oerMHaﬂbele CTaTbu

NHdekumns n uMmyHnTeT
2021, T. 11, Ne 2, c. 349-356

Original articles

Russian Journal of Infection and Immunity = Infektsiya i immunitet
2021, vol. 11, no. 2, pp. 349-356

S. PYOGENES M49-16 ARGININE DEIMINASE
INHIBITS PROLIFERATIVE ACTIVITY OF HUMAN
PERIPHERAL BLOOD LYMPHOCYTES

E.A. Starikova®’, T.A. Leveshko?®, D.V. Churakina®, 1.V. Kudryavtsev®, L.A. Burova?,
I.S. Freidlin®"¢

@ Institute of Experimental Medicine, St. Petersburg, Russian Federation
b Pavlov First St. Petersburg State Medical University, St. Petersburg, Russian Federation
¢ St. Petersburg State University, St. Petersburg, Russian Federation

Abstract. Arginine deiminase is one of three enzymes constituting the arginine deiminase system in bacteria. It was dem-
onstrated that arginine deiminase exerts anti-proliferative effects on some primary and immortalized mouse and human
cells. It is assumed that the inhibitory effect of arginine deiminase on cell proliferation might be related to its ability to re-
sult in the arginine exhaustion. T-lymphocytes depend on arginine for proliferation, T-cell receptor complex expression,
and the differentiation of memory cells. The aim of the current study was to investigate an impact streptococcal arginine
deiminase on functions of human peripheral blood lymphocytes. For this, we comparatively analyzed effects of Superna-
tant of Destroyed Streptococcal Cells (SDSCs) derived from parental strain S. pyogenes M49-16 and its isogenic mutant
S. pyogenes M49-16del ArcA bearing inactivated arginine deiminase gene (ArcA) on immune cell functions. An impact
of supernatants on cell viability was estimated by staining with DAPI dye. Cell proliferation was assessed by MTT-test and
flow cytometry by using the method based on intracellular protein staining with vital fluorescent CFSE (carboxyfluorescein
succinimidyl ester) dye. In addition, the level of lymphocyte tyrosine phosphatase CD45 expression in various culturing
conditions was evaluated. It was demonstrated that S. pyogenes M49-16 SDSCs had no impact on cells viability. Parental
strain-derived SDSC exerted virtually no effect on intact cells proliferation, but considerably suppressed ConA-induced
cell proliferation. At the same time, mutant strain-derived SDSC significantly stimulated spontaneous cell proliferation,
but not that one after mitogen exposure. It was observed that increased proliferation was accompanied by upregulated CD45
expression, although it was not significant in all cases. These data allow to conclude that bacterial arginine deiminase could
