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The aim of the study was to investigate the ability of lipopolysaccharides of two strains of
Pseudomonas chlororaphis subsp. aureofaciens to inhibit in vitro the reproduction of human viruses:
influenza A/FM/1/47 (H1N1), herpes simplex type 2 and bovine diarrhea, which is used as a model of
hepatitis C virus, as well as to suppress hepatitis C virus production in model system of cells transfected
with ¢cDNA of this virus. It has been established that for both lipopolysaccharides in three types of
cultures (MDCK, Vero and MDBK) the toxicity is not manifested even in a concentration of 100.0 ng/ml,
and decreasing in infectious virus titer more than by 2.0 lg TCD;, (EDgg) was already achieved at
concentrations of 1.55 mg / ml. Selectivity indexes determination of lipopolysaccharides preparations
against the influenza A/FM/1/47 (H1N1) virus, herpes simplex virus type 2 and bovine diarrhea virus
shows that lipopolysaccharides of P. chlororaphis subsp. aureofaciens UCM B-306 and UCM B-111 are
effective inhibitors of investigated viruses reproduction: selectivity index is at least 64. In the model
of Jurkat cells transfected with human hepatitis C virus cDNA, viral RNA loading was determined in
cells treated with lipopolysaccharides of P. chlororaphis subsp. aureofaciens. The results of the studies
indicate that when lipopolysaccharides of both strains are administered, the production of the hepatitis
C virus is completely inhibited.
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The problem of viral infections control
is one of the more relevant in modern
medicine. Against acquired immunodeficiency
syndrome (AIDS), cytomegalovirus infection,
hemorrhagic fevers (one of which is deadly
Ebola fever), there are still no effective
prevention tools. Influenza and other acute
respiratory viral diseases occupy a leading
place in the structure of human infectious
diseases, quickly and widely distributed and
cause significant morbidity and mortality
worldwide. As pointed out by WHO experts,
there is the tendency to constant growth of
diseases[1].

Causative agents of these diseases often
acquire partial or complete resistance
to the treatment. Modern chemotherapy
has a wide arsenal of antiviral agents —
abnormal nucleosides, adamantane and
thiosemicarbazone derivatives, synthetic
amino acids, virucidal preparations, numerous
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interferons and interferonogens [2]. However,
traditional methods of treatment using these
antiviral preparations are often ineffective.
The problem of lack of highly effective
substance for prevention and treatment of
viral infections is relevant not only due to their
morbidity and possible serious complications,
but due to provoking many others, including
cancer. Therefore, the search for new
alternative means of influence on viruses and
viral infections is an urgent task of modern
medicine and biotechnology.

Reports of bacterial lipopolysaccharides
(LPS) or endotoxins ability to prevent the
development of some experimental viral
infections are present in the literature for
long. It has been suggested that the antiviral
effect of bacterial LPS can be caused by
stimulation of endogenous interferon
biosynthesis [3]. This assumption is confirmed
by many experiments. So, it is shown [4] that
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Escherichia coli and Salmonella typhimurium
LPS increased B-interferon secretion by cell
culture of human skin fibroblasts, which
in turn ensues protection against vesicular
stomatitis virus. Data on the protective
effect of bacterial endotoxins concern only
some experimental viral infections, and
most studied LPS were derived from the
strains of pathogenic or opportunistic Gram-
negative bacteria, which are characterized
by significant toxicity. Unlike the works
cited [5], it was previously shown by us that
LPS of saprophytic bacteria of the genus
Pseudomonas, which are widely inhabiting
soil, water, plant rhizosphere, including
P. chlororaphis subsp. aureofaciens, and used
for biological crop protection from pests and
pathogens are highly active antiviral agents
[6]. During research in 2010-2012, they
consistently demonstrated efficiency against
the tobacco mosaic virus (TMV) in the plant of
Solanaceae family. At LPS concentrations of
1-10 mg/ml the inhibition of virus infectivity
was 98-100%, 0.1 mg/ml — 57-69%,
0.01 mg/ml — 43-44%. At a concentration
of 1 mg/ml the reduction in infectivity of the
virus at various plants-inductors — datura and
tobacco — was from 10.2 to 46% . The activity
of both LPS was similar. It is interestingly,
that LPS derived from microorganisms
belonging to other families and species
(Rahnella aquatilis, Ralstonia solanacearum),
were not active against the TMV, and
sometimes even stimulated the formation of
necrosis.

