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Object and research methods. The object of the study was the biomass yield of T. viride KMB-F-15 depending
on the composition of the nutrient medium and the fungistatic activity of the fungal culture filtrate against the
phytopathogen Fusarium culmorum IMB-F-50716. Sucrose, glucose, fructose, maltose, glycerine, green molasses
and corn extract at a concentration of 20 g/l were used as carbon sources, and yeast autolysate, corn extract,
sodium nitrate, potassium nitrate, ammonium sulphate, ammonium chloride, ammonium nitrate, L-glutamic
acid and arginine hydrochloride were used as nitrogen sources in a concentration of 5 g/I. The influence of the
composition of the nutrient medium on the growth of Trichoderma was assessed by the yield of dry biomass using
the weight method. Fungistatic activity was determined by the level of growth inhibition of F. culmorum on a dense
nutrient medium by adding the filtrate of the T. viride culture liquid.

Results. It was found that glycerine and green molasses resulted in the highest biomass yield of T. viride KMB-F-
15 (5.0 g/l and 4.9 g/I, respectively). Determination of the fungistatic activity of filtrates of culture liquids obtained
from nutrient media with different carbon sources showed that the growth inhibition of F. culmorum IMB-F-50716
compared to the control on 3rd day was in the range of 55.9-70% and reached 94.7-100% on 6th day. However, no
significant difference was found between the mean values of the experiments using different carbon sources. The
most favourable nitrogen sources were yeast autolysate, in which the yield of dry biomass was 4.4 g/l and ammonium
chloride (3.3 g/l). The fungistatic activity of T. viride KMB-F-15 depends on the source of nitrogen nutrition. The
highest percentage of phytopathogen growth inhibition was observed when cultivated in a medium with organic
nitrogen sources: maize extract, yeast autolysate, or L-glutamic acid (growth inhibition of 48.4-58.7% and 97.8-100%
at 3 and 6 days, respectively). Among the inorganic nitrogen sources, ammonium chloride and ammonium sulphate
contributed to the manifestation of fungistatic activity (65.9% and 68.8% on the 3rd day, 94% and 88.5% on the 6th
day, respectively).

Conclusions. For submerged cultivation of T. viride KMB-F-15 aimed at obtaining a biocontrol agent against
phytopathogenic fungi, it is advisable to use glycerol or green syrup as a carbon source and yeast autolysate or
ammonium chloride as a nitrogen source, which ensure high biomass yield and a high level of fungistatic activity.

Key words: Trichoderma, submerged cultivation, accumulation of biomass, antagonistic properties,
phytopathogenic fungi.
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GENETIC TRANSFORMATION OF ESCHERICHIA COLI CELLS WITH DIFFERENT DEGREES
OF COMPETENCE WITH R-PLASMIDS

Oles Honchar Dnipro National University (Dnipro, Ukraine)
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This work investigates various methods of obtaining competent cells for transforming bacteria with plasmid DNA.
The ability to transform is determined by the degree of competence of microbial cells, and the ability to transfer plas-
mids that contain resistance determinants is an important factor for the acquisition of selective advantages by indi-
vidual cells in a population of microorganisms. Many species of bacteria lack natural competence or show it at a low
level, but they can also be transformed under the action of certain physical and chemical inducers. Therefore, it was
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proposed to conduct a comparative analysis of the frequency of transformation of Escherichia coli cells of XL1-Blue
and 906 strains of different degrees of competence with plasmids with antibiotic resistance determinants: pSBbi-RN
(RN) with the ampicillin resistance gene and mCherry-Mito-7 (mCherry) with the resistance gene to kanamycin. The
frequency of transformation of E.coli cells of strains XL1-Blue and 906 with MCerry and RN plasmids was evaluated.
It was found that for competent E.coli XL1-Blue cells, the transformation frequency was 3x102 CFU/ug DNA and
2.5x102 CFU/ug DNA, respectively, and for E.coli strain 906 — 2.8x102 CFU/ug DNA and 2x102 CFU/ug DNA. The
efficiency of transformation by plasmids of incompetent cells of the studied E. coli strains was equal to 0. Supercom-
petent cells obtained by the Inoue method showed a high efficiency of transformation, which was (1-2)x105 CFU/
ug DNA for E. coli XL1-Blue and (1-15)x 105 CFU/ug DNA for E. coli 906. The obtained data from electrophoresis in
agarose gel indicate successful transfer of plasmids during transformation into bacterial cells.

Key words: genetic transformation, antibiotic resistance plasmids, competent cells, supercompetent cells.

Connection of the publication with planned re-
search works.

This work is a fragment of SRW: «Antagonistic and
synergistic relationships in microbial associations»
(state registration number —0122U001456).

Introduction.

The problem of increasing the number and intensive
circulation of antibiotic-resistant variants of microor-
ganisms is determined by the possibility of transferring
extrachromosomal genetic elements — plasmids, which
are transmitted with a high frequency in populations
of microorganisms as a result of transformation [1].
The ability to transform is determined by the degree of
competence of microbial cells. Many types of bacteria
lack natural competence or show it at a low level, but
they can also be transformed under the action of cer-
tain physical and chemical inducers [2]. Only some spe-
cies of bacteria, such as Bacillus subtilis, Streptococcus
pneumoniae or Neisseria gonorrhoeae, show natural
competence. In many species of bacteria, competence
appears or remains at a high level only at a certain stage
of culture growth. Competence develops as cells begin
to grow and reaches its maximum during early and late
log phase in Acinetobacter calcoaceticus, Azotobacter
vinelandii, Streptococcus pneumoniae and Anacystis ni-
dulans R2 during the transition from log phase to pla-
teau, as seen in Bacillus subtilis, B. stearothermophilus,
Chlorobium limicola, Pseudomonas stutzeri and Vibrio
spp. [3-11]. In Agmenellum quadruplicatum, Deinococ-
cus (Micrococcus) radiodurans, and Mycobacterium
smegmatis, competence continues during exponential
growth and decreases during the stationary phase [12-
14].

However, many species of bacteria lack natural com-
petence or show it at a low level, but they can also be
transformed under the action of certain physical and
chemical inducers. Escherichia coli is not a naturally
competent bacterium, but artificial competence can be
achieved by treatment with calcium chloride and subse-
quent heat shock [15].

It is known that various factors of a physicochemi-
cal nature, such as temperature shock, calcium, man-
ganese ions, electric current, etc., serve as inducers of
increased competence in various types of microorgan-
isms. Low-temperature shock can influence changes in
porin expression, block antibiotic uptake in Moraxella
catarrhalis and develop adaptive resistance to B-lactam
antibiotics [16]. The bacterium Acidithiobacillus ferro-
oxidans increases the size of outer membrane porins
to maintain internal pH, which also affects antibiotic
resistance. With the onset of starvation, the regula-
tory response leads to enhanced expression of certain

metabolic genes. For example, an increased level of
glutamine synthetase appears in E. coli and Salmonella
typhimurium due to nitrogen limitation [17]. The totality
of currently known information indicates that genetic
transformation greatly influences the dynamics of the
bacterial population and the evolution and speciation of
microorganisms [18].

In connection with the variety of conditions affecting
the competence and transformation of bacterial cells,
and, as a result, their antibiotic resistance, the question
of studying the dependence of the implementation of
mechanisms of genetic recombination in populations
of microorganisms on the environmental factors of the
natural and artificial environment remains relevant.

The aim of the study.

Carrying out a comparative analysis of the frequency
of transformation of Escherichia coli cells of different
degrees of competence by plasmids with antibiotic re-
sistance determinants.

Object and research methods.

The research materials were E. coli XL1-Blue strains
with a tetracycline resistance determinant and the clini-
cal laboratory E. coli 906 strain, plasmid pSBbi-RN (RN)
with genes for antibiotic resistance to ampicillin and
mCherry-Mito-7 (mCherry) — to kanamycin.

During the experiment, a number of nutrient media
were used for transformation: LM, SOB, and SOC media.
Solutions and buffers were used to perform the experi-
ment: TFB, FSB, DMSO and dithiothreitol (DTT) solution.

To obtain competent cells, E. coli culture was first
cultivated on LM medium for no more than 24 hours
at 37°C. After that, several colonies were transferred to
flasks with SOB medium and cultivated until reaching
an optical density of OD_ =0.6. Next, the cultures were
centrifuged and resuspended by adding DMSO to 3.5%
and frozen at -70°C. Bacteria were cultured in SOB to a
cell density of 1-2x10® CFU/ml, diluted with glycerol in
a ratio of 1:1 and frozen at -70°C. On the eve of trans-
formation, cells were seeded on LM medium at 37°C for
24 hours.

