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ABSTRACT

Epsilon element (e-element) is a complex translational enhancer capable of promoting the
prokaryotic translation efficiency in combination with the Shine-Dalgarno (SD) sequence. However,
the detailed mechanism of action of e-element is unknown, and there is no single hypothesis to
explain the available evidence. We here propose a new hypothesis for the mechanism of action of
e-element from the 3 -untranslated region (UTR) of the 10 gene of phage T7 during translation
initiation inEscherichia coli. 'The mechanism of action was considered to be driven by the
complementary interaction of e-element (and its variation €II) with the 3 -end of E. coli 16S rRNA,
specifically with the 45th hairpin region. This hypothesis was then applied to currently available
data of the influence of e-element on protein expression in bacterial cells. Several 5-UTR sequences
were constructed containing variations of e-element, and their properties were predicted according
to this new hypothesis and confirmed by measuring the protein expression level. We further
applied temperature stresses (cold and heat shock) to these variants to examine their influence on
protein expression controlled by various enhancers. Overall, the eII_SD and £ SD enhancers could
significantly increase the protein expression level itfE. colicells under cold shock, representing a

6-9-times increase relative to that obtained with the classical SD sequence.
Key words: e-element, Shine-Dalgarno, prokaryotic translation initiation, 16S rRNA, protein

expression

INTRODUCTION

The epsilon element (¢) as a translational en -
hancer was first described in the late 80s by the
Olins group [1]. This element is a nine-nucleotide
sequence (5’-UUAACUUUA-3’) located in the
5’-UTR of T7 phage gene /0 immediately before
the Shine-Dalgarno (SD) sequence. The ‘epsilon’
notation is derived from the abbreviation EPSI-
lon (Enhancer of Protein Synthesis Initiation)
and acts as an allusion to Q-element described
by Gallie [2]. Initially, the e-element showed an
extremely great enhancing effect on translation:
more than two orders of magnitude compared
with the construction with single SD sequence
not supplemented by e-element [1]. Over the next
fifteen years, the e-element was actively studied
by several groups of scientists, however, the data

obtained were contradictory both in relation to the
actual activity of this element and in relation to
the possible mechanism of its action.
The OlinsT] group considered the g-element as

a translation enhancer capable of manifesting its
enhancing function only in the presence of the SD
sequence. Also, this group first suggested that the
e-element directly interacts with 16S rRNA, form -
ing complementary bonds with the 458 - 466 b re-
gion located in its 17-th hairpin [3]. Thenadays
this assumption was advanced, complete three-di-
mensional models of ribosomal subunits had not
yet been built, and it was not obvious how far the
17-th hairpin was from the region of the “neck”
and the decoding center. And till now this has
been the only hypothesis that explained the possi -
ble mode of action of the g-element.

The same hypothesis was adhered to by the
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Golshani group [4], which postulated the pres-
ence of an enhancing effect of the e-element on
translation through the formation of complemen-
tary bonds with the region 458 - 466 b of the 17-th
hairpin. This group supposed an increase in the
enhancer effect of the e-element with an increase
in the complementary to the 17-th hairpin: thus,
the eIl enhancer was obtained [4]. This enhancer
had an increased complementarity to the region of
the 17-th hairpin (451 - 466 b), thus bringing the
number of complimentary bases to sixteen. The
resulting element enhanced translation regardless
of the presence of the SD sequence in the 5’-UTR,
that is, it acted as an independent enhancer; its
efficiency was 80% of that of the SD sequence.

At the same time, the Sprengart group [5] in-
vestigated the full-length leader of the T7 phage
10 gene and showed the absence of the enhanc -
ing effect of the e-element on translation. In a
number of constructs obtained by this group, the
g-element was removed and its absence did not
affect the level of mRNA translation compared to
those constructs where it was presented. Also, in
this study, it was noted that “the stimulating effect
of the e-sequence ... may be partially associated
with the functional stabilization of /acZ mRNA,
and not with the specific interaction between ¢
and 16S rRNA”.

