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Abstract

The aim: In vitro identification of targets for antagonism factors in klebsiellas and enterococci for Candida albicans
isolated from the intestinal microbiome of HIV infected patients.

Materials and methods. The tests were performed using 38 Candida albicans strains, 28 Klebsiella pneumoniae
strains, and 30 Enterococcus faecalis strains isolated from the intestinal microbiome of 89 HIV infected children.
The mean age of the patients was 24 + 2 months; the group consisted of 49 (55%) boys and 40 (45%) girls.
Microorganisms were isolated from the intestinal biotope using such selective media as HiChrome Candida Agar,
HiChrome Klebsiella Selective Agar Base, and Enterococcus Agar; the study included identification of species.
Model experiments were performed to study anti-catalase activity of E. faecalis exometabolites and the impact of
K. pneumoniae on morphological transformation of C. albicans fungi.

Results. Klebsiellas decrease the intensity of germ tube formation in C. albicans by 58.7% (p < 0.01). When
cocultured, 12.3% of the yeast cells produce germ tubes, while 29.8% of transformed cells was detected in the
fungal monoculture. It has been found that exometabolites of 65.7% of E. faecalis strains decrease production of
catalase in C. albicans. The initial catalase level in untreated cultures of C. albicans averages 1.02 pymol/min of
optical density; after they are treated with E. faecalis exometabolites, the level decreases to 0.55 pmol/min, i.e.
by 46.1% (p < 0.05).

Conclusions. K. pneumoniae and E. faecalis demonstrate antagonism of different intensity toward C. albicans.
Morphological transformation and catalase production are targets for antagonism factors of facultative microbiota
in C. albicans.
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morphological transformation
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UccnepoBaHume in vitro MexaHM3MoOB B3aMOAENCTBUA rpu6os
Candida albicans c Klebsiella pneumoniae n Enterococcus faecalis,
BblZe/IeHHbIX U3 KNLWEeYHOro mukpoo6moma BUY-nupuumpoBaHHbIX
nawuueHToB

3axaposa l0.B.”™, OtaywkuHa J1.10.", MapkoBckas A.A.", HecBuxckuii 10.B.> 3,
AdaHacbes C.C.3, JleBaHoBa J1.A.'

'KeMepoBCK1IA roCcylapCTBEHHbIN MEAVLUHCKII YHBepcuTeT, KemepoBso, Poccus;

MepBbiit MOCKOBCKMIA FOCYyAapCTBEHHbIV MeANLMHCKNIA yHBepcuTeT umeHn U.M. CeueHoBa

(CeueHoBckuin YHnBepcuTeT), MockBa, Poccus;

3MOCKOBCKUI HayYHO-UCCNIE[OBATENbCKUN MHCTUTYT SNMAEMUONIOTUUN U MUKpobronorun nm. IH. labpuuesckoro,
MockBa, Poccus

AHHOMauyus

Llenb: onpegenexue in vitro MuieHen onsa hakTopoB aHTaroHM3ma knebcvenn n aHTepokokkoB Y rpubos Candida
albicans, BblOenNeHHbIX U3 KULWeYHOro Mmnkpobrnoma BNY-MHpMLUMPOBaAHHbLIX NALMEHTOB.

Matepuansbi n Mmetopabl. B akcnepumeHTax ncrnonb3oBaHbl 38 wrammoB rpubos Candida albicans, 28 wram-
moB Klebsiella pneumoniae n 30 wrtammoB Enterococcus faecalis, N30nNMpOBaHHbIX 13 KULLEYHOro MUKpobuoma
89 BUY-nHduumpoBaHHbIX aeTeii. CpegHuii Bo3pacT NauueHToB cocTaBun 24 = 2 Mec, ManbiuMkoB ObIno
49 (55%), neBovek — 40 (45%). MukpoopraHuambl BbIAENANN U3 KMLWLEYHOro 6uotona ¢ MCNonb30BaHNEM Ce-
nekTMBHLIX NUTaTensHbIX cped HiChrome Candida Agar, HiChrome Klebsiella Selective Agar Base, QHTEepOKOKK-
arap; NpoBOAMIU BMOOBYI MAeHTUdMKauMo. B MogenbHbIX aKCnepuMeHTax M3yvyeHa aHTuMKaTanasHas akTuB-
HOCTb 3k3omeTabonuToB E. faecalis v BnusiHue K. pneumoniae Ha MOpPOrormieckyto TpaHccopmauuio rpnbos
C. albicans.

