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BJINAHUE METABOJIUTOB MUKPOOPTAHU3MOB
MHOIOJIETHEMEP3J1bIX NOPOA4 HA CUHTE3 LUTOKUHOB
MOHOHYKJIEAPHbIMU KJIETKAMU NEPUDEPUYECKOW
KPOBU HEJIOBEKA IN VITRO

RKoasiBanoBa C.C,, Rasnenosa JI.MD.
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Pesiome. BeuHas mepsiioTa sIBJISIETCSI YHUKAJIbHOM 3KOCHUCTEMOI, XapaKTepU3ylolleicss cTaOUMIbHO OT-
pULIaTeIbHBIMU TeMIlepaTypaMi 1 B KOTOPOIT MUKPOOPTaHMU3MbI MOTYT HAaXOIMUThCS B COCTOSIHUN TUTIOME-
TaboaM3Ma WM aHabMo3a Ha MPOTSKEHUU TEeOJIOTMISCKOTO BpeMeHU. M3BeCTHO, UTO MUKPOOPTraHU3MBI
3aHUMAIOT IIMPOKUI apeaj OOMTaHUS Oiaromaps HaJIWMIWIO NOJU(PYHKIIMOHAIBHBIX CUCTEM aJalTallii 1
KOMMYHUKau. OMHUM U3 MPOSIBJICHUN TaHHBIX CUCTEM SIBJISIETCS BBIpAaOOTKAa BTOPUUYHBIX META0OIUTOB
(MB), B cocTaB KOTOPBIX BXOASIT CUTHAJbHbBIE MOJICKYJIbI, HE MMEIOIIME CTPOroil BUIOBOI CIIEHIU(UIHOCTH.
buonornyeckast akTUBHOCTh CUTHAJIbHBIX MOJIEKYJI B 3HAUUTEIbHOM CTEIIEHU 3aBUCUT OT KOJIMYECTBa OaKTe-
pPUAJIBHBIX KJIETOK M TeMITepaTyphl UX KyJIbTUBUPOBAHMSI.

B manHOIT paboTe MCIOIB30BaHBI BTOPUYHBIC MeTa0OMUTHI Bacillus sp. 13 BEUHOI MEP3JIOTHI, TIOIyICH-
HBIE TIPU Pa3INIHBIX TeMIlepaTypaxX KyJIETUBUPOBAHUSI MUKPOOPraHU3MOB (iph -5 °C — «xonomoBeie» Mb
u 1ipu 37 °C — «rermnoBblie» MB) B mo3ax 0,05 x 10° (Mayiast 103a) MUKPOOHBIX KJIETOK (M.KJ1.) B MJI (DU3HO-
Jiormyeckoro pactsopa uian 500 x 10° (Bbicokast 103a) M.KJI./MJ1. OuieHeHo BausiHue Mb Bacillus sp. Ha nipo-
nykuuio TNFa, IL-18, IL-8, IL-2, IFNy, IL-4, IL-10 MOHOHYKJIeapHbIMU KJIETKaMU Ttiepudepudeckoit Kpo-
Bu (MHK) yenoBeka B cynepHaTaHTax 24-4acoOBBIX KJIETOYHBIX KYJIBTYp MeTomoM MDA ¢ ucriob3oBaHuEeM
TecT-cucteMbl «BekTopbECT» (Poccust) Ha criektpodoTtomeTpe LUCY-2 (ANTHOS) (ABCcTpust) coriacHO
PEKOMEHIALMSIM IIPOU3BOIUTEIS.

