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The purpose of the work was to rise of biosynthesis of the human recombinant interleukin-7 (rIL-7) in E. coli by optimizing the
quantitative and qualitative composition of the culture medium. As a result of optimization of the quantitative composition of organic
and mineral components of the culture medium using the matrix of planning a fractional factor experiment, it was possible to increase
the synthesis of rIL-7 by 1.3 times. It was proved that the use of supplements to the culture medium in the form of extracts of Clivia
miniata and Zephyranthes grandiflora (0.5-1.0%) stimulated the rIL-7 synthesis in recombinant bacterial cells in 1.3-1.4 times. The use
of phytoextracts at a concentration of 5.0% and more caused an inhibitory effect on the producer biosynthetic properties. It has been
established that the modulation of the biosynthetic activity of recombinant bacteria is due to the interaction of the biologically active
substances of plant extracts with the surface structures of the bacterial cell, namely, porins (OmpC and OmpF proteins). The stimulating
effect of vitamin K1 (15-25 mg per 1 ml of culture medium) in the liposomal form was proved; such approach allowed increasing the
synthesis of rIL-7 in 1.34-1.39 times. And the use of liposomal form of plant extracts as an approach to increasing the bioavailability of
biologically active substances is not appropriate.
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INTRODUCTION
Optimization of biosynthesis processes of recombinant medical products is an
actual problem of biotechnology. The importance of this task increases in terms
of economic assessment of the relevant biotechnology. Since the yield of the
target products, especially in cases of multi-stage purification procedures of
recombinant proteins for therapeutic purposes, has a critical effect on the cost of
developed medicines and, accordingly, on their social availability. It should also
be noted that such drugs are commonly used for the treatment or prevention of
seriously curable diseases (in particular oncological, autoimmune, and infectious
diseases) (Pererva et al., 2012; Semenyuk et al., 2018).
One of the directions of increasing the yield of recombinant products in bacterial
biosynthesis systems is optimizing of culture media composition. An analysis of
available publications on the biosynthesis of recombinant cytokines and other
proteins in the Escherichia coli expression system suggests that the most
commonly used are standard mediums LB, YT and TB, as well as similar
peptone-containing mediums (Sengupta et al., 2008; Ahmed et al., 2018; Zhong
et al., 2014; Galkin et al., 2017; Pal et al., 2018; Khalilzadeh et al., 2004;
Adinarayana et al., 2002; Lutsenko et al., 2015). However, in many cases,
researchers separately add different mineral salts and organic compounds in
various concentrations (Ahmed et al., 2018; Galkin et al., 2017; Galkin et al.,
2017; Pal et al. 2018; Khalilzadeh et al., 2004; Lutsenko et al., 2015), as well
as vitamins and vitamin-like substances (Omotani et al., 2017; Galkіn et al.,
2015; Wang et al., 2014). In most cases, the authors do not provide experimental
data that would confirm the substantiality of using the qualitative and quantitative
media composition. Various methodological approaches may be used to
determine the optimal composition of culture media, however, the most
commonly used are the Box-Wilson method, complete and fractional factor
experiments (Adinarayana et al., 2002; Boiko et al., 2018; Wang et al., 2009;
Singh et al., 2017). In the case of a fractional factorial experiment (FFE) there is
a possibility to reduce the number of experiments due to the correlation between
the columns of the matrix of planning, which complicates this stage, but does not
affect the validity of the estimates of the experiment. Therefore, given the

