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Enzyme-linked immunoassay (ELISA) is suitable as a method for detection and quantification of bacterial biopolymers at condition that
they have antigenic properties. Using of ELISA allows optimizing biotechnological processes via selection of the strain producing the
biolimer of interest, localization of the biopolymer and selection of duration of culture growth and media composition providing
maximum yeald. We elaborated the methodology for studing the time dependence of specific concentration (Cs;) (calculated per cell) of
the biopolymer of interest in cell fractions and culture media. The methodology includes four points: (i) selecting of bacteria applicable
as objects of study; (ii) obtaining, preliminary preparation and quantification of cell fractions and specimens of culture media; (iii)
design of ELISA suitable for studing C, of intracellular antigens (contained in cell-wall free fraction), cell wall antigens and secretory
antigens; (iv) methods for converting of ELISA data into Cs, (in conventional units) and explanation of the results. We present the
methodology using 4 strains of lactococci and rabbit polyclonal antibodies (PAb) against genus-specific antigens of Lactococcus lactis
subsp. cremoris BIM B-493D (PAbani.i a03p) as an example. We show that Cy, of lactococcal antigens in cell fractions and culture media
depends on strain, media composition and duration of culture growth. Distribution of antigens between cell fractions and media and
time-dependance of Cs, is unpredictable and for each strain/media should be determined individually. The methodology is suitable for
any bacterium and any well-defined antigen under the condition that either PAb or mouse monoclonal antibodies specific for this
antigen will be used. The methodology will find an application in biotechnology and research studies.

Keywords: ELISA, polyclonal antibodies, bacterial antigens, time dependence of antigen synthesis, time dependence of antigen

secretion, biotechnology

INTRODUCTION

The goal of numerous biotechnological processes is obtaining of compounds
synthesized in bacterial cells. Optimization of such processes includes selection
of the strain producing the biolimer of interest, localization of the biolimer
(cytoplasm/cell wall/culture medium) and selection of the composition of the
culture medium and the stage of culture growth to ensure its maximum vyield at
minimal cost. Useful biopolymers synthesized in bacterial cells (biosurfactants,
bacteriocins, enzymes, recombinant human proteins, etc. (Balciunas et al., 2013;
Gurung et al., 2013; Adrio and Demain, 2014; Yang et al., 2014;
Vijayakumar and Saravanan, 2015; Lopez-Cuellar et al., 2016; Singh et al.,
2016; Chikindas et al., 2017; Shigemori et al., 2017) are immunogens; low-
molecular weigth bacterial compounds become immunogens after conjugation
with carriers (Hermanson, 2008). The possibility of producing antibodies
specific for high/low-molecular weigth compounds synthesized in bacterial cells
allows the detection of these compounds and their quantification by
immunoassay methods.

In current study we present a methodology for studying the time dependence of
specific concentration (Cs,) (calculated per cell) of antigens of nonpathogenic
microorganisms in cell fractions and culture media. To simplify the presentation
of the methodology, we use as an example 4 selected strains of Lactococcus
lactis and rabbit polyclonal antibodies (PAb) obtained with whole bacterial cells
of L. lactis BIM B-493D as a immunogen (PAbani.i 403p). Since the immunogen
had a complex chemical composition, PAbani..i 4930 are potentially capable of
forming immune complexes with numerous, if not all, antigens of L. lactis BIM
B-493D and related bacteria. We did not purpose to identify these antigens, and
therefore in the text we use the term "antigens of unknown nature and structure™.
Important, that our methodology can be used to study time dependance of
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synthesis and secretion of any well-defined antigen at condition that PAb or
mouse monoclonal antibody specific for this antigen is used instead of PAbani.i
493D-

The choice of L. lactis as a model for the study of antigens of nonpathogenic
microorganisms is due to the extensive use of these bacteria in various industries
and medicine. Natural strains of L. lactis find application as starter cultures in the
production of fermented milk products, for example, sour cream, curdled milk
and buttermilk, as well as cottage cheese and cheese (Coffey and Ross, 2002;
Yadav et al., 2009; Frece et al., 2014). In addition, L. lactis is a natural producer
of bacteriocin nisin used as a preserving agent in the food industry and an
antimicrobial drug in dentistry (Jozala et al., 2005).