YcTaHOBJIEHO, YTO MO CPaBHEHUIO C KOHTpoJIeM noj BausiHueM Mb Bacillus sp. BHe 3aBUCUMOCTH OT TEM-
nepaTypbl UX MOJYYEHUs U T03bl OaKTeprii akTUBHOCTBL ciHTe3a MHK 4enoBeka 0CHOBHOIO CITeKTpa ILIUTO-
KMHOB gocToBepHO Bo3pocaa (p < 0,01 ans Bcex mokazarteseit), 3a uckiarodeHueM IL-8, ypoBeHb KOTOPOTO
HEe OTJIMYAJICSI OT KOHTPOJILHOTO MO/ BIMSIHHEM BBICOKOM 03bl «TeluioBbix» MB. I1o cpaBHeHuio ¢ ®TA
cuHTe3 uuToknHoB MHK 3aBucesn ot mo3bl 1 Temneparypsl nojiydueHust Mb. Tak, 1o BAMSIHUEM <«TEII0-
Beix» MbB ypoBenb TNFo ObUT 1oCcTOBepHO HUXE ero ypoBHs 1o BausinHueM MIA He 3aBUCHMMO OT T03BI.
Vposenb 1L-8 61 cHMKEeH oTHOCUTEILHO PTA nox BausiHrueM MetadboauToB oT 500 x 10° M.KJI. BHE 3aBU-
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CUMOCTH OT TeMIICpaTyphl X MoxydeHnss. CpaBHEHUE MEXKIY COOOI BIUSTHUS «TCTUIOBBIX» M «XOJIOJOBBIX»
MB Bacillus sp. moKazaao, 9TO Majble TO3bI «XOJOIOBBIX» META0OJUTOB B OOIBIIICH CTETICHU CTUMYJIMPYIOT
cuHTe3 npoBocnanuTesbHbIX HUTOKMHOB (TNFa, IL-1f3, IL-8, IFNY). Beicokue 103bl «TeMI0BbIX» META00-
autoB Bacillus sp. B 6onbiueit cteneHu aktupupyror MHK denoBeka Ha CMHTE3 NMPOTUBOBOCIIAIUTEIbHBIX
uToKUHOB (IL-4 u IL-10). Yuuteisas, uto TNFa, IL-13 u IL-10 gBisitoTcs IMTOKMHAMYU CUCTEMHOTO JIei-
CTBUSI, OTBETCTBEHHBIMU HE TOJIbKO 32 aKTUBAIIMIO CHUCTEMbl UMMYHMUTETA, a TAKXKe MOOMIU3ALIMIO APYTUX
PETYJISITOPHBIX CUCTEM OpraHM3Ma, MOXKHO B MEPCIIEKTUBE paccMaTpUBaTh BO3MOXKHOCTE MCITOJIb30BaHUS
BTOPUYHbBIX META0OJUTOB MUKPOOPraHM3MOB MHOIOJIETHEMEP3JIbIX ITOPOJ B KadyecTBe cyOcTpaTa IJIsk pas-
pabOTKM HOBBIX UMMYHOMOIYJISITOPOB U aIalITOr¢HOB.

Knrouesnie cnosa: nposocnanrumensvhvie YUMOKUHbL, NPOMUBOEOCHANUMENbHbIE UUMOKUHbL, MOHOHYKACAPHbIe KACMKU KPOGU,
8MopuUHbIe Memaboaumvl OaKmepuii MHO20AeMHeMeP3AbIX NOPO0, AHMUEH-UHOYYUPOBAHHAS PeaKyus OAacmHOl mpaHchopmayuu
aumepoyumos

INFLUENCE OF METABOLITES OF MICROORGANISMS FROM
PERMAFROST ON THE SYNTHESIS CYTOKINES BY HUMAN

PERIPHERAL BLOOD MONONUCLEAR CELLS IN VITRO
Kolyvanova S.S., Kalenova L.F.

Tyumen Scientific Centre, Siberian Branch, Russian Academy of Sciences, Tyumen, Russian Federation
Tyumen State University, Tyumen, Russian Federation

Abstract. Permafrost is a unique ecosystem characterized by consistently negative temperatures. It has been
shown that microorganisms can be there in a state of hypometabolism or anabiosis during geological time. It is
known that microorganisms occupy a wide habitat due to the presence of multifunctional systems of adaptation
and communication. One of the manifestations of these systems is the production of secondary metabolites
(MBs), which include signaling molecules that do not have strict species specificity. The biological activity of
signaling molecules largely depends on the number of bacterial cells and the temperature of their cultivation.