literature (Adinarayana et al., 2002; Boiko et al., 2018; Wang et al., 2009;
Singh et al., 2017) and the results of our own previous experiments on the
biosynthesis of recombinant proteins in E. coli (including recombinant
interleukin-7, rIL-7) (Galkіn et al., 2015), the concept of FFE is quite acceptable.
The works of various authors testify to the possibility of effective application of
plant extracts as growth stimulators of bacterial cells, as well as the synthesis of
bacteria of certain products, including recombinant proteins (Pererva et al.,
2012; Galkіn et al., 2015; Pererva et al., 2012). In our previous studies,
stimulating effect on the growth of recombinant E. coli bacteria and the
biosynthesis of the recombinant heat shock protein HSP-60 of Chlamydia
trachomatis was shown for the extracts of two plants of the Amaryllidaceae
family – Clivia miniata and Zephyranthes grandiflora (as a supplement to the
culture medium in range of 0.5-1.0%). The literature describes the possibility of
stimulating the growth of shigella and staphylococcus when the vitamin K1
added to culture medium (Galkіn et al., 2015). The analysis of the above literary
sources led us to the idea of the expediency of evaluating the application of
extracts of such plants in the culture medium when cultivating E. coli to increase
the yield of rIL-7 of the following supplements: the extracts of Clivia miniata and
Zephyranthes grandiflora, as well as vitamin K1.
The aim of the work was to optimize the composition of the culture medium
through the use of minerals and organic compounds, studying the influence of
Clivia miniata and Zephyranthes grandiflora extracts on the level of biosynthesis
of recombinant interleukin-7 by E. coli bacteria, as well as studying possible
mechanisms of interaction of plant substances with a bacterial cell.
MATERIALS AND METHODS
Preparation and evaluation of plant extracts
Extracts of following plant parts were prepared: rhizomes, roots and leaves of
cloves of natal lily (Clivia miniata), bulb of pink rain lily (Zephyranthes
grandiflora). Plant raw material was ground to particles in the size of 3-5 mm
using a laboratory mill LZM-1 (Olis Ltd., Ukraine). The extract was prepared
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using ratio of raw material: the extractant (ethyl alcohol 40%) is 1:5. Extraction
was carried out at room temperature by fractional 2-step maceration, with the
duration of each extraction cycle of 12 h. Upon receipt, the evaporation of the
extract was performed using a vacuum rotary evaporator at a temperature of 40
°C to the dry residue and dissolved with distilled water to the initial volume.
Determination of the protein in the extracts was carried out by biuret method
(Galkіn et al., 2015). Quantitative content of polysaccharides in extracts was
carried out using the gravimetric method (Galkin et al., 2011), the content of
flavonoids (in terms of routine) – by the spectrophotometric method (Lomboeva
et al., 2008), and the content of alkaloids (in terms of lycorine) – by the
photometric method (Galkіn et al., 2015).
Liposomes obtaining
Preparation of liposomes was carried out by hydration of the lipid film, followed
by extrusion by (Campani et al., 2014). An organic solution (CHCl3:CH3ОH =
2:1) containing soy phosphatidylcholine (SPC) was dried in a round bottomed
glass bulb using a rotary evaporator under nitrogen for about 20 min at 110 rpm
and at a temperature of 30 °C. Vitamin K1 and plant extracts were added to the
organic solution at concentration 125 μg per 1 mg of SPC. The resulting lipid
films were then rehydrated in the presence of glass beads containing phosphate
buffered saline (PBS), pH 7.4. The resulting suspension was passed five times
through polycarbonate membranes with reduced porosity (0.4, 0.2, and 0.1 μm)
using a thermo plate extruder. In conclusion, the liposomes were purified by
molecular-excite chromatography with Sephadex G-50 (Sigma, USA) to remove
uncapsulated vitamin K1 or extracts.
Culture medium and its optimization by FFE
LB medium (0.5% yeast extract, 1.5% peptone, 0.5% NaCl) was used in the
work; antibiotic chloramphenicol (50 μg/ml) was added to the medium.
Optimization of the culture medium was carried out as follows. In the case of the
dependence of the end result on many factors, the FFE is used, which is a fraction
(fractional replicas: 1/2, 1/4, 1/8, etc.) from the full factor experiment. The results
of experiments were presented in a linear form and described by the regression
equation
y  b0  b1x1  b2 x2 

 bn xn ,

Electrophoretic analysis of biomass and proteins was carried out in 15%
polyacrylamide gel (PAAG) in the presence of 1% sodium dodecyl sulfate in the
tris-tritsinovoy buffer system. Scanning of colored PAAG and the calculation of
the target protein content were determined using TotalLab 1.10 software.
Bacteriophages
The following bacteriophages were used in the work: T7, λ, Ox2, Ox2h12, TuIb
and T2. The efficiency of bacteriophages seeding in the presence of extracts
(experiment) in comparison with control (seeding without extracts) was
determined by counting negative colonies on Petri dishes. In an experimental
variant, extracts in a volume of 0.1 ml were introduced into 5.0 ml of molten top
layer; 0.1 ml of phage and 0.1 ml of E. coli liquid culture, stirred and poured into
a cup with a lower layer of 1.8% agarized LB medium. In the control variant, the
seeds were done in the same manner, but instead of the extract, 0.1 ml of saline
NaCl was injected. The results of crops were taken into account the next day.
The results of the experiments were statistically processed on the basis of
generally accepted methods using some principles of dispersion analysis
(Spaepen et al., 2007). The statistical significance of differences between data
groups was estimated by the Student's t-test and the F-test, using the expression
for Fisher's criterion:

 M 1  M 2   n1  n2  2  
2

Fd 

C1  C2

n1n2
n1  n2

(4)

where Fd – criterion of difference reliability by Fischer; М1 і М2 – average for two
samples; n1 і n2 – the volume of the first and second sample; С1 і С2 – random
(intragroup) dispersion in a single-factor disperse complex, the sum of squares of
central deviations of dates (V) from its partial average M 1C2   V  M i  .
2

Calculated value of Fisher's criterion Fd compared with standard values Fst,
which was found using special tables for two degrees of freedom, the first of
which is always equal to (V1=1), and the second is the sum of volumes of two
samples minus two (V2=n1+n2–2).
RESULTS AND DISCUSSION

(1)

where n – number of experiments.
Calculation of coefficients was carried out according to the formula
1 N
bi    x iu  yu , i  1, 2,..., n ,
N u1