Therefore, the purpose of this study was to
investigate the ability of lipopolysaccharides
of Pseudomonas chlororaphis subsp.
aureofaciens two strains to inhibit in vitro the
reproduction of human viruses (influenza and
herpes), bovine diarrhea virus, which is used as
a model of hepatitis C virus, and also to inhibit
the production of hepatitis C virus in the model
system of cells transfected with the cDNA of
this virus.

Materials and Methods

The objects of research were lipopoly-
saccharides (LPS 1 and LPS 2) of two
strains of Pseudomonas chlororaphis subsp.
aureofaciens: UCM B-306 and UCM B-111
respectively, kindly provided to us for research
by prof. Kiprianova O. A. Cultures cultivation
and LPS preparation were performed as
described previously [5].

LPS ability to inhibit the development of
viral infection was tested on three types of

cell cultures: MDCK, Vero and MDVK. There
are subinoculated cultures of dog kidney cells,
African green monkey and bull respectively.
As a test objects there were used: 1) influenza
virus — the strain A/FM/1/47 (HIN1) —
infectious titer of allantois culture — 8,0 Ig
TCDjy, hemagglutinin titer — 1: 512 HAunits;
2) herpes simplex virus type 2 (HSV-2) strain
VN, infectious titer by CPE in cell culture was
7.0 lg TCD;,. Prior to experimental studies
virus was stored at —70 °C; 3) bovine viral
diarrhea virus (VBVD), which is a surrogate
test model of hepatitis C virus (HCV) [7], virus
infectious titer after ten passages in MDBK
cell culture was 6—7 1g TCDy,,.

To determine the cytotoxic concentrations
of LPS preparations, at least ten holes
in plastic plots with cell culture for each
preparation dilution (from 1.55 to 100.0 ng/
ml) in culture medium were used. Plates with
cell culture were incubated at 37 °C with supply
of 5% CO, for 5 days. Test and control cultures
were revised every day to detect the presence
or absence of cytopathic effect (CPE) on cells.
CPE degree was determined by the change in
the morphology of cells (cell rounding and
shrinkage, degenerated cells abruption from
holes surface) by 4-plus system from “1+” to
“4+”, The maximum non-toxic concentration
(MNTC) of LPS preparation that does not cause
degeneration of cells was determined.

For anti-flu LPS preparations activity
determination in vitro, daily inoculated M DCK
cell culture with continuous monolayer was
used. Cells were grown in plates on the medium
RPMI-1640 with 10% of fetal serum (Nunclon,
Surface, Denmark) at 37 °C in thermostat with
CO, supply. To increase the sensitivity of cells
to infection with influenza virus the treatment
with trypsin was carried out. Trypsin mother
solution (Trypsin, TPCK) was prepared by
adding of 10 ml of nutrient medium DMEM
(Sigma) to 20 mg of enzyme. Cells were washed
three times with this solution in a final
concentration of 2 pul/ml by 50 pl per well.
Growth medium was poured out, investigated
LPS preparations in different concentrations
were added to the cells and flu virus at a dose
of 100 TCDj;, was introduced. Cultures were
incubated in thermostat with CO, supply for
3 days, daily monitoring using a microscope.
After 48-72 hour of incubation, the culture
fluid was collected and the influenza virus
infectious titer was determined in cell culture
by titration.

To the study of LPS preparations anti-
herpetic activity, the herpes simplex virus
type 2 (HSV-2) strain VN, infectious titer of
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7.0 1g TCD;,, was used. CPE of HSV in cells
morphologically manifested in symplasts
or rounded cells formation in combination
with the proliferation and giant multi-cells
appearance. The study was performed on
daily cell cultures Vero with their continuous
monolayer. Cells were grown in plates on the
medium RPMI-1640 with 10% of fetal serum
(Nunclon, Surface, Denmark) at 37 °C in
thermostat with CO, supply. Growth medium
was poured out; investigated LPS preparation
in different concentrations was added on the
monolayer. After 1 hour of contact, herpes
virus was added at a dose of 100 TCDy,.
Cultures were incubated in thermostat with
CO, supply for 5 days, daily monitoring with a
microscope and noting the virus reproduction
by HSV cytopathic action on Vero cells
compared with control cultures where the
monolayer is not subjected to any influence.

As a surrogate hepatitis C virus (HCV)
the bovine viral diarrhea virus (VBVD) was
used. Antiviral activity was studied in culture
MDBK, in which various concentrations of
LPS and VDVB at a dose of 100 TCDj, were
added. Cultures were incubated in thermostat
to specific CPE in control of the virus, and
then the infectious titer in the culture medium
was determined.

