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Pesome

Conm ANTUA NCNONb3YIOTCA B MEAMLIMHE Kak HOPMOTUMIYECKIE CPeaCTBa. BaxHbIM acneKToM eNCTBMSA To0bIX NEKAPCTB,
B T.U. CONEN NUTIA, ABNAETCA VX BO3AENCTBYE HA MKPOOMOTHI (M1KpOBMOM) YenoBeka. B HacToALell paboTe npeAcTasneHs
pe3ynbTaThl CPABHUTENBHOMO XEMOMUKPOOMOMHOTO aHann3a 0praHUYecKnx Coneit NTHsA: ackopbaTta, KOMEeHaTa, HUKOTWHATa,
OKCMbyTVpaTa, acnapTaTta v opoTaTa MUTUS, NPOBEAEHHOIO C UCNONb30BAHMEM COBPEMEHHBIX TEXHONOT A aHaNM3a «0oNbLINX
JaHHbIX».

[Ina Kaxaom 13 nccnefoBaHHbIX coneit NUTUA OblNv NOYyYeHbl OLEHKM 3HaUYeHWI NAoWaamn nog Kpueol pocta (AUC) ana
penpe3eHTaTUBHOM BbIGOPKM MUKPOOMOTL UeNOoBEKa, BKIOUMBLIEN 38 BaKTepUit-KOMMEHCANOB (B T.U. pa3nvuHble BUbI
E6uduao- 1 NnakTobaKTEPWIA) 1 3HAUEHUA MUHUMANBHBIX MHIMbMpPYoWKMX KoHueHTpauni (MIC) ana 120 6one3HeTBOPHbIX
6aKTepuin. B cpepHem No penpeseHTaTMBHOW BbIGOPKE MUKPOOMOTLI aCKOpOaT NMUTUA B HECKOMBKO OOoMblell CTeneHn Noa-
NepXMBan pocT Bcex bakTepuii-kommeHcanos (AUG=0.57+0.15), yem komeHaT (AUG=0.47+0.17), HukotuHaT (AUC=0.45+0.22),
okcnbyTupat nntna (AUCG=0.22+0.17), acnaptat mutua (AUG=0.31+0.14) n opotat antua (AUG=0.50+0.21). B cnyuae 6onesHeT-
BOPHbIX MUKPOOPraH13MOB, 3HaueHna MIC Obinn JOCTOBEPHO HIKe AnA ackopbara (4.50+3.69 MKr/Mn), yem AnA KoMeHaTa
(6.3145.58 MKr/Mn), HUKOTMHATA (10.9849.37 MKr/MI), OKCMOYTUpPaTa (7.4544.73 MKI/Mn), acnapTata (6.3744.71 MKr/mn) v opoTaTa
amTYA (7.2745.81 MKr/mn).

Takum 0bpazom, ackopbat nutua bonee 3ddeKTUBHO CNOCOOCTBYET NOAAEPKKE HAKTEPUI-KOMMEHCANOB NONOKUTENBHOM
MUKPOOMOTHI, YUeM TPY ApYrve CONM IUTUA W XapaKTepr3yeTca onpefenéHHbIMIU aHTUOaKTepranbHEIMU CBOMCTBAMM NPOTHB
naToreHHbIx 6akTepuit. B To e Bpems, MOBCEMECTHO UCMOMb3yeMbli KapOOHAT INTUSA, He COepPXalLnii HUKAaKUX GparMeHTOB
OpraHNyecKknx Monekyn, He Gy1eT OKa3blBaTb HUKAKOrO NONOXUTENBHOTO AECTBYA Ha COCTOAHME MAKPOOMOTbI.

KnioueBble CI0Ba: HOPMOTUMMKK, NpedroTuyeckme 3GGeKTb, MUKPOOMOM YenoBeKa, NoLlaab Nod KPUBOM POCTa, XeMO-
VHOOPMATUKA, MHTENNEKTYaNbHbIA aHanu3 AaHHbIX, ackopbaT nuTuA

KoHbNMKT mHTepecoB. ABTOPbI 3aABNAIOT 00 OTCYTCTBUM KOHGNVKTA MHTEPECOB.
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Summary

Lithium salts are used in medicine as normotimics. An important aspect of the action of any medicine, incl. lithium salts is their
effect on the human microbiota (microbiome). This work presents the results of a comparative chemomicrobiome analysis of
organic lithium salts: ascorbate, comenate, nicotinate, oxybutyrate, aspartate and lithium orotate, carried out using modern
technologies for the analysis of “big data”.

For each of the studied lithium salts, estimates of the values of the area under the growth curve (AUC) were obtained
for a representative sample of human microbiota, which included 38 commensal bacteria (including various species of
bifidobacteria and lactobacilli) and the values of the minimum inhibitory concentrations (MIC) for 120 pathogenic bacteria.
On average, over a representative sample of microbiota, lithium ascorbate supported the growth of all commensal bacteria
to a somewhat greater extent (AUC = 0.57 + 0.15) than comenat (AUC = 0.47 + 0.17), nicotinate (AUC = 0.45 + 0.22), lithium
oxybutyrate (AUC = 0.22 4+ 0.17), lithium aspartate (AUC = 0.31 + 0.14) and lithium orotate (AUC = 0.50 + 0.21). In the case of
pathogens, MIC values were significantly lower for ascorbate (4.50 + 3.69 ug/ml) than for comenat (6.31 + 5.58 ug/ml), nicotinate
(10.98 £ 9.37 ug/ml), oxybutyrate (7.45 + 4.73 ug/ml), aspartate (6.37 = 4.71 ug/ml) and lithium orotate (7.27 + 5.81 ug/ml).

Thus, lithium ascorbate is more effective in supporting commensal bacteria of a positive microbiota than the other three
lithium salts and is characterized by certain antibacterial properties against pathogenic bacteria. At the same time, the
ubiquitous lithium carbonate, which does not contain any fragments of organic molecules, will not have any positive effect
on the state of the microbiota.

* llustrations 2-4

are on the Keywords: normotimics, prebiotic effects, human microbiome, area under the growth curve, chemoinformatics, data mining,
colored inset lithium ascorbate
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Comnu MuUTUsL, KOTOPbIE VICIIONb3YIOTCS /1A Ne4eH s
IICUXMYECKNX 3a00/IeBAHNIL, CYIeCTBEHHO OT/INYa-
I0TCSI IO CBOMM (papMaKOKMHETUIECKNM U APYTUM
6ronornyeckuM coiicTBaMm [1, 2]. Heopranuyeckue
conu (X7opuj, Kap6oHaT), BCIECTBUE CPaBHUTEIb-
HO MaJbIX pasMepOB aHMOHA, B IPUHIIVIIE HE MOTYT
HPOAB/IATH BBICOKOCHEIMPUYHBIX B3aMMOJECTBIUI
c GenKaMu IpOTeOMa VN C APYTUMI MaKPOMOJIEKyIa-
ML MJIY OKa3BIBATh CYLIECTBEHHOE BO3/IEICTBIE Ha MU~
Kpo6moM. B oTndnme 0T HEOpraHMIeCKIUX COJeit, COMI
c opeanuueckumu anuoramu (aCKkop6at, HUKOTHHAT,
OKCcHOyTUpAT U Ap.), CHOCOOHBIE K 6ortee criennduye-
CKMM B3aMMOJECcTBUAM ¢ 6enkamu [3], o6ecriednBaoT

6omee 3 PeKTUBHBI TPAHCIIOPT MOHOB TUTHUA BHYTPb
KJIETOK [4], 4TO IIOBBIIIAET X TePAIEBTIIECKYIO 3¢h-
¢dexTnBHOCTS [5].