In this work we used secondary MBs of Bacillus sp. from Permafrost obtained at different temperatures
of microorganism cultivation (at -5 °C — “cold” MBs and at 37 °C — “warm” MBs) in doses of 0,05 x 10°
(small dose) of microbial cells (m.cl.) in ml of saline or 500 x 10° (high dose) m.cl./ml. The influence of MB
of Bacillus sp. for the TNFa, 1L-13, IL-8, IL-2, IFNy, IL-4 and IL-10 production by human peripheral blood
mononuclear cells (MNC) in supernatants of 24-hour cell cultures was estimated by ELISA whith using the
“VectorBEST” test system (Russia) on a LUCY-2 (ANTHOS) spectrophotometer (Austria).

It was found that the activity of synthesis by human MNC of the main spectrum of cytokines significantly
increased (p < 0.01 for all indicators) under the influence of MB Bacillus sp. regardless of the temperature of
their cultivation and the dose of bacteria. The exception was IL-8, the level of which under the influence of a
high dose of “warm” MBs didn’t differ from the control. Compared to PHA the cytokines synthesis by MNC
depended on the dose and the temperature of obtaining of M Bs. Thus, under the influence of “warm” MBs the
level of TN Fa was significantly lower than its level under the influence of PHA regardless of the dose. Regardless
of the temperature of obtaining metabolites the level of IL-8 under the influence of metabolites from a dose
of 500 x 10°m.cl. was reduced relative to the PHA group. Comparison of the influence of “warm” and “cold”
MBs of Bacillus sp. showed that small doses of “cold” metabolites to a greater extent stimulate the synthesis of
pro-inflammatory cytokines (TNFa, IL-1B, IL-8, IFNy). High doses of “heat” metabolites of Bacillus sp. to a
greater extent they activate human MNC:s for the synthesis of anti-inflammatory cytokines (IL-4 and I1L-10).
Considering that TNFa, IL-153 and IL-10 are cytokines of systemic action and are responsible not only for the
activation of the immune system, but also for the mobilization of other regulatory systems of the organism,
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it can be assumed that the secondary metabolites of microorganisms from Permafrost will be efficient as a
substrate for the development of new immunomodulators and adaptogens in the future.

Keywords: pro-inflammatory cytokines, anti-inflammatory cytokines, blood mononuclear cells, secondary metabolites of bacteria
from permafrost, antigen-induced reaction of blast-cell transformation of lymphocytes
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Introduction

Permafrost is one of the unique ecosystems
characterized by negative temperatures over geological
time [13]. Viable microorganisms of various genera
and species were found in permafrost rocks. The
ones may be there in a state of hypometabolism or
suspended animation. [4, 9, 14]. It is known that
microorganisms occupy a fairly wide habitat due
to the presence of multifunctional adaptation and
communication systems. One of the manifestations
of the work of these systems is the production of
secondary metabolites (M B), which include signaling
molecules that don’t have strict species specificity [5,
11, 12]. The biological activity of signaling molecules
largely depend on the number of bacterial cells and the
temperature of their cultivation [12]. An experimental
study of microorganisms (MO) of strain M3 Bacillus
sp. isolated from permafrost of the late Neogene
showed that a change in the temperature conditions
of cultivation has a significant effect on the biological
properties of bacteria in vitro and in vivo, in particular,
it changes their enzymatic, immunotropic and
reparative activity [6, 7, 8, 10]. It seems relevant to
study the effect of MB of MO from Permafrost on the
functional activity of immunocompetent human cells
in vitro for development, in the future, immunotropic
drugs based on them. It is known that cytokines
as mediators of intercellular “communication”
provide the regulation of immune responses and
the coordinated interaction of cells of the immune
system [2].

Purpose of the study: to assess the effect of the
secondary metabolites of permafrost microorganisms
on the spectrum and level of cytokine secretion by
human peripheral blood mononuclear cells in vitro
depending on the temperature of cultivation and the
dose of bacterial cells.