Electrophoresis and densitometry

Optimization of the culture medium composition
(2)

where y u − mean value for parallel experiments of the i-th line of the matrix of
planning, calculated by the formula
1 m
(3)
yu    yuk ,
m k 1
where m − number of parallel experiments.
Properties of such a matrix of planning allow calculating the regression
coefficients independently of each other by the results of all studies.
When preparing the nutrient medium, the components were added in a different
form. Thus, lactose, glycerol and glucose were added to the nutrient medium in
the form of a complex 5052 solution containing 10% lactose, 25% glycerol and
2.5%
glucose
(Studier,
2005);
D-maltose – in the form of 10% solution, ammonium sulfate (NH4)2SO4 as 0.5 M
solution; potassium dihydrogenphosphate KH2PO4 as 1 M solution; sodium
hydrophosphate Na2HPO4 as 1 M solution.
Expression of recombinant protein
The biosynthesis of rIL-7, 17.4 kDa protein, was carried out in E. coli bacterial
system. The expression system was constructed using plasmid pACYC184
(Thermo Scientific, No. X06403) and E. coli BL21 (DE3) strain (GE Healthcare,
27-1542-01). The cells of this strain have a T7 phage RNA polymerase gene,
which is integrated into the bacterial chromosome in the λD69 vector. It can be
expressed under the transcriptional control of the lactose promoter promoter.
The protein synthesis was carried out by recombinant strain fermentation in the
medium of the following composition: peptone, yeast extract, MgSO4×7H2O,
(NH4)2SO4, KH2PO4, Na2HPO4, lactose, glycerol, glucose, D-maltose, NaHCO3,
and chloramphenicol at the temperature of 38 °C with orbital swinging from
speed 160 rpm within 14-18 h, which made it possible to get high yields of the
target protein. At the end of the incubation, the cells were precipitated by
centrifugation at 4000 rpm within 15 min.

Optimization of the culture medium by quantitative content of the components
was carried out in two stages according to the matrix of the planning of the
fractional factor experiment. Initially, the composition of the medium was
optimized by the content of organic components – carbon sources: peptone, yeast
extract, 5052 solution (lactose – 10%, glycerol – 25% and glucose – 2.5%) and
10% solution of D-maltose. At the second stage, optimization of the quantitative
composition of the mineral substances (MgSO4×7H2O, (NH4)2SO4, KH2PO4,
Na2HPO4, NaHCO3) was carried out. In all examine variants of the culture
medium, chloramphenicol was added in the same amount. In carrying out
experiments to optimize the amount of organic components, inorganic salts were
added in amounts corresponding to the basic variant of the nutrient composition
(Lutsenko et al., 2015). During conducting experiments on optimization of
mineral substances, the number of organic components was determined, which
was determined as optimal within the framework of the first stage of the work.
As the control points, the amount of accumulated biomass of cells (cell
concentration was determined by the optical density of the culture fluid) and the
yield of recombinant interleukin-7, obtained during the E. coli strain cultivation
at the temperature of 38 °C, and the orbital swing from speed 200 rpm within 17
h.
Optimization of the quantitative composition of organic components of the
culture medium was carried out using the matrix of the fractional factorial
experiment FFE4-1 (table 1). The influence of biomass yield (y1) and the synthesis
of rIL-7 (y2) on the following factors were studied: x1 – peptone, g/l; x2 – yeast
extract, g/l; x3 – solution 5052 (lactose 10%, glycerin 25%, and glucose 2.5%),
ml/l;
x4
–
10%
solution
of
D-maltose, ml/l.
For each of the four factors, the variation interval was determined: for the 1 st
factor – 3-17 g/l of peptone; for the 2nd – 10-20 g/l of yeast extract; for the 3rd one
– 20-40 ml/l of 5052 solution (glucose 10%, glycerol 25%, glucose 2.5%); for the
4th one – 10-50 ml/l of 10% D-maltose solution.
Output data for calculating regression coefficients (linear form), when optimizing
the composition of the medium for E. coli recombinant strain cultivation, are
presented in table 1.
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Table 1 Planning data and results of FFE4-1 for optimization of the organic components content in the culture medium
Factors
Indexes

Designation of
factor
Variable interval
Upper level
Lower level
Experiments:
1 (А)*
2 (В)
3 (С)
4 (D)
5 (E)
6 (F)
7 (G)
8 (H)

the

Biomass yield, o.u. (OD600)

Yield of rIL-7, mg/ml

peptone, g/l

yeast extract,
g/l

solution 5052,
ml/l

10% solution
of D-maltose,
ml/l

Experiment

Theoretic

Experiment

Theoretic

x1

x2

x3

x4

y1

yu1

y2

yu2

7
17
3

5
20
10

10
40
20

20
50
10

-

-

-

-

17
17
17
17
3
3
3
3

20
20
10
10
20
20
10
10

40
20
40
20
40
20
40
20

50
10
10
50
10
50
50
10

1.9
1.9
1.7
2.0
1.6
1.8
1.6
1.7

1.88
1.93
1.73
1.98
1.58
1.83
1.63
1.68

0.84
0.83
0.78
0.86
0.77
0.82
0.74
0.79

0.829
0.849
0.784
0.849
0.759
0.824
0.759
0.779

Legend: Highlights are highlighted in bold; the letters indicate different quantitative compositions of the culture medium