In all experiments, the virus infectious
titer reduction under the action of preparation
at 1.0 Ig TCD;, (EDy,) or 2.0 1g TCD;, (EDgy)
compared with the virus control was considered
the indicator of inhibitory action.

Transfection was performed using a
standard protocol with transfection reagent
Turbofect (Thermo Scientific). The density
of cells on the day of transformation was
5x10* (for the inoculated cells) and 5x10° (for
suspension cells) in 1 ml of nutrient media.
To obtain HCV-producing cell cultures, HCV
RNA was isolated from patients with hepatitis
C. Further cDNA was obtained on the matrix
of HCV RNA via reverse transcription. 1 pg
of cDNA was diluted in 100 pl of serum-free
medium RPMI-1640, shaking the solution, and
2 ml of transfection reagent (Turbofect) were
added. After pipetting or shaking in Vortex,
specimens were incubated for 15-20 min
at room temperature. Then 100 ml of
transfection reagent containing cDNA were
added dropwise to each well with cell culture.
Plates were incubated at 37 °C in thermostat
with CO,. Cultures of transfected HCV ¢cDNA
were incubated at 36.6 °C in thermostat with
5% of CO, supply. Virus testing was performed
by PCR at the second passage. All transfected
cultures produced hepatitis C virus as on the
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7" and on the 9" day of culture Jurkat-cDNA
cultivation.

All experiments were performed at least
in 3-5 replicates. Statistical analysis of
experimental series results was performed by
standard methods using Student t-test for the
5% significance level.

Results and Discussion

Lipopolysaccharides of investigated
strains of Pseudomonas chlororaphis subsp.
aureofaciens UCM B-306 and UCM B-111, which
are components of gaupsin biopreparation,
were isolated and described earlier [8]. Based on
fatty acids and monosaccharides composition,
including the presence of heptose, 2-keto-
3-desoxyoctanoic acid and 3-hydroxy fatty
acid, it is demonstrated that LPS of P. chloro-
raphis for the first time isolated by us contain
all characteristic for these biopolymers
components.

The influence of P. chlororaphis subsp.
aureofaciens UCM B-306 and UCM B-111
LPS was studied on three types of viruses:
influenza, herpes type 2 and bovine diarrhea
viruses, which was used as hepatitis C virus
model. They belong to different families:
Orthomyhoviridae, Herpesviridae and
Flaviviridae, respectively. These viruses
were selected for studies concerning LPS
influence on them, as they cause a series of
life-threatening human diseases: influenza
H1N1, which, since 1947, occasionally
causes a flu epidemics; herpes simplex type
2, which infects the body of almost 90% of
our planet population and capable of long-
term persistence in the body, causing chronic
and latent forms of infection with periodic
exacerbations. Some herpes viruses are able to
spread transplacentally and cause intrauterine
and neonatal pathology; and hepatitis C virus,
which causes dangerous liver disease capable in
some cases to be complicated by cirrhosis and
carcinoma. Therefore, finding of preparations
able to retard the development of diseases
caused by viruses described above represents
the theoretical and practical interest.

To determine the cytotoxicity of investi-
gated preparations and their effects on viru-
ses reproduction, LPS were tested at con-
centrations ranging from 1.55 to 100.0 ng/ml.

The results of experiments to determine
the MNTC show that both LPS on three types
of cultures: MDCK, Vero and MDVK were non-
toxic and did not cause degeneration of cells
even at a concentration of 100.0 pg/ml.
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LPS minimal concentration that can
inhibit the reproduction of the virus by
1.0-2.0 1g TCD;y, was equal to influenza,
herpes and bovine diarrhea viruses (Fig. 1-3).
The reduction of viruses’ infectious titer at
least by 2.0 lg TCD;, influenced by LPS was
observed even at a concentration of 1.55 ng/ml
for both LPS. In fact, LPS preparations
inhibited influenza virus reproduction by
5.0-6.0 1g TCDy,, VBVD (surrogate HCV) —
by 4.0-5.0 1g TCDy,, herpes virus type 2 — by
3 1g TCDg,,.

According to the MNTC/EDy, ratio,
indices of selectivity of P. chlororaphis subsp.
aureofaciens UCM B-306 and UCM B-111
LPS preparations against the influenza
virus A/FM/1/47 (H1N1), herpes simplex
type 2 and bovine diarrhea accounted for at
least 64. Therefore, investigated LPS are
effective inhibitors of investigated viruses
reproduction.