In further works of the Golshany group, the
positional importance of the e-element location
relative to the start codon and the SD sequence
was demonstrated [6]. The natural one was admit -
ted as optimal for translation enhancement — 16 b
before the start codon and in two nucleotides be -
fore SD. They also showed the enhancing effect
of the e-element in combination with the SD se-
quence on translation in 4. tumefaciens [7, 8] and
at the same time, the lack of enhancer activity of
the ell-element in agrobacterial cells.

Ol Connor andDalberg [9] showed that the
model of the e-element’s functioning through
a complementary interaction with area 460 (the
17-th hairpin) was completely inconsistent. They
obtained strains of E. coli in which either the
sequence of the 17-th hairpin was completely
replaced by that of Salmonella enterica, or the
458 - 466 b 16S rRNA region was mirrored, so all
the ribosomes of the obtained strains were unable
to compliment with the sequences ¢ and ¢ll by
forming a bond with the 17-th hairpin. Neverthe -
less, the effect on the translation of €Il and € / SD
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constructs was the same as for E. coli cells with
unmodified ribosomes. Thus, this group confirmed
the presence of an enhancer effect for the &Il ele -
ment and the enhancing effect of the e-element in
combination with SD, but the model of their inter -
action with the 460 16S rRNA region was refuted.
The data obtained by O’Connor and Dalberg led
to the fact that, for lack of a possible functioning
model, studies on the g-element by other scientific
groups were stopped, leaving open the question of
the essence of the observed effect.

In this paper, we propose a new model for
the interaction between e-element and E. coli 16S
rRNA 3’-terminus (the 45-th hairpin). Comput-
er analysis of E. coli 16S rRNA regions located
closest to the decoding center on the three-dimen -
sional model revealed the sequences of the 44-th
and 45-th hairpins as possible sites of g-element
binding. Subsequent analysis of complemen-
tarities between the last 150 nucleotides of 16S
rRNA (hairpins 44 and 45) and the e-element
showed a high probability of the complementary
bonds formation in the region of the 45-th hair-
pin. We have obtained plasmid constructions of
the B-glucuronidase gene, containing & and ell
elements as leaders, but containing nucleotides,
which give additional complementarity to the
region of the 45-th hairpin. The relative expres -
sion level of these constructs was higher than that
shown by the works of previous researchers. The
level of B-glucuronidase expressed in E. coli cells
subjected to cold temperature stress for all con-
structs containing variations of g-elements was
1.1 - 12.15 times higher than that for construct
bearing the Shine-Dalgarno sequence.

Materials and methods

Cloning. The leader sequences were
cloned into the pET23c plasmid before the
B-glucuronidase gene at Xbal and Ncol restriction
sites according to standard methods. Adapters for
cloning were obtained from “Macrogene”.

Protein expression was performed in E. coli
BL21 (DE3) cells in TB medium (Terrific Broth)
with 1% glucose. Optical density of night cultures
was adjusted to OD600 = 0.1. Expression was in-
duced by addition of IPTG to the final concen -
tration of 1 mM. Incubation of cell cultures with
IPTG was carried out in 1.5 ml of media in 24-
well immunological plates for 1 hour at various
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temperatures and with 120 rpm shaking.

Total cellular protein was extracted accord-
ing to [10] directly in immunological plates by the
repeating (3 times) cycles of freezing at -80°C and
thawing at 37°C. The concentration of total cellu -
lar protein was measured by the Bradford method
[11] on EL311 microplate reader (“Bio-Tek”).

The B-glucuronidase activity measurement.
PNPG substrate (Paranitrophenyl B-D-glucuron-
ide) was used for GUS activity measurement ac -
cording to recommendations [12]. Spectrophoto-
metric measurements were carried out on EL311
microplate reader (“Bio-Tek”) at 405 nm and a
reference wavelength of 630 nm. The unit of en-
zyme activity was determined as 1 nM of sub-
strate converted into the product per 1 minute per
1 mg of total protein.