Transformation of E. coli cells was performed using
the Hanahan method, which used colonies from frozen
cell stock. Cells were cultured in SOB until a density of
4x107 — 7x107 / ml was reached, after which centrifu-
gation and resuspension in TFB were performed. DMSO
and DTT were added and incubated on ice, after which
1 ul of DNA was added and incubated at 42°C for 2 min.
After the addition of the SOC medium, they were incu-
bated at 37°C and then sown on a nutrient medium with
kanamycin (50 pg/ml) in the case of mCherry plasmid
transformation and on a nutrient medium with ampicil-
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lin (50 pg/ml) in the case of pSBbi-RN transformation
and incubated at 37°C.

To obtain competent cells by the Inoue method, sev-
eral modifications were made to the Hanahan method:
cultivation was carried out at a temperature of 18°C to
0D, = 0.3-0.4; all salts except KCI, CaCl,, MnCl, and po-
tassium acetate were removed from FTB; hexamine co-
balt chloride, CoSO,, LiCl and RbCl were removed from
the transformation buffer; the mixture of cells was incu-
bated at 42°C for 30 seconds [19].

The frequency of transformation was determined by
the formula: N=n*a*b/1 ug of DNA, where n is the num-
ber of colonies grown on a nutrient medium with the
appropriate antibiotic; a — volume of cell suspension; b
— degree of dilution.

Plasmid DNA was isolated by alkaline lysis method
[20]. To do this, bacterial cultures were grown on a solid
nutrient medium at an optimal temperature (37°C) for
a day. A 2-3 mm colony was carefully resuspended in
100 pl of TAE buffer (40 mM Tris-acetate, pH 7.9; 2 mM
sodium EDTA). A double volume (200 pl) of lysis buffer
(3% SDS; 50 mM Tris, pH 12.6) was added to the ob-
tained suspension. The samples were incubated at 58
°C for 60 min. The same volume (300 pl) of a mixture of
acidic phenol and chloroform (1:1) was added to the re-
sulting lysate. It was gently mixed until a homogeneous
suspension was formed and centrifuged on an ELMI
microcentrifuge at 11,000 rpm for 5 min. Centrifuga-
tion was carried out two or three times (if necessary)
for better separation of phases, alternating with mixing.
The upper aqueous phase, where the plasmid DNA was
located, was taken. The obtained DNA samples were
analyzed using agarose gel electrophoresis.

DNA was electrophoretically separated in horizontal
agarose gels with an agarose concentration of 1% and
in TAE buffer. The electric field strength was 6-8 V/cm.
The separation time was 3-5 hours. After electrophore-
sis, the gel plate was stained with ethidium bromide (1
ug/ml). To visualize the DNA, the gel was viewed under
direct ultraviolet light and photographed.

Research results and their discussion.

This work is aimed at analyzing and comparing the
frequency of transformation of competent, ultracom-
petent and incompetent E. coli cells with plasmids con-
taining antibiotic resistance determinants. The E. coli
XL1-Blue strain, which has a tetracycline resistance gene
located in the chromosome, was used for the trans-
formation. Cells of the E. coli 906 strain, which do not
contain the coding gene for antibiotic resistance, were
also used. Physical and chemical methods are used to
increase the number of pores in the cell membranes for
the acquisition of competence by bacterial cells. The
transforming factors were two plasmids: mCherry con-
taining the kanamycin resistance gene and RN with the
ampicillin resistance gene (table 1).

The conducted experiments confirmed the high abil-
ity of competent cells of the strain E. coli XL1-Blue for
genetic recombination. The efficiency of transformation
of competent cells of the E. coli XL1-Blue strain with the
mCherry plasmid was the highest, reaching a frequency
of 3x10? CFU/ug of DNA. When using the RN plasmid to
transform cells of the same strain of competent cells,
2.5x10% CFU/ug of DNA were obtained. The indicator
strain E. coli 906 gives results that indicate a lower ef-
ficiency of genetic recombination compared to the

Table 1 - Frequency of transformation
of competent cells of E. coli XL1-Blue and 906
strains obtained by Hanahan’s method

E. coli strain / plasmids Transfg;ﬂ;{lﬁg g,e\zliuency,
XL1-Blue / mCherry 3x10°
XL1-Blue / RN 2,5x10?
906 / mCherry 2,8x10?
906 / RN 2x10?

competent cells of strain E. coli XL1-Blue. The E. coli 906
strain transformed with the mCherry plasmid showed a
transformation frequency of 2.8x10? CFU/ug DNA, while
the use of the RN plasmid resulted in a transformation
frequency of 2x102 CFU/ug DNA.

Incompetent cells of E. coli XL1-Blue and RN strains
were incapable of genetic recombination — transfor-
mants were not formed.

The Inoue method was used to increase the fre-
quency of transformation. The Inoue method is used
to increase competence and obtain supercompetent
cells, and the bacterial culture itself is grown at 18°C.
As a result, we significantly increased the transforma-
tion frequency (table 2). The highest efficiency of trans-
forming supercompetent cells of strain E. coli 906 with
mCherry plasmid was 15x10° CFU/ug of DNA. The abil-
ity for genetic recombination of supercompetent cells
of the same strain with the RN plasmid was 1x105 CFU/
ug DNA.

To confirm the transfer of plasmids into the recipi-
ent strains, plasmid DNA was isolated, and the isolated
nucleic acids were electrophoretically separated in an
agarose gel.

As can be seen from figure 1, incompetent cells of
E. coli XL1-Blue and E. coli 906 strains (lanes 2 and 3)
do not contain plasmid DNA. Competent cells obtained
by the Hanahan method and transformed with mCherry
and RN plasmid DNA contain the corresponding plas-
mids (lanes 4, 5 and 7, 8).

Plasmid DNA was also isolated from E. coli XL1-Blue
and E. coli 906 transformant cells obtained by the Inou
method (supercompetent) and transformed with RN
and mCherry plasmids and electrophoretically sepa-
rated in an agarose gel. In general, ectrophoresis con-
firmed the presence of plasmids in transformant cells
(fig. 2). It should also be noted that the time of plas-
mid separation in this case was somewhat longer — 3

A B C D E

7 8 9

Figure 1 — Electrophorogram of plasmid DNA products isolated from
transformant clones obtained by Hanahan’s method:
A —E. coli XL1-Blue(mCherry), B — E. coli 906 (mCherry),

C — molecular mass marker, D — E. coli XL1-Blue(RN), D - E. coli 906
(RN). Lanes 1-3 and 9 - control, incompetent plasmid-free strains
(E. coli €600, E. coli XL1-Blue, E. coli 906, respectively), 4,5 and 7,

8 — transformant clones.
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Table 2 - Frequency of transformation
of supercompetent cells of E. coli XL1-Blue and 906
strains according to Inoue’s method

E. coli strain / plasmids Transformatlﬁg fDr:&uency, CFU/1
XL1-Blue / mCherry 2x10°
XL1-Blue /RN 1x10°
906 / mCherry 15x10°
906 / RN 1x10°

hours. Therefore, barely noticeable minor tracks of the
MCherry plasmid, which were visible in figure 1 (lanes
4 and 5).

Green, M. R., and Sambrook, J. report that under
standard laboratory conditions, typical transformation
efficiencies range from 1x108 to 3x108 CFU/ug for E.coli
[19]. According to the research of scientists Yang, Y., Liu,
M., Wang, T. and others, the transformation frequency
results were obtained using the TSS-HI competence
method, which is optimized using the Hanahan and
Inoue methods. E. coli strain BW25113 and its derived
strains acquired competence and were transformed
with plasmids carrying genes for resistance to ampicil-
lin, spectinomycin, chloramphenicol and apramycin. The
efficiency of transformation according to these methods
is approximately 7x10° CFU/ug [21].

Authors Torres-Cortés G., Garcia B.J., Compant S.
and others used Inoue’s method for E. coli strain MFD-
pir to transform bacteria with plasmids pEX18Tc-Ahcp
and pEX18Tc-AtssB. Plasmids were transferred into the
bacterium Stenotrophomonas rhizophila CFBP13503
by conjugation in order to study the proteins Hcp and
TssB, which are important for inhibiting the growth of
the phytopathogenic bacterium Xcc8004. To determine
transformants, bacteria were sown on medium with tet-
racycline [22].

In the context of the results on the transformation
of supercompetent cells of the strain Escherichia coli
XL1-Blue with the plasmid pSBbi-RN (RN) using the
Inoue method, it is appropriate to mention the follow-
ing. According to Heydenreich, F.M., Miljus, T., Jaussi,R.
and others, the efficiency of genetic recombination of
supercompetent cells of E. coli strain XL1-Blue, obtained
by the Inoue method, when transformed with plasmid
pBR322, which contains antibiotic resistance genes to
ampicillin and tetracycline, is at least 1x107 CFU/ug.
pBR322 has a higher transformation efficiency than RN.
An alternative to using pBR322 is pUC19 plasmids are
modified pBR322 vectors. Plasmid pSBbi-RN (RN) used

Figure 2 — Electrophorogram of plasmid DNA products isolated
from transformant clones obtained by the Inoue method: A - E. coli
XL1-Blue(mCherry), B — E. coli 906(mCherry), C — molecular mass
marker, D — E. coli XL1-Blue(RN), D — E. coli 906(RN).

in the experiment has a pUC19 vector backbone. Both
plasmids carry genes for amicillin resistance (AmpR),
but pBR322 also contains a tetracycline resistance gene
(tetR). The main difference between pBR322 and pSB-
bi-RN is their size: pBR322 is a 4361 bp plasmid vector,
while pUC19 is a 2021 bp plasmid vector. [23].