The statistically significant regression coefficients (5% significance level) of the
factors of the FFE model for the E. coli strain had the following meanings: for the
biomass yield − b0 = 1.707, b1 = 0.014, b2 = 0.005, b3 = –0.008, b4 = 0.003; for
the rIL-7 synthesis − b0 = 0.783, b1 = 0.003, b2 = 0.002, b3 = –0.002, b4 = 0.001.
The equation of the model describing the process of E. coli strain deep cultivation
on an optimized medium for biomass yield and synthesis of the rIL-7 synthesis,
respectively, had the following form:
y u1  1.707  0.014 x1  0.005 x2  0.008 x3  0.003 x4 ,

(5)

y u 2  0.783  0.003x1  0.002 x2  0.002 x3  0.001x4 .

(6)

The result of the FFE4-1 regression equation relates the levels of influence of
factors with the yield of biomass and the rIL-7 synthesis, respectively, within the
studied area. The largest E. coli biomass yield [corresponded to 2.0 optical units
(o.u.) (experimental) and 1.98 o.u. (theoretical)], and the largest rIL-7 synthesis
[0.86 mg/ml (experimental) and 0.849 mg/ml (theoretical)] occurred when using
a medium composition D (x1 = 17 g/l, x2 = 10 g/l, x3 = 20 ml/l, x4 = 50 ml/l). More
pronounced effect on the biosynthesis carried out process x1 and x3 factors:
concentration of peptone, and 5052 solution (lactose 10%, glycerol 25%, and
glucose 2.5%).
Thus, as a result of optimization using the fractional factorial experiment,
adequate equations were obtained describing the amount of accumulated biomass
and the synthesized rIL-7 in the deep culture, depending on the quantitative
composition of the organic components of the medium. Fig. 1 and 2 show
comparison between theoretical and experimental data in terms of biomass and
rIL-7 yields.

Figure 1 Dependence of the E. coli biomass yield on the quantitative
composition of the culture medium (organic components): 1 – composition A; 2 –
composition B; 3 – composition C; 4 – composition D; 5 – composition E; 6 –
composition F; 7 – composition G; 8 – composition H

Figure 2 Dependence of rIL-7 yield on the quantitative composition of the
culture medium (organic components): 1 – composition A; 2 – composition B; 3
– composition C; 4 – composition D; 5 – composition E; 6 – composition F; 7 –
composition G; 8 – composition H
Optimization of the quantitative composition of mineral substances of the culture
medium was carried out using the FFE5-2 matrix (Table 2). As in the previous
case, the effects on the yield of biomass (y1) and rIL-7 (y2) of the following
factors were studied: x1 – MgSO4×7H2O, g/l; x2 – 0.5 M (NH4)2SO4, ml/l; x3 – 1
M KH2PO4, ml/l; x4 – 1 M Na2HPO4, ml/l; х5 − NaHCO3, g/l.
For each of the five factors, the variation interval was determined: for the 1st
factor – 3-5 g/l of MgSO4×7H2O; for the 2nd – 50-80 ml/l of 0.5 M (NH4)2SO4
solution; for the 3rd one – 30-50 ml/l of 1 M KH2PO4 solution; for the 4th – 50-90
ml/l of 1 M Na2HPO4 solution; for the 5th – 5-9 g/l of NaHCO3. Output data for
the calculation of regression coefficients (linear form) when optimizing the
composition of the medium for cultivating the rIL-7 producer are presented in
table 4 (calculation was carried out by the (2) formula).
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Table 2 Planning data and results of FFE5-2 for optimization of the mineral components content in the culture medium
Biomass
yield,
o.u.
Factors
Yield of rIL-7, mg/ml
(OD600)
Indexes
MgSO4×
(NH4)2SO4, KH2PO4,
Na2HPO4,
NaHCO3,
Experiment Theoretic
Experiment Theoretic
7H2O, g/l
ml/l
ml/l
ml/l
g/l
Designation of
x1
x2
x3
x4
х5
y1
yu1
y2
yu2
the factor
Variable
1
15
10
20
2
interval
Upper level
5
80
50
90
9
Lower level
3
50
30
50
5
Experiments:
1 (I)*
5
80
50
90
9
2.0
2.05
0.88
0.903
2 (J)
5
80
30
50
9
2.0
1.95
0.89
0.868
3 (K)
5
50
50
50
5
2.2
2.18
0.95
0.945
4 (L)
5
50
30
90
5
1.9
1.93
0.84
0.845
5 (M)
3
80
50
50
5
2.1
2.13
0.90
0.905
6 (N)
3
80
30
90
5
1.9
1.88
0.81
0.805
7 (O)
3
50
50
90
9
2.1
2.05
0.94
0.918
8 (P)
3
50
30
50
9
1.9
1.95
0.86
0.883
Legend: Highlights are highlighted in bold; the letters indicate different quantitative compositions of the culture medium.