Materials and methods

The object of study is Bacillus sp. M3 strain
isolated from Late Neogene permafrost (Mamontova

Mountain, Central Yakutia, age of permafrost 2.5-3
million years [1]. To obtain secondary MB, the MO
suspension was prepared in aliquots of 0.05 x 10° (low
dose) or 500 x 10° (high dose) microbial cells in 1 ml
(m.cl./ml) of physiological saline and incubated at
temperatures of -5 °C (“cold” metabolites — MB-C)
and 37 °C (“thermal” metabolites — MB-T) for 72
hours. Every 24 hours, the samples were kept for 30
minutes at 22 °C. The MBs was separated through
passing a suspension of MOs through bacterial filters
with a pore diameter of 0.22 um (Millipore, USA).
The purity of the MBs was confirmed by control
sowing on culture media.

The study was conducted on the culture of
peripheral blood mononuclear cells (PBMC) of
3 independent donors (men aged 24-26 vyears).
Mononuclear cells (MNC) were isolated on a Ficoll-
Paque density gradient ( = 1.077). The wells of 96-well
immunological plates were loaded with 0.2 x 10° MNC
in 180 ul of RPMI-1640 medium with the addition of
2 mmol glutamine and 80 pg/ml gentamicin. Several
options for the reaction of blast-cell transformation
of lymphocytes were posed. Negative control is the
addition of 20 ul of RPMI-1640 medium (control
group). A positive or mitogen-induced control is
the addition of 20 ul of the polyclonal T-mitogen
phytohemagglutinin (20 pg/ml, “Serva”) (PHA
group). And 4 variants of the experimental groups:
adding 20 pl of “cold” or “thermal” metabolites
obtained from0.05 x 10° m.cl./ml (groups MB-C/0.05;
MB-T/0.05) or 500 x 10° m.cl./ml (MB-C/500;
MB-T/500). The reaction was set up in triplets for
24 hours. The levels of pro-inflammatory (TNFa,
IL-1B, IL-8, IL-2, IFNy) and anti-inflammatory
(IL-4 and IL-10) cytokines were determined in cell
culture supernatants by ELISA (“VectorBEST”) on
a LUCY-2 spectrophotometer (ANTHOS) (Austria)
and expressed in pg/ml. The significance of differences
between the groups was assessed by Student’s t-test in
the SPSS “11.5 for Windows” program. Differences
were considered significant at p < 0.05.

Results

The results of the study are presented in the Table 1.
Minimal levels of cytokines without stimulation with
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TABLE 1. CYTOKINE LEVEL (pg/ml), Mm

Cytokines TNFo IL-18 IL-8 IL-2 IFNy IL-4 IL-10
Control group 4.4+0.6 24.9+3.3 25.4+4.6 0.2+0.1 1.4+0.1 1.1+£0.2 2.3x0.4
PHA group 264.0+6.0 157.2+10.3 | 249.0+11.3 0.940.2 17.3+1.6 1.8+0.1 5.2+0.5

Metabolites from 0.05 x 10¢ m.cl./ml
424.0+43.3 | 263.0+£31.0 | 287.0+34.0 3.8%1.6 26.3+3.2 2.7+0.3 8.4+0.3
MB'C *% AA *% AN *%* *% AA *% AN **k A *k A
63.5+4.3 261.0£33.0 | 355.0+42.1 1.8+0.1 13.6+2.4 3.810.5 9.2+0.7
MB'T *% AN *% AN *% AN *% AN *k *% A *% A
Metabolites from 500 x 106 m.cl./ml
285.1£15.3 | 270.5+21.2 | 78.5+6.1 11.2+3.9 21.8+3.1 2.4+0.3 8.7+2.9
MB'C *% *% AN *% AN *% AN *% * A *%k A
54.9+2.7 247.8+18.6 | 26.4+7.9 0.940.1 9.1+2.2 19.4+4.3 44.8+5.5
MB'T *% AN *% AN AA Hk *% AA *% AA *% AA

Note. The difference from the control: *, p < 0.05; **, p < 0.01; difference from the PHA: *, p < 0.05; **, p < 0.01.

antigens (control group) and their high indices under
the influence of a polyclonal T-mitogen (PHA group)
testify to the qualitative immunological reactivity of
PBMC of donors (Table 1).