According to the research of the authors Thomas
Fryer, Darian S. Wolff, View Max D. Overath and oth-
ers, the efficiency of chemical transformation and
electroporation of E. coli XL1-Blue with the plasmid PF-
Nbb102-CAM, presented as a circular supercoiled plas-
mid, a relaxed circular plasmid, assembled by the Gold-
en Gate method and linear DNA, which was obtained as
a result of RCA nickase treatment. Plasmid PF-Nbb102-
CAM has genes for resistance to chloramphenicol and
encodes VHH. They found that chemically competent
cells were more efficiently transformed by linear DNA,
and electrocompetent cells by relaxing circular DNA. As
a result of this observation, the researchers studied vari-
ous parameters related to the chemical transformation.
In addition, they explored the potential scalability of
chemical transformation performed in parallel on mul-
tiple samples and the use of increased cell volumes. The
authors found that the most effective approach involved
using a modified Inoue protocol [24].

In a study by Khasanah A.U., Putri W.A., Rahayu H.M.
and other E. coli BL21 cells were transformed with the
antibiotic-resistant plasmid pET-28c, which contains the
merA gene from Streptomyces AS2. Competent E. coli
BL21 cells were obtained using the Inoue method. Plas-
mid pET-28c is used for protein expression in bacteria,
particularly in E. coli. In addition, pET-28c contains a
gene for resistance to the antibiotic kanamycin, and the
merA gene encodes a protein that helps reduce mercury
toxicity. After heat shock transformation, cells were se-
lected using the antibiotic kanamycin, which was pres-
ent in the medium to select cells that had successfully
taken up the plasmid. According to the provided data,
a positive result was obtained after transforming the
merA gene into E. coli BL21 cells. This was confirmed
by the ability of the isolates to grow on selective LB me-
dium with kanamycin (20 pug/ml) and the formation of
approximately 40 colonies after incubation for 24 hours
at 37°C. This positive result indicates the ability of the
plasmid to produce target proteins [25].

Vamsi Bharadwaj, S. V., Tiwari, D. S., Ghosh, T. et
al. introduced plasmid pSYN_1-DTT1-RFP and plasmid
pSYN_1-DTT2-RFP into E. coli DH5a, which had been
rendered competent by the Inoue method. These plas-
mids have genes for resistance to the antibiotic strep-
tomycin, so transformants were selected by sowing in a
medium with an antibiotic. The resulting transformants
were grown on a selective medium at different tem-
peratures to assess the effect of the temperature fac-
tor on the expression of RFP (red fluorescent protein) in
recombinants [26].

Inoue’s method was also used in many E. coli DH5a
cells studies to obtain protein and clone plasmids. Bhat,
S., Banerjee, A., and Alagesan, S. E. coli DH5a was used
for cloning and propagating plasmids such as pTar-
getF_gl HA and pTargetF_g2 HA. E. coli DH5a cells
transformed with pTargetF_gl HA and pTargetF_g2 HA
plasmids were selected on a selective medium with the
antibiotic spectinomycin, since these plasmids were cre-
ated based on the pTargetF plasmid, which has a spec-
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tinomycin resistance determinant. Later, plasmids were
used to delete the araC gene in the bacterium E. coli
MG1655 for further genetic engineering [27].

According to the results of the research of scientists
Lemay-St-Denis, C., Diwan, S. S. and Pelletier, J. N. on the
transformation of competent cells of the E. coli DH5a
strain with plasmids dfrB10-pET24 and dfrB11-pET24,
recombinants were obtained, which were selected for
the marker of resistance to kanamycin. Later, the trans-
formants were used as protein producers due to the ex-
pression of the DfrB10 and DfrB11 genes [28].

Conclusions.

The frequency of transformation of E. coli cells
brought to the state of competence and incompetent
cells was studied. The frequency of transformation of
competent E. coli XL1-Blue cells with mCherry plasmids
with a kanamycin resistance determinant and RN with
an ampicillin resistance determinant was determined,
which was 3x102 CFU/pg DNA and 2.5x10? CFU/ug DNA,
respectively. When transforming competent E. coli 906
cells with the same plasmids, the frequency of obtaining
recombinants was 2.8x10? CFU/ug DNA and 2x10% CFU/

DOI 10.29254/2077-4214-2024-1-172-371-380
VAK 579.2

ug DNA, respectively. The efficiency of plasmid transfor-
mation of incompetent cells of the studied E. coli strains
was equal to 0.

A high frequency of transformation by R-plasmids of
supercompetent E.coli cells of strains XL1-Blue and 906,
obtained by Inoue’s method, was established, which
was equal to (1-2)x10° CFU/ug DNA and (1-15)x10° CFU/
ug DNA, respectively. The obtained data on the pres-
ence of nucleic acids of plasmid origin on agarose gel
after electrophoresis confirm the fact of transformation
of supercompetent cells of E.coli strains XL1-Blue and
906 with mCherry and RN plasmids.

Prospects for further research.

The research results can be used for monitoring and
qualitative analysis of the transformation of bacteria
with plasmids carrying antibiotic-resistance genes. This
may open up new opportunities for developing strate-
gies to control antibiotic-resistant bacteria and preserve
the effectiveness of antibiotics. The research can also be
useful for the further development of molecular biol-
ogy, biotechnology, and genetic engineering.

Cknap T. B., boeamoea O. []., laspuntok B. I., /laspenmeoeea K. B., KypaziHa H. B.

FTEHETUYHA TPAHCO®OPMALIA R-NNASMIAAMU KNITUH PIBHOIO CTYMNEHIO
KOMMETEHTHOCTI ESCHERICHIA COLI

[OHIiNpoBCbKKUiA HaLioHanbHUI yHiBepcuteT imeHi Oneca MoHYapa (m. iHinpo, YKpaiHa)
microviro@ukr.net

Y 0aHili pobomi 0o0cnidxceHo pi3Hi crnocobu ompUMAHHA KOMIeMmeHMHUX KAimuH 08 mpaHcgopmauii bakmepitli
naasmioHoro [HK. 30amHicmes 00 mpaHcgopmayii 8U3Ha4aemMoscs cmyneHemM KOMnemeHmMHOCMi MiKpOBOHUX KAimuH,
a 30amHicmb 00 nepeHocy naa3mio, AKi micmame 0emepmiHaHMuU pPe3ucmeHmMHOCMi € 8aMIUBUM (hAKMOpPOM
019 Habymms cenekmueHUX rnepesaz OKPeMUMU KAImuHamu 8 nonyaayii MikpoopaaHiamie. IcHye 6azamo sudis
b6akmepili, y akux e8idcymHsa npupodHa KomrnemeHmHicmos abo il npoae 3Haxo0umsCs HA HU3bKOMY pigHi, ane
BOHU MAKOX MOXYymb 6ymu mpaHC@opmMosaHi nid Oieto nesHUX izudyHuUx ma XimiyHux iHoykmopis. Tomy 6yno
3aMpPonoHOB8AHO NposecMu MopieHAMAbHUL aHasi3 Yyacmomu mpaHcgopmayii kKnimuH Escherichia coli wmamie XL1-
Blue ma 906 pizHo20 cmyrieHo KomnemeHmHocmi naasmioamu 3 demepmiHaHmamu cmilikocmi 0o aHmubiomukis:
pSBbi-RN (RN) 3 2eHom cmitikocmi 0o amniyuniHy ma mCherry-Mito-7 (mCherry) 3 2eHom cmilikocmi 0o KaHaMiyuHy.
Byna nposedeHa oyiHKa Yyacmomu mpaHcgopmauii KnimuH E.coli wmamie XL1-Blue ma 906 naasmioamu MCherry
ma RN. BusaeneHo, wo 0715 KomrnemeHmHux KaimuH E.coli XL1-Blue yacmoma mpaHcgopmayii cknadana 8idnogioHo
3x102 KYO/mke IHK ma 2,5x102 KYO/ mke [JHK, a dna wmamy E.coli 906 — 2,8x102 KYO/mka [IHK ma 2x102
KYO/mke [IHK. EpekmusHicmb mpaHcgopmayii naa3amioamu HeKomnemeHmHUX KAimuH 00Caidxy8aHux wmamie
E. coli dopisHtosana 0. CynepkomnemeHmHi KAimuHU ompumaHi memooom IHoy 8UABUSU BUCOKY eheKkmueHicmb
mpaHcgopmauii, aka cknadana (1-2)x105 KYO/mke [IHK 0na E. coli XL1-Blue ma (1-15)x105 KYO/mke [IHK 0ns E.
coli 906. OmpumaHi OaHi 3 enekmpoghopesy 8 a2apo3HoMy 2esi cgidyame npo ycrniwHul nepeHoc naa3mio nio yac
mpaHcgopmayii y 6akmepianbHi KAiMuHU.