Statistically significant coefficients of regression of model factors have the
following meanings: for biomass yield – b0 = 1.842, b1 = 0.013, b2 = –0.001, b3 =
0.009, b4 = –0.002, b 5 = –0.006; for rIL-7 yield − b0 = 0.810, b1 = 0.006, b2 = –
0.001,
b3
=
0.003,
b4 = –0.001, b 5 = –0.004.
The equation of the model describing the process of deep cultivation of the
recombinant producer in the optimized medium for the biomass and rIL-7 yield,
respectively, had the forms:
y u1  1.842  0.013x1  0.001x2  0.009x3  0.002x4  0.006х5 ,

(7)

y u 2  0.810  0.006 x1  0.001x2  0.003x3  0.001x4  0.004 х5 .

(8)

Obtained as a result of FFE 25-2 regression equation relates the levels of influence
of factors with the biomass and rIL-7 yield, respectively (within the studied area).
The largest biomass of E. coli strain BL21 (DE3) 2.2 o.u. (experimental) and
2.18 о.u. (calculated), and the synthesis of rIL-7 0.95 mg/ml (experimental) and
0.945 mg/ml (calculated) (Table 4) occurs when the medium K (x1 = 5 g/l, x2 = 50
ml/l,
x3 = 50 ml/l, x4 = 50 ml/l, x5 = 5 g/l). At the final output of the
biosynthesis process, special effects are made by x1, and x5 is the concentration of
MgSO4 × 7H2O and KH2PO4.
The largest E. coli biomass yield [corresponded to 2.2 o.u. (experimental) and
2.18 o.u. (theoretical)], and the largest rIL-7 synthesis
[0.95 mg/ml
(experimental) and 0.945 mg/ml (theoretical)] occurred when using a medium
composition K (x1 = 5 g/l, x2 = 50 ml/l,
x3 = 50 ml/l, x4 = 50 ml/l, x5
= 5 g/l). More pronounced effect on the biosynthesis carried out process x1 and x5
factors: concentration of MgSO4×7H2O and KH2PO4.
As a result of experiments aimed at optimization of the culture medium using the
FFE plan we have obtained equations describing the amount of accumulated
biomass and the synthesized rIL-7 in the deep culture depending on the
quantitative composition of the mineral substances. Fig. 3 and 4 show
comparison between theoretical and experimental data in terms of biomass and
rIL-7 yields.

Figure 4 Dependence of rIL-7 yield on the quantitative composition of the
culture medium (mineral components): 1 – composition I; 2 – composition J; 3 –
composition K; 4 – composition L; 5 – composition M; 6 – composition N; 7 –
composition O; 8 – composition P
Table 3 Recommended composition of the culture medium for deep cultivation
of E. coli strain, producer of rIL-7
Components
Quantity
Peptone
17 g/l
Yeast extract
10 g/l
Lactose
2 g/l
Glycerin
5 ml/l
Glucose
0.5 g/l
D-maltose
5 g/l
MgSO4×7H2O
5 g/l
(NH4)2SO4
3.3 g/l
KH2PO4
6,8 g/l
Na2HPO4
7.1 g/l
NaHCO3
5 g/l
Chloramphenicol
0.173 mg/l
On the basis of the FFE data an optimal quantitative composition of the organic
and mineral components of the culture medium, in recalculation the solid
components, for E. coli strain cultivations was determined (Table 3). As a result
of carried out culture medium optimization the biomass yield has increased in 1.4
times, and the rIL-7 yield increased in 1.3 times compared to the base
composition (Lutsenko et al., 2015).
Study of the influence of plant extracts and vitamin K1 on the level of
biosynthesis of rIL-7

Figure 3 Dependence of the E. coli biomass yield on the quantitative
composition of the culture medium (mineral components): 1 – composition I; 2 –
composition J; 3 – composition K; 4 – composition L; 5 – composition M; 6 –
composition N; 7 – composition O; 8 – composition P

For the characterization of the obtained plant extracts at the first stage of the
study it was necessary to determine the content of certain groups of biologically
active substances, namely: proteins, carbohydrates, alkaloids. The choice of these
substances for the characterization of plant extracts was carried out on the basis
of the analysis of literature data and own experience in pharmacological studying
of the respective plants (Veale et al., 1989; Katoch et al., 2012). The results of
phytochemical characteristics of plant extracts are given in Table 4. In the
framework of this stage, the culture medium of an optimized composition was
used; producer cultivation conditions were the same.
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Table 4 Phytochemical characteristic of plant extracts
Extract
Biologically active substances
Proteins, %
Carbohydrates, %
Alkaloids (in terms of licorine),
%

0.45
0.58

Zephyranthes
grandiflora
0.87
0.72

0.06

0.08

Clivia miniata

Legend: The arithmetic mean of the three values is given.