Protein SDS-electrophoresis was performed
according to [13] in 8% PAAG in a tris-tricin sys -
tem.

Western blot was performed on a NitroBind
nitrocellulose membrane (“SantaCruz”) with rab-
bit anti-GUS antibodies (“AgriSera”) at 1:3000
dilution and anti-rabbit IgG antibodies (“Sig-
ma”) conjugated with alkaline phosphatase at
1:3000 dilution. The membrane was stained with
BCIP / TMB substrate.

Statistical analysis was carried out in Micro -

Table 1. Leader sequences of expression constructions

soft Excel. To determine the significance degree
of differences between the means of control and
experimental data, the Student’s t-test was used;
5% level of significance was accepted (a0 < 0.05).
The actual t-test for each compared data sets was
calculated as independent two-sample t-test with
unequal variances and two-sided distribution
using the Microsoft Excel function « TTEST». The
statistical test power was calculated in STATA 10
by the “test power” operator. We calculated the
effect size for all tests performed. For comparison
of two mean values, we used Cohen’s d as an ef-
fect size measurement (d value of 0.2 indicated a
small effect, 0.5 indicated a medium-sized effect,
and 0.8 indicated a large effect) [14].

RESULTS

We’ve obtained genetic constructs based on
pET23c plasmid encoding the B-glucuronidase
(GUS) gene under the control of T7-phage tran-
scription promoter and terminator, and differing
only in their 5'-UTR (table 1). As a positive con -
trol, we used the Shine-Dalgarno (SD) sequence,
canonical for E. coli, located in 8 nucleotides be-
fore the start codon. As a negative control was
used the ‘emp’ spacer sequence which was a part
of the plasmid between restriction sites.

Construction Sequence
emp 5’-TCTAGCATG-3’
SD 5’-TCTAAGGAGGTCTATTCCATG-3’
el 5’-TCTAGATTTAACTTTATCTATTCCATG-3’
ell 5’-TCTAGATTTAACTTTATTTACCTTATCTCTATTCCATG-3’
e SD 5’-TCTAGATTTAACTTTAACTAAGGAGGTCTATTCCATG-3’
ell SD 5’-TCTAGATTTAACTTTATTTACCTTATCACTAAGGAGGTCTATTCCATG-3’
Note: the sequences of interest are shaded in gray; start codon is shown in bold

Cells of E. coli expression strain BL-21 (DE3)
were cultured in TB medium with 1% glucose to
prevent spontaneous expression from T7-promot-
er. In overnight non-IPTG-induced cell culture
the level of GUS expression was measured — not
a single construct showed it greater than the level
of negative control. After dilution and induction,
cell suspensions were incubated at different tem-
peratures (10°C, 37°C, 44°C) for one hour. The

cultivation temperature of 37°C was taken as the
physiological optimum for E. coli cells, 10°C —
cold stress, 44°C — heat shock [15]. The isolated
total cellular protein was a water-soluble gross
lysate, for which the protein concentration and
B-glucuronidase activity was measured. The re-
sults of GUS activity measurement are presented
in the diagram (fig. 1).
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The asterisk indicates the mean values significantly differing from the control (p < 0.05) values
of the flempffi-construction for each of the cultivation temperatures.
Fig. 1. B-glucuronidase activity at different E. coli cells cultivation temperatures.

The data obtained were statistically processed sep-
arately for each temperature regime. The expression
level of each studied construction was compared with
the expression level of the negative (emp) and positive

(SD) controls using the Student’s test. Also, a measure
of the effect, which was calculated using statistical
power, was measured for each of the constructs. The
results of statistical analysis are presented in table 2.

