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Introduction

Aim. To estimate the proliferation rates in cultures of the human Wharton jelly mesenchymal stem cells
(WJ-MSCs), obtained by the method of preservation of spontaneously detached cells, in various gas mix-
tures, containing physiological oxygen concentrations. Methods. Starting from the first passage, WJ-MSC
were cultured for 4 subsequent passages,7 days between replating (“main” line”). At 0, 1 and 2 passage, day
3 of cultivation, conditioned media was collected and transferred to another flack with complete growth
media. The attached cells from conditioned media were cultivated until the clones size and confluence

(70—80 %) became sufficient for replating, and after that were subsequently passed with trypsin-EDTA
solution (“side” lines). Besides the cultivation in standard condition of CO,-incubator, the cultivation was
conducted in the nitrogen-based gas mixture (3 % oxygen, 4 % carbon dioxide, 93 % nitrogen) and argon-
based gas mixture (3 % oxygen, 4 % carbon dioxide, 93 % argon). At each passage, the number of cells was
counted. Results. The proliferation level in “side” lines, obtained from 0 and 1 passages, had a lot of simi-
larities with that of “main” line. We observed the trend of multiplication rate reduction in “side” lines during
in vitro maintenance, similar to that in “main” line. For cultures, obtained at the passage 2, the level of
proliferation was significantly lower. The cultivation in both gas mixtures with 3% O, concentration had
beneficial effect on the level of cell multiplication: the number of cells was significantly higher. The effect
of argon-based mixture was more pronounced. Conclusion. The physiologic oxygen tension allows opti-
mizing the cultivation of WJ-MSC, obtained by the suggested method of preserving the cells with reduced
attachment ability.
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In the organism, the MSC natural location site,

At present, mesenchymal stem cells (MSC) are con-
sidered as a promising tool for the cell therapy.
Among MSC from different sources, MSC from
Wharton jelly umbilical cord matrix (WJ-MSC) are
considered to be especially perspective because of
their high differentiation potential [1], paracrine [2]
and immune [3] effects.

“niche”, plays a major role in the preservation of
their main features. Besides MSC, the niche includes
the neighboring cells producing the signal mole-
cules, and an extracellular matrix. One of the key
factors regulating the niche’s behavior is the oxygen
concentration, which is lower, than in other sites of
the tissue [4].
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For clinical practice, the ex vivo multiplication of
MSC is inevitable. The cultivation process is asso-
ciated with the risk of losing clinically relevant fea-
tures, accumulation of genetic abnormalities and
possible malignization, because in vitro the cells are
forced to adapt to the conditions, that drastically
differ from those of their natural location [5]. O,
concentration in the standard conditions of a CO,-
incubator is nearly equal to the atmospheric one,
thus, being “hyperoxic” for MSC, leading to the
progressing accumulation of the oxidative damage
[6]. Besides, generally accepted use of the proteo-
lytic enzymes solutions and mechanical manipula-
tions during a passing procedure leads to the dam-
age of homing receptors and adhesion molecules on
the cell surface, having a negative impact on the
regenerative potential of cultured MSC [7-9]. Thus,
the development of methods to minimize the dam-
ages, accompanying the cultivation process, is con-
sidered an important task. Numerous works showed,
that MSC cultivation in the gas mixtures containing
oxygen of concentrations similar to the physiologi-
cal ones, is beneficial for the activation of growth
and reducing the oxidative stress. Another perspec-
tive approach is the development of methods to
avoid the procedure of detaching cells from a sub-
strate, for instance, cultivation in 3D constructs or
on various carriers [10], that is often technically
complicated.

In our previous work we have suggested the
method of optimization of human WJ-MSC culti-
vation. It allowed preservation and multiplication
of the cells, that spontaneously detached during
cultivation (presumably, in the phase prior to mito-
sis), thus obtaining the populations of MSC, that
avoided the damaging influence of a passing proce-
dure on the surface molecules [11]. Besides, we
have shown a positive effect of the nitrogen- and
argon-based cultivation gas mixtures containing
3 % O, [12]. The aim of the present study was to
evaluate the cell proliferation in human WJ-MSC
cultures, obtained by the suggested method, termed
“self-replating”, in various gas mixtures, contain-
ing oxygen in physiological concentrations.
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Materials and Methods

MSC isolation

MSC were obtained from human Wharton jelly us-
ing the explant method [13]. Umbilical cords (UC)
were collected from three healthy donors (39—40
weeks of gestation, normal delivery).