Pesynbratbl. Knebevennel Ha 58,7% CHWXaloT MHTEHCMBHOCTL 0bpasoBaHns pocToBbix Tpybok y C. albicans
(p < 0,01). Mpu coBMecTHOM KynbTMBUPOBaHUM 12,3% OPOXCKEBBIX KIETOK OAOT POCTOBbLIE TPYOKM, TOrAa Kak B
MOHOKYNbTYpe rpnbos o6Hapyxunnu 29,8% TpaHchOpMUPOBaHHbIX KNETOK. YCTaHOBMEHO, YTO aKk3oMeTabonuThl
65,7% wtammoB E. faecalis cHwxatoT npogykumio katanasel y C. albicans. VicxogHbIi ypoBeHb kaTanasbl y UH-
TakTHbIX KyneTyp C. albicans B cpegHem cocTtaenseT 1,02 MKMOMb/MUH ONTUYECKON MAOTHOCTHK, nocrne obpaboT-
Kn ak3omeTabonutamm E. faecalis cHmxkaetca oo 0,55 mkmonb/MuH, T.€. Ha 46,1% (p < 0,05).

BbiBoAabl. K. pneumoniae v E. faecalis nposiBnsitoT aHTaroHuam k C. albicans ¢ pa3HOl CTeNeHbio BblpaXKeHHO-
ctu. MuwweHamun ans akTopoB aHTaroHmM3ama akynsratuBHow MukpobuoTel y C. albicans senstoTca mopdono-
rmyeckas TpaHcopMaLmsa 1 NPoAyKUMS KaTanasbl.

KnroueBble cnoBa: aHmazoHu3m, Candida albicans, Klebsiella pneumoniae, Enterococcus faecalis, aHmukama-
na3Hasi akmusHOCmb, Mopgoroaudeckass mpaHcgopmayusi

Amuyeckoe ymeepideHue. ViccnefosaHve NpoBoanock npy 4ob6poBonsHOM MHCOPMUPOBAHHOM COfacuy 3akoH-
HbIX NpeacTaBuTenel naumeHTos. [NpoTokon nccnegoBaHnsa ogobpeH ATnyeckum kommTetom KemepoBsckoro rocygap-
CTBEHHOro MegnumHckoro yHusepcuteta (npotokon Ne 5 ot 31.01.2019).

HUcmoyHuk d)UHaHCUpOSaHUH. ABTOpr 3aaBnsaT 06 OTCYTCTBUM BHELUHEro CbVIHaHCI/IpOBaHI/IFI npu nposegeHun mnc-
cnenosaHuA.

KoHpnnukm uHmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHLIX U NOTEHLMANbHBIX KOH(PIIMKTOB MHTEPECOB, CBSI-
3aHHbIX C Ny6nunKaumen HacTosiLLen cTaTbu.

Ansi yumupoeaHus: 3axaposa [0.B., OtaywkuHa J1.}O0., Mapkosckas A.A., Hecsmxckun HO.B., AdaHackes C.C.,
JleBaHoBa J1.A. iccnepoBaHue in vitro mexaHnamoB B3ammogencTeust rpubos Candida albicans ¢ Klebsiella pneumoniae
n Enterococcus faecalis, BblAENEHHBIX U3 KULLEYHOTO MUKpobroma BUNY-nHbULMpoBaHHbIX nauneHToB. XKypHan mMu-
Kpobuonoeauu, anudemuonoauu u ummyHobuonozauu. 2022;99(4):420-427.
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Introduction microbiocenosis [3]. Symbiont antagonism is charac-