To assess the effect of plant extracts (range of concentrations of 0.1-5.0%) and
vitamin K1 (range of concentrations of 5-25 mg/ml) on the growth of E. coli
strain and the level of synthesis of rIL-7, the concentration was determined
bacterial cells at the end of cultivation and the content of the target product in the
culture liquid.
It should be noted that the literature describes the results of a series of
experiments on the influence of vitamin K1 on the growth of shigella and
staphylococci (Baronets et al., 2001), as well as the synthesis of the Ch.

trachomatis recombinant HSP-60 protein (Galkіn et al., 2015). In the first case,
positive results have been obtained: vitamin K1 increased the growth of
pathogenic microorganisms. In the case of recombinant HSP-60 synthesis, the
stimulating effect of the vitamin supplement in the concentration range of 5-25
mg per 1 ml of the culture medium has been not obtained. Lack of influence on
the biosynthetic processes of vitamin K1 could be due to high levels of
lipophilicity of vitamin K1 and the complexity of maintaining its concentration in
the culture medium at an appropriate level. It should also be noted that according
to available data (Khalifa et al., 2018) lycorine, being one of the most studied
biologically active substances of the family Amaryllidaceae plants, probably
mediates the effect on growth and biosynthetic activity of the recombinant E. coli
(Galkіn et al., 2015). And lycorine is poorly soluble in water and organic
solvents. Therefore, it is possible that the bioavailability of licorine from plant
extracts for recombinant bacteria is poor. Based on the above, liposomal forms of
vitamin K1 and plant extracts were used in our present study. Liposomes were
prepared according to the modern method (Campani et al., 2014). The results of
the relevant studies are shown in Table 5.

Table 5 Influence of plant extracts and vitamin K1 on the yield of E. coli biomass and rIL-7
Concentration of the
Concentration
of
Option
for
the
Concentration of rIL-7
supplement
to
the
culture in experiment,
supplement adding
in culture fluid, mg/ml
culture medium
o.u. (OD600)
Clivia miniata extract
Basic
2.8
0.97
0.1 %
Liposomal
3.1
1.02
Basic
3.0
1.23
0.5 %
Liposomal
2.9
1.33
Basic
2.8
0.96
1.0 %
Liposomal
2.4
0.95
Basic
2.3
0.89
5.0 %
Liposomal
2.2
0.82
Control (without extract and SPH)
2.2
0.95
Control (without extract, with SPH)
2.2
0.94
Zephyranthes grandiflora extract
0.1 %
Basic
2.8
0.97
Liposomal
3.4
1.25
0.5 %
Basic
3.3
1.25
Liposomal
3.0
1.19
1.0 %
Basic
2.7
0.99
Liposomal
2.3
1.05
5.0 %
Basic
2.1
0.88
Liposomal
2.1
0.74
Control (without extract and SPH)
2.2
0.95
Control (without extract, with SPH)
2.2
0.94
Vitamin K1
5 mg/ml
Basic
2.4
0.95
Liposomal
2.4
1.01
10 mg/ml
Basic
2.5
0.96
Liposomal
2.6
1.21
15 mg/ml
Basic
2.5
0.96
Liposomal
2.8
1.29
25 mg/ml
Basic
2.6
0.92
Liposomal
2.8
1.33
Control (without extract and SPH)
2.4
0.96

Share of rIL-7 from
the total amount of
bacterial proteins, %
16
19
17
21
18
15
9
8
12
12
17
19
18
22
17
14
9
8
12
12
15
17
17
18
17
22
18
21
12

Legend: Average value of the parameter based on the results of three experiments. **The level of significant difference between the results of the experiment
and control is Р <0.05. ***The level of the true difference between the results of the experiment and the control is P <0.01.

It should be noted that for two investigated plant extracts, stimulating effect on
culture growth and the content of recombinant protein was found in the range of
concentrations of 0.1-1%. In this case, when using normal extracts (the basic
option), the best results were recorded when the extracts were added to the
nutrient medium at a concentration of 0.5%. At the same time, when adding
liposomal extracts, the highest result was fixed at a concentration of 0.1% (Fig 58). Such data indicate that the use of liposomal forms of extracts influenced the
bioavailability of herbal biologically active substances for bacterial cells.
However, it should be noted that it is hardly advisable to recommend the use of
liposomal admission for further application, because, for example, in the case of
addition of Clivia miniata extract (0.1-0.5%) to the culture medium, the growth
of rIL-7 yield was observed only in 1.05-1.08 times (Fig. 6). And in the case of
the addition of Zephyranthes grandiflora extract to culture medium in a
concentration of 0.1% (liposomal form) and in concentration of 0.5% (baseline),
the results were comparable (Fig. 8). In general, the use of phytosupplements to
the culture medium has increased the content of the target product in the culture
fluid by 1.3-1.4 times. It should also be noted that for both the plant extracts in
the range of 0.1-1.0%, an increase in the proportion of the target product among
all proteins of the bacterial cell was observed (Figs. 6 and 8). Such results, in our
opinion, are quite positive and can be used in further producer cultivation.