Knw4oei cnoea: eeHemuyHa mpaHcopmayis, naa3miou aHmMubiomuKope3ucmeHmMHoOcMi, KomrnemeHmHi
KAIMUHU, cynepKkomnemeHmMHi KaimuHu.

38’A30K nyb6aikauii 3 n1aHOBMMM HAyKOBO-AOCNIg-
HUMK poboTamu.

[JaHa poboTa € pparmeHTom HAP: « AHTaroHicTUYHI
Ta CUHEpreTMyHi B3AEMOBIAHOCMHM B  MIKPOBHUX
acoujialiaxy (4ep’KaBHUI peecTpauiiHMii Homep —
0122U001456).

Bcryn.

Mpobnema 36inblEHHA KiNIbKOCTI Ta iHTEHCUBHOI
UMPRYNAUIT  CTIMKMX 40  aHTMGIOTWMKIB  BapiaHTiB
MiKpPOOpPraHiamiBobyMOBNIOETbCAMOXKANBICTIONEpeaadi
N03aXPOMOCOMHUX FEHETUYHUX eNeMeHTIB — Naasmif,

AKI nepefatoTbCA 3 BMCOKOK YacTOTOK B MONyAAUiAax
MiKpoOpraHiamiB B pesynbTaTti TpaHchopmauii [1].
3paTHicTb A0 TpaHchopmaLlii obymoBneHa CTyneHem
KOMMETEHTHOCTI MiKPOBHUX KNiTWH. IcHye 6arato Buais
6aKTepiit, y AKMUX BiACYTHSA NPUPOAHA KOMMETEHTHICTb
abo i NpoAB 3HAaX0AUTbCA Ha HU3bKOMY PiBHi, afie BOHU
TAKOX MOXKYTb ByTU TpaHcPopMOBaHi Nig, Ai€0 NeBHUX
di3nYHMX Ta XiMiYHKUX iHAYKTOpIB [2]. /lMwe aeski Bnau
6aKkTepiii, Hanpuknag, Bacillus subtilis, Streptococcus
pneumoniae abo Neisseria gonorrhoeae [eMOHCTPYOTb
NPUPOAHY KOMMETEeHTHICTb. Y BaraTbox BuaiB H6aKktepii
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KOMNETEHTHICTb  BWMHWKAE abo 3a/lMLWIAETLCA  Ha
BMCOKOMY PiBHi 1MLLe HAa NeBHOMY eTari POCTY Ky/bTypHu.
KomneTeHTHICTb PO3BMBAETLCA B Mipy TOrO, AK KAITUHU
NMOYMHAKOTb POCTU | [OCAraldTb CBOTO  MAKCUMyMy
NPOTArOM PaHHbOI Ta Mi3HbOI NorapudmiyHoi dasmn y
Acinetobacter calcoaceticus, Azotobacter vinelandii,
Streptococcus pneumoniae Ta Anacystis nidulans R2 nig,
Yyac nepexoay 3 norapudmiyHoi dpasm go nnaTo, AK ue
cnoctepiraetbca y Bacillus subtilis, B. stearothermophi-
lus, Chlorobium limicola, Pseudomonas stutzeri ta Vibrio
spp. [3-11]. Y Agmenellum quadruplicatum, Deinococcus
(Micrococcus) radiodurans Ta Mycobacterium smegma-
tis KOMNETEHTHICTb TPMBAE BNPOLOBK EKCMOHEHLIMHOIO
POCTY Ta 3HUMKYETLCA NPOTATOM CTalioHapHoi pasu [12-
14].

OpaHak icHye 6arato BuaiB 6akTepiit, y SKUX BiacyT-
HA NPUPOAHA KOMMNETEHTHICTb abo ii NposAB 3HaXoAUTb-
€Sl Ha HM3bKOMY PiBHi, ane BOHW TaKOX MOXYTb ByTH
TpaHchopmoBaHi nig gieto neBHUX PisnUYHMX Ta Ximiy-
HUX iHAYKTOpiB. Escherichia coli He € npupogHO Kom-
neTeHTHoto bakTepieto, ogHAK 3a AoNoMoroto 06pobKu
X/IOPUAOM KasbLilo Ta MOAANbLIOrO TEMJIOBOTO LUOKY
MOKHa JOCATTU LWTYYHOI KOMMeTeHTHOCTi [15].

Biaomo, WO Ppi3Hi  YMHHUKKM  Pi3MKO-XiMiYHOT
npupoaM, Taki AK TeMnepaTypHWI LWOK, iOHM Kasb-
Lit0, MaHraHy, eNneKkTPUYHWIN CTPYyM TOLLO CAYrytTb
iHAYKTOpamMM NigBULLEHHA KOMMETEHTHOCTI Y pPi3HUX
BMAIB MiKpoopraHiamie. LLUOK HM3bKOI Temnepatypu
MOMKe BMAMBATU Ha 3MiHY eKcnpecii nopuHy, 610KyBaTh
HaaxoaxKeHHA aHTUbioTUKiB y Moraxella catarrhalis Ta
pPO3BMBATU afaNTUBHY PE3UCTEHTHICTb A0 B-NaKTaMHUX
aHTnbioTukiB [16]. bakTepia Acidithiobacillus ferrooxi-
dans 36inbluye po3mip NOPUHIB 30BHILHbOT MemMbpaHu
ONA  NiATPUMKM  BHYTpilWWHbOrO pH, WO Tak camo
BM/IMBAE Ha CTilKiCTb A0 aHTMBIOTUKIB. 3 noyaTKOm
rofioflyBaHHA perynaTopHa peakuia npusBoAauTb [0
NocuieHOi eKkcnpecii nNeBHUX MeTaboniuyHMX TreHiB.
Hanpuknag, nigBuuleHWit piBeHb [IyTamMiHCUMHTETasn
3'asnaetbca B E. coli Ta Salmonella typhimurium sk
Hacnigok obmerkeHHs BMicTy asoTy [17]. CykynHicTb
BiAOMOI B gaHuMM Yac iHpopmalLii cBiguMTb nNpo Te, Wo
reHeTMyHa TpaHchOpPMaLA MA€E BeMKUK BNAMB Ha
AMHaMiKy nonynaujii 6akTepilt, a TaKoXK Ha eBoOLO Ta
BUAOYTBOPEHHA MiKpoopraHiamis [18].

Y 3B’A3KY 3 Pi3HOMAHITHICTIO YMOB, LLO BM/MBAOTb
Ha KOMMETEHTHICTb Ta TpaHchopMaLito bakTepiasibHUX
KNIiTUH, i, AK HACNIAOK, Ha IXHIO aHTUOIOTUKOPE3UCTEHT-
HiCTb, aKTyaNbHMMM 3a/NMLIAKOTHCA MUTAHHA BUBYEHHA
3a71eXKHOCTI peani3auii MexaHi3amiB reHeTUYHOI peKom-
6iHaLiT B monynsLUisax MiKpoopraHiamie Big, pakTopis ao-
BKiZIIA NPUPOAHOTO 1 LUTYYHOTO OTOYEHHS.

MeTta gocnigKeHHs.

MpoBeaeHHA NOPIBHANBHOIO aHai3y YacTOTM TPaHC-
dopmalii KniTuH Escherichia coli pi3Horo ctyneHto Kom-
NeTeHTHOCTI Naasmigamn 3 geTepMiHaHTaMM CTIMKOCTI
00 aHTMbioTKKiIB.

06’eKT i meTOaU AOCNiAXKEHHA.

Martepianamn gocnigeHHa cayrysanm wrtamu E.
coli XL1-Blue 3 geTepmiHaHTOIO PE3UCTEHTHOCTI A0 Te-
TPAUMKANIHY Ta KNiHIYHWI nabopaTopHuit wtam E. coli
906, nnasmiga pSBbi-RN (RN) 3 reHamun aHTMbioTUKOC-
TiKkocTi go amniunnidy Ta mCherry-Mito-7 (mCherry) —
[0 KaHaMiLMHY.

Y xo4j ekcnepumeHTy ana TpaHcdopmalii BUKOpuUC-
TOBYBA/IM PAL NOXKMUBHUX CEpenoBuL: cepesosulLe LM,

SOB 1a SOC. [1na BUKOHAHHA €eKCNepuMEHTY BUKOpUC-
TOBYBa/IM PO34nHU Ta bydepu: TFB, FSB, DMSO i po3unH
autuotpeitony (DTT).