The UC fragment (5-10 cm) was washed with PBS,
the vessels were mechanically removed. WJ was me-
chanically cut, the pieces were placed in the cultural
flacks, 75 cm?, containing complete growth medium
(DMEM with low glucose (PAA, Austria) supplement-
ed with 10 % fetal bovine serum (PAA, Austria), gluta-
mine 2 mM (PAA,Austria), penicillin 100 U/ml
(Arterium, Ukraine), streptomycin 100 pg/ml (Arteri-
um, Ukraine). The first attached cells were visible on
the 7-10™ day. After 14 days the clones reached the
size and confluence (70-80 %) sufficient for passing.

At the first passage the surface marker proteins
CD90, CD73, CD105 expression was estimated
(over 85 % positive), using flow cytometry (BD
FACS Aria) with fluorescein- and rhodamine-conju-
gated antibodies (UsBiological, USA).

Proliferation analysis, standard passing

Starting from the passage 1 (P1), WIJ-MSC were
plated on the flacks of 25 cm?, 75-10° cells per flack,
and cultured for 4 subsequent passages (for 7 days at
each passage).These cultures were further referred
to as a “main” line. The cells were passed using tryp-
sin-EDTA (0.1 % trypsin and 0.02 % EDTA) solu-
tion (TE-passing). At each passage, a final number of
cells was estimated by counting in hemocytometer
(Goryaev chamber).

“Self-replating” culture obtaining
and proliferation analysis

At passages 0-2 (P0-P2), on the day 3 of cultivation,
the conditioned media (6 ml from each flack) was
gathered, centrifuged and transferred to another
flack with the complete growth media (described
above). After the first attached cells were visible
(day 2-5 after media transfer), the cultures were cul-
tivated for nearly 1.5 weeks until the clones size and
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confluence (70-80 %) became sufficient for replat-
ing ( Fig.1 — passages marked as Oa, la, 2a). After
the first replating, the cells were seeded on the flack
of 25 cm?, 75-10° cells per flack, and subsequently
passed using TE solution. During each replating, the
cells were counted in hemocytometer (Goryaev
chamber).

WJ-MSC cultivation in gas mixtures

The flacks with WJ-MSC cultures were placed into
the polyethylene bags with hermetic clasp (1.5 1).
The bags were washed twice with the gas mixture,
containing 4 % CO, and 96 % of nitrogen or argon
(depending on the group), after that were filled with
the gas mixture used for cultivation (see below), and
set in the vacuum containers (Scarlet). The contain-
ers with bags were kept at 37° C, gas mixture was
substituted in 3 days. The experimental groups were
cultured in the gas mixtures based on nitrogen (oxy-
gen — 3 %, CO, — 4 %, nitrogen — 93 %) and argon
(oxygen — 3 %, CO, —4 %, argon — 93 %). The con-
trol group was maintained in the CO, incubator (am-
bient oxygen concentration —20%, CO, — 4 %)

Microscopy

Microscopy was performed with an inverted micro-
scope Leica DMIL. Images were taken by camera
Cannon PowerShot 640A, x100, zoom x1,4.

Statistics

The data on cell numbers are reported as mean + stan-
dard deviation for three samples. Statistical significance
was determined using Mann-Whitney U-test at P <0.05.

Results

WJ-MSC isolation, primary culture
and “self-replating” method

On the 7-10" day after the WJ fragments were put
into the cultural flacks, the first attached cells were
visible, both single and in groups of 4—10. The clones
reached the number of cells and confluence (70—
80 %) sufficient for passing after 10—14 days, and
were replated using trypsin-EDTA (0.1 % trypsin

and 0.02 % EDTA) solution (TE-passing). The sur-
face marker proteins analysis was performed at the
first passage and showed that over 85 % of popula-
tion are positive for CD73, CD90, and CD105. The
line was passed subsequently for 4 passages.

