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PETPOCIIEKTUBHE MATEMATUYHE
MOZIAEJIOBAHHSA CBITOBOI'O MOHITOPUHIY
JIMHAMIKH JITHINA BETACORONAVIRUS
PANDEMICUM SIK IHCTPYMEHT HAIUIAAY
3A HOBITHIMU MEIMYHUMMU 3AT'PO3AMU

Mema. Oyinumu napamempu npoinie niniti SARS-CoV-2 (Betacoronavirus
pandemicum) ma 6CMAaHOBUMU 3ANEHCHOCIT MidHC 00CAAMU CEKBEHYBAHHA, Ud-
COBUMU XAPAKMEPUCTIUKAMU MOHIMOPpUHEY ma pisnomanimmsm ainid. Memoou.
IIpoananizosano dani 11,33 man. cikeencie ma 2703 ninii B. pandemicum i3 176
Kpain 3a nomenxnamyporo Pango. Buznauanu indexcu xonyenmposanocmi (HHI),
piznomanimms (H, HMM), pienomipnocmi (J), mpusanicmos cnocmepesicennst (D)
ma inmencusHicmo cexeenysanns (). 3acmocosani memoou Kopenayitinozo i pe-
2pecitinoeo ananisy i3 BUKOPUCMAHHAM 6i0N0Gionux Oibniomex python. Pe3yno-
mamu. Buseneno cunbHi 36 s3Ku MidC MPUBALicmio ma iHMeHCUuHicmio MoHi-
MopuHey il yuciom ioenmughikoganux ninii. Busnaueni nopocoi snauenms 07
Odocaznenns oxonnenna 90%, 95% i 99% piznomanimmsa cmanosunu 8i0onogioHo
~239, 321 i 411 cixeencis. Ilicisa ~400-500 cikeencie cnocmepieanocs 3HUNCEHHs.
ehexmuernocmi, wo 8i000PANCANO MIHIMANLHUL npupicm HO8UX Jinil. Mapocu-
HanbHa 8i00aua cexgenysanms 3uudicysanacs 0o <I noeoi ninii na 1000 dooam-
Kogux cikeencie. Bucnoeku. Yacosi napamempu ma inmeHcusHiCms CeK8EH)8AH-
HS BUBHAUAIOMb eQEeKMUBHICNb 2eHEeMUYUHO20 HA2IA)Y, MOOi K PIBHOMIPHICTID
npoQinio 3anexdcums nepesaxicHo 6i0 ousatiny 8i0bopy 3paskie. 3anpononosana
MoO0enb 003601A€ 8CMAHOBIIO8AMNIU NOPOSU CEKBEHYBANHHA MdA ONMUMI3YEaAmu MO-
Himopume.

Knwuosi cnosa: COVID-19, Betacoronavirus pandemicum, ninii, Ousain-mo-
0efb, CeKBEHYBANHSL, PIZHOMAHIMMSL, MOHIMOPUHE.

[TosiBa Betacoronavirus pandemicum ta nopanbma manaemis COVID-19
(COrona VlIrus Disease 2019) BusiBiiu MacmtaOHy Bpas3JinBICTh TIT00ATBHUX CHC-
TEM OXOPOHH 370POB’ s Ta EKOHOMIKH JI0 HOBITHIX BIpyCHHX 3arpo3. OKpiM 3Ha4HO-
TO €T IEMIYHOTO THCKY, ITaHeMisl POJIEMOHCTPYBaJla BUHITKOBY 37aTHICTh BipyCy

© K. C. Onumenxo, O. 1O. 3inuenxo, b. C. XKyxos, 2025
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IBUIKO ()OPMYBaTU F€HETUYHE PIZHOMAHITTA i crienudivHi JiHil, M0 Biapi3Hsi-
Jucsi O10JIOTTYHMMH BJIACTUBOCTSMHU, CIIJIEMIYHOIO JIMHAMIKOI, BIPYJICHTHICTIO
Ta YyTJIMBICTIO IO IMyHHOI BiAnmoBiai [7, 8]. 3HauHa reHeTUYHA MIHJIMBICTh, IIO €
xapaktepHotw st Coronaviridae, TO3BOJSIE IPEACTABHUKAM IIi€1 POIUHYU BHUIIA-
KOBO HaOyBaTH HOBHMX KOH(]Irypariii moBepXxHeBUX OUIKIB, HAJJAlOUM iM 3/1aTHICTh
e(EKTUBHO 3B’SI3yBaTHCA 3 KIITUHHUMHU PEIENTOPAMH 1HIIUX O10JOTTYHUX BHIIB.
Cgoro vacy cnanaxu SARSta MERS[1, 14] HaouHO poAeMOHCTPYBAIH HACIIIKA
JIOJTaHHSI MIXKBHIOBOTO Oap’epy I€0 POAMHOIO BipyCiB, OfHAK B. pandemicum ne-
PEBaKUB 32 BIUIMBOM YCi norepeHi BapianTu. Taka BapiaOenbHICTh 3yMOBHIIA Ha-
rajpHy noTpely Yy CTBOPEHHI ONEPAaTUBHUX, CTAHAAPTU30BAHKUX 1 BHCOKOUY TIMBHX
IHCTPYMEHTIB MOJICKYJISIPHO-TEHETUYHOTO HATIISAY, 3AaTHUX 3a0e31euyBaTH PaHHE
BUSIBJICHHSI KJTFOYOBUX BapiaHTIB Ta MiATPUMYBATH MPUHHATTS yIPABIIHCBKUX Pi-
1IeHb y cepi rpoMaIChKOro 310poB’ st Ha I100aTbHOMY piBHI [6].

BaxxnuBuM pe3ynbpraToM I1o0abHOT MOOLTI3AIT cTaio (OPMYBaHHS CHCTE-
MU HOMEHKJIaTypH Pango — e1uHOi Ta IMHAMIYHOI CTPYKTYpH Kiacu]ikaiii JiHild
B. pandemicum, sixa inTerpye naHi Tucsiu gaboparopiil y pi3HHX KpaiHax Ta 3a-
Oe3neuye yHi(piKoBaHE BiICTE)KEHHS EBOJIOIIIHUX MPOIIECIB BIPYCY B pealbHOMY
yaci. Bukopucranns Pango cTaio 0CHOBOIO Cy4acHOTO T€HETHYHOTO EITiTHATIIS LY,
KA MIATPUMYE 1IeHTU(IKAII0 BapiaHTIB, OMIHKY €(EKTUBHOCTI MPOTUEMiIeMid-
HUX 3aXO[iB, TAPT€TOBAHMI Big0ip 3pa3KiB, KOPUTYBAHHs BaKIIMHHUX CTpATErii i
MPOBE/ICHHS (PLIIOreHETUYHOTO aHai3y Ha MibKHapoaHomy piBHi [10, 11].

Jl1st cucTeM OXOpOHHM 3/10pOB’ sl iCHYBaHHS 1i€l 1atdopmu 3a0e3medye MOXK-
JUBICTh PO3POOKH MPAKTHUYHHUX PILIEHb, IO BKIIOYAIOTh PAHHE TMONEPEIKCHHS
npo noTeHuiHo ocobnuBo Hebesneuni VOC (Variant of Concern; BapianTH, 110
BUKITMKAIOTh 3aHenokoeHHs) Ta VOI (Variant of Interest; BapiaHTH 10 BUKJIMKA-
I0Th IHTEpEC) BapiaHTH, KOPUTYBAHHS aJTOPUTMIB TECTYBaHHS W CEKBEHYBaHHS,
OLIIHIOBaHHS €(PEKTHUBHOCTI BaKIMH 1 TEPANEBTUYHHUX CTPATEriid, MATPUMKY Tap-
TeTOBAHUX MPOTUENIIEMIYHHUX 3aXO0/IiB 1 IIaHyBaHHs pecypciB. Kpim Toro, Pango
CTBOPIOE MPO30PHI KaHAJI KOMYHIKaIil MiXK JJOCIiAHUKaMU Ta OpraHamMH TPoMaji-
CBKOTO 3JI0POB’S, THM CaMHUM ITiJJBUIIYIOYU MIBUAKICTh Ta OOTPYHTOBAHICTh MPO-
THEMIIEMIYHUX 1 MPODITAKTHYHUX 3aXO/iB HA HALIOHAJILHOMY W MIKHAPOAHOMY
piBusx [2, 9, 11].

[Tompu 3HaYHY KiTBKICTh HAKOMTMYEHUX CIKBEHCIB Ta MIUPOKE BUKOPUCTAHHS
IHCTPYMEHTIB FT€HETUYHOTO MOHITOPHHTY, CbOTO/IHI 3aJIMIIAETHCS HEOCTAaTHBO BU-
BYCHUM MUTAHHS KUIbKICHOT OLIIHKH €()EKTUBHOCTI TAKUX MPOrpaM y MPOCTOpi Ta
yaci. [1o3a yBaror 4acTo JIMIIA€ThCsl BU3HAYCHHS ONTUMAJILHOTO 00CSTY CEKBEHY-
BaHb, BIUIMB YaCOBOI CTPYKTYpH Ha SIKICTh BUSIBJIICHHS JIiHIi, POJIb PI3HUX METPHUK
PI3HOMaHITTA y (pOopMyBaHHI PENPE3CHTATUBHOTO MPOQIIO Ta MOPOTH, MICIS SKUX
301IbIIEHHS] CEKBEHYBaHb IEPECTae ICTOTHO MiABHINYBaTH iH(opMaruBHicTh. He
MEHIII BOYKJIMBOIO € ITpodIieMa Tn3aifH-e(PEeKTy, KOJIM HEOTHOPIIHICTh BiI0OOpY 3pa3-
KiB Ta KJIaCTePH3allisl IOTOKIB CYTTEBO 3MIHIOIOTh €(PEKTHBHUN PO3Mip BUOIPKH Ta
TOYHICTh OLIHKU NIepeBa)KaHHS BapiaHTIB.

PerpocnexTrBHMIA aHAITI3 CBITOBOTO MOHITOPUHTY JiHiH B. pandemicum nae
MOXJIUBICTh C(HOPMYyBATH MAaTEeMaTHYHO OOTPYHTOBaHY MOJIEIb, SIKA OIMHCYE KITFO-
YOBI XapaKTePUCTUKH HAHOUTBIINX HALlIOHATBLHUX MPOTrPaM CEKBeHYBaHHs. Takuid
MiAX1J T03BOJISIE BCTAHOBUTH TIOPOTOBI 3HAUEHHS BAJIOBOTO OOCATY CIKBEHCIB Ta

ISSN 2076-0558. Mixpobionozis i biomexnonoeia. 2025. Ne 3. C. 6-20 —— 7
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IHTEHCUBHOCTI MOHITOPHHTY, BU3HAYUTH JUHAMIKY KPUBOI HAKOIIMYCHHS JIIHIN Ta
OIIIHUTH TapaMeTPH, HEOOXIAHI JJIsd HaIIHHOTO BUSBJICHHS PIJIKICHMX BapiaHTIB.
Ha ocHOBI OTpUMaHUX METPUK MOXJIMBE (HOPMYBaHHS y3TO/DKEHOTO KPHUTEPIIO
SIKOCTI, IO 3JaTHUW CIYT'YBaTH OCHOBOIO JUISI TIPOEKTYBaHHS MalOyTHIX CHUCTEM
HaIBIIY Ta ONTUMI3alii pO3MOALTY PecypciB, MiABUIIYIOYH HMOBIPHICTh PAHHBOTO
BussieHHss VOC ta VOI.

Merta wmi€i poOOTH — 3AICHUTH PETPOCIIEKTUBHE MaTeMaTUYHE MOJEIIO-
BaHHS MI00ABHOI CTparerii TeHOMHOTO MOHITOPUHTY JiHIA B. pandemicum 13
BUKOPHUCTAHHSM JaHUX HOMEHKJIATYpH Pango Ta BU3HAYUTH KiJIBKICHI apaMeTpu
e(heKTUBHOCTI, MOPOTOBI 3HAUEHHS CEKBEHYBAHHS, BIUTUB YaCOBUX KOMIIOHEHT 1
nu3aitH-epekTy Ha skicTh mpodimto niHid. OcoONuBY yBary MpUALICHO aHATi3y
METPUK KOHIIEHTPOBAHOCTI, PI3HOMAHITTS i pIBHOMIPHOCTI; CyOmiHIHHIN qrUHAMILI
HAKOMMYEHHS JIiHiif; OLIHI IHTEHCUBHOCTI CEKBEHYBaHHS1, HEOOX1THOT 1151 11€HTH-
¢ikarii BapiaHTIB HU3bKOi YaCTOTH; a TAaKOXK (DOPMYBAHHIO PEKOMEH/IAIII CTOCOB-
HO ONTHMI3allii HAIlIOHAIBHUX 1 NIOOATBHUX MPOTrPaM TeHETHYHOTO eIl THATIISTY.

[IpencraBnena Mojenb Ma€ MOTEHINAN JAJs MPAKTHYHOTO 3aCTOCYBaHHS Y
CIICHapHOMY IUTaHyBaHHI MAalOyTHIX MaHAEMIYHHUX 3arpo3, 0co0IMBO 3 OOKY Bipy-
ciB ponunu Coronaviridae, Ta Moxe OyTH afanToBaHa J0 1HIIUX BIPYCHHX IaTOTe-
HiB 13 BUCOKOIO IIBUAKICTIO €BOJIIOLIII.

Marepiauu i meTonmn

JIcepena oanux. JIns MOIEIIOBaHHS BUKOPUCTAHO BIAKPUTY 0a3zy MaHHX
pango-designation (GitHub, https://github.com/cov-lineages/pango-designation),
sIKa MICTUTh TIOBHUH PEECTp BU3HAYCHUX JIiHIN B. pandemicum Ta BiINOBIIHI Me-
TajgaHi ineHTUdikamii. ¥ 1ociaipKeHHs BKIFOUEHO JaHi 3a repiof Bix 24.12.2019 no
09.10.2024, akryansHuii ctan sikux ¢ikcoBano Ha 10.08.2025.

o ananizy ysivnum 11 330 064 cikBeHciB 3 176 kpaiH-y4acHHIIb MOHITO-
punry, 2703 enigemionoriuHi niHii B. pandemicum.

Bin6ip nanux OyB TOTanbHUM, O€3 BUKIIIOYEHHS KpaiH, He3aJIe)KHO BiJ MacIl-
Ta0iB HALlIOHAJILHUX MPOTPaM CEKBEHYBaHHs a00 IXHBOI PETyISPHOCTI.

Iliocomoeka oanux ma popmysanns npoghinie Kpain. J{ns KOXXHOT KpaiHU
dbopMyBanu iHIUBIyaTbHUN TPODLIH JTiHIN, SKUNA BKIIOYAB: 1) 3aranbHy KiTbKICTh
HA/IaHUX CIKBEHCIB; 2) KIJIbKICTh 1IeHTU()IKOBAHUX JIiHIN; 3) PO3MOILT YaCTOK KOX-
HO1 JIiHIi B M@Xax HaIliOHAJIHHOTO HAOOpy; 4) 4aCOBI MEXKI MEPILIOTO Ta OCTAHHBOTO
3pa3Ka JJisl KOOKHOI JIiHiT; 5) yacoBUI 00CST CIIOCTEPEKEHHS y MEXKax KpaiHu.

OCKiJIbKU KpaiHU iCTOTHO BiAPI3HSUIMCA 32 00CATOM CEKBEHYBaHb, Mpodimi
Oy HOpMOBaHi /1715 3a0€3Me4YeHHsT MIKKPaiHOBOIT TTOPIBHIOBAHOCTI.

Mempuxu npoghinto ninii. J17s1 OIHKYA CTPYKTYPH PI3HOMAHITTS 3aCTOCOBY-
BaJIM TPU B3a€MOJIONIOBHIOBAJIbHI METPUKHU:

1. Innexc I'epdingans-Tipmmana (HHI)

BinoOparkae KOHLIEHTPOBAHICTh MPOQIIO Ta MEPEBasKaHHI OKPEMHUX JIHIH:

JI€ P,— YaCTKa i-TO1 JIiHii.

8 —— ISSN2076-0558. Mixpobionoeis i 6iomexnonoeisn. 2025. Ne 3. C. 6-20
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2. Eatponis lllennona (H) Ta kopurosana earporis Mimnepa-Menoy (HMM)

BuxopucToByBaiu 1711 OLIIHKH T€HETUYHOTO pi3HOMaHITTs. J{J1st komneHcamii
CHCTEMAaTUYHOTO 3CYBY CHTPOIIii 32 YMOB HEPIBHO3HAYHUX OOCSTIB CEKBEHYBaHb 1
i1eHTH(IKOBaHUX JiHIM MK KpalHAMH €HTPOIIII0 KOPUTYBaIH MONpaBKo Misute-
pa-Menoy.

ne (k) — ximpkicTh JiHiH, (N) — KUTBKICTh CIKBEHCIB.
3. PiBHOMIpHIicTS [Tinoy (J)
XapakTepusye piBHOMIPHICTh PO3MOILTY YaCTOK JIHIH:

[TinGip MeTpuK 3AICHIOBAIN Ha OCHOBI aHAMI3y JpKepeln JiTeparypu [3, 4,
5,12, 13].

Yacoei nokaznuku monimopunzy. Ha 0CHOBI 4aCOBUX MITOK CiKBEHCIB BU-
3HAYaJIN Bl y3arajJbHEH1 YacOBI XapaKTePUCTHKH:

1. TpuBamicTh aKTHBHOTO criocTepexeHHs (D)

Pi3HuIM Mk 1aTamMul epIioro Ta OCTaHHBOTO OTPHUMAHOTO 3pa3ka B KpaiHi.

2. InTencuBHicTh cekBeHyBaHHS (1)

CepenHst KUTBKICTh CIKBEHCIB Ha 100y Y MeXKax 1HAMBIAyaTbHOTO KaJeHIap-
HOTO BIKHA:

Lli MeTpuKH TO3BOJISIFOTH OIIHUTH O€3MEePEPBHICTH Ta MIUIBHICTh TEHETHY-
HOTO MOHITOPHUHTY.

Mooeni pecpeciiinoi anpoxcumauyii. JIns aHamizy 3ajJeXHOCTI KUTBKO-
CTi CIKBEHCIB BiJl TapameTpiB Mpodiar0 OIiHIOBaIKM 12 MaTeMaTHYHUX MOJIe-
JIeH, cepell SIKUX TIPEACTABIICHO JIiHIMHY, JTOTapupMidHy, CTYIICHEBY, €KCITIOHCH-
iKHY, TIOJIHOM 2-TO Ta 3-TO CTYIIEHIB, OOCpHEHY, KOPEHEBY, KyOiuHy KOpEHEBY,
KBAQJIpAaTHYHO JIOT-TIOJTIHOMHY, Mixaemica-MeHTeH Ta JIOTIT-JIOT 3aJIeKHOCTI.
Mopeni mopiBHIOBaM 3a Koedirientom aerepminarii (R?), craHmapTHOO MOXHO-
KOIO alpOKCHMAIlii Ta aIeKBaTHICTIO OMUCY KPUBOi HAKOMTUYEHHS.

Ouinka nopozie euseiennsn pizHomanimmsi. J1Jis KO)KHOT KpaiHy BU3HAYATN
MiHIMaJTbHUH 00CAT CEeKBEHYBaHb (N), HEOOXITHHIA 711 JOCSTHEHHS 3a/1aHO1 9acT-
KM criocTepexyBaHoro pisHoMaHiTTs (90%, 95%, 99%) Ha ocHOBI Mojeni:

BIL]= ) (1-(1-p)")
I:kip=0
ne E[S(n)] — ouikyBaHe 4uCII0 yHIKATLHUX JIIHIA Y BUOIPILL 3 72 CIKBEHCIB;
1- (1-p,)" — IMOBIpHICTb X04 pa3 INECHTU(IKYBATH KOHKPETHY JIiHIIO L y n
CIKBEHCAX;
p, = k,IN. — Bara ninii y noronui 3paskis, 1o npeicTasise co000 4acTKy
JHIT B peayibHO CIIOCTEPEKEHIN Cymi KpaiH.
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3a TakuM pO3paxyHKOM CyMa 3a BCIMa JTiHISIMH, [0 MAIOTh BiIMIHHY BiJl HYJIS
YacTOTY, Ia€ OYiKyBaHE MIOKPUTTSI HAOOPY pi3HOMaHITTS. J{J1s aHaNi3y MiHIMaIbHOT
KUTBKOCTI CEKBEHYBAaHb, SIKE JIOCSATA€ YaCTKU BiJ CIIOCTEPEIKEHOTO PIZHOMAHITTS,
BUKOPHCTOBYBAJIA HACTYITHUN T1IX1/:

ng, = min{n € N: E[S;(n)] = qS;}, q € {0,90;0,95;0,99}

3arponoHoBaHa MOJIENIb HE BUMArae OJHAaKOBOTO 00CSTY BUOIPKH JIiHINA MiXk
PI3HUMH KpaiHaMH, OCKIIBKH 3/1IHCHIOE 1HIUBIAyalbHE OLIHIOBAHHS MOPOTY i/1eH-
TUdiKaIii BiIHOCHO KOHKPETHOTO MPO]1iITto 1 YacToK JiHi# y moromi. OKpiM Is0TO,
MOJIEITb CTIUPAETHCS BUKIIOYHO HA (DaKTHUUHI CTIOCTEPEKEHHS 11eHTH(IKaIT TiHiH,
K1 UTFOCTPYIOTh TUHAMIKY 3MiH podisTio TiHil B. pandemicum, a 0Tk yMOBHO He
3aJIeKaTh Bl KOHKPETHOTO MOKa3HUKA IIBUIKOCTI €BOJIOLIHOTO MPOILIECy.

Ouinka mMapicunanbHoi i00aui ceK6eHy6anHs.

MapxuHanbpHYy Bifiadqy BU3HAYAIH SK:

MR = d—S,
dn

ne (S) — odiKyBaHa KUIbKICTh YHIKQJIbHUX JIIHIH.

O1iHKy TPOBOJMIIN YMCEIBHO Il KOXKHOI KpaiHU, HOPMYIOUYH pe3ysIbTaT Ha
1000 nogaTkoBUX CIKBEHCIB.

Juzaiin-eghexkm ma cyenapuuii ananiz. OCKUIbKM peaiibHI HaI[lOHANBHI
MpOrpaMy CEKBEHYBAaHHS YacTO MICTATh KJjacTepu30BaHUM BiAOip (cranaxu, Ji-
KapHi, TapreToBaHi IPyNH), y MOJICTIOBAHHS BKJIIOUEHO CIICHapHUI aHalli3 BIUIMBY
nu3aitH-eexry.

BuxopucroByBanu MynsTUIITiKaTUBHI Koedimientu: 1,2, 1,5, 2,0, 3,0, sxi Mo-
JIeIIIOI0Th 30UIbLIEHH AucTiepcii Ta 3MeHIIEeHHsI €(DEeKTUBHOTO PO3Mipy BHOIPKH.

Ilpozpamnue 3a6e3neuenna ma cmamucmuyni memoou. OO6poOKy TaHHUX
3aiiicHeHo 3 BukopuctanHaM Python 3.11, 6i6miorek pandas, NumPy, openpyxl.

Jlna ouiHKM Kopensiniil 3actocoByBainM paHroBuil koeoimieHt CripMeHa,
OCKUIBKH PO3MOALIHN OyJIU HETIHIMHUMU Ta HEOJHOPIIHUMH.

PesyabTaTH 10CaifKeHb T iX 00r0OBOPEHHS

Onucosi cmamucmuku npoghinie kpain. 3a pe3ynbTaTaMH aHaII3y TaHUX
176 xpain chopmoBaHo m100anbHUN MeAlaHHUN npoduib HiHIM B. pandemicum.
OnucoBi CTaTUCTUKY NapaMeTPiB pI3HOMAHITTS HaBeI€HO y Tabnumi 1.

MeniaHHi 3HaY€HHS XapaKTEpUCTUK NMPO(DIII0 BKAa3yBalu Ha IOMIpHE Pi3HO-
MmaHitTs JiHid (HMM = 1,27), nomipHy konuentposasicts (HHI = 0,38), HepiBHO-
MipHHUi po3noAit yactok (J = 0,61).

Posnoninn HHI, HMM Ta J xapakrepusyBanucsi 3HAYHUM PO3KUIOM 1 acume-
Tpi€lo, 1110 BiJ0Opaxaio pi3Hy NIMOUHY T€HETHYHOTO MOHITOPUHTY MIXK KpaiHaMH.
3riiHO 3 OTPUMAHUMHU pe3yJIbTaTaMH, y KjacTepl KpaiH 13 MiHIMaJIbHUMU 00CsATaMu
CeKBeHYyBaHb crioctepiraBcsi Bucokuit HHI ta Husbki 3Hauenns HMM, mo cBin-
YUJIO MIPO IITYYHY MOHOIEPEBAXKAIbHICTh, 3yMOBJIEHY MaJIUM PO3MipOM BUOIpKH.

ITpaBocTopoHHe 3MimeHHss HHI NeMOHCTpye BIUIMB JUKEpENl 3 HU3BKOIO
KUIBKICTIO CEKBEHYBaHb, K1 (hopMyBaiau Mpodisi 3 By3bKHUM MEPENIKOM 1JI€HTH-
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Tabmums 1
OnucoBi CTATHCTHKH NAapaMeTPiB MOAEIBLHOr0 cBiTOBOro mpodiis Jiuniii Betacoronavirus
pandemicum 3rigHo 3 6a3o0r0 nanux Pango
Table 1
Descriptive statistics of the parameters of the model global lineage profile of
Betacoronavirus pandemicum according to the Pango database

Ingexc Entponis H Minnepa— Hopmauizaunis
ITapamerp I'epginpans- IllenHoHa, Menoy, Minoy,
lipmumana, HHI H HMM J

Cepenne 0,4538 1,4128 1,4262 0,5930
Meniana 0,3844 1,2597 1,2702 0,6116
MiHiMym 0,0327 0,0000 0,0000 0,0679
Makcumym 1,0000 4,3359 4,3361 0,9977
Pozkun 0,9673 4,3359 4,3361 0,9298
Crannaprhe 0,3058 1,0632 1,0599 0,1887
BIAXWJICHHSA

(ikoBaHUX JiHIN Ta 3MillyBasu 100anbHy OliHKY. Knactep kpain 3 HailOuabIuM
3HadeHHsAM HHI 3HauHOIO0 Mipoto nepekpuBaBcst 3 HalHWKIUMH 3HaueHHsIM HMM,
10 BigoOpaskasio MPOrHO30BaHY CUIIbHY OOEpHEHY acollialliio KOHIIEHTPOBAHOCTI
Ta pizHoMaHITTA. [lianazon HMM oxonuB cnekTp Bia Maiike MOHOIIEpeBaKaJIbHUX
JI0 BUCOKO JICKOHIIEHTPOBAaHUX NpoQieH, 1110 XapaKTepu3yBajaocs 3MIHOIO edek-
THBHOI KIJILKOCTI JIIHIN Bif ~ 3,6 3a MeIiaHHHUM 10 ~76 3a MaKCUMAaJIbHUM 3HAYCH-
HsM. HaiiButni 3Ha4eHHs TaHOTO MOKa3HUKA (DOPMYBAJIHCS MEPEBAKHO 32 PAXyHOK
MacIITaOHUX Ta TPUBAIMX MPOTPaM CEKBEHYBaHHS, 3/IHCHEHUX OKPEeMHMHU Kpai-
HaMH, 0OCST IKUX OXOILTIOBAB BiJI MIJILHOHIB O COTEHh THCSIY HaJaHUX CIKBEHCIB.
Knacrep kxpain 3 Bucokum HMM 0yB ouikyBaHO acolilioOBaHUM 3 HU3bKUM PIBHEM
HHI = 0,03-0,09 ta nomipaum 3HaueHHAM J = (0,57—-0,79 3 BETUKOIO KIJTBKICTIO
i1eHTH(IKOBaHUX JiHIH. BcTaHOBIEHE NIBOCTOPOHHE 3MilIeHHS J Takox (opMmy-
BAJIOCS 32 paXyHOK HEpIBHOMIPHMX Ipodiieit 3 MaauM obcsrom Bubipku. Makcu-
MaJIbHE 3HAYEHHS JaHOTO MOKAa3HMKA CIIOCTEepIragocs y KpaiHax 3 HU3bKUM 00Cs-
rom BuOipku Ta HeGaraTbma JIiHIIMU. AHaJIi3 HOJISIPHOT BUOIPKU NTPOAEMOHCTPYBaB
KOoH(pirypatii mpodisiB 3 mepeBakaHHAM O/IHI€1 a00 KUTBKOX JIiHIA 3 OXOTUIEHHSM
~ 500 cikBeHCIB Ha KpaiHy Ta BUSBICHUM crieKTpoM y 2—4 niHii. KomOiHariis Buco-
koro piBHs HHI 3 Hu3pkum HMM ta J 3a3Buuaii BignoBijanyu MOHONIEpEBaXKaIbHO-
My podiTro, 10 HE 3aBXKAH OyJI0 3yMOBJICHO KPUTHYHO MaJIUM O0OCSITOM CEKBEHY-
BaHb. [IpakTuyHO 11€ CBiMUMIIO, 1110 BUCOKI 3HaYeHHss HMM Ha 111 Husbkoro HHI
€ HaJll{HUM MapKepoM CHCTEMHOI'0 pO3rOpHYTOro FreHOMHOTro Harsry. Haromicts
BHCOKE 3HaY€HHS J, 0COOIMBO 3 00MEKEHUM 00CSTOM BUOIpKH, BiT0Opakae HETIOB-
HOTY OXOIUICHHSI, a HE peaibHy pIBHOMIPHICTb. TaKUMU YMHOM, BC1 TPU MOKA3HUKU
JIOLITEHO BUKOPUCTOBYBATH y KOMOIHAIIIT /ISt KOPEKTHO1 OLIIHKU Pi3HOMAHITTSI.