[Onsa OTPUMaHHA KOMMNETEHTHUX KNITUH KynbTypy E.
coli KynbTMBYBaNWM cnovyaTky Ha LM-cepegosuLLi npoTa-
rom He 6inbwe 24 roguH npu 37°C. Micna Wboro Kinb-
Ka KOJIOHI/ nepeHoCUM y Konbu 3 cepegosuiiem SOB
Ta KyN1bTUBYBAAM A0 AOCATHEHHA ONTWUYHOI LWiNbHOCTI
0D, ,=0,6. Hani ueHTpudyrysanu Ta pecycneHaysa-
N KynbTypu, goaaswm DMSO go 3.5%, i 3amoposnam
npu -70°C. baKTepii KynbTneyBann y SOB o WinbHOCTI
Knitne  1-2x10% KYO/mn, possogunun raiueposom vy
cniBBigHoweHHi 1:1 Ta 3amopoxkyBanu npu -70°C.
HanepegoaHi TpaHcdopmauii KNiTUHM BUCiIBaAM Ha
cepegosuLi LM npu 37°C npotsarom 24 roguH.

TpaHcdopmaLito KnituH E. coli npoBogman meTogom
XaHaxaHa, BUKOPUCTOBYHOUM KONOHII 3i 3aMOpPOXKEHOrO
3anacy KnituH. KnitnHn kynbtnsysann y SOB po pocar-
HeHHA winbHocTi 4x107 — 7x107 / mn, nicnas Yoro npo-
BOAWM LeHTpUyryBaHHA Ta pecycneHayBaHHA B TFB.
Jopasanu DMSO Ta DTT, iHKybyBanu Ha nboay, nicaa
yoro gogasann 1 mkn AHK Ta iHkybyBanu npu 42°C 2
xB. MMicna popaeaHHA cepeposuwa SOC iHKRybyBanm
npu 37°C, a NOTim BMUCIBAaAIM Ha NOXMBHE CepeaoBuLLE
3 KaHamiuyHom (50 mKr/mn) y Bunagky TpaHcdpopma-
uii nnasmigoto mCherry Ta Ha noskMBHe cepeaosulLe 3
amniumniHom (50 mkr/mn) — y BunaaKy TpaHchopmaltii
pSBbi-RN Ta iHkybyBanu npu 37°C.

Ons OTPMMAHHA KOMMETEHTHUX KAITUH MEeToZ0oM
IHoy 6yno BHeceHo pag moaudikauin go metoay Xa-
HaxaHa: Ky/nbTMBYBaHHA MPOBOAWIOCH 3a Temnepa-
Typu 18°C po OD,, = 0,3-0,4; 3 FTB 6ynu BunyyeHi yci
coni, kpim KCI, CaCl,, MnCl, Ta aueTaTy Kanito; 3 bydepa
TpaHcdhopmauii BUAYYEHO TEeKcamMiH KobanbT Xxnopua,
CoSO,, LiCl Ta RbCl; cymiw KnituH iHKkybyBanm npu 42°C
npotsarom 30 cekyHa, [19].

YacToTy TpaHcdopmalii BM3HaAYanu 3a ¢opmynoto:
N=n*a*b/1 mkr [IHK, Ae n — KinbKicTb KOMOHIN, BUpPOC-
ZINX Ha NOXMBHOMY CepeaoBULLi 3 BiANOBIAHUM aHTU-
6ioTMKOM; a — 06’em cycneHsii KniTuH; b — cTyniHb po3-
BeLeHHSA.

MnasmigHy OHK BUAIinAANM MeToa0M NY»KHOTO Ni3un-
cy [20]. AnAa uboro KynbTypu HGaKTepilt BUPOLLYBAM Ha
TBEPAOMY NOMKMBHOMY CEpPefoBULLI NMPW ONTUMAbHIN
TemnepaTypi (37°C) npotarom gobu. KonoHito posmi-
pom 2-3 MM peTenibHO pecycneHayBaav B 100 mkn 6y-
¢depa TAE (40 mM Tris-acetate, pH 7.9; 2 mM sodium
EDTA). [lo oTpumaHoi cycneHsii gogasanu noasiviHUin
06’em (200 mkn) nisytovoro bydepy (3% SDS; 50mM
Tris, pH 12.6). 3pa3ku iHkybyBaan npu 58 °C npoTtsarom
60 xB. [lo OTpMMaHOro ni3aTy A0AaBaNAW TaKUI camuii
06’em (300 mkn) cymiwi Knucnoro deHony 3 xnopodop-
mom (1:1). AKypaTHO nepemillyBanu A0 YTBOPEHHA
rOMOreHHOI cycneHsii Ta UeHTpUdyryBasinm Ha Mikpo-
ueHTpudysi ELMI npn 11000 06/x8, 5 xB. 18 KpaLworo
po3aineHHa ¢a3 ueHTpudyryBaHHA NPOBOAWMAW ABidi
abo Tpuui (3a NnoTpebun), yepryroum 3 NnepemillyBaHHAM.
Bizbupanu BepxHio BogHy dasy, Ae 3HaxoaMnacsa nnas-
migHa AHK. Otpumani 3paskn AHK aHanisysanu 3a go-
nomoroto enekTpodopesy B arapo3HOMYy reni.

EnektpodopetnyHe posgineHHa OHK nposoaunu
Yy TOPU3OHTA/NIbHUX arapo3HUX refax 3 KOHLUEHTpPALLiE
araposun 1% Ta B 6ydepi TAE. HanpyeHicTb enexktpuy-
HOro noss ctaHosuna 6 — 8 B/cm. Yac posaineHHs — 3-5
rog. Micns enektpodopesy renesy NNacTUHKY dapbysa-
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v 6pomigom etnaito (1 mkr/mn). nn sisyanisauii AHK
reJb nepernAganu npu npamomy ynotpadionetosomy
OCBIT/NIEHHI Ta poTOorpadysanmu.

Pe3ynbTati focniaKeHHs Ta ix 06roBopeHHs.

[aHa poboTa cnpAmMoBaHa Ha aHani3 Ta NOPiBHAHHA
yacToTu TpaHchopMaLii KOMNETEHTHUX, YbTPaKoMMe-
TEHTHUX Ta HEKOMMETEHTHUX KNIiTWH E. coli nnasmigamm,
WO MICTATb AEeTEePMIHAHTU CTIMKOCTI A0 aHTUBIOTUKIB.
Ons nposeaeHHA TpaHchopmaLii BUKOPUCTAHO LUTaM
E. coli XL1-Blue, wo mae reH pPe3UCTEHTHOCTI A0
TETPAUMKAIHY, PO3TallOBaHMI B XPOMOCOMI. TaKOX
BUKOPUCTOBYBaNM KAiTUHWU wTamy E. coli 906, wo He
MIiCTATb KOAYHYOro reHy CTiMKOCTi 40 aHTMGIOTUMKIB.
Ons  HabyTTa  KOMNETEHTHOCTI  HaKTepiasibHUMM
KNITMHAMM 3aCTOCOBAHO @i3nyHi Ta XimivyHi meToam
3 MeTol 36iNblUeHHs KilbKOCTi nop B membpaHax
KNiTMH. TpaHchopmyoummn dakTopamm BUCTyNanu
ABi nnasmian: mCherry, WO MICTUTb reH CTIMKOCTI 4o
KaHamiumHy, Ta RN 3 reHom cTiliKocTi go amniunniHy
(tabn. 1).

lNpoBeAeHi eKkcnepMMeHTV niaTBEPAUAMN BUCOKY
30aTHICTb KOMMETEHTHUX KAiTUH wTamy E. coli XL1-Blue
00 reHeTMYHoi pekombiHau,i. EdeKTuBHICTb TpaHchop-
MaLil KOMMNEeTEeHTHUX KAiTUH wTamy E. coli XL1-Blue
nnasmigoto mCherry 6yna HaliBULLOMO, AOCATalOYN Yac-
ToTh 3x10% KYO/MmKr HK. Mpun BUKOPUCTaHHI naasmign
RN ana tpaHchopmauii KNiTUH UbOro K LWTamy Kommne-
TEHTHUX KAITUH Byno oTpumaHo 2,5x10% KYO/mkr AHK.
IHoMKaTopHUI wTam E. coli 906 pae pesynbratu, AKi
BKa3ylOTb Ha HUXYY ePEeKTUBHICTb reHETUYHOI peKom-
6iHaLT TOPIBHAHO 3 KOMMNETEHTHUMM KNITUHAMM LITAMY
E. coli XL1-Blue. WTtam E. coli 906, TpaHcdopmoBaHuUi
nnasmigoto mCherry, npoAeMOHCTPYBaB YaCTOTY TPAHC-
dopmaii 2,8x10%2 KYO/mKr JHK, B TOW Yac AK BUKOpUC-
TaHHA nnasmigm RN npmsseno po yactotu tpaHchopma-
i 2x10? KYO/mkr AHK.

HekomneTeHTHi KnitMH wTamis E. coli XL1-Blue Ta
RN go reHeTu4HOi pekombiHauii He byan 34aTHUMKU —
TpaHCPOPMAHTM He YTBOPHOBA/IUC.