At passage 0, passage 1 and passage 2 (PO, P1 and
P2), on 3—4™ day after the cells were seeded, the con-
ditioned media were collected and transferred to a
new flack (as described in Materials and Methods).
In 2-5 days the first attached cells (single or clones of
2-6 cells) were visible. The obtained cells proliferat-
ed and thus started a new “side” line (see further).

Growth analysis of obtained “self-replating”
cultures

It is known, that during the phase of cell cycle prior
to the division, as well as during the mitosis, the
level of cell adhesion to a substrate decreases [14].
The method allowing preservation of the cells, that
spontaneously detached, or, in other words, “self-
replating” (in present work this terms are used as
synonyms) is based on the fact, that the MSC cul-
ture is usually asynchronous. In the flacks contain-
ing the conditioned media from MSC cultures, the
attached cells, able to form clones, can be viewed
already in 2-5 days. The morphological and surface
markers of the cells obtained by this method resem-
bled those of the original culture, confirming that
“self-replated” cells descend from the cells, the ad-
hesion of which to a substrate reduced before or
during the division [11].

The method of “self-replating” can be used for the
additional obtaining of MSC cultures, as well as for
the estimation of the clonogenic ability of the entire
population at current time point. It can be used as
additional to widely used methods of proliferation
analysis, showing the number of dividing cells, their
ability to form viable colonies, and, indirectly, the
peculiarities of their adhesion to substrate.

Fig 1. illustrates the scheme of media collecting
and obtaining “self-replating” cultures.

It is important to compare the measured parame-
ters in standardized conditions for both TE-passed
WIJ-MSC and ones of “self-replating” origin. The
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“Main™ line, “Self-replating™- “Side” lines, TE-passing
TE-passing obtained clones
0 —) 0a 1 7 = 4
1 ) la 2 4 4
2 ) 2a 3 4
3
4

Fig. 1. Obtaining cultures by “self-replating” method, and their
subsequent TE-passing . Blocks - cultures, numbers - the num-
bers of passage. Light arrows - standard passing (TE), dark ar-
rows - “self-replating” method.

estimated parameter to compare was the final num-
ber of cells after the standardized time of mainte-
nance at each passage. For this aim, it was important
to standardize the initial number of seeded cells, and
the time between replatings — 7 days.

The WJ-MSC cultures, passed using only TE-
solution from PO, were contingently termed as the
“main” line. At passages 0, 1 and 2 of TE-passed
“main” line, the conditioned media were collected,
and, using the “self-replating” method, the clones
were obtained. After these clones reached the suffi-
cient confluence, they were passed using TE solution
for several subsequent passages, thus starting the
“side” lines, termed Oa, 1a, 2a (Fig. 1).The term re-
flects the passage number, from which the media
were gathered. This TE-replating was a necessary
condition for the abovementioned standardization of
the initial number of cells and time of their mainte-
nance at each passage.

On the scheme in Fig. 1 the “self-replating®-ob-
tained clones are marked as Oa, la and 2a. Since
there was a question, whether the clones, obtained
from the conditioned media, are separate passages
we was decided to compare the cultures that went
through the equal numbers of TE-passings from the
stage of primary culture, obtained directly from WJ
fragments .

Fig. 1 illustrates this. The general number of light
arrows shows the number of TE-passings. For exam-
ple, WI-MSC from “side” line 2a went through two
TE-passings in “main” line, and two TE-passings after
“self-replating” stage, which makes 4 full TE-passings.

The number of cells after 7 days of cultivation, at
different passages, is summarized in Table 1.

The data showed, that proliferation of cells in
“side” lines had the same trends as in “main” line.
The level of multiplication of WJ-MSC after each
next passage reduced in all groups, regardless the
number of “parent” passage of “main” line.

Nevertheless, several differences were revealed.
The trend of proliferative activity reduction in “side”
lines, obtained from PO and P1, in general, was very
close to that in “main”, only TE-passed line. But for
the cultures, obtained from P2, the level of prolifera-
tion was significantly lower, than in “main” line
(Table 1).

For example, at P3, though both “main” and
“side” lines were passed with TE-solution for 3
times, the number of cells was significantly differ-
ent. For “main” line and “side” line Oa and 1a, these
numbers were very close (317.53 + 25.23-10°,
338.56 £ 11.36°10° and 317.57 £ 4.41-10° of cells,
respectively), but 2a line showed significantly lower
number — 252.32 + 15.73-10° cells (see Table 1).