[Ipuém BHYTpD Te€X MM UHBIX IIPENApPaTOB, B T.4.
cojeit TUTUA NIPUBOSUT K HEU30EKHOMY BO3LEli-
CTBUIO HA MUKPOOMOM Ye/loBeKa. AHMOHBI OpTaHuU-
4eCKUX KUCIOT, 06pasyolye COMM IUTHSA, MOTYT
CYIeCTBEHHO Pa3lN4YaThCsA II0 BO3AEHCTBIIO Ha Pas-
JVYHBIX [IPeCTaBUTENeNl MUKPOOVOTHI YeloBeKa.
Hanpumep, ackop61HOBas KMCIOTa CIOCOOCTBYeET
BBDKMBAHMIO IIOTIOXKUTENbHOI (GIOPHI U IMOfABIA-
eT pasBUTHE NMATOTEHHOI U YCTOBHO-IIATOT€HHOII
¢dopsr [6]. BospeitcTBMe aCKOPOMHOBOI KUCIOTHI
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OCYILeCTBAAETCS, B YaCTHOCTH, IOCPEACTBOM TOP-
MO>KeHUs 06pa30oBaHNsA 6aKTepHaTbHBIX IICHOK, T.€.
KOJIOHMIT 6aKTepuil ¢ YCU/IEHHOI BBKMBAEMOCTHIO
Y PE3UCTEHTHOCTDIO K aHTUOMOTHKAM [7].

CucreMaTM4ecKoro CpaBHUTENIbHOTO aHaIM3a
BO3JeICTBIUA Pa3IMIHbIX OPTaHNIECKUX AHIOHOB
B COCTaBe COJIEN IMTHUA Ha MUKPOOUOM Ye/I0BeKa He
6b1710 IpOBefieHo. XOTA TAaKOT'O POfla CUCTeMaTHde-
CKMII aHA/IN3 MOXKET OBITh MPOBEJieH MOCPEACTBOM
po6OTH3MPOBAHHBIX CKPMHUHIOB [8], ZaHHasA 9KC-
HnepyMeHTalbHas NpOleypa MIPaKTUIeCKU HEo-
CTyIHa 1A NMOaB/IAILIero OONbIIMHCTBA MCCTIe-
moBarenelr. COOTBETCTBEHHO, CUCTeMaTUIeCKIe
aHaIN3bl INTEPATyPhl [9] He MO3BONAIT CHENATD
BBIBOJIBI O CPAaBHUTENIBHON 3G )EeKTUBHOCTY pas-
NTMYHBIX MO/eKYIL. IT09TOMY, TpaKTU4eCK BaXKHYIO
aJbTepPHATUBY IIPEACTABIAT COO0I XEMOMUKPO-
6momHuble cKpuHMUHTY [10], MpoBOAMMBIe TOCPe-
CTBOM METO[[0OB COBpeMeHHOI1 nHpOopMaTuKu Ha
OCHOBaHMM HAaXOXJIeHUsI MOJIEKY/I C M3BECTHBIMMI
CBOJICTBAMM, CTPYKTYPHO CXOXMX C UCCIeRYyeMOIt
MOJIEKY/IOMN.

MaTtepuanbl n metoabl

B HacTosmelt paboTe ObII HPOBEJEH CPABHUTE/Ib-
HBIJI XeMOMMKPOOMOMHBII aHAIN3 YeTHIPEX COelt
murus (puc. 1). XeMOMUKPOOMOMHBIN aHA/IN3 — OffHA
U3 COCTABIAILUINX XeMOUHPopmamuku — o6macTu
UCCTIeIOBAaHNUI HA CThIKEe CTPYKTYPHOI Xumun, dap-
MaKoIOTUM 1 610MHGOPMATUKY, B KOTOPOII B3au-
MOCBA3M TUIIA «XMMIYECKas CTPYKTypa» — «<CBOJICTBO
BeI[eCTBa» UCCIEAYIOTCA METOLaMU COBPEMEHHOI
nHdopmaTuKy. XeMOMHPOPMALMIOHHBIN aHANN3
IO3BOJIAET HAMTU MOJIEKYIIBI, CXOXKIE C MCCIefye-
MOt ¥, COOTBETCTBEHHO, IPEATIONOXUTD Pu3moIo-
rudeckue, papMakonIorndecKme 1 fpyrue CBONCTBA
MCCTIelyeMOil MOJIEKY/Ibl Ha OCHOBE MMeIollelics MH-
¢dbopmanuu 0 CBOMCTBAX MOJIEKYII, Hanbonee 6MM3KMX
no crpykrype [11].

PucyHok 1. Xummnueckne Gopmyrbl co- HO
nei NUTUA, NCCNeAOBaHHbIX z H
B X0} XeMOMUKPOONOMHOTo HO ; B
aHanm3a.

Figure 1. Chemical formulas of lithium

salts studied in the course of

chemomicrobiome analysis. Ackopbat utna
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B HacToseit paboTe IpefcTaBIeHbl Pe3yIbTaThl
CpaBHUTETBHOIO XeMOMMKPOOJOMHOTO aHaJIV3a aCKOP-
6arta, KOMeHaTa, HUKOTVMHATA, OKCUOYyTIpaTa, acrapTa-
Ta ¥ OPOTATa INTHA, IPOBEIEHHOTO C VICIIONb30BaHUEM
COBPEMEHHBIX TEXHOJIOTMIT MAIINHHOTO 00y IeHIsI.
AHanus OCHOBAaH Ha XeMOMH(OPMAI[OHHOM IIOfXOfe
[11], paspabaTbiBaeMOM B Hay4HOII IIKoe akan. PAH
10.11. )KypaBnésa. Ha ocHOBaHMU Teopunu aHanamsa
pasmeueHHbIX rpados [12, 13], Teopyu MeTpUYECKOTO
aHa/IM3a JaHHBIX (14, 15], KOMOMHATOPHOI TeOpuM pas-
pewmmoct [16, 17], Tormonorndeckoit Teopuy aHanmusa
710X0-popMann3oBaHHbIX 3aad [18] u HoBelIMX
MEeTOJ;0B IIPOTHO3MPOBAH 3HAUeHIIT YMC/IOBBIX ITe-
peMeHHBIX [19] Hamu paspaboTaH yHUKaTbHbBII METO
XeMOMMKPOOMOMHOTO aHa/IN3a, T.e. MOJeIMPOBAHNA
3¢ dexTOB MONIEKYI-TUTAaHAOB HAa MUKPOOMOM de-
noBeka [10]. JInst Ka>kIoi 13 MCCIeOBAHHBIX COIe
AUTHS GBI IOy YeHbI OLeHK) 3HaUeHNUII IIOMau
07 KPUBOIT POCTa [/Is1 Pellpe3eHTaTUBHOI BEIOOPKI
MUKPOOUOTHI Ye/T0BeKa, BKIIOYMBLIEN 38 6aKTepuii-
KOMMEHCAJIOB (B T.4. pas/iyHble BUbI OMpUTO0- 1 TaK-
TobakTepuit) u 6omee 20 60/1€3HETBOPHBIX HaKTEPUIL.

IIpu npoBefeHNN XeMOMMKPOOMOMHOTO aHa/IN-
3a MOJIeIMPOBAIOCh BO3/IeJICTBIE MCCIelOBAHHDIX
MOJIEKY/ B KOHI[eHTpauuy 1 MMoIb/ (4TO pubIn-
3UTEbHO COOTBETCTBYET NPUEMY JlONEl rpaMMa
COJIeNl TUTHA B3POC/IBIM TALIIEHTOM) Ha KaXKIbIil U3
U3y4eHHBIX MUKPOOPIaHU3MOB. B pesynbrare xeMo-
MMUKPOOMOMHOTO aHajau3a NPOTrHO3UPOBanuch (1)
3HaYeHMs IIowany mnoyp kpusoit pocra (AUC) fo
MOMEHTA IIepexofia POCcTa KOJIOHMM B CTaLMIOHAp-
HYyI0 a3y, (2) 3HaUYeHMA CTAaHLAPTHBIX OTK/IOHE-
uui snavenuin AUC, (3) sHayenus P cratucruye-
ckoit focTroBepHocTy oTnn4nit AUC oT KOHTpons
(cranpapTHas cpesa BoIpaluBaHus 6akTepuit) u (4)
sHaveHuss MIC, MUHMMaNbHBIX MHIUOUPY IO NX
KOHLIEHTPpAL UL,

O

| \ O'Li+

HukoTuHaT nuTna
Lithium nicotinate

\

O-Li* N

CO,-Li*

KomeHat nutus
Lithium comenate

HO
HO

Tt (@) N i
O-Li1 Y | o-Li*
HN
Oportart nutua
(@) Lithium orotate
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Ta6bnuua 1.
baktepun-
KOMMEHCasbl Yeno-
BeKa, BO3JencTeme
Ha POCT KOTOPbIX
OLEHMBANOCH

B XO[l€ XeMOMUKPO-
61OMHOro aHanm3a.
«[p.» —rpamm-
NONOXUTENbHbIE
(«+») nu rpamm-
oTpuuaTenbHble
(«=»). CTpoKM

B Tabnuue ynopsago-
YeHbl No NaTUH-
CKMM Ha3BaHMAM
6aKTepwmii.

