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A heterologous host has got a unique expression ability of each gene. Differences between the
synonymous sequences play an important role in regulation of protein expression in organisms from
Escherichia coli to human, and many details of this process remain unclear. The work was aimed to
study the composition of codons, its distribution over the sequence and the effect of rare codons on
the expression of viral nucleocapsid proteins and their fragments in the heterologous system of
E. coli. The plasmid vector pJC 40 and the BL 21 (DE 3) E. coli strain were used for protein expres-
sion. The codon composition analysis was performed using the online resource (www.biologicscorp.
com). Ten recombinant polypeptides were obtained, two of them encoding the complete nucleotide
sequence of nucleocapsid proteins (West Nile and hepatitis C viruses) and the fragments including
antigenic determinants (Lassa, Marburg, Ebola, Crimean-Congo hemorrhagic fever (CCHF), Puumala,
Dobrava-Belgrade, Hantaan, and lymphocytic choriomeningitis viruses). Hybrid plasmid DNAs pro-
vided efficient production of these proteins in the prokaryotic system. The recombinant protein yield
varied from 5 to 40 mg per one liter of bacterial culture. No correlation was found between the level
of protein expression and the frequency of rare codon occurrence in the cloned sequence: the maxi-
mum frequency of rare codon occurrence was observed for the West Nile virus (14.6% ), the minimum
one was for the CCHF virus (6.6% ), whereas the expression level for these proteins was 30 and 5 mg/1
of culture, respectively. The codon adaptation index (CAI) values, calculated on the basis of the
codon composition in E. coli, were in the range from 0.50 to 0.58, which corresponded to the average
expressed proteins. The analysis of the CAI distribution profiles indicated the absence of rare codons
clusters that could create difficulties in translation. Difference between the frequencies of the amino
acids distribution and their content in E. coli was statistically significant for the nucleocapsid pro-
teins of the Marburg, Ebola, West Nile, and hepatitis C viruses.
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The development of recombinant DNA
technology laid the foundation for the
expression of proteins in a wide range of
various cellular systems (from bacterial to
eukaryotic and cell-free ones). Thus, the
process of recombinant proteins production
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has become faster and easier in comparison
with their natural counterparts. Until now,
Escherichia coli remains the main host for
protein production. The main advantages
of this system are potentially very high
expression levels, rapid growth of culture, low
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cost of media and simple cultivation conditions
are the main advantages of this system. The
scale of production of therapeutic, diagnostic,
and industrially important proteins and/
or enzymes ultimately depends on protein
expression the in a heterologous system.
The expression ability of each gene is unique
in a heterologous host, and not all proteins
are successfully synthesized in E. coli cells.
Many factors, such as a vector and a host, the
promoter strength, the inducers concentration,
the composition of the medium, and a number
of others, affect the efficiency of protein
production [1]. It has been known for a long
time that gene expression in a heterologous
host is disrupted due to differences in the
use of codons by an organism [2]. Degenerate
coding of 20 amino acids by 61 nucleotide
triplets makes it possible to synthesize the
same protein sequence using a huge number
of synonymous mRNAs. Differences between
synonymous sequences play an important role
in the regulation of protein expression in the
organisms from E. coli [3—5] to human, and
many details of this process remain unclear [6].
Most literature on codon use are focused on a
study of rare codons such as AUA codon for Ile
and AGA, AGG and CGG for Arg, insufficient
amount of the corresponding specialized tRNA
[7]. However, this assumption was refuted by
the studies onribosome profiling, which showed
that the net rate of translation-elongation, as a
rule, was constant and did not depend on the use
of codons [8]. The level of protein expression
could be influenced not only by the presence of
so-called rare codons, but also by their location
and distribution within the gene. It has been
reported that the presence of the AAA codon
at position of +2 gene increases expression [9],
while the NGG codon has the opposite effect
at position +2 [10]. In this context, the codon
composition of a heterologous gene can be
optimized for expression in a particular host.

Studying the effect of mRNA sequence on
protein expression is complicated by the fact
that the changes in synonymous sequences
(optimization) simultaneously affect many
parameters, including identity, codon
homogeneity and mRNA folding, as well as
other features of local and whole sequences,
ranging from the effects of codon pairs to
theirs general content of A/U/C/G [11].

The aim of this research was to study the
composition of codons, its distribution over
the gene, and the effect of rare codons on the
expression of viral nucleocapsid proteins and
their fragments in the heterologous system of
Escherichia coli.