Table 1. Comparison of cell number in MSC cultures at each passage, 7 days after replating, in “main” and “side” lines

pazi'ge “Main” line,10° “Side line 0a,10° “Side line 1a,10° “Side line 2a,10°
1 471.72 £9.69 462.64 +4.27

2 444.58 +19.07 466.02 + 8.49 457.63 £9.35

3 317.53 £25.23 338.56 £11.36 317.57 £4.41 252.32+15.73
4 233.63 +£5.10 2399+ 16.74 232.96 + 11.08 132.36 £ 14.01
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"Main" line "Side" line Oa

passage 3

passage 4

Morphology

The microphotographs of cultures of “main” and
“side” lines at P3 and P4 are shown in Fig. 2.

MSC normally exhibit the fibroblast-like morphol-
ogy. A spindle-like shape is considered to be typical
for them.

During the cultivation period, the morphology of WJ-
MSC cultures changed in all groups. At P3, and, espe-
cially, P4 the cells of flattened shape appeared. In litera-
ture, such phenotype is considered to be typical for the
senescent cells [15, 16]. Notably, the cultures of “main”,
0a and 1a “side” lines contained similar number of such
cells. At the same time, the number of cells with senes-
cent phenotype in 2a line, was visibly higher (Fig. 2.)

Proliferation of cells in cultures under
physiological oxygen tensions

In present study, the analysis of WJ-MSC prolifera-
tion of “main” and “side” lines was also conducted
under conditions of mild hypoxia. WJ-MSCs were
cultured in various gas mixtures — based on nitrogen
(oxygen — 3 %, CO, — 4 %, nitrogen — 93 %) and
argon (oxygen — 3 %, CO, — 4 %, argon — 93 %).

Fig 3, 4 and 5 show the comparison of cell num-
ber in cultures after 7 days of the cultivation.

The cultivation in both gas mixtures with 3 % O,
had beneficial effect on the level of cell multiplica-
tion: the number of cells was significantly higher. For
example, at P3, the number of cells in “side” line Oa
was 438.69 + 10.88-10° in nitrogen-based gas mixture
and 426.73 + 12.09-10° in argon-based gas mixture
comparing to 338.56 + 11.36:10° in CO, incubator; *

"Side" line 1a

"Side" line 2a

Fig. 2. Microphotography of
cultures at passage 3 and pas-
sage 4, “main” and Oa,la and
2a” side” lines (x100, camera
zoom 1,4).

side” line 1a —425.3 & 7.42°10% in nitrogen-based gas
mixture and 425.24+ 9.59-10° in argon-based gas
mixture comparing to 317.57 + 4.41-10° in CO, incu-
bator; “side” line 2a— 354.07 &+ 13.25-10? in nitrogen-
based gas mixture and 365.14 £+ 17.63-10° in argon-
based gas mixture comparing to 252.33 + 15.73 x10°.

Interestingly, the beneficial effect appeared to be
more pronounced in the argon-based gas mixture,
comparing to the nitrogen-based gas mixture and
standard conditions of CO,-incubator, for the most
groups of the cultures obtained by “self-replating”.
For instance, for line 1a, the number of cells culti-
vated in the argon-based gas mixture was 323.35 +
12.12-10° whereas in the nitrogen-based gas mixture
it reached 310.61 £ 6.05-10° and 232.96 & 11.08-10°
in the CO, incubator conditions.

600 1 BNitrogen
B Argon

B Atmospheric

Cell number, 10°
=
=]

Passage

Fig. 3. Comparison of MSC number in MSC cultures in Oa line,
at each passage, after 7 days of cultivation. “nitrogen” — nitrogen-
based gas mixture (oxygen — 3 %, CO, — 4 %, nitrogen —
93 %), argon” — argon-based gas mixture (oxygen — 3 %, CO, -
4 %, argon —93%), “atmospheric” — conditions of CO, incubator.
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Fig. 4. Comparison of MSC number in MSC cultures in 1a line, at
each passage, after 7 days of cultivation. “nitrogen” - nitrogen-
based gas mixture (oxygen—3 %, CO,—4 %, nitrogen —93 %), ar-
gon” - argon-based gas mixture (oxygen — 3 %, CO,— 4 %, ar-
gon — 93 %), “atmospheric” — conditions of CO, incubator.