The intestinal microbiome is an integrated sys-  terized by production of antimicrobial substances [3],

tem of interacting microorganisms; this system is ca-  lytic enzymes (peptidase, amylase) destroying struc-
pable of self-regulating by forming different types of  tures of microorganisms or molecules secreted by them
microbial relationships [1, 2]. Microbial antagonism  [4, 5]. Some bacteria produce low molecular weight
is one of the factors contributing to development of  substances, which change growth properties and bac-
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teria persistence by affecting their genetic program [6,
7], inhibiting antioxidant systems of competitors [8, 9],
activating metabolic shunts they need in their competi-
tion over food and iron sources [10].

Interactions between bacterial and fungal micro-
biomes in the intestinal biotope play a pivotal role in
creation and maintenance of symbiosis and are associa-
ted with the risk of development of candidamycosis [3].
Bifidobacteria and lactobacilli create antagonistic rela-
tionships with fungi, which are aimed to prevent exces-
sive fungal colonization of different biotopes [4, 11].
Some studies have demonstrated the mutual effect of
virulence factors in opportunistic pathogenic bacteria
and fungi on the macroorganism, including develop-
ment of pathological processes [12]. In their compe-
tition over receptors present in the mucus membrane,
micromycetes and opportunistic pathogenic bacteria
enter into antagonistic relationships with the indige-
nous microbiota. However, when the population of op-
portunistic pathogenic bacteria reaches high levels of
density, they become antagonistic toward fungi of the
genus Candida [13].

Antagonism factors and targeted effect of oppor-
tunistic pathogenic bacteria from different taxonomic
groups on fungi as well as the conditions required for
implementation of antagonistic relationships and the
factors of antagonism regulation in opportunistic patho-
genic symbionts need further study. The mechanism of
survival of fungi amidst “dual” antagonism (of indi-
genous and facultative bacteria) of intestinal symbionts
remains unclear. Identification of bio-communicative
mechanisms involved in prevention of development of
endogenous candida infection is critically important for
HIV infected patients.

The aim of the study was to identify in vitro tar-
gets for klebsiellas and enterococci antagonism factors
in Candida albicans isolated from the intestinal micro-
biome of HIV infected patients.

Materials and methods

A total of 89 children diagnosed with HIV infec-
tion took part in the study; all of them were hospitalized
to the respiratory infection department at the Kemero-
vo Regional Clinical Hospital for Infectious Diseases
in 2019-2021; 10 (11%) children were hospitalized
because of secondary bacterial diseases (pneumonia,
tonsillitis) and 79 (89%) children were hospitalized
with acute respiratory viral infections. The mean age
of the patients was 24 = 2 months; there were 49 (55%)
boys and 40 (45%) girls. Most of the children (76.3%)
had the 2™ stage of HIV infection (2A — 4.5%; 2B —
56.1%; 2C — 15.7%); 14.6% had the 3™ stage; 8.9%
had the 4th stage. The stages of HIV infection are con-
sistent with Pokrovsky’s classification (2001), includ-
ing the amendments adopted in 2006.1

1 Decree No. 166 of the Ministry of Health and Social Development
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The study was approved by the Ethics Commit-
tee of the Kemerovo State Medical University (minutes
No. 5 of 31/1/2019). All the patients included in the
study had their informed consent signed so that results
of the study could be used for scientific purposes.