Material and Methods

Lassa virus (LASV) (Josiach strain),
Marburg virus (MARYV) (Voege strain), Ebola
virus (EBOV) (Zair strain) were obtained
from Dr.G. van der Groen (Institute of
Tropical Medicine, Belgium). Lymphocytic
choriomeningitis virus (LCMV) (Armstrong
strain) was obtained from the Center for
Disease Control and Prevention (Atlanta,
USA). Crimean-Congo hemorrhagic fever
(CCHF) virus (strains 22263, Astrakhan and
Uzbekistan); Hantaan virus (HTNV) (strain
4950); Dobrava-Belgrade virus (strain Aa 118)
were obtained from the Ivanovsky Institute
of Virology of RAMS (Moscow, Russian
Federation). Puumala virus (PUUYV) (strains
CG-1820 and K-27) was obtained from the
Center of the Ministry of Health of the Russian
Federation for Combating Hemorrhagic
Fever with Renal Syndrome (headed by
Professor E.A. Tkachenko, Doctor of Medical
Sciences) (Moscow, Russian Federation).
Virus-containing fluid from a patient with
laboratory-confirmed diagnosis of hepatitis C
virus was used to obtain a nucleotide sequence
encoding the hepatitis C virus nucleocapsid
protein.

E. coli strain DH5 o (supE44 lacU169 (80
lacZAM15) hsdR17 recAl endAl gyrA96 thi-
1 relAl) was used for genetic engineering. E.
coli strain BL21 (DE3) (F— ompT gal dcm lon
hsdSB (rB —mB —) A (DE3 [lacI lacUV5-T7p07
indl sam7 nin5]) [malB+]K-12 (AS)) was used
for the expression of recombinant proteins.
Plasmid pJC 40 [12] was used as an expression
vector providing transcription of cloned
genes under the control of the T7 polymerase
promoter. The plasmid contains an additional
fragment encoding 10 histidine residues (His),
which is localized at the N-terminal part of the
polypeptide during translation, allowing protein
purification by metal chelate chromatography.

Topological analysis of nucleocapsid
proteins amino acid sequences to search for
antigensignificant sites was carried out using
the computer program wxGeneBee.

Oligonucleotide sequences (primers)
for the amplification of DNA fragments
encoding regions of nucleocapsid proteins were
synthesized by Primetech (Republic of Belarus).

Viral RNA obtained from virus-containing
fluid was used as an initial template for reverse
transcription. RNA was extracted using
NucleoSpin RNA reagent kit (MACHERY-
Nagel, Germany).

The reverse transcription reaction was
performed using the Reverta-L reagents kit
(Amplisense, Russian Federation) according
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to the manufacturer’s instructions. The
complementary DNA (cDNA) was used for
PCR. Reaction mixture contained 25 pmol of
primers, 5 pl of 10x Taq buffer (Primetech,
Republic of Belarus), 4 pul of 26mM MgCl2, 1 ul
of dNTP (10 mM each), 10 ul of RT product
(cDNA), 2.5 units of Taqg DNA polymerase
(Primetech, Republic of Belarus), deionized
water to a final volume of 50 pl.

Analysis of DNA fragments synthesized in
PCR was carried out by electrophoresis in 1.5—
2% agarose gel. DNA was visualized in UV light
by staining the gel with ethidium bromide.

DNA was hydrolyzed with restriction
enzymes (1 U each) in accordance with the
instructions (Thermo Scientific, USA) at 37 °C
for 2 hours in a final volume of 20 ul. After
incubation the enzymes were inactivated for
15 min at 65 °C.

DNA fragments were ligated in a volume of
20 plat 22 °C for an hour. T4 DNA Ligase (Thermo
Scientific, USA) was used as a ligating enzyme
according to the manufacturer’s instructions.

Isolation of recombinant plasmid DNA was
performed using the QIAprep Spin Miniprep
Kit (Qiagen).

Bacterial E. coli cells, BL 21 (DE3) strain,
transformed with plasmid DNA, were cultured
in a liquid LB medium containing ampicillin as
aselective agent at a concentration of 50 ug/ml
|(Sigma, United States) with constant shaking
at 37 °C until the cell culture reached the
optical density OD600 = 0.3. Isopropyl-B-D-
thiogalactopyranoside (IPTG, Sigma, USA)
was added to the medium and cells were
further incubated for 3.5 hours under the
same conditions. Inducer concentration,
cultivation temperature, medium composition
were optimized to provide the maximum yield
of each recombinant polypeptide.

Analysis of recombinant polypeptides in
polyacrylamide gel (PAGE) was performed
according to the method proposed by Laemmli.

Analysis of the codon composition and
calculation of the codon adaptation index (CATI)
were performed using an online resource (www.
biologicscorp.com). Each cloned sequence
was divided into segments of 10 codons for
assessing the distribution of CAI index values
within a gene. The index value was determined
for each of these segments.