The genome of L. lactis is well studied, which makes it possible to obtain and use
recombinant strains of this microorganism. In particular, recombinant strains of
L. lactis with the built-in alanine dehydrogenase gene (CF 1.4.1.1) and the
deleted lactate dehydrogenase gene (CF 1.1.1.27) are used in the production of L-
alanine (Hols et al., 1999) applicable as a sugar substitute in dairy products.
Strains that produce human interleukin 10 are used in the treatment of Crohn's
disease (Braat et al., 2006), and strains carrying the built-in pathogen genes and
allergens are promising for the development of vaccines that are administered
intranasally and orally (Medina et al., 2010; Asensi et al., 2013; Ai et al, 2014).
Recombinant strains of L. lactis are used to produce bovine lactoferrin for the
prevention of sepsis (Shigemori et al., 2017), an amylase inhibitor for therapy of
diabetes (D’Souza et al., 2012), etc.

Note, that studies of antigenes of nonpathogenic microorganisms, including
human intestinal symbionts and probiotics are significant in themselves,
regardless of the needs of biotechnology, because in contrast to antigens of
pathogenic microorganisms, the chemical nature and structure of these
biopolymers, their location in the cell and dynamics of synthesis remain, as a
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rule, unknown. L. lactis is not considered to be a human symbiotic (Heilig et al.,
2002), but it is constantly present in the intestines in transit entering the body as a
part of dairy and plant products, and selected strains of the bacterium are known
as a probiotics. The beneficial influence of L. lactis on human health includes
their adherence to the digestive tract, synthesis of vitamins, decrease of allergy to
milk proteins and intolerance to lactose, and reducing level of blood cholesterol.
Indeed, anti-diabetic activity, anti-mutagenic/dysmutagenic activity and
immunomodulatory activity of selected L. lactis strains was shown (Yadav et al.,
2009).

Aim - to develop a methodology for studying the time dependence of specific
concentration (Csp) (calculated per cell) of antigens of nonpathogenic
microorganisms in cell fractions and culture media by the example of lactococci
using rabbit PAb,qi.1 293 Obtained with with whole cells of L. lactis BIM B-493 D
as an immunogen.

MATERIALS AND METHODS
Bacteria

The physiologically active cultures of L. lactis BIM B-493D (LI 493D), BIM B-
424 (LI 424), BIM B-132 (LI 132) and BIM B-922 (LI 922) after the second 24 h
incubation were used as inoculums. All strains were incubated 12, 24 and 48 h in
50 ml of MRS and 50 ml of MRS 2-fold diluted by water ((medium 1 and
medium 2, respectively).

Preparation of specimens

Cells (24 samples) were separated by centrifugation at 2 000 g for 20 min.
Culture media after growth of culture and removal of cells was designated as
cultural liquid (CL). 3 mL of each CL specimen (CLj,, CLzs, CLyg; the numeral
corresponds to the time length of culture growth, h) was lyophilized. Cells were
washed (3 x 50 mL) with 0.15 M NaCl, 0.01 M sodium phosphate, pH 7.5
(buffer 1), suspended in buffer 1 (1 mL), manually homogenized (Wheaton,
USA) and ultrasonicated on ice using Branson Digital Sonifier 450 (Branson,
USA) as it was done in our recent study (Kiseleva et al., 2017). The cell wall
fraction (CW) and cell wall free fraction (CFF) were obtained by centrifugation
at 13000 g for 30 min using Eppendorf Mini Spin plus (Eppendorf AG,
Germany). CW specimens and CFF specimens were designated CW,,, CWog,
CW,g and CLyp, CL,s, Cluys, respectively; the numeral corresponds to the time
length of culture growth, h). The value of the optical density at 260 nm in a
cuvette with 1 cm optical path length (4260 nm, 1 cm) Of each CFF specimen was
measured using spectrophotometer Specord (Carl Zeiss, Germany). The amount
of total nucleic acids (tNA) (conventional units) in each CFF specimen was
calculated as product of Aym, 1cm Value (AU) and the corresponding CFF volume
(mL). Each CW specimen was weighted using analytical balance CPA225D
(Sartorius, Germany). Specimens of CFF, CW and CL (24 pieces of each) were
stored at -20 °C.