[Ons nigBueHHs YactoTu TpaHchopmalii byno Bu-
KopuctaHo meTog IHoy Metos |HOy 3acTocoByOThb ANA
NiABULWEHHA KOMMNETEHTHOCTI Ta OTPMMAHHA cynep-
KOMMETEHTHUX KAITUH, a caMmy baKTepianbHy KynbTypy
BupolLLytoTb npu 18°C. B pe3ynbtati Ham BAA/IOCb 3Ha-
YHO 36iMbLWKNTK YacToTy TpaHcpopmauii (tabn. 2). Han-
BUWOI bOyna edpeKkTUBHICTb TpaHcdopmauii cynep-
KOMMETEHTHUX KNiTUH wTamy E. coli 906 nnasmigoto
mCherry — 15x10° KYO/mkr HK. 3aaTHicTb [0 reHeTuny-
HOi peKkombiHaLii cynepKOMNETEHTHUX KNITUH LIbOro K
wramy nnasmigoto RN cknagana 1x10° KYO/mkr HK.

Ona niaTBepA)KeHHA nepeHocy niasmig, B WTaMu-
peuunieHTn BUAiInAAn nnasmigHy AHK Ta nposoannu
enekTpopopeTMyHe PO3LiNEHHA BUAINEHUX HYyKAeiHo-
BWX KUCNOT B arapoO3HOMY reni.

AK BUAHO 3 PUCYHKY 1, HEKOMMETEHTHI KAITUH WTa-
miB E. coli XL1-Blue, E. coli 906 (popixku 2 Ta 3) He mic-
TATb NnasmigHux OHK. KomneTeHTHI KNiTUHK, OTpUMaHi
MeTOAO0M XaHaxaHa, Ta TpaHcPOpMOBaHi Na3mMigHUMMU
OHK mCherry Ta RN, micTaTb BignosigHi nnasmian (mo-
pi*kkn 4, 5Ta 7, 8).

3 KkniTMH-TpaHcpopmaHTiB wTamis E.coli XL1-Blue
Ta E. coli 906, oTpuMaHUX meTogom IHoy (cynepkom-
neTeHTHMX) Ta TpaHcdopmoBaHMX Mnasmigamu RN Ta
mCherry, Takox Buginnam nnasmigHy AHK Ta nposenu
il enekTpodopeTnyHe po3LiNeHHA B arapo3HMy reni.

Tabnuuysa 1 — Yacrora TpaHchopmaLii
KomneTeHTHUX KnituH wrtamis E. coli XL1-Blue i 906,
OTPUMaAHUX MeToA0M XaHaxaHa

ram £ coll/nnaamign | T TRRHCGOpMALT,
XL1-Blue / mCherry 3x10?
XL1-Blue /RN 2,5%10?
906 / mCherry 2,8x10?
906 / RN 2x10?

3aranom, ektpodopes niaATBEPAMB HASBHICTb M1a3mig,
B K/iTMHax-TpaHchopmaHTax (puc. 2). Cnig Takox 3a-
3HAYMTKM, WO Yac PO3A4iNEHHA Naasmig B UbOoMy pasi
6yB gelo 6inbwnit — 3 roguHK. Tomy He Bi3yanisyroTb-
cA neab NOMITHI MiHOPHI Tpekn nnasmign MCherry, aki
6ynun nomiTHi Ha puc. 1 (gopirkku 4 1a 5).

Y cratTi Green, M. R., Ta Sambrook, J. 3a3HayeHo, Wwo
y CTaHAApTHMX NabopaTopHMX YyMOBaxX TUMOBOK edeK-
TUBHICTIO TpaHchopmaLii € 3HaYeHHA Big 1x108 ao 3x108
KYO/mKr ana E.coli [19]. 3a gocniameHHAMM HayKOBLLiB
Yang, Y., Liu, M., Wang, T. Ta iHWIi OTpMMaHO pe3ynbratu
4acToTM TpaHchopMaLii 3 BUKOPUCTAHHAM METOAY KOM-
neteHTHocTi TSS-HI, AKMIM onTUMi30BaHMIA 3a AOMNOMO-
roto meTtozis XaHaxaHa Ta IHoy. WTtam E. coli BW25113
Ta MOro noxigHi Wramm Habynn KOMNETEHTHOCTI i Byan
TpaHcHOPMOBaAHI NNA3MigaMM LLLO HECYTb FeHU CTilMKoC-
Ti 4O amniLMAiHy, CNEKTUHOMILMHY, XIopamdeHikony Ta
anpamiunHy. EbekTusHicTb TpaHchopmauii 3a gaHMMuK
MeToAamMM CTaHOBUTb Npnban3Ho 7x10° KYO/mKr [21].

ATtopwm Torres-Cortés G., Garcia B.J., Compant S. Ta
iHWi BMKopuUcTanu meTog IHoy ans wrtamy E. coli MFDpir,
wob TpaHcpopmysaTn bBakTepii nnasmigamm pEX18Tc-
Ahcp Ta pEX18Tc-AtssB. Mnasmian nepeHocunn B 6akTe-
pito Stenotrophomonas rhizophila CFBP13503 wnaxom
KOH'torauii 3 meToto BMBYEHHA 6inkiB Hep Ta TssB, sKi
BaXX/NIMBI ANA iHribyBaHHA poCTy diTonaToreHHoi 6akTe-
pii Xcc8004. Ons BU3HauYeHHA TpaHchopmaHTiB, bakTepii
BUCiBa/IN Ha cepeaoBMLLa 3 TeTpaLMKIiHOM [22].

Y KOHTeKCTi pesynbTaTiB npo TpaHchopmalito cy-
NepKOMMETEHTHUX KNiTUH wTamy Escherichia coli XL1-
Blue nnasmigoto pSBbi-RN (RN) 3 BMKOpUCTAHHAM Me-
Toay IHOy, AoUiNbHO 3rafgaTv HacTynHe. 3a AaHuMu
Heydenreich, F.M., Miljus, T., Jaussi,R. Ta iHWi edeKTns-
HiCTb TeHeTUYHOI peKoMbiHaLii CynepKoMNEeTEHTHMX
KNiTuH wrtamy E. coli XL1-Blue, oTpumaHux metogom
IHoy, npu TpaHcdopmauii nnasmigoto pBR322, sAka

PucyHok 1 — Enektpodoperpama npogykris nnasmiguux AHK,
BUAINEHUX i3 KNOHiB-TPaHCPOPMAHTIB, OTPMMAHUX METOA0M
XaHaxaHa: A — E. coli XL1-Blue(mCherry), b — E. coli 906(mCherry),
B — mapKep monerynapHux mac, I — E. coli XL1-Blue(RN), A1 — E.
coli 906(RN). opixkku 1-3 Ta 9 — KOHTPO/IbHI, HEKOMMNETEHTHI
6e3nna3migHi wramu (E. coli C600, E. coli XL1-Blue, E. coli 906
BignoBigHo), 4, 5 Ta 7, 8 — KNOHU-TPaHPOPMaAHTH.
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Tabnuua 2 — Yacrora TpaHchopmauii
cynepKoMMeTeHTHUX KNiTuH wrtamis E. coli XL1-Blue
Ta 906 3a meTogom IHOy

WTam E. coli / nnasmigm Hac?%}gwﬁﬁmaun,
XL1-Blue / mCherry 2x10°
XL1-Blue /RN 1x10°
906 / mCherry 15x10°
906 / RN 1x10°

MiCTUTb TeHW QAHTMOBIOTMKOCTIMKOCTI A0 amniuuainy
Ta TeTpauMK/iHy, CKNadae uWwoHaimeHwe 1x107 KYO/
MKr. pBR322 mae 6inbluy epeKkTMBHICTb TpaHcdpopma-
uii HiXX RN. AnbTepHaTMBOl BMKOpUCTaHHA pBR322 €
3actocyBaHHA nnasmig pUC19, aki € moandikosBaHu-
MU BekTopamu pBR322. Mnasmiga pSBbi-RN (RN), wo
BMKOPWUCTOBYETbCSA B A0C/IAI, MAa€E BEKTOpPHUI xpebet
pUC19. O6buagi nnasmianm HecyTb reHW CTiMKOCTI [0
amiumniny (Amp®), ane pBR322 goaaTKOBO MICTUTb reH
CTiIKOCTi 0o TeTpauukniHy (tet?). OcHoBHa BiAMIHHICTb
Mix pBR322 i pSBbi-RN nonsrae B ix po3mipi: pBR322
€ NIa3MigHMM BEKTOPOM A0BXUHO 4361 n.H., ToAi AK
pUC19 € nnasmigHMm BeKTopom A0B¥MHOt 2021 n.H.
[23].

