in physiology and medicine [3-5]. the 
applied aspects of these investigations 
are related to the characteristics of new 
human cancer antigens and the possi-
bility of using them for diagnostics and 
the monitoring of oncological diseases, 
as well as to create new drugs.  

researchers at the institute have re-
vealed the important prophylactic role 
played by the p53 gene, which is able 
to function in a cell as an antioxidant 
and to decrease the level of oxygen 
radicals. this effect is achieved thanks 
to the p53-dependent adaptation of 
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antioxidant protective systems that 
save DnA cells from damage caused 
by physiological stress. Hence, the p53 
gene significantly slows the mutation 
process and, in doing so, prevents ma-
lignant diseases and premature aging 
[6, 7]. the prototype of a new antitumor 
drug has been created: a small retrA 
molecule which selectively kills tumor 
cells thanks to the activation of the p73 
protein [8]. A team at the same labora-
tory has discovered the fourth nuclear 
rnA polymerase which performs the 
partial transcription of mrnA in ani-
mal and human cells [9]. 

Active and successful investigations 
are ongoing in the sphere of gene tran-
scription regulation by the example of 
drosophila. researchers have discov-
ered a new protein complex of dro-
sophila that is related to nuclear pores 
and responsible for mrnA export from 
the nucleus. It has been established that 
the e(y)2 transcription factor, which is 
a component of this complex, is present 
in the multiprotein SAGA transcription 
complex and provides a connection be-
tween the transcription and export of 
mrnA of actively functioning genes; 
i.e., the researchers have discovered a 
new mechanism controlling effective 
gene expression [10–12]. It has been 
established that the trF2 transcrip-
tion activator, which contains a domain 
homological to the promoter-binding 
domain of the main tBP transcription 
activator, plays an important role in 
maintaining the chromatin structure 
and its condensation [13]. 

Investigations in the area of trans-
lation mechanisms, traditionally a 
field of success for the institute, are in 
progress. In recent years, researchers 
have developed a system that makes it 
possible to analyze in vitro the contri-
bution of any component of the transla-
tion complex at different stages of pro-
tein synthesis. It has been established 
that the GtF hydrolysis precedes the 
peptidyl-trnA hydrolysis upon trans-
lation termination, while erF3 signifi-
cantly accelerates this reaction [14]. In 
the structure of termination factors of 
first-class bacteria, the eukaryote and 
archaeon n-domain are responsible 
for recognizing the mrnA stop codon, 
the c-domain is responsible for binding 
with erF3, and the M-domain contains 
a universal GGQ-motive necessary for 
peptidyl-trnA hydrolysis in ribosome. 

the erF3 protein has been found to be 
characterized by GtF activity, which 
depends on erF1 and ribosomes, and 
to form an in vitro complex with erF1. 
the role of guanylic nucleotides in the 
functioning of the elongation factor of 
the eF-G translation has been deter-
mined [15, 16].

the researchers at IMB have discov-
ered a new class of mobile genetic ele-
ments called “Penelope-like elements” 
[17]. representatives of this quite an-
cient class are present in hundreds of 
animal species, from rotifers to fish and 
reptiles. the Penelope element has been 
established to be responsible for the hy-
brid dysgenesis syndrome of Drosophila 
virilis. the researchers have offered 
a model of chromosomal speciation, 
which assigns a leading role to mobile 
elements that are able, under certain 
conditions, to cause the “explosion” of 
mutability. 

Work in the sphere of bioinformat-
ics has developed intensively: for in-
stance, researchers have revealed the 
relation between genome polymor-
phism phenomena and alternative 
splicing, which provides multiplicity 
of the human proteome [18]. A com-
putational method for predicting the 
substitution of amino acids in proteins 
has been designed, and a database of 
the functional protein polymorphisms 
in the human genome has been created 
(http://www.snp.imb.ac.ru) [19].

the results of the fundamental sci-
entific research of IMB researchers are 
used in applied fields. the technology 
of gel biochips initiated and elaborated 
under the guidance of Academician 
Mirzabekov was developed as an in-
novative product, was patented, and 
then spread to medical practice, where 
it helps carry out express diagnostics 
of socially important infectious, onco-
logical, cardiovascular, and inherited 
diseases, as well as identify the special 
danger of infections and biotoxins [20, 
21]. A pilot production, where several 
thousands of biochips were produced 
every day, was organized. For the rus-
sian Federal Service for the Supervision 
of Public Health and Social Develop-
ment, the researchers have developed 
and registered a biochip analyzer and a 
range of biochip-based test-systems for 
different applications in medical diag-
nostics, including a test-system for the 
genetic typing of 36 hepatitis c sub-

types (International Application for the 
Patent Pct/ru2007/000438, in part-
nership with the university and Hos-
pital of toulouse) [22]. Moreover, they 
have developed a method for quantita-
tively estimating proteins on the basis 
of a combination of biochip technology 
and time-of-flight mass spectrometry 
[23].