Pezpeciitni mooeni 3anexicnocmi akocmi npoginio 6i0 6anoeoi KiibKkocmi
CeKGeHYB8aAHD.

Jns 3nilicHeHHs aHalli3y TEOPETUYHOIO BIUIMBY OOCSTY CEKBEHYBaHb Ha
AKICTb (hopMyBaHHS NMpOo(DIIIB KpaiH 3A1MCHEHO perpeciiiHy ampoKCHMAIlilo, 110
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OyJ10 CIPSIMOBAHO Ha TOIIYK ONTHUMAIBHOI MOZAEII B3a€EMO3B’SI3KY JIaHOTO TOKa3-
HUKA 3 XapaKTePUCTUKAMH MPOQLITIB 3 BAKOPUCTAHHIM 12 Mozmemneid.

3rifHO 3 OTPHUMaHUMH PE3yIbTaTaMu, 3AJEKHICTh MIX BaJOBHM O00CSATOM
CEKBEHYBaHb Ta YUCIIOM 1JICHTU()IKOBAHUX JIIHIH OMHUCYETHCS KOPEHEBOK MOJIEIN-
JII0 3 BUCOKOIO MOSICHIOBAJIbHOKO 31aTHiCTIO (R? = 0,96) (Tadn. 2). Y uiit 38’5311
criocrepiranacs CyoIiHiIiHAa KpHBa HAKOMTUYEHHSI, /1€ PUPICT HOBUX JIiHIi OyB pi3-
KUM Ha Majix o0csArax cekBeHyBaHb, Koy nepiri 50200 CikBeHCIB Aal0Th pi3ke
3pOCTaHHs BUSIBJICHHX JIiHIH, 1 TOCTYIOBO CIIOBLIBHIOBABCS Yepe3 Mepexis 10 1/1eH-
tudikaii OBl PiIKICHUX BapiaHTiB B. pandemicum.

Tabmuws 2
OnrumMaibHi Mogei 3B’13Ky BaJIOBOr0 00CAry CeKBeHYBaHb 3 mapaMerpaMu npodinis
176 xpain 3a MoHiTOpHHIOM TUHAMiKH JiHiii Betacoronavirus pandemicum
Table 2
Optimal models linking total sequencing volume with profile parameters across 176
countries in the monitoring of Betacoronavirus pandemicum lineage dynamics

ITapamerp Mopenb R? Homuiaxa PiBusinns
KinpkicTh ceKBEeHYBaHb ~ k=
KinbKicmb Kopenena 0,9639 33,807205
ioenmuchixoeanux niniii =749+ 0,74 xVn

Hym =
KinbkicTh CeKBEeHYyBaHb Ksanparnannii 071013 |0.,567696 —0,01 + 0,15 In(n)
~HMM JIOT-II0JIIHOM

+ 0,01(In(n))?

HHI =

KinbKicTh ceKBEHYBaHb KBanparnynnit 0.518354 |0.210271 0,99 — 0,10 In(n)

~HHI JIOT-IIOJI HOM ’ ’ ' '
+0,0025(In(n))?

] =

KinbKicTh cekBeHyBaHb
1,38
-7 Ob6epHeHa 0,094319 |0,179037 0.58 + -

3B’430K 13 pi3HOMaHITTSIM ~ HMM Halikpaiue onucyBaBcsl KBaJpaTHUHOIO
JIOT-ITOJIIHOMIAJIbHOK MOJIEIUIIO, 110 JIEMOHCTPYBAJIO 3pOCTaHHS PI3HOMAHITTS 31
30UTBIICHHSIM MacIITaly CIOCTEPEKEHb BIAMOBITHO 10 /1 KUIBKOCTI CEKBEHYBAHb
(R2=0,71). Y Takomy crieHapii HapOlyBaHHs BaJOBOI KUIBKOCTI CEKBEHYBaHb I10-
JIOBXKY€ XBICT HU3bKOYACTOTHUX BapiaHTIB, PO3LIMPIOIOYH CHEKTP 1A€HTU(DIKOBHUX
JiHIHM Ta YaCTKOBO, CyOIIIHINHO BIIHOCHO KIIBKOCTI CIKBEHCIB, BUPIBHIOIOUH PIBHO-
MIPHICTb.

3B’s130K 13 KoHUeHTpoBaHicTio (HHI) Takox Haiikpaiie onucyBaBcs KBajpa-
THYHOIO JIOT-TTOTIHOMIAJIbHOIO Mojieutio (R? = (0,52), onHaK 3 MEHIIIOI TOSCHIO-
BaJIbHOIO CUJION0. B3aeM03B’ 130K BKa3ye, 1110 30UIbIIEHHS BaJIOBOIO 00CATY CEKBe-
HYBaHb PO3ILIUPIOE «IOBIMM XBICT» PIIKICHUX BaplaHTIB, PICT PI3HOMAHITTS € He-
JHIAHUM 1 CIIOBUTBHIOETHCS HA BEJIMKUX BUOIpPKaxX.

31 301IbIIEHHAM KUIBKOCTI CEKBEHYBaHb II€PEBAXKaHHS OKPEMUX JIiHiH c1al-
11a€, a PO3MOJLT YACTOK CTA€ MEHII HEPIBHOMIPHUM.
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Komna 3 Mogjeneil He NPOAEMOHCTpyBajla IPUNHATHOI IMOSICHIOBAJb-
Hoi cunm juis piBHomipHocTi [limoy (J) (R? < 0,10), mo cBiguuTh mpo Te, 10
PIBHOMIpHICTh TPOQUII0 3HAYHOI MIPOIO 3aJEKHUTh BiJl JAM3aiiHYy BHOIPKH,
a He BiJ] BAJIOBOTO 00CATY CEKBEHYBAaHb.

OTxe, He3BaXKAIOUW Ha ICTOTHY POJIb BaJOBOI KIIBKOCTI CEKBEHYBaHb Y (op-
MYBaHHI SIKICHOTO MPO(MLIIO JiHIH AJIS MepeBaXKalIbHOCTI Ta PIBHOMIPHOCTI BUIILY
3HAYYILIICTh MAIOTh IHII YMHHUKH, 10 MOXYTh BKIIIOUaTH B cebe reorpadiuni ta
4acoOBi HEOTHOPIAHOCTI €MiIEMIYHOTO MPOIECY, CENEKTUBHI 200 JIOTiICTUYHI XapaK-
TEPUCTUKH 3pa3KiB. Y 1HIINX BUMAJKaX HASBHICTb CyONiHIHHOI IUHAMIKU OMHCYE
PO3IIUPEHHS CIEKTPY HOBHX JIiHIHM, 1[0 BUSBISIOTHCS, HA MaJMX 00CSTax CEKBe-
HYBATh 13 MOJATBIIUM CIIOBIIBHEHHSIM, OCKUIBKH PIJKICHI BapiaHTH TPAIUIIOTHCS
Jenai pijamie.

BpaxoByroun 0arato()akTOpHICTh BIUIMBIB, 10 3yMOBIIOIOTH SKICTh TPOdi-
JIiB, 1O MOJIEJIi BKJIFOUEHO YaCOBY KOMIIOHEHTY. BilImoBiHO 10 crieudikyu 1aHuX,
1o ¢ikcye 6a3a PangoLin, 30kpema yac OTpUMaHHsI MIEPIIOTO Ta OCTAHHBOTO 3Pa3-
Ky B MeXaX NeBHOI KpaiHM Ta MEBHOI JIiHii, B MPOLIEC MOACIIOBAaHHS BPaXOBYBaJIU
BiJICYTHICTh MIPSIMOTO 3B’3KY MK UMM JaHUMHU Ta (DAKTUYHUMHU YACOBHMHU Me-
KaMH HUPKYILii 30yJHHKA 1 HEOOXIHICTh JOCATHEHHS MOPOTY aHATITUYHOT 4yT-
JUBOCTI CTpATerii FTeHETUYHOTO MOHITOPUHTY. 3TiHO 3 UM, YAaCOBUU MapamMeTp
3aJIisTHO SIK IPOKC1 MOKa3HUK TPUBAIOCTI aKTUBHOTO crioctepexenHns (D) Ta inTen-
cusHocTi (), mo npexcrapisia co00r KUTBKICTh CIKBEHCIB Ha 700y B MEKax Ka-
neHpapHoro BikHa. [y anamizy Oyino 31iHCHEHO pO3paxyHOK PAaHTOBOI KOPEJSIii
CriipMeHa 3 METOI0 BUSIBUTH MOHOTOHHY 3aJISKHICTh 0€3 MPUITYIICHHS JTIHITHOCTI
Ta HOPMAJIBLHOTO PO3MOALTY.

PesynbraTn mokazanu y3ro/KeHy Ta CTaTUCTHYHO IMEPEKOHJUBY KapTUHY
KOpeJsLii TPUBAIOCTI MOHITOPHHIOBOTO BikHA (D) 3 KUIBKICTIO 11€HTH(IKOBAaHHX
niniit (p = 0,885; p < 10°°), Bucokuii 38’5130k D 3 pizHOoMaHiTTsM (p = 0,824). Lle
MiATBEPIKYE, IO JOBT1 MEPioAX MOHITOPUHTY BiOOpaKaOTh OLIbII peaTiCTUIHY
€BOJIIOIIIIO BIPYCY 1 «BUCBITIIOIOTHY PilKiCHI BapianTH (Tabm. 3).

Tabmuns 3
PesynbraTn KopensiniiHOro aHAJIi3y 4acOBHX METPUK MOJeJIi 3 mapaMerpaMu npodinis
176 xpain 3a MoHiTOPpHHIOM TUHAMIKH JiHiii Betacoronavirus pandemicum
Table 3
Results of the correlation analysis between temporal model metrics and profile
parameters across 176 countries in the monitoring of Betacoronavirus pandemicum
lineage dynamics

XapakTepucTHKH °- -

p p-3HAYEHHS p p-3HAYEHHST
~ o0csr cexBenyBanb | 0,885 <1,0x 10 0,388 <1,0 x 10¥
~HMM 0,824 1,7 x 10% 0,768 2,3 x10%
~HHI -0,773 5,6 x 1073 -0,715 9,6 x 10%
~J -0,112 0,16 0,286 3,0 x 10

ISSN 2076-0558. Mixpobionozi i Giomexnorozis. 2025. M 3. C. 6-20 —— 13



K. C. Onumenko, O. 1O. 3inyenko, b. C. Kykos

Jlst B3aemoii D 3 konnenTpoBanicTio HHI BusiBiieHO 3HaUy NI HEraTUBHUN
3B’5130K (p = —0,773), 0 CBIIYUTH PO 3MEHIIICHHS TICpEeBaYKaHHs JIiHIH, OB’ s13a-
HE 3 PO3IIMPEHHSM PI3HOMAHITTS Ta MEPEPO3MOALIOM YaCTOK KOKHOTO OKPEMO-
ro Bapianty. PanroBa xopessiiist Mibk D Ta J He BUsSIBUJIA CTATUCTUYHO 3HAYYIIIOTO
3B’S13KY, BIATMOBIAHO 3arajbHUI YaCOBHI MacITad caM 1o co0i He € BUPIIIaTbHUM
YHMHHUKOM ()OPMYBaHHSI PIBHOMIPHOCTI MK 4aCTKaMH 1/IeHTH()IKOBAaHUX JIHIH.

3riiHo 3 1M, JOBXXHHA BiKHA CIIOCTEPEKECHHS € 3HAYHUM YHHHUKOM, OJTHAK
NpU TIyMadeHHI HeoOXiTHO 3/11iCHIOBAaTH KOHTPOJIb KOH(DayHAepiB, sIKi BiAMOBiAa-
I0Th JIIHCHOMY KOHTEKCTY, BKJIFOYHO 3 BpaxXyBaHHSM CTparerii Bimoopy, M0 MOXe
3MIACHIOBATUCS Y BUIVISII PYTHHHOTO CKPUHIHTY 200 SIK TapreToBaHe CIOpaJInvHe
poscmigyBanss. Li 1Bi cTparterii peani3yloTh CBiil BILUIMB HA YaCOBY KOMITOHEHTY
MOJIEJIi 32 paXyHOK Pi3HOTO pPiBHs O€3MEepepBHOCTI OTPUMAHHS 3pPa3KiB B MeEkax
BikHa MOHITOpUHTY. CaMe 0e31epepBHICTh MOXKE 3yMOBIIOBATH OXOIUICHHS KOPOT-
KHX 1HTEPBAJIiB IIUPKYJIALI], a KOPOTKI BiKHA Ta ()parMEeHTApHI NEPIOIU CKPUHIHTY
CXWJIBHI JI0 IEMOHCTpAallii XMOHOTO TIepeBaXkaHHs OJHieT a00 rpymnu BapiaHTiB, 110
MOX€ CIPUATH Hee(DEKTUBHUM €I1iIEMIOTIOT1YHIUM Ta METUYHUM 3aXO0JaM.

3a pe3yabpraTaMu OIiHIOBAaHHS HAsIBHOCTI MOHOTOHHOTO 3B’SI3KY MIXK 1HTEH-
CUBHICTIO CEKBEHYBaHb (/) Ta XapaKTEpUCTHUKaMH MPO(ITIO BUSIBIECHO CTaTHCTUY-
HO 3HAYYILy KOPEJSAIio Mix 30iibieHHsM |, pisHomanitTsm HMM (p = 0,768) Ta
gucyiom JiHin (p = 0,888).

Taka Kopesisi JEMOHCTPYE BHTATYBAaHHS JIOBrOTO XBOCTa HH3bKOUYAC-
ToTHUX BapiaHTiB SARS-CoV 2 y BiInmoBimHOCTI 31 30UIbIICHHSIM IHTEHCUBHOCTI
cekBeHyBaHb. Acorialis Mix | Ta konuentpoBanictio HHI (p = —0,715) cBiqunuth
PO MOCJIa0JIeHHS IepeBaKaHHsI OKPEMHUX JIHIH Ha TIi OUTBIIOTO OXOTUICHHS MOHI-
TOPUHTY, OT>KE, MiIBUIIEHHS IHTEHCUBHOCTI 3MEHIIIY€ [IAHCH XMOHOT MOHOTIEpEBa-
JKaJIBHOCTI. 3Hauy1oi kopessii Mix | Ta J BusiBieHo He Oyro.

Pesynbraru 7eMOHCTPYIOTH, IO SKICTh MPOQ1II0 Maiike OTHAKOBO 3yMOBIIE-
Ha 000Ma YaCOBMMHU YHMHHUKaMHU. Lle miaKpecIoe KIF0YOBY pOib OOTPYHTOBAHOTO
MOEHAHHS KaJICHITAPHOTO MOKPHUTTS Ta IIIJIbHOCTI BUMTPOOOBYBaHb Il OTPUMAaH-
HSl pEeNpPE3CHTATHBHOT KAPTUHHU TEHETHYHOTO Pi3HOMAHITTS JIiHIN 30yIHUKA B Me-
Kax mporpamu MoHiTopuHTY. [TokazHuk J mponeMoHCTpyBaB JinIie ciadKi Kope-
JSIT 3 TpUBAicTIO crioctepexenHs (p =—0,286) Ta IHTEHCUBHICTIO CEKBEHYBaHHS
(p =-0,112). Lle cBimuuTH PO TE, O PIBHOMIPHICTH PO3MOLTY JIiHI IPAKTUIHO
HE 3aJIC)KUTh BiJI YaCOBHX UM KUIbKICHHX MapaMeTpiB MPOrpaMu MOHITOPUHTY Ta
BHU3HAYAETHCS MEPETYCIM OCOOIMBOCTAMU JIM3AMHY BiJIOOPY 3pa3KiB.

3 omIsily Ha MPaKTHUYHY POJIb THITYBaHHS Ta MOHITOPHHTY JIHIH y cTparerii
MIOZIOJIAHHS TTaHJIEMil Ta i eKOHOMIUHY Bary, 3/iliCHEHO aHaJli3 TUIIOBOTO KyMYJIsi-
TUBHOTO Jliana3oHy 00CATY CEKBEHYBaHb, B MEXKaX SIKOTO CTPATETiss MOHITOPHHTY
€ HaOLTbII eekTUBHO. OXOIJICHHS Pi3HOMAHITTS MOCIIOBAIIN K CITIBBiHO-
IICHHSI MK OUYIKyBaHOIO KiJIBKICTIO YHIKaJIbHHX JIIHIN y BUOIpII Ta IMOBIPHICTIO
npuHaiiMHI OfHi€T ineHTudikanii 3ananol JiHii 3 BpaxyBaHHSAM ii YaCTKU y peab-
HOMY TOTOII 3pa3KiB OKpemoi KpaiHu. OLiHIOBaIH JOCSTHEHHS MOPOrOBUX 3HA-
gyeHb 90, 95 ta 99% Big cIOCTEPEKEHOTO PI3HOMAHITTS Y KOXKHIM KpaiHi Bi/ITHOCHO
ii iHAMBITyambHOTO MPODLITIO.

Sk BugHO 3 Tabmui 4, nocsaraeHHs 90% pi3HOMaHITTS MOTpeOyBaao Meji-
aHHO ~ 239 CIKBEHCIB, TOJI K 30UIBIICHHS OXOIICHHS JIMIIE Ha HACTyIHI 5% (10
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95%) Bxe BUMarano qoAaTkoBux ~ 82 cikBeHciB. [Tonanbiie po3mmpenns 10 99%
pizHOMaHITTS oTpelyBano e ~ 90 CikBeHCiB, TOOTO 31CTaBHOTO JI0IaTKOBOTO 00-
cary, ane nasaino yumuie +4% npupocty. Take criBBiIHOMEHHS MK 301IbIIICHHM
00CsTy CeKBEHYBaHb Ta MiHIMAJILHUM MPUPOCTOM OXOILJICHHS CBITYHTB, IO TiCIIs
~400-500 cikBeHCIB cUCTEMa BXOUTH y 30Hy HACHUEHHSI, J1e €(DeKTUBHICTH A0/AT-
KOBOTO CEKBEHYBAHHS Pi3KO 3HUKYETHCA.

Tabmuwus 4
IHoporogi 06csiru cekBeHyBaHb, HeOOXiIHi 1J1s1 BUsABIeHHS 90-99% pizHOMaHITTA JNiHii
Betacoronavirus pandemicum, B Mekax 4acoBOro BikHa MOHITOPHHIY
Table 4
Threshold sequencing depths required to detect 90-99% of the diversity of
Betacoronavirus pandemicum lineages within the monitoring time window

Hoxpurrs Mepniana BaJjioBoi | CepeaHsi Baj10Boi Meniana Cepenne
KiJIbKOCTI KiJIBLKOCTI cikBeHCIiB Ha 100y | cikBeHCIB Ha 100y
CeKBEHYBaHb CeKBEHYBaHb
90% mniniit 239 16161,337 0,275641 9,417386
95% niuiit 321 34291,954 0,354254 19,893142
99% niuiit 411 64699,840 0,445217 37,348114

IMepexin Bix 95 mo 99% oxorieHHs JocsraBcs 32 PaxyHOK 1HTEHCHBHOCTI
CeKBeHyBaHHS B iHTepBaii 9,42—37,35 cikBeHCiB Ha 100y B MEKaX 4aCOBOTO BiKHA
MoHiTOpuHTY. OTKe, MOJAIbIIIe HAPOIYBaHHS OOCSTIB /i1l BAKOHAHHS JIUIIIE METH
MOHITOPUHTY MOKe OYyTH €KOHOMIYHO HEIOIIEHUM.

Le € KITIOUOBUM PE3yNIBTATOM CTBOPEHOT MOJIEII.

OxpeMo oOIiHIOBanM €(PEKTHBHUNA OOCAT CEKBEHYBaHHS Ta IHTEHCUBHOCTI
st 95% imoBipHOCTI inmeHTH]IKALI] TpUHANMHI OfHI€T piakicHOT miHil. OuiHKY
HaBesieHo B Tabmuii 5. [lyis iimoBipHOCTI BusiBnenns 0,95 MiHiMaibHi 00CSTH CKIa-
naroth: pu yactii 1,0% — 299 cikBencis, npu yacTii 0,1% — 2995 cikBeHciB, npu
yacri 0,01% — 29956 cikBeHcIB.

3rigHO 3 OTpUMAHMMHU pe3yJbTaTaMH, BUMOTH J0 HEOOXiTHOTO 00cAry
CEKBEHYBaHb 3POCTAIOTh OOCPHEHO MPOTOPLIHHO Ta KPATHO J0 PIKOCTI IITHOBUX
niHiii. He3Baxkaroun Ha MOJAEIBHHUN CTAaTyC, TaKi Pe3yJbTaTd MiJAKPECTIOI0Th, 110
3HIKCHHS TOPOTY JIETEKIIii 10 JiHIT 3 MO0 YaCTKOIO 32 MiATPUMKOIO piBHA 95%
HMOBIPHOCTI BHSIBIICHHSI CTa€ MOXJIMBUM JIMIIIE 32 YMOB CYTTEBOTO HAPOIyBaHHS
MIPOMYCKHOT CIPOMOXKHOCTI, TIOIOBKEHHSI BIKHA MOHITOPUHTY 200 CyTTEBOTO Iepe-
ISy TU3aiiHy BigOopy 3pa3KiB [UIsi CEKBEHYBAHHSI.

OcCkinbKY KIacTepu3allis y qu3aiiHi Big0opy 3pa3KiB 3MeHIIye eeKTUBHHIMA
po3Mip BUOIPKH ieHTU(IKOBAHUX JIiHIH 3a ()iKCOBAaHOT KUTLKOCTI CIKBEHCIB 1 301J1b-
IIy€ JUCTIEPCi0 BITHOCHO 0AraTOHOMIaJIbHOI CXeMH, JUIS aJanTarlii JaHoi Mozesi
€ HeoOXiTHMM BBEICHHS Au3aiiH-eexTy. OHaK, OCKUIbKY 0a3a JaHUX HE MICTHIIA
iHpopMallii mpo BHYTPILIHI arperatu JHKepesl CIKBEHCIB y KpaiHax-y4acHUKaX Ta
YacOBUI PO3MOJIT HAJAXOMKCHHS 3pa3KiB, eMITIPHYHA OI[IHKA KOPEJSIl sl KOXK-
HOT KpaiHu € HeMOXUIUBOIO. J[1st aHai3y BIUIMBY IU3aliH-eEKTy 3aisIHO CIICHAp-
HUH aHalli3 4yTaUBOCTI 3 (pikcoBaHMMHU MHOKUHHHMKamu y 1,2, 1,5, 2,0 Ta 3,0. 3a
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Tabauus 5

Iloporosa iHTeHCHBHICTH CCKBEHYBAaHb, 10 € HEOOXiHOIO 114 ineHTH(iKANIT pinKicHIX
Jinii Betacoronavirus pandemicum mpoTsirom 4acoBoro BikHa MOHITOPHHTY

Table 5

Threshold sequencing intensity required for the detection of rare Betacoronavirus

pandemicum lineages within the monitoring time window

Yacrka JgiHii MinimaabHa MinimaabHa MinimaabHa MinimaabHa
B noroui BAJIOBA KUIBKICTB | cepeaHsi 1000Ba | cepeaHsi 1000Ba | cepeaHs 1000Ba
CeKBEHYBAHHS cikBeHCIB iHTeHCUBHiCTH iHTeHCUBHICTH iHTeHCHBHICTH
3a iHTepBaJ cikBeHCIB 1151 cikBeHCiB 1151 cikBeHCiB 1151
cnocTepexKeHb BHSIBJICHHS 32 BHSIBJICHHS 32 BHSIBJICHHS 32
7 nio 14 ni6 30 ni6
1,0% (0,0100) 299 42,714 21,357 9,967
0,5% (0,0050) 598 85,429 42,714 19,933
0,1% (0,0010) 2995 427,857 213,929 99,833
0,05% (0,0005) 5990 855,714 427,857 199,667
0,01% (0,0001) 29956 4279,429 2139,714 998,533

YMOB MOJIOHOCTI 3pa3KiB y MekKaX KJIACTEePiB 3pOCTae MIKKIIACTEpHA KOPETISALIis, 1
JIOAATKOBI CIKBEHCH, 110 MOXOASATH C TOTO CaAMOTO KJIacTepa, T0Jal0Th MEHIIY KiJlb-
KICTh HOBHUX JIiHIH, a OTKe LIIBOBHUI 3arajabHuil 00CIr Ta J00OBa IHTEHCUBHICTD
y TakoMmy CIeHapii MacmTaOyrThCsl MPONOPIIIHHO BHECKY nu3aiiH-edexry. Haii-
OLIbII BIAYYTHUHN BIUIMB Ili€1 OMPABKH BiA4yBa€ThCS Ha piBHI 95% HMOBIpHOCTI
xoua 0 omHOpa30Boi ineHTH}iKaMii iHii 3 yacTkoro 0,1%, 1o B Mexax 14-n1eHHOTO
BikHa 3pocTae 3 428 cikBeHciB Ha 100y 10 piBHs 500-800 cikBeHciB Ha 100y. Lle
BYEProBe IMiIKPECIIOE TOCTPY HEOOX1IHICTh TapMOHi3alii 1u3aiiHy BigOopy 3pas-
KiB B M@XXax MPOTrpPaMu MOHITOPHHTY.

Jlyiss BCTaHOBIIGHHSI BEPXHBOI PalliOHAILHOI MEXi CEKBEHYBaHb 3IIIHCHEHO
aHaJli3 Map >KMHAJIBHOI Biiadi, ska (OpMye O4iKyBaHHH MPUPICT KUIBKOCTI YHi-
KaJIbHUX JIHIN Tpu 301IbIICHHI 00CATy CEKBEHYBaHb HAa OJIUHUINO. AHam3 3/ii-
CHIOBAJIM 3a JIONIOMOTOIO OIIHIOBAHHS MUTTEBOI Map)KMHAJIBHOI Bijjmadi Ha 0asi
(dbopMyBaHHS TOXiHOI 3 PE3YyNIBTaTiB OLIHIOBAHHS 3araJlbHUX MOPOTOBUX PiBHIB
CEKBEHYBAHHSI Ta IIEPEePaxOByBaJIU y BUIIISAI BiJ1adi sIK KUTbKOCTI HOBUX JIiHIH, 1110
BHA€ThCs ieHTU(iKyBaTH Ha KoxkHI 1000 101aTKOBUX CEKBEHYBAHb.

ArperoBano ms 176 xpain (nuB. Jlomarok) oTpuMaHo MeaiaHHE 3HA4eHHS
omu3bko 0,64 HOBUX JiiHINM Ha KoXKHI 1000 cekBeHyBaHb. TaKUM YUHOM, JJIsI THUIIO-
BOT KpaiHU JOJATKOBI THUCSAYa CIKBEHCIB Ha PiBHI iAeHTH(IKAIT, 1110 HaOIMKaTacs
10 09.10.2024, npuHOCHIN MEHII HDXK OJHY HOBY YHIKaJlbHY JiHi0. BogHouac,
JesiKi KpaiHu 110 He BXOAATH 10 95 MmepueHTHIIo, Bee e 3[aTHi 11eHTH(IKYBaTH
O0mu3pKo 23,55 HOBUX JIiHIM MpU 301IBIICHH] BalOBOI KUIBKOCTI CEKBEHYBaHb Ha
1000.

BpaxoByroun pe3ynbraTi, CBITOBY MOJIEIIb MOJICKYJISPHO-TEHETUYHOTO MOHi-
TOPUHTY CJIiJi KOPUTYBAaTH B PEKUMI PEATbHOTO Yacy 3 BCTAHOBJICHHSM TUHAMIiy-
HOTO KPUTEPit0 e(hEeKTUBHOCTI, SIKUII Ma€ BPaXOBYBAaTH KOHKPETHY IHTEHCUBHICTb
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JeTeKIii yHIKaJIbHUX JHIH Ui KOHKPETHOT KpaiHu, Ta ii BKIIaj y 3araibHy KapTH-
HY 3MiH T€HETHYHOI CTPYKTypH 30ymHUKa. Takuii miaxia 103BOIUTHh ONTUMI3yBaTh
BUTPATH 3 BCTAHOBIICHHSM MPIOPUTETIB IHBECTYBAHHS.

3a pesynbTaraMyd PeTPOCIIEKTUBHOTO MOJICIIIOBAHHS CBITOBOTO MOHITOPHH-
Ty JIWHaMIKH JIiHIH B. pandemicum BCTaHOBIICHO, IO JUIsl €¢()EKTUBHOI MPOTHIIT
WMOBIPHMM HACTYITHUM IaHASMIYHUM I1HIIUJICHTAM HEOOXITHOIO € ONTHMIi3allis
1o0ankHOI cTparerii. Y mepury 4epry ciiJi BpaxyBaTu He0OXiJHICTh BCTaHOBIICH-
Hsl OOTPYHTOBAHHX METPHUK KOHTPOIIO SIKOCTI MPOTPaMH. Y3TOIKEHH TTOTOKOBUN
aHaJIi3 TOKa3HUKIB KOHIICHTPOBAHOCTI, PI3HOMAHITHOCTI Ta PIBHOMIPHOCTI IPO-
¢i1iB 3 000B’SA3KOBUMH TOIPAaBKaMH Ha AM3aiH-€()EKT i KOHTEKCT BiIOOpYy Mae
BUCOKHI TOTEHIIa]d MiJBUIICHHA €(EeKTUBHOCTI 3a JOMOMOTOI BIPOBAKECHHS
BiJINIOBITHUX KOPUTYBaHb SIK y IPOTrpaMy MOHITOPUHTY, TakK 1y ii MaTepianbHe 3a-
Oe3nedyeHHss. MOHITOPHHT TaKUX METPUK 3YMOBIIIOE MOXKJIMBICTh BBEICHHS TpPHU-
repiB pearyBaHHs, HAlPUKJIAJ, PAlTOBE 3pOCTaHHS MEPEBaXKaHHs, CTale MaJiHHS
PI3HOMaHITHOCTI 32 HE3MIHHOI IHTEHCUBHOCTI CEKBEHYBaHb, MOSBA 1 KOPOTKOUACHA
MEPCUCTEHTHICTh HU3bKOYACTOTHUX KJIACTEPIB y Pi3HUX perioHax tomo. Taki Tpu-
repy MaloTh ICTOTHE 3HAYCHHS y MUTaHHI 3MiHU IPiOpUTE3allii pecypcis.