3a pocnigKeHHam aBTopis Thomas Fryer, Darian S.
Wolff, View Max D. Overath Ta iHwnx 6yn0 BU3Ha4YeHO
edeKTUBHICTb XiMiyHOI TpaHcpopMmaLii Ta enekTpono-
pauii E. coli XL1-Blue nnasmigoto PF-Nbb102-CAM, wo
npeacTaB/iieHa AK KifbLeBa CynepckpyyeHa naasmiaa,
penakcoBaHa KifbueBa nnasmiga, 3ibpaHa meTogom
Golden Gate Ta niniiHa AHK, aka 6yna oTpumaHa B pe-
3yNbTaTi HikasHoi 06pobkm RCA. Mnasmiga PF-Nbb102-
CAM Mma€e reHu CTillKocTi Ao xnopamdeHikony i Koaye
VHH. BoHn BMABKAN, WO XiIMIYHO KOMMNETEHTHI KNITUHU
6ynn edpeKTnBHilLe TpaHcPOpMOBaHi 3a 4ONOMOrOHO Ni-
HinHOT IHK, a eneKTpoOKOMNETEHTHI KAITUHWN penaKkcyto-
yoto Kinbuesow AHK. Y pesynbrtati uboro cnoctepexeH-
HA AOCNIAHWMKW BUBYMAW Pi3HI MapameTpu, nos’A3aHi
3 XimiyHOt TpaHchopmaLieto. Kpim Toro, BoOHW pocni-
O)KyBann NOTEHLUiMHY MacluTaboBaHiCTb XiMiYHOI TpaHC-
dopmallii, WO BUKOHYETbCA NapanesibHO ANA KiJbKOX
3pa3KiB, Ta BUKOPUCTAHHSA 36inbleHNX 06’EMIB KMITUH.
ABTOpamu Oyno BCTAaHOB/EHO, WO HanedeKTUBHIWNA
niaxia nepepb6ayaB BMKOpPUCTaHHA mMoaudikoBaHOro
npotokony lHoy [24].

Y pocnigeHHi asTtopie Khasanah A.U., Putri
W.A., Rahayu H.M. T1a iHwi Knituum E. coli BL21
6ynu  TpaHchoOpmOBaHi  aHTUBIOTMKOPE3UCTEHTHOMO
nnasmigoto pET-28c, AKa mictutb reH merA 3i Strep-

PucyHok 2 — Enektpodoperpama npoaykris nnasmigHux AHK,
BUAiINEHUX i3 KNOHiB-TpaHCPOPMAHTIB, OTUMaHUX MmeToaoMm IHoy:
A - E. coli XL1-Blue(mCherry), B — E. coli 906(mCherry), B — mapkep
monekynapHux mac, I — E. coli XL1-Blue(RN), A — E. coli 906(RN).

tomyces AS2. KomneTeHTHi KniTuHu E. coli BL21 6ynu
OTpPUMaHI 3a gonomorot metoay IHoy. Mnasmiga pET-
28C BUKOPUCTOBYETLCA ANS eKCnpecii 6iNKiB y bakTepisx,
3o0Kkpema y E. coli. Kpim Toro, pET-28c micTutb reH
Pe3nCTEHTHOCTI 40 aHTUBIOTMKA KaHAMILMHY, a reH merA
Koaye BiNOK, AKMIM AOMOMAra€e 3HUXKYBATM TOKCUYHICTb
pTyTi. Micna TpaHchopmaLii TENOBUM LLOKOM KAITUHMU
6ynun BMbpaHi 3a 4ONOMOrot aHTUBIOTUKA KaHaMiLUHY,
AKMIA OyB MpPUCYTHIN y cepegoBulli ans Bigbopy
KNITUH, WO YCNiWHO MNPUHHAAM nnasmigy. 3rigHo 3
HafaHMMK JaHWMK, nicnA TpaHchopmauii reHy merA
y KnituHun E. coli BL21 6yno OTpMMaHO MO3UTUBHUN
pesynbrat. Lle 6yno nigreeparkeHo 34aTHicTiO i30nATiB
pPOCTM Ha cenekTUBHOMY cepeosuui LB 3 KaHamiunH
(20 mkr/mn) Ta yTBOpEHHAM npuban3Ho 40 KOMOHIN
nicna iHKRybauii npotarom 24 roauH npu 37°C. Len
NO3UTUBHUI  pe3ynbTaT CBiAYUTb NPO  34aTHICTb
naasmiam npoayKyBaTu Linbosi 6inkn [25].

Y poboTi Vamsi Bharadwaj, S. V., Tiwari, D. S., Ghosh,
T. Ta iHwi 6yno BBeaeHo nnasmigy pSYN_1-DTT1-RFP Ta
nnasmigy pSYN_1-DTT2-RFP 8 E. coli DH5a, siky 3pobu-
I KOMNETEHTHOO meTogom IHoy. Li nnasmign matotb
reHW CTIMKOCTi A0 aHTMBIOTUKA CTPenToOMIUMHY, Tomy
TpaHchopmaHTiB BiAbUpanm BUCIBOM y cepegoBulle 3
aHTMbioTMKOM. OTpMMaHi TpaHCPOopMaHTU BUPOLLYBa-
JIN Ha CEIeKTUBHOMY CEPEeAOBULLI NPU Pi3SHUX Temnepa-
Typax 418 OLiHKM BNAMBY TEeMMNepaTypHOro ¢aktopa Ha
ekcnpecyto RFP (yepBoHMit dayopecueHTHUIM Binok) y
pekombiHaHTiB [26].

Takox meToz IHoy 6yB BUKOpPUCTaHUI y 6aratbox 4o-
CRigXeHHAX Ha KniTuHax E. coli DH5a gna oTpumaHHA
6inKy Ta KAOHyBaHHA nnasmig. Y poborti aBTopis Bhat,
S., Banerjee, A., Ta Alagesan, S. E. coli DH5a 6yna Bu-
KOpPUCTaHa ANA KAOHYBaHHA Ta MOLWMPEHHA Naasmif,
Takux Ak pTargetF_gl HA i pTargetF_g2_ HA. TpaHcdop-
MoBaHi nnasmigamu pTargetF_gl HA i pTargetF_g2_HA
KNitTuHu E. coli DH5a Bigbupann Ha cenekTMBHoMmy ce-
penoBuLl 3 aHTUBIOTUKOM CNEKTUHOMILMHOM, OCKi/b-
KM AaHi nnasmign 6ynv cTBOpPEeHi Ha OCHOBI Maasmiau
pTargetF, ska mae geTepmiHaHTYy CTIMKOCTI 4O CNEeKTUHO-
MiLmMHy. Hagani nnasmigm BUKOPUCTOBYBAIN ANA BUAA-
neHHA reny araCy 6akTepii E. coli MG1655 gns noaans-
LUMX FEHHO-IH}XeHepPHUX po3poboK [27].

3a pe3ynbTaTaMu JOCAIAXKEHb HayKoBLiB Lemay-St-
Denis, C., Diwan, S. S. Ta Pelletier, J. N no TpaHcdopma-
uii nnasmigamun dfrB10-pET24 Tta dfrB11-pET24 Kom-
NeTeHTHUX KNiTMH wTtamy E. coli DH5a 6ynn oTpumaHi
peKkomMbiHaHTK, AKi BiABMpPanu 3a MapKepom CTilKOCTi
00 KaHamiumHy. Hagani TpaHcpopmaHTM BUKOPUCTOBY-
Ba/IM AK NpoAyLeHTiB HinkKis B pe3ynbTaTi ekcnpecii reHis
DfrB10 Ta DfrB11 [28].

BucHoBKM.

JocnigrkeHo  yactoTy  TpaHchopmauii  KAITUH
E. coli, npuBeaeHuWx [0 CTaHy KOMMETEHTHOCTI
Ta HEKOMMETEHTHUX KAiTUH. BM3HayeHo 4YacToTy

TpaHchopmaLii KomneTeHTHUX KNiTuH E. coli XL1-Blue
nnasmigamm mCherry 3 AeTepMiHaHTOK  CTilKOCTI
00 KaHamiuyHy Ta RN 3 geTepmiHaHTOW CTiMKOCTI
00 amniumniHy, wo JopisHioBana 3x102 KYO/mKr
OHK T1a 2,5x10*> KYO/mkr [AHK signosigHo. Mpwu
TpaHchopmaLii KomneTeHTHUX KNiTUH E. coli 906 Tmm
K MAasmigamy 4actoTa OTPUMAHHS PeKoMbiHaHTIB
cknagana 2,8x10? KYO/mkr HK ta 2x10% KYO/mkr AHK
BignoBiaHo. EdbekTnBHIcTb TpaHchopmauii nrasmigamm
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HEKOMMETEHTHUX KNITUH A0CNiAKYyBaHUX WTamis E. coli
popisHtioBana 0.