be one of pathogenicity factors able to limit lymphocyte proliferation and immune response and could be a part of pathogen
strategy to suppress immune response in order to improve bacterial growth and dissemination.
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B OTHOILLIEHUU Psiia MEPBUYHBIX U UMMOPTAIU30BAaHHBIX KJETOK MBIIIY U YejaoBeka. [Ipeamnonaraercs, YTo MHTMOU-
pylolee aeiicTBue hepMeHTa MOXKET ObITh CBSI3aHO C €0 CITOCOOHOCThIO MPUBOAUTH K UCTOIIEHUIO apTMHUHA B MU-
KPOOKPYKEHUU KJIETOK. BMOAOCTYMHOCTh aprMHUHA UTpaeT BaxkKHYI0 posb M npoaudepaunu T-m1uMboIUTOB,
sKcrnpeccuu 6eakoB T-KJIETOYHOro peuentopa u 1ud@epeHInpoBKY KIEeTOK MaMsTu. Lleaplo HacTosero uccie-
TOBaHMSI CTAJI0 U3yYEHUE BIAUSHUS apTUHUHACUMUHA3bl TMOT€HHOTO CTPENTOKOKKA Ha (PYHKIIMOHAJbHYIO aKTHB-
HOCTb JUM@OIIUTOB Mepudepruyeckoil KpoBU yenoBeka. sl JOCTUXEHMSI TTOCTaBJIEHHOM 11eJK ObIIO0 MPOBEAEHO
CPaBHUTEJIbHOE UCCTIEOBAHKE BAUSHUS CyTIepHATaHTa pa3pyllleHHbIX CTPENTOKOKKOBBIX KJeToK (CPC) ncxonHoro
mTamma S. pyogenes M49-16 u ero u3oreHHoro MytanTa S. pyogenes M49-16delArcA ¢ MHaKTUBUPOBAHHBIM T€HOM
apruHUHAeUMUHA3bl (ArcA) Ha GYHKIMUM UMMYHHBIX KJIETOK. BiusHMe cynmepHaTaHTOB Ha >KM3HECITOCOOHOCTh
KJIETOK OLIEHMBAJIU METOAOM MPOTOYHOU UTOMETpUH, ¢ ucnoabzoBanueMm JJHK-cBsasbiBatomiero kpacurenss DAPI.
[Mponudepanuio KiIeToK olleHUBa U ¢ moMolibio MTT-Tecta u HUTOGIYOPUMETPUIECKU C UCTTONTb30BAHUEM METOJIA,
OCHOBAHHOTO Ha OKpalllMBaHUU BHYTPUKJIETOYHOIO Oesika BUTAIbHBIM (yopecueHTHbIM Kpacutenem CFSE (kap-
ooxkcubayopecuenHCYKIUMHUMUAUIIDUPHBIM KpacuTesaeMm). Kpome Toro, B paboTte oleHUBaIN yPOBEHb 9KCIIPECCUU
Ha nuMmbonuTax TupoduHdocdarassl CD45 B paznuyHbIX YCIOBUSIX KyJbTUBUpPOBaHUS. bblio mokazaHo, uto CPC
S. pyogenes M49-16 He oKa3bIBaJ BIUSIHUS Ha XKU3HECTOCOOHOCTH KJeTOK. CPC McxoaHOro mraMmma npakTHIecKu
HEe BAMSJI Ha Mpoaudepalnio MHTAKTHBIX KJIETOK, HO 3HAUMTEJIbHO MOAABIS Mpojudepainio KAeToK, WHAYILIU-
poBaHHy1o ConA. B 1o xe Bpemss CPC MyTaHTHOro 11TaMMa J0CTOBEPHO MOBBIIIAJ CIIOHTAHHYIO MpoJudepalnio
KJIETOK U He OKa3bIBaJl BIMSHUS Ha poaudepaluio, UHAYIMPOBAHHYIO MUTOTeHOM. bbljio moKa3aHo, 4TO yBeauye-
HUe npoaurdepalny COPOBOXIAI0Ch YBeIMUYeHUeM YpoBHS akcripeccun CD45, onHaKo 9T U3MEHEHUST HE BO BCeX
cayyasix Obliu ocToBepHBI. [ToyuyeHHbIe TaHHbBIE MO3BOJISIIOT 3aKJIIOUUTh, YTO OaKTepraibHas apTUHUHACUMUHA-
32 MOXET SIBJISITbCSI OMHUM U3 (PAaKTOPOB MaTOr€HHOCTH, CITIOCOOHBIX OrpaHUYMBATh Mpoudepalnio TuMGOIUTOBR

M pa3BUTUC UMMYHHOI'O OTBE€TA C HCJIbIO YIYUIICHUA pOCTa U AUCCEMUHALINN 6aKTCpHﬁ.

Karuesnle caosa: apeunundeumunasa, Streptococcus pyogenes, aumgpouyumot, CFSE, nporugepayus, CD45.