Table 1.

Human commensal
bacteria whose
growth effects have
been assessed by
chemomicrobiome
analysis. “Gr.” -
gram-positive (“+")
or gram-negative
(“="). The rows in
the table are sorted
by the Latin names
of bacteria.
Microorganism De-
scription Gr. Strain
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JI71s1 afleKBaTHOTO MpefiCTaBIeHNsI MUKPOO1oMa
JKKT gemoBeka MblI MCIIOIb30BaIN BEIOOPKY MOBCe-
MECTHO PacIPOCTPaHEHHBIX BIJIOB KMIIEYHBIX 6aK-
tepuit (mabnuya 1), onucanHyo B paborax [8, 10].
JJaHHasA BBIOOPKa pelpe3eHTaTYBHA 11 BK/IIOYaeT BUJIbI
IpefCTaBUTe/ell MUKPOOUOTHI C YUETOM MX PaCIpo-
CTPaHEHHOCTM B Pa3/IMYHbIX NIONMY/IALMAX YeTOBEKA,
YJCICHHOCTU B KMILIEYHMKE U (MUIOTeHETUIECKOTO
pasHoobOpasus. Berbopka BkIoyaeT 38 B1OB Oak-
Tepuii u 21 pofioB U, B LIeNIOM, IpejcTaBnsaer 78%
mukpo6buoma JKKT. BonbIIMHCTBO MCCIEOBAaHHBIX
IITaMMOB OBbI/TY KOMMEHCaTaMy, 0OHapYXEeHHBIX IIPU
OTHOCUTEIbHOII YUCIeHHOCTH 1% unn 6ojee u pac-
IPOCTpaHEHHOCTH He MeHee 50% B mpobax dekannmit
OT 3/J0POBBIX JJOOPOBOJIBIIEB C TPEX KOHTUHEHTOB.
B penpeseHTaTUBHYI0 BBHIOOPKY OBIIN BKTIOUEHBI
narobuontsl Clostridium difficile, Clostridium perfrin-
gens, Fusobacterium nucleatum, SHTepOTOKCUTEHHBII

experimental & clinical gastroenterology | N°205 (9) 2022

mraMM B. fragilis, npo6roTtuxu (6udupgo- u makro-
6axTepuy) U ABa BUAA KIOCTPUAUII-KOMMEHCATOB
(C. ramosum u C. saccharolyticum). Bce 38 BupoB
6axtepuit 6p11m Havifiens! B JKKT 310poBbIX B06po-
BonbleB [8]. Takyke 0OTMETUM, YTO MUCCIENOBAHHbIE
6aKTepNu-KOMMEHCAIBL CYLIECTBEHHO Pa3INIaloTcs
110 appexTamM OGMOXMMMUYECKOTO BO3/ENCTBIS HA Op-
raHusM 4denoBeka (mabauya 1).

ITomumo ananusa 3Qp¢peKToB BO3HENCTBUS MCCTIe-
IyeMbIX BeIleCTB Ha MUKPOOMOM 4Yel0oBeKa, TaKKe
ObI1y oLeHeHBbl 3¢ deKTh Ha BEIOOPKY 13 140 Oak-
Tepuii, BKIIYaKLiell IpobuoTndeckne 6GakTepun
(popet Bifidobacterium, Lactobacillus u gp.) u 60-
JIe3HeTBOPHBIE MUKpOopranusmel pogos Candida,
Clostridium, Klebsiella, Mycoplasma, Staphylococcus
u ip. Onenmpanucy sHadeHnsa AUC u MIC. Jlannbie 1o
140 MukpoopraHusmMaM ObUIM U3BJIEYEHDI U3 pecypca
PubChem [20].

MuKkpooprannsm OnwucaHue r Wramm
Microorganism  Description P Strain
Bacteroides
caccae Muxpo6uoM KMIIeYHMKA, HEKOTOPbIE IITAMMbI — IATOT€HHBI - DSM 1447
Bacteroides Muxpobuom KT, yyacTByeT B ra3o06pasoBaHmM, THOHO- DSM 20083
fragilis BOCII/IMTeIbHbIE 3a00IeBaHIA [TOC/IE TPAaBM
Bacteroides paciijenieHne IUIEeBBIX BOTOKOH, TPOAYIIEHT AHTAPHON U QeHUTYKCYCHO DSM 20219
ovatus KICJIOT, OC/IOKEHWA IPY MONAaJaHUU B PYTUe OPTraHbl
. IUAPONU3YEeT AMUIO3Y, aMU/IOTIEKTIH, IIy/UIY/IaH, MaJIbTOOIMIOCAXaPU/BL,
Bacteroides MOAiep>KMBaeT 6apbepHYI0 GYHKINIO CIM3UCTON KUIIEYHIKA, HEKOTOPbIe DSM 25238
thetaiotaomicron AREP PHEPHYI0 QYHKL ’ P
mITaMMBbI — OHHOPTYHI/ICTI/I“IeCKMe
Bacteroides
. . MUKpOo6MOM TOHKOTO KMIIEYHMKA, JEKOHBIOTMPYIOT )KeTYHble KIMCTOThI - DSM 15670
uniformis
Bacteroides MuKpo6uOM TONCTO KUIIKY, IPOAYLMPYIOT IPOIMNOHAT, YIaCTBYIOT
- DSM 2544
vulgatus B OnocuHTe3e BuTaMnuHoB K, B6, B12
Bacteroides PacienieHne KCuaaHa ¥ IPOCTBIX CaXapoB, IPOAYUMPYIOT alleTaT i IIpo-
xylanisolvens MIMOHAT
Bifidobacterium 1o 85% Mukpo6moMa, BCaCbIBaHMe U TU/IPOJIN3 )XMPOB, BHIPabaThIBAIOT + DSM 3992
adolescentis YKCYCHYI0, MOJIOUHYIO, AHTAPHYI0 KMCTIOTbI, BUTAMMHBI I'PYIIIIBI B.
Bifidobacterium  Y4acTBYIOT B OMOCMHTE3€ BUTAMIHOB, BXOAT B COCTaB MHOTUX IpeIapa- + EDla
longum TOB IIPOOMOTIKOB
Bilophila Muxpobuom XKKT, accounnpoBaHo ¢ BbIpa)KeHHBIM ra3006pa3oBaHIeM, AIL
wadsworthia V30BITOK IIPY TSXKETIOM alllIeHAUIUTe
Blautia Mukpobuom ToncToro KuiedHnka (5%), IpogyLupyeT YKCYCHYIO KUCTIOTY, + DSM 3376
obeum Ay TOMHAYKTOP-2, OTpaHNYMBAET KOJIOHU3ALMIO XO/IEPHBIX BIOPIOHOB
. KiocTpuauy npogynupyoT KOpOTKOLeIIOYedHbIe )XV PHbIe KMCTOTBL: Mac-
Clostridium
bolteae JIAHY10, MIB0MAC/IAAHY 10, BaJIEPMAaHOBYI0, KAIPOHOBY 0, M30Baj/iepMaHOBYIO, + DSM 17629
130KaIIPOHOBYIO
Clostridium WHudexuumn, BpisBaHHble TOKcuKoreHHsimy mrammamu C.difficile, siBnsror- + 19495
difficile Cs1 OCHOBHOIT IIPMYMHOI iVIapen B 6ONbHUIAX.
Clostridium MoryT BbI3BIBaTh aHA9POOHYI0 FAHIPEHY, aHUTUOMOTHKO-
. Y PObHY PRy, a5 +  DSMZ 18205
perfringens acCOIMMPOBAHHBIE AMapeyt, HEKPOTUYECKIIT SHTEPUT.
Clostridium Mukpo6uoM KMIIEYHNKA, CIIOCOOCTBYET YCUIEHUIO YCBOCHN A YITIEOBOZIOB
P : yery v y " +  DSM 16839
ramosum U XKMPOB.
Clostridium Merabonusnupyer pasnndHble caxapa A yIOTpebIeHNsA APYyTUMM TIpef-
. + DSM 14610
saccharolyticum  craBurensaMu Mukpo6morst XKKT
Collinsella DepMeHTUPYIOT ITTIOKO3Y, MAHHO3Y, FaIaKT03y, PPYKTO3Y, MaIbTO3y ¥ JIaK- +  ATCC 27255
aerofaciens TO3Y, IPOAYLMPYIOT 9TAHON, MYPaBbUHYIO ¥ MOTIOYHYI0 KVMCIOTBL.
Coprococcus
P Mukpo6uom XKKT +  ATCC 29149
comes
Dorea DepMeHTUPYIOT ITIIOK03y ¢ 06pasoBaHMeM 3TaHOJIA, MyPaBbUHOIL, YKCYC-
@ P Py Y ¢ 06p yP yxey +  ATCC27756
formicigenerans  Hoit, MonouHOI1 Kucmor, CO2, H2.
Eggerthella Hopwmansaas mukpodnopa JKKT, lekonbrorupyer xendssle KUCTOTHI, y4a- + DSM 19024
lenta CTBYIOT B CMEIIaHHBIX MHPEKIMAX
Escherichia KOHKYpeHT yC/TOBHO-ITaTOT€HHOI MUKPOQIOPbI, a6COPOUPYIOT B KMIIEIHIKE
coli KIC/IOPOJI, BbIPabaThIBAIOT BUTAMMHBI IPYIIIIBI B, yKCyCHYI0, MypaBbIHYIO, 1 HM-20