600 - BENitrogen
BArgon

S 500 A B Atmospheric
e
é 400
Z 300 A
3
“~ 200 A

100 1

0 E

1 Passage 2

Fig. 5. Comparison of MSC number in MSC cultures in 2a line,
at each passage, after 7 days of cultivation. “nitrogen” - nitro-
gen-based gas mixture (oxygen — 3 %, CO, — 4 %, nitrogen —
93 %), argon” - argon-based gas mixture (oxygen — 3 %, CO, -
4 %, argon — 93 %), “atmospheric” — of CO, incubator.

Importantly, in fact, the cultivation period is lon-
ger for the side lines, because of “additional” time
needed for the growth of “self-replated” clones. On
the average, it took about 12 days for clones to reach
the number and confluence sufficient for passing. It
is possible, that this “delay” influenced the revealed
difference between the effect of gas mixtures on the
multiplication in “main” and “side” lines.

Discussion

The proliferation rate is an important criterion of
estimation of the state of culture, and in vitro mul-
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tiplication itself is a crucial stage for practical use.
It is highly dependent on the cultivation conditions,
each parameter having special mechanisms of in-
fluence.

The analysis of growth of the culture, obtained by
the “self-replating” method, can be used to evaluate
the entire population’s number of dividing cells and
their viability. Interestingly, in comparison with the
culture, passed standardly, using proteolytic enzyme
solutions, the culture obtained by “self-replating” is
maintained in vitro for a longer period of time. Such
extension of the general cultivation period occurs
because of “delay” at the stage of growth of “self-
replating”-derived clones.

According to current literature, the cell in adhe-
sive culture, in the phase prior to mitotic division,
acquires a round shape, and the level of its adhesion
to substrate reduces [17-19]. Hence, because of me-
chanical impact during cultural media substitution,
the actively proliferating cells become easy to de-
tach. In this case, “self-replated” culture can appear
to be a special subpopulation. The difference in
growth of TE-passed and “self-replating”-derived
WIJ-MSC, to some extent, confirms the possibility of
this variant.

The present study also revealed an interesting fact
of'a noticeable decline in the proliferation rates start-
ing at the passage 2 for both TE-passed cultures, and
in “side” lines, obtained from the media collected at
P2 of “main” culture. This can give a clue to the un-
derstanding of certain degradation processes in cul-
ture, P2 being a “threshold” one.

In this work we also estimated the proliferation
levels, rates in WJ-MSC cultures, maintained under
3 % oxygen, in gas mixtures based on nitrogen and
argon. For TE-passed cultures, the highest levels of
proliferation can be observed in the cultures, main-
tained in nitrogen-based mixtures [12]. At the same
time, estimation of proliferation rates in cultures,
“self-replating”-obtained from P0O-P2, and subse-
quently passed using standard method, showed a
more pronounced positive effect of argon-based
mixture. Only several works describe the influence
of inert gases (xenon and argon) on cell cultures,
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mostly of neural origin [20, 21]. The modern litera-
ture lacks the data about the inert gases influence on
MSC. The present work showed that effect of argon
can be revealed during long terms of cultivation.

Conclusions

Proliferation characteristics of WJ-MSC cultures,
obtained by “self-replating” method at passage 0 and
passage 1, resemble those of cultures, passed by gen-
erally accepted method (using trypsin-EDTA solu-
tion). The cultures, “self-replating”- obtained at pas-
sage 2 had a lower, though sufficient, level of multi-
plication.

Morphology of the cultures, obtained by “self-re-
plating” method from PO and P1 was practically iden-
tical to that of “main”, trypsin-EDTA solution -passed
line. At the same time, the “side” line from P2 con-
tained more cells with the senescent phenotype.

Gas mixtures with 3 % O, had beneficial effect for
the MSC proliferation potential. For the cultures, ob-
tained by “self-replating”, the stimulating effect of
argon was more pronounced.