Statistical data processing was carried out
using the STATISTICA 6.0 package.

Results and Discussion

During development of immunodiagnostic
kits for highly pathogenic viruses, the use
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of biotechnological methods is now of great
importance, allowing the production of
antigens and antibodies to them by artificial
means. This eliminates the need to work with
a highly contagious pathogen and is more
cost-effective and technologically advanced.
Recombinant technologies make it possible
to express not only full-length proteins, but
also their individual antigenic fragments,
as well as mosaic molecules consisting of
separate sections of one or several antigenic
determinants.

The nucleocapsid protein (N-protein) packs
thegenome, actsasan RN A chaperone, provides
intracellular protein transport, participates in
DNA degradation and translation processes
of the host cell. And it is commonly used as an
antigen in the most serological studies, since it
has a pronounced antigenic and immunogenic
activity along with a high conservatism.

This article presents dataon the expression
of full-length nucleocapsid proteins and their
fragments of ten highly dangerous viruses
from various families of Arenaviridae (Lassa
virus and lymphocytic choriomeningitis
virus), Bunyaviridae (Hantaan, Puumala,
Dobrava-Belgrade and Crimean-Congo
hemorrhagic fever viruses), Filoviridae
(Marburg and Ebola viruses), Flaviviridae
(hepatitis C and West Nile viruses) in the
prokaryotic system (Escherichia coli BL 21
(DE 3)) and expression vector pJC 40.

The potential antigenic determinants
exposed on a molecule surface were found. The
topological maps of the amino acid sequences
of viral nucleocapsid proteins were compiled
using the wxGeneBee computer program.
The program is based on the scales of hydro-
phobicity and hydrophilicity proposed by
Hopp and Woods (1981) and Kyte and Doolitle
(1982). The evaluation criteria include such
parameters as solubility, charge, distance
from the NC backbone, the presence of helices,
and the presence of sulfhydryl residues.

Analysis of antigenic determinants in
nucleocapsid proteins showed their sequential
arrangement throughout the entire sequence
for the proteins of Lassa, LCM and hepatitis C
viruses; C-terminal localization in Marburg,
Ebola, West Nile viruses; placement at the
N-terminus for Puumala, Hantaan, Dobrava-
Belgrade viruses; central location in the
CCHF virus. These studies served as a basis
for selection and subsequent cloning into the
expression vector of the following sequences:
432 amino acids (aa) of the Lassa virus
(6/8 of amino acid sequence from position
137 aa to 569 aa); 320 amino acids of LCMV
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(from 41 to 361 aa). For etiological agents
of hemorrhagic fever with renal syndrome
(HFRS), the most extended antigenic regions
within the first 117 amino acids were found
in the N-terminal part of the molecule (amino
acids 1 to 117). For the CCHF virus the choice
was made in favor of a sequence of 105 amino
acid bases (from 202 to 306 aa), including
one antigensignificant site with the highest
antigenicity index located in the center of
the protein. Five hydrophilic regions for the
Marburg virus and six for the Ebola virus
were identified as potential antibody binding
sites in the C-terminal part of the protein. The
most extended antigen-significant amino acid
areas are localized in the region 442—695 aa of
Marburg virus nucleocapsid, represented by
four B-sites, and in region 434—-739 aa of Ebola
virus nucleocapsid, including all six antigenic
determinants. The profile of antigenic sites
in the nucleocapsid proteins of hepatitis C
and West Nile viruses showed their uniform
distribution in the sequence for the hepatitis C
virus and the C-terminal location for the West
Nile virus. Small size of the West Nile virus
nucleocapsid protein and identification of only
one antigenic determinant were the reasons
to clone the full-length core proteins of these
viruses. Specific fragments of 190 amino acids
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and 103 amino acids encoding full-length
nucleocapsid proteins of hepatitis C virus and
West Nile virus, respectively, were cloned into
the expression vector.

The results of the experiments showed
that the level of recombinant polypeptides
expression in optimal for each of them
conditions varied to a large extent (by 8
times): from 40 mg per liter of culture for
representatives of arenoviruses (Lassa virus,
LCMYV) to 5 mg per liter for the CCHF virus
(Fig. 1). The highest yield of recombinant
nucleocapsid proteins (30-40 mg/l1 of
cell culture) was observed for the cloned
sequences of three viruses: Lassa, LCM, and
West Nile (Fig. 1, A, B, C, respectively). The
average expression level was detected for the
fragments of the Hantaan, Marburg, Ebola,
Puumala, Dobrava-Belgrade, and hepatitis C
viruses (from 25 to 15 mg/I of cell suspension)
(Fig. 1, C, E, F, H). CCHF virus nucleocapsid
was poorely expressed (5 mg/1) (Fig. 1, D).