Antiserum referred to below as PAbgn.1i 4930 Was obtained by immunization of
rabbits with whole cells of LI 493D (Ezubetz et al., 2014) and stored at -70 °C.

Purification of antibodies to LI 493D antigens

PADani-1 4030 Were used for isolation of total human immunoglobulins (lg)
enriched with antibodies to LI 493D antigens (Iganti-Li 2930) by method of Perosa et
al. (Perosa et al. 1990). Optical density at 280 nm was measured with
spectrophotometer Specord (Carl Zeiss, Germany). Azgo nm, 1 cm, 1 mgmi = 1.35 was
used to calculate concentration of Iganti-Li 403p-

ELISA was performed using 96-well high binding microplates Microlon
(Greiner bio-one, Germany). Buffer solutions. Buffer 1 was used for wells
washing. Buffer 2 (buffer 1 without 0.15M NaCl) was used for antigens
immobilization. Either buffer 3 or buffer 4 (buffer 1 plus either 1 g/L or 3 g/L
bovine serum albumin (BSA)) were used as incubation buffers. Study of the
dynamics of Cg,.0f lactococcal antigens in CFF, CL and CW. 1st stage of ELISA
was performed as described in paragraph Results and discussion. 2nd stage of
ELISA was performed and Asso values were measured as it was done in our
recent study (Kiseleva et al., 2017).

RESULTS AND DISCUSSION

We present a methodology for studying the time dependence of Cs, (per cell) of
bacterial antigens in cell fractions and culture media.

The methodology includes 4 points:

(i) selecting of bacteria applicable as objects of study;

(ii) obtaining, preliminary preparation and quantification of cell fractions and
specimens of CL;

(i) design of ELISA suitable for studing Cs, of intracellular antigens (contained
in CFF), cell wall antigens and secretory antigens;

(iv) methods for converting of ELISA data into Cg, (in conventional units) and
explanation of the results.

To simplify the presentation, we use as an example 4 strains of L. lactis selected
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in accordance with point (i) and PAbani.i 2930 Obtained with whole cells of L.
lactis BIM B-493D as immunogen. We used CW, CFF (the term used to
designate a combination of a cytoplasm and the components of CW, passing into
solution when the cells are destroyed by ultrasound) and CL as sources of
antigens.

The concept of the distribution of bacterial antigens in the cell - environment
system

The theoretical basis for this work was the concept of the distribution of bacterial
antigens in the cell - media system. It consist in the fact that all antigens are
biopolymers synthesized inside the cell and then either distributed between the
cytoplasm and the system plasma membrane - CW or secreted into the external
environment (products of primary secretion) in accordance with their biological
functions. In addition, the entry of antigens into the external environment can
results from the detachment of the components of the outer part of the CW (the
protein-polysaccharide complex) from the surface of living cells, which occurs as
CW thickness increases during the aging of cells (products of secondary
secretion). The third reason for the entry of antigens into the external
environment is the natural death of cells. In accordance with the concept, the
highest possible antigen set is in CFF. With this in mind, namely CFF was used
for immobilization on a solid phase in competitive ELISA tests presented below.

Stages of growth
v v ¥
1 2 3
. Y~ 7 Culture Y 7 ™7
Antigens medium
Bacterial
cell A A a
7 ¢ < 9
: * %k 5 = * ¢ L v * | v

CFF  CW CL CFF  CW CL CFF  CW CL
ELISA

Figure 1 Dependence of distribution of bacterial antigens in the “cell -
environment" system from the stage of culture growth

In view of the above, the distribution of bacterial antigens in the “cell -
environment" system depends on the stage of culture growth (Figure 1).

Main points of methodology for studying the time dependence of Cs, (per cell)
of bacterial antigens in cell fractions and culture media

Point i. Selecting of bacteria applicable as objects of study

We use PAbgni11 4930 @S the main tool for studying the time dependence of
synthesis and secretion of bacterial antigens. Therefore, the subject of the study
may be a strain-immunogen and strains of related microorganisms containing
antigens identical or similar to the antigens of strain-immunogen. The values of
the cross reaction of PAbgni-1 4930 With antigens of bacteria were determined.
They must be at least 10% to recognize the bacterium as suitable for use as an
object of study.