Table 2. The relative level of f-glucuronidase expression at different cell culture temperatures of incubation

Cultivation temperature 10°C Cultivation temperature 37°C Cultivation temperature 44°C
5’-UTR | Expression level | Expression level | Expression level | Expression level Expression Expression level
to emp, % to SD, % to emp, % to SD, % level to emp, % to SD, %
emp 100 - 100 - 100 -
250* 2965% 4164*

SD 100 100 100

(0,43) (1,00) (1,00)
el 590%* 236 296* 10* 390%* o*

(0,57) (0,40) (0,51) (1,00) (0,69) (1,00)
ell 326* 130 1355* 46* 622%* 15%

(0,40) (0,14) (0,91) (1,00) (0,67) (1,00)
e SD 2278* 909* 7317* 247* 6850* 164

(0,93) (0,91) (0,99) (0,73) (0,96) (0,56)
ell SD 1597* 638* 5827% 197* 8302%* 199%*

(1,00) (0,99) (1,00) (0,63) (1,00) (0,72)
Notes: * — the difference between samplings is significant (p < 0.05). The significance level corresponding to the actual t-cri-
terion was calculated in Microsoft Excel as a two-sample t-test with unequal variances and two-sided distribution; for each of
the constructions the number of repeat measurements was 10 or more. In parentheses is indicated the measure of the effect in
the form of Cohen’s d, which was calculated as the test power in STATA 10. The gray marker indicates cells which value is
significant with respect to statistical errors of the first and second kind.

Based on the data obtained, it can be concluded
that the e-element itself is a very weak enhancer, and
its lowest effect was shown for the optimum tempera-
ture of bacterial cultivation. At the same time, under
the stressful conditions, the enhancer effect of ¢ ele-
ment compared to ‘emp’ construction was ~6-times
greater in the cold shock and 4-times greater in the
54

thermal shock. The €Il sequence also proved to be an
enhancer, and stronger one than el: at 37°C its en-
hancing effect was 46% of that of SD sequence. The
constructions € SD and ell_SD showed a significant
excess of the enhancer effect of a single SD sequence
at the cold shock condition (9.1 times and 6.4 times,
respectively) and at standard cultivation temperature
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(2.5 times and 2.0 times, respectively). As for the heat and subsequent Western blotting confirmed the data
shock condition only €Il SD showed a 2-times ex- obtained by B-glucuronidase activity measurement.
cess over the SD sequence expression level. The results of Western blotting with GUS-specific

Protein SDS-electrophoresis of bacterial ex- antibodies, as well as the results of membrane den-
tracts from the standard cultivation temperature simetric analysis are presented in figure 2.
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On the left side of the figure is a photograph of a nitrocellulose membrane; 10 pg of total soluble protein were applied to the
tracks: 1 ¢ el cell extract; 2 ¢ Il cell extract; 3 ¢ emp cell extract; 4 ¢ SD cell extract; 5 ¢ e_SD cell extract; 6 ¢ elI_SD cell extract;
M ¢ PageRuler Plus Prest. Protein Ladder (flThermo Scientificfli). On the right side of the figure is the densimetric analysis of the

membrane from the left side of the figure in Image] 1.42q program.
Fig. 2. Western blot of B-glucuronidase in bacterial extracts cultivated at 37°C.

Figure 3 shows the results of Western blotting constructions cultivated at different temperature re-
with GUS-specific antibodies for ¢ SD and €Il SD gimes.
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At the top of the figure is a photograph of a nitrocellulose membrane; 10 pg of total soluble protein were applied to the tracks:
1 ¢ emp cells extract from 37°C; 2 ¢ SD cells extract from 44°C; 3 ¢ SD cells extract from 37°C; 4 ¢ SD cells extract from 10°C; 5
¢ e_SD cells extract from 10°C; 6 ¢ eII_SD cells extract from 10°C; 7 ¢ e_SD cells extract from 37°C; 8 ¢ €II_SD cells extract from
37°C; 9 ¢ &_SD cells extract from 44°C; 10 ¢ elI_SD cells extract from 44°C; M ¢ PageRuler Plus Prest. Protein Ladder (flThermo
Scientificfh). The bottom part of the figure shows the densimetric analysis of the membrane from the top of the figure in the Image]

1.42q program.
Fig. 3. Western blotting of B-glucuronidase in extracts of bacteria cultured at different temperatures.
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DISCUSSION

At the initial stage of the study, we performed a
computer analysis of E. coli 16S rRNA sites located
on the three-dimensional model closest to the decod-
ing center using Swiss-PdbViewer 3.7. The stretch-
es of the hairpins 44-th and 45-th were selected as
possible targets for e-element binding. Subsequent
analysis of possible interactions between sequences
of different e-element variations and the 3’-termi-
nal part of 16S rRNA (the 44-th and 45-th hairpins)
showed a high probability of the complementary
bonds formation between them.