HeoOxigauMm € He nuiie O6e3rnepepBHE KalleHAapHe TOKPUTTS, a i Ooro moe-
HaHHS 3 IOCTaTHHOIO IHTEHCUBHICTIO CEKBEHYBAHb, SIKE Ma€ CITUPATHCS HA aHAJI3
1HAMBIAYaIbHOTO Tpodiaro. Takuii miaXia T03BOJIUTH iACHTU(IKYBATH PiIKICHI Ba-
plaHTH Ha paHHIX eTanax Ta 3HU3UTU XUOHE NepeBaKaHHs OKPEMHUX JIiHIH, 110 Ma€e
CYTTEBHI BIUIMB Ha BaKIMHAJIBHY KaMmaHito. OKpiM OTO, CTpaTerisi MOHITOPHH-
I'y IOBUHHA BPaxoBYBaTH (DOPMYBaHHsI KPUBOT HAKOTIMYCHHS, SIKE HA PAHHIX CTai-
SIX MOHITOPUHTY HE J03BOJIsI€ €PEKTUBHO 1IeHTH()IKYBaTH K CIIEKTp JIiHIN TaK 1 iX
MepeBaXaIbHICTb, 10 (HOpMY€e HEOOXiTHICTh MAKCUMAIbHO HIBUIKOTO BUXOAY Ha
ONTUMAJIBHI PiBHI BaJIOBOI KIIBKOCTI CIKBEHCIB, OCKIIBKH OCHOBHY IPOTHOCTUYHY
LIHHICTh MalOTh HE MHUTTEBI NMOKA3HHMKH, a JHMHAMIKa METPHK, II0 MAa€ 3/1aTHICTb
BiJIPI3HATH €BOJIOLIITHY HOBU3HY BiJl IIyMOBUX €(DEKTiB.

Jlooamox 0o cmammi MOJCHA nepe2isiHymu 6 eNeKMPOHHIL 8epPCii JHCYPHATY
3a nocunaunam: http://mbt.onu.edu.ua/article/view/345238
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RETROSPECTIVE MATHEMATICAL MODELING
OF GLOBAL BETACORONAVIRUS PANDEMICUM
LINEAGES DYNAMIC MONITORING AS AN
INSTRUMENT FOR THE SURVEILLANCE OF
EMERGING MEDICAL THREATS

Summary

Aim. To assess the parameters of SARS-CoV-2 (Betacoronavirus pandemicum)
lineage profiles and to determine the relationships between sequencing depth,
temporal monitoring characteristics, and lineage diversity. Methods. A dataset
11.33 million sequences and 2,703 B. pandemicum lineages from 176 countries
were analyzed using the Pango nomenclature. Concentration (HHI), diversity
(H, HMM), evenness (J), observation duration (D), and sequencing intensity (1)
indices were calculated. Correlation and regression analyses were performed
using appropriate Python libraries. Results. Strong associations were identified
between monitoring duration, sequencing intensity, and the number of detected
lineages. Threshold sequencing depths required to reach 90%, 95%, and 99%
lineage diversity coverage were ~239, 321, and 411 sequences, respectively.
After ~400-500 sequences, the efficiency of sequencing decreased, reflected by
a minimal increase in newly detected lineages. The marginal yield fell below one
new lineage per 1,000 additional sequences. Conclusions. Temporal parameters
and sequencing intensity determine the effectiveness of genomic surveillance,
whereas profile evenness depends mainly on sampling design. The proposed model
enables determination of sequencing thresholds and optimization of monitoring
strategies.

Key words: COVID-19, Betacoronavirus pandemicum, design-model,
sequencing, diversity, surveillance.
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MOHITOPUHI TEHETUYHOI PI3BHOMAHITHOCTI
NONYJISILIL PHYTOPHTHORA INFESTANS —
3BYIHUKA ®ITO®TOPO3Y KAPTOILII
HA TEPUTOPII YKPATHA

3uanns  eememuunoi  cmpykmypu RONYAAYi  MAaxKux —imonamozenié  sK
Phytophthora infestans € He8i0 €MHOI0 YACMUHOW YCRIWHO20 KOHMpPONo Pi-
Mmogmopo3y — WuUpoKo po3n0CrOONCeHOI HAUOLIbUL PYUHIGHOT X80pOOU KApmo-
NJAHUX KYIbmyp, KA 3A604€ BeIUYEIHUX eKOHOMIUHUX 30UmKI Y 6CIX KpaiHax
ceimy. Mema. Bcmanosumu eenemuuny pisHomanimuicme nonynsayii P infestans
— 30yonuxa ghimogpmoposy kapmonni na mepumopii Yxpainu. Memoou. I301syito
yucmux kynomyp P. infestans nposedeno memooom 61ommepie Ha KapmonisaHux
OUCKAX 3 HACIYNHUM NOCTIO08HUM NEPECIBAHHAM HA HCUMHIL a2ap 3 000ABAHHAM
picpamniyuny (RAB-R) ma xapmonusno-dexcmposnuil aeap (PDA). I'enemuune
munysanns ainit eimuusuanux P. infestans npoeoounu 3a donomozorw SSP ITJIP
ananizy. Aumanimuuni O0eHopoepamu opmysanu 3a O0ONOMO20K NPOSPAMHOZ0
sabesneuenns MEGA 1. Pesynemamu. Y pesyivmami npogeoenozo MoaeKkyisap-
HO-2eHemu4Ho20 ananizy 3 euxopucmanuam 10 mikpocamenimuux mapkepis, 35
simyusHaHUX izonamis P. infestans posnoodinunucs na 17 eenomunis, wo c8iouumao
npo BUCOKULL PIBEHb NOLIMOPQHOCMI Y RONYAAYIT, AKA He N08 SA3AHA HI 3 Pe2iOHOM
8UOLNIeHHs, Hi 3 copmom ypadxceHoi kapmonni. Yacmoma eenomunie KoIueaniacs
610 2,86 0o 11,43%. Haubinvus po3nogcrooxceHumu Ha Yxpaini eenomunamu 8u-
saeunuca C, F ma G. Hatimenwy cenemuuny pisHoManimuicmo 6y10 GUAGLEHO Y
nonynayii P. infestans Jlvgiscokoi obnacmi. 3pasku, wo ompumano 3 iHuwux oo-
Jaacmetl, 0eMOHCIMPYIOMb 8UCOKY 2emepozeHHicmy. Kopenayii midc pecionamu ma
copmamu kapmonJi, 3 Akux ompumano spasku P. infestans, ma ix cenomunamu ne
cnocmepicaemyucs. Bucnoseku. Bemanosneno eenemuyny pisHoMaHimuicms nony-
asyii 30yonuka gimogpmoposy kapmonni na mepumopii’ Ykpainu — 35 eimuusns-
Hux i3onamise P. infestans posznodinunucs na 17 eenomunie 6e3 3HAUHO20 3MIUeHHSL
8 OIK NesHO20 8apianmy, w0 ceioyums NPo BUCOKULL pi6eHb NONIMOPHOCMI Y nO-
nynayii.

Knwwuoesi crnosa: gimopmopos kapmonni, cenomunu Phytophthora infestans,

KnacmepHull ananis, Ykpaina.

diTodropos, cnpuanHeHU# oomitieToM Phytophthora infestans, € HalOUTBIT
PYHHIBHOIO XBOPOOOIO KapTOTUITHUX KYJIBTYp, KA 3aBJa€ BEIUYC3HUX SKOHOMIY-
HUX 30MTKIB, SIKi OIIHIOIOTHCSA BiJ 1 10 10 MUTBSIp/iB €BpO B KpaiHax, 110 pO3BHBA-

© b. C. Xykos, €. B. [lementok, T. B. I'ynzenxo, 2025
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I0ThCS, 1 B PO3BHHEHUX KpaiHaxX, BIANOBIIHO, O€3 ypaxyBaHHs J0AaTKOBUX HACITIJI-
KiB JUIsl CYCIILJIbCTBA Ta HABKOJIMIIHBOTO cepeaoBumia [9]. Y Ham yac, y kpaiHax,
110 PO3BUBAIOTHCS, ypaXkeHa IUIOIIA CTAHOBUTD 2—3 MIiJIbIHOHU rekTapiB 3 13 minb-
HOHIB CBITOBOI IUIOIII IOCIBY KapTOILTi. 32 KOHCEPBaTUBHUMU OL[IHKAMH Ha YacTKY
diTodToposy npuxoautses 15% Brpar pakTuanoi Ta 25% NOCSHKHOT BPOKANHOCTI
[5, 6, 14].

[Monynswist P. infestans y €Bpori XapaKTepu3y€eThCs BUCOKOIO JMHAMIYHI-
ctio. OHUM 3 MPUKIAJIB CYTTEBUX 3PYILIEHb CTaJla MMOsIBA TUITYy CIIapIOBaHHS A2,
110 TpU3BeNa 10 BUTiCHEHHs JiHii US-/ Ta HacCHUeHHs MOMyJIALii HOBUMH BapiaH-
Tamu, 30kpema EU 13 A2, 3 GiibIIO0 BipYJIIGHTHICTIO Ta PE3UCTEHTICTIO 10 METa-
nakcwty. Ceoromui nomyisuis P. infestans GopMyeThCs 3 IIUPOKOTO PO3MAITTS I'e-
HOTHITIB, JICSKI 3 IKUX € MTAHIBHUMH KJIOHOBUMH JIIHISIMH, a 1HIII € PiJKICHUMHU a00
HaBiTh YHIKAJIbHUMH JJIS1 POKY M Micls. Taki 3MiHM CTaHOBIISITh 3HAUHY 3arpo3y
JUTSL KapTOTUTSIPCTBA Yepe3 3pOCTaHHs MOTeHIIany (OopMyBaHHs HOBHUX OLIbII arpe-
CUBHHX T'€HOTHIIIB, 37]aTHUX JI0JAaTH COPTOBY CTIMKICTh, HAOYBAaTH PE3UCTEHTHICTh
10 (DYHTIIHIIB Ta MIBUAKO 3aMilllyBaTH paHimle c)OPMOBaHI MOMYJISIII.

P infestans de Bary nie Bua rpu0iB OOMILETIB, SIKHH 5K 1 KyJIBTYpHA Kap-
TOILJISl, MAIOTh CHUIBHE MiBIEHHO-aMEPUKAHCHKE TIOXOKEHHsI 3 periony AHJ abo
Mexkcuku. KapToruist € Ba)IJIMBOO MTPOIOBOIBIOI0 KYJIBTYPOIO, SIKY MOXKE yparkyBa-
1 P. infestans, OkpiM KapToruIi e (iTomaTtoren Moxxe 3yCTpidaTucs i Ha 1HIIUX
KyJIbTypax 3 NacilbOHOBUX, HANIPHUKIIA Ha ToMatax (Solanum lycopersicum) ta 6a-
knaxanax (Solanum melongena).

ditodTopos, cnpuunHeHuit P, infestans, BUKINKA€E 3arHUBAaHHS Ta BiIMUPaH-
Hs mucTs. Ha uepemniky i cteOmi ypakeHUX pPOCIUH MOXYTh PO3BUHYTHUCS TUISIMH,
SIK1 PO3LIMPIOIOTHCS 1 MalOTh JTOBry (GopMy, HIKipKa 3apa)XeHuX Oynb0 KapTOILIi
BUIISIIA€ HEPIBHOMIPHO OJISIKIIO0, BUKPUBJICHOIO Ta 3JIErKa BOASHUCTOIO, M’ SIKOTh
Oynp0u KapToruTi cTae KopuaHeBoro [10].

JlaHe 3axXBOPIOBAaHHS XapaKTEPU3YEThCS PETYIIPHIUMHU PELUUBAMH, a I1aTO-
TeH € HaJ3BHYaiiHO BipyleHTHUM [5]. EBOIOIisl maroreHy crocTepiraeThcst He-
CIIMHHO, BXKE TIOYMHAIOUH 3 oro nepmoi peectparii y 1840-ux pokax [12]. Jlume
3a OCTaHHI AecsaTupiuys 30ynHukK ¢itodTopo3y 3a3HaB 3HAYHUX TEHETHYHHX TIepe-
TBOPIOBaHb Yepe3 BHYTPIIIHBOMOMY/ISIIIHI 3MiHA 4aCTOTH T€HOTHITIB Ta MIKIIO-
nynsLidHi cxpenryBanHs. Le cnpuynHmIo 3HauH1 MpoOieMu y 30HaX BUPOIILYBaH-
Hs KapToILTi 10 BChoMy cBiTYy [13].

Boporeba 3 itodTopo3oM yCKIATHIETHCS 3MINIAHOK PENPOAYKTUBHOIO
CHUCTEMOI0, IO CIIpUsie eBOJIONIi P. infestans. JIlaHui maToreH € reTepoTaiuHuM
OpraHi3MOM, SIKAH JIJIsl CTaTEBOTO MPOLECY BUMArae KOHTAKTy Milelnito chopmoBa-
HOrO mpeacTaBHUKaMu Al Ta A2 TumiB cnaproBaHHs. Bynyun camocTepuIbHIUMH,
NPU KOHTAKTI Y CHIbHIA MOMyIsLii BOHU 34aTHI (popMyBaTu CTiiiKi 00CTIOpH, 110
(GOpMYIOTh HOBY T€HETUYHY JiHit0 P. infestans. Y 3B’sI3Ky 3 UM, Mirpaii 000x
THUIIB CIIAPIOBaHHs B €BpOITY 301UIBIINIO TEHETHYHE PI3HOMAHITTs 30ynHuKa [1]. Y
OUIBIIOCTI KpaiH cBiTY momymsiii P. infestans TOTpUMYIOThCS IEPEBAKHO HECTaTE-
BOTO JKUTTEBOTO LHUKITY, 1 30yTHUK MIrpy€e yepes3 MOBITPSIHE PO3IOBCIOMKEHHS 200
100alIbHy TOPTiBIIIO HAaciHHAM Kaproruti. Lel cnocid mpu3BoauTs 10 Ge3nepeps-
HOTO Ta MMOBTOPIOBAHOTO BIPOBAPKEHHS HOBHX I'€HOTHIIIB, K1 3a3HAIOTh CEJICKIIiii-
HOTO TUCKY B yMOBaX MiCIIEBOTO CEPEIOBUINA Ta ArPOHOMIYHOT IPAKTUKH, IO MTPH-
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3BOJIUTH JIO TEHETUYHOI PECTPYKTypHU3allii MOMYISALINA 1 CTBOPIOE MPOOIEMH ISt
BUPOOHHMIITBA CLIBCHKOTOCTIONAPCHKUX KyAbTyp [4, 14]. Cepen onHUX 3 TOJIOBHUX
CYYaCHUX €BPOINEUCHKUX TEHETHYHUX JIiHIH, 110 BUKIMKAIOTH 3aHETIOKOEHHS € JIi-
Hiss EU 13 A2 (Blue 13), Ta EU 33 A2 (Green 33) [8]. 3a Takux yMOB, 3pOCTaH-
HSl TEHETUYHOTO PI3HOMAHITTS Yy MOMYJISLI] CIPUSE MiIBULICHHIO 3arpo3u Gopmy-
BaHHS HOBUX 3arpO3JIMBHX JIiHIH 3 Hemlepe0a1yBaHUMU XapaKTePUCTUKAMHU.

3HaHHS TEHETHYHOI CTPYKTYPHU HOIYJISIIIIi MATOTEHIB € HEBi €MHOIO YaCTH-
HOIO YCITIITHOTO KOHTPOJTt0. [T0CITiIOBHI MOBTOPH, TAKOX BiIOMI SIK MiKpOCATEeIiTHI
Mmapkepu (SSR), nyxe BapiabGenbHi, pO3MOIUICHI IO TeHOMY, iH(OPMATHUBHI Ta Ha-
JiiiHI B eKCTIEPUMEHTAIBHUX YMOBAX, 1, OTKE, ITUPOKO BHU3HAHI SIK «30J0THH CTaH-
JapT» I TEHETUYHOTO JIOCIIDKEHHS nomyisinin P, infestans [11].

TakuM YMHOM, MOJIEKYIISIPHO-TEHETUYHE JIOCIIPKEHHS MiCHEBUX TOIYJISIIIi
P, infestans no3BoJsie 3MiHCHIOBATH MOHITOPUHT 3MiH 3 METOIO PAaHHBOTO BHUSIBIICHHS
MPOIECiB afanTaiii B nomysuii P. infestans y neBHOMY perioHi. MOHITOpHHT Ha-
JIacTh 3MOTY BUACHO a/IalITyBaTH 3aXOAH KOHTPOIIIO Ta arpOTEXHOJIOTIT CIIPsIMOBaHi1
Ha 3armo0iraHHs BTPAaTH BPOXKAiB, 3HIDKECHHS IKOJIM HABKOJIUIIIHEOMY CEPEIOBHILLY,
10 BUHUKAE Y 3B’S3KYy 3 MAaCIITAOHUM 3aCTOCYBAaHHSM MECTUIU/IB, Ta 3a00ITTH
YTBOPIOBAHHIO HA TEPUTOPIi YKpaiHU apeaniB CTIHKUX MOMyIsALii P. infestans.

Merta po0OTH: BCTAaHOBUTH T€HETUYHY pPI3HOMAHITHICTh MOIMYJISIT
P. infestans — 30ymauka GpitopTopo3y KapToIIi Ha TepUTOPii YKpaiHu.

Marepiauu i MmeToan

Marepiasniom a7t qociipKeHHst Oyinu 35 3pa3KiB KapTOIUISTHOTO JIUCTS 3 O3HA-
KaMu ypaxeHHs1 piTopTOpo30M, OTpUMaHi 3 TOCIONAPCTB SIKi PO3TALIOBaHI B Pi3-
HuX perionax Ykpainu. [lepenik 3pa3kiB HamaHO y Ta0mumi 1.

3aranom JoCTiKyBaiu 22 COPTU KapTOILIi, 110 BUPOIIYBAIKCS HA AUISTHKAX
ki oxorutroBanu 10 obnacrelt Ykpainu. [lepenik copTiB Ta KUTBKICTh 3pa3KiB Ha-
JaHo y Tabmuui 2.

[3omsmito yuctux Kynasryp P. infestans Gyno mpoBeaeHO 3a JOIMTOMOTOK METO-
Iy ONOTTEpiB HA KAPTOIUITHUX JMCKAX 3 HACTYITHUM MOCIiJOBHUM IEPECiBaHHAM
Ha KUTHIN arap 3 ponaBaHHsM pipamminuHy (RAB-R) Ta kapromisiHo-IeKcTpo3-
Huit arap (PDA) [12].

3pi3u 3 MEePEIHBOTO KPAaK ypa)KEHOTO JIUCTS OyJI0 BUPI3aHO 32 JOMOMOTO0
CTEPUJILHOTO CKaJbIIEI0, Ta MEepPeHeceHo Ha ckubouku kaprormii. CdopmoBaHi
0710TH 1HKYOOBaHO MpOTSroM 5 fi6 mpu temneparypi 18 = 1 °C y TeMHUX yMOBax.
Ocepenky CIOpOyTBOPEHHS MEPEHOCUIIA HA TTOBEPXHIO JKUBUIIBHOTO CEPEIOBHIIA
RAB-R 3 nonaBanusm pigamminuny y koHuenrtparii 25 mxr/ma [12]. TlociBu iH-
KyOoBaHO mpotsiroM 7 1i6 mpu temmeparypi 15 + 1 °C y TeMHUX yMOBax.

Yucroty KynbTypH P. infestans niqTBepAKyBalli TUITYBaHHSIM CIIOp 32 JIOTIO-
MOTOI0 MIKPOCKOTII y CBITIIOMY HOJi.

[eorpadiune MOKPUTTS Ta KUIBKICTh 130JIAATIB, IO OTPUMAHO 3 O3HAYEHUX
BHUIIIE 3pa3KiB, BiTOOPaKEHO HA PUCYHKY 1.

HakornmuenHnst 6ioMacu 4UCTUX KynsTyp P infestans nisi IpOBEACHHS TIO-
JJBIINX €TaIliB J0CIiHKeHHs OyJ10 31HCHEHO TIepeCiBaHHsI Ha TIOBEPXHIO ITOXKHB-
Horo cepenoBuiia PDA, 3 HacTymHO iHKyOaIii mpotsrom 7 1i0 mpu Temmeparypi
15 £ 1 °C y temuux ymoBax. Excrpakuito renomuoi JJHK npoBoaunu 3a gomno-
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Tabmuws 2
Iepeutik copTiB KapTOILIi, B3ATUX Y JOCTiIKEHHS
Table 2
List of potato varieties included in the study
Ne Coptn KinbkicTs Ne Copru KiabkicTh
KapTOILIi 3pa3skiB KapTOIIi 3pa3skiB
1 Arar 1 12 Jlatona 1
2 Ananin 1 13 Jleni Knep 3
3 Acrepikc 2 14 Morapt 1
4 Benapoca 4 15 Harama 1
5 BT 808 2 16 [Tikaco 3
6 Bepmi 1 17 [ipans 1
7 lanma 1 18 Pir’epa 1
8 3idpa 1 19 Pomana 1
9 Inapa 1 20 Cudpa 2
10 Kaprena 1 21 Ckaprnet 2
11 Jlabena 1 22 Tockana 3

Puc. 1. l'eorpadiune noKpUTTS A0CTIIKEHHS, TA KiIbKiCTh i30J4TiB

P, infestans, orpumanux 3i 3pa3kiB no perionax Ykpainu

Fig. 1. Geographical coverage of the study and the number of isolates

of P. infestans obtained from samples by regions of Ukraine
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MOTOI0 KOMEPLIHHUX HAOOPIB 3TiHO 3 IHCTPYKIIEI BUPOOHUKA, 3 BpaXyBaHHSIM
Bumor ISO 21571 [7].

KinbkicTs Ta sxicts orpuManoi JIHK ortiHtoBaum 3a J0moMoror cuekrpodo-
TOMETPIi, 3 METOIO TOCSITHEHHSI ONITUMAIBHOT KOHIIEHTPALIi 3 TOPIBHSIHUM 3HAY€H-
HsM Oibie 30 HI/MKI y BCIX 3pa3Kax.

BucnoBok mono npuaaraocti JJHK mias momanemoro AOCiipKeHHS 3.iH-
CHIOBAQJIA Ha MIJCTaBl aHAI3y BiJHOIIECHHS MOTIMHAHHSA PO3YMHOM Ha JTOBXKUHAX
xBriIb 260/280 Ta 260/230 HM. JlaHi CHIBBITHOIICHHS JIEMOHCTPYBAIH HAsBHICTh
4yu BiACyTHICTh Y po3uuHi JIHK peuoBuH, 110 MarOTh 31aTHICTh HETaTUBHO BILIH-
BaTH Ha mpoxomkeHHs [1JIP. JIo Takux pe4oBHH BIIHOCATHCS MPOTEiHU, (HheHOIU
Ta iHmi. MakcuManbHe JOCSTHEHHS HeoOXimHoro cmiBBimHomeHHs 260/280 ta
260/230, mro mopiBHIoe pubIM3HO 1,7 Ta 1,9 BiamoBigHO, € HEOOXiTHOK YMOBOIO
JUTSL IPUAHATTSI €KCTParoBaHoro Marepiany juis peanizauii [TJIP. J{ns moninmenHs
KOHTPOJIIO SIKOCTi, HAMH OyJI0 MPUKHATO Jiala30HU MPUEMHOCTI JJISl YACTOTH Ha
noBkuHax XxBuiab 260/280 pisaum 1,8-2,1, a Ha nopkuHax 260/230 — 2,0-2,2.

3a pe3ynbpraTamMu aHaizy JLKepel Jiteparypu Oyno Biaiopano 10 map mikpo-
CaTeJITHUX JIOKYCIB sIKi XapaKTepU3yIOThCS HAHOLIBIIO TU(EepeHIiaIbHOO 3/1aT-
HicTro. [lepemnik mpaiimMepis [2, 9], 3a JOMTOMOTOIO SIKUX OYJI0 IPOBEJICHO TEHETUYHE
TUIYBaHHS JIiHIN BiTUM3HAHUX P, infestans, HanaHo y Tabmuii 3.

Tabmuus 3
Iepenik npaiimepiB, 1110 0yJI0 BUKOPUCTAHO Y JA0CiaxKeHHi [2, 9]
Table 3
List of primers used in the study [2, 9]
Mapxkep SSR Ipaiimep 5°-3° Mortus | Mapkep SSR IIpaiimep 5°-3° Mortus
Gll1 F: tgctatttatcaagcgtgg TC SSR3 | F: acttgcagaactaccgece GT
R: tacaatctgcagecgtaaga R: gtttgcagaactaccgecee
Pi4B  |F: aaaataaagcctttggttca TC SSR4 | F: tcttgttcgagtatgcgacg CT
R: gcaagcgaggtttgtagatt R: gtttcacttcgggagaaaggctte
Pi63 F: atgacgaagatgaaagtgagg | GAG | SSR6 | F: gttttggtggggctgaagtttt AT
R: cgtattttectgtttatctaacacc R: tcgccacaagatttattccg
Pi70 F: atgaaaatacgtcaatgctcg | AAG | SSR8 | F: aatctgatcgcaactgaggg AC
R: cgttggatatttctatttcttcg R: gtttacaagatacacacgtcgctcc
SSR2 |F: cgacttctacatcaaccgge CT SSR11 |F: ttaagccacgacatgagetg AG
R: gtttgcttggactgegtetttage R: gtttagacaattgttttgtggtcgc

s mpoBenennst SSR TIJIP ananizy Oyino BUKOpHCTAaHO KOMEpLiiHUI HaOIp
peakTUBIB Ta Mporpama aminTidikaiii, 3 BpaxyBaHHsM pekomennamnii EucaBlight
ta EuroBlight 3 mactymaumu ymoBamu: 1 mukn — 95 °C 2 xBunnay; 30 nuKiIiB:
58 °C 25 cexynn, 72 °C 60 cexynn, 95 °C 20 cexyna, 72 °C 20 xBunuH. 36epiranas
3paskiB 3ailicHioBau 1ipu 4 °C [16].

Po3momin Ta Bi3yamizalito ()parMeHTIB MPOBOIWIH 3a TOTIOMOTOIO EIEKTPO-
dopesy y [TIAAT. Ins npoBenenns enekrpodopesy, Bukopuctorysanu 7% [TAAT
IIO CKJIAJIaBCsl 3 HACTYITHUX PEAKTUBIB, 3 BpaXyBaHHSM IIPHTOTYBAHHS CMY)KKH JIJISI
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repmetu3artii ckia: — TBE oydep x10 — 3,55 mur; 10,8 r Tpuc; 5,5 r OopHa KuciIoTa;
0,75  Tpunon b; 100 Ma muctmiiboBaHa Boaa; — akpuiamia 30% — 8,22 mur; 29 ¢
akpunamiz; 1 r Gicakpunamia; 100 M IuCTHILOBaHA BOJA; — IMCTHIILOBAaHA BOJA
— 23,22 mi; — TEME]] — 45 mxun; — nepeynbdar amonio — 450 mki. Po3ninenns
MPOAYKTIB aMInTidikarii mpoBonmiu 3a Hanpyru 280B npotsirom 2 ronun. 3abaps-
JICHHS Pe3yJIbTaTiB eeKTpodopesy 3AiiCHIOBa N BIPoaoBK 20 XBUINH iHKyOAIli-
€10 TeJTI0 Y PO3YHHI IHTEPKAJSIIIITHOTO areHTy — OpOMHCTOTO eTHIt0. OIiHIOBAHHS
pe3yabTariB MPOBOAMIIN 3a A0TOMOroro npuiaxy UVP.

AmnanitnyHi geHaporpamu (GopMyBajH 3a JOIOMOTOI MPOTPaMHOTO 3a0e3-
neueHHst MEGA 11 [16]. KonctpyroBaHHS JeHIpOrpaMu MPOBOIWIN BiTHOCHO OI-
HOTO 3 OTPUMAaHUX T€HOTHUIIIB, SKHI MPUAMAIIH SIK BiANPaBHY TOUKY KJIacTepu3arii
3a anroputmoM Unweighted Pair Group Method with Arithmetic Mean (UPGMA).

Pe3yabTaTn Ta iX 00roBOpeHHS

3a pesynbraramu [1JIP anamizy, skuii OyJ0 MPOBENEHO 3 BHKOPUCTAHHSIM
npaiMepiB 10 ECATH MIKPOCATEIITHHUX JIOKYCIB, OyJ0 OTPHUMAaHO JIaHi BiIHOCHO
nosiMopdizmy 35 i30aaTiB P, infestans. Pe3ynbratu npeacTaBieHo y Taonuili 4.