One of the explanation for the different
levels of protein biosynthesis may be the
different number of codons that are rare for
E. coliin the cloned viral sequence.

Amino acid codons rarely found in E. coli
cellsinclude AGG/AGA/CGA tripletsencoding
arginine (frequency of occurrence 1.1; 2.0;

G H

Fig. 1. Electrophoretic analysis of recombinant viral nucleocapsid proteins expression
Black arrows indicate the target viral proteins: LCM (A4, lane 2); Lassa (B, lane 3); Hantaan, Dobrava-
Belgrade, Puumala (C, lanes 1, 2, 3, respectively); CCHF (D, lane 2); Marburg (E, lane 3); Ebola (F, lane 2);
West Nile (G, lane 2); hepatitis C (H, lane 2). The samples of bacterial lysates of the cell clones expressing
recombinant viral nucleocapsid proteins after IPTG induction were used for the analysis
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3.5 per 1000); CTA for leucine (3.8 per 1000);
ATA for isoleucine (4.2 per 1000); CCC for
proline (5.0 per 1000); GGA for glutamine (8.7
per 1000). If the distribution of codons was
uniform, the frequency of occurrence for all
codons would be about 16.4. The analysis of
rare codon content in the cloned sequences is
shown in the Table.

Analysis of the rare codons frequency
(Fig. 2, A) showed that in the cloned sequences
of most viral proteins (Lassa, LCM, Marburg,
Ebola, Puumala, Dobrava-Belgrade, Hantaan)
it ranged from 7.5 to 9.5% . The lowest of this
value was for the CCHF virus polypeptide
(6.6% ), the highest one was for the triplets of
the hepatitis C and West Nile viruses (12.1 and
14.6%, respectively). Based on this analysis,
the maximum expression level is expected to
be observed for the protein of the CCHF virus,
and the minimum one should be for hepatitis C
and West Nile viruses.

However, our data obtained by using pJC
40 expression plasmid, bacterial strain BL21
(DE3), and optimized for each polypeptide
expression conditions indicated that the

maximum protein yield was observed for the
amino acid sequences of the Lassa and LCM
viruses (approximately 35—40 mg per liter of a
culture), and minimum one was for the CCHF
virus (5 mg/1) (Fig. 2, B). Thus, there is no clear
correlation between the yield of recombinant
proteins and the total frequency of rare codons
in their sequences. It should be noted that a
feature of the CCHF virus cloned sequence is the
fact that the AGG codon, which is the rarest for
E. coli, is located at position +2, the closest to the
initiating codon. According to the literature, not
only the presence of rare codons, but also their
location can be critical for protein expression.
The proximity to the initiating codon can
explain the low synthesis efficiency (5 mg/1) of
this protein in the heterologous system.

It is interesting to note that, despite the
large number of “not typical” codons for the
nucleocapsid protein of the West Nile virus
(14.6%), its biosynthesis proceeded quite
efficiently (30 mg/1). This can be partly
explained by thefactthatthe maincontribution
to the percentage of rare codons in this case
is not made by the most infrequent ones. The

Analysis of the rare codon number in cloned sequences

Virus Arg Leu Ile Pro Gln General
(number of frequency
Cloned amino AGG AGA CGA CTA ATA CCC GGA of occur-

acids) 1.1%) | (2.0%) | (3.5%)

3.8%) | (4.2%) | (5.0%) | (8.7%) rence

Lassa virus

e vin 5/1.16% | 12/2.78 - 3/0.69 | 6/1.39 | 4/0.93 | 11/2.55 | 41/9.5
ngo";gls 8/2.5 9/2.81 - 4/1.25 | 2/0.63 | 2/0.63 2/0.63 27/8.4
Ma(réogiga\;i)rus 3/1.18 | 8/3.15 - - 3/1.18 | 2/0.79 | 3/1.18 | 19/7.5
Ebola virus 3/0.98 | 8/2.61 | 1/0.33 | 3/0.98 | 1/0.33 | 6/1.96 | 3/0.98 | 25/8.2
(306 aa)
Pu‘(linﬁlaa‘;i)rus - 7/5.98 - - 1/0.85 - 1/0.85 9/7.7
Dobrava-Belgrade 3/2.59 2/1.72 _ 2/1.72 | 1/0.86 - 2/1.72 10/8.6

virus (116 aa)

Hantaan virus 5/4.27 2/1.71 -

- 1/0.85 1/0.85 2/1.71 11/9.4

(117 aa)
CCHF virus
(106w 1/0.94 - 1/0.94 - 3/2.83 - 2/1.89 7/6.6
West Nile virus | 4 5 97 | 3/9.91 - 3/2.91 | 2/1.94 | 2/1.94 | 4/3.88 | 15/14.6
(103 aa)
Hepatitis C virus _
7/3.68 | 1/0.53 | 1/0.53 | 1/0.53 10/5.26 | 3/1.58 | 23/12.1

C (190 aa)

* Absolute number of codons/frequency of occurrence, expressed as a percentage.
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cloned sequence of this protein contains only
one AGG triplet, located in the middle.