Figure 5 Dependence of the E. coli biomass concentration on the Clivia miniata
extract content in the culture medium
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the level of increase of rIL-7 content in the culture fluid in case of liposomal
application makes it possible to recommend the incorporation of liposomal form
of vitamin K1 into the culture medium.

Figure 6 Dependence of the rIL-7 content on the Clivia miniata extract content in
the culture medium

Figure 9 Dependence of the E. coli biomass concentration on the vitamin K1
content in the culture medium

Figure 7 Dependence of the E. coli biomass concentration on the Zephyranthes
grandiflora extract content in the culture medium

Figure 10 Dependence of the rIL-7 content on the vitamin K1 content in the
culture medium
Study of the mechanisms of the plant extracts influence on the biosynthetic
activity of the recombinant producer
Since previous studies have shown the effectiveness of the natal lily and pink rain
lily extracts as supplements to the culture medium of recombinant E. coli, the
producer of rIL-7, it was advisable to investigate the mechanisms of
phytoextracts biological activity. In papers (Pererva et al., 2012; Pererva et al.,
2010), it was found that, biological active substances of Ungernia victoris extract
interact with E. coli cells, and at least one of the targets is located in the plasma
membrane of the bacterial cell. This information is important given that Ungernia
victoris, as well as Clivia miniata and Zephyranthes grandiflora belongs to the
Amaryllidaceae family. Therefore, the starting point for our further research was
the assumption about the possibility of interaction of the plant extracts
components with E. coli surface structures. To study the mechanisms of such
interaction, we used a method similar to the phagocytosis of bacteria which
allows assessing the structural and physiological state of the bacterium cell wall
when it interacts with different substances (Pererva et al., 2012). In the case of
interaction between the test substances and certain surface structures of the
bacterium (in particular, the lipopolysaccharides and proteins of the outer
membrane of the cell membrane), there will be a decrease in the level of
bacteriophages adsorption on the cell surface and, accordingly, a decrease in the
efficiency of bacteriophage sowing. Since the adsorption of bacteriophages
occurs in a specific way, when interacting with known surface structures of a
bacterial cell, this approach can provide valuable information on the molecular
mechanisms of plant extracts interaction with E. coli cells.
In the planning of these experiments, we selected six bacteriophages with
different molecular targets on E. сoli surface, namely: T7 (absorbed by
lipopolysaccharides), λ (absorbed by LamB protein), Ox2 (absorbed by the
OmpA protein), Ox2h12 (absorbed by OmpA and OmpC proteins), TuIb
(absorbed by the OmpC protein) and T2 (absorbed by the OmpF protein) (Datta
et al., 1977). The results of studying the effect of plant extracts on the sowing of
different bacteriophages are presented in Table 6.

Figure 8 Dependence of the rIL-7 content on the Zephyranthes grandiflora
extract content in the culture medium
Separately, it should be noted that when using relatively large concentrations of
phytoextracts, inhibitory effects on growth and biosynthetic properties of the
bacterial producer were recorded. In general, the literature describes the
inhibitory effect of this substance on the processes of protein synthesis in higher
plants, animals and algae, as well as a variety of effects (inhibiting or
stimulating) on the growth of different yeasts (Galkіn et al., 2015; Vrijsen et al.,
1986; Poyedinok et al., 2018). The ranges of inhibitory and stimulating effects
of plant extracts are consistent with known data (Galkіn et al., 2015).
Additionally, it should be noted that with a probable increase in the availability of
herbal biologically active substances for a bacterial cell, there was a decrease in
the boundary of toxic effects of phytoextracts (Figs 5-8). Such data further
indicate the inappropriate use of liposomal forms of plant extracts as a way to
increase the biosynthetic properties of the bacterial producer.
Separate analysis has to be done regarding results of bacterial biomass and rIL-7
yield depending on vitamin K1 concentration in the culture medium (Fig. 9 and
10). When normal vitamin K1 was added to the culture medium, no stimulating
effect on either the growth of culture or the target product synthesis was
observed. And it completely correlates with previously published data on the
properties of a recombinant producer of the Ch. trachomatis HSP-60 (Galkіn et
al., 2015). At the same time, for the use of vitamin K1 liposomal form there was
a gradual increase in both the yield of biomass (1.2 times) and the content of the
target product (1.34-1.39 times). Such results indicate that the use of liposomal
form of vitamin has significantly increased its availability for a bacterial cell, and
Table 6 Effect of plant extracts on the efficiency of bacteriophage sowing
Bacteriophages
Extract origin
T7
λ
Clivia miniata
108 ± 4
100 ± 2
Zephyranthes grandiflora
98 ± 5
104 ± 5