In the case of PAbaniLi 4030, fOur Lactococcus strains (LI 493, LI 922, LI 132,
LI 424) (Table 1) were selected as suitable for the study.
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Table 1. Cross reaction values calculated for PAbani-Li 403

Bacteria - - — Cross-reaction, %
Genus Species and strain Abbreviation
L. lactis BIM B-493D*?2 LI 493D%2 100
L. lactis BIM B-4242 LI 4242 62
Lactococcus L. lactis BIM B-132? Ll 1322 40
L. lactis BIM B-9222 L1 9222 25
L. lactis BIM B-426 LI 426 <1
S. thermophilis BIM B-527 St 527 4.9
Streptococcus S. thermophilus BIM B-722 St 722 <1
S. thermophilis BIM B-528 St 528 <1
E. faecalis BIM B-1012 Ef 1012 <1
E. faecium BIM B-716 Efm 716 <1
E. faecium BIM B-717 Efm 717 <1
Enterococcus .
E. faecium BIM B-718 Efm 718 <1
E. faecium BIM B-529 Ef 529 <1
E. faecium BIM B-720 Ef 720 <1
Lactobacillus L. plantarum BIM B-423D Lp 423D <1
! The strain used as an immunogen;
2 Strains applicable as objects of study
Bacteria of the selected strains were grown on two media: standard MRS culture A
medium (medium 1), and medium 2 obtained by double dilution of MRS with 80 - medium 1 medium 2
distilled water. The duration of cultivation was 12 h, 24 h and 48 h. T
70 A B
Point ii. Obtaining, preliminary preparation and quantification of cell 60 i W
fractions and CL specimens < g : [
Z S
Cells of selected strains were precipitated by centrifugation; each CL specimen ss
(n=6 for each strain, Clizmedium 1, CLoamediom 1, Clagmedium 1, CLaizmedium 2, €3
CLoimedium 20 CLag/medium 2) Was sampled. Cells were washed and ultrasonicated 35
followed by centrifugation; CFF specimens (n=6 for each strain) and CW § =
specimens (n=6 for each strain) were obtained as supernatant and precipitate, 8
respectively and named in the same way as the CL specimens. Scheme for
obtaining CL, CFF and CW specimens was shown in our recent study (Kiseleva
etal., 2017). ) ) ) A o o < A o~ o <
Quantification of cell fractions and CL specimens included: ® 85 9 ¢ ® 8 g d
e for each CFF specimen — measurement of Ao nm, 1 cm Values (in AU) and A e B . B T S
volume (in mL); product of Ay 1cm and the corresponding CFF volume give the = Strain —
amount of tNA (in conventional units); O012h@24h@48h
o for each CW specimen — measurement of weight (in mg);
e for each CL specimen — measurement of volume (in mL).
Preliminary preparation of CL specimens includes calculation of the dissolution medium 1 B medium 2
factors (DF). This is only necessary if the tested strains were grown in different 0,20 1 ediu ediu
volumes of a culture medium. DF, = by/a, where a — maximum volume
corresponding to strain designated A, b, - volume corresponding to each other
strain 1 - n. 3 mL of CL specimen corresponding to strain A and (3xDF,) mL of > 0,15 1
CL specimen corresponding to each other strain are transferred to vials and -
lyophilized. Immediately before analysis, an equal amount of water (300 pL) is %
added to all vials and mixed until the lyophilized substances are completely %5 0,10 1
dissolved. Thus, we obtain 10-fold concentrates of CL specimens preliminary =
reduced to an equal volume of culture medium. %
The quantitative characteristics of each culture of four Lactococcus strains = 0,05 1
required for (i) "equalization™ of CFF specimens for ELISA, (ii) the mathematical
processing of ELISA data and (iii) the interpretation of the results are presented
in Figure 2. Amount of tNA (in conventional units) is proportional to a number of 0,00 I y Ta o~ <
bacterial cells. CW weight is function of a number of bacterial cells and a ™ N ® § ™ S ® y
thickness of the cell wall. <4 = 35 3 < = 5 3
The data shown in Figure 2 indicate that a decrease in the nutrient concentration - Strain 4
in the culture medium leads to a restriction of growth of all used strains. In 012 h@24 h@48 h