MOJIOYHYIO, AHTApHYIO KI/IC}IOTbI), BCacCbIBaHMeE XXeje3a, Kanbus, MarHmsd.
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MukpoopraHusm OnucaHue T Wramm

Microorganism  Description ) Strain
Tunnunas Hopmodnopa JKKT, MeTabonMsupyoT yraeBOAbI U MENTOHDI

Eubacterium C HaKOII/IeHVIeM KOPOTKOIenouedHbIX XupHbIX KucnoT (KIDKK) - mac- + ATCC 43860

eligens JIAHOI, YKCYCHOJ, My PaBbMHOIA, UCIIONb3yEeMbIX SHTEPOLUTAMU, MOTY T
CMHTEe3MpPOBaTh BUTAaMUH B12, aMMHOKMCTIOTHI

Eubacterium MuKpo6uoTa TONCTOI KUIIKY, OCHOBHOI TPOAYIIEHT MaC/IAHOM KUCTOTHI, . DSM 2151

rectale mepepaboTKa KIeT4aTKN

Fusobacterium BakTepuu 3y6HOTrO HajleTa, 3aIlyCKAIOT BOCIIAINTENbHbIE TPOLIECCHI, TPUBO- ATCC-8483

nucleatum mAue K 06pa3oBaHMIO aTePOCKIEPOTUYECKUX OMALIEK, aPTPUTY U AP.

Lactobacillus

. Mono4HoKMC/IbIe 6aKTepyM, UCIOIb3yeMble KaK IIPOOUOTIKI + ATCC SD5275

paracasei

Odoribacter MopaynupyoT KOHIeHTpaLuIo I/II0K03bI 1 AJl, BBIpabaThIBal0T MAaC/ISHY IO DSM 2079

splanchnicus KIC/IOTY, MeTab0MN3NUPYIOT SKeIaTHH.

Parabacteroides MeTab0nu3npyIoT 1eN17106103Yy, TTI0K03Y, 1aKT03y, D-MaHHO3Y, D-Menenn-

distasonis To3y, D-padunosy, L-paMHO3y, caxaposy, KCM/IO3Y. ONIpefie/IeHHbIE IITAMMBI ~ — DSM 6597
IIaTOTEHHBI TPV PaHEHMAX

Parabacteroides ITpoayLMpyIOT BHEK/IeTOUHbIe (hepPMEHTHI, KOTOpbIe CIIOCOOCTBYIOT paciie-

merdae IJIEHUIO CJIOXHBIX MOTMCaxapuzios (1[e/T0/103a, TeMUIIeITI0N03a, MyKOIIO- - HM-715
JCaxapuzibl)

Prevotella ITepepaboTKa yrieBofoB, BBITeCHEHME IIATOTeHHbIX 6aKTepnil. BeigeneHsr HM.722

copri IpY aHAPOOHBIX MHPEKIMAX IBIXaTe/IbHBIX Ty Tell.

Roseburia Perynupyer MMMYHUTET, IPOU3BOAA aHTUMMKPOOHBIE TN TU/bI, TIOAEP- +  ATCC 49260

hominis KnBas 6apbepHy0 QYHKINIO 1 perynupys T-mum§ornnTo

Roseburia ITpoxyupyIoT MacIAHYIO K-TY, CHUXEHBI IIPY OXKMPEHNM, ITTIOKO30TOIe- +

intestinalis paHTHOCTH, 607Me3HN [TapKMHCOHA

Ruminococcus IepepaboTKa NNIEBbIX KPAXMaJIOB U YCBOEHME SPYTUX PACTUTETbHBIX + DSM 756

bromii [I0/IMCaXapyU/0B, OAVH 13 JOMVHAHTHBIX BU/IOB 6aKTepUil TONCTOI KIMIIKY

Ruminococcus Ipoxyuupyer aHTM6aKTepyaTbHBII PyMUHOKOKIIVH A, Ie/ICTBY IOLIVIT + DSMZ 1402

gnavus IPOTYUB IATOTEHHBIX KITOCTPUANIL

Ruminococcus .,

torgues HopManbHbIiT KOMIOHEHT MUKPOOMOTEI KuimedHuka (0.5%) + DSM 3979
Perynupyer BOCIanuTeNbHBIA OTBET, IPOAYLMPYIOT 6AaKTEPUOLMHBI IIPO-

Streptococcus . .

salivarius TUB 6aKTepnit 3y6Horo Hanéra. HexoTopble MTaMMbI CYMTAIOTCSA ONIIOPTY- + DSM 2243
HUCTUYIECKMMIY ITaTOT€HAMM

Veillonella ITapomoHTOMaTOreHHasA 6aKTepHs, OKasbIBaeT AHTATOHUCTIYECKOE fIeli- DSM 15643

parvula

CTBUeE Ha KapyMeCOTeHHYI0 MUKpodIopy

XeMOMUKPOOMOMHDIN aHanu3

Pe3ynbTaThl 9KCIEPYMEHTOB IO OL[eHKe BO3/EICTBUA Pas3IMIHbIX MOJIEKY/I Ha pOCT 6aKTepuil, KOTOpbIe pas-
MevaloTcA B 6a3ax faHHbix Human Microbiome Project [21], iHMP [22], PubChem [20] u gp. npencraBieHsl
B Bijie Tabnu. CTon61bl Takoi Tabmnibl T cCOOTBETCTBYIOT MUKPOOPTaHM3MaM, a CTPOKM — BellleCTBaM, BO3fieli-
CTBYIOIMM Ha COOTBETCTBYIOLINIT MUKPOOPraHu3M. B K/teTKax Tab/muIipl Cofiep>KaTcs 3HaYeHU I IO IV IO,
kpuBoit pocta (AUC) npy Bo3[eiicTBIM COOTBETCTBYIOIETO BelllecTBa. TakuM 06pasom, j-ast CTpOKa Tab/IIIbl
T onmcoiBaeT «poduib» BO3EEIICTBIUA j-0I1 MOTEKY/IBI Ha pasIMYHbIX IPeACTaBUTENel MUKPOOUOMa.
Tabmuua T npepcrabnsgeT co60it MCXOXHYI0 BBIOOPKOI MHGOpMALUU A1 00y4eHU T aITOPUTMOB Xe-
MOMMUKPOOMOMHOTO aHaau3a, B KOTOPOT i-blil cTOM6el] TabauLbl COOTBETCTBYeT 3 dekTaM Bo3Jeil-
CTBUS UCCTIEZOBAHHBIX MOJIEKY/I Ha i-Oro IpeAcTaBuTens Mukpoduoma. Cronbery g, = (X Aij)r TabMUI bl
T=((X