We analyzed the sequences studied in the works
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of Dalberg and Golshani groups [6, 8, 9], as ones
where the e-element positive effect on translation
was shown and the most methodologically valid. In
addition, the studied sequences in both groups were
identical up to the cloning sites, since Dalberg and
Ol Connor received constructions from thaGolshani
group [9]. At figure 4 are shown two-dimensional
structures of complementary interactions between
16S rRNA 3’-terminus and sequences of &, €ll, and
¢ _SD obtained in the “RNAstructure 5.4”. All pre-
sented structures have a minimum free energy in a
number of their variations and a maximum number
of variants for the indicated complementary nucle-
otides.
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A- the initial sequence of the e-element. B - €Il sequence. C - ¢_SD sequence. The sequences of ¢ and &Il are indicated by a
gray marker, the SD sequence ¢ by stars. The nucleotides bound complementary to 5UTR, disrupting their binding inside the
45-th hairpin, are framed. The models were created in RNA structure 5.4.

Fig. 4. Complementary interactions between the E. coli 165 rRNA 3>-terminus and 5>-UTRs containing the e-element.

The sequence of the e-element or €l, as Gol-
shani refers to it [4], formed complementary bounds
only with 44-th hairpin region from nucleotides
1485 to 1497. Since this 44-th hairpin is a very long
and very stable structure, such a bond formation
is unlikely when considering the entire 16S rRNA
molecule. Thus, we accepted that the €l sequence
does not form complementary bonds with the 16S
rRNA 3’-terminal region during translation initia-
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tion step. At the same time, the €Il sequence was si-
multaneously complementary to two sections of the
45-th hairpin, slightly “untwisting” it (figure 4B):
1526 - 1533 b and 1502 - 1508 b. The total number
of complementary bases between the two sequenc-
es was 15 b (7 nucleotides before and 8 after the
hairpin), thus compensating the loss of interaction
within the hairpin. It should be noted that these in-
teraction schemes can explain the data obtained by
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the Golshani and Dalberg groups when &l expres-
sion level was 2-4% of that of SD, and €Il — 73%.
The construction € SD was characterized by the for-
mation of bonds exclusively between the Shine-Dal-
garno and anti-Shine-Dalgarno regions (figure 4C)
without involving the sequence of e-element in the
process of complementary interactions. However,
two additional pairs of complementary bonds were
formed in 2 b before the anti-Shine-Dalgarno se-
quence with nucleotides -6 — -7 from the start co-
don. These two additional complementary bounds
could be considered as an explanation for enhanced
expression from this construction, which amounted
to 147% [9] and 174% [7] relative to SD.

In order to show the possibility of e-element ac-
tion through the interactions shown above with the 16S
rRNA 3’-terminal part, we decided to obtain a num
ber of constructs in which complementarity to this re
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gion will be enhanced or weakened. The sequences of
el, €ll and &€ SD proper remained unchanged; we’ve
modified only nucleotides preceding the start codon.
Using “RNAstructure 5.4” program, we’ve selected
sequences which interactions with the 16S rRNA 3°-
end are shown in figure 5. For €I, the 5’-UTR sequence
was changed in such a way that part of the e-element
formed complementary bonds with nucleotides
1530 - 1533 lying above anti-Shine-Dalgarno (figure
5A), which positively affected the expression level of
this construct — 10% relative to SD expression level.
For &Il sequence, on the contrary, by increasing by
three nucleotides the length of the sequence before the
start codon, the probability of complementary bonds
formation with 16S rRNA 3’-end was reduced (figure
5B). The expression efficiency of this construct was
46% of that of SD, which was significantly less than
the enhancer effect of 73% for the initial eIl
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A -The sequence of the e-element with changed complementarity. B - The sequence of the €Il with changed complementarity.
The sequences of € and &l are indicated by a gray marker. The nucleotides bound complementary t&-B'TR, disrupting their
binding inside the 45-th hairpin, are framed. The models were created in RNA structure 5.4.
Fig. 5. Complementary interactions between the E. coli 165 rRNA 3>-terminus and 5>-UTRs
containing the e-element and examined in this study