the biochip-based test-systems 
make it possible to determine and ana-
lyze the sensitivity of tuberculosis mi-
crobacteria to medical drugs; viruses 
of human immunodeficiency (HIV-1); 
hepatitis B and c (36 subtypes); influ-
enza A (30 subtypes, including bird flu 
H5n1 and swine flu H1n1); herpetic 
fever (2 subtypes); pox (6 subtypes); 
bacillus anthracis; protein markers of 
oncological diseases (12 tumor mark-
ers) and biotoxins (9 types); chromo-
some aberrations that cause 13 types 
of leucosis; individual pharmacogenetic 
status; one’s genetic disposition to cer-
tain oncological, cardiovascular, and in-
herited diseases; and personal genetic 
markers (18 markers which determine 
more than 1,000 variants of the human 
genome). Biochips for establishing the 
causative agent of tuberculosis and 
identifying its drug-resistant forms al-
lows doctors to reduce the time needed 
for analysis from 6–10 weeks to a few 
hours and to choose an adequate treat-
ment quickly. Biochip diagnostics is ap-
plied in more than 30 antituberculosis 
centers in russia and countries of the 
cIS. Biochips for typing chromosome 
aberrations that cause oncological dis-
eases in blood are certified and used 
for prognosis updating and selecting a 
treatment strategy at the russian chil-
dren’s Health clinic (Moscow), where 
samples from 18 regional hematological 
centers of the russian Federation are 
analyzed. 

the researchers have created a 
method of Pcr conduction in biochip 
cells on a real-time basis that allows 
them not only to detect pathogenic 
bacteria, viruses, and cancer cells in a 
sample, but also to simultaneously es-
timate their number in all samples [24]. 
An automated device based on replace-
able modules is being developed to 
extract trace amounts of nucleic acids 
from biological samples. the following 
integration of this module and system 
for Pcr conduction in biochip cells with 
real-time detection will lead to the ap-
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pearance of a radically new device: the 
so-called laboratory-on-chip. the ap-
pearance of such a device will exclude 
contact between the object being ana-
lyzed and the external environment, 
which will significantly decrease the 
probability of personnel infection and 
contamination. 

the russian Academy of Sciences, 
along with the Institute of Spectros-
copy, has developed analytical systems 
based on portative dichrometers, which 
help to detect different compounds in 
the environments analyzed, and applied 
for nine patents. nanoconstructions de-
veloped on the basis of liquid-crystalline 
dispersions of nucleic acids may be used 
as atom-carriers of heavy elements for 
neutron-capturing therapy of tumor 
diseases. 

the applied work also includes in-
vestigations of the genetic fingerprint-
ing used in the genetic identification 
of the remains of nicholas II and the 

members of his family. the researchers 
proceeded to successfully develop anti-
virals based on the original russian an-
ti-HIV-drug nIKAVIr. A range of new 
inhibitors of hepatitis c virus replica-
tion have been obtained. An analogue of 
the antiherpetic drug Acyclovir, which 
allows the replication of strains of the 
herpes virus resistant to Acyclovir, has 
been created [25].  

For achievements in the sphere of 
fundamental and applied science, re-
searchers of the Institute of Molecular 
Biology, russian Academy of Sciences, 
have been honored at different times 
with two Lenin Prizes and eight State 
Prizes, the Demidov Prize, the Prize of 
the Federation of European Biochemical 
Societies, and numerous other prizes 
and medals. Young scientists have 
received many Lenin Komsomol prizes 
and have also been honoured with the 
State Prize of the russian Federation in 
the Sphere of Science and technology. 

In connection with the jubilee of the 
Institute, foreign scientists have highly 
rated the contribution of IMB to the 
development of modern molecular 
biology; in particular, they have noted 
that the engelhardt Institute is fa-
mous for its talented researchers and 
that even in its most difficult years its 
researchers had continued to believe 
in the universality of scientific knowl-
edge, ignoring state boundaries and 
managing to contribute greatly to the 
development of molecular biology [26]. 

the Institute of Molecular Biology is 
celebrating its sixth decade as a first-
class scientific establishment that has 
everything needed to conduct investi-
gations in the sphere of molecular and 
cellular biology on an international lev-
el. Its scientific research is supported by 
many russian and foreign grants, while 
its substantial number of young scien-
tists allow us to face the future with 
hope and confidence.   
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