Tabmuus 4
AJleJIbHMIT cTaH MiKpocaTeJliTHUX JoKyciB P. infestans, uio BcTanoBi1eHo
3a gonomoroio IJIP ananizy

Table 4

Allelic status of microsatellite loci of P. infestans determined by PCR analysis
Ne gll pi4b pi63 pi70 ssr2 ssr3 ssr4 ssré ssr8 ssril
1 2 3 4 5 6 7 8 9 10 11
1 162 205/217 | 285 192 170 260 320 260 256 352/341
2 162 205/217 | 285 192 170 260 320 260 256 352/341
3 162 205/217 | 285 192 173 260 320 260 256 352/341
4 162 205/217 | 285 192 173 260 320 260 256 352/341
5 162 205/217 285 192 173 260 294 260 256 352/341
6 162 205/217 | 285 192 173 260 294 260 256 352/341
7 162 205/217 | 285 192 173 260 294 260 256 341
8 162 205/217 | 285 192 173 260 294 260 256 352/341
9 162 205/217 | 285 192 173 260 294 260 256 352/341
10 162 205/217 | 285 192 165 260 294 260 256 352/341
11 162 205/217 285 192 165 260 294 260 256 352/341
12 162 205/217 | 285 192 165 260 294 260 256 352/341
13 162 205/217 | 285 192 165 266 292 260 256 352/341
14 162 205/217 | 285 192 165 266 292 260 256 352/341
15 162 205/217 | 285 192 165 266 292 260 256 352/341
16 162 205/217 285 192 165 266 292 260 256 352/341
17 162 205/217 | 285 192 165 275 292 260 256 352/341
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1 2 3 4 5 6 7 8 9 10 11
18 162 205/217 | 285 192 165 275 292 260 256 352/341
19 162 205/217 | 285 192 165 275 292 260 256 352/341
20 162 205/217 | 285 192 165 260 292 260 256 352/341
21 162 205/217 | 285 192 165 260 292 260 256 352/341
22 162 205/217 | 285 192 173 260 292 260 256 352/341
23 162 205/217 | 285 192 170 260 284 260 256 352/341
24 162 205/217 | 285 192 170 260 284 260 256 352/341
25 162 205/217 | 285 192 170 260 284 260 256 341

26 162 205/217 | 285 192 170 260 292 260 256 352/341
27 162 205/217 | 285 192 165 275 292 260 256 352/341
28 162 205/217 | 285 192 165 260 292 260 256 352/341
29 162 205/217 | 285 192 170 260 292 260 256 341

30 162 205/217 | 285 192 170 260 284 260 256 352

31 162 205/217 | 285 192 165 275 287 260 256 352/341
32 162 205/217 | 285 192 165 260 284 260 256 352/341
33 162 205/217 | 285 192 165 260 287 260 256 352/341
34 162 205/217 | 285 192 165 260 287 260 256 352/341
35 162 205/217 | 285 192 165 260 287 260 256 352/341

Haii6inbi inpopmaTuBHIMHU Oy Mapkepu ssr2, ssr3, ssr4 ta ssrll. Ha Bin-
Mminy Bix gll, pidb, pi63, pi70 Ta ssr§, mo mpoAeMOHCTPYBAIM BiJICYTHICTh TMO-
aiMopdi3my, 1 MapKepH HaJlaau 3MOTry AH(EpeHIIoBaTH BITYM3HSIHI 130JI9TH 32
reHoturnioM. OTpuUMaHui moaiMopdi3M Ta YacToTa ajiejiB MPOJAEMOHCTPOBAHO Y
Tabnuui 5.

Tabmuns 5
BapianTu noB:xkuH Ta yacToTH (pparmentiB amiutidikanii 3paskis P. infestans
Table 5
Variants of lengths and frequencies of amplification fragments
of P. infestans samples
Jlokyc JoB:xuHa Yacrora, % Jlokyc JloBikuHA Yacrora, %
¢parmenry, n.H. ¢parmenry, I.H.
gll 162 100 ssr6 260 100
pidb 205/217 100 ssr8 256 100
pi63 285 100 284 14,29
pi70 192 100 287 11,40
165 54,29 ssr4 292 40,00
ssr2 170 22,86 294 22,86
173 22,86 320 11,43
260 74,29 341 9,09
ssr3 266 11,43 ssrll 352 3,03
275 14,29 352/341 93,94
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Takum unHOM, 32 JOOMOTOI0 10 MiKpOCaTENITHUX MapKepiB OyI0 BUSIBICHO
17 rerotumnis (A-Q), 1110 € XapaKTePHUMHU JIs1 IPOAHATI30BaHUX 3pPa3KiB BITUNU3HS-
Hoi momynsiuii P. infestans. MikpocaTeniTHI KOMOiHAIi] JaHUX TEHOTHUIIIB Mpoe-
MOHCTPOBAHO y Tabmuii 6.

Tabmuus 6
BapianTtu reHoTuniB ykpaincbKux izonsTiB P. infestans
3a MiKpocaTeJJiTHUMHU MapKepaMu
Table 6
Genotype variants of Ukrainian P, infestansisolates determined
by microsatellite markers

reH(J)‘{Téuny gll pi4b pi63 | pi70 | ssr2 | ssr3 | ssr4d | ssr6 | ssr8 ssril
A 162 | 205/217 | 285 | 192 | 170 | 260 | 320 | 260 | 256 | 352/341
B 162 | 205217 | 285 | 192 | 173 | 260 | 320 | 260 | 256 | 352/341
C 162 | 205217 | 285 | 192 | 173 | 260 | 294 | 260 | 256 | 352/341
D 162 | 205217 | 285 | 192 | 173 | 260 | 294 | 260 | 256 | 341
E 162 | 205/217 | 285 | 192 | 165 | 260 | 294 | 260 | 256 | 352/341
F 162 | 205/217 | 285 | 192 | 165 | 266 | 292 | 260 | 256 | 352/341
G 162 | 205217 | 285 | 192 | 165 | 275 | 292 | 260 | 256 | 352/341
H 162 | 205217 | 285 | 192 | 165 | 260 | 292 | 260 | 256 | 352/341
I 162 | 205217 | 285 | 192 | 173 | 260 | 292 | 260 | 256 | 352/341
J 162 | 205/217 | 285 | 192 | 170 | 260 | 284 | 260 | 256 | 352/341
K 162 | 205217 | 285 | 192 | 170 | 260 | 284 | 260 | 256 | 341
L 162 | 205217 | 285 | 192 | 170 | 260 | 292 | 260 | 256 | 352/341
M 162 | 205217 | 285 | 192 | 170 | 260 | 292 | 260 | 256 | 341
N 162 | 205217 | 285 | 192 | 170 | 260 | 284 | 260 | 256 | 352
(0] 162 | 205/217 | 285 | 192 | 165 | 275 | 287 | 260 | 256 | 352/341
P 162 | 205/217 | 285 | 192 | 165 | 260 | 284 | 260 | 256 | 352/341
Q 162 | 205/217 | 285 | 192 | 165 | 260 | 287 | 260 | 256 | 352/341

3rigHO 3 OTPUMAHUMHM JTAaHUMH, YACTOTA TEHOTHUIIIB KoJMBaiacs Big 2,86 1o
11,43%. Haiibinbin po3noBcromkeanmu reHotunamu susisuucs C, F ta G. Oqnak
iX 9aCTOTH HE JIO3BOJISIFOTH PI3KO BIIOKPEMHTH iX BiJl 3arajibHOI TPYTIH, Y 3B’ SI3KY
3 MOPIBHSHO HU3BKOIO BapiaTHBHICTIO 32 cepeaHboi yactotu 5,88% =+ 3,42% 3 mo-
JTabHUM 3Ha4eHHSIM 2,86%.

YacToTy reHOTHIIIB YKPATHCHKUX 130JIATIB P. infestans 3a MiKpocaTeTiTHUMHI
MapKepaMH MPeCTaBIeHO y Ta0muii 7.

Po3momin gaHuX reHOTHUINIB MO OONACTSX, 10 OyJM OXOIUICHI MPOBEICHUM
JOCTIKEHHSM, TIPOJJIEMOHCTPOBAHO HA PUCYHKY 2.

HesBakaroun Ha HEBENWKHIA O0OCSAT BUOIPKH, BUKOPUCTAHHS MIKPOCATENIT-
HUX MapKepiB T03BOJINB BUSBUTH T€HOTHITH, 1110 € CIIUTBHUMH JJIS ICSIKUX PETIOHIB
VYkpainu. Marpuris nepexpects TCHOTHITIB HaBeIeHa y Ta0mili 8.
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Tabmuns 7
YacToTa reHOTHIIIB YKpaiHcbKuX i3oasTiB P, infestans
3a MiKpocaTeJiTHUMH MapKepamMu
Table 7
Frequency distribution of Ukrainian P. infestansisolates' genotypes based
on microsatellite markers

Ne

Yacrora I'padiune BimoOpakeHHst
TeHOTHITY pad 110op

5,71%

5,71%

11,43%

2,86%

8,57%

11,43%

11,43%

8,57%

2,86%

5,71%

2,86%

2,86%

2,86%

2,86%

2,86%

2,86%

QOl=|o|Z|Z|-|R|=|—|Z|Q|mm|T|a|w|>

8,57%

Puc. 2. 'eorpagiyne po3ramyBaHHsi BCTAHOBJEHUX 'eHOTHITIB
P, infestans no perionax Ykpainu

Fig. 2. Regional geographic distribution of detected P. infestans genotypes in Ukraine
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Tabmuns 8
Po3nonis BeranoBiaeHux renotunis P, infestans 3a perionamu Ykpainu
Table 8
Distribution of identified P. infestans genotypes across regions of Ukraine
Obaactb noxokennst | A|B|C|D|E|F|G|H|I |[J|K|L|{M|[N|O|P|Q
Bonunchka +
JlHinporeTpoBCchka + |+
Kuromupcbka 001 + |+
KuiBchbka + |+ |+ |+ |+
JIbBiBCBHKA +
[TonraBcbka +
TepHominbCchka + |+ |+ +
XepcoHChbKa + | +
XMenpbHUIbKA +
UYepHiriBcrka + |+ |+ |+

Xoua, JiesKl BaplaHTH TeHOTHMIB, Takl sk G Ta E, Manu cniabHy perioHaabHy
MEXY, OUTBIIICTD 3 HUX HE MPOJEMOHCTPYBAIN PET1OHAIBHOI 3aJI€KHOCTI.

JIis neTanbHIIIoro TOCTIIKEHHST KMOBIPHUX 3B’ S3KIB a00 TeHAEHIIH, OyI0
chopMoBaHO rpadiuHe BiOOpaKEHHS PETiOHAIBLHOTO PO3MOLTY BCTAaHOBICHHX
reHoTuniB P, infestans 3a nonomororo ¢popMyBaHHs JeHAporpamu. Jlenaporpamy
CKOHCTpPYHOBaHO BiIHOCHO reHotumy A. Ciix BIAMITUTH, L0 JaHa JIeHAporpama
He MICTUTh 1H(OpPMaILlil y JOBXKHHI Ta YepryBaHHI r'jiok (puc. 3).

[30onsT11 P. infestans, mo oTpumMaHo 3 JIHINponeTpoBCchKoi Ta JKUTOMUPCHKOL
oOnacTell BUSBISUIM 3HAYHY T€TEPOTeHHICTb, ajle B MeXaxX OIHOTO KJIacTepy.

3riIHO 3 MM, YITKOI KOpEJNAlii Mk perioHamH, 3 SKUX OTPUMAHO 3pa3Ku
P, infestans, Ta iX reHOTUIIaMH1, BCTAHOBJIEHUMHU 3a JOMOMOroro 10 o3HaYeHUX Mo-
JIEKYJIIPHUX MAPKEPIB, HE CIIOCTEPITa€ThCS.

Jnis BU3HaYEeHHS IMOBIPHOTO 3B 13Ky MI’K T€HOTHUIIOM P, infestans Ta COpTOM
KapToIlIi, 3 SIKOTO BiH OyB BUJUIEHUH, AEHAPOTrpaMy IHTEPIPETOBAHO y BIANOBIA-
HOCTI J10 3pa3KiB Kaprorui (puc. 4).

3riHO 3 MPOBEICHUM aHai30M, 00’ €IHaHHA B KJacTepu abo cyOKiIacTepu
He TOSICHIOEThCSL copToM Kaprormii. Hampukiazn, copt benapoca, 110 KOHLIEHTpY-
€ThCs y cyOKiacTepi 2.2.2, Takoxk crioctepiraeTbes y cyoxmacrepi 1.1.1.1.1 Ta Bpa-
»kaetbest renotnnamu E, C ta D.

TakuM 4MHOM, y pe3ysbTaTi NPOBEIECHOIO MOJIEKYISPHO-TEHETUYHOIO aHa-
Ji3y 3 BUKOpHCTaHHAM 10 MIKpocaTeniTHUX MapkepiB, 35 BITUM3HSHHX 130JIATIB
P. infestans po3noninunucs Ha 17 reHOTUNIB, 110 CBIIYMTH PO BUCOKHUH PIBEHb
MOJIIMOP(HOCTI Y MOMYJIAL], IKa HE TIOB’s3aHa a Hi 3 PEriOHOM BUAUICHHS, a Hi 3
COpPTOM ypaskeHoi KapToruil. YacTtora reHoTumiB KoauBaiacs Bix 2,86 no 11,43%.
Haii0inbin posnoBcropkeHuMH Ha Ykpaini reHotunamu BusiBwiucs C, F ta G.
Halimeniy reHeTHuHY pi3HOMaHITHICTh Oyso BUSIBIIEHO y nomyisiuii P. infestans
JIbBiBCBHKOI 00s1aCTI. 3pa3Ky, 110 OTPUMAHO 3 IHIIMX 00JIaCTe 1EeMOHCTPYIOTh BH-
COKy reTeporeHHictb. Kopensiii Mk perioHaMu Ta COpTaMu KapToILii, 3 sIKUX OT-
pUMaHo 3pa3ku P. infestans, Ta iX FTeHOTUIIAMU HE CIIOCTEPIraeThCs.
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Puc. 3. lenaporpama po3noainy ykpaincbKuX i3044TiB P. infestans 3a perionamu YKpainu
1, 2 — k;macTepw, Mo MOETHYIOTH 130J1ATH P. infestans 13 cimpHIMHA prucamu SSR-mipodinio;
1.n, 2.n — cyOKJIacTEepH, 110 arperyrTh 130JIATH 32 301IbLIICHHSIM PI3HOMAHITTS Ta TPYIYIOThCS
3a CUIBHUMHU PUCAMH B MEKaxX KJIACTEPiB OLIBII ITMOOKOTO PiBHS

Fig. 3. Clustering dendrogram of Ukrainian P. infestansisolates by Ukrainian regions
1, 2 — clusters combining P. infestans isolates with common SSR profile features;
1.n, 2.n — subclusters aggregating isolates by increasing diversity and grouped
by common features within deeper-level clusters

[TponoBkeHHsSI JTAaHOTO JOCIIDKEHHS Mae€ TMepCleKTUBU c(hOopMyBaTH
fingerprint-610:1i0TeKy BITYM3HSIHHUX Pac MATOTEHIB, BiA10OpaTu HaO1LIbII TOKA30B1
MOJIEKYJIIPHI MapKepu Ta po3pOOUTH CTPYKTYpPy MOHITOPHHTY, 1110 HaJaCTh 3MOT'Y
371MICHEHHS! O0IPYHTOBAaHOI0, €EKOHOMIYHO Ta €KOJIOTIYHO JOLIIBHOTO KOHTPOIIIO
JTaHOTO 3axBOproBaHHsS. CaMe JOBrOCTPOKOBI TOCHIIKEHHS HA KOHKPETHUX JIiISTH-
Kax, I110 OMUCYIOTh 3MIHHU y (DEHOTHUIIUHIN MIHIMBOCTI onyJsii P. infestans, no3-
BOJISIFOTH NPOTHO3YBATH MOIIMPEHHS MAaTOTeHY 1 MOXKIIMBI criajnaxu iH(eKIii.
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Puc. 4. lenaporpama po3nojiieHHsl yKpaiHCbKUX i3014TiB P. infestans 3a copramu
KapToOILTi, 3 AIKMX BOHU OyJIM BHIiJIEH]
1, 2 — KJIacTepH, 110 MOENHYIOTH 130JsITH P, infestans 13 crinbHUME prcaMu SSR-npodisro;
1.n, 2.n — cyOKmacTepy, 110 arperyroTh 130JIITH 3a 30UIbIICHHSM PI3HOMAHITTS Ta TPYIYIOTHCS
3a CHUTBHUMHE PHCaMH B MeXaxX KJIacTepiB OUTBII TIIHOOKOTO PiBHS

Fig. 4. Clustering dendrogram of Ukrainian P. infestansisolates by potato variety origin
1, 2 — clusters combining P. infestans isolates with common SSR profile features;
1.n, 2.n — subclusters aggregating isolates by increasing diversity and grouped
by common features within deeper-level clusters
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TakyM 4YMHOM, BCTAHOBJICHO T€HETHYHY PI3HOMAHITHICTH MOMYIsii 30y/-
HUKa (QitopTopo3y Kaprormi Ha TepuTopii Ykpainu — 35 BITUM3HSHUX 130JIATIB
P. infestans posnoninunucs Ha 17 TeHOTHITIB 0€3 3HAYHOTO 3MIIIEHHS B O1K IIEBHO-
TO BapiaHTYy, UI0 CBIAYUTH PO BUCOKHIA PIBEHb MOTIMOPPHOCTI Y MOIMYJISIIII.
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MONITORING OF GENETIC DIVERSITY
OF PHYTOPHTHORA INFESTANS POPULATIONS —
THE CAUSATIVE AGENT OF POTATO LATE BLIGHT
ACROSS UKRAINIAN TERRITORY

Summary

Knowledge of the genetic structure of Phytophthora infestans populations is
essential for effective late blight management—the most widespread and destructive
potato disease, causing substantial economic losses worldwide. Aim. To assess
the genetic diversity of P. infestans populations—the causative agent of potato
late blight in Ukraine. Methods. Pure cultures of P. infestans were isolated using
the blotter method on potato leaf discs, followed by sequential subculturing on rye
agar with rifampicin (RAB-R) and potato dextrose agar (PDA). Genetic typing of
Ukrainian P. infestans isolates was performed using SSR-PCR analysis with 10
microsatellite markers. Analytical dendrograms were constructed using MEGA 11
software. Results Molecular genetic analysis of 35 Ukrainian P. infestans isolates
using 10 microsatellite markers revealed 17 distinct genotypes, indicating high
population polymorphism independent of isolation region or host potato variety.
Genotype frequencies ranged from 2.86% to 11.43%, with genotypes C, F, and G
being most prevalent across Ukraine. The lowest genetic diversity was observed in
Lviv region isolates, while samples from other regions showed high heterogeneity.
No correlations were found between isolate genotypes and either geographic
origin or potato cultivars. Conclusions The P. infestans population causing potato
late blight in Ukraine exhibits high genetic diversity, with 35 isolates distributed
across 17 genotypes without dominance of any particular variant, confirming
substantial population polymorphism.

Key words: potato late blight; Phytophthora infestans; genotypes; SSR markers;
cluster analysis; Ukraine.
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E®EKTUBHICTD 3bEPI'AHHSI IITAMIB MOJIOYHO-
KNCJ/IUX BAKTEPIU, BUAIVIEHUX I3 I'I/TIPOBIOHTIB
YOPHOI'O MOPA, PI3BHUMU METOJJAMHA

Hlupoke suxopucmanna monounoxuciux oaxmepiti (MKB) y xapuosiil, ¢apua-
yeemuyHitl ma OIOMeXHON02IUHIL NPOMUCIOBOCTIE AKMYANi3ye npoodiemy 6ubo-
PV ONMUMAanbHUX Memoois ix mpueano2o 30epieanhs 3 MiHIMAILHOIO 6MPAMOI0
AHCUMMEIOAMHOCME Ma YIHHUX Olomexnonoeiunux eracmusocmel. Mema po-
oomu — nopisHamu egexmuenicme pizHux memoois 36epicannsa wmamie MKB
MOPCbKO20 Nnox00xcenHs, eudinenux iz cyoox Haliclona sp. ma mioiti Mytilus
galloprovincialis Yopnoeco mops. Mamepianu i memoou. [locnioxceno 14
wmamie MKDB (Lentilactobacillus parabuchneri, Loigolactobacillus bifermentans,
Leuconostoc mesenteroides), ki 30epieaniu mpvoma memooamu: CyOKVIbMUug)y-
BAHHAM, NIO WAPOM 8A3ENIHOGOI ONii MA MEMOOOM HU3LKOMEMNEPAMypHO20 3d-
mopoocysannsi y MRS-6ynvtioni 3 30% eniyepunom. Kummezoamuicmo (KYO/
cm’) ma ocnosHi bionociuni 61acmusocmi OYiHIo8aAIU Ha nouamKy ma uepes 3, 0,
9 i 12 micayie 30epicanns. Pesynomamu. [louamkosa KinvKicms dcummeszoam-
nux xaimun cmanosuna 34,2x10°-96,3x10° KYO/cm®. Ynpoooesac 12 mics-
Yi6 0Jis1 6CIX CnOCcoDi6 DIKCYBANU NOCIYNOBE 3HUNCCHHS HCUMMEZOAMHOCTI, NPO-
me mMemoo HU3bKOMEMNEPAmypHo20 3amMopOdICYBAHHs 3a0e3neyy6as 30epedcents
ne merue Higxe 107 KYO/cm? ycix wmamis. Ilicna 9—12 micayie sdepieanns 6io-
Miuanu 380pomHi 3MiHU MOpPEONOST 1l MIHKMOPIANbHUX elacmusocmell ma
10008IHCEHHSL MEPMIHY KYIbMUBYBAHHS 00 48 200. AKMUGHICMb KUCIOMOYymeope-
HHSl NpU CKBAULYBAHHI MONOKA 3Hudcysanacs: pH sminweascs 3 5,4—6,0 0o
5,9-6,6, mumposana xkucromuicme — i3 42,6—68,2 0o 32,5-52,4 °T. Bucnoeku.
Jna mpusanoco nabopamoprozo 36epicanusi MKB Mopcbkoco noxo0xiceHHs
HAUOIIbW eheKMUBHUM € HUZLKOMEMNEPAMYPHE 3AMOPOIICYB8ANHS, siKe 3a0e3ne-
yye 30epediCenHst HCUMMEIOAMHOCI, OIONOCIMHUX GIACMUBOCMEN | KUCIOMO-
YMBOPIOBALHOI AKMUBHOCMIT WM AMIS.

Knwuosi cnoea: memoou sdepieanhs, MOLOYHOKUCAI OAKmMepii, MOPCbKI wma-
Mu, Oi0N02I4HT 81ACMUBOCTI, AKMUBHICIG KUCTOTOYMBOPEHHS.

30epiraHHs MIKpOOPTaHi3MiB y KOJEKIIAX 3a0e3MeuyroTh 30epekeHHs pe-
CypCiB MiKpOOHOT Pi3HOMAHITHOCTI Ta POOIATH iX JOCTYITHUMHU ISl BAKOPUCTAHHS
B HayKOBHX JOCIKEHHIX. 151 TprBasioro 30epiranHs MikpoopraHi3smis 0e3 BTpa-
TH I[IHHUX BIIACTHBOCTEH 3aCTOCOBYIOTh METOMM, 5IKi 32a0€31eUyIOTh CyTTEBE Tajlb-
MYBaHHS )KUTTEBUX TporeciB. [Ipu mpomMy moTpiOHO BpaxoByBaTh MaKCHMaJIbHO
MOXIIMBUH yac 30epiranHs KyJIbTypu Ta HafdiiHicTh MetoniB [11, 14].

©T. B. SImbopxo, 1. B. CrpamHoBa, C. 1. Pakutceka, 2025
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VY cBoiif po0OoTi GaKTepioNOrH IIOIHS CTHKAIOTHCA 13 TOTpeOoro 30epiratu
MIKpOOPTaHi3MH MPOTSATOM TPUBAJIOTO Yacy JUisi 3a0e3MedeHHs KUTTEMISTIBHOCTI
MIKpOOHUX KIIITHH Ta YUCTOTU KYJBTYp, MONEPEIKEHHS 3MiH 1X BIaCTUBOCTEH 1
mytanii. [IpakTuka KoHCepBallii Ta pO3KOHCEpBallii MiKpPOOpPraHi3MiB jJajia 3MO-
Ty HalpamroBaTd HU3KY EMIIIPUYHHUX 3aXO/iB, 3aCHOBAHUX HA 3HAHHI MEXaHi3MiB
3aHypeHHS KJIITHH y aHaOlOTUYHUN CTaH Ta BUXOAY 3 Hboro. OnHak edeKTuBHA
KOHCEpBAllis 3 TOBHUM 30€PEKEHHSIM IMOIMYJISIIH 1 TeHOMIB PI3HOMAaHITHUX MiKpO-
OpraHi3MiB € ITOKH L0 HE BUPIIEHO MPOOIeMOI0, SIKa IOTPeOy€e MOJANBIIIOr0 BU-
BueHHs [4, 11, 15].

AKTyaJbHUM 3QJIMIIAETHCS MMUTAHHS 30epeKEeHHS KUTTE3ATHOCTI i aKTUB-
HOCTI JOCHTh YHCJICHHOI rpynu MonouHokucanx oakrepiit (MKB). 3naBna i 6ak-
Tepii OyaH 1 3aIMIIAI0THCS. 00’ €KTaMU HAyKOBO-MPAKTUYHUX JTOCIIHKEHb MIKPOOi-
onoriB i 6iorexnonoriB. MKB BUKOPHCTOBYIOThCS y 0araTboX raily3siX Xap4oBoi i
(hapManieBTUYHOT IPOMHUCIIOBOCTI SIK 3aKBACOYHI Ta/a00 MpoOiOTHYHI KyIbTypH [9,
10].

OKpiM MOJIOYHOI KUCIIOTH, SIK OCHOBHOTO MPOAYKTY METa00Ii3My, MOJIOYHO-
KHCJ1 OaKTepii CHHTE3yIOTh 1HIII I[iHHI MEeTaboIIiTH, 0 3yMOBITIOE X BUKOPUCTAaH-
Hs y OioTexHomyoriax. OmHak 1i 0akTepii € JOCUTh BUOATIMBUMH SIK OO KYJIb-
TUBYBaHHSI, TaK 1 JI0 30epeKEHHS KUTTE3MATHOCTI i META0OIIYHOT aKTUBHOCTI B
nabopaTopHUX yMoBax. ToMy JOCHIKEHHs HasSBHUX 1 pO3po0Ka HOBHX METOIIIB
JUIsl 3a0€3MeUeHHsI JKUTTE3JAaTHOCTI Ta PO3MIMPEHOi (DYHKIIIOHAIBHOCTI KYIBTYP
MOJIOYHOKHUCIIUX OaKTepiil y 1a00paTOpHUX yMOBAX MA€ AY)KE BaXIJIMBE 3HAYCHHS
[16, 17].

Cepen MKB 0aratooOinsito4uMu € TEepCHEKTHBH BUKOPUCTAHHS KYIBTYD,
130JIbOBAaHUX 3 MOPCBKOTO cepenoBuiia. Lli Gakrepii, aganToBaHi 10 EKCTpeMallb-
HUX YMOB MOPCBHKOTO CEpe/oBHIIa (BUCOKA COJIOHICTh, HU3bKI TEMIepaTypu, BH-
COKHH THCK), XapaKTePU3YIOThCS 3HAYHOIO TEHETUYHOIO Ta 010XIMIYHOKO Pi3HOMA-
HITHICTIO Ta € TIOTCHLIWHUM PKEPEIOM YHIKaJIbHUX 010aKTUBHUX CIIONYK, SIKi HE
MPOAYKYIOTh 1XHi Ha3eMHi aHajor#u [12].

Mertoro poGotu Oyiio 1oCHiAUTH e€PEeKTHUBHICTh 30€piraHHs MTaMiB MOJIOY-
HOKHCITUX OakTepidd, BUAUIEHUX 13 TiApo0ioHTIB YOpHOTO MOpSsI, PI3HUMH METO/a-
Mu. B 3aBraHHs 1OCIiIKEHHS BXOAUIIO!

1. BuU3HAUUTH KiJIBKICTh XUTTE3AATHUX KIITUH MOJIOYHOKHUCIHX OakTe-
piti BumiB Lentilactobacillus parabuchneri, Loigolactobacillus bifermentans i
Leuconostoc mesenteroides Ha o4atky 1 mpotsiroM 12 micsiiB 30epiraHasi MeTO-
JnaMu cyOKyJIbTUBYBaHHS, i/ MIAPOM Ba3elIiHOBOI OJIii Ta HU3bKOTEMIIEPaTypHOTO
3aMOPOXKYBaHHSI.

2. JlocmiauTu KyasTypanibHi, MOp(hOIOTivHI, TIHKTOpiaibHi 1 (i3ionoro-06i-
OXIMiUHI BJIACTUBOCTI OakTepiil mMTamMiB MOJOYHOKUCINX OakTepiii Ha Mmoyarky i
npoTaroM 12-Micsi9HOTO mepiony 30epiraHHsl.

3. BU3HauuTH aKTHUBHICTb KUCIIOTOYTBOPEHHS Y TOCIIIDKYBAaHHUX IITaMiB MO-
JIOYHOKUCIIUX OaKTepid Ha movarky i yepe3 12 micsiiB 30epiraHHs METOJ0M HHU3b-
KOTEMIIepaTypHOTO 3aMOPOXKYBaHHSI.
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Marepiaum i meTonn

Marepianom pocmipkeHHst Oynau 14 mTamiB MOJIOYHOKUCIMX OakTepiit
13 Kosnekuii MOPCHKMX Ta KOPUCHMX JUIs €KOJIOTIYHOI O10TEXHOJOri ITaMiB Mi-
Kpooprasi3zmiB OechbKoro HalllOHaJbHOTrO yHiBepcuteTy iMmeHi I. I. Meunukosa.
MKB 6ynu BuaineHi i3 Mopcskoro cepenosuiia y 2019 p.: 12 mrramis — 13 ryook
Haliclona sp., 2 mramu — 13 migit Mytilus galloprovincialis. Ha ocHOBI BUBYEH-
Hsl O10JIOTYHUX BJIACTUBOCTEW KyJIbTypU BHUIUIEHUX OakTepiil BITHECEHO JO BU-
niB 7 mramiB Lentilactobacillus parabuchneri (L. parabuchneri MJIb 8 2a, MJIb
10 1, MJIb 19 26, MJIb 25 1, MJIb 25 2, MJIb 39 1la, MJIb 52 2a), 5 mra-
MiB Loigolactobacillus bifermentans ( L. bifermentans MJIb 10 2, MJIb 19 2a,
MJIb 52 16, MJIb 53 1, MJIb 68 1a) [6] 1 2 mrtamu Leuconostoc mesenteroides
(L. mesenteroides LM 30, LM 31) [1, 6].