Codon adaptation index (CAI), which
reflects the degree of non-uniformity of the
codon composition of a gene, is an additional
parameter that is widely used in wvarious
biological studies to determine the efficiency
of translation, predict the level of cell protein
synthesis and the expression of foreign genes
in heterologous systems [13].

E. coli refers to the organisms in which the
preferential use of certain codons is observed
depending on the gene expression level, while
the translation efficiency correlates with the
uneven use of codons [14]. Highly expressed
genes of E. coli (genes of ribosomal proteins,
transcription and translation factors, outer
membrane proteins) are characterized by high
CAI values (over 0.75).

The CAI values for the cloned viral
sequences, calculated on the basis of the codon
composition in E. coli, are in the range from
0.50 to 0.58, which corresponds to the average
expressed proteins. Therefore, the codon
composition of viral nucleocapsid proteins
is relatively optimal for E. coli. For example,
green fluorescent protein (GFP), which is also
foreign to E. coli and according to the literature
[15] is synthesized in bacterial cells with a
high yield, has a coefficient of 0.58. However,
despite the proximity of the CAI values to each

other, the results of the experiments indicate
that viral polypeptides with a similar content
of rare codons in the nucleotide sequence are
expressed with different efficiencies.
Different levels of the recombinant
proteins expression can also be associated
with the peculiarities of the rare codons
location. Additional information for assessing
the spatial distribution of rare codons can
be obtained by studying the segmental
distribution of CAI values within a gene. The
obtained data are represented in graphical
form in Fig. 3. As a comparison the coding
sequences of highly expressed E. coli proteins
(rspB 30S — ribosomal protein S2, rec A —
recombinase A), as well as heterologous green
fluorescent protein GFP (gfp) were analyzed.
The CAI distribution profiles for cloned
sequences are different. For example, more
flattened curve corresponds to the genes of the
Dobrava-Belgradeand CCHF viruses (Fig. 3,A4)
while an alternation of pronounced peaks are
evidenced for the nucleotide sequences of the
Ebola, LCM and Marburg viruses (Fig. 3, B).
In general, distribution of CAI values for
genes of viral nucleocapsid proteins is
similar to that for proteins with an average
expression level. The curves for E. coli
proteins are differed by higher values of the
index, which are typical for highly expressed
proteins. Analysis of the CAI distribution

Fig. 2. Analysis of rare codon occurrence in cloned sequences
and recombinant proteins expression level
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profiles in the cloned sequences did not reveal
areas of sharp decreases with extremely low
(less than 0.2) index values. This may indicate
the absence of rare codon clusters capable of
embarrassing the translation.

As far as is known, the use of synonymous
codons in the coding genetic sequences of
various organisms is not accidental. Analysis
of the codon adaptation index values, as well
as the distribution of its values over the cloned
sequence for the causative agents of LCM and
HFRS, which are the most relevant for the
Republic of Belarus zoonotic viral diseases,
made it possible to identify some patterns in
the use of codons. Higher CAI values for all
studied viral sequences indicate a potentially
more efficient translation of viral proteins in
humans compared to E. coli (Fig. 4).

Almost similar distribution of CAI along
the analyzed sequences of LCM, Puumala,
and Dobrava-Belgrade viruses in the case
of their expression in humans and rodents
(Fig. 5) indicates that the coding strategy
of nucleocapsid proteins of these viruses is
adapted for optimal replication of pathogens
in natural hosts.

A B

The data obtained confirm the existing
assumption that one of the manifestations of
viruses adaptation to the host during their
evolution is the use of certain synonymous
codons in the viral genome, which corresponds
to codon preferences that are specific for the
host [16].

The frequency of theaminoacidsoccurrence
is another factor that can affect the level of
heterologous protein expression in E. coli.

If the amino acid composition of the
recombinant protein is skewed compared
to the typical E. coli proteins, heterologous
expression may result in translation
disruptions. Premature termination, reading
frame shift, or amino acids misincorporation
can lead to a decrease in the amount or quality
of the expressed protein [17-20].