Introduction

Arginine deiminase (AD) is one of three enzymes
constituting the arginine deiminase system in bacte-
ria [19]. The AD system is widespread among prokary-
otes, and for Mycoplasma spp. L-arginine catabolism
caused by this enzymatic complex serves as the main
non-glycolytic energy source [4]. AD system protects
bacteria from low pH with ammonia production and
improves bacterial growth and biosynthesis processes
with citrulline and ATP generation [4, 19]. Initially,
streptococcal AD was isolated from S. hemolyticus
Su strain cell extract in 1985 [33]. Enzyme which at
that time was called “streptococci acid glycoprotein
(SAGP)” was able to suppress proliferation of trans-
formed hamster embryonic lung cells (THEL) [31].
Later on, the gene encoding this protein was charac-
terized, cloned and expressed in E. coli system [17],
and only in 1998 it was proved that the product
of this gene possesses arginine hydrolyzing activity
and has high homology with AD, previously extract-
ed from Mycoplasma hominis, Mycoplasma arginini,
Pseudomonas putida and Pseudomonas aeruginosa [8].

Subsequently, AD activity was also described
for other S. pyogenes strains [6]. It was demonstrated
that S. pyogenes AD, as well as homologous enzymes
extracted from other microorganisms, displayed
antiproliferative effect on a number of primary and
immortalized mouse and human cells [7, 29, 30, 32].
Currently, researchers’ attention is generally focused
on studying mechanisms of anti-tumor impact of this
enzyme [18]. Meanwhile, in an adult, immune cells
as well as tumor cells show high transient prolifera-
tive activity. Clonal expansion and differentiation
lymphocytes into effectors and memory cells un-

derlies the adaptive immune response to infection.
Arginine bioavailability is an important factor that
regulates activation and proliferation of immune
cells [23]. Arginine depletion in the site of infection
could be a part of pathogen’s strategy to suppress im-
mune response in order to improve bacterial growth
and dissemination. Thus, the investigation of bacte-
rial AD influence on immune cells function in host
organism requires detailed examination to be carried
out. The objective of this research is to study . pyo-
genes M49-16 AD influence on functions of human
peripheral blood lymphocytes.

Materials and methods

Obtaining supernatant of ultrasonic destroyed
streptococci. S. pyogenes M49-16 delArcA strain
was obtained and characterized as described ear-
lier [26]. Supernatant of Destroyed Streptococcal
Cells (SDSCs), containing biologically active intra-
cellular components, were extracted from the cul-
tures of parental S. pyogenes M49-16 and its isogenic
mutant with arcA (AD) gene deletion S. pyogenes
M49-16 delArcA. Streptococci were cultured within
18—20 hours at 37°C in Todd—Hewitt (Difco) me-
dium in aerobic conditions, sedimented by centrifu-
gation and washed twice with PBS (150 mM NacCl,
10 mM Na-phosphate buffer, pH 7.4), containing no
liposaccharide. Concentration of bacterial cells sus-
pension was standardized in accordance with opti-
cal density, and its amount was made up to 2.5—5 x
10® colony-forming units per milliliter. Ultrasonic
disintegration of streptococci was carried out with
the amount of 5 ml of bacterial suspension in PBS at
pH 7.4 for 5 min, at frequency of 22 kHz and power
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0.6—0.8 mA on a disintegrator (MSE). The com-
pleteness of bacterial cells destruction was controlled
microscopically, after that the suspension was cen-
trifuged at 1600g for 30 min. Received supernatants
were then sterilized with use of Filtropur S filters
with 0.45 pym pore size (Sarstedt, Germany) and
stored at —20°C.

Isolation of mononuclear cells from human periph-
eral blood. Healthy donors’ blood of both sexes, aged
from 20 up to 50 years old, was collected in a vacuum
test tube with K3EDTA. To isolate mononuclear leu-
kocytes, separation was carried out by cells sedimen-
tation on Ficoll solution gradient with 1.077 g/cm?
density (Biolot, Russia). Blood sample was diluted
by 3 times in Hanks’s solution (Biolot, Russia), lay-
ered on Ficoll solution gradient (Biolot, Russia) and
centrifuged in a horizontal rotor at 400g for 40 min.
Mononuclear leukocytes were harvested and washed
twice in 0.5 mM EDTA solution (Biolot, Russia) at
300g for 15 min at 4°C. Quantity of cells was then
counted in Goryaev's chamber.