The tests were performed on 38 C. albicans strains,
28 Klebsiella pneumoniae strains, and 30 Enterococ-
cus faecalis strains isolated from the intestinal biotope.
The isolation of microorganisms was performed using
selective and differential media. To extract K. pneu-
moniae, we used HiChrome Klebsiella Selective Agar
Base (HIMEDIA); the specimens were cultured at
37°C for 24 hours. The purple-magenta-colored colo-
nies were reseeded on Kligler’s medium (State Scienti-
fic Center of Applied Microbiology and Biotechnolo-
gy (SSC AMB)) to accumulate pure culture and to do
preliminary analysis of the biochemical properties.
To isolate E. faecalis, we used the Enterococcus Agar
medium (SSC AMB) for seeding, selected typical col-
onies in 24 hours, analyzed the morphology, and accu-
mulated pure cultures. C. albicans fungi were isolated
using the HiChrome Candida Agar (HIMEDIA); then
we selected colonies corresponding to C. albicans by
color using the differential scale in the manufacturer’s
instruction. To eliminate the risk of a false-negative re-
sult in the tests involving inhibition of fungal morpho-
genesis, all the strains were assessed for their ability to
form germ tubes in the horse serum three hours after the
culturing at 37°C [14]. The final species-level identifi-
cation of all microorganisms was performed using the
VITEK 2 Compact analyser (BioMerieux). The tests
were performed on E. faecalis—C. albicans pairs; each
symbiont in the pair was obtained from the same patient
to prevent the risk of the outsider phenomenon [15].
As a result, there were 26 pairs of symbionts. The tests
were performed twice in 3 replications.

The effect of K. pneumoniae on the morphologi-
cal transformation of C. albicans was assessed [14]. At
first, K. pneumoniae cultures were grown in Mueller—
Hinton broth (SSC AMB) for 18 hours at 37°C; C. albi-
cans fungi were grown on Sabouraud agar (SSC AMB)
for 24 hours to match the completion of the exponential
growth stage [16]. The C. albicans suspension was pre-
pared in the sterile 0.9% NaCl solution with turbidity
of 0.5 McFarland units, being equal to 1-5 x 10° CFU/ml)
[17]. The Klebsiellas suspension was diluted 100 times
to have the similar turbidity. The final concentration of
Klebsiellas was 1 x 106 CFU/ml. 100 pl of K. preumo-
niae and C. albicans suspension was placed into a tube
with 0.5 ml of horse serum (Microgen NPO). Micro-
organisms were incubated at 37°C. Three hours after,
“crushed drop” smears were prepared and 100 cells of
C. albicans fungi examined under a Carl Zeiss Primo-

of the Russian Federation, adopted on 17/3/2006, The Instruction
for Completing of Annual Form No. 61 of Federal Statistical
Survey “Data on Cohorts of HIV-Infected Patients”.
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star microscope; the percentage of cells forming germ
tubes was recorded. Untreated C. albicans cultures
were used as control cultures, which were also assessed
for their ability to form germ tubes in the protein-based
medium.

The effect of E. faecalis exometabolites on the
C. albicans catalase was assessed using the methods [9]
including modifications, i.e. using stable ammonium
molybdate instead of unstable potassium iodide. The
two-day broth culture of E. faecalis was used to pro-
duce the supernatant by centrifuging the culture two
times at 3000 rpm for 15 min. The supernatant liquid
was separated from bacterial cells using membrane fil-
ters. C. albicans cultures were used to prepare suspen-
sion in the sterile 0.9% saline solution with turbidity
of 0.5 McFarland units. Test samples were prepared
by mixing 0.1 ml of C. albicans suspension, 2.6 ml of
Sabouraud broth, and 0.3 ml of supernatant from broth
cultures of E. faecalis. The values of catalase activity
of fungal broth cultures not exposed to exometabo-
lites of enterococci (0.1 ml of fungal suspension and
2.9 ml of broth) were used as reference variables. To
measure the catalase activity, we added 1 ml of 0.0125
M solution of H,O, to the test samples and to the refer-
ence samples of 0.2 ml; 10 minutes after, the reaction
was discontinued by adding 1 ml of 4% ammonium
molybdate solution. The non-inactivated H,O, reacted
with ammonium molybdate to produce colored com-
plexes, optical density (OD) of which was measured
with the SF 2000 spectrophotometer (OKB Spectr) at
A = 550 nm compared to the medium. The catalase
activity was calculated using the formula [9]. The ob-
tained results were compared with the catalase activity
of C. albicans cultures, which were not treated with
enterococcus supernatants.