medium 1, duration of the logarithmic phase was less than 12 h, since there was
no increase in the amount of tNA in the CFF specimens of the 4 strains in the
period of 12 h - 24 h. The dying phase occurred at 48 h, which is especially
evident for strains LI 132 and LI 424 since the amount of tNA in CFF specimens
of the strains (and hence the number of cells) at 48 h was less than 50% of that in
CFF specimens corresponding to 12 h of culture growth.
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Figure 2 The quantitative characteristics of cell fractions of 4 strains of
lactococci. A and B - tNA amount in CFF and weight of CW, respectively. (12 —
48) h — time length of culture growth in medium 1 and medium 2. Three
independent experiments were performed. Values are means + SD.

In medium 2, the logarithmic phase also lasted less than 12 h, because the amount
of tNA in CFF specimens increased by only 15% (strain LI 922), remained
virtually unchanged (strains LI 493D and LI 132) or decreased (strain LI 424)
during the observation period (12 h - 48 h), which corresponds to the late
stationary phase and the dying phase of the culture, respectively.

The increase in the total weight of CW occurring during the period of 12 h —24 h
in both media (Figure 2) was due to an increase in their thickness, rather than an
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increase in the number of cells (with the exception of the strain LI 424 growing in
medium 2). A decrease in the value of this parameter was observed in the period
of 24 h - 48 h (except for strain LI 424, growing in medium 1), which can be
explained by two reasons. The first reason is the natural death of cells (on
conditions that CW weight decreases and amount of tNA decreases
simultaneously, for example, in CFF specimens of strain LI 424 growing in
medium 2 and strain LI B-132 growing in medium 1 and medium 2). The second
reason is the separation from the cell surface and migration into environment of
CW components. It occurs when CW weight decreases and amount of tNA
increases/remains unchanged simultaneously (e.g. in CFF specimens of strain LI
493D in both media and strain LI 922 in medium 2).

Points iii - iv. Design of ELISA, methods for converting of ELISA data into
Csp (in conventional units) and explanation of the results

The rabbit antiserum designated above as PAbni.1i 4930 Was used for isolation of
total Igs enriched with appropriate PAbs reffered to below as Igani-1i 293p. In all
ELISA tests detection of immune complexes "1Qani.Li 2930 — immobilized antigen”
was performed by means of conjugate of sheep PAb against rabbit Ig with
horseradish peroxidase. The 3,3',5,5'-tetramethylbenzidine was used as a
peroxidase substrate. Asso values were detected.

The time dependence of Cs, (calculated per cell) of intracellular antigens

To compare the time dependence of Cg, (calculated per cell) of intracellular
antigens of lactococci, the following approach was used. We diluted CFF
specimens to obtain pre-selected values Agso nm 1 cm, €qual to 0.1, thereby
"equalizing" the number of cells of each strain (per 1 mL of CFF) from which
these antigens were obtained. Each pre-diluted CFF specimen was immobilized
in a separate series of wells (24 series = 4 strains x 2 medium x 3 terms of culture
growth), 100 pL per well. Iganti-i a030 (0.41 - 52.0 pg/mL in buffer 3; 100 pL per
well) were added to each well and incubated. The amount of immune complexes
was directly proportional to the amount of antigens in immobilized CFF samples.
The value of Azgonm, 1.em in solution for immobilization of CFF specimens and the
range of IQani-u 2030 CONCentrations were selected based on the results of
preliminary experiments. The criterion of selection was obtaining classical
saturation curves having a pronounced “plateau”. Typical data are shown in
Figure 3 using strain LI B-132 grown in medium 2 as an example. Similar
saturation curves were obtained for each of the 4 strains grown in medium 1 and
medium 2 (data not shown).

PAb
//I(\ )}* =II¢
CFF_4. © 4 0 O
12h
0,0 T T T T
0 10 20 30
PAD |Qanti-Li 493 IN probe, mkg/mL
——12h —®—24h —&—48h
)=
~« = X; =a%, X, =b%, x; =100%
CFF 4 ® 4 9
24h N
%
100
PAD 80
60
40
A=WV 20
CFF_ 424940 0 i i
48h 12h 24h 48h
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Figure 3 The time dependence of Cg (calculated per cell) of intracellular
antigens: design of ELISA, experimental data and their processing. Strain LI 132
grown in medium 2 was used as an example. Term PAb means Igans.i 2930 Three
independent experiments were performed. Values are means + SD.