The purpose of the following studies
was to perform anti-virus LPS screening on
the model of cell culture Jurkat producing
human hepatitis C virus. As a result of
suspension cultures Jurkat transfection
with ¢cDNA of HCV from a patient using
Turbofect we received producing cell cultures
transfected with cDNA of HCV that provide
stable production of HCV with viral loading
of 2.9-10%, 1.6-10°, 1.1-10°, 7.6-10%, 1.0-10°
genome/equivalents.

In the model of transfected human hepatitis
C virus with viral loading of 2.9-10® genome/
equivalents the effect of LPS was determined.
Into producing culture Jurkat HCV the LPS
preparations in dilutions of 1:1000 were

lg TDCj

Infectious titer of influenza virus,
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added. After 5 days in each sample the HCV
RNA loading was determined. The study shows
that the introduction of LPS 1 and 2 fully
inhibits the HCV production, i.e. in producing
cultures Jurkat HCV the viral loading was not
found, while in the control cultures
Jurkat HCV the viral loading was
3.83:10% genome/equivalents.

Thus, it is revealed that LPS of P. chloro-
raphis subsp. aureofaciens UCM B-306 (LPS
1) and UCM B-111 (LPS 2) are highly active
antiviral agents. They inhibit the reproduction
of influenza viruses A/FM/1/47 (H1IN1), herpes
simplex type 2, and bovine viral diarrhea that
is surrogate hepatitis C virus. Although the
mechanism of LPS antiviral activity until today
is not deciphered, we can assume that there
are two such mechanisms. Since the majority
of LPS biological activity types is due to lipid
A, the most conservative part of the molecule,
as evidenced by almost the same fatty acid
composition [8], we can assume that lipid A
is responsible for the antiviral effect that in
P. chlororaphis subsp. aureofaciens UCM B-306
and UCM B-111 was similar. We cannot exclude
the impact of the O-specific polysaccharide
(OPS), the most variable part of LPS molecule.
Although earlier [9] we found that there are
significant differences in the OPS structure
of two studied strains of P. chlororaphis subsp.
aureofaciens: one OPS represented by linear
trisaccharide while another by branched
tetrasaccharide, they have one common
characteristic: contain the residues of 2-amino-
2-deoxy-galacturonic acid (GalNAcA). This
fact is very important because it is known that
receptors of some viruses are galactose-specific.
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Fig. 1. EDgq of LPS preparations (1 and 2) of P. chlororaphis subsp. aureofaciens against the influenza virus,
P < 0.05 versus control
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Fig. 2. EDgq of LPS preparations (1 and 2) of P. chlororaphis subsp. aureofaciens against the herpes virus,
P < 0.05 versus control
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Fig. 3. EDgq of LPS preparations (1 and 2) of P. chlororaphis subsp. aureofaciens against the VBVD virus,
P < 0.05 versus control
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MeToi0o poboTH OYJI0 HOCHIAUTH 3TaTHICTE JIi-
momoJicaxapuniB ABox mitaMiB Pseudomonas
chlororaphis subsp. aureofaciens npuraiuyBaru
in vitro penpoayKILilo BipycCiB JIOAUHU — T'PUITY
A/FM/1/47(H1N1) ta mpocToro repiecy 2 Tuiy,
6uuauoi riapei, 1110 BUKOPUCTOBYIOTH AK MOJEJb
Bipycy rematuty C, a TakoX iHri6yBaTu mpo-
nyKIrito Bipycy rematutry C B MOAeNbHil cucTeMi
KJaiTuH, TpaHchikoBanux KIHK mporo Bipycy.
BcranoBieno, 1o aas 000X JimomoJjicaxapumgis
Ha TPhOX Tumnax Kyabtyp: MDCK, Verota MDBEK
TOKCUYHICTh HE BUABJIAJIACH HABITH B KOHIIEHTPA-
mii 100,0 MKr/mMia, a 3HUKEeHHS iHQeKIifHOoro
TUTPY Bipycy 6inbm Hixk Ha 2,0 1g TI[5, (EDgg)
IOoCATaJIOCHh ByKe 3a KOoHIeHTpalil 1,55 MKr/mi.
BusunaueHHs iHIEKCiB ceJIeKTMBHOCTI mpemapa-
TiB JIimomoJricaxapuAiB CTOCOBHO Bipycy rpumy
A/FM/1/47(H1N1), npocToro reprecy 2 TUITy Ta
O6muauoi miapei MIIAXOM BCTAHOBJEHHSA CIIiBBij-
HOIIIEHHS MaKCHUMAaJbHOI HETOKCUYHOI KOHIIEH-
Tpatnil 1o EDgg cBiguuTh, 110 Jinonoaicaxapunu
P. chlororaphis subsp. aureofaciens YKM B-306
ta YKM B-111 € epexkTuBHUME iHTiOiTOpamMu pe-
OPOAYKIIiI mocIiAsKyBaHUX BipycCiB: iHIEKC cesleK-
TUBHOCTI CTAHOBUTH IfoHaiimenIin 64. Ha mozmei
kiaitun Jurkat, rparchikosanux kI[HK Bipycy
renatuty C JIOAVHYU, BU3HAYAIN HAaBAHTAKEHHA
PHK mworo Bipycy B KiaiTuHax, 0o6podaenux JIIIC
P. chlororaphis subsp. aureofaciens. Pesyabratu
IOCJiI’KeHb CBiJUaTh, 110 Y pasi BBeJeHHS JIil0-
noJyricaxapuziB 060X IITaMiB PeIPOAYKILiA Bipycy
renatuty C moBHicTIO iHTiOyeTHCA.