Constructions containing both SD and e-el-
ement were obtained in two versions with €l and

ell —e_SD and ell_SD (figure 6).
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Fig. 6. Complementary interactions between the E. coli 16S rRNA 3>-terminus and 5>-UTRs
examined in this study and containing both e-element and SD sequence

For both designs the number of additional
complementary bonds above anti-Shine-Dalgarno
was increased to 4. The expression level of these
constructions was 247% and 197% relative to SD
expression level, respectively, which exceeded the
maximum level of 174% obtained by Golshani [7].
Thus, it could be stated that the complementarity in-
crease between 5'-UTRs and 45-th hairpin promotes
the level of protein expression, and a decrease of
complementarity accordingly depress it. Moreover,
it should be noted that the nucleotide composition
of the studied sequences ¢, €ll, SD remained un-
changed, but due to the variation of spacer nucleo-
tides (8 b before the start codon), we varied the prob-
ability of complementary bonds formation with 16S
rRNA 3’-terminus. And the obtained data on protein
expression were in accordance with what we’ve ex-
pected, confirming the likelihood of complementary
bonds formation with 16S rRNA 3’-terminus.

Having obtained the above data, we decided to
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check the effect of temperature stress on the level of
protein expression from the studied constructions.
Since it’s known that temperature affects the con-
formation of any RNA, we suggested the possibility
of different interactions between rRNA and 5°-UTR,
which would be expressed in different levels of pro-
tein expression at different temperatures.

We summarized data on protein expression in
figure 1, where the absolute activity of GUS is in-
dicated, and in table 2, where its comparative level
is shown. A statistical comparative analysis of the
data on the temperature dependences of protein ex-
pression, carried out separately for each construct,
showed the absence of a statistically significant dif-
ference between the expression level under standard
conditions, cold and heat shock for emp, €, and €Il
constructions. While for the SD, ¢ SD and €Il _SD
constructions, a statistically significant difference
was shown in the expression level obtained under
cold shock and under standard conditions. No sig-
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nificant difference between heat shock and standard
conditions was shown for any 5’-UTR. Thus, heat
shock did not have a statistically significant effect
(compared to standard conditions) on the expression
level of any construction.

At the same time, cold shock significantly de-
creased the protein expression level for all structures
containing the Shine-Dalgarno sequence: for SD, it
dropped to 8% of the expression level under standard
conditions, for ¢ SD — to 40%, for eIl _SD —to 28%.
Probably this phenomenon is due to the fact that
during cold shock, conformational changes in the
bacterial ribosome occur, which impede the interac-
tion of mMRNA 5’-UTR with the anti-Shine-Dalgarno
sequence at the 3'-end of 16S rRNA. Most proba-
bly, these changes do not affect the ability of mRNA
5°-UTR to bind to the ribosome in other regions, in
particular, located above the anti-Shine-Dalgarno or
behind the 45-th hairpin. This assumption could ex-
plain the fact that the expression level of other con-
structions is not susceptible to cold shock. It should
also be noted that the decline of expression level
for ¢ SD and €Il _SD was much less dramatic than
for the single Shine-Dalgarno sequence. These data
could be interpreted in such a way that, if it’s diffi-
cult to use the interactions between anti-Shine-Dal-
garno and Shine-Dalgarno, an alternative mecha-
nism involving the sequences € and ¢ll is used in
the process of translation initiation. And this mech-
anism, quite possibly, is realized through interaction
with the region of the 45-th hairpin located above
the anti-Shine-Dalgarno.