[Mramu MKDB 3axianeHo Ha 30epiranHs: 1) MeToqoM CyOKYJIBTHBYBaHHS
(meploAMYHMX MEpECiBIB Ha CKOLICHE CBIKOIPUTOTOBAHE KHUBHJIBHE CEPEIOBUIE
MRS y npo6ipkax) npu 4 °C; 2) nij 1mapoM Ba3esliHOBOI 01ii y CTOBITYHMKY Cepeio-
Buia MRS y npo0ipkax npu 4 °C; 3) y piakomy cepenosuili MRS 3 rminepunom
(xinneBa koHuenTparis rinepuny 30,0%) y kpionpoOipkax npu -84 °C.

KurtrezgatHicTh Ta 010JI0T1YHI BIACTUBOCTI KYJIBTYp AOCTIIKYBAIM Ha TO-
yaTky 30epiraHss, yepes 3, 6, 91 12 micAuis.

Jli1g BU3HauUeHHs KUIbKOCTI kuTTe3aaTHuX KiIiTiH MKDB npu 36epiranHi yci-
Ma 3a3Hau€HUMH METOJaMM TOTyBaJIM cycleH31i OakTepiil BIINOBIIHUX IITaMiB 3a
craniapToM myTHocTi Makdapnanaa (1,5 x 10 KYO/cm?), motim, BUKOPHCTOBYFO-
9K METOJI CepIHUX PO3BECHb, roTyBaan pobdoui po3senenus (10°, 107), 0,1 cm?
SKHMX BUCIBAJIM Ha YallIK! 13 arapu3oBaHuM cepenosuiieM MRS. TlociBu KynbTHBY-
Basu ripu 37 °C npotsirom 24—48 ron. OOk pe3yabTaTiB MPOBOIWIH, M1 IPaXOBYIO-
YM KUIBKICTh KOJIOHIEYTBOPIOBAJIBHUX OJUHULIB [2, 3].

KoxHoro pa3sy, BU3HayarOuu >KUTTE3JATHICTh 3aKJIaJE€HUX Ha 30epiraHHs
KyJbTYp, BU3HAYAJIU IX OakTepiojoriuHy 4ucToTy. [l HbOro JOCIiAKyBalu Of-
HOTHUITHICTh 1 MOP(OJIOTIYHI 03HAKU KOJIOHIH, 1110 BUPOCTAJIM HA arapu30BaHOMY
cepenoBuili MRS; xapakrep pocty y pinkomy cepenoBuiii MRS; TiHkTopianbHi
BJIACTHBOCTI MpH 3a0apBIIIOBaHHI 32 MeToZoM ['pama; 010XiIMiyHI BIAaCTHBOCTI (Ka-
Taja3Hy Ta OKCHJa3HY aKTMBHOCTI, 3/1aTHICTh 10 YTBOPEHHS 1HJI0JTY, CIPKOBOJHIO,
HITpaTpeayKlli, OKUCHEHHsI/(pepMEeHTALlli TIIFOKO3H).

31aTHICTh YTBOPIOBAaTU OPraHI4yHI KHUCJIOTH OLIHIOBAIM 3a aKTUBHOIO 1 T'pa-
HUYHOIO KUCJIOTHICTIO [3].

Bu3HaueHHs1 rpaHUYHOT KMCJIOTHOCTI MPOBOAMIN TUTPUMETPUYHUM METO-
JIOM 1 BUpakanu y rpaaycax TepHepa. KynbTypu gociiixkyBaHuX IITaMiB 3aciBajin
B cTepuIIbHE 3HE)UpeHe MoJIoko (0,25 cM? cycreHsii KyapTypH BiIMOBITHOTO IIITa-
my y Tutpi 10 KYO/em® y 5,0 cm® mornoka) Ta iHKyOyBasm 24 roj npu Temreparypi
37 °C. BuzHaueHHs OyJ10 3aCHOBaHE Ha TUTPYBaHHI KUCIIOT, 1110 BUAUIAI0TEC MKB
y cepenoBulle KyibTuByBaHHsA, po3unHoM NaOH. Touky ekBIBaJ€eHTHOCTI BCTa-
HOBITIOBAJIH 32 JIOTIOMOTOK0 iHuKatopa Gpenondraneiny. Onun °T Bignosinas 1 cm?
0,1 M po3zunny NaOH, mo BukopucTaHo Ha HeWTpamizamito cymimi. KiabkicTs
JYTY, sIKa MillJIa Ha TATPYBAaHHA, BU3HAYAJIU 3a MOJUIKaMU OIOPETKH Ta PO3paxoBy-
BaJIM KUCJIOTHICTH 3@ CTaHIAPTHOIO (hopmyJioro [3].
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Bu3HavyeHHs1 akTUBHOI KHCIOTHOCTI MTPOBOMIIN MOTEHIIIOMETPUYHUM METO-
nom 3 Bukopuctanusam pH-merpa SX811. BumiproBanus pH npooaunu micis 24
TOIMHHOTO KYJBTUBYBaHHS JOCIIKYBAHUX HITAMIB Y CTEPHIBHOMY 3HE)KUPEHOMY
moutorti nipu 37 °C.

JlocniKeHHST BUKOHYBAIIUCS Y TPUKPATHOMY IMOBTOPi. J{OCTOBipHICThH pe-
3yJbTaTiB OL[iHIOBaNIHU 32 KputepieM CThroneHTa 3 Biporianictio p < 0,05. /s ana-
T3y pe3yNbTaTiB MPOBEICHO OMHMCOBY CTATUCTHUKY, Ky 3[1HCHIOBAIH 32 JOMOMO-
roto nporpamu Microsoft Office Exel-2016.

Pe3yabTaTn Ta iX 00roBopeHHs

I3 ypaxyBanHsM crienudiqHUX JDKepen BuAuIeHHs (rizpobiontu YopHoro
Mops1) nociipkyBanux mramiB MKbB nouinsauM Oyino 3’sicyBaru, siki MeTonu 30e-
piranHsi JO3BOJISIFOTH 3a0€3MEYUTH BIDKUBAHHS 3HAYHOI KIIBKOCTI X KJIITHH y Ja-
OOpaTOPHUX YMOBaX.

VYei mramu MKB Oynu 3akiniazeni Ha 30epiranis TpboMa METOJJaMH: CYOKYJITb-
TUBYBaHHSIM 1 ITiJ] IIapoM Ba3eniHoBoi oiii Ha MRS-arapi npu 4 °C; y MRS-0yi1b-
HoHi 3 inepuHoM mpu -84 °C.

[epen moyarkom 30epiraHHs BUBYAIN OCHOBHI O10JIOTIYHI BIaCTUBOCTI IIITa-
miB MKBD 1 KIIBKICTB )KUTTE30AaTHUX KIITHH.

VY Tabnuui 1, Sk MpUKIIaj, HABEJICHO PE3yJIbTaTH BUBUCHHS MOPQOIOTTUHUX
1 KyJIbTypaJlbHHUX BIACTHBOCTEH OakTepiil mtamiB Lentilactobacillus parabuchneri
MJIb 25 1, Loigolactobacillus bifermentans MJIb 52 16 1 Leuconostoc
mesenteroides LM 30, sixi € mpeCcTaBHUKAMHU TPbOX JOCIIKCHUX BU/IIB.

[ramu Buny Lentilactobacillus parabuchneri (L. parabuchneri MJIb 8 2a,
MJIB 10_1, MJIb 19 26, MJIb 25 1, MJIb 25 2, MJIb 39 la, MJIb 52 2a) Ha
arapr30BaHOMY JKUBWJIBHOMY cepenoBuili MRS yTBoproBanu HEBenuKi A0 2 MM
JiaMeTpoM CIM30Bi, OU1i a00 HamiBIpo30pi OKpyrIi KojoHii. KiituHu 1ux mra-
MiB MaJld (pOpPMY MAJHUOK, IO CYTTEBO BiIPI3HSUIACS 32 TOBKUHOIO (BiJ JOBIHX
710 KOPOTKHX, [0 HaraayBajii KOKOOAIMIIN) 1 pO3TAlllyBaHHSIM y Tpernaparax (Bix
MOOIMHOKKX KJIITHH 0 cKym4eHb). Kiituau 3abapsiroBanucs y GioaeToBUil Ko-
nip npu 3a6apeiieHHi 3a [pamom (ToOTO Oynu rpamMIIO3UTUBHIMH), HE YTBOPIOBAIIH
CHop, KUCT 1 Karcyn. PicT mTamiB mporo Bumy y pinkomy cepenosuiii MRS Oys
100pe BUpaKEHUM B YChOMY 00’ €Mi CEpEeIOBHILA 1 XapaKTEPHU3yBaBCs 3HAYHUM I10-
MYTHIHHSIM.

Tak camo sk mramu L. parabuchneri, npencraBHuky Buny Loigolactobacillus
bifermentans (muramu L. bifermentans MJIb 10 2, MJIb 19 2a, MJIb 52 16,
MJIB 53 1, MJIb 68 _1a) noOpe pociu siK Ha IIIIBHOMY, TaK 1y PiIKOMY CepelOBH-
i MRS, ytBoprotoun Ha MR S-arapi, sik mpaBuiio, OKpyrii (10 2,5 MM 1iaMeTpoMm)
OnmcKydi HamiBIpo3opi abo Oini konoHil; y MRS-OynbiioHi — 3HaUHE TOMYTHIHHS
Ta 0ca.

Knitnau pocnimpkeHux mraMiB L. bifermentans Takox XapaKTepH3yBaJIUCs
BUpaKeHUM ToniMopdizmom. 3a naHuMH JliTepaTypHux mkepen [16, 17], mopdo-
JIOT1YHE PI3HOMAHITTS € JOCUTH MOIIMPEHUM SIBUIIIEM CEepeJl MPEICTABHUKIB POJIH-
Hu Lactobacillaceae. KniTuHYM JOCITIHKSHUX MTaMiB Oy IPaMIIO3UTUBHUMH, aJIe
3 BIKOM IHTEHCHBHICTh 3a0apBJICHHS 3MEHIIYBAajacs, Y MOPIBHAHHI 3 MOJOAUMU
KyJIBTypaMH.
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ramu L. parabuchneri i L. bifermentans Manu cX0Xi AOCTIKEeHI 610XiMid-
Hi BIACTUBOCTI: OyJIM KaTasa3o- 1 OKCHJa30HETaTUBHUMH, HE BiTHOBJIIOBAJIN HITpa-
TH; CIIO’KMBAJIN TIIFOKO3Y B aPOOHHX 1 aHAepOOHUX YMOBAX; HE YTBOPIOBAJIH 1HIOJ
1 CIpKOBOJICHb.

[Mpu pocmimxenni mramiB Leuconostoc mesenteroides (L. mesenteroides
LM 30, LM 31) BcTaHOBIIEHO, 1110 BOHU 100pe pocTyTh Ha MRS-arapi, yTBoproro-
4y JIpiOHI 10 1,2 MM JliaMeTpOM MOJIOYHI, OJIMCKYYi KOJIOHIT, 1 3aBIIIKK YTBOPEHHIO
JIETKUX CIOJYK (3a HaHuMH Jiteparypu [5, 8, 19], mBuame 3a Bce, e MOxe OyTH
JareTu1) Malli MPUEMHUH 3arax BepmkoBoro macia. Y MRS-OynbitoHi criocTe-
pirany piBHOMipHE TOMYTHIHHS JEUIO CIM30BOI KOHCHUCTEHIi. Y 3a0apBieHUX
3a MetonoM ['pama mpemnaparax Bif3Hayald HASBHICTh TPAMIIO3UTHUBHHUX KIITHH,
KyJsICTO1 200 JIIH30BUAHOT (DOPMH, PO3TALIOBAHUX IMOMAPHO UM KOPOTKHUMH JIaH-
[IOKKAMH, 1110 HaralyBaJii JIAHIFOKKH CTPENTOKOKiB. He yTBoproBanu crop, muct
1 Karicyn. BusHadeni 0i0XiMi4HI BIACTHUBOCTI MOKAa3alH BiACYTHICTh KaTala3HOI,
OKCHJIa3HOI 1 HITpaTpeAyKTa3HO1 aKTUBHOCTI, 3aTHICTh O OKUCHEHHs 1 (pepmMeH-
Talii IIIOKO3H 3 YTBOPEHHSIM ra3y, He CIIPOMOXKHICTh IO YTBOPEHHSI 1HAOIY 1 Cip-
KOBOJIHIO.

KinpkicTh ®KHUTTE3AaTHUX OAKTEPil yCiX JOCHTIHKSHUX IITaMiB OyJ1a BUCOKOIO
i komuBanacs Bif 34,2 + 6,9 x 10° KYO/cm? (BusHaueHo uist mtamy L. parabuchneri
MJIB 39 1a) 10 96,3 £ 5,1 x 10° KYO/c™m? (BusHaueHo st mramy L. bifermentans
MJIb 68 1a) (Tabmn. 2).

Tabmums 2
KinbkicTs xurTe3garaux kiaitun mramis MKB na nouarky 30epiranns
Table 2
Quantity of viable cells of LAB strains at the beginning of storage
Mram KisbKicTh :KMTTE30aTHUX Mram KisbkicTb JKMTTE31aTHUX
wiitus (x 10°, KYO/em?) wiitus (x 10°, KYO/em?)

L. parabuchneri L. bifermentans
MJIB 8 2a 412+35 MUTB 10 2 61,6+2,9
L. parabuchneri L. bifermentans
MITB 10 1 42+4,1 MJIB 19 2a 744£5,1
L. parabuchneri L. bifermentans
MJIB 19 26 37.8+78 MJIB 52 16 29, 7£4.9
L. parabuchneri L. bifermentans
MJTB 25 1 434 +51 MJTB 53 1 594+52
L. parabuchneri L. bifermentans
MJIB 25 2 52,5 £4,6 MJIB 68 1a 96,3 £5,1
L. parabuchneri L. mesenteroides
MJTB 39 la 342469 LM 30 60,7 +4,3
L. parabuchneri L. mesenteroides
MJIB 52 2a 39.8+3,5 LM 31 9.8+£4,7

[TopiBHIOIOYHM TOKa3HUK >KUTTE3MATHUX KIITUH JJIS IITaMiB TPbOX BUIB
MKB, 3ayBakxumMo, 110 Kpally >KUTTE3/1aTHICTh B OIHAKOBUX (yH1(iKOBaHMX) J1a00-
paTtopHUX yMoBax (Temreparypa i yac KynpTuByBaHHA — 37 °C, 24 roj, cepeloBH-
ie /Ui KyiabTuByBaHHS — MRS) nposiBuun mwramu Buny L. bifermentans.
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KinbKicTh KMTTE3MATHUX OaKTepid INTaMiB I[LOTO BHUAY KOJIMBajacs
Bix 59,4 + 5,2 x 10° KYO/cm® (Busnaueno mist L. bifermentans MJIb 53 1) no
96,3 + 5,1 x 10° KYO/cm® (Busnaueno st L. bifermentans MJIB 68 1a). Jlo-
CUTh BHCOKY JKUTTE3JATHICTh MPOSBHIM TAKOXK IITaMu BUAy L. mesenteroides.
[Tpu yoMy KUIBKICTh XHUTT€3AATHUX OakTepiii 00MIBOX IITaMiB Oyna MPUOIH3HO
60 x 10° KYO/cm®. HaiiMeHIna XKUTTE3NATHICTh B JTAOOPATOPHUX yYMOBax BCTa-
HOBJICHA 7S WTaMiB L. parabuchneri. KinmbKicTh ®KUTT€3AaTHUX OakTepidl mra-
MiB 1IbOTO BUAY He mepeBuinyBana 54,2 + 4,1 x 10° KYO/em?® (y L. parabuchneri
MJIB 10 _1).

Yepe3 3 wmicsmi 30epiraHHsi yciMa BHUKOPUCTAaHHMMH METONAMHU KiTbKIiCTh
JKUTTE3MATHUX KITHH yciX mrtaMiB MKB nemto 3sam3miacs (ta6m. 3). Ane sKmo
KUIBKICTh JKUTTE3MATHUX KITHH manndkononionnx MKDB (nmpencraBHUKH pojiB
Lentilactobacillus 1 Loigolactobacillus) 3 BUKOPUCTaHHSM YCiX METOJIiB BCTaHOB-
aena Ha piBHi 10° KYO/cM?, To kysnenonioui 6akrepii (Leuconostoc mesenteroides)
JKUTTE3IATHICTh HA TAKOMY PiBHI JIGMOHCTPYBAJIH MU 30epeKeHHI METOJaMH CYyO-
KyJBTUBYBaHHS 1 HU3bKOTEMIIEPATYPHOTO 3aMOPOXKYBaHHS.

[Tpu 30epiranHi mij mapoM Ba3exiHOBOI OJIil Bxke uepe3 3 MicAlll KiTbKICTh
JKUTTE3NATHUX KIITUH L. mesenteroides LM 30 1 LM 31 3MeHmyBanacs Ha 2 10-
PSIKH, Y TIOPIBHSHHI 3 IIMIM MOKa3HUKOM TIepeJI TIOYaTKOM 30epiranHs. 3ayBakKuMo,
o 4epes3 1ei mpomixkok dacy yci mramu MKB 30eperin He3MiHHUMU OCHOBHI
010JIOTI1YHI BIACTUBOCTI.

Yepe3 6 wmicsamiB 30epiranHs MeToamMH CyOKYJIbTUBYBaHHSI 1 HU3BKOTEM-
NEePaTypHOTO 3aMOPOXKYBAHHS KiIBKICTh JKUTTE3NATHUX KIITHH OakTepildl BHIIB
L. parabuchneri i L. bifermentans HeCyTTEBO 3MEHIIWIACS, TIOPIBHIOIOYHU 3 ITUM
MOKAa3HUKOM Ha IMOYarKy 30epiraHHs i yepe3 3 micsui 30epiranus (tabm. 2, 3).
3Ha4HO TipIIi MOKa3HUKK OyJM OTPHMaHI NMPU BU3HAYEHHI KiTBKOCTI JKUTTE3/AT-
Hux kiituH MKbB npu 30epiransi mij mapom BazemiHoBoi omii. Tak, i mramisB
Buay L. parabuchneri uei noka3HUK BU3HaUYCHHN y Mexax 44,6 = 4,2 x 108 KYO/
cm® (L. parabuchneri MJIb 10 1) — 47,1 + 3,9 x 10° KYO/cem? (L. parabuchneri
MJIB 39 _la); s wtamiB Buny L. bifermentans —y mexax 12,7 £2.9 x 10® KYO/
cm® (L. bifermentans MJIb 10 2) — 16,6 £ 2,9 x 10" KYO/cm® (L. bifermentans
MJIB 19 2a). [Ipu upomMy, He3BaXKarouu Ha 30UTBIICHHS TEPMiHY KyJIbTHBYBAaHHS
(1o 48 rox), 0oCHOBHI 010JIOT1YHI BIACTHBOCTI 3JIMIITMIIACS HE3MIHHUMH.

Jocutes noka3oBuMu Oyiu pe3ylbTaTH, OTpUMaHi uyepe3 9 micsiis 30epiran-
Hs mramiB MKB. TIpu 36epiranni cyOKynbTHBYBaHHSIM uepe3 9 MicsILiB KiIbKICTh
KHUTTE3MATHUX OakTepiil Bu3HayeHa Ha pieHi 108 KYO/cm?.

HaiimMeHIy KUTbKICTh KHTTE3AaTHUX KJIITHH BH3HAYEHO [UISl ILITaAMy
L. parabuchneri MJIb 39 la (44,5 £ 5,1 x 10" KYO/cm?®). Binmivanu sik momoB-
JKCHUW TEPMiH KYJIBTUBYBaHHS (111 OKPEMHUX ITamiB Oibiie 48 rof), Tak i neBHi
3MiHU MOP(QOJIOTIYHUX O3HAK y OakTepii BuaiB L. parabuchneri i L. bifermentans.

3HAa4YHO 3MEHIIWIACS KUIBKICTh XUTTE3AaTHUX KIITHH OakTepiil ycix mra-
MiB Tpu 30epiraHHi miJ MapoM Ba3eliHOBOI Omii. Y HaWOUIbII YYTIMBUX IITa-
MiB (L. parabuchneri MJIb 25 1, MJIb 39 la, MJIb 52 2a, L. bifermentans
MJIB 19 2a, MJIBb 52 16, MJIb 53 1 i L. mesenteroides LM 30) kinbkicTh 0ak-
Tepii, mo Brkwid, Oyna Ha piBai 10° KYO/cM?. [lonpu Te, M0 KUTTE3NATHICTD
OakTepiil yciX IITaMiB CYTTEBO 3HU3WIACSA NpU 30epiraHHi UM CIIOCOOOM, OfI-
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HaK TMOKa3HUK KUTBKOCTI JKUTTE3ATHUX KIITUH OakTepiit BuIiB L. bifermentans i
L. mesenteroides 0yB MeHIIUM, HIX Y L. parabuchneri.

Ha mam momisa, 1e moB’si3aHo 13 (Di310JOTIYHUMH BJIACTUBOCTSMHU TIPE/I-
CTaBHHKIB IIUX BHUIIB. bBynyun anaepobamu npenctaBHUKU BUIY L. parabuchneri
Kpaile 30epiratoThes i 1apoM Ba3eniHOBOI O1ii, HiXK (haKylIbTaTUBHO-aHACPOOHI
Oaxrtepii BuniB L. bifermentans i L. mesenteroides, y sSIKAX KUTTEBI MPOLIECH TIPU
TakoMy crioco0i 30epirants adbo qyxe rajJbMyIThCs, a00 B3araii HaliOLIbII Ci1a0Ki
KIIITHHH, K1 € B KOXKHIHM nomysinii 6akrepiid, runyTh. [Ipyu 3HaYHOMY 3MEHIICHH1
KUTBKOCTI )KUTTE3IATHUX KIIITHUH MOBA HE MOXKE UTH PO ayTEHTHYHICTh MOMYJISIIT
KJIIITHH TEBHOTO IITaMy, OCKUIBKH BiZIOYBa€ThCS CBOTO POMY CEJEKIlisl, KOJIU BH-
JKUBAIOTh HAHCWIIBHIIII/HAWOLIBII XKUTTE3/IATHI, a 1HIII, CJIA0II, WICHH MiKpOOHOT
MOMYJISIIT BIAMUPAOTB.

[Tpu HU3BKOTEMITEPATYpPHOMY 30€piranHi uepes 9 MicsIiB JIUIIE Y IBOX MITa-
MiB (L. parabuchneri MJIb 8 2a i L. parabuchneri MJIb 19 20) KiJbKICTbh XKHT-
Te3MaTHUX OakTepii 3MeHmuaacs 10 piBag 10 KYO/cM?, skuTTE3MaTHICTD 1HITUX
HITaMiB 3MEHILIWIACS MAJIO Y TIOPIBHSHHI 13 )KUTTE3ATHICTIO 10 OYATKy 30epiraH-
Hs1, 1 Bu3HadeHa Ha piBHi 10° KYO/cm®. Tapuuit pict ycix 6akrepiil ycix mrTamis
BigMivanau yepe3 48 roa KyJbTUBYBaHHS, MOP(OJIOTIYHI, KYJIBTYpajbHi 1 (i3iono-
ro-010XiMi4HI BTaCTUBOCTI Oy/H MOAIOHI IO TAKUX HA IMOYATKY KYJIGTHBYBaHHS.

Yepe3 12 wmicsii 30epiraHHsi METOJOM CYOKYJIbTHBYBAHHSI KUTBKICTh JKHT-
Te3maTHUX OakTepiit ycix mramiB kommBanacs Bim 23,1 + 4,0 x 10° KYO/em?
(BuzHaueHo st L. parabuchneri MJIb 8 2a) no 15,9 = 4,5 x 108 KYO/em® (mst
L. bifermentans MJIb 10 2). TTopiBHIOIOYH 13 TTOKa3HUKOM KUJILKOCTI JKHUTTE3/1AT-
HUX KIIITHH Ha MOYaTKy 30epiranus, dyepe3 12 wmicsimiB npu 30epiranHi CyOKyb-
TUBYBaHHSM LI€H MOKA3HUK JJIs1 OLIBIIOCTI MITaMiB 3MEHIIMBCS Ha 1—2 mopsiakw,
Ui Tpeox mraMiB L. parabuchneri: MJIb 8 2a, MJIb 10 1 i MJIb 25 1 — Ha
3 mopsiaku. 11logo ocHOBHUX 010J0TTYHUX BIACTUBOCTEH, TO CIOCTEPIraiu TaKy
XK KapTHHY, K 1 Ticas 9 MicsliB: TOOTO BiAMIYalld MEBHI 3MiHU MOPQOIOTTUHUX
1 TIHKTOpiaNbHUX BiacTUBOCTEeU. OKpIM 1BOTO, BiA3HAYAIM YIOBUIBHEHHS TPOTi-
KaHHS 010XIMIYHUX PEaKIIii 3 IHKOJIM BapiaOenTpHIUMH pe3yibratamu. Bapro 3a3Ha-
YUTH, 110 YCI AOCIIPKEHI BIACTUBOCTI BiJHOBIIIOBAIIUCS, TOOTO MOBEPTAIUCS 10
MOYATKOBHUX, MICJIS JEKIBKOX IMEePECiBiB HAa CBIXKi JKUBUJIbHI CEPEJOBUIIIA.

[Tpu 30epiranHi mia mapoM Ba3eNiHOBOI OJii KUIBKICTh KUTTE3AaTHUX KJTi-
TUH OakTepil yCiX IMTamiB CYTTEBO 3MEHIIMIIACS, HABITh MOPIBHIOKOYH 13 KUIbKi-
CTIO JKMBHMX KJITHH 4epe3 9 MicswiB. Biabll HK AJI TOJOBHHH IITaMIB MOKa3-
HUK XHUTTe3naTHOCTI He niepeBuinyBas 10* KYO/cM?, a qnst miramy L. bifermentans
MJIb 68 la 0Oy mie menmmm i ckiaB 97,8 + 3,8 x 10° KYO/ewm?®.

JIoCUTh BHCOKOIO 3aJIMIIMIACS KIIbKICTh JKUTTE3AATHUX KIITHH OakTepii
yCiX mraMiB yepe3 12 MicsIiB PpU HU3bKOTEMIIEpATypPHOMY 3aMOPOXKyBaHHi. J1Jist
yCiX mITaMiB 1eii Moka3HuK Bu3HaueHuid Ha piBHi 10" KYO/cm?. OnHak, mopiBHIOO-
Y1 OTPUMAHI JjaHi 3 pe3ysbTaTaMu MONepeHiX mepeBipok (uepes 3, 6 1 9 micsiiB),
BiJJ3HAUUMO 3HMKCHHS JKUTTE3IATHOCTI: KUIBKICTh KUTTE3IaTHUX KIITUH 3MEH-
muacs Ha 2 mopsaku. Ha Ham momis, NpUYMHOI HBOTO CTAJIM YacTi BUITAIKU
BIJIKJTFOUCHHSI CBITJIa y MEPioj JOCIIKEeHb, SIKE MPU3BEJIO 0 3HAYHUX KOJIHMBAaHb
TEMIeparyp Y XOJIOAWIbHUKY, IO 3TryOHO MO3HAYMIIOCS HA KUTTE3AATHOCTI KIITHH
1 IpU3BEJIO 710 3aru0ei YacTUHU HahOUIhI cila0kux i3 HuX. KonuBaHHS Temrie-

46 —— ISSN 2076-0558. Mixpobionozis i Giomexnonozis. 2025. Ne 3. C. 3853



E®EKTUBHICTH 3BEPITAHHS IIITAMIB MOJIOYHOKHUCJIMX BAKTEPIIA, ...

parypu, KOJIM MOKa3HUKK 0araTropa3oBO MiliHMArOThCsS 0 KPUTHUYHHX 3HAYEHbB 1
3HOBY OITYCKAalOThCS, IPU3BOIUTH 10 MOCTIHHOI 3MIHM CTaHy BOJM B MiKpOOHIH
KIITHHI TPU BHYTPIMIHBOKIITHHHOMY YTBOPEHHI JIbOMY, SIKHUH pYyiHHYye€/TpaBMye
CTPYKTYpHI KOMIIOHEHTH KJIITHH. THMM HE MeEHIIe, TaHuH crociO 30epiraHHs Ha-
BiTh B KDUTHYHHX YMOBaX TaKuX MPUMXJIHBHUX Oakrtepii, sk MKDB, 3apexomeny-
BaB ce0e SK HAOLIbII CIPUATAUBHUH Ta NpUHHATHUNA. OTPUMaHI HAMH PE3yNbTaTh
MITBEPKYIOThCS JITAHUMH 1HIIUX JOCTIAHMKIB, K1 CBIiT4aTh MPO €(PEKTUBHICThH
JTAHOTO CITOCOO0Y MPH TOBrOTpHUBaJIOMY 30epiraHHi MiKpOOPTaHi3MiB Pi3HUX CHUCTE-
MaTu4yHuX rpyn, y Tomy uucii MKB [14, 16].