Ox2
108 ± 8
99 ± 8

Ox2h12
82 ± 2
65 ± 8

TuIb
80 ± 5
74 ± 8

T2
89 ± 4
92 ± 4

Legend: The table shows the average values and their standard deviations (M ± m), as a percentage, relative to the control; each experiment is executed in 4 repetitions.
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F-test
β > 0,95
β > 0,95
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Based on obtained results bacteriophages can be divided into two groups: the 1 st
group contains T7, λ and Ox2bacteriophages, and the 2nd group – Ox2h12, TuIb
and T2 bacteriophages. For the 1st group of bacteriophages, the average value of
sowing efficiency is 105.3 ± 6%, and for the 2nd group – 84.5 ± 5%. And it
indicates the statistically significant differences between these groups of
bacteriophages (when evaluated by the Student t-criterion P<0.01, and F-Fisher's
criterion β>0.95). Note that for each plant extract, there were also statistically
significant differences in the efficiency of seeding bacteriophages of both groups.
Thus, it can be argued that in the presence of both extracts Ox2h12, TuIb and T2
bacteriophages significantly reduce the sowing efficiency compared with the
control. It is known that the receptors of these bacteriophages are the pores of the
bacterial outer membrane (Datta et al., 1977). Most likely, the decrease in the
efficiency of sowing for these bacteriophages is due to the interaction of
substances from the herbal extracts with phage bacterial cell receptors.
Interesting results were obtained in the case of the both phytoextracts effect on
the interaction of bacteria with Ox2h12 bacteriophages in comparison with
similar results for TuIb bacteriophage. As is known, Ox2h12 bacteriophages have
two cellular receptors, namely OmpA and OmpC proteins, while the Tuib
bacteriophages interact only with OmpC protein. Thus, in the case of both
bacteriophages Ox2h12 and TuIb, there was a decrease in sowing efficiency (in
the case of Zephyranthes grandiflora it was more pronounced). At the same time,
no changes were made in the case of the use of Ox2 bacteriophages, which
interact with the bacterial OmpA protein. Such results are likely to indicate the
presence of substances in plant extracts competing with OmpC protein for
binding sites and not affecting the interaction with OmpA protein. An alternative
potential explanation may be to change the level of expression of various surface
bacterium proteins under the action of certain substances in the culture medium.
At the same time, the results of other authors (Van Alphen et al., 1977; Kawaji
et al., 1979; Russo et al., 1993) regarding the study of the mechanisms of OmpA,
OmpC, and OmpF proteins expression by E. coli are proved in favor of the
proposed by us nature of the interaction of phytosubstances with bacterial surface
structures. In particular, it was found that a change in the expression ratio of these
proteins can be observed when added to the culture medium excess amounts of
sodium and potassium chlorides (300 mM) or sucrose (600 mM). Based on the
results of the plant extracts phytochemical study, as well as the literature data
(Galkіn et al., 2015; Datta et al., 1977; Van Alphen et al., 1977; Kawaji et al.,
1979; Russo et al., 1993), it is illogical to assume that there are substances in the
extracts that could critically alter the expression of OmpA, OmpC and OmpF
proteins in E. coli cells.
CONCLUSIONS
The quantitative composition of the culture medium was optimized for the
cultivation of a recombinant E. coli strain – producer of recombinant human IL-7.
The determined rational ratio of organic and mineral components allowed
increasing the yield of biomass by 1.4 times and the synthesis of rIL-7 by 1.3
times compared to the base composition.
It was proved the stimulating effect of Clivia miniata and Zephyranthes
grandiflora extracts, as well as liposomal form of vitamin K1, as additives to the
culture medium for the recombinant E. coli strain: in the range of 0.5-1.0% for
phytoextracts and 15-25 mg/ml for vitamin K1. Increasing the concentration of
extracts up to 5.0% resulted in growth inhibition and biosynthetic activity. The
use of the liposomal form of phytoextracts increased bioavailability of
biologically active substances for the bacterial cell; however, the difference in the
growth of the synthesized rIL-7 between the liposomal and conventional forms of
extracts was insignificant. It should be noted that increasing bioavailability
contributed to a decrease in the boundary of inhibitory effects. So, for further
application in industrial biosynthesis, the conventional forms of phytoextracts
have to be recommended. And vitamin K1 it is more expedient to add in
liposomal form, because when using the usual, no stimulating effect was
observed. In general, with the addition of phytoextracts to the culture medium,
the rIL-7 yield increased in 1.3-1.4 times, and with the addition of vitamin K1 the
rIL-7 yield increased in 1.34-1.39 times.
Biologically active substances of the investigated extracts interact with the
surface structures of E. coli cell, namely, porins – OmpC and OmpF proteins.
Substances such as carbohydrates and mineral salts contained in plant extracts do
not have a significant effect on the level of expression of various pores and
porous-like proteins by E. coli cells. The mechanism of this interaction, with a
high probability, is associated with the competition of substances of plant origin
for binding to cellular receptors on the surface of a bacterial cell.
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