To perform the statistical analysis, we used the
IBM SPSS Statistics/PS IMAGO software package
(«IBM/Predictive Solutions Sp z.0.0.»). The normality
of data distribution was verified with the Shapiro—Wilk
test. The comparative analysis was performed using
non-parametric methods for assessment of statistical
significance (the y*> and Mann—Whitney tests) [18]. The
experimental data are presented as average values and
standard deviation, the median, and interquartile range
[the 25 and 75" percentiles]. In statistical hypothesis
testing, the significance level was equal to or less than
0.05[18].

Results

The tests showed that K. pneumoniae inhibited the
ability of fungi to form germ tubes. When cocultured
with Klebsiellas, on average, 12.3 [6.33; 15]% of yeast
cells produced germ tubes, while the fungal monocul-
ture contained 29.8 [25; 36,7]% of cells with blasto-
spore transformation. Thus, the inhibition of morpho-
logical transformation of C. albicans in associations
with K. pneumoniae accounted for 58.72% (p < 0.01).

Enterococcus supernatants affected C. albicans in
different ways (Table 1). In 65.4% of cases, enterococ-
ci inhibited the catalase of micromycetes; in 19.2% of
cases, the catalase activity in fungi did not demonstrate
any changes after treatment with E. faecalis superna-
tants; only in 15.4% of cases, the catalase production
increased. The initial catalase level in untreated C. albi-
cans cultures averaged 1.02 [0.87; 1.13] umol/min OD;
after the treatment with E. faecalis exometabolites, it
decreased to 0.55 [0.36; 0.73] pmol/min OD (p < 0.05).

On average, the catalase activity of C. albicans
was inhibited by 46.1% (p < 0.05).

The obtained results demonstrate that antagonism
of Klebsiellas and enterococci toward C. albicans has
different target points, different intensity and is a prod-
uct of competition in the multicomponent microbial
community.

Discussion

As the number of HIV infected people is increas-
ing, candidiasis has become a common concomitant
condition; therefore, a special emphasis is placed on
new approaches in prevention of the process progres-
sion and timely diagnosis of opportunistic mycosis
prior to the onset of symptoms [19]. Using of bioco-
enotic relationships and factors making it possible to
regulate biological properties of C. albicans in micro-
biocenoses and counteract the implementation of their
pathogenic potential offers promising prospects [20, 21].
Regardless of the biotope, resident microbiota regulates
the virulence of C. albicans. Lactic acid and bacteriocins
produced by Lactobacillus spp. play an essential role in
inhibiting the activity of proliferation genes, impeding
the growth and production of hyphae in C. albicans,
and decreasing the expression of hyphal wall proteins 1
(Als3 and Hwp1) [11, 12]. The anti-biofilm effect toward
fungi is produced by oleic and pentadecanoic acids resul-
ting from the metabolism of fatty acids of anaerobic bac-
teria [22]. As for E. faecalis, their antagonism is strong-
ly associated with the secretion of bacteriocin (ENTV)
inhibiting the development of hyphae and affecting the
formation of C. albicans biofilms. Microorganisms of
the genus Bacteroides, Prevotella, Bifidobacterium de-
crease the anti-complementary activity of fungi [23].

When describing the interaction between fun-
gi and the opportunistic pathogenic microbiota, most
studies focus on mutual enhancement of antagonism
toward indigenous bacteria [23]. In bacterial and fun-
gal associations, fungi tend to act as “helpers” of fa-
cultative microorganisms. Candida metabolites en-
hance the anti-lysozyme activity of Staphylococcus
aureus, Klebsiella spp., E. coli lac—/hly+, and have a
direct inhibitory effect on the anti-lysozyme factor of
bifidobacteria [24]. The component of the cell wall —
C. albicans b-1,3-glucan increases the antibiotic resis-
tance of St. aureus [25]. In the meantime, there are data
demonstrating that similar to indigenous microorgan-
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The influence of E. faecalis exometabolites on the catalase activity of C. albicans (M + SD)