MTT cell proliferation assay. The impact of SDSCs
on PBMC:s proliferation was assessed by MTT-test,
according to mitochondrial dehydrogenase activ-
ity [21]. The cells, isolated as described before, were
placed in 96-well plates (Sarstedt, Germany) in con-
centration of 200 000 cells/100 ul RPM11640 culture
medium (Biolot, Russia) supplemented with 10%
of FBS (Invitrogen, USA), 50 pug/ml of gentamycin
(Biolot, Russia), 2 mM of glutamine (Biolot, Russia)
and 50 pM P-mercaptoethanol (Sigma-Aldrich,
USA). For induction of cell proliferation 5 pg/ml
ConA (Sigma-Aldrich, USA) was used. SDSCs
of parental and mutant strain were added in 1/50 and
1/100 dilution. No SDSCs were added to the con-
trol wells. The cells were cultured for 6 days at 37°C
in humidified environment with 5% of CO,.

On the 3" day of cultivation partial replacement
of the cultural medium with the fresh one with sup-
plements was performed. For the last 4 hours of ex-
periment MTT was added to each well (Sigma-
Aldrich, USA) in final concentration of 0.5 mg/
ml. After that 100 pl of lysing buffer, containing
10% sodium dodecyl sulfate (Serva Electrophoresis,
Germany) in 0.01N-HCI was added, and incubated
at 37°C over night. Results were analyzed by spectro-
photometer (Microplate reader, model 680, BioRad,
USA) at the wavelength of 570 nm. Proliferation level
was estimated according to optical density in wells.
The results were shown in percentage. Optical den-
sity in the control wells, containing cultural medium
was defined as 100%.

Cell proliferation assay by flow cytometry. For pro-
liferation assessment we used a method based on in-
tracellular protein staining by vital fluorescent CFSE
(carboxyfluorescein succinimidyl ester) dye (Sigma-
Aldrich, USA). Isolated, as described before, PBMCs
were brought to concentration 1 x 10° cells per ml
of Hanks solution (Biolot, Russia) with CFSE (Sigma-

Aldrich, USA) in final concentration of 0.5 pg/ml
and left for 10 min in water bath, at 37°C. After that
the cells were washed twice by centrifugation at 300g,
4°C, for 15 min in cold Hanks solution containing
1% of FBS (Sigma-Aldrich, USA). CFSE stained
PBMCs were placed in 24-well plate in concentration
of 2000000 cellsyml RPMI 1640 culture medium
(Biolot, Russia) containing 10% of FBS (Invitrogen,
USA), 50 pg/ml of gentamycin (Biolot, Russia),
2 mM of glutamine (Biolot, Russia) and 50 uM
B-mercaptoethanol (Sigma-Aldrich, USA). ConA at
final concentration of 5 pg/ml was used for prolifera-
tion induction. SDSCs of parental and mutant strains
were added in 1/50 and 1/100 dilution. No SDSCs
were added to the control wells. On the 3™ day of culti-
vation partial replacement of the cultural medium with
the fresh one with supplements was carried out. After
6-day cultivation the cells were harvested in cytometry
test tubes (Beckman Coulter, USA) and stained with
PCS5 conjugated CD45 antibodies (Beckman Coulter,
USA). For necrosis level assessment cellular suspen-
sion was stained with 300 nM of DNA-binding dye
DAPI (Invitrogen, USA). Samples assessment was
carried out by a flow cytometer Navios™ (Beckman
Coulter, USA).

Statistical analysis. The differences between experi-
mental group were tested for significance by Student’s
t-test for independent group. In all tests zero hypothesis
was rejected at p > 0.05. Analysis were carried out using
the Statistica 8.0 (StatSoft, USA).