Omxe, s Tpusaioro 30epiranast MKbB, BUiIeHHX 13 MOPCBKOTO CEpPEIOBH-
11a, B JIA0OPaTOPHUX YMOBAX, MOXKEMO PEKOMEH/IyBaTH METOJl HU3bKOTEMIIEPATYP-
HOTO 3aMOPOXKYBaHHSI; /I HETPUBAJIOTO 30epiraHHs (HanpuKIIaa, TPU MPOBEACHHI
EKCTIEPUMEHTAJIbHHUX JIOCIIKEHb) — METO]] CyOKYIbTHBYBaHHSI.

OnHuMmU 13 0OCHOBHUX MPOAYKTiB MeTabomizmy MKD € opraniuni kuciotw, i
nepeaycim, MOJIOYHa, SIKi BiIirparoTh 3HAYHY, & 4YaCTO BU3HAYAIIBHY, POJIb y MPOSBi
AQHTArOHICTUYHUX BJIACTUBOCTEH. AKTHUBHICTh KHCIOTOYTBOPEHHS B JOCIIIXKYyBa-
Hux mwramiB MKbB Bu3Hauanu 3a moka3HUKaMH aKTHMBHOI 1 TUTPOBAHOI KUCIIOTHO-
CTi, BUKOPHCTOBYIOUHM CTEPUIIbHE 3HEKUPEHE MOJIOKO K cyOcTpar. Otpumani pe-
3yJbTaTH HABEICHO y TaOmuIi 4.

Ta6mung 4
AKTHBHIicTBH KHcJI0TOyTBOpPeHHs! TaMamu MKDB Ha mouartky i yepe3 12 micsinis
30epiranHs
Table 4
Acid-forming activity of LAB strains at the beginning and after 12 months of storage
ITam Ha nouarky 30epiranns Yepes 12 micsuiB 30epiranns
pH °oT pH °oT
L. parabuchneri MJIb 8 2a 5,5 63,0+0,2 6,0 44,1+ 0,1
L. parabuchneri MJIB 10_1 5,4 63,2+0,2 6,0 46,2+ 0,2
L. parabuchneri MJIb 19 26 5,4 63,3+0,1 6,1 43,7+0,2
L. parabuchneri MJIb 25 1 5,6 58,6 £0,2 6,5 37,5+0,2
L. parabuchneri MJIb 25 2 5,5 62,7+0,2 6,3 41,5+0,2
L. parabuchneri MJIB 39 1la 6,0 42,6 +0,1 6,6 32,7+0,1
L. parabuchneri MJIB 52 2a 5,4 64,0+0,1 5,9 47,0+ 0,2
L. bifermentans MJIb 10 _2 5,8 47,6 £0,1 6,6 32,5+0,1
L. bifermentans MJIb 19 2a 5,4 61,8 +0,1 5,9 46,8 £0,1
L. bifermentans MJIb 52 16 5,5 62,9+0,1 5,9 48,0+ 0,1
L. bifermentans MJIb 53 1 5,4 64,5+0,2 5,7 52,1 £0,2
L. bifermentans MJIb 68 la 5,5 59,7+0,2 6,3 41,9 +£0,1
L. mesenteroides LM 30 5,5 68,2+0,2 6,0 456 £0,2
L. mesenteroides LM 31 5,4 63,7+0,2 5,8 52,4+0,2
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Ha nouarky 30epiranHs 3Haue€HHs akTUBHOI KrcioTHocTi (pH) mpu 30pomky-
BaHHI MOJIOKa OaKTepisMHU yCiX JOCTIKEHHX IITaMiB BU3HAYCHO y Mexax 5,4—
6,0. 3Ha4eHHs TUTPOBAHOI KUCIOTHOCTI 3rycTKy ckiano Bim 42,6 = 0,1 °T nmo
68,2 + 0,2 °T B 3a7€KHOCTI BiJ JOCIIIKYBaHOTO mTamy. OTpuMaHi JaHi y3romKy-
I0ThCH 13 Janumu HaykoBLiB OHY npu nocnimkenni BnactuBocteid MKb (30xpema
1 IIMX IITaMiB) BiJipa3y Miciisl BUALICHHS 13 MOPCHKUX TiIpoOioHTIB [6]. 3a nanuMu
0. M. Licapuk Ta koner [2018], MOKa3HUKK THTPOBAHOI KHCIOTHOCTI Bix 40 °T
1o 70 °T cBiguaTh Mpo HE3HAYHY KUCIOTOYTBOPIOBAIbHY aKTUBHICTh MPOAYIICHTIB
[7].

Haii0inpina KUCIOTOYTBOPIOBaJIbHA AKTUBHICTH BCTAHOBJICHA MJISl ILTaAMYy
L. mesenteroides LM 30: npu cKkBallyBaHHI MOJIOKa aKTHBHA KUCJIOTHICTh CTaHO-
Buaa 5,5, tutpoBana — 68,2 + 0,2 °T. Ile Mmoke OyTH MOB'SI3aHO 3 HOTO BHCOKOIO
MOYATKOBOIO IIBUKICTIO POCTY Ta €(PEKTUBHUM reTepohepMEHTAaTUBHUM MeTa00-
J3MOM.

3 ypaxyBaHHSM KiTbKOCTI kuTTe3narHux kmithH MKDB micns 12 wicsmiB
30epiranHs pi3HUMH CIOCO0aMU I BU3HAUEHHSI aKTUBHOCTI KUCIOTOYTBOPEHHS
Oynu BukopucrtaHi kynsrypu MKB, 1o 30epiramucst npu HU3bKOTEMIIEPAaTyPHOMY
3aMOpPOKyBaHHI. 3HAUEHHS aKTHMBHOI KHUCJIOTHOCTI MOJIOKA NPU KyJIbTUBYBaHHI Y
Hpomy MKB migBummiiocs i Bu3HaueHO y Mexax 5,7 (s mramy L. bifermentans
MJIB 53 1) — 6,6 (ans wtamy L. bifermentans MJIb 10 _2). 3aramom pH mono-
ka, pepmenroBanoro MKb, nigsummiocs Ha 0,3—0,9 oquHUIB B 3aIe)KHOCTI BiJl
JIOCIiKEHOro mTaMy. HaromicTh, 3MEHIIMIUCS TOKa3HUKU TUTPOBAHOI KHUC-
JIOTHOCTI 3rycTKy. B 3anexnocTi Bix mramy MKB, el moka3HUK KOJWBABCS Bill
32,5+0,1 °T no 52,4 £ 0,2 °T. 3 nitepaTypHHUX JKEPEN BiJOMO, IO KUCIOTOYTBO-
proBasbHa akTHBHICTE Y MKDB Bapiroe y mMpoKUX MexXax i 3aJIe)KUTh BiJ Oararbox
NPUYHH, CEPEe]] IKUX, OKPIM BUJY 1 HABITh IITaMy, 3HAUHUI BIUIUB MAlOTh YMOBH 1
cnocobu 36epiranns [10, 11].

Tak, mnpu gocmimkenHi mramiB MKDB, BuaiieHux i3  TriapoOioH-
TiB YopHOro Mops, 1m0 30epiraloThCs y KOJEKIIl KYJIBTYp MiKpOOpraHi3MiB
OHY imeni 1. I. MeuHnKoBa, BCTAHOBIIEHO, 1[0 OCHOBHI O10JIOT1YHI BIACTUBOCTI
BIJIMTOBIAIOTH SIK TAKUM, III0 IPUTAMaHHI IpeJIcTaBHUKaM BUAIB Lentilactobacillus
parabuchneri, Loigolactobacillus bifermentans, Leuconostoc mesenteroides.

[Tpu 36epiranHi y 1a00paTOPHUX YMOBaX METOAAMHU CYOKYJIBTHBYBaHHS, i1
[IapOM Ba3eJIiHOBOI OJIii 1 HU3BKOTEMIIEPaTypHOTO 3aMOPOKYBaHHSI MPOTSTroM 12
MICSIIIB JIesK] BIIACTUBOCTI 3a3HAaBaJIM 3BOPOTHUX 3MiH. Uepes 9 micsiiB 30epiran-
HSl METOJIaMH CyOKYJIBTUBYBAHHS 1 IMiJI IIApOM Ba3eIiHOBOI OJIii criocTepiraiu 3mi-
Hy Mopdororii krituH nanuukononioanx MKbB (mramu BuaiB L. parabuchneri i
L. bifermentans) 1 nemo MeHIile BUpPakeHi TIHKTOpiajdbHI BracTuBoCTi. Yepe3 12
MicsIiB 30epiranss, OKpiM MOp(OJIOTIYHUX 1 TIHKTOPIiaJIbHUX Bapialliil Bi3Haue€HO
YIOBIJILHEHHS MPOTIKaHHS 010XIMIYHUX peakiiid. BTim, aekinbkapa3oBi nepeciBu
OakTtepiil ycix mTamiB Ha CBIKOIPUTOTOBAHE KUBWIIbHE cepenoBuie MRS cripus-
JIM B1THOBJICHHIO 3MiHEHUX BJIaCTUBOCTEH.

Bu3HaveHa KUTbKICTh aKTUBHUX KIIITHH Ha TOYATKy 30epiraHHs KOJIMBajacs
y Mexkax 34,2 + 6,9 x 10°-96,3 £ 5,1 x 10° KYO/c™m® B 3a1€5KHOCTI Bij MITaMy i €
CBIZJUEHHSM X BHCOKOi kHUTTe3AaTHOCTI. [IpoTsirom 12-Tu micsiaHOTO 30€piraHHs
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3a3HAYEHUMHU METOJIaMHU KUIBKICTh JKUTTE3IATHUX KIITHH OaKTEepid yCixX MITamiB
MOCTYIOBO 3MEHIIyBaiacs. 3 ypaxyBaHHSM 1 aHAJi30M JaHUX, OTPUMaHUX TpU
ouinui xurrezgarHocti MKB npotsrom 12-tu MicsigyHOTO TIepiofy 30epiraHHs B
nab0opaTOpHUX yMOBaX, HAHOLIbII €()EKTUBHUM € METOJ HU3bKOTEMIEPaTypHOTO
3aMOPOXKYBaHHSI.

Jocuth BaxanBor xapakrepucTrkoro MKbB € akTHBHICTB KHCIIOTOYTBOPEH-
Hs1. [Ipu kynsruByBanHi y Mononi MKbB Ha nouatky i uepe3 12 micsiiB 30epiranss
HU3bKOTEMIIEPATyPHUM 3aMOPOKYBAaHHIM ITOKA3aJ10 KOJIMBAaHHS aKTHBHOI KACIIOT-
HoCTi Bix 5,4-6,0 10 5,9-6,6; TUTpOBaHOT KUCAOTHOCTI Bix 42,6—68,2 °T mo 32,5—
52,4 °T, B 3anexxHOCTI Big mtamy. HallOiIbIl akTHBHUMHU KHCIIOTOYTBOPIOBaYaMuU
Oynu mramu Buay L. mesenteroides.

TakuM 9yUHOM, MPOBENICHI JOCTIDKEHHS IMOKa3aJd, 0 HAaHOUIbII epeKTHB-
HUM MeTonoM 30epiranHs B naboparopuux ymoBax MKDB, BuineHux 3 rimpo0i-
OHTIB, € METOJl HU3bKOTEMIIEPAaTYpPHOTO 3aMOPOXKYBaHHs, KU 3a0e3neuye 30e-
PEKEHHS KHUTTE3AATHOCTI, O10JOTTYHUX BIACTUBOCTEH 1 KUCIOTOYTBOPIOBAIBLHOL
AKTHUBHOCTI.

[lepcriekTHBY BUKOPUCTAHHS JOCTIDKCHUX IITAMIB MOJIOYHOKUCIIUX OaKTe-
piii MOPCHKOTO MOXOKCHHS € HA/I3BUUAHHO 3HAYHUMHU Ta IMiCIs POBEICHHS HU3-
KH JIOCIII/DKEHB (30KpeMa, CTIMKOCTI /10 YMHHUKIB TPABHOTO TPAKTY, TOKCHKOJIO-
rivHOi OLIHKK Ha Ja00opaTOpHUX TBapUHAX TOIIO) OymyTh 30cepemkeHi y chepax
aKBaKyJIbTYpH (ITPOOIOTHKY IS TiPOOIOHTIB), XapuOBOT MPOMHUCIOBOCTI (O10KOH-
CEpBaHTH, CTApTEPHI KYJIBTYPH) Ta MEAULIUHH (AHTUMIKPOOHi areHTH, iIMyHOMOTY-
JISITOPH).

BucHoBku

1. KigpKicTh JKUTTE3MATHUX KJIITHH MOJOYHOKHCIIUX OaKTepii yCiX H0-
CIII/UKEHUX IITaMiB KomuBanacs Big 34,2 + 6,9 x 10° KYO/em® (L. parabuchneri
MJIB 39 1a) no 96,3 + 5,1 x 10° KYO/cm?® (L. bifermentans MJIb 68 1a) 3 TeH-
JICHIII€I0 /IO MOCTYIOBOTO 3MEHIICHHS IIOTO MOKAa3HUKA MPOTATOM 12-Mics9HOTO
nepiony 30epiraHssi pi3HUMH METOJAMHU.

2. MeTon HU3BKOTEMIIEPATYPHOTO 3aMOPOXKYBaHHs 3a0e31euye 30epeKeHHs
BEJIMKOI KUTbKOCTI XKHUTTE3MATHUX KIITHH (He MeHie, Hixk 10" KYO/em?) MKB ycix
ITaMiB IPOTATOM 12 MicCsIIiB.

3. JocnimkeHi 010J0Ti4HI BIaCTUBOCTI HAa MOYATKy 30epiraHHs XapaKTepH-
syBanm mrtamu MKB sk npencraBuukiB BuniB Lentilactobacillus parabuchneri,
Loigolactobacillus bifermentans, Leuconostoc mesenteroides. Yepe3z 9—12 wmics-
1iB 30epiranHsi BiOyBaitHCs 3BOPOTHI 3MiHM MOP(MOJIOTIYHUX 1 TIHKTOPiaJbHHX
BJIACTUBOCTEH 1 MOIOBKYBABCSI TEPMiH KYJIBTHBYBaHHS 710 48 TOJI.

4. Ha mouatky 30epiraHHsi 3Ha4eHHs aKTHBHOT 1 TATPOBAHOI KUCIOTHOCTI MO-
JoKa, ¢pepmeHnToBanoro gociuimkeanvu MKB, cranoBuio, BiamnosigHo, 5,4—6,0 i
42,6 £ 0,1-68,2 £ 0,2 °T, B 3anexxHoCTI Bif mramy. Yepes 12 micsiiB 30epiranus
METO/IOM HU3bKOTEMIIEPATyPHOTO 3aMOPOXKYBaHHS aKTUBHICTh KUCIIOTOYTBOPEHHS
OaKTepisiMH yCiX IITaMiB 3HU3UIACK.
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EFFECTIVENESS OF STORAGE OF LACTIC
ACID BACTERIA STRAINS ISOLATED FROM
HYDROBIONTS OF THE BLACK SEA
BY VARIOUS METHODS

Summary

The wide industrial use of lactic acid bacteria (LAB) makes the choice of optimal
long-term storage methods crucial for maintaining their viability, taxonomically
important traits, and biotechnological properties. Aim. To evaluate the effectiveness
of different storage methods for LAB strains isolated from Black Sea hydrobionts.
Materials and methods. Fourteen LAB strains isolated from sponges Haliclona
sp. and mussels Mytilus galloprovincialis (7 Lentilactobacillus parabuchneri, 5
Loigolactobacillus bifermentans, 2 Leuconostoc mesenteroides) were stored using
three approaches: periodic subculturing on agar medium, storage under a layer
of vaseline oil, and low-temperature freezing in MRS broth with 30% glycerol.
Viability (CFU/cm?) and biological properties were assessed at the beginning of
storage and after 3, 6, 9, and 12 months. Results. At the beginning of storage, all
strains demonstrated high viability, ranging from 34.2 x 10° to 96.3 x 10° CFU/
cm?’, depending on the strain. During 12-month storage by all methods, the
number of viable cells gradually decreased. Low-temperature freezing proved to
be the most effective method, ensuring the preservation of at least 10" CFU/cm?
for all strains after 12 months. Strains of the three species retained key biological
properties, although reversible changes in cell morphology, Gram-staining
intensity and prolonged cultivation time (up to 48 h) were observed after 9—12
months, especially with subculturing and storage under oil. The acid-forming
activity in milk fermentation ranged initially from pH 5.4—6.0 and 42.6—68.2 °T
and decreased to pH 5.7—6.6 and 32.5-52.4 °T after 12 months of low-temperature
storage. Conclusions. Low-temperature freezing is the most suitable method for
long-term laboratory storage of marine LAB strains, providing good preservation
of viability, biological properties, and acid-forming activity.

Keywords: storage methods, lactic acid bacteria, marine strains, biological
properties, acid-forming activity.
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BIARYLITIDES AS ULTRA-SHORT RIBOSOMAL
PEPTIDES OF ACTINOBACTERIA

Actinobacteria are prolific producers of bioactive natural products, including
numerous ribosomally synthesized and post-translationally modified peptides
(RiPPs). A recently discovered subgroup of RiPPs, the biarylitides, is characterized
by ultra-short precursor peptides (3—5 amino acids) and a distinctive biaryl
cross-link between aromatic residues. First reported in Planomonospora and
Pyxidicoccus species, and later in Streptomyces, these compounds are generated by
minimal gene clusters encoding a short precursor and a dedicated cytochrome P450
enzyme. The P450 “biarylitide synthases” catalyze unusual C-C, C-N, or C-O
linkages, producing rigid macrocyclic scaffolds. Literature surveys show that over
90% of identified biarylitide gene clusters belong to actinobacteria, highlighting
their evolutionary significance. Despite only a few experimental characterizations,
biarylitides represent the shortest known RiPPs and expand our understanding of
how minimal peptide scaffolds can yield chemically complex natural products.
Related cross-linked RiPPs, such as dynobactin A and neopetromin, demonstrate
potent antibacterial or ecological functions, suggesting similar potential for
biarylitides. Recent protein engineering of biarylitide P450s has also revealed
broad substrate tolerance, opening opportunities for synthetic diversification.
This review integrates data from recent biochemical and bioinformatic studies on
the discovery, structure, and biosynthesis of biarylitides, with emphasis on their
genetic organization and functional roles. Biarylitides exemplify a fascinating new
class of ultra-short RiPP natural products, warranting continued genome mining
and mechanistic exploration to uncover novel variants and clarify their ecological
or pharmacological significance.

Key words: biarylitides; Actinobacteria; RiPPs, cytochrome P450, biosynthetic
gene clusters.

Actinobacteria (gram-positive high-G+C bacteria) are renowned as one of
the richest sources of biologically active natural products, including numerous
antibiotics, antifungals, antitumor agents, and even immunosuppressants [25].
Among these metabolites, ribosomally synthesized and post-translationally modified
peptides (RiPPs) represent a broad class with exceptional structural diversity and
a wide range of biological functions [1]. RiPP natural products encompass over
20 distinct families — from lantipeptides and bacteriocins to lasso peptides — that
collectively demonstrate how peptide backbones can be heavily modified to yield
complex scaffolds with potent activities [1][16].

© M. 10O. bigauk, A. M. Ocramnuyk, 2025
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A novel and intriguing addition to the RiPP superfamily is the class of
compounds termed biarylitides [30]. Biarylitides are exceptionally short peptides
that contain two aromatic amino acid residues joined by a direct aryl-aryl linkage
(a biaryl bond). This biaryl cross-link endows the peptide with a constrained,
polycyclic structure despite its minimal size [11][30]. Typically, the precursor
peptides of biarylitides have core sequences of only 3—5 amino acids — making
them the smallest RiPP precursors known [11] — and the biaryl bond forms a rigid
macrocycle often involving residues such as tyrosine, tryptophan, or histidine [11].
The cross-linking reaction is catalyzed by dedicated cytochrome P450 enzymes,
sometimes referred to as “biarylitide synthases”, which create carbon—carbon or
carbon—heteroatom bonds between aromatic side chains [11].

Biarylitides were first recognized as a distinct class only recently. In 2021,
Zdouc et al. reported two small N-acetylated tripeptides (sequence Ac-Tyr-Tyr-
His and Ac-Tyr-Phe-His) from a rare actinobacterium (Planomonospora sp.), in
which a Tyr-His intramolecular linkage forms a bicyclic structure [30]. Notably,
the gene encoding the precursor peptide (designated bytA) was only 18 base pairs
long (coding for 6 amino acids, including a 3-amino-acid core) — to the authors’
knowledge, the smallest peptide gene ever reported [30]. A neighboring gene
(bytO) encoded a P450 enzyme postulated to install the biaryl cross-link [30].
Heterologous expression of this minimal bytA—bytO gene cassette in Streptomyces
confirmed production of the cyclized Tyr—Tyr—His tripeptide, establishing that these
two genes alone are sufficient for biarylitide biosynthesis [30]. In the same period,
an independent genome-guided study by Hug et al. uncovered another biarylitide —
termed myxarylin — from the myxobacterium Pyxidicoccus fallax, marking the first
example of a biarylitide from a Gram-negative organism [8]. Myxarylin was found
to be an N-methylated tripeptide featuring a Tyr—His cross-link, but in this case
the bond was a carbon—nitrogen (C—N) linkage between Tyr and His (in contrast
to the C—C linked Tyr—His in the Planomonospora peptides) [8]. These discoveries
led researchers to propose “biarylitides” as the name for this family of ultra-short,
cross-linked RiPPs [30]. Subsequent bioinformatic surveys quickly revealed that
such biarylitide biosynthetic gene clusters are surprisingly widespread in nature —
particularly in actinobacteria — despite having eluded detection until recently [11]
[30].

The aim of the article was to consolidate the current knowledge on biarylitides
— from their discovery and structural features to the enzymatic machinery and
genetic loci responsible for their production — and to discuss their significance as a
novel class of actinobacterial RiPPs.

The study is a literature-based review. Scientific literature databases including
PubMed, Scopus, and Web of Science were searched for publications from 2015
through 2025 relating to biarylitide peptides and their biosynthesis. Search
queries included keywords such as “biarylitide”, “RiPP cross-link”, “cytochrome
P450 peptide macrocyclization”, and specific compound or gene names (e.g.,
“BytO”, “ShyB”, “myxarylin”). Relevant articles were selected if they reported
on the discovery, structure, biosynthetic enzymes (particularly cytochrome P450
monooxygenases), genetic clusters, or biological activities of biarylitides or closely
related cross-linked peptides. Both original research papers and review articles
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were included to ensure comprehensive coverage. Preference was given to sources
indexed in Scopus or Web of Science. Key data from the selected publications —
such as chemical structures, gene cluster characteristics, enzyme functions, and
any bioassay results — were extracted and synthesized to produce an integrated
overview. Where appropriate, information from multiple studies was compared
or combined to highlight consensus findings. All factual statements in the review
are supported by citations to these source publications. All figures included in this
review originate from open-access publications with reuse-permitting licenses; no
permissions were required, and full attribution is provided in each caption.

1. Discovery of Biarylitides and Initial Examples

The defining feature of biarylitides is a biaryl cross-link — a covalent bond
directly connecting two aromatic amino acid side chains within a peptide. This
unique structural motif was first documented in the scientific publication that
introduced and described biarylitides, authored by Zdouc et al., published in Cell
Chemical Biology in 2021. In this work, the authors discovered biaryl-cross-linked
cyclic tripeptides from Planomonospora and proposed the term “biarylitides” to
denote this new family of minimal RiPPs. These peptides are encoded by extremely
compact biosynthetic gene clusters consisting of a tiny bytA gene (18 bp) and a
cytochrome P450 enzyme gene (bytO), responsible for installing the C—C biaryl
linkage that defines their rigid macrocyclic scaffold [30].

Using a combination of genome mining and metabolite analysis, Zdouc et
al. (2021) discovered two small macrocyclic peptides in Planomonospora cultures,
each comprising only three amino acids in the cyclized core (plus an N-acetylated
N-terminus) [30]. In both molecules — one with sequence Ac-Met-Tyr-Tyr-His
(which spontaneously loses the N-terminal Met to yield Ac-Tyr-Tyr-His) and
another with Ac-Tyr-Phe-His — the tyrosine and histidine residues were linked
via an unusual carbon—carbon bond between Tyr-C3 and His-C2 [30]. This biaryl
C—C bond between Tyr and His effectively “staples” the tripeptide into a compact,
bicyclic conformation. Notably, the genes responsible for these metabolites were
found to form an extraordinarily compact biosynthetic gene cluster: an 18 bp open
reading frame (byt4) encoding a 6-amino-acid precursor peptide (with a 3-residue
core), immediately adjacent to a gene (bytO) encoding a cytochrome P450
monooxygenase [30]. The P450 enzyme (BytO1) was hypothesized to perform an
oxidative coupling of the Tyr and His side chains, thereby forming the biaryl bridge
[30]. This hypothesis was confirmed by heterologous expression: when byt4 and
bytO were co-expressed in a Streptomyces host, the cyclized Tyr—Tyr—His peptide
(dubbed “biarylitide YYH”) was produced, whereas a mutant lacking the P450
gene did not yield the cyclized product [30]. The discovery of this minimal system
— a peptide as short as 3 amino acids being modified by a single tailoring enzyme
— was unprecedented and led to the proposal of “biarylitides” as a new RiPP class
[30].

Almost simultaneously, a second example of a biarylitide was uncovered in
a completely different organism. Hug et al. (2021) reported the genome-guided
discovery of myxarylin (Fig. 1A), a cross-linked tripeptide from Pyxidicoccus
fallax, a myxobacterium (Gram-negative) [8].
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Fig. 1. Chemical structures of the myxobacterial biarylitide Myxarylin (1) and its Boc
derivative Myxarylin-Boc (2) (A), and biosynthetically characterized related biarylitides
YYH/YFH and Cittilin A/B (B).

[Hug et al., Molecules 2021, under the terms of the CC BY 4.0 license]

Myxobacteria are known for producing unique metabolites, and in this case
the genome of P. fallax harbored a gene cluster reminiscent of the Planomonospora
biarylitide genes: a very short precursor peptide gene next to a P450 gene. The
metabolite encoded by this cluster, myxarylin, was confirmed via heterologous
expression and found to be a methylated tripeptide (sequence MeYLH, with an
N-terminal N-methyl-leucine) featuring a covalent bond between Tyr and His (Fig.
1A) [8]. However, unlike the Planomonospora peptides, the cross-link in myxarylin
was a carbon—nitrogen bond (Tyr-C3 to His-N) — representing a C-N biaryl
linkage rather than a C—C linkage (Fig. 1A) [8]. This distinction highlighted the
chemical versatility of the biarylitide-forming enzymes: depending on the specific
P450, the coupling can occur through different atoms (carbon or heteroatom) on the
aromatic rings. Myxarylin also demonstrated that biarylitide-like pathways exist
beyond actinobacteria, in this case in a myxobacterial lineage. Related cross-linked
peptides include YYH/YFH and the cittilins (Fig. 1B), which show analogous
aromatic coupling topologies but differ in backbone architecture and side-chain
composition [8]. According to the authors, this finding emphasized the distinct
biochemistry characteristic of the myxobacterial realm, while still belonging to the
broader class of biarylitide RiPPs [8].

Since these initial discoveries, additional biarylitide examples have been
identified or inferred. By 2023-2025, genome mining efforts uncovered several
new biarylitide biosynthetic gene clusters in diverse bacteria [11]. A handful
of these have been experimentally validated. For instance, Khan et al. (2025)
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characterized ShyA/ShyB from Streptomyces clavuligerus F613-1, where ShyA is a
short precursor peptide (pentapeptide) and ShyB is the cognate P450 enzyme [11].

Remarkably, ShyB was shown to create a biaryl cross-link between histidine
and tyrosine in ShyA, but via a novel connection: His-C2 to Tyr-O4 (Fig. 2). This
represents a carbon—oxygen (C—O) cross-link, the first of its kind reported in
RiPPs [11]. Together, the known biarylitide-modifying P450 enzymes — including
BytO1 (from Planomonospora), BytO2 (from Pyxidicoccus), P450-Blt (from a
Kitasatospora/Bacillus cluster), SgrB (from Streptomyces griseus, presumably)
and SlyP (another Streptomyces enzyme) — demonstrate the ability to forge C-C,
C-N, and C-O bonds between aromatic amino acids [11]. Collectively, the cyclic
tripeptide products of these enzymes (each containing two aromatic rings connected
by a covalent bridge) have been termed biarylitides [11]. This term encompasses
slight variations in ring size or modifications — for example, whether the peptide is
N-acetylated or N-methylated, or which positions on the aromatic rings are coupled
— as long as the fundamental feature is a biaryl-linked ultra-short peptide.

Fig. 2. ShyB-catalyzed oxidative coupling between His-C2 and Tyr-O4
on the precursor peptide ShyA.
[Khan et al., Organic Letters 2025, under the terms of the CC BY-NC-ND 4.0 license]

2. Structural Features and P450-Catalyzed Biosynthesis

Biarylitides are distinguished by their minimalistic peptide cores and the
presence of an enzymatically created biaryl linkage. The core peptides (after leader
peptide removal and other processing) are typically only 3 to 5 amino acids in
length [11][30]. Despite this tiny size, the cross-link between two aromatic residues
(such as Tyr, Trp, or His) induces the peptide to cyclize into a three-residue
macrocycle. In essence, biarylitides can be viewed as miniature “cyclophane”
peptides — small rings containing two aromatic rings connected by a short linker
(the peptide backbone and cross-link) [11]. This rigid conformation is expected
to constrain the peptide’s flexibility, potentially making it more proteolytically
stable and structurally preorganized, which can be advantages for binding targets
or withstanding harsh conditions.