Analysis of the cloned sequences amino acid
composition in comparison with that typical
to E. coli proteins [18] showed the uneven
content of amino acids in the recombinant
proteins. The polypeptides of the Lassa, LCM,
and CCHF viruses were the closest to bacterial
proteins in the percentage of amino acids in
their composition (Fig. 6, A). For nucleocapsid

Fig. 3. Segmental distribution of the CAI values within genes encoding the nucleocapsid viral proteins and
highly expressed E. coli proteins
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Fig. 4. CAI values for viral sequences, calculated based on the codon composition of E. coli and humans

Fig. 5. Distribution of CAI along the analyzed sequences of LCM, Puumala, and Dobrava-Belgrade viruses
when expressed in humans and rodents

proteins of Marburg, Ebola, West Nile and
hepatitis C viruses, a statistically significant
difference was observed between the
frequencies of distribution of amino acids in
the cloned sequences and their content in E. coli
(g = 36.79, P = 0.008; y*= 87.60, P = 0.007;
y?=32.29, P =0.029; y* = 33.96, P = 0.019,
respectively) (Fig. 6, C).

Analysis of the data obtained demonstrated
the multidirectional nature of existing
deviations. The frequency of various amino
acids occurrence in viral proteins differed from
that in the bacterial proteome both upward
and downward. For example, the amino acids
Cys, Trp, and Phe, which were rare for E. coli
proteins, were not contained in the sequences
of the Puumala, Dobrava-Belgrade, and
Hantaan nucleocapsid proteins. For a number

of cloned sequences, there was a significant
excess in the frequency of occurrence of both
the most rare amino acids for E. coli proteins
(Cys in the Lassa virus sequence, Trp in the
hepatitis C virus sequence), and relatively
uniformly presented in the bacterial proteome
(Asp in the sequences of Marburg, Ebola,
Puumala, Dobrava-Belgrade viruses; Pro in
the sequences of Marburg, Ebola, hepatitis
C viruses, Lys in the sequences of viruses
Dobrava-Belgrade, West Nile, CCHF viruses).

Our studies have shown that the nucleotide
sequences of ten nucleocapsid proteins of
belonging to various families dangerous
and especially dangerous human viruses are
expressed in a prokaryotic heterologous system
quite efficiently: from 5 to 40 mg per liter
of bacterial culture. Bioinformatic analysis
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A

Fig. 6. Histogram of the amino acid composition of the cloned viral sequences
and the amino acid composition typical for E. coli proteins

of the codon adaptation index classifies
recombinant polypeptides as proteins with
an average level of xpression in the E. coli
system. At the same time, the efficiency of
viral proteins translation in the human as a
typical host is potentially higher than in E.
coli, as evidenced by the higher CAI values for
all viral sequences.

Nevertheless, significant differences in
the frequency of rare codon occurrence in
sequences and the absence of its correlation
with the level of protein expression were
revealed, which confirms the complexity of
forecasting the of the protein biosynthesis
process in a heterologous system and its
unpredictable nature.

The authors express their sincere gratitude
to the head of the laboratory of biotechnology
andimmunodiagnosticsofespeciallydangerous
viral infections of the Republican Scientific
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O.T.Pomina O. €., I'puzop’esa,
B. B. 38epko, A. C. Braduko

IepsxaBHA ycTaHOBA
«PecniybmikaHChKUIT HAYKOBO-IPAKTUUHUIHN IIEHTP
emigemioJsiorii Ta mikpo6Giosorii», Peciyburika
Binopycs, Mincbk