The suggested method allows preventing the loss
of actively proliferative cells during culture mainte-
nance, and obtaining the additional population of
WIJ-MSC, that avoided an impact of proteolytic en-
zymes on surface, during the whole period of in vitro
maintenance. We also showed that using the cultiva-
tion under physiologic oxygen tension allows opti-
mization of the method, preserving the proliferative
potential of obtained cultures.
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PoctoBi mokasnuku kyasTyp MCK BapToHoBa cTyaus,
OTpHUMaHi MeT00M 30epe:KeHHsl KJIITHH 3i 3HUKEHUM piBHeM
ajresii, Npu Ky/JIbTHUBYBAaHHI B Pi3HUX ra30BHX cyMilax

H. C. lllysanosa, B. A. Kopatom

Merta. OninnTy nporiepartito B Ky/IbTypax Me3eHXIMAIGHUX CTOB-
OypoBux kiiTHH Bapronosoro crynuio moman (MCK-BC), otpu-
MaHUX 32 JOIIOMOTOI0 30epeKeHHS KIIITHH, IO CHOHTaHHO BiIKpi-
IUJIKCh, B PI3HUX TA30BUX CyMIllaX, 10 MICTATh (i3i0NOriYHI KOH-
ueHTpauii kucuio. Meronu. [lournnaroun 3 nepiioro nacaxy, MCK-
BC xyneruByBanu npotsroM 4 macaxis («rooBHay JiHisA). Ha koxk-
HOMY Tacaxi ImicIist 7 JHIB KUTBKICTh KITITHH TigpaxoByBami. Ha 0, 1
12 macaxi, Ha 3 100y KyJIETUBYBAHHI, KOH/IUIIIOHOBaHE CEPEIOBHIIIE
30Mpaiy i HepeHoCHH Ha iHIMi ¢uakoH. OTpUMaHi TaKUM YHHOM
aJIre3VBHI KIIITHHU KyJITUBYBAJIN O HAOyTTs ZOCTaTHIX PO3MIpIB i
koH(moenTHoCTI (70-80 %), micis "oro macyBajy 3a JJOMOMOIOH0
posuut Tpurcudy Ta EJTA («moGiuH» TiHil), HiAPaXOBYOYH Killb-
KiCTb Ha KokHOMY nacaski. Kpim crannapramx ymoB CO,-inky6aropa,
QHAJIOTIYHE KyJIBTUBYBaHHS HPOBOAMIM B Ta30BUX CyMilllaX: Ha
ocHoBi a30ty (3 % kwucHio, 4 % CO,, 93 % azory) i aprony (3 %
xucHio, 4 % CO,, 93 % aprony). Pesymsrarn.Pisens npormidepartii
B «TIOOIYHMX» JIHISX, OTPUMaHKX 3 KyasTyp Ha 0 i 1 macaski, rmpak-
THYHO CITIBII4/IaB 3 TAKKM JUTSl «OCHOBHOD» JiHii. Mu crioctepiraim
3HIDKEHHSI PIBHSI MYJIBTHILTIKALT B «TIOOIMHIX) JHIsX, MOMiOHEe 10
TaKOTO B «TOJIOBHI. J{JIs KyIBTyp, II0 TOXOAATH 3 KIIOHIB, OTpHUMa-
HHX 3 2 Tacaxy, piBeHb Hpodideparnii OyB JOCTOBIPHO HIDKUMM.
KynsTiByBaHHS B Ta30BUX CyMmilax, o Mictumi 3 % O, Majio cTH-
MYJIIOIOUMH BIUTMB Ha piBeHb npomidepamnii. Leit epexr Oy OLbII
BHPa)XEHHM B CyMillli Ha OCHOBI aprony. BucHoBku. KyssrrByBaHHs
MCK-BC B ra3oBux cyMilliax, 1o MicTHIH ()i3i0JI0ri4Hi KOHIIEHTpa-
Lii KUCHIO, I03BOJIMIJIO ONTUMI3yBaTH 3allpOIIOHOBAHMI MeTox 30e-
PEXEHHS KITITHH, IO CIIOHTAHHO BiIKPIMIIINCE Bi CyOCTpATy.