Karmuosicnosa: ninonosicaxapunu Pseudomonas
chlororaphis subsp. aureofaciens, Bipycu rpuiy,
repnecy Ta renatuty C.
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ITesnbio paboThI GBLIO MCCIELOBATE CIIOCOOHOCTH
JINTIOTIOJINCAXaPUIOB ABYX IIITaMMOB Pseudomonas
chlororaphis subsp. aureofaciens nHruGUPOBATH in
Vitro pepoayKIINIO BUPYCOB UeJI0BeKa: rpumnmna A/
FM/1/47(H1N1), oupocroro repieca 2 TUia u ObI-
ubeil [uapeu, UCI0Jb3yeMbIX KaK MOIEeJb BUpyca
renatuta C, a TaKkKe MHIMOMPOBATh IPOIYKIIUIO
Bupyca renatuta C B MOAEJIBHOU CUCTEME KJIETOK,
tparchunupoBarubx KIIHK sToro Bupyca. Ycra-
HOBJIEHO, UTO [JIS 000MX JINIIOIIOJHCAXAPUI0B HA
Tpex Tunax Kyiabryp: MDCK, Vero u MDBK TOK-
CUYHOCTD He IIPOSABJIAIACEH JasKe B KOHIIEHTPAI[UT
100,0 MKr/mMi, a CHIKeHre NHPEeKIITMOHHOT'O TUT-
pa Bupyca 6osee uem Ha 2,0 lg TI[ 5, (EDgg) ro-
CTUTAJIOCH YoKe IpU KOHIleHTpanuu 1,55 MKr/MJI.
OmnpezesieHne NHIEKCOB CEJIEKTUBHOCTH IIperapa-
TOB JIMIIOIIOJIMCAXAPUIOB 10 OTHOIIIEHUIO K BUPY-
cy rpunna A/FM/1/47(H1N1), mpocroro repmeca
2 tuna u ObIUBEH AUapeu IyTeM YCTaHOBJIEHUS CO-
OTHOIIIEHUA MaKCUMaJbHON HETOKCUYECKON KOH-
neHTpanuu K EDgyg cCBUAETENIBCTBYET, UTO JIUIIOIO-
nucaxapunsl P. chlororaphis subsp. aureofaciens
YKM B-306 u YKM B-111 aBnsiorcsa s PeKTUB-
HBIMY UHIUOUTOPAMU PEIPOAYKIIUY UCCIeTyEeMbIX
BUPYCOB: UHAEKC CEJIEKTUBHOCTU COCTABJISIET He
meHee 64. Ha mogmenu Kietok Jurkat, Tpanchu-
nupoBaHHIX K[IHK Bupyca renatura C uemoBeka,
ompenensanu Harpysky PHK atoro Bupyca B KieT-
Kax, oopaborauubix JIIIC P. chlororaphis subsp.
aureofaciens. Pe3ynbTaThl ncCaeIOBAHUN CBUIE-
TeJLCTBYIOT O TOM, UTO IPU BBEIEHUU JIUIIOMOJIM-
caxapuaoB 000MX IITAMMOB PEIPOAYKIIUA BUPycCa
renaruta C MOJTHOCTHIO MHTUOUPYETCA.

Knwouesvle cnosa: nunononucaxapunbl Pseudo-

monas chlororaphis subsp. aureofaciens, BUpychI
rpumnima, repueca u rematura C.
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