E-mail: fegl @tut.by

Excmpeciiina 3gaTHicTh KOMKHOTO reHa € YHi-
KaJIbHOIO ¥ reTepoJoriunoro xasdina. BigmirnaocTi
Mi’K CMHOHIMiUHMMU ITOCJIiJOBHOCTAMU BimirpaimoThb
BaKJIMBY POJIb ¥ PETyaAIii ekcapecii mpoTeiny B op-
ranismax Big Escherichia coli go noguHu, i 6araTo
IeraJjiel I[bOTo IIPOIleCy Iife He 3’ sicoBaHo. MeTo1o 10-
CaimyKeHHA 0YJI0 BUBUUTH CKJIaJ KOTOHIB, 10TO pPO3-
TOAiJI ¥ TOCJIiIOBHOCTI Ta BIJINB PiAKiCHUX KOTOHIB
Ha eKCIIPeCciio BipyCHUX HYKJIEOKAIICUTHUX IPOTEIHIiB
iixHix (hparmeHTiB y rereposoruuHii cucremi E. coli.
s ekcpecii mpoTeiHiB BUKOPUCTOBYBAJIU ILJIa3MiJi-
auit BekTop pJC 40 i mram BL 21 (DE 3) E. coli. Ana-
JIi3 CKJIaZy KOJOHIB BUKOHAHO 3 BUKOPUCTAHHAM ON-
line pecypcey (www.biologicscorp.com). OTpumanHo
IeCsaTh PEKOMOIHAHTHMX IIOJiIenTHUAiB, 3 HUX IBA,
0 KOAYIOTH IIOBHY HYKJEOTHUAHY MOCJiJOBHICTH
HYKJEeOKaIcuAHUX IpoTeiniB (Bipycm Saximaoro
Hiny i renarury C) Ta ixHi hparmeHTH!, M0 MicTATH
aHTUreHHi merepminanTu (Bipyc Jlacca, MapOypr,
E6osa, Kpumcbkoi-KoHro remopariunoi Juxomas-
xku (KKT'JI), IIyymamna, Xanraan, [flo6paBa-Benarpan
i mim@orurapuoro xopiomeniurity (JIXM)). I'i6puxa-
i nnasmigai JHK sabesneuyioTs epeKTUBHE IPOIY-
KYBaHHA IIUX IPOTEIHIB y IpOoKapioTnuHi# cucreMi 3
BHUXOOM PEKOMOiHATHOI'O IIPOTEiny, 1110 Bapie y 8
pasiB: Bix 5 1o 40 mr Ha 1 JsiTp 6aKTEpiaIbHOI KYJIb-
Typu. He BusAB/IeHa KopeAIlii piBHA eKcmpecii mpo-
TeiHy 3 YaCTOTOI0 HAaPOKEeHHA PiIKiCHUX KOJOHIB y
KJIOHOBaAHil MOCJiJJOBHOCTi: MakcUMaJibHa YacToTa
HapOMKeHHS PiAKIiCHMX KOJOHIB Y KJOHOBAaHIiN ITO-
CJiOBHOCTI cmocrepirasacs ans Bipycy 3aximHo-
ro Hiny (14,6% ), minimanbua — aas Bipycy KKI'JI
(6,6%), TuMyacoM SIK DPiBeHb eKcIpecil Ijasa Iux
nporeiuiB cramoBuB 30 i 5 Mr/ia KyJbTypu Bifmmo-
BigHo. 3HaueHHs ingexcy agamnraiii kogouis (CAI),
pospaxoBaHi Ha OCHOBI KOJJOHOBOTO cKJany y E. coli,
IS KJIOHOBAHUX BipyCHUX IIOCJiIOBHOCTEN 3HAXO-
IaTbeda B giamasoHi Bix 0,50 mo 0,58, mro Bizmosizae
cepeqHBOEKCIIPpecOBaHMM InporeiHam. IIpoBenmenuii
aHaJiz mpodisis posmogisny CAl y KJI0OHOBaHUX IIO-
CJIiTOBHOCTAX CBiIUMTH MPO BiJICYTHICTH KJacTepiB
piIKicHUX KOJOHIB, 3JaTHUX CTBOPIOBATHU TPYIHOIIIL
3a Tpaucaanii. CraTucTUYHO 3HAYYIY BigMiHHICTH
Mi’K yacToTaMu PO3MOIiIYy aMiHOKUCJIOT ¥ KJIOHOBA-
HUX IIOCJiZOBHOCTAX Ta ixHiM 3micToMm B E. coli co-
cTepiranu I HyKJEOKAIICUJHUX IPOTEiHiB BipyciB
Map6ypr, E6osa, 3axiguoro Hiny i rematutry C.