The data were processed as follows. On each graph containing three curves, the
values of Asso were determined for the experimental points corresponding to the
output of the curves on the plateau. The maximum Agso value was taken as 100%.
Two other Asso values were converted into percentages. The calculated values
were designated as x; - X3, where 1 — 3 are 12 h — 48 h of culture growth,
respectively. The values were proportional to the Cs, of intracellular antigens (per
cell) and presented in the form of histograms in Figure 4, CFF.

The data shown in Figure 4, CFF suggest that the values of Cs, (per cell) of CFF
antigens changes by no more than 20% for strains LI 493D, LI 132 and LI 922
during the observation period 12 h - 48 h, irrespective of the culture medium. For
strain LI 424 grown in medium 1, the change in Cs, (per cell) of CFF antigens is
(6 - 8)%; although in medium 2, 24 h -48 h, Cs, (per cell) increases by 40%. It is
logical to assume that the more pronounced changes in value of Cs, (per cell) of
CFF antigens occurred during the logarithmic phase of culture growth, the
duration of which was shorter than anticipated when planning the work.

Thus, the dynamics of Cs, (per cell) of CFF antigens depends on the strain and
culture medium. The reason for the increase in Cs, (per cell) of CFF antigens is
their synthesis. The reason for the decrease in Cs, (per cell) of CFF antigens is
their incorporation into the CW and secretion into the external environment.

The time dependence of Cs, (calculated per cell) of CW antigens

To compare the time dependence of Cs, (calculated per cell) of CW antigens, the
following approach was used. Each pre-diluted CFF specimen of 4 strains (n =
24) was immobilized from a solutions with pre-selected value of Az nm, 1.m €qual
t0 0.025 in a separate series of wells; total 24 series of wells.

CW specimens were prepared for ELISA as follows. CFF specimen with minimal
tNA amount was selected and corresponding CW specimen was suspended in 1
mL of buffer 2. The amount of buffer 2 (in mL) to be added to other CW
specimens (n =23) were equal to corresponding DF, values calculated in the
following way: DF, = d./c, where ¢ — tNA amount in the selected CFF specimen,
d, - tNA amount in another CW specimen. Thus, the volumes of CW suspensions
were in the same proportion as the values of the amount of tNA in the
corresponding CFF specimens, which allowed to “equalizing” CW suspensions
by the number of cells of bacteria that were the sources of CW.

All CW specimens (n = 24) were suspended to homogeneity to prepare a series of
B, - Bs samples by successive dilution with buffer 2. During the preparation of B;
- Bs samples, each suspension was maintained in a homogeneous state. 0.2 mL of
each B; - Bs sample (or 0.2 mL of buffer 2 used as By sample) and 0.1 mL of
buffer 4 containing 22.5 pg/mL of Igani.Li 4930 Were mixed in eppendorf tubes and
incubated for 2 h at room temperature with continuous stirring using a Multi Bio
RS-24 (BioSun, Latvia). The complexes “antigens of CW - IQanti-Li 4030 Were
precipitated by centrifugation.

Each supernatant containing free Igani.Li 4030 Was added into appropriate wells
with corresponding CFF specimen (100 pL per well) and incubated to form
immune complexes "antigens of CFF - IQani-Li 4030". The amount of immune
complexes was inversely to the amount of antigens in the CW suspension.
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Figure 4 Dependence of C, (per cell) of antigens contained in CFF, CW and CL of four Lactococcus strains from the
time length of culture growth in medium 1 and medium 2. Strains (1 — 4) are LI 493D, LI 922, LI 424 and LI 132,

respectively.

The value of Ao nm, 1.em in solution for immaobilization of CFF specimens, Igan-ui
4930 concentration and the volumes of CW suspensions used to prepare a series of
B;-Bg samples were selected based on the results of preliminary experiments. The
criterion of selection was obtaining classical curves of competitive ELISA (in
coordinates OX axis - Bn/Bg, %, OY axis — CW in liquid phase, pL (Figure 5))
crossing the line drawn through a point 50% on the axis OY parallel to the axis
OX.