KawuyoBi cioBa: Me3eHXiManbHi CTOBOYpOBI KIITHHH, IIPO-
mieparis, cyonomyrsmis, GizionoridHi KOHIEHTpaLlii KUCHIO
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PocroBbie noka3arenun kyasTyp MCK-BC, nosty4yeHHbIX
METOI0M COXPAHEHHS! KJIETOK ¢ OHUKEHHOIl CTeNeHbI0
a/ire3uM, NPU KYJbTHBHPOBAHUHU B PA3JIMYHBIX Ia30BbIX
cMecsix

H. C. Illysanosa, B. A. Kopmiom

Heab. Ouennts nponudepanyio B KyJIbTypax ME3eHXHMallb-
HBIX CTBOJIOBBIX KJIETOK BapronoBoro cryaus yenosexa (MCK-
BC), nosyueHHBIX ¢ HOMOLIBIO METO/Ia COXPaHEHHUs! CIIOHTAHHO-
OTKPENHMBIINXCS KJIETOK, B PAa3INYHBIX Ta30BBIX CMECSX, COIEp-
AKX GU3MOIOTHYECKHE KOHIIEHTPAIMHY KHCIoposia. MeToasl.
Hauwnnas ¢ nepsoro naccaxa, MCK-BC xynsruBupoBanu B Te-
yenne 4 maccaxeit ("ocHoBHas" nmuHUA). Ha kaxmom maccaxke
rmocje 7 AHeW KOJUYeCTBO KIIETOK moacuutThiBaiu. Ha 0, 1 u 2
maccaxe, Ha 3 CYTKHU KYJIbTUBUPOBAHHUSA, KOHAULTUOHUPOBAHHYIO
cpeny coOMpaiy ¥ mepeHOCHITH Ha Apyroii ¢akoH. [Tony4yeHHbIe
TaKUM 00pa3oM ajre3WBHBIC KIETKH KyJbTHBUPOBAIN 10 MPHU-
00peTeHns JOCTATOYHBIX pa3MepoB U KoH(moenTHOCTH (70-80
%), IOCJIe 4ero MacCHPOBAIH C MOMOIIBIO PACTBOpA TPUIICHHA
OTA ("mobouHble" TUHUM), TTOACYUTHIBAs KOJMYECTBO HA Ka-
xmoM maccaxe. Kpome obmenpunsareix ycnouii  CO,-
MHKy0aTopa, aHaJIOTHYHOE KyJIBTHUBUPOBAaHHE MPOBOININ B ra-
30BBIX CMeCSX Ha OCHOBE a30Ta (3 % kucnopona, 4 % CO,, 93 %
azora) u aprona (3 % xucinopona, 4 % CO,, 93 % aprona).
Pe3yabTarsl. YpoBeHb nponudepanny B «I1000YHBIX» JTHHUSIX,
MOTy4YeHHBIX U3 KyIbTyp Ha 0 1 1 maccaxe, IpakTHIECKHU COBIIA-
a7 ¢ TAKOBBIM U1 "OCHOBHON'" MUHUU. Mbl HAOIIONAIN CHU-
JKCHHE YPOBHS MYJIBTUILTUKALUH B "MOOOYHBIX" TMHUSAX, COOT-
BETCTBYIOUIMI TakoMy "ocHOBHOH". ISl KyJBTYp, IPOUCXOMS-
IIUX M3 KJIOHOB, IIOJIyYSHHBIX Ha 2 Maccaxe, ypoBeHb mpoude-
pamun OBbIT JOCTOBEpHO HMKe. KyJabTHBHpOBaHHE B Ta30BBIX
cMecsix, coepakaiux 3 % O, UMENo CTUMYIUPYIOIIEE BIUSHUE
Ha ypoBeHb Ipoiudepanun. 1ot 3ddeKT Obu1 Goiee BEIpaKeH-
HBIM B CMECH Ha OCHOBe aproHa. BeiBoabl. KynasTuBupoBaHue
MCK-BC B ra30BBIX CMeCSX, COAepKaNX (HU3UOIOTHIECKUE
KOHIIEHTPAIMU KUCIOPOAA, TO3BOJIMIIO ONTUMHU3UPOBATH TIPE-
JIOKEHHBIH METOJ COXPAHEHHs KIETOK, CIIOHTAHHO OTKpEINu-
JIMCH OT cyOcTpara.

KiaodyeBble CcI0Ba: Me3CHXHMAIbHBIC CTBOJIOBBIE KIIETKH,
npormdepanusad cyonomynsanust, GU3HOIOrHIEeCKHe KOHILICHTPa-
LMK KACIIOPO/Ia
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