Kntouwosi cnosea: peKoMOiHAHTHI HYKJIEOKAIICUTHI
OPOTeiH’, eKcIpecid, pimkicHi KomoHu, iHmeKc
amanTallii KogoHiB.
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IKCIIPECCUOHHAS CIIOCOOHOCTDH KaKI0T0 TeHa YHU-
KaJIbHA y TeTEPOJIOTUYHOTO X03AnHA. Pasmnunsa Mesxay
CUHOHUMWYHBLIMK  IIOCJIEIOBATEJILHOCTSIMU ~ UI'PAIOT
Ba)KHYIO DPOJIb B PETYJISIIUU SKCIIPECCUU IPOTEeNHA B
opranuamax oT Escherichia coli no yemoBeka, 1 MHO-
TUe JIeTaIu 3TOTO IIPOoIlecca OCTaroTeA HessicHbIMU. 1lenn
VICCJIEJIOBAHUSA: U3YUUTH COCTAaB KOJOHOB, €ro pacipe-
JleJIEHVe TI0 TI0CJIeZIOBAaTEILHOCTU U BJINAHUE DPETKUX
KOJIOHOB Ha HKCIIPECCUI0 BUPYCHBIX HYKJIEOKATICHUIHBIX
MIPOTENHOB U UX (DParMeHTOB B TeTEPOJIOTUUYHOI CUCTe-
me E. coli. A skcupeccuy IPOTENHOB UCIIOIB30BAIN
mnasMugabiii BeKTop pJC 40 u mramm BL 21 (DE 3)
E. coli. Aranns cocTaBa KOJOHOB BBIIIOJIHEH C HCIIOJIb-
3oBaHmeM on-line pecypca (www.biologicscorp.com).
TTosryueHbl eCcATH PEKOMOMHAHTHBIX MOJUIEITUIOB,
W3 HUX [Ba, KOAUPYIOIIUX IOJHYIO0 HYKJIEOTUIHYIO
TI0CJIeIOBATEIFHOCTh HYKJIEOKAIICUJHBIX IIPOTENHOB
(Bupycsl 3amaguoro Huna u remarura C) u ux ¢par-
MEHTBI, BKJIIOUAIOIIE€ AHTUTEeHHBbIE [IeTePMUHAHTHI
(Bupyc Jlacca, MapOypr, 960;a, Kpbivckoii-Komro re-
mopparuueckoi guxopaaku (KKIT'JI), ITyymana, Xan-
TaaH, [oOpaBa-Benrpag u smM@oIuTapHOTO XOPHO-
menunrura (JIXM)). T'ubpuznubie wiasmugasie [THE
obecrieunBaioT 3Gh(EeKTUBHOE MIPOAYIIMPOBAHLE STHUX
IIPOTENHOB B IIPOKAPUOTUUECKOI CHCTEME C BBIXOAOM
PEKOMOMHATHOIO IIPOTENHA, BAPHUPYIOIINM B 8 pas:
or 5 1o 40 mr Ha 1 guTp GaKTEPUATBHON KYJIbTYPHI.
He BbIsIBIEHA KOPPEJIAIUSA YPOBHSA SKCIIPECCUU IIPO-
TEMHOB C YACTOTOI BCTPEUAEMOCTU PEAKUX KOIOHOB B
KJIOHMPOBAHHOM IOCJIE0BATEILHOCTI: MaKCUMaJIbHAS
YaCcTOTa BCTPEUAEMOCTH PEJIKUX KOJOHOB Ha KJIOHUPO-
BaHHYIO II0CJI€ZI0BATEILHOCTS HAOIIOMAIACE [IJIs BUPY-
ca 3amaguoro Huia (14,6% ), MuHuMaabHasg — OJIs
Bupyca KKI'JI (6,6%), B To BpeMsI KaKk ypOBEHb IKC-
Ipeccuu AJIs 3TUX 0eJIK0oB cocTaBAa 30 u 5 MT/J1 KyJib-
TYPBI COOTBETCTBEHHO. SHAUEHUS MHIEKCA aJalTalliuu
komouoB (CAI), paccuuTaHHble HA OCHOBE KOJOHOBOI'O
cocraBa y E. coli, njisi KJIOHUPOBAHHBIX BUPYCHBIX IIO-
cJIeoBaTeILHOCTEl HaxomaTcsa B auarasone ot 0,50
o 0,58, UTO COOTBETCTBYET CPEIHEIKCIPECCUPYEMbIM
npoTrerHaM. IIpoBeieHHbBIN aHAIN3 IIPOMUIEH pacipe-
nesiernsa CAl B KJIOHMPOBAHHBIX ITOCJIEA0BATEILHOCTIX
YKas3bIBaeT Ha OTCYTCTBUE KJIACTEPOB PEIKUX KOJOHOB,
CITOCOOHBIX CO3aBaTh 3aTPYAHEHUS IIPU TPAHCIIAIIAN.
CraTucTruecKy 3HAUYNMOE OTJINUNe MEKIY YacTOTAMU
pacIipe/ieJIeHls aMUHOKUCJIOT B KJIOHUPOBAHHBIX IIO-
CJIeZIOBATEILHOCTAX 1 UX cojiepskanmeM B E. coli Ha0JIro-
JaJIoCh I HYKJEOKATICUAHBIX IIPOTEMHOB BUPYCOB
Map6ypr, 96o1a, 3amaguoro Huia u remarura C.

Kntouesnvle cnosa: peKOMOMHAHTHBIE HYKJIEOKATI-
CHUIHBIE ITPOTEUHEI, 9KCIIPECCU s, PeIKLe KOTOHbI,
UHIEKC aJalTalun KOJOHOB.