CONCLUSION

Thus, summarizing the results of the study, it
can be noted that, firstly, the advanced hypothesis
of the e-element (and its variations) mechanism of
action through interaction with the 16S rRNA 45-
th hairpin region does not contradict the previous-
ly obtained data. Secondly, the enhancer activity of
the 5’-UTR investigated in this work corresponded
to that predicted by us within the bounds of the ad-
vanced hypothesis, both in the direction of increas-
ing and decreasing activity. And thirdly, we would
like to note the practical significance of the obtained
data, since the use of complex enhancers €ll SD
and & SD for protein expression at low cultivation
temperatures could significantly (6 and 9 times re-
spectively) increase the yield of the target protein
compared to the classical Shine -Dalgarno.
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E. COLI KACYIIAJIAPBIHJA £-2JIEMEHTTI KYIIEATETIH
IJOCEP ETY MEXAHU3MIHE KAHA KO3KAPAC

HuskoponoBa A.C., UckakoB B.K.

M.O. Aumxooicun amuinoazbl MONEKYIANbIK OUOLO2US HCIHE OUOXUMUSL UHCIUNTY b
Locmyxameoos k-ci, 80, Anmamst, 050012, Kazaxcman
zaramedasfl@gmail.com

TYWIH

E. coli-ze rpancasiuus ke3inge 10 ¢para T7 reninin 5’-TP-TeH g-31eMeHTTIiH 3cep eTy MeXaHU3Mi
YLIiH KaHA THN0Te3a YChIHBLUIABL. JNcHJIoH djieMenTi (g) llaiin-Janrapuo (SD) Tiz6erimen yitjecin,
NPOKAPUOTTHIK TPAHCASALUA THIMALIINH apTTHIpyFa KallieTTi Kypaeai TpaHcasinusl KylleidTKim
peTiHge Oedriji. €-3JIeMEHTTIH dcep eTy MexaHu3Mi OeJrici3; conmaii-ak, Kas3ipri yakeITTa KOJIa
0ap daxrinepai Tycinaipyain O0ipae-0ip runmore3acel koK. By 3eprTey £-3/1eMeHTTIH (KOHE OHbIH
e3repyi €ll) E. coli 16S pPHK-HbIH 3'-coHbIMEH, AJ1ipeK allTKaHaa, 45-11i TyTiKIIeHiH aiiMarbIMeH
e3apa JpekeTTecyiHe Herize/reH dpeKeT eTy MeXaHM3MiH ycbIHaAbl. Ocbl THIOTE3aHbl KOJIAAHA
OTBIpPbIN, Ka3ipri kKes3mae KOMAKeTIMAI €-3JIeMEHTTIH OakTepHaAbl ’KacyllajJapAarbl aKybI3aap
KYPaMbIHA dcep eTyi Typajbl MaJiMeTTep TYciHAipiaai. Ochl kaHAa THMOTE3aFa cIliKkeC KacueTTepi
00/KAaHATBIH £-3JIEMEHTTIH Bapuanusiiapsl 6ap 0ipkarap 5°-TP kypsl1abl. Boikamaap akybIsabig
JKCHpeccHus eHreiiH eJimey apKblIbI pacTajabl. TeMneparypaJbiK KepHeyaep (CybIK KJHe KbLIY
COKKBICBI) OJIAPJABIH 9P TYPJi KAKCAPTKBIMITAPMEH 0aKbLIAHATBHIH aKybI3AbIH KOpiHYyiHe JcepiH
3eprTey ywiH ae KoaganbLiabl. €ll_SD :xone € SD kymeiTkimrepi CybIK COKKBI karaaibiaaa E.
coli xacymanapbeiaaa epHek AeHreiiin (kiaaccukansik laiin-/lanrapno Tiz0erine kaparanaa 6 - 9
ece).eIdyip apTThIpa aJaTbIHABIFBI KOpCeTLIai