Results

The influence of SDSCs on PBMCs proliferation
(Table 1). Initially, cells were gated on the living
(DAPI-negative) and CD45"e" (lymphocyte). It was
demonstrated that under standard conditions of cul-
tivation the proportion of lymphocytes which did not
undergo any divisions made up to 99% (Table 2, Fig.,
bottom row). Parental strain SDSCs had an effect
only in dilution 1/100, expressed in a significant in-
crease in the proportion of cells experiencing 1 divi-
sion. Incubation in presence of mutant strain SDSCs
resulted in a significant increase in the persent-
ages of cells undergoing up to 7 and 8 divisions
with SDSCs 1/50 and 1/100 dilutions, respectively.
Meanwhile, a significant decrease in the proportion
of non-divided cells to 65% with maximum SDSC
dilution was observed.

In case of ConA treatment the proportion of cells
which underwent up to 8 divisions increased; simul-
taneously, the proportion of non-divided cells de-
creased upto43% (Table 3, Fig., bottom row). Parental
strain SDSC significantly suppressed ConA-induced
proliferation that was expressed in doubling in the
proportion of non-divided cells with a decrease in the
proportion of divided ones. The strongest inhibiting
effect of parental strain SDSC was observed in the
maximum concentration (dilution 1/50). In contrast,
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Table 1. The influence of SDSCs on PBMCs viability

Proportion of live DAPI-CD45" cells (%, M+m, n = 5), after incubation
with SDSC M49-19 with SDSC M49-16delArcA
without SDSCs
1/50 1/100 1/50 1/100
Culture medium
(control) 71.3£9.03 71.6%£5.32 71.6£4.36 71.4£4.31 74.2+3.36
ConA5 pg/ml 7471416 63.1+10.20* 62.9+11.99 62.1£26.27 70.6+24.58

Notes. * — statistically significant difference compared to the control (p < 0.05). A significant decrease in living cells proportion took place only
in the presence of ConA and parental strain SDSC in dilution 1/50 and made up 10%. It is noteworthy that ConA and SDSCs of S. pyogenes M49-16 had

no independent impact on cells viability.

Table 2. The influence of SDSCs on the human peripheral blood lymphocyte spontaneous proliferation

Proportion of CD45" cells (M+m) which underwent corresponding number of divisions,
Number after incubation with
of divisions Culture medium SDSC M49-19 SDSC M49-16delArcA
(control) 1/50 1/100 1/50 1/100
0 98.7+0.3 91.3+4.5 85.3+6.8 65.3+6.4* 70.0+2.5*
1 1.2+0.31 3.3£1.12 4.5+1.31* 5.5+0.95* 5.1+0.88*
2 0.1x£0.02 1.9£1.09 3.1x1.45 5.0+0.78* 4.7+0.61*
3 0.04+0.024 1.4+0.94 2.4%1.33 5.2£0.61** 4.9£0.42*
4 0.02+0.020 1.0+0.68 1.9+1.16 5.2+0.85** 4.8+0.41**
5 0 0.9£0.61 1.8+1.03 5.2+1.13** 4.3£0.18**
6 0 0.2+0.24 0.8+0.50 3.8+0.94* 3.2£0.33**
7 0 0.1£0.10 0.4£0.24 2.3+0.74* 1.9£0.31**
8 0 0 0.2+0.14 2.241.38 0.9£0.31**

Notes. * — statistically significant difference compared to the control; ** — statistically significant difference compared to the SDSC S. pyogenes

M49-16 in corresponding dilution (p < 0.01).

mutant strain SDSC showed a weak inhibiting effect
on ConA-induced lymphocytes proliferation. In this
case the proportion of cells which underwent up to 4
divisions slightly decreased in presence of SDSC di-
lution 1/50.