0 CTPYKType KaXkKfIOil j-0i1 BO3[e/ICTBYOIIell MOTIEKYIbI (XxeMorpad X,.j) U 3Ha4YeHMe IJIOLaiy MIOf, KpUBOII

A)),i=L..,N, j=1,.,n, COOTBETCTBYIOUINII i-OMY MUKPOOPTAaHU3MY, COfIEPKAIIUT UHPOPMALINIO

AUC nipu BosfieiicTBUM laHHO MOTekynbl, A; € R . Xemorpad (x-rpad) - ocobas pasHosuaHOCTb Tpada (T.e.
MaTeMaTN4YecKOro 00'beKTa, AB/IAIIIErocs COBOKYITHOCTbIO MHOXKECTBA BEPIINH M MHOXECTBa pebep — cBsA3eil
Mex/y BepuHamu). XeMorpadoM Ha3bIBaeTCA KOHEYHBIN, CBA3HBIN, HEOPMEHTUPOBAHHBIN, Pa3MedeHHbII
rpad 6e3 meTenb, C KIMKOBBIM YVICJIOM He IPEBBIIIAIONIM TPU.

JlaHHBIe, TpeficTaBIeHHbIE B CTONOAX &; Tabmuibl T, 06pabaThIBalOTCA MeTOZAMY XeMOMH(GOPMALIVIOHHOTO
aHa/M3a, OCHOBAHHBIMM Ha KOMOMHATOPHOI Teopuu paspeunmocty [23, 24]. KombunaTopHas teopus paspe-
IIIMOCTH, IPeCTaB/IAIIasA cOO0I pa3BIUTHE aITe6pandecKoro IOAX0/a K 3aladaM PaCcIIO3HABAHM A, ABNACTCA
COBPEMEHHBIM MaTeMaTU4YeCKUM MHCTPYMEHTOM J/IA MCCIeOBaHUA MIPU3HAKOBBIX ONMCaHMIT 06BEKTOB [25].
B npuMeHeHNM K aHaNMN3y XeMOrpadoB, IPaKTUYECKY BaKHBI Heopema 0 nonHome Kopmesneil UHBAPUAHINOG

npouseonvrozo xemozpaga [12] u meopema coomeemcmeuss Kpumepus NOTHOMbL UHBAPUAHMA KPUIMEPUIO
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paspewumocmu/peeynaprocmu [13] Ha OCHOBaHUM KOTOPBIX CTAHOBUTHCA BO3MOXKHBIM OIIpefie/ieHle U Ha-
cTporika («obydeHne») GyHKIMIT paCCTOSHNA MEXTY XeMorpadaMu.

QyHKIUA PacCTOAHMUA MEXAY XeMorpa(i)aMM dz Hap, 6I/IHaprIMI/I X-MHBapMaHTaMMU ONpefensIeTcsa Kak
1 Iyl . n . n
d,(X,.X,)= mzmkl[k]ﬁ[xl]x DUKIPIX, I,
k=1

TZie X — MHOXKECTBO 9/IeMeHTapHbIX X-MHBapMAHTOB (BCeX BO3MOXKHBIX (ParMEHTOB XMMUYECKNX CTPYKTYD),
i[]x - xopTexx-uHBapuaHT (CIMUCOK PParMEHTOB CTPYKTYP, IPUMEHUMBII K CTPYKTYpe M060it MOIEKYbI),
B[X‘/] - C10cO6 BHIYMCTIEHMs OMHAPHBIX TPU3HAKOBbIX ONMUCAHMIL /s XeMorpada X, COOTBETCTBYOLUX
(dparmMeHTaM MOJIEKY/IAPHON CTPYKTYPBI M3 MHOXECTBA X, ®, — BeC k-ro mpu3Haka. IIpuBenéHHOE BbIIIE BbI-
pakeHMe, OTpaXkalolliee «XUMU1ecKkoe paccmosHue» MY SBYMs IPOU3BOIBHBIMU MONeKynamMu X, n X,,
SBJISETCS OCHOBOJ XeMOMH(OPMAIIIOHHOTO aHa/IM3a BOOOIIe ¥ XeMOMUKPOOMOMHOTO aHa/IN3a, B YaCTHOCTH.

Paccrosiume d, sBnseTcs HacTpanMBaeMoil METPUKOIA, T.K. COIEP>KUT IIPOM3BO/IBHO HACTPaBaeMble ITapame-
TpBI - Beca , . [l Habopa JaHHbIX, 3aJaHHBIX i-bIM CTONO1IOM ( g, ) TabmMIBI T MIKPOOMOMHOTO 9KCIIePUMEH-
Ta, HACTPOJIKa BEKTOpa IapaMeTpoB (®,) MOXET OCYLIeCTBIATHCA TeMU MY MHBIMYU METOLAMMU MAIIMHHOTO
o6y4eHnsA. Mbl UCIIONb3yeM METOJ XeMOMETPUYECKOT0 aHa/n3a, KOTOPBIi IofjpadyMeBaeT MCIOIb30BaHIe
TIPOIIE/Ty PBI COTTACOBAHIISA TIAP METPIK, OHON M3 KOTOPBIX ABMAETCSA «xumuyeckoe paccmosrue» d, ,a BTopoit -
MeTpuKa d,, BYUC/AeMas Ha OCHOBE 3HAYEHUII IIOA M IO, KpUBOI A, , IPe/ICTaB/IeHHbIX B CTONOLE ;.
CoracoBaHue 3aK/II09aeTCs B I0A00pe TaKMX 3HAUEHUII BECOB (), , PV KOTOPBIX Pas/In4ysi MeX/[Y SHaYCHUAMU
cornacyemolt mapbt MeTpuk, d, u d,, MMHUMATBHO.

3agaya MallTHHOTO 00y4eHM JI/IA COINIACOBaHMA MeTPUK GOPMYIUPYETC Kak

ar%n)lin[L(dx(Xij,Xij),dA(AU,Ay.))},i=1,...,N,j:1,...,n,

Oy

rfe L - ncnonpayemas GyHKLUA HOTepb (AUCIEPCHs, CTAHAAPTHOE OTK/IOHEH e 1 T.11.). COOTBETCTBEHHO, B pPe3y/ib-

Tare 00y4eHus AITOPUTMa «XuMudeckoe paccroanue» d (X,,X;,) Mexxny napoit monexyn X, u X;, coorser-

CTBYeT pa3IN4MIo B 3HAUEHM A B 3HAYEHNAX IVTOLIATN IO KPUBON A, U A,,, OTpa’kaeMbIX METPUKOM dA (A,A)

C TOYHOCTBIO 10 IMHENHOTO [peobpa3oBaHus Y, T.e. d,(A,,A)= yi(dl(xflaxiz)) = aﬁAdl(X“,Xiz)+ bﬁA,
B 1jes10M, Ha IepBOM 3Tale XeMOMUKPOOMOMHOrO aHanu3a [y i-ro MUKpOOPraHK3Ma, ONMChIBAEMOTO

cronbuoM g, Tabmuubl T, mpoBoguTCA «06ydYeHNe» aaTOPUTMOB J/IA BEIYMCIEHNA XUMUIECKUX PacCTOA-

umit d,. Ha Bropom arame, Ans uccnefyemMoit Moekynbl X pacCYMThIBAIOTCA PACCTOAHMSA d, (X,X[j) 1o