Herisri cesnep: g-iaement, lllaiin-/lanrapno, npokapuoTThIK TpaHCJAAnMsA Oactamachbl, 16S
pPHK, akybI31b1 3KCIIpeccusi.
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HOBBIN B3ITIA0 HA MEXAHI3M 9HXAHCEPHOTIO TEMCTBUSA
e-3JIEMEHTA B KIIETKAX E. COLI

Huskoponosa A.C., Uckaxos B.K.

Mnemumym Monexynsaproii Buonozuu u buoxumuu um.M.A. Aumxoxcuna
yn. locmyxamedosa 80, Anmamui, 050012, Kasaxcman
zaramedasf@gmail.com

ABCTPAKT

B pa6ore mpepnnokeHa HOBasl IMIOTe3a MeXaHM3Ma AeiicTBusA e-3nemMenTa u3 5-HTII rena 10
¢ara T7 npu mannuanuu rpancanuu B E. coli. dncuinoH sneMeHT (&) N3BeCTeH KaK KOMIIIEKCHBIN
TPAHC/AIVOHHBINI JHXAaHCepP, CHOCOOHBINT ycwmBarh 3(¢PeKTUBHOCTD NPOKAPMOTIYIECKOI
TPAHCIALUN B coueTaHUM ¢ nocnemoBatenbHocThio Illaiin-anrapuo (SD). MexaHusm geiicTBUA
£-371eMeHTa HeN3BeCTeH, 00/Iee TOr0 B HACTOAIIee BpeMs HeT HU OJHOV IMIIOTE3bl, IPeI0KEeHHOI
I 00bACHeHNA MMeomuxca PpakToB. B 3ToM mccnemoBaHuMy NpecTaBIeH MeXaHW3M JECTBIA
€-371eMeHTa, OCHOBAHHBIII Ha KOMIUIMMEHTAPHOM B3aNIMOJEIICTBUM €-37IeMeHTa (I ero Bapuamum
ell) ¢ 3’-xonneBpiM yuactkoMm 16S pPHEE. coli, Tounee ¢ paitonom 45-i1 mmmibku. Vcnonp3ys sty
TUIOTE3Y, OO0BACHAIOTCA MMEINecs K HACTOAIIEMY MOMEHTY JlaHHbIE IO BIVITHUIO €-3IeMEeHTa
Ha 3Kcmpeccuio 0elka B 0aKTepuanbHBIX KleTKaX. OCHOBBIBAACh Ha NPENCTABICHHON IMIIOTE3e,
KoHcTpyupyercs papn 5-HTII Bapmanmit e-31eMeHTa ¢ NpeNoONaraeMbIMi B PaMKaX TUIIOTE3bI
CBOJICTBAMM, KOTOPbIe HOATBEPKAAIOTCA P MPOBEPKe ypoBHA IKcnpeccun 6enka. Tak:ke mpoBegeHo
HCCIelOBaHNe BIMAHNA HA 3KCIPecCHI0 0ellKa, KOHTPOIMPYEMYIO Pa3INIHBIMM SHXaHCEPaMI,
TeMIIEPATyPHBIX CTPECCOB — XOIOKOBOr0 M TEIIOBOro moka. Ilokasano, 4To npu Xxo1og0BoM MOKe
sHxaHcepsl €ll_SD u & SD cnoco6HBI OCTOBEPHO MOBBINIATh YPOBEHb 3KCIpeccnu B 6 u 9 pas
OTHOCHUTETbHO KIAacCU4ecKol nociemoBarenbHocThIo Illatin-JanrapHo.

KinioueBple cmoBa: 3ncuioH 3neMeHT, lllajin-/laarapHo, npokapuoTM4ecKasg WHUIMALNA
TpaHcnAanuy, 16S pPHK, skcnipeccus 6enka
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