Assessment of PBMCs proliferative activity was
carried out with use of MTT-test. Parental strain
SDSC had no impact on intact cells proliferation,
but suppressed the proliferation induced by ConA

(Table 4). Mutant strain SDSC significantly stimu-
lated spontaneous cell proliferation and had no sig-
nificant impact on mitogen-induced proliferation.
The influence of SDSCs on CD45 tyrosine phos-
phatase expression. The mutant strain SDSC signifi-
cantly enhanced CD45 expression on non-divided
cells given that they were not stimulated by ConA.
Herewith on dividing cells, CD45 expression sig-
nificantly increased. PBMCs incubation in the pres-

10° 10° 10° 10 10° 10°
8 8 8o 3 8 i | 5
s " g By B107 e &0 g g g
: 1 s 5 m§ : : |
010 Om 010" 3 Om‘ Om‘ Om‘
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Figure. Effect of SDSCs on the human peripheral blood

lymphocyte proliferation and CD45 expression

Notes. Upper row. Representative dot plots show CD45 expression versus CFCE fluorescence. From left to right: culture
media, M49-16, M49-16delArcA, ConA, ConA and M49-16, ConA and M49-16delArcA. Bottom row. Representative histograms

show CFCE fluorescence. From left to right: culture media, M49-16
16delArcA.

, M49-16delArcA, ConA, ConA and M49-16, ConA and M49-
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Table 3. The influence of SDSCs on the human peripheral blood lymphocyte proliferation induced by ConA

Proportion of cells (%, M£+m) which underwent corresponding
Number number of divisions, cultivated with
of divisions ConA SDSC M49-19 SDSC M49-16delArcA
(control) 1/50 1/100 1/50 1/100
0 42.7£3.8 81.6+9.8* 69.6+9.9* 47.6+6.6% 47.4%6.3
1 10.4£11 6.4+2.35 9.8+1.90 10.1£0.72 10.6+0.80
2 9.3+1.13 4.0£2.25 6.1£2.47 9.0+0.55 9.4+0.76
3 9.2+0.98 3.2+1.98* 6.0+2.23 8.4+0.65** 8.8+0.80
4 9.3+1.16 2.4+1.55% 4.7+1.88 7.5+£0.95** 8.0+1.08
5 8.311.29 1.5+1.06* 2.4+1.31* 7.0£1.51** 7.3+1.53**
6 5.5+0.71 0.7£0.52* 1.1+0.60* 5.3£1.52** 5.1£1.30**
7 3.0+1.03 0.3+0.26* 0.3+0.27* 3.1+1.00** 2.4+0.42**
8 1.4+0.86 0 0.02+0.020 1.4+0.64 1.0+£0.26**

Notes. * — statistically significant difference compared to the control; ** — statistically significant difference compared to the SDSC

S. pyogenes M49-16 in corresponding dilution (p < 0.01).

ence of parental and mutant strains SDSCs caused
a significant increase in CD45 expression on divid-
ing cells not stimulated by mitogen, compared with
control. But in this case, there was no significant
difference in the effects showed by these two SDSC
strains.

Under the influence of ConA, the expression
of CD45 significantly increased on both non-divided
and divided cells in comparison with the correspond-
ing controls. The difference in the marker expression
on divided and on non-divided cells was significant
only for the parental strain SDSC. For the mutant
strain SDSC, there was no significant difference be-
tween these parameters. (Tabl. 5, Fig., upper row).

Discussion

In current work the influence of streptococcal AD
on functional activity of human peripheral blood lym-
phocyte was carried out. The study was carried out with
S. pyogenes M49-16 isogenic mutant lacking the abil-
ity to make AD that has been constructed and char-
acterized earlier [27]. An assay SDSCs prepared from
the parental and mutant strains showed that significant
AD activity was present in parental SDSC but none
could be detected in mutant one [26]. It was established
that parental and mutant strains SDSC did not exhibit
toxic impact on human PBMCs (Tabl. 1). Cell death
was observed to increase only in case of concomitant

Table 4. The influence of SDSCs on the PBMCs proliferation

Total proliferation level of PBMCs (%, M+m, N = 14) cultivated

with SDSC M49-19 with SDSC M49-16delArcA
without SDSCs
1/50 1/100 1/50 1/100
Cultural medium (control) 100 87.4+9.32 93.0+11.28 147.2+13.77** 143.3+£13.04**
Con A5 mkg/ml 133.6+14.16* 101.3+10.20 106.3+11.99 174.4£26.27** 163.2+24.58**