Typical data of mediated competitive ELISA are shown in Figure 5 by giving
strain LI 132 grown in medium 2 as an example. The mediator was a solution
containing Igan-11 293, Which was first in contact with antigens of CW (1st stage of
ELISA) and then - with immobilized antigens of CFF (2nd stage of ELISA).
Similar curves were obtained for each of the 4 strains grown in medium 1 and
medium 2 (data not shown).

The data was processed as follows. The amount of CW suspension (in pL)
corresponding to the experimental point with OY value of 50% was determined
on each graph for each of the three curves; the values obtained were denoted x; -
X3 where 1 — 3 are 12 h — 48 h of culture growth, respectively. The values 1/x; -
1/x5 were calculated. The maximum of three values 1/x, was taken as 100% and
the other two values 1/x, were converted into percentages. Calculated 1/x, values
proportional to the Cs, of CW antigens (per cell) were presented in the form of
histograms in Figure 4, CW.

The data shown in Figure 4, CW suggest that the dynamics of Cg, (per cell) of
CW antigens depends on the strain and culture medium. The reason for the
increase in Cy, (per cell) of CW antigens is their synthesis. The reason for the
decrease in Cs, (per cell) of CW antigens is secondary secretion, i.e. migration of
CW components to the medium as the cells age.
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The time dependence of Cs, (calculated per cell) of secretory antigens

To compare the dynamics of Cs, (calculated per cell) of secretory antigens of 4
strains of lactococci, the following approach was used. CFF specimens of 4
strains (n = 24) were immobilized from a solutions with pre-selected values of
Azs0nm, 1cm €qual to 0.025 in a separate series of wells; total 24 series of wells.
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Figure5 The time dependence of Cs, (calculated per cell) of CW antigens:
design of mediated competitive ELISA, experimental data and their processing.
Strain LI 132 grown in medium 2 was used as an example. Term PAb means
Ianti-Li 493p. Three independent experiments were performed. Values are means +
SD.

Each lyophilized CL specimen (n = 24) was dissolved in 300 pl of distilled water
immediately before the assay to obtain 10-fold CL concentrate designated 10 x
CL. For each of the 24 CFF specimens, the corresponding 10xCL specimen was
used to prepare samples (Bo; B; — Bs) containing (0; 25 — 400) uLL 10xCL per 1
mL, respectively. Samples (Bo; B: — Bs) were added into appropriate wells, 50 uL
per well. IQanti-i 4930 (15 pg/mL in buffer 3; 50 pL per well) were added to each
well of all series and incubated. The amount of immune complexes immobilized
antigen - Igani-Li 4030 Was inversely to the amount of antigens in CL specimens.
The value of Az nm, 1.cm in solution for immobilization of CFF specimens, Igani-ui
4930 concentration and the volumes of 10xCL specimens per well were pre-
selected based on the results of preliminary experiments. The criterion of
selection was obtaining classical curves of competitive ELISA (in coordinates
OX axis - Bn/Bo, %, OY axis — CL in liquid phase, uL (Figure 6)) crossing the
line drawn through a point 50% on the axis OY parallel to the axis OX.

Typical data are shown in Figure 6 using strain LI 132 grown in medium 2 as an
example. Similar curves illustrating competition of secretory antigens (from CL)
with immobilized antigens (from CFF) for binding with 1gani-ui 4es0.Were obtained
for each of the 4 strains grown in medium 1 and medium 2 (data not shown).

CL  PAb 100
80
4 60
cre) A% = T 40 : :
20 | i
12h 0 1Xp 1X31 Xy
0 10 20 30 40
CL PAb CL in liquid phase, mkL
—+—12h —®—24h —*—48h
2y v 1/x,N; =a%, 1/x,n, = 100%, 1/x;n; = b%,
where (ny — nz) — quantity (in optical units)
CFF _A®ADPLAD oftolal NA in CFF
24h
%
100
cL PAp 80
60
Vol N ST
=7
~'( i
CFF ASADAD 20
0 - r :
48h 12h 24h 48h

Figure 6 The time dependence of C, (calculated per cell) of CL antigens: design
of competitive ELISA, experimental data and their processing. Strain LI 132
grown in medium 2 was used as an example. Term PAb means 1gant.i 4030. Three
independent experiments were performed. Values are means + SD.