Bcex xemorpados X, cronbua g =(X,;,A;)" u, no dopmyne d, =y,(d,), BHIYUCIAITCA OLEHKH PacCTO-

AHNUI d, OT MCKOMOTO 3Ha4eHNUs A, 10 M3BECTHBIX 3HAUEHU A,./. cronbia g - 3aTeMm, A/ KaXK/0 j-oit
MOJIEKY/IbI 110 popMyIie AX/. = d'l(dA,A,j) BBIUMCIAIOTCA OLEHKM MCKOMOTO 3HaueHM A IJIOIIAAM TI0J, KpUBOI
pocTa MUKpoopraHusMa, obpasymolnye MHOXXeCTBO yucen A= {Axl’sz’---A)gv--’Ax”} , K KOTOPOMY IIpU-
MeHsietcs onepatop ((x) mns GopMupoBaHUsA sMIMpUYecKoit GyHKUMM pacupenenenus (.¢.p.), Tak 4To
P(x)A=sup[{Bc A|VaeB:a<x}|/|4

HI€e TIOLIA/ M IO KPMBOIT A, BBIYMCIAETCA KAK MaTeMaTH4ecKoe oxxunanme G(x)A4 , a TO4HOCTD BBIYUC/IEHNA

, x € R.Cucrionb3oBaHmeM IONy4eHHOI 3.¢.p. P(X) A mckomoe 3Hade-

A, —KaK CTaHJapTHOE OTKJIOHEeHe ¢(x)A . TlpencraBneHHble jajee B TAGMUIAX U PUICYHKaX OLI€HKM I/IONTa/iu
07} KPVBOI1 OBI/IV IOy YeHbI KaK MaTeMaTH4ecKoe OXXIJaHMe U JUCIIEPCIS COOTBETCTBYIOLIEl SMIMPUYECKOl
byHKUMK pacpefeneHysi. AHaJOTMYHBIM 00pa3oB IPOBOANTCS OLleHKA 3HAYEHWIT CTaTUCTIYECKOI TOCTOBEP-

HocT (P) 1 cTaHAapTHBIX 3HAYEHNIT IIOA/M IO KPUBOIL.

Pe3synbTaTbl n 06CyXaeHne

B pesynbraTe IpoBeieHHOIO HAMIU XeMOMUKPOOMOM-
HOTO aHa/nM3a ObUIN MOMTyYeHbI IPOTHO3BI 3HAUCHNUI
nnomagu AUC o KpuBoii pocra. [I15 fanbHeriero
aHajI13a ObIIY OTOOPaHBI TOTBKO Te JaHHbIE, KOTOPbIe
coorBercTBOoBany 3HauYeHNAM AUC, cTaTuCTIYeCKn
TOCTOBEPHO OTIMYANOIMMCA OT KOHTPOIbHBIX 9KC-
nepuMeHTOB (P<0.05 Ipy cpaBHEHNM CO CTAHAAPTHOM
cpepioit BeIpallMBaHNA 6aKTepuit) 1 CO 3HAYEHUAMM
CTaHJAPTHBIX OTKIO0HeHuI 3HadeHnit AUC, He IpeBbI-
IIAIOIMMU NTOTPELTHOCTD MeTofa (B cpenHeM, 0.2 y.e.
IUIOLa/iM 1O KpuBoii). IlonydeHHbIe pe3yIbTaThl
CYMMUPOBAHBbI Ha puc. 2.

B cpednem no penpesenmamusHoti evi6opke mu-
KpoOUOmbL HenoeeKa ackopoam AUmus 6 HeckonbKo

bonvueti cmeneHu nod0epPHUBAT POCH 8Cex OaKkmeputi-
KOMMEHCA08 nonoxcumenvuoti muxpobuomot (AUC=-
0.57+0.15), uem komenat (AUC=0.47+0.17), HUKOTMHAT
(AUC=0.45%0.22), acnaprat (AUC=0.31%0.14) u opo-
taT mutna (AUC=0.50£0.21). OxcubyTupaT muTusa
OBLI HAUMeHee «IPY>KeTI00eH» [0 OTHOMIEHNIO K MI-
Kpobnore yenoBeka: cpepHee s3HadeHne AUC 1o nccre-
TOBaHHBIM IPefCTaBUTEISIM MUKPOOIOMa YeI0BeKa
cocraBuiio Bcero 0.22+0.17.

Pe3ynbpTaTbl XeMOMUKPOOMOMHOTO aHa/IN3a COMelt
MUTUA Ha BbIOOpKe n3 140 mpobuorndeckux u 60o-
JIe3HETBOPHBIX MMKPOOPTAaHM3MOB MOATBEPXKAA0T
pesy/IbTaThl aHA/IN3a PEelPe3eHTAaTVBHO BEIOOPKY
MUKpPOOMOTHL. B xofe aHanM3a TaHHBIX BBIOOPKU
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OLIEHMBAINCh OT/INYMSA B 3HAUeHUAX KOHCTaHT MIC,
MUHVMAJIbHBIX MHIMOMPYIOLIVX KOHIIEHTPALyii pocTa
6axrepuit (puc. 3).

Pe3ynbpTaThl XeMOMMKPOOMOMHOTO aHaNM3a Ipo-
6morndeckux 6akrepuit (puc. 3A) moxkasaau, 4To
3HadeHus1 MIC Obl/1u JOCTOBEPHO BBIILIE [/IsT aCKOP-
6ara mutus (46.1+32.7 MKI/MII), 4eM /11 KOMEHA-
Ta (23.4+15.2 Mkr/Mn), HuKotuHaTa (19.8+14.0 Mxr/
MII), okcubyTupata (29.4+22.7 MKI/MII), acnapraTa
(31.0+25.4 MKr/™M1), opoTara (24£13.8 MKT/MJI) TUTHA.
VIHade roBOpsi, TOpMO>KeH e MeTabo3Ma mpoodmoTH-
YeCKUX GaKTepuit HPOMCXORNUIIO Ipy 60JIee BHICOKUX
KOHIIEHTPALMAX acKopOaTa TUTHS, YeM OCTATbHBIX
coreit (4TO COOTBETCTBYeET Hostee 61arOIPUsITHOMY
a¢dexry ackopbarta muTHs Ha GAKTEPUN-TIPOOUOTUKI
U, COOTBETCTBEHHO, ITOTIOXXUTENbHYI0 MUKPOOUOTY).

B ciry4yae 60/1e3HETBOPHBIX MIKPOOPTaHI3MOB, O-
CTOBepHbIE Pa3IN4Msi MeX/Y UCCIeAOBAHHBIMIL COTLS-
MU TATUS ObLIN HalieHbl 11st 8 u3 125 MccnemoBaHHbIX
60esHeTBOpHBIX OakTepuii (puc. 35). B cpenrem mo

8 BupjaM 60/1e3HeTBOPHBIX OaKTepuii, 3HadeHyss MIC
6BV TOCTOBEPHO HIDKe AJIst acKopbara (4.50+3.69
MKT/MJI), 4eM i1 KoMeHaTa (6.31+5.58 MKI/MIT), HUKO-
tuHara (10.98+9.37 MKr/mn), okcubyrupara (7.45+4.73
MKr/mi), acnaprara (6.37+4.71 Mkr/ma) u oporara
mnrtus (7.27+5.81 mxr/mir). Takum o6pasom, MHIUONU-
poBaHue 60/1e3HETBOPHBIX MUKPOOPraHI3MOB IIPOC-
XOZMIO Ipy 60/Iee HU3KUX KOHIIEHTpalMAX ackopbara
JINTYSA, 4eM APYTUX COTel TUTHA.