BcTaHOBNEHO BMCOKY 4acToTy TpaHchopmauii
R-nnasmigamn  cynepkomneTeHTHUX KAiTMH  E.co-
li wtamis XL1-Blue Ta 906, opeprkaHUX 3a METOAOM
IHoy, AKka pgopisHoBana (1-2)x10° KYO/mkr OHK Ta

MepcnekTMBM NOAANBLLUX AOCNIAKEHD.

PesynbTaT pochigKeHb MOXKyTb 6yTM 3acTocoBa-
Hi ONA MOHITOPUHIY Ta AKICHOrO aHanisy pesynbraTis
TpaHchopmaLii GakTepilt Naasmigamu, WO HeCyTb reHu
pesncTeHTHOCTi A0 aHTMbioTuKiB. Lle moxke BigKpuTu

(1-15)x10° KYO/mkr [AHK signosigHo. OTpumaHi
OAHi  HAABHOCTI HYKNEIHOBUX KWUCNOT NAa3migHoro
NOXOAEHHA Ha arapo3HOMYy reni MicnA NpoBeAeHHA
enekTpodopesy niaTBepAKyoTb $akT TpaHchopmaLii
CynepKOMMETEHTHUX KNITUH WwTamiB E.coli XL1-Blue Ta
906 nnasmigamu mCherry i RN.

HOBi MOM/IMBOCTI AN PO3PO6KM CTpaTerin KOHTPOAO
Hapg aHTMBIOTUKOPE3UCTEHTHUMUK BaKTepiamu Ta 36epe-
YKEHHA ePeKTUBHOCTI aHTUBIOTUKIB. [LOCNiAXKEHHA MOXKe
6yTM KOPUCHUM A/1A NOAANbLIOTO PO3BUTKY MONEKYAAP-
HOT 6ionorii, 6ioTEXHONOTIN Ta FEHETUYHOI iHXKeHepil.
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FTEHETUMHA TPAHC®OPMALIAR-NNASMIOAMU KNITUH PIBHOTO CTYNEHKO KOMNETEHTHOCTI ESCHERICHIA
coLl

Cknap T. B., boratosa O. [l., laBpuatok B. I'., JlaBpeHTbeBa K. B., KypariHa H. B.

Pestome. Y gaHili poboTi gocniakeHo nepeHoc R-niasmig, B xoai TpaHchopmau,ii y 6akTepiit. 34aTHICTb 40 nepe-
HOCY AeTEPMIHAHT PE3UCTEHTHOCTI € BaXKAMBUM GAKTOPOM A/1A HabyTTA CENEeKTUBHUX MepeBar OKPeMUMU KAITK-
HamuM B nonynauii mikpoopraHisamis. Mpobaema 36inblUeHHA KiNbKOCTi Ta IHTEHCUBHOCTI LMPKYAALIT aHTUBIOTUKO-

ISSN 2077-4214. Bichuxk npo6nem 6ionorii i meanuunn — 2024 — Bun. 1(172) / Bulletin of problems in biology and medicine — 2024 - Issue 1(172) 379



MIKPOBIONOrIA / MICROBIOLOGY

Pe3nCTEHTHUX MIKPOOpraHiamis 0bymoBsieHa Naasmigamu, Ak nepesatoTbCA 3 BUCOKOK YacTOTOK B MOMyAALiAX
MiKpOOpraHi3amiB B pe3ynbTaTi reHeTMYyHOoI TpaHchopmali.

Memoto pobomu 6yno npoBeaeHHs NOPiIBHAIBHOIO aHai3y YacToTK TpaHcpopmaLii KniTuH Escherichia coli pi3Ho-
ro CTyneH KOMNETEHTHOCTI NAasmMigamm 3 geTepMiHaHTaMu CTIMKOCTI 0 aHTMBIOTUKIB.

Memoou 0ocnidxeHb: MikpobiooriyHi, reHeTUYHI, BioMeTpUUHI.

Pe3ynemamu. 3aaTtHicTb A0 TpaHcdopmal,ii BU3SHAYa€eTbCA CTYNeHEM KOMMETEHTHOCTI MIKPOBHUX KITUH. IcHye
6araTo BuAiB HaKTepil, y AKMX BiACYTHA NPUPOAHA KOMNETEHTHICTb abo i NPOAB 3HAXOAUTLCA HA HU3bKOMY PiBHI, ane
BOHM TaKOX MOXYTb OyT TpaHCcHOPMOBaHI Mig, Ai€t0 NEBHUX Gi3UYHMX Ta XiMIYHUX iHAYKTOpPIB. Tomy 6y/10 3anponoHo-
BAHO MPOBECTM MOPIBHANBHUI aHaNi3 YacToTu TpaHcdopmaLii KnituH Escherichia coli wtamis XL1-Blue Ta 906 pisHoro
CTYNEeHI0 KOMMNETEHTHOCTI N/1a3MifamMu 3 AeTepMiHaHTaMM CTIMKOCTI A0 aHTMbBioTukie: pSBbi-RN (RN) 3 reHom cTilikoc-
Ti go amniumniny Ta mCherry-Mito-7 (mCherry) 3 reHom CTillKOCTi 40 KaHamiuuHy. byna nposeaeHa OLiHKa YacToTu
TpaHchopmauii KnituH E. coli wtamis XL1-Blue Ta 906 nnasmigamm MCherry Ta RN. BUsiBI€HO, L0 A1 KOMNETEHTHUX
KNiTuH E. coli XL1-Blue yactoTa TpaHchopmaLii cknagana signosigHo 3x10? KYO/mKr OHK Ta 2,5x10? KYO/ mkr OHK,
a gns wramy E. coli 906 — 2,8x10% KYO/mkr JHK Ta 2x10% KYO/mkr HK. EdbekTtnsHicTb TpaHchopmalii niasmigamm
HEKOMMETEHTHUX KNITUH A0CNiAXKYBaHUX WTamiB E. coli popisHtoBana 0. CynepKoMneTeHTHI KAITUHWU OTPUMaHi MeTo-
40M [Hoy BUABMAM BUCOKY edeKTUBHICTb TpaHcdopMmalLii, Aka cknagana (1-2)x10° KYO/mkr OHK ans E. coli XL1-Blue Ta
(1-15)x10° KYO/mkr AHK ans E. coli 906. OTpumaHi AaHi 3 enekTpodopesy B arapo3HOMY refi CeiavaTtb Npo ycriHuim
nepeHoc naasmiz nig vac TpaHcpopmadii.

Kntouosi cnosa: reHeTUYHa TpaHcdopmaL,ia, Naasmign aHTMHIOTUKOPE3UCTEHTHOCTI, KOMMNETEHTHI KNITUHM, cynep-
KOMMETEHTHI KNITUHW.

GENETIC TRANSFORMATION OF ESCHERICHIA COLI CELLS WITH DIFFERENT DEGREES OF COMPETENCE WITH
R-PLASMIDS

Sklyar T. V., Bohatova O. D., Gavryliuk V. G., Lavrentieva K. V., Kurahina N. V.

Abstract. In this research the transfer of R-plasmids during transformation in bacteria was investigated. The ability
to transfer resistance determinants is an important factor for the acquisition of selective advantages by individual cells
in a population of microorganisms. The problem of increasing the number and intensity of circulation of antibiotic-
resistant microorganisms is caused by the possibility of transferring plasmids, which are transmitted with a high fre-
guency in populations of microorganisms as a result of transformation.

Aim of the study. Carrying out a comparative analysis of the frequency of transformation of Escherichia coli cells of
different degrees of competence by plasmids with antibiotic resistance determinants.

Research methods: microbiological, genetic, biometric.

Results. The ability to transform is determined by the degree of competence of microbial cells. There are many spe-
cies of bacteria that lack natural competence or show it at a low level, but they can also be transformed under the ac-
tion of certain physical and chemical inducers. Therefore, it was proposed to conduct a comparative analysis of the fre-
quency of transformation of Escherichia coli cells of strains XL1-Blue and 906 of different degrees of competence with
plasmids with determinants of resistance to antibiotics: pSBbi-RN (RN) with the gene for resistance to ampicillin and
mCherry-Mito-7 (mCherry) to kanamycin. The frequency of transformation of E. coli cells of strains XL1-Blue and 906
with MCerry and RN plasmids was evaluated. It was found that for E. coli XL1-Blue, the transformation frequency was
3x10%2 CFU/mkg DNA and 2.5x10%? CFU/mkg DNA, respectively, and for E. coli strain 906 — 2.8x10> CFU/mkg DNA and
2x10% CFU/mkg DNA. The efficiency of R-plasmid transformation of incompetent cells of the studied strains of E. coli
was equal to 0. Supercompetent cells obtained by the Inoue’s method showed high transformation efficiency, which
was (1-2)x10° CFU/ mkg DNA for E.coli XL1-Blue and (1-0.15)x10° CFU/ mkg DNA for E.coli 906. The obtained data from
electrophoresis on agarose gel indicate successful transfer of R-plasmids during transformation into bacterial cells.

Key words: genetic transformation, antibiotic resistance plasmids, competent cells, supercompetent cells.
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