The data was processed as follows. The amount of 10xCL (in pL) corresponding
to the experimental point with an OY value of 50% was determined on each
graph for each of the three curves; the values obtained were denoted x; - x; where
1 -3 are 12 h — 48 h of culture growth, respectively. The values 1/x; - 1/x; were
calculated. The maximum of 1/x, values was taken as 100% and the other two
1/x, values were converted into percentages. Each of the 1/x, values was divided
by the tNA in the corresponding CFF specimen to "equalize" the number of cells
that were used as a source of antigens contained in the CL. Calculated values
proportional to the Cs, of secretory antigens (per cell) were presented in the form
of histograms in Figure 4, CL.

The data shown in Figure 4, CL suggest that the dynamics of Cg, (per cell) of CL
antigens is more dependent on the culture medium than on the strain.

Interpretation of the results

In the paragraph, the reasons for the increase in antigen concentration in CL are
discussed.

Quantitative characteristics of CFF specimens and CW specimens, obtained as a
result of cultivation of 4 Lactococcus lactis strains for 12, 24 or 48 h, destruction
of cells by ultrasound and centrifugation were shown in Figure 2. As mentioned
above, amount of tNA (in conventional units) is proportional to the number of
bacterial cells, CW weight (in mg) is a function of the number of bacterial cells
and the thickness of the cell wall.

The value of each of the two parameters can increase (1), decrease (|) or remain
unchanged (const). Thus, 9 combinations of changes in two parameters are
theoretically possible; 6 of them were actually observed (Table 2). Each of these
combinations corresponds to a quite specific reason for the increase in Cg, (per
cell) of CL antigens (Table 2).

Table 2 Possible explanation of the increase in C, (per cell) of CL antigens

Combinations of changes in two

parameters - the amount of tNA  Designation? The reasons why antigens
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in CFF and the weight of CW* oceur in CL

1 tNAY, CW const 1a Primary (natural) secretion

2 tNAconst, CW 1 1b

3 tNAT,CW | 2a Secondary secretion
migration of CW components

4 tNA const, CW | 2b (mig to CL as cells ags)

5 tNA|,CW1 3a Secondary secretion or cell

6 tNA|,CW ] 3b death

! _ The data of Figure 2;

2

— Designation is used in Figure 3, CL to show the reasons why antigens occur in
CL

There are two comments to Figure 4, CL, supplementing the Table 1. At first, the
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primary secretion of antigens could occur up to 12 h, in a period corresponding to
the logarithmic phase of culture growth. At second, the decrease in the Cg, (per
cell) of CL antigens at (24 — 48) h observed after its increase at (12 — 28) h in
medium 2 (Figure 4, CL) can be explained by two reasons: (i) in CL, the antigens
lose their native structure and the ability to interacts with antibodies (for
example, as result of proteolysis by extracellular proteases (Addi and Guessas,
2016)) and, therefore, can’t be detected using Igani-Li 493p, (ii) @n increase in the
number of cells occurred, but increase in cell wall thickness was limited by
depleted environmental resources (Figure 2, strains LI 493D, LI 922).

CONCLUSION

We elaborated the methodology for studing the time dependence of specific
concentration (Cs) (calculated per cell) of the biopolymer of interest in cell
fractions and culture media. Using 4 strains of Lactococcus lactis and PAbgp-)
4930 @S an example, we show that Cs, of lactococcal antigens in cell fractions and
culture media depends on strain, media composition and duration of culture
growth. Distribution of antigens between cell fractions and media and time-
dependance of Cs, is unpredictable and for each strain/media should be
determined individually.

The methodology is suitable for any bacterium and any well-defined antigen
under the condition that either PAb or mouse monoclonal antibodies specific for
this antigen will be used.

The methodology will find an application in research studies and biotechnology
to optimize biotechnological processes via selection of the strain producing the
biolimer of interest, localization of the target biopolymer (cell fraction/media)
and selection of duration of culture growth and media composition providing
maximum yeald.
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