TakuM 06pasoM, aCKOpOaT MUTUA XapaKTepU3yeTCcs
oIpefie/IEHHBIMYU aHTMOAKTepUaIbHBIMY CBOVICTBAMM
MIPOTUB IATOTeHHBbIX 6aKTepuit u, Ha060poT, 6osee
3¢ deKTUBHO CIIOCOOCTBYET MOAAep)KKe OaKTepuii-
KOMMEHCAJIOB U MPOOMOTHYeCKMX OaKTepuil, 4eM
ocCTajbHbIe TPU COMu MUTHUA. PaccMoTpuM 6ornee mog-
Po6HO 3 PeKTHI MCCIeNOBaHHbIX COTIeN INTHUA Ha TaKue
acreKThl PYHKIMOHMPOBAHMS MIKPOOIIOTHI KaK CHHTE3
KOpOTKoIernoye4HbIx xupHbIX kucnoT (KIKK), pery-
JIALIMIO BPOKAEHHOTO MIMMYHIUTETA, IIPOLIECCOB BOCIIA-
JIeHVsI ¥ BBITeCHeHMe TTaTOTeHHBIX MUKPOOPTaHI3MOB.

OLI,EHKI/I BJINAHNA OpraHnN4ecKnx conen nuTnA
Ha CMHTE3 KOPOTKOoLEeNOYe€YHbIX XXKUPHbIX KNCNOT

KIDKK (MacnaHas, yKCyCHas, MypaBbMHAA U Jp.) MC-
HO/Ib3YIOTCA KaK MCTOYHMK SHEPTUY SHTEPOLUTAMU
U KOJIOHOLUTAMH, YBe/INYNBasi BbIPabOTKY SHEpTUn
u nenenve kineTok JKKT. XeMoMMKpoO6MOMHBII aHamN3
HOKa3aJI, 9TO aCKOpOAT IUTHUA U, B MEHBIIIeJI CTeIeHN,
KOMEHAT I HUKOTMHAT JTUTHS, CIIOCOOCTBYIOT POCTY
6axrepuit-npoxgyuenToB KIDKK - sybakrepuii, Hema-
TOTEHHBIX KIOCTpUANIt u 6akrepoupos. Hanpumep,
3ybakmepuy COCTaB/AOT 3HAYMTETBHYIO YaCTh OT BCEX
Hace/AIIMX XKeTyJOYHO-KUIIEYHBI TPAKT MUKPO-
OPTaHU3MOB, Ba>XKHBI I MeTabOMM3MPOBaHNA yITIe-
BopoB u HakomneHus KIJDKK. Ackop6ar u koMeHat
JINTUA CIIOCOOCTBOBAIN POCTY MCCTIE/JOBAaHHBIX IITAM-
MmoB E. eligens (AUC=0.68, gpyrue comu - 0.21...0.47)
uE. rectale (AUC=0.40...0.44, npyrue conn-0.30...0.41).
E. rectale BXOZAT B cOCTaB MUKPOOMOTHI TOTICTON KHII-
KM V1 AB/IAIOTCSA OCHOBHBIMY ITPOJYLIEHTaMV MaC/IAHOM
KucnoTsl (HapAny ¢ E. ramulus, E. hallii, R. faecis, R. ce-
cicola, F.prausnitzii u Coprococcus).

HenamozenHnvie K10ocmpuouy BXOLAT B COCTaB
HOPMaJIbHOI MUKPOGIOPHI KMIIeYHMKA (TONICTOTO,

PerynmpOBaHme BOCnaneHnAa

ITomumo cunresa KLIKK, nccnenoBannbie npencraBu-
Te/V MUKPOOMOTBHI Ye/IOBeKa IIPOSIBIISIOT 11 OosIee Crers-
udnueckne s¢pdexrel. Hanpumep, crumynuposanme
pocta A. muciniphila (AUC pis ackopbaTa, KoMeHaTa,
HMUKOTUHAaTa, oporara — 0.73...0.74, acmaprara - 0.57,
okcubytupara — 0.28) MOXKeT OKa3bIBaTh IIPOTUBOBOC-
nanuTenbHoe fieiicTBre. ITokasaHa o6parHas 3aBUCH-
MOCTb MeX7y crenenbio Konoumsanym JKKT A. mucin-

[IO/}B3[JOIIHAS KMIIKA, IIPeX e BCEro), KOXI I 10-
nocTu pra yenoseka u npopyuupyor KIDKK (mac-
JIIHY10, UI30MAC/IAHYI0, BaJlepMaHOBYI0, KAIIPOHOBY O,
M30Ba/lepMaHOBYI0, M30KAIIPOHOBY0). Ackopbar
nuTuA cnocobcrBoBan pocty C. bolteae (AUC=0.58,
octanbubie conu — 0.26...0.44) u C. ramosum
(AUC=0.45, ocranbubie conu — 0.22...0.33), koTO-
pble CIOCOOCTBYIOT YCH/IEHUIO YCBOEHM A YTI/IEBOLOB
M KUpOB [26].

Baxmepoudvt — HOpMabHble 06U TATEIN KUIIEYH-
Ka, cocTaBnAaioT 1..3% ot Bceint MI/IKpO6I/IOTbI YeJIoBeKa
Y CHOCOOCTBYIOT pacllelIeHNIO I/IHHBIX LieTieil yIie-
BOJIOB IMIIEBBIX BOJIOKOH ¢ o6pasoBanuem KIDKK.
AckopbaT nuTHs MOoA#EpP>KMUBaI pocT B. ovatus, koto-
pble paclen/IsoT MulieBble BOIOKHA C 00pa3oBaHm-
eM siHTapHoI U peHmnykcycHoi kucnor (AUC=0.73,
apyrue conu — 0.01...0.50) u B. thetaiotaomicron
(AUC=0.53, ocranbubie conu — 0.14...0.32), koTOpble
TU/IPONN3YIOT AMUTIO3Y, AaMUJIOTIEKTVH, MaTbTOO/N-
rocaxapupibl i IOAAEPKUBAIOT 6apbepHYI0 QYHKI[UIO
CAU3UCTON KulleyHuKa [27].

iphila v Takumu BoctiammrenbabiMu coctossHyamu JKKT,
KaK almeHInINT ¥ BOCIIAINTEIbHOE 3a00/IeBaHME KIl-
mevHuKa [28]. CHmkeHue ypoBHeit A. muciniphila xop-
penupyer ¢ yBelIMueHneM TXKeCTH anneHaunmTa [29].
TToxa3aHa B3aMMOCBS3b MEXY PACIPOCTPAHEHHOCTHIO
A. muciniphila, 4yBCTBUTETPHOCTBIO K MHCYINHY U 60-
Jiee 3[JOPOBBIM MeTab0/IMYECKIM CTATYCOM y B3POC/IBIX
¢ M36BITOYHOI Maccoit Tena 1 oxxupenneM [30].

BblTecHeHMe NnaToreHHbIX MUKPOOPraHN3MOB
nocpeacTBOM NOAAEPKKN pocTa NONOXKUTENBHON MUKPOOMOTDI

CruMynupoBaHye pOCTa OIpefie/IeHHbIX OaKTepuii-
KOMMEHCa/IOB CIIOCOOCTBYeT BHITECHEHUIO ITaTo-
TeHHBbIX MUKpoopraHusmos. Hanpumep, B. obeum
DSM 25238 (ackopbat nutusa AUC=0.58, npyrue
conu - 0.24...0.50) — OfMH 13 OCHOBHBIX KOMIIOHEH-
TOB MMKPOOMOMa TONCTOrO KMIIEYHMKA YeJIOBEKa
(5%), KOTOPBIIT 02paHUUUBAE KOTOHUZAUUIO XOTIEPHDLX

6U0puoH08. JaHHDI 3P PEKT OCYIeCTBIACTCS 32 CUeT
HOBBIIIEHN A SKCIpeccuy luxS cMHTa3bl ayTOMHAYK-
topa 2 (AI-2), KoTopblil ycunuBaeT GpopMupoBaHue
6aKTepyaabHbIX IJICHOK HOPMaIbHOI MUKPOOMOTHI,
IpefoTBpalaeT afcopOLNIo XOIePHBIX BUOPIMOHOB
U TIOfIaBJIsAeT OIEPOH tCP XONePHbIX BUOPUOHOB, y4a-
CTBYIOIMII B CMHTE3€ XOTePHOT0 TOKCKHa [31].