Notes. * — statistically significant difference compared to the control; ** — statistically significant difference compared to the SDSC

S. pyogenes M49-16 in corresponding dilution (p < 0.01).

Table 5. SDSCs impact on CD45 expression on PBMCs

Cell culturing in presence

The level of CD45 expression, the mean fluorescence intensity (MFl, M+m, n = 4)

without ConA

with ConA

non-dividing cells dividing cells non-dividing cells dividing cells
Culture media (control) 13.5+3.64 21.7+2.48*** 25.9+1.16** 40.5£7.45**
M49-19 1/50 17.5£1.16 30.941.81*** 20.7:1.77 34.7+3.29***
M49-19 1/100 18.1£0.83 35.8+5.14*** 19.9+2.84 37.0+4. 72+
M49-16delArcA1/50 20.8+5.82* 37.5+3.31*** 31.5+1.67 47.5+13.02
M49-16delArcA1/100 23.4%4.83 40.2+6.27*** 28.1x4.77 40.6+9.47

Notes. * — expression level is significantly different from control (p < 0.05); ** — expression level is significantly lower than expression level with ConA;
*** — expression level with SDS S. pyogenes M49-16 is significantly lower than expression level with SDS S. pyogenes M49-16 delArcA in corresponding

dilution.
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cells cultivation in presence of ConA and parental
strain SDSC. Parental and mutant strains SDSCs had
an opposite effect on the proliferation of untreated and
ConA-stimulated cells. Parental strain SDSC slightly
increased the level of spontaneous cells proliferation
(Tabl. 2, Fig., bottom row) and, on the contrary, sig-
nificantly suppressed proliferation induced by ConA
(Tabl. 3, Fig., bottom row). Meanwhile, mutant strain
SDSC had a significant stimulating effect on lympho-
cytes spontaneous proliferation (Tabl. 2, Fig., bottom
row), but showed no effect on ConA-induced lympho-
cyte proliferation (Tabl. 3, Fig., bottom row).

Comparison of the effects of parental and mutant
strains SDSC which differ by only one protein expres-
sion showed that AD is the factor which inhibits lym-
phocytes proliferation. These results confirm the data
of other researchers demonstrating a decrease in pro-
liferative activity of human PBMCs under the influ-
ence of AD obtained from commensal bacteria of oral
cavity Granulicatella elegans [16]and pathogenic bac-
terium of S. pyogenes Manfredo strain [§].

Itisassumed that the inhibitory effect of AD on lym-
phocytes proliferation could be caused by the enzyme’s
ability to result in the arginine exhaustion in the cul-
ture medium. There is a lot of data proving that argi-
nine is necessary for lymphocytes proliferation, T-cell
receptor expression and memory cells differentiation [3,
11, 23]. Arginine depletion is the central pathway that
was used by arginase-expressing myeloid suppressor
cells to limit effector T-cell functions [9, 10, 20, 24].
It is shown that myeloid suppressor cells cause inhibi-
tion of T lymphocytes proliferation in vitro due to de-
creased expression of T-cell receptor CD3( chain [22].
Arginine is the substrate for both enzymes — arginase
and AD, but metabolites of these enzymes are quite dif-
ferent. Unlike arginase, which converts arginine into
ornithine, bacterial AD catalyzes arginine conversion
in citrulline and the deficiency of arginine can be com-
pensated by the re-synthesis of this amino acid from cit-
rulline. It was shown that the proliferation of activated
T lymphocytes reduced due to arginine deprivation
in vitro could be restored with citrulline addition [2].
Besides, in the conditions of low arginine concentra-
tion an amino-acid transpoter CAT-1 expression and
citrulline transport up-regulated in T lymphocytes [15].
In addition, argininosuccinate synthase expression in-
creased providing citrulline conversion into arginine [2,
9, 28]. Therefore, the mechanisms of AD influence
on the functional activity of lymphocytes may have
their own features in comparison with the mechanisms
defining the action of arginase.
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