Pair of Initial catalase level, Catalase level after exometabolite treatment, Change in catalase
symbionts umol/min OD, control pumol/min OD, experience activity, %
Decrease in catalase activity
1 1,09 + 0,03 0,57 £ 0,02 47,7
2 1,26 + 0,04 0,53 £ 0,02 57,9
3 0,56 + 0,05 0,25 + 0,03 55,4
4 1,42 £ 0,03 0,75+ 0,02 47,2
5 1,28 £ 0,05 0,65+ 0,03 49,2
6 0,93 + 0,05 0,37 + 0,04 60,2
7 1,07 £ 0,04 0,47 £ 0,02 56,1
8 1,05+ 0,04 0,65+ 0,08 38,1
9 0,87 + 0,05 0,35+ 0,02 59,8
10 1,41 0,02 0,74 + 0,03 47,5
11 1,14 £ 0,05 1,09 £ 0,01 4,40
12 1,11+ 0,05 0,75+ 0,03 32,4
13 0,90 + 0,07 0,72 £ 0,02 20,0
14 0,86 + 0,04 0,43 £ 0,02 50,0
15 0,77 £ 0,03 0,33 £0,02 57,1
16 0,87 +£ 0,03 0,23 £ 0,02 73,6
17 1,06 + 0,03 0,26 + 0,05 75,5
Increased catalase activity
18 0,57 £ 0,31 1,17 £ 0,07 105,3
19 0,78 £ 0,08 1,16 + 0,04 48,7
20 0,74 £ 0,07 1,09+ 0,03 47,3
21 0,13 £ 0,02 0,57 £ 0,09 338,5
Catalase activity did not change
22 0,78 £ 0,01 0,78 £ 0,03 0,00
23 1,17 £ 0,05 1,18 £ 0,03 0,00
24 0,98 + 0,03 0,97 £ 0,03 0,00
25 0,56 + 0,11 0,45 + 0,01 0,00
26 0,42 £ 0,02 0,43 £ 0,02 0,00

isms, opportunistic pathogenic bacteria display antago-
nism toward fungi in high-density populations [22, 26].

Some molecular mechanisms of intermicrobial
interactions of C. albicans with K. pneumoniae and
E. faecalis isolated from HIV infected patients have
been studied. By and large, the studied bacterial species
demonstrate antagonism toward C. albicans, showing
the consistency with the data provided by researchers
from other countries [13].

It has been found that K. pneumoniae have an
effective biopotential for regulation of the population
size of C. albicans. The morphological transformation
of C. albicans is the target for K. pneumoniae. Fun-
gal morphogenesis into the hyphal form is seen as the
pathogenicity factor for micromycetes, as they have a
wider range of adhesins for mucosal surfaces, increased
propagation in tissues, and the increased number of

phospholipases, which concentrate on the termini of
hyphal elements [27].

Antagonism toward fungi has been demonstra-
ted not only by K. pneumoniae, but also by E. faecalis.
E. faecalis inhibited catalase, which is a powerful an-
tioxidant enzyme in microorganisms with aerobic res-
piration [28, 29]. Changes in the activity or inhibition
of enzymes in antioxidant systems of microorganisms
can result in accumulation of toxic forms of oxygen,
thus affecting the permeability of a membrane, intake
rate of nutrients and, eventually, the proliferation rate
of microorganisms [30, 31].

Conclusion

The obtained results support the data on the role
of facultative bacteria in functioning of the intestinal
microbiome and demonstrate their regulating effect on
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C. albicans. The antagonism of facultative bacteria to-
ward C. albicans is based on the inhibition of morpho-
logical transformation and catalase production, opening
up promising opportunities for methods aimed at pre-
vention of candidiasis and involving enhanced antag-
onism of not only resident, but also transient microbi-
ota. The results of tests and approaches to exploration
of bacterial and fungal relationships have significant
research and practical potential, making it possible
to perform in vitro modeling of the process aimed at
control of biological properties of Candida fungi by
using the antagonism factors in the intestinal bacterial
microbiota.
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