The results of a study of the effect of MB of MO
from Permafrost on the synthesis of cytokines by
human peripheral blood mononuclear cells showed
the following. “Cold” metabolites obtained from
0.05 x 10° m.cl./ml at -5 °C (MB-C/0.05 group)
stimulated human PBMC:s to activate the synthesis of
pro-inflammatory (TNFa, IL-1B, IL-8 , IL-2, IFNYy)
and anti-inflammatory (IL-4 and IL-10) cytokines
compared with the control (p < 0.01 for all cytokines).
In this group the activity of the synthesis of cytokines
TNFa, IL-1B, IL-2 and IFNy was significantly
(p <0.01) higher, and the synthesis of IL-4 and I1L-10
was moderately higher (p < 0.05) than in PHA group.
There were no differences between these groups in
level of IL-8 (p > 0.05).

The synthesis activity of the entire studied cytokine
spectrum increased (p < 0.01 for all cytokines) under
the influence of “thermal” metabolites obtained from
0.05 x 10° m.cl./ml at 37 °C (MB-T/0.05 group)
compared with the control. In this experimental group
the level of TNFo was decreased (p < 0.01), the levels
of IL-1B, IL-8 and IL-2 were significantly increased
(p < 0.01 in all cases), the levels of IL-4 and IL-10
were moderately increased (p < 0.05 in both cases)

compared with the PHA group. The level of [IFNy was
at the level of IFNy in the PHA group (p > 0.05).

“Cold” metabolites obtained from 500 x
10° m.cl./ml at -5 °C (MB-C/500 group) significantly
increased the synthesis activity of the entire studied
spectrum of cytokines compared to the control. We
noted that the synthesis activity of IL-18 (p < 0.01)
and IL-2 (p < 0.01) increased significantly, the levels
of IL-4 (p < 0.05) and IL-10 (p < 0.05) increased
moderately compared with these indicators in the
PHA group. No differences were found in the levels of
TNFa and IFNy (p > 0.05).

Under the influence of “thermal” metabolites
obtained from 500 x 10°® m.cl./ml at 37 °C (MB-
T/500 group) the synthesis activity of the entire
studied spectrum of cytokines was significantly higher
(p < 0.01 for all cytokines) except for IL-8 (p > 0.05)
compared with the control group. The levels of TNFa,
IL-8 and IFNy were reduced (p < 0.01 in all cases) and
the secretion of IL-1f, IL-4 and IL-10 (p < 0.01 in all
cases) were significantly increased compared with the
PHA group. The level of anti-inflammatory IL-10 was
8.6 times higher than in the PHA group.

Thus, the analysis of the obtained data showed
that the effect of the secondary metabolites of
microorganisms from Permafrost on the cytokine
response of immunocompetent cells of human
peripheral blood in vitro to a certain extent depends
on both the dose and the temperature of bacterial
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cultivation at which these metabolites were obtained.
Moreover, the synthesis of TNFo was predominantly
stimulated by MB obtained from MO at a negative
temperature of cultivation (MB-C/0.05 and MB-
C/500 groups). The synthesis of IL-8 was largely
stimulated by low doses of MB (MB-C/0.05 and
MB-T/0.05 groups). The synthesis of IL-2 was largely
stimulated by high doses of MB obtained from MO at a
negative temperature of their cultivation (MB-C/500
group). The activity of the synthesis of IFNy was
maximum for MB obtained at a negative temperature
(groups MB-C/0.05 and MB-C/500). The maximum
levels of secretion of IL-4 and IL-10 were observed
under the influence of a high dose of MB obtained
from MO at a positive temperature of cultivation
(MB-C/500 group). The exception was IL-1p, its
level was significantly high in all experimental groups
(p < 0.01 compared with control and PHA groups).
Summarizing the foregoing it can be concluded
that low doses of “cold” metabolites of MOs from
Permafrost (obtained from 0.05 x 10° m.cl./ml at
-5 °C) show their immunobiological activity to a
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