The formation of the biaryl cross-link in RiPP biarylitides is catalyzed by
cytochrome P450 enzymes, a family of heme-dependent monooxygenases widely
known for catalyzing oxidative reactions [3] [13] [28]. However, the P450s involved
in biarylitide biosynthesis (often referred to as P450 biarylitide synthases) perform
an unconventional role: instead of typical hydroxylation, they effect an oxidative
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coupling of two aromatic side chains [11]. Mechanistically, this likely proceeds
via P450-mediated single-electron oxidation of aromatic rings to form radical or
cationic intermediates that then arylate each other, forming a C—C or C—X bond
(X =N or O in the case of heteroatom linkages) [11]. The exact mechanism is
still under investigation, but these enzymes have expanded the known catalytic
repertoire of P450s to include intramolecular cross-linking of peptide substrates.
This expansion fits into a broader trend of discovering novel types of RiPP-
modifying enzymes [10][22][28]. In the five biarylitide P450s characterized so far
(BytO1, BytO2, P450-Blt, SgrB, SlyP), all target a Trp, Ty, or His pair in positions
1 and 3 of a tripeptide core [11]. BytO1 (from Planomonospora) couples Tyr*1-C3
to His"3—C2 (a biaryl C—C bond); BytO2 (from Pyxidicoccus) couples Tyr*1-C3 to
His"3—-N (a biaryl C—N bond) and ShyB (from Streptomyces clavuligerus) couples
His"1-C2 to Tyr*3-04 (a biaryl C—O bond) [11]. Other enzymes like P450-BIt and
SgrB also target analogous connections, often between aromatic residues such as
tryptophans or tyrosines [11]. For example, another reported RiPP natural product,
tryptorubin A (Fig. 3), isolated from a fungus-associated bacterium, contains both
Trp—Trp and Trp—Tyr cross-links installed by a P450, although tryptorubin A is a
larger hexapeptide and represents a distinct family of RiPPs (the atropopeptides)
[2] [18] [29].

Fig. 3. Structure of tryptorubin A.
[Wyche et al., J. Am. Chem. Soc. 2017, under the ACS AuthorChoice license
(CC BY-NC-ND 4.0)]

Likewise, a cyclic dipeptide called mystilin (reported to have a Tyr—Tyr
linkage) has been noted as an example of P450 forming a dityrosine bond in a
RiPP [11], underscoring that aromatic cross-linking is a recurring theme across
multiple RiPP families [7][10][24]. Other P450-modified RiPPs further highlight
this diversity, including tricyclic copper-binding peptides with unusual histidine-
to-butyrine crosslinks [12]. Biarylitides, however, stand out because of the extreme
brevity of their peptides and the singular nature of their cross-link (only one linkage
forming a tiny cycle).

Structurally, the biaryl bond locks the peptide into a constrained conformation.
X-ray crystallography or NMR studies of any biarylitide have yet to be published
(owing to difficulties in obtaining sufficient quantities and crystals), but by analogy
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to related cross-linked peptides, one can infer a rigid, pre-cyclized shape. The
presence of two aromatic rings in close proximity can also lead to interesting
stereochemical phenomena — for instance, certain biaryl-linked peptides might
exhibitatropisomerism (stable stereoisomers due to hindered rotation about the biaryl
bond, as seen in tryptorubin A (Fig. 4)) [20]. Understanding the 3D conformation
is important, as it may relate to any biological activity these molecules have (by
presenting a specific scaffold to molecular targets).

Fig. 4. (A) 3D model of tryptorubin A. (B) Key 2D NMR correlations for tryptorubin A.
[Wyche et al., J. Am. Chem. Soc. 2017, under the ACS AuthorChoice license
(CC BY-NC-ND 4.0)]

Inaddition to the pivotal cross-link, biarylitides often carry other modifications.
All known native biarylitides have a modification at the N-terminus of the core
peptide: Planomonospora biarylitides are N-acetylated (which is somewhat unusual
for bacterial peptides, hinting at either a dedicated N-acetyltransferase or utilization
of host acetylation systems) [30], while Pyxidicoccus myxarylin is N-methylated
at the amino terminus [8]. These modifications likely contribute to stability
(protecting the N-terminus from degradation) or alter the compound’s polarity and
cell permeability. The genetic basis for these modifications is not always clear;
in some biarylitide gene clusters, an N-acetyltransferase or N-methyltransferase
enzyme might be encoded, whereas in other cases the modification could be
performed by a housekeeping enzyme in the producing organism. For example,
the Planomonospora cluster lacked any obvious acetyltransferase gene besides the
P450 [30], yet the product was N-acetylated, suggesting a host enzyme could be
responsible. Meanwhile, the Pyxidicoccus myxarylin gene cluster likely includes
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a methyltransferase gene to install the N-methyl group (this detail was noted
in the discovery paper, as the N-methylation was a surprise) [8]. Such tailoring
modifications, while not unique to biarylitides, reinforce how even very short
peptides can be chemically diversified by bacteria to fine-tune their properties.

From a biosynthetic perspective, biarylitide pathways are notable for their
simplicity and efficiency. The minimal genetic requirements (a two-gene cluster,
in the simplest cases) and the fact that a single P450 can perform the complex
cyclization in one step are remarkable. This contrasts with other RiPP classes
that often need multiple enzymes to install several different modifications (e.g.,
lantipeptides require dehydratases and cyclases for multiple thioether rings). The
biarylitide P450s are multifunctional in that a single enzyme both activates two
positions on the substrate and joins them in one catalytic cycle. Recent studies
have begun to unravel how these enzymes recognize such short peptide substrates
and achieve regioselective cross-linking. A crystal structure of one biarylitide P450
(in complex with its peptide substrate analog) was reported by Padva et al. (2025)
[19], providing insights into how the enzyme’s active site cradles the tripeptide
and orients the two aromatic rings for coupling. The active site architecture and
key residues explain, in part, the specificity for a Tyr—His or Tyr—Trp pair at
defined positions in the substrate. Interestingly, the enzymes show some substrate
tolerance — for example, P450-Blt (originating from a Bacillus cluster) was shown
to accept variant peptides in which the aromatic positions or neighboring residues
were mutated, and still form cross-links (Fig. 5A,B) [11].

Fig. 5. (A) Cytochrome P450 biarylitide synthases and their chemical transformation. (B)
Non-native biarylitides generated with non-native precursor peptides. (C) Representative
examples of cross-linked bioactive natural products. Cross-link formation on the peptides
is shown as red bonds/connectors, and non-native residues on the peptides are shown as
blue colored structures.
[Khan et al., Organic Letters 2025, under the terms of the CC BY-NC-ND 4.0 license]

In fact, through protein engineering, researchers have created engineered
P450 biarylitide synthases that can cyclize non-native peptide sequences (Fig. 5B)
[11][17][27]. In one study, directed mutagenesis of P450-Blt expanded its substrate
scope to produce novel Tyr—X—His or Tyr—X-Tyr cross-linked tripeptides (where
“X” is an unnatural or different amino acid). At least three “non-native” biarylitide
analogues were structurally characterized from such experiments (Fig. 5B) [27].
Related cross-linked natural products, such as dynobactin A and neopetromin, are
shown for comparison (Fig. 5C) [11].
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This demonstrates that while biarylitide enzymes evolved to recognize very
short, specific sequences, they can be reprogrammed or repurposed, underscoring
their potential as biocatalysts for creating new macrocyclic peptides.

3. Biosynthetic Gene Clusters and Distribution in Microbial Genomes

One striking aspect of biarylitides is the widespread distribution of their
biosynthetic gene clusters in nature, especially among actinobacteria. Early in silico
analyses hinted at this ubiquity: Zdouc et al. noted approximately 200 bacterial
genomes (mostly actinobacteria) containing a P450 gene flanked by a very short
(< 30 bp) open reading frame, suggestive of biarylitide pathways [30].

This number has grown with more intensive genome mining. Khan et al.
(2025) conducted a manual PSI-BLAST search using a known biarylitide P450 as
the query, and identified 435 homologous P450s linked to putative short peptide
genes in publicly available genomes [11]. This represents the most extensive list
of candidate biarylitide clusters so far and solidifies the idea that these cryptic
pathways are not rare curiosities, but rather a common feature in certain lineages
[11].

Crucially, the vast majority of these gene pairs are found in the phylum
Actinobacteria. Inareview by Khan et al., about 92% of'the identified P450—peptide
gene pairs originated from actinobacterial genomes [11]. Within Actinobacteria,
the genus Streptomyces was the dominant host, accounting for 240 out of 435
clusters (=55%) [11]. This is perhaps not surprising, as Streptomyces are prolific
producers of RiPPs and other secondary metabolites. Other actinobacterial genera
hosting multiple biarylitide clusters included Saccharothrix (22 clusters identified),
Micromonospora (18 clusters), Kitasatospora (15 clusters), and various others
in smaller numbers [11]. Notably, a handful of gene clusters were also detected
outside Actinobacteria: for instance, around 20 clusters in Bacillus species (phylum
Firmicutes), and a few in myxobacteria (as exemplified by Pyxidicoccus) or other
proteobacteria [11]. This distribution suggests that the capability to produce
biarylitides might have originated in actinobacteria (or an ancestor thereof) and
possibly spread horizontally to a limited extent (explaining presence in Bacillus
and Pyxidicoccus). Alternatively, convergent evolution cannot be ruled out, but the
high sequence similarity of the P450s argues for a common origin. It is intriguing
that Bacillus, which are not typically known for extremely short RiPPs, have these
clusters — this raises the question of whether those clusters are actually expressed
and functional in Bacillus or remnants acquired via horizontal gene transfer.

The genetic organization of biarylitide biosynthetic gene clusters is generally
simple and conserved. The prototypical cluster contains two core genes: a gene
encoding the precursor peptide (often annotated as a small hypothetical protein,
~10-20 amino acids in length), and an adjacent gene encoding the P450 enzyme.
These two are typically in close proximity, often bidirectionally oriented or co-
transcribed [30]. Upstream or downstream, there may sometimes be additional
open reading frames — for example, genes encoding regulators or transporters (as
commonly seen in secondary metabolite clusters) — but many biarylitide clusters
lack extensive accessory genes. In some cases, a gene for a tailoring enzyme (like
an acetyltransferase or methyltransferase) may be present to account for N-terminal
modifications, though this is not universal. For instance, the Planomonospora
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cluster did not encode a clear acetyltransferase, whereas a Streptomyces cluster
for cittilin (a related cross-linked tripeptide reported in 2022) included a gene that
likely acetylates the core peptide [8]. The minimal nature of these clusters (often
just 2-3 genes) is reminiscent of certain bacteriocin or microcin RiPP clusters,
which also can be quite compact. This simplicity may facilitate their horizontal
transfer between genomes, which could explain occurrences in phylogenetically
distant bacteria.

Regulation of these clusters is not yet well understood. No specific consensus
leader peptide sequence has been identified for biarylitide precursors — indeed,
some biarylitide peptides might lack a classic cleavable leader, given their extreme
brevity. It is conceivable that the precursor is synthesized as part of a larger
protein or with a short leader that escapes detection by standard algorithms. One
hypothesis is that the small “precursor” gene actually encodes a longer peptide
including a leader, but due to annotation challenges the leader-coding region might
be overlooked. Alternatively, the P450 might act on the peptide while it is still
tethered to the ribosome or a larger polyprotein. These are areas for future research.
Bioinformatic analysis by Zdouc et al. suggested that all biarylitide precursor genes
code for a five-amino-acid core with two aromatic residues (positions 1 and 3)
and that the sequences are diverse except for those key aromatic positions [30].
The flanking regions (possible leader sequences) did not show obvious homology,
implying that if a leader exists, it may be very short or structurally defined rather
than sequence-conserved.

The broad distribution of biarylitide clusters in Streptomyces and other
actinobacteria implies that biarylitide production is an evolutionarily maintained
trait, likely conferring some advantage to these microorganisms. Over 90% of
clusters in actinobacteria suggests a lineage-specific expansion or retention [11].
Actinobacteria often live in competitive soil environments, producing antibiotics
and signaling molecules; thus, one might speculate that biarylitides serve as chemical
signals or defense molecules. Their small size and stable cyclic structure could
allow them to diffuse or persist in the environment, perhaps modulating microbial
interactions or inhibiting competing organisms in subtle ways. It is also possible
that, like some other RiPPs, biarylitides could act as quorum sensing agents or
iron-chelating compounds, roles that are not immediately obvious without targeted
assays.

From a genome mining perspective, the high occurrence of biarylitide
clusters is an encouraging sign. It means researchers have a rich pool of “cryptic”
clusters to explore for new biarylitide structures. Indeed, each newly characterized
cluster could yield a variant peptide with different aromatic residues or sequence
context, expanding the chemical diversity of this class. The current count of five
experimentally confirmed biarylitides is likely only the tip of the iceberg. With
advancing techniques in heterologous expression and metabolomics, we expect
many more biarylitides to be identified from the genomic data. Some may
incorporate unusual aromatic amino acids (e.g., halogenated tyrosines if present, or
modified histidines), and some clusters might produce multiple variants of peptides
(if the precursor has multiple copies of a motif, though none discovered so far do
this).
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4. Biological Activities and Potential Roles of Biarylitides

A central question regarding any new class of natural products is: what
do they do? For biarylitides, this question remains largely unanswered, as very
few have been tested in biological assays. The initial reports of Planomonospora
biarylitides did not report any specific bioactivity (antibacterial, antifungal, etc.),
possibly due to the difficulty in isolating sufficient quantities [31]. Similarly,
the myxarylin study did not find antimicrobial or cytotoxic activity in standard
screens [4], although it revealed an interesting phenotype in plant cells (discussed
below). Thus, the direct in vivo function of biarylitides for the producing organism
is still speculative. However, insights can be gleaned from analogues and related
compounds with similar structural features.

One clue comes from cross-linked peptide antibiotics identified in other
contexts. For example, dynobactin A is a recently discovered ribosomally
derived heptapeptide from Photorhabdus bacteria that contains two aromatic
rings connected by a carbon—carbon bond, forming a macrocyclic structure [11].
While not a biarylitide by strict definition (it is larger and formed by a different
enzyme mechanism), dynobactin A’s structure — featuring an indole—indole cross-
link between two tryptophans — is conceptually akin to an expanded biarylitide.
Importantly, dynobactin A exhibits potent antibacterial activity against Gram-
negative pathogens by targeting the essential outer membrane protein BamA (part
of the B-barrel assembly machinery) [6]. This finding demonstrates that small,
cross-linked peptides can achieve high-affinity binding to protein targets and disrupt
crucial biological processes (in this case, cell envelope biogenesis in bacteria).
Similarly, the darobactins are another family of RiPP-derived cyclic peptides
(from Photorhabdus and Yersinia) with two fused rings, active against Gram-
negatives via BamA inhibition [9][23][26]. Further computational and structure-
guided engineering has yielded systemic darobactin analogues with improved in
vivo properties [ 15][26]. These compounds, while structurally different (they have a
cross-link between two D-abbreviated amino acids forming an unusual rigid motif),
reinforce the notion that nature evolves small macrocyclic peptides as antibiotics.
Dynobactin and darobactin suggest that if some biarylitides were to be screened,
they might also show antibiotic activity — perhaps especially against Gram-negative
bacteria, where rigid macrocycles can sometimes penetrate the outer membrane or
exploit novel targets like BamA.

Another example of a naturally occurring cyclic tripeptide is neopetromin,
which provides a hint at a different kind of biological activity. Neopetromin was
isolated from a marine sponge (Neopetrosia sp.) and found to be a tripeptide
containing arare C—N biaryl cross-link between tryptophan and tyrosine (specifically
a Trp—Tyr linkage) [ 5]. Structurally, it is strikingly similar to a biarylitide (and indeed
inspired comparisons to biarylitides in the literature) [11]. However, neopetromin’s
biological activity is not antibacterial or antiproliferative; instead, it induces
vacuole fragmentation in plant cells [4]. In assays with tobacco BY-2 plant cells,
neopetromin caused the usually large central vacuole to break into smaller vesicles,
hinting at an effect on vacuolar integrity or associated signaling pathways [4].
Notably, neopetromin showed no significant activity against bacteria, fungi, cancer
cell lines, or various other bioassays [11]. Its action seems quite specific to plant cell
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vacuoles, a rather unusual and unexpected phenotype. The mechanism is not fully
understood, but such specificity suggests that small macrocyclic peptides might
interact with particular eukaryotic proteins (e.g., those involved in vacuolar fusion
or fission). While neopetromin is not known to be produced by an actinobacterium
(marine sponges often harbor symbiotic microbes, so the true producer could be
bacterial), its existence broadens the scope of what ultra-short cross-linked peptides
might do in nature. The fact that neopetromin is structurally analogous to biarylitides
yet biologically distinct (no antimicrobial effect, but a plant cell effect) underscores
that biarylitides might have unique roles aside from classical antibiotic activity
[11].

Given these analogies, what roles might the actinobacterial biarylitides
serve? One hypothesis is that they could function as secondary metabolites for
inter-microbial competition or communication. Actinobacteria in soil compete
with other bacteria and fungi; a small stable molecule could serve as a signaling
molecule or as a toxin at close range. Because biarylitides are so short, they might
be energetically “cheap” to produce, allowing the organism to deploy them in large
amounts if needed. If they target something like BamA (as dynobactin does), they
could provide an advantage against Gram-negative competitors in the environment.
Alternatively, they might target eukaryotic cells (plant or insect cells) if the
producing bacteria have symbiotic or pathogenic relationships (some Streptomyces
interact with plants or insects). For example, Streptomyces species that associate
with plant roots might produce biarylitides that modulate plant defense or microbial
community dynamics in the rhizosphere — this is speculative, but parallels can be
drawn to known rhizobacteria signals.

It is also possible that biarylitides are not primarily defensive or signaling
molecules, but rather “selfish” metabolites that benefit the producer in subtler
ways. They could act as iron chelators or redox-active molecules aiding in
nutrient acquisition. However, their structures do not obviously resemble known
siderophores or redox cofactors. Another possibility is that they might serve as
protease inhibitors or modulators of enzyme activity (similar to how some cyclic
peptides target specific enzymes). The mention in Khan et al. that cross-linked
peptides “are known to have biological activity” [11] invites more systematic
exploration of biarylitides in various assays.

To date, no strong antibiotic or cytotoxic activity has been reported for the
core biarylitides (YYH, YFH, myxarylin). This could mean either they truly lack
such activity or that their targets are unconventional (and thus not revealed by
standard screens). It’s worth noting that many RiPPs (e.g., lantibiotics, microcins)
are potent antimicrobials, whereas others (e.g., some cyanobactins, cyclotides from
plants) have more niche activities (like protease inhibition, receptor modulation,
etc.). Biarylitides could fall into either camp. The lack of activity in a broad
panel might indicate a very specific target or condition under which they act. For
instance, perhaps a biarylitide might only show activity under certain pH or metal
ion conditions, or against a specific bacterial species not tested.

From an ecological and evolutionary perspective, the fact that biarylitide
clusters are maintained in genomes suggests they confer a selective advantage. If
not obvious in lab assays, this advantage might manifest in natural settings (soil,
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competitive microbiomes, etc.). We should also consider that some gene clusters
could be “silent” under laboratory conditions — the organism might produce the
biarylitide only in response to a particular trigger (e.g., presence of a competitor
or specific stress). Thus, discovering the activity might require mimicking those
conditions.

In summary, while the precise biological roles of biarylitides remain to be
elucidated, analogs like dynobactin A and neopetromin demonstrate that small cross-
linked peptides can have powerful and unexpected activities [11]. The structural
resemblance of biarylitides to these molecules hints at possibilities ranging from
antimicrobial action (e.g., targeting outer membrane proteins in Gram-negatives)
to eukaryotic cell modulation (e.g., affecting plant cell organelles). At present, one
can conclude that the bioactivity spectrum of biarylitides is largely unexplored,
and that thorough testing — in antimicrobial assays, nematode or insect models
(since some actinobacteria use toxins in insect symbiosis), plant interaction studies,
etc. — is warranted.

Discussion

The discovery of biarylitides adds a new dimension to our understanding
of RiPP natural products. Recent genome mining has also uncovered other highly
unusual RiPP architectures, such as ribosomal peptides with two amino termini
[21]. In the context of known RiPP families, biarylitides are extraordinary for
their minimal size and the involvement of a P450 enzyme in macrocyclization.
Traditionally, many RiPP classes (such as lantipeptides, thiopeptides, and lasso
peptides) involve enzymes like dehydrases, cyclases, or lyases to create their
signature modifications [1]. The use of a cytochrome P450 to forge a carbon—
carbon bond in a peptide is a biochemical strategy more commonly associated with
non-ribosomal peptide or polyketide pathways (where P450s sometimes perform
phenolic couplings in larger scaffolds). Biarylitides thus blur the line between
RiPP and other natural product biosynthetic logic — they are RiPPs that harness
P450 chemistry typical of secondary metabolite pathways. This convergence
is fascinating from an evolutionary standpoint: actinobacteria have effectively
repurposed the highly versatile P450 machinery for tailoring very small peptide
substrates, indicating an economy of mechanism in generating structural complexity.

When comparing biarylitides to other RiPPs, one is struck by their simplicity.
For example, lanthipeptides (like the food preservative nisin) are 20-30 amino acid
peptides with multiple thioether rings and a complex enzyme machinery [1][14]
[16]. Lassopeptides are ~15-20 amino acids with a lariat knot requiring specialized
enzymes for threading and cleavage. By contrast, a biarylitide can be as small as
3 amino acids with one cross-link and needs essentially one enzyme to mature it.
This simplicity might suggest a different evolutionary pressure — perhaps favoring
speed and efficiency of production. A small peptide can be synthesized quickly
by the ribosome, and a single enzyme can modify it in one step; in a competitive
environment, this could allow a rapid response (production of the metabolite) when
needed.

Another point of comparison is the structural rigidity imparted by the
cross-links. Biarylitides yield a rigid bicyclic structure, somewhat analogously
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to lantipeptides that have multiple rings conferring rigidity, or cyclotides (plant
RiPPs) that have a cystine knot locking them. Rigidity often correlates with high
affinity to targets (since less conformational entropy is lost upon binding). Thus,
although biarylitides are tiny, their constrained structure could enable surprisingly
strong or specific interactions — which might be why nature finds them useful. If
we consider dynobactin A and darobactin A, these also are relatively small (7-mer)
but highly constrained peptides that achieve nanomolar binding to BamA [23]. It is
conceivable that some biarylitides might similarly have nanomolar-range affinities
for their as-yet-unknown targets.

In terms of evolution, the presence of hundreds of biarylitide-like gene
clusters in actinobacteria suggests that this capability emerged early and was
propagated widely. The P450 sequences cluster together in phylogenetic analyses,
indicating they form a distinct clade separate from other P450s (e.g., those for
steroid hydroxylation or polyketide tailoring) [11]. This implies a single or a
few origin events followed by diversification mainly within actinobacteria. The
occasional appearance in Bacillus or myxobacteria could be due to horizontal gene
transfer. It is notable that one of the characterized P450s, named P450-Blt, comes
from a Bacillus locus [11]. The peptide product of that Bacillus cluster (sometimes
referred to as blactamides or similar, though not confirmed) hints that Gram-
positive firmicutes can also adopt this chemistry. The functionality of that cluster in
Bacillus might differ — perhaps it is not expressed under normal conditions or needs
specific signals. Understanding whether non-actinobacterial hosts actively produce
biarylitides could provide insights into the ecological function. For instance, if
Bacillus (often found in soils and as plant growth-promoting rhizobacteria) can
produce biarylitides, maybe those compounds play a role in root microbiome
dynamics.

From a biotechnological perspective, biarylitide pathways are attractive due
to their simplicity and the novelty of the chemistry. The ability to cyclize ultra-short
peptides with aromatic cross-links opens avenues in peptide engineering and drug
design. The fact that one can mutate the precursor peptide or the P450 and get new
products (as demonstrated by engineering P450BIt) means we have a relatively
malleable system for creating a library of small cyclic peptides [11]. These could
be screened for pharmacological properties (e.g., as enzyme inhibitors or receptor
ligands). Small size is an advantage for synthesis and cell permeability. Indeed, some
researchers have already noted that the highly strained biaryl cyclophane structure
of biarylitides is difficult to achieve via synthetic chemistry, yet nature makes it
readily [11]. Harnessing the P450s as biocatalysts might allow chemoenzymatic
production of compounds that are challenging to synthesize otherwise.

One challenge that remains is the heterologous expression and isolation of
biarylitides. Because the peptides are so small and often produced in low quantities,
detection can be tricky (mass spectrometry is required, as they might not have UV-
visible chromophores or distinctive bioactivities to track). Overexpression of the
genes in amenable hosts (like E. coli or Streptomyces lividans) combined with
sensitive analytical chemistry is a strategy that should be further applied to the many
uncharacterized clusters. It is quite possible that some clusters produce biarylitides
only under specific conditions or in concert with other pathway regulation.
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Approaches like co-culture or inducing stress might be needed to “awaken” silent
clusters.

When considering why actinobacteria devote resources to making biarylitides,
one must also consider functional redundancies or overlaps. Actinobacteria
produce numerous RiPPs; for example, a single Streptomyces genome might encode
lantipeptides, lassopeptides, and others. Biarylitides could be one more tool in
their chemical arsenal. It would be interesting to see if strains that have biarylitide
clusters also have particular ecological niches or behaviors. Perhaps biarylitides act
in concert with other metabolites (for instance, weakening competitors’ defenses
so that antibiotics are more effective, or signaling to other actinobacteria in a
community context). These hypotheses remain to be tested.

Comparatively, lanthipeptides (like nisin) are used as antibacterials, lasso
peptides sometimes target RNA polymerase or specific enzymes, cyanobactins
can be cytotoxic, and microviridins inhibit proteases. Biarylitides might represent
a case of “lessis more” — achieving a functional effect with a minimal peptide
scaffold. This minimalism could inspire de novo design efforts: if a three-residue
macrocycle can bind a protein pocket (as dynobactin binds BamA, albeit dynobactin
is a bit larger), perhaps we can design cyclic tri- or tetrapeptides for known targets.
The biarylitide P450s could then be employed to actually synthesize those designs
biologically.

In summary, the context provided by other RiPPs and cross-linked peptides
highlights biarylitides as an outlier in terms of size, but aligned with the general
theme that post-translational modifications can endow even simple peptides
with elaborate structures and potent functions. The discussion of biarylitides
thus intersects natural product chemistry, enzymology, and evolutionary biology.
They challenge our preconceived notions of the minimum size required for
biochemical activity and demonstrate nature’s ingenuity in using common building
blocks (aromatic amino acids) to create uncommon molecular architectures.

Going forward, key areas of discussion and investigation may include: (i)
identifying the biological targets of biarylitides (through techniques like pull-
down assays or phenotype screenings), (ii) deciphering the mechanism of the P450
catalysis in detail (possibly via more crystal structures or spectroscopic studies of
reaction intermediates), (iii) exploring the diversity of structures accessible (by
mining unexplored actinobacterial strains or modifying known enzymes), and (iv)
evaluating the potential of biarylitides or their analogues in applications (such as
new antimicrobial agents or biochemical tools). Biarylitides, as tiny as they are,
have opened a big door to new scientific questions and applications in the field of
microbial natural products.

Conclusion

Biarylitides have emerged as a bona fide class of ultra-short RiPP natural
products, expanding the landscape of known microbial peptides. On the basis of
the literature analysed in this review, the following key features of this family can
be delineated.

Distinct RiPP family. Biarylitides constitute a clearly defined RiPP class
built on 3—5-residue cores that are rigidified by a biaryl cross-link between aromatic
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side chains installed by a dedicated cytochrome P450. This architecture pushes
the lower size limit of RiPP macrocycles and exemplifies an unusually minimal
enzymatic strategy.

Predominantly actinobacterial origin. Most known biarylitide gene
clusters occur in actinobacteria, especially in Streptomyces and related genera,
indicating that biarylitides are a widespread yet long-overlooked component of
actinobacterial secondary metabolism. Occasional clusters in other bacterial phyla
point to horizontal gene transfer or convergent evolution.

Minimal biosynthetic gene set. The canonical biarylitide pathway is
encoded by a compact two-gene cassette comprising a short precursor peptide and
a single P450 enzyme. This enzyme family is capable of forging C—C, C—N or
C—O bonds between aromatic residues, illustrating remarkable catalytic versatility
within a simple genetic framework.

Conservedscaffold withlimited,butmeaningfulvariation. Allcharacterized
biarylitides share a three-residue macrocycle containing two aromatic amino acids,
often accompanied by N-terminal acyl or methyl modifications. Variability is
mostly confined to the identity of the middle residue and peripheral decorations,
suggesting a conserved structural scaffold with controlled diversification.

Biological role remains largely unresolved. Despite structural
characterization of several members, biarylitides still lack a well-defined biological
function. Available data indicate weak or no activity in standard antimicrobial and
cytotoxic assays, implying that their native roles may involve more specific targets
or subtle ecological interactions.

High potential for future discovery and engineering. The combination of
minimal gene circuitry, chemically versatile P450 enzymes and numerous cryptic
gene clusters in microbial genomes makes biarylitides attractive subjects for further
research. Both natural product discovery and enzyme engineering are poised to
deliver new scaffolds and expanded activity profiles.