3KCMEpUMEHTabHAA U KNMHUYECKan racTposHteponorua | N2 205 (9) 2022

102

IMoggepxka pocta 6axTepuit R. gnavus (ackopbat
mutus - AUC=0.60, gpyrue conn - 0.14...0.39) cmo-
COOCTBYeT NOBBIIIECHNIO CYHTE3a aHTUOAKTepHaylb-
HOTO PYMMHOKOKIIMHA-A, KOTOPBII TOPMO3UT POCT
matoreHHeIx kjaoctpupuit [32]. Ilogmepxka pocra
S. parasanguinis consamu muTuA (ackop6at, KOMeHar,
HUKOTMHAT, opoTaT — 3HaueHuss AUC B guamaso-
He 0.71...0.73, okcubytupar AUC=0.37, aciaprat —
AUC=0.02) Ba)XHO /151 IOJIfiep>KaHMsI 3,0POBOTO CO-
CTOSIHVA MUKPOOMOMa TIOJIOCTH pTa. S. parasanguinis
ABJIAETCA OHIM 13 OCHOBHBIX PAaHHMX KOTIOHM33aTOPOB

3akuyeHune

Ob60ocTpeHns OUMONAPHBIX PACCTPOVICTB, /IS TeYeHN A
KOTOPBIX MCIIO/NIb3YIOTCA COMM JINTHUA, aCCOLUNPOBa-
HBI C 000CTpeHNEM ayTOMHTOKCUKALINH, 3aBUCHMOIL
OT COCTOSIHMSI MUKpOOMoMa. bunonspuoe u gpyrue
HEePBHO-IICUXUYIECKUE PACCTPOICTBA, KaK IPaBUIIO,
COIIPOBOXKAAIOTCSA CllelnUIeCKMMU M3MEeHEeHMAMM
neitzaxxa Mukpo6uorsl JKKT, 4To ycyrybnser Hapy-
LIEHV ST IPOLIECCOB CHHTE3a HellpoMefnaTopos [35].
W Hao60poT, npobuoruku (Hanpumep, B. longum
ROI75A) cy1iecTBEHHO CHIDKAIOT IICUXMYECKIUII CTpecc
U [IOfABTISIIOT TPEBOXHOE MoBeeHue [36]. Kpome Toro,
IpyéM MHOTHX JIEKaPCTBEHHBIX IIPEIapaToB, MCIIONb-
3yeMBIX /151 Te4eH s OUITONPHOTO paccTporicTsa [37],
OKa3bIBaeT Pe3KO HETaTMBHOE BIMAHNE HA COCTOSHUE
mukpo6uotsl JKKT nmanyenTos. [TosTromy, nexkapcrsa,
[eiCTByIOMLINE Ha OMOIOsIPHOE PACCTPOIICTBO 1, Of-
HOBpeMEeHHO, yAydIIalollye Mef3a)X MUKPOOMOTHI
JKKT B cTOpOHY ICUXMIECKOTO 3H0POBbI, IMEIOT Oe3-
YCTIOBHOE IIPEUMYILECTBO.

Conu TUTHA, ICTIONb3YILTeCs [/1 TedeHN g OUII0-
JIIPHOTO PAaCCTPOVICTBA, CYLIeCTBEHHO OTIMYAIOTCA 110
ToKcuuHOCTH. Hampumep, KapOoHAT IUTUS TOPA3TO
6onee TokcuyeH mpu npuéMe BHyTpb (LD50=430 mr/
KT, KprCbI), qyeM ac1<op6aT nntusa (LD50=6334 mr/kr,
KpbIchl). KpoMe Toro, ackop6aT TUTHSA OTINYIAETCA
HU3KUM KyMYIATUBHBIM 3¢ dexTom [38]. B Hacros-
et paboTe MOKa3aHO, YTO aCKOPOAT TUTUA MOXKET
TaK)XXe CII0COOCTBOBATH MOfIeP>KKe MIOIOKUTENbHOI
mukpobuors: JKKT. CpaBaenne s dexros ackopba-
Ta, KOMEHaTa, HUKOTMHATa, OKCUOYTUpaTa INTH Ha
pelpe3eHTaTUBHYIO BEIOOPKY MUKPOOMOTBI METOZIOM
XeMOMMKPOOMOMHOTO aHa/I13a II03BOJIMIIO IOy YU T
OLI€HKV 3HAYeH M1 TIOIIA 1M TTOfL KpUBOI pocTa s 38
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To article

Chemomicrobiome analysis of lithium ascorbate and other organic lithium salts (p. 95-104)

PucyHok 2.
3HaueHuA naowaan
nog KpUBbIMU poCTa
6aKTepUi-KOMMEH-
CanoB, AOCTOBEPHO
oTnnyatwowmecs ot
KOHTPONA, NONyyYeH-
Hble B pe3ynbTaTte
npoBefeHnA Xemo-
MUKPOOMOMHOTO
aHanu3sa opraHuye-
CKIX COnew nnuTua.
Figure 2.

The values of the area
under the growth
curves of commensal
bacteria, significant-
ly different from the
control, obtained as
a result of chemomi-
crobiome analysis of
organic lithium salts.

PucyHok 3.
3HayeHA MUHUManNb-
HbIX HMOUPYIOLLMX
KOHLleHTpauuii, go-
CTOBEPHO OT/IMYalo-
Lmecs oT KOHTPONA
B BblbOpKe 13 140
(A) npobroTnyecknx
n (b) 6onesHeTBop-
HbIX MVUKPOOPraHm3-
MoB. IpdeKTbl coneit
NINTVA Ha KaXAbI 13
BUAOB bGakTepuii
OLeHUBanNuCh ycpes-
HeHvem no 27+20
XEMOMUKPOOUOM-
HbIM JKCMepuMeH-
Tam C pasnnyHbIMK
LITaMMaMu.

Figure 3.

The values of the min-
imum inhibitory con-
centrations, signifi-
cantly different from
the control in a sam-
ple of 140 (A) probiot-
ic and (B) pathogens.
The effects of lithium
salts on each of the
bacterial species
were assessed by av-
eraging over 27 + 20
chemomicrobiome
experiments with
different strains.
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PucyHok 4.
Figure 4.

® Bacteroides thetaiotaomicron

= Veillonella parvula

¥ Streptococcus parasanguinis

m Parabacteroides distasonis

» Odoribacter splanchnicus

® Bacteroides uniformis

m Bacteroides ovatus
Bacteroides fragilis nontoxigenic

® Bacteroides fragilis

® Ruminococcus gnavus

® Prevotella copri

® Eubacterium eligens

| Coprococcus comes

Clostridium bolteae

§ N B0
il = 1 [IN

® Blautia obeum

P AHTHA
Lithium
ascorbate

AWTHA
Lithium
comenate

YTHE AWTHA
Lithium
oxybutyrate

Lithium
nicotinate

Mpodunn Bo3aeNCTBMA NCCe[OBaHHBIX CONell IMTHA Ha NONo-
XUTeNbHY MUKpobKoTy. LLinpnHa Kaxxaoro npAMoyronbHmKa
NPONopLMOHabHa COOTBETCTBYIOLIEMY 3HAUEHMIO NIOWaAm Noj
Kp1BOI poCTa COOTBETCTBYIOLIEr0 KOMMeHcana. [puseaeHo cpas-
HeHwe c3ddeKTaMu «CTaHAAPTHOTO» NPebunoTuKa—D-GpyKTo30M.

Lithium
aspartate

AMTHA OPOTAT NMTHA
Lithium
orotate

[w)

-fructose

Profiles of the effect of the studied lithium salts on the positive
microbiota. The width of each rectangle is proportional to the
corresponding area under the growth curve of the correspond-
ing commensal. Comparison with the effects of the “standard”
prebiotic — D-fructose is given.