In summary, biarylitides can be viewed as “micro-macrocycles”: tiny
peptides endowed with the complex cross-linking more typical of larger natural
products. Clarifying their biological function and fully exploiting their biosynthetic
machinery should provide valuable insights into RiPP chemistry and may yield
new tools for pharmaceutical and biotechnological applications.
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BIAPWIITUIU SAK YIBTPAKOPOTKI _
PUBOCOMAJIBHI HHEITTUIN AKTUHOBAKTEPIN

Pesome

Axmunobaxmepii € akmueHuMu npPooyyeHmami Oi0OAKMUEHUX NPUPOOHUX CNO-
JYK, 30KpeMd YUCTEHHUX PUOOCOMANbHO CUHME308AHUX | NOCHMMPAHCIAYIUHO
Mmooughikosanux nenmudie (RiPPs). Hewjooasno eusignena nioepyna yux cnouyk
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— blapunimudu — Xapakmepusyemv st HA036UUAHO KOPOMKUMU NPEKYDCOPHU-
Mu nenmudamu (3—5 amMiHOKUCIOM) Ma YHIKATbHUM OIapUIbHUM 38 S3KOM MIdC
APOMAMUYHUMU 3ATUMKAMU. Ynepuie yi cnonyku 6ynu onucaui y npeocmasHu-
Kié poois Planomonospora ma Pyxidicoccus, a 3e00o0m — y Streptomyces. bia-
PULTMUOU CUHME3YIOMbCS 30 YUACTIO MIHIMATbHUX OIOCUHMEMUYHUX 2eHemUY-
HUX KAACmepis, wo KoOylomb KOPOMKUL NPeKypCopHul nenmuo i cneyugiunuil
Gpepmenm — yumoxpom P450. Li P450-ensumu, sioomi sk Giapuiimud-cun-
masu, xamanizyroms ymeopenns nemunosux C—C, C—N ab6o C-O 36’a3xi8, wjo
Gopmyromo dHcOPCmMKi MAKPOYUKIIUHI cmpyKkmypu. Ananiz nimepamypHux OaHux
ceioyumn, wo nonad 90% ioenmuixosanux GiapuUITMUOHUX 2EHHUX KIACMepie
Hanexcamsv aKmuHoOaKmepisam, wo nioKpecuoe ixue esonioyiline snavenns. Ilo-
npu 0bMmedceHy KiNbKiCmb eKCnepUMeHmManbHuxX Xapakxmepucmux, oiapunimuou
€ natikopomwumu 3 eioomux RiPPs i demoncmpyroms, K MIHIMATbHI Nenmuo-
HI CIMPYKMypU MOJiCYMb YMEOPIOBAMU XIMIUHO CKAAOHI NPUPOOHT NPOOYKMIU.
Cnopioneni 3 numu nepexpecro 3wumi RiPP-cnonyxku, maxi ax ounobaxkmun A
ma HeonempoMiH, NPOAGIAIOMb NOMY*CHY AHMUOAKMEPIANbHY ab0 eKoN02iuHy
aKmMuBHiCMb, W0 c8i0UUMb NPo NOJIOHUL nomenyian i 015 diapurimudie. Ocman-
Hi Qocniodicents 3 0inkosol indicenepii nokazanu, wo P450-enzumu 6iapurimuoie
Marmos Wupoxy cyocmpamuy cneyugiunicms, GIOKpUSAIOYU NEPCHEKMUBU OJlsl
CUHTNEMUYHO20 PO3UUPEHHS IXHbOI XIMIuHOT pisHomanimuocmi. Y ybomy 02nsaoi
V3a2anbHeHo cy4acHi Oioximiuni ma Oioingopmamuuni 0ani w000 SIOKPUMMS,
cmpykmypu ma oiocunmesy 0iapunimudis i3 YoKycom Ha iXHill cenemuyHil opea-
Hizayii ma Qynkyionanvrux poasx. biapunimuou cmanoeisme 3axonaueull HOgull
Knac naokopomxux RiPP-npupoonux cnonyk, ujo nompedye nooaivbuio2o eeHom-
HO20 CKPUHIHSY Ma MEXAHICIMUYHUX OOCTIONHCEHD 01 BUSGTIEHHS HOBUX 8APIAHNIE
i 3’s1cy8anHs IXHbOT eKoN02IUHOT A00 PAPMAKOIO2IUHOL 3HAUYUOCMI.

Kniouosi cnosa: 6iapurimuou,; akmunodaxmepii; RiPPs; yumoxpom P450; 6i-
OCUHMEMUYHI 2eHHI Kaacmepu.
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MOPCBKI MIKCOBAKTEPII — YHIKAJIBHA I'PYTIA
3 BUCOKMM BIOCUHTETUYHUM INIOTEHLIAJIOM

Heobxionicms y HOBUX aHMUMIKPOOHUX NPENnapamax 3yMOGII0€ NOULYK HOBUX Oi-
on02iuH0 akmusHux peuyosun. Hailinepcnexmusniwium o0dxcepenom i pecypcom 0
[HHOBAYIUHUX OIOAKMUBHUX HAMYPATIbHUX NPOOYKMIE € [ 3aIuularomscs bakxmepii,
ceped sKux uinbHe micye nocioaioms mikcovaxmepii. O2ns0 npucesueno ocoou-
socmsm Oionoeii mikcobakmepiil, sIKIi 6I0OMI He Juue C80IM CKIAOHUM XUNCAYb-
KUM CROCOOOM dicummsi, aie U, Wo we 8axNCIugiule, c60€ 30amHiCmIo CUHMES)-
6amMu NO3AKAIMUHHI 2IOPONIMUYHI hepMeHmu | PISHOMAHIMHI 8MOPUHHI Memabo-
Jmu, CMpYKmypHi 0COOIU80CMI Ma Mexanizm Oil 6a2amvox i3 IKUX € YHIKATbHUM.
Ocobnusy yeazy npuodileno 2ailo@ilbHUM/2an0moIepanmHuM MiKCOOAKmMepisim,
BUOLIEHUM 13 MOPCLKO2O Cepedosuyd, siKi, 3a OaHUMU 2EHOMHO-MemabdOIOMHO-
20 aHanizy, Maromev NOMYHCHUU OiocCUnmMemuyHUll NOMeHYian i € nepcneKmMusHUM
021cepesiom HOBUX CROMYK 3 PIZHOMAHIMHUM OIOAKMUSHUM CREKMPOM MA YHIKATb-
HUM MeXanizMom Oii.

Knwuosi cnosa: mikcobaxmepii, mopcoki mikcobakmepii, 6ioakmuehi 6mopuH-
HI Memabonimu, 2IOponimuyHi ghepmenmu.

Pe3ncTeHTHICT MATOTEHIB 10 aHTUMIKPOOHUX MpEnapariB JOCUTh TPUBAIIHIMA
yac 0OTOBOPIOETHCS B HAyKOBiM 1 MeauuHid cniabHOTI [68]. He3Baxkaroun Ha BCl
3yCHIUISA, CIIPSIMOBAHI Ha MOJI0JIAHHS LIbOT'O SIBUILA, aHTUO10TUKOPE3UCTEHTHICTh HE
TIBKY 3QJIMIIAETHCS, a M MOCTa€ KPUTHUYHOIO TI00ATBHOI0 MPOOIEMOI0 OXOPOHHU
3/10pOB's, 3yMOBJIEHOIO HEMPABUWJIBHUM 1 4aCTO HAJAMIPHUM BHUKOPUCTAHHSIM aHTH-
O10TUKIB y PI3HUX CEKTOpax, L0 MPU3BOAMUTH JI0 MOSBU PE3UCTEHTHUX MIKPOOP-
raHi3MIB Ta CTBOPIOE «TUXY MAaHJEMIIO», SKa MOXKE MEPEeBEPIIUTH IO CMEPTHOCTI
iHmi npuauHu 10 2050 p. [2].

binb Hanpy»&eHoro Ta CKIaJHOIO € 1151 cUTyallist B Ykpaini. BHaciigok nos-
HOMAacIITAaOHOI B1fHU, B110YBA€THCS CTPIMKE MOLIUPEHHS aHTUO10TUKOPE3UCTEHT-
HUX MIKPOOpPTraHi3MiB, 3yMOBJIEHE OOMOBUMHU MOPAHEHHSMHU, YACTUMHU YCKJIaHEH-
HSIMU SIKUX € THilHI iHdekuii [63]. 3rigHo ganux niteparypu, y 6au3sko 50% nopa-
HEHUX J1arHOCTYIOTh 1H(EKIIIIHI 3aXBOPIOBAHHS, BUKJIUKAHI MMOMIPE3UCTEHTHUMU
MIKpOOpraHi3MaMu, 10 CTBOPIOE MOTEHIIHHIIA PU3HK 10 301IbIIIEHHS MOIIUPEHHS
iX B yKpaiHCbKuUX JikapHsx [1].

Haii61inb111 nepcrnekTUBHUM JKEPENIOM 1 pecypcoM [Tl IHHOBALIHHUX Oloak-
TUBHUX HaTypaJbHHUX MPOIYKTIB 3alMILAI0OThCA OakTepii [41], cepen AKUX YijibHE
MiCIIE TI0C11al0Th aKTUHOOAKTEPIT 1 MikcoOakTepii. I Ko akKTHHOOAKTEPIi K JKe-
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pelo aHTHOI0TUKIB, TOCIIKYIOThCS MPOTATOM 0aratb0X pOoKiB, TO aHTUMIKPOOHHIA

MOTEHIIia)l MiKCOOAKTepil, y Meplry 4epry MOPChKHX, HEOOIIHEHUH, MOTpH Te,

10 BOHU € TIOTY)KHUMH TPOIYLIEHTAMH BTOPUHHHX METaOOMITIB, MITHUYHUX (ep-

MEHTIB, BE3HUKYJI 30BHIIIHEOT MEMOpaHH Ta aHTUMIKpOOHUX nenTuiB [18, 62].
3arajibHa XapaKTepUCTHKA MiKcoOaKTepiii

MikcoOakTepii — 11 MaaTuYKONoIi0HI TpaMHETaTUBHI MPOTe00aKTepii, TyxKe
MOIIUPEH] Y HABKOJIMIITHBOMY CEPEIOBHILI, MEepIl 3a Bce B IpyHTi [12, 79]. Mikco-
OaKTepil XapaKTepU3yThCs CKIIATHOIO COLIAIbHOIO MTOBEIIHKOI0, YTBOPEHHSIM 0a-
TaTOKIIITUHHHUX CTPYKTYp — IJIOAOBUX T Ta xwwkanTBoM [ 18, 35]. Cneundiunoro
O3HAKOIO X € 3JaTHICTh JI0 MEPECYBAHHS IUITXOM KOB3aHHSI.

MexaHi3M KOB3HOTO pyXy HalKpalie BUBUEHO y Oakrepiit poxy Myxococcus.
BBakaeTbcest, 110 11i OakTepii MaroTh Ha MOBEPXHI CipaIbHUN TPEK, yTBOPEHHIA O111-
KaMu, SIKHid TI0 CIIipaii OropTae KIITHHY Ta 00epTaEThCs, a KITHHA 00epTaeThCs
HABKOJIO CBOET BiCl B MPOTHIICKHUH OiK 1 pyXa€eThbcs BIepe. 3a3BUUal, PyXatOThCs
BOHH «POSIMIY, III0 MICTSTh 0arato KJIiTHH, SIKI yTPUMYIOTBCS pa30M 32 JI0TIOMOTOI0
MDKKTITHHHUX MOJICKYJISIPHUX CHTHAIIB [9].

MikcoOakTepii JEMOHCTPYIOTh CKJIQIHHNA COI[aJIbHUI 0araToOKJIi THHHHMA
KUTTEBUIN LUK PO3BHUTKY, L0 BKJIIOYAE JBA THIH PYyXJIHBOCTI — S-TUN (COLiab-
HUil) Ta A-Tun (BiAMOBiga€ 3a pyX OKPEMHX KIITHH, JTO3BOJISIOUM iM PO3CirOBa-
TUCS 3 OCHOBHOTO Por0) [56]. Komu MOKMBHUX PEUOBUH Majlo, KIIITHHU arpery-
I0Th IIJISIXOM XEMOTAKCHCY, YTBOPIOIOTh OaraTOKJIITHHHI TUIOIOBI Tijia, IO 4acTO
B CIIOpAHTIONAX MICTATh AU(EPEHIIHOBaHI TUIH KIIITUH — MIKCOCTIOPH, 5IK1 O11bIII
CTIHKi O YMOB HaBKOJIMIIIHBOTO CepeIoBUINA. Uepe3 CTIIKICTh 0 BUCUXAHHS, MiK-
COCIIOpY 3/1aTHI BUYKMBATH B HECTIPUATIMBHX YMOBaX HaBKOJHIITHHOTO CEPEOBU-
ma npoTsirom Oaratbox pokiB [18, 41, 82, 88]. 3 HacTaHHAM CHPUATIMBUX YMOB
BOHH IPOPOCTAIOTh Y MOBHOLIHHI KIiTHHH [5]. [111070BI Tij1a MOXKYTh CKJIQAATUCS 3
10°-10° xiituH. BoHH IEMOHCTPYIOTh IIUPOKHIA CIIEKTP BIAMIHHOCTEH MiX poja-
MU Ta BUJIaMU 100 IXHBOI BUCOTH, (DOPMU Ta KOJILOPY, SIKUH 3/1€01IbIIOTO Bapitoe
BiJl )KOBTOTO, IOMapaH4YeBOr0 a00 YEPBOHOTO JI0 KOPUYHEBOTO 200 HABITh YOPHOTO
[41, 88].

MikcoOakTepii MOALISIOTHCS Ha 1B OCHOBHI (DYHKIIIOHAJIbHI TPYITH 3aJI€KHO
BiJT IXHIX XapuyOBUX 3BUYOK: IEIIONONITHYHI (Hanpukian, Sorangium cellulosum),
SAKi PO3KJIAJAIOTh IIETI0NIo3y, Ta OakTepioniTHuHi (Hampukian, Myxococcus
xanthus), MO TOOIOTh HA 1HII MIKPOOHM Ui OTPUMAHHS TMOKMBHUX PEYOBHUH.
Oco0MuBOCTI KUBJICHHS MIKCOOAKTEpiil (PAKTUYHO € OCHOBOIO JJISl CyYacCHHX Me-
TOAIB TX Ky/NbTHBYBaHHS [79].

Xwmxki MikcoOakTepii BUKOPUCTOBYIOTh CKJIAIHI MEXaHi3MU OXOTH «BOBUOL
3rpai» AJsl 3HUIICHHS CBO€i 3100M4i, BUIUIAIOYM apCeHall aHTHUMIKpOOHUX pe-
YOBHUH, SIKI BOMBAIOTh KITHHU 3100W4i, JII3yIOTh iX Ta CIIOKMBAIOTh BUBIIHHEHI
Makpomodekynu [72, 81]. IIpu npomy mMikcoOakTepii 3qaTHi BOMBATH Ta CIIOKUBATH
LIMPOKHHA CIIEKTP MIKpOOPraHi3MiB, BKIIOYAIOUH SIK TPAMIIO3UTHBHI Ta TpaMHera-
TUBHI OakTepii, Tak 1 IpikmpKononioni rpudu [18, 48].

[Moxin Ha QyHKUIOHATBHI TPYNU MEBHUM YHMHOM KOPEIO€ 3 (OpPMAIBLHOO
TakcoHOMi€r. MikcoOakTepii BigHeceHi a0 Tuny Pseudomonadota (CHUHOHIM:
Myxococcota), knacy Deltaproteobacteria (cunoHiM: Myxococcia). CTaHOM Ha
TpaBeHb 2025 p. BoHH po3fisieHi Ha 2 mopsakH, 8 poauH, 31 pix ta 110 Buais [89].
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[lepeBaxkna OubLIICTH MiKCOOAKTEpii aepoOH, OIHAK € aHaepoo-
Hi  (Anaeromyxobacter sp.) Ta (akyabTaTHBHO-aepoOHI  MikcoOakTepil
(Anaeromyxobacter dehalogenans) [64, 86]. Tak, A. dehalogenans, BusBneHUI B
ocaji o3epa MiviraH, pocte 3 2-XJI0phEHOIOM SIK aKIETITOPOM EJIEKTPOHIB Ta are-
TaTOM SIK JIOHOPOM elleKTpoHiB [64]. Kinbka mramiB Anaeromyxobacter sp. Takox
BUJIUIWIIN 3 TPYHTY OCYIIIEHOTO PUCOBOTO MO [75] Ta 13 3a0pyAHEHOTO MUIII'IKOM
rpyHrty [39].

Binbmicts MikcobakTepiii BusBiIeHo B rpynTax 3 pH 5,0-8,0. Ix Takox Bumi-
iy 3 kuenux (pH 2,5) ta mysxnux (pH 8,0-9,2) rpyHTiB, X0ua pi3sHOMaHITTS OyJ10
MEHILIUM, HIJK B CTA0OKUCIIMX Ta HEUTpaIbHUX IpyHTax [11], B IKUX mepeBakaiu
MpeICTaBHUKK poiB Myxococcus ta Corallococcus [55]. Y cnaboOKUCIIUX IPyHTax
nepeBakaB Corallococcus coralloides, a B rpyntax 3 pH 3,0-3,5 — Myxococcus
fulvus [5].

Oxpim TpyHTY, MiKcOOakTepii Oyiau BUALICHI 3 IEPEBHHU Ta KOPU JEepeB i
JUIIARHKKIB, 1110 THUIOTh, ITMOWH Tedyep, OOJIIT, KOMax, THO TPAaBOIMHUX TBAPHUH
Ta 3 BOIHOTO cepenoBuina [61]. B my>xHux 60oTax BUSBICHI IPEACTABHUKU POJIiB
Myxococcus, Archangium, Sorangium ta Melittangium [5].

BusiBneni B mpicHUX BOJOWMaxX MIKCOOAKTepii MalOTh AESKi O3HAKH, XapaK-
TEpPHI JJIsl TPYHTOBHUX MEIIKAHIIIB, 110 T03BOJISIE MPUITYCTUTH, IO i MiKcoOaKTepii
Oynu 3MUTI 3 TpyHTY. JloCmiKeHHS, MOB'sA3aH1 3 MPICHOBOJHUMH CEPEIOBHIAMU
ICHYBaHHSI MiKCOOAKTEepiil, MOKa3yIOTh, III0 B 03€PHOMY MYIli MikcoOakTepii Oymnu
NepeBaKaIbLHOI OaKTepiaabHO rpymoro [43].

I3 MopchKOTO CeperoBuIIa BUILICHI Tt iIbHI MikcoOakTepii Enhygromyxa,
Haliangium, Plesiocystis [3]. Lla rpyna mikcoOakTepiit (hiIoreHeTHYHO BiJIIaICHI
BiJl IPYHTOBUX MiKCOOAKTepiid, MAIOTh aHTEI30PO3TaTyKEHI JKUPHI KUCIOTH, SIKi
JIOTIOMAraroTh iM BUKHBATH 3a KOHIeHTpauii coni 2—3% NaCl [17]. T. Brinkhoff et
al. (2012) nerextyBanu Kiactep MOpchbkux MikcobOakrepiii (Marine Myxobacteria
Cluster, MMC) B ocanax [TiBHIYHOTO MOpSI 1 BUSIBUJIH, 1110 BiH MMOIIUPEHUIN B MOP-
CBKUX 0Ca/IaX Pi3HUX KIIMAaTUYHHUX PETioHiB [6].

Kpim 1poro, Takox BiIoMi raJioToJIEpaHTHI 130/19TH MikcoOakTepiil. Tak, Ha-
npuknan, Pseudoenhygromyxa Buepiie BUALICHO 13 ecTyapHOro 60sora B SAmnoHii
[33, 44]. Tl'anmoronepanTHi Mikcobaktepii (Sorangium, Cystobacter, Myxococcus,
Polyangium, Corallococcus, Nannocystis) 130TF0BaJIH 3 3aCOJICHUX IPYHTIB [ 5, 42].

[Torpu Te, mo OUTBIIICTE MiKCOOAKTEpil € Me30(diTamMu 3 TeMmreparypHUM
ontumyMoM pocty 30 °C, meski 6akrepii i€l Tpynu MOXKYTh POCTH 1 TIPU TEMIIE-
parypi 1o 44 °C. Temneparypa, Bumia 40 °C, 3a3Bu4aii, HECIPUATIUBA JJIST POCTY
MikcOOaKTepiil; MIKCOCTIOPH MOXYTh mepeHocuTH 55—-60 °C, a BereTaTuBHi Kii-
TUHH OLJIBIIOCTI MIKCOOAKTEpiil HE MOXKYTh BIDKUTH IPH TEMIIEPATypi BUILIN 3a
45 °C. ls xapakTepuCTHKa MOXE CITy>KUTH METOJIOM OUUIICHHS MiKCOOAKTEPiii i
Jac BuaLIcHHS [61].

€ TNOBIIOMJICHHS MIPO BUALICHHS MOMIPHO TepMO(DUTFHUX MikcOoOaKTepii 3
IPYHTIB HaIIBIOCYIUIMBUX PETi0OHIB, BOHU XapaKTEPU3yBaJIKCS BUCOKOIO IIBU/IKI-
CTIO pocTy Tipu Temneparypi 42—44 °C [23]. Jeski tepmodinbHi MikcoOakTepii 3
ONTUMAJIEHOIO TeMIEepaTyporo pocty Bia 45 no 49 °C BusiBieHi B MPICHOBOJHHUX
rapsiYmx JpKepesax Ta NpuOepekHUX COIOHUX pkepenax SAmnowii [32].
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Hesxi Bunu Polyangium ta Nannocystis, BUIUICHI 3 MOPCHKHX OCaJIiB, Ml
TeMIIepaTypHUil ONTUMyMOM pocty Onn3bko 4 °C [59].

Bropunni metabosiTu i JiTuuHi pepMeHTH MiKcoOaKTepii

MikcobakTepii BiJioMi He JIMIIE CBOIM CKJIAIHHM CIIOCOOOM KUTTS, alie M,
IO IIIe Ba)KJIMBIIIE, CBOEIO 3/IaTHICTIO CHHTE3yBaTH PI3HOMaHITHI BTOPUHHI MeTa-
OOJITH, CTPYKTYPHI OCOOJIMBOCTI Ta MEXaHi3M JIii 0ararboX 13 HUX € YHIKaJIbHUMHU
[61, 79, 82]. 3araiom BBa)a€eThCs, IO BTOPUHHI META0OTITH MIKPOOiB IIEpEBAKHO
CHHTE3YIOThCSI IIPOTATOM ITi3HBOI JOrapuMi4HOT Ta cTamioHapHOi (a3 pocTy, TaK
3BaHOI iio(dasu, Ko MeTaboIIi3M He B MOBHiH Mipi 3a0e3neuye pict. OnHaK 3 MiK-
cobakTepisiMU 11e He 3aBKIU TaK. barato MeTabomiTiB CHHTE3YIOThCS Ha MOYATKy
POCTY KyabTypu a00 HEBIOB31 Miciisg HbOTO [82].

Bynyun xmxanbKkumu OaKTepisiMH 1 IPOSIBIISIIOYN aHTUMIKPOOHY aKTUBHICTb,
MikcoOaKkTepii MalTh BEIMKI T€HOMH, IO JI03BOJISIE KOAYBAaTH COTHI BTOPUHHHX
MeTa0oJIITIB, TAPOTITHYHIX PEPMEHTIB, aHTUMIKPOOHUX MenTUAIB Tomlo [ 18, 72].

I'enomu MikcoOakTepili MarOTh po3Mipu Bix 9 no 16 muH m. H. [24, 79], 3a
BUHSTKOM Anaeromyxobacter spp. (5 mna m. H.) [77] ta Vulgatibacter incomptus
(4,4 mutH 1. H.) [86]. TToBimomusieThest, 1o 10 10% 3araiabHUX reHiB MikcoOaKTepii
3ajisiHl y 010CHHTE31 BTOPMHHUX METa0OITIB, IO pOOUTH iX Ba)KIIMBUMU KaHIH-
JaTaMu JUIst TIOIIYKY 1 CKPUHIHTY aHTHOIOTUYHUX pedoBHH. OJHAK JUIS ITUX OaK-
TEpill 3aJIMIIAETHCS 3HAYHA HEBIIOBITHICTh MiXK OXapaKTepPU30BaHUM BTOPHHHUM
MeTaboJIOMOM Ta OIOCMHTETUYHUM IMOTEHIIAIOM, K Tepen0adacThcsi TCHOMHUM
aHai30M, TOOTO, BTOPUHHUX METAOOJITIB BUSBIISAETHCS MEHIIIE HIXK TEHIB, IO T10-
TEHIIIHO BiAMOBiIaI0TH 3a iX cuHTe3 [79]. Lle Moxke OyTH MOB’SI3aHO SIK 13 HEMOXK-
JIUBICTIO BUSIBUTH JICSIKI META0OIITH HAIBHUMHU METOJAAMH €KCTPAKIIIT Ta JIeTEKIIil,
TaK 1 IPUCYTHICTIO B TEHOMI TaK 3BaHUX «MOBYa3HUX» TeHiB [41].

3apa3 CTBOPIOIOTHCS 1 JIOMOBHIOIOTHCS HasBHI T€HOMHI 1 MeTa0O0JIOMHI 0a3u
JTaHUX MikcoOakTepii, Hanpukiaa, MyxoPortal i MyxoDB, 3aBasiku HasiBHIl B HUX
iHpopMallii, sika MOCTIHHO MOMOBHIOETHCS, MOXKE OyTH JIETIIEe 3HAUTH MOXKIHUBO-
CTI JUIS TIOCHJICHHSI O10CUHTE3y BiJJOMUX METAOOJITIB, @ TAKOXK aKTHUBAIlil HEBUKO-
PUCTaHUX «MOBYA3HHUX» T€HIB JJIs HOBUX peuoBHH [41].

MyxoPortal — nie 6aza naHmx, sika 00'€THy€e OpPIEHTOBaHI Ha 3aCTOCYBAHHS
TCHOMHI O3HAaKH, SIKi MO)KHa BUKOPUCTOBYBATH B TAKCOHOMIi, €BOJIFOIIIT, XMIKAIITBI
Ta aHTUMIKpOOHUX nociimkeHHsx [72]. Lle kommuiekcHa 0aza naHuX, 110 Hapasi
MICTUTh 262 TEHOMHM INTaMiB MiKCOOaKTepii, B SKii HaBEICHO aHOTAIlii TCHOMIB
3 PO3TallyBaHHIM T'€HiB, QYHKIISIMU, aMiIHOKUCIIOTHUMH Ta HYKJICOTHIHUMH I10-
CJIITOBHOCTSIMH, 1110 JTO3BOJISIE aHAII3YBaTU €BOJIOIIIHI Ta TAKCOHOMIYHI 3B'SI3KU
MiX mTamMamu ta reamu. biocuaternyni renni kinactepu (BI'K, Biosynthetic gene
clusters — BGCs) ineHTudikyroThcs 3a gonomoror antiSMASH, a mocmiioBHOCTI
aHTUMIKpOOHUX TenTuAiB, 3reHepoBani dAbAMP, BkitodeHi sk pecypc IUIsl HOBHX
aHTUMiKpoOHUX BiakpuTTiB. Habopu nanux rexniB CRISPR/Cas, nocnigoBHoCTEH
PEryJISTOpHUX OUTKIB Ta TEHIB, MOB'3aHUX 3 (haramMmu, Jal0Th KOPUCHY 1HPOPMAILIit0
po Oi0JIOTIYHI BIACTUBOCTI KOYKHOTO ILITaMY.

baza nannx MyxoDB wmictuts iHopMariiro moao KiibkocTi Ta kiaacudikamii
BCIX BIJIOMHX MPUPOTHUX MPOIYKTIB MIKCOOAKTEPIii, KA 3 KOXXHHUM POKOM TOTIOT-
HioeThes [78]. Hapasi y mikcobakrepiit Oyio BusiBieHo 816 cronyk, kinacudikoBa-
HUX MPpUOIU3HO 3a 170 XIMIYHUMU CTpYKTypamu [79].
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[Tpotsirom ocranHix 20 pokiB criocTepiraeTbecsi OyM y BIIKPHUTTI MiKCOOAK-
TepiaJbHUX BTOPUHHHUX MeTa00iTiB. OKpiM BTOPUHHUX META0OMITIB, 10 YTBOPIO-
I0ThCSl HA prOOCOMax MiKcOOaKTepiit [5], BUSBIEHO 3HAYHY YACTHHY METaOOIITiB
(6mu3pK0 79%), 110 OIOCHHTETUYHO MOXOJATH 3 TaK 3BAaHMX MOMAYJIbHUX TOJIiKe-
tuacunta3 (PKS) I tuny [7], Hepubocomuux nentunnux cuareras (NRPS) [58]
ta ix komOiHamii (riopuani PKS/NRPS) [51]. Cunte3 BinOyBaeThCs IIISIXOM I10-
€TaIHOT0 HAPOIIYBaHHS MOHOMEpHHX ONOKiB: anmi-KoA-tioectepy (y BUIAAKY
metaboniTiB PKS) Ta aMiHOKKCIIOT (SIK IPOTETHOrEHHUX, TaK 1 HEMPOTETHOTEHHUX
y Bunaaky NRPS), 3 monanpuoro Moaudikaiiero mija 4ac yTBOPEHHS MTPOMIKHUX
NPOIYKTIB peakilii, a00 B KiHII MiCJI BUBUIBHEHHS 3 MYJIBTH(QEPMEHTHOTO KOMII-
nekcy [5, 80].

BusiBneni i BU3HaueHi BTOPUHHI METAOOINITH MiKCOOAKTepii (TOMIKETHUIH:
MaKpOJIiK, JIIHIWHI TMOJIKETHIU 3 TeTCPOIMKIAMH, IMOMIIMKIIYHI ITOJIKSTHIH;
NENTU/IN: JIMONEN TN, ASTICUIICNITUIH, ciiepoopH, puOOCOMHO CHHTE30BaHI Ta
NOCTTPAHCIAIIMHO MOTU(IKOBaHI MENTUAN; TEPIICHOIAN, CTEPOJIU Ta iH.) IEMOH-
CTPYIOTh 3HaYHY CTPYKTYpHY Pi3HOMaHITHICTH Ta O10JIOTiYHY aKTUBHICTBH [5, 50,
61, 79].

31aTHICTh MPOMYKYBaTH 0arato yHiKaJdbHHUX O10JOT1YHO aKTHBHUX CIOIYK
JI0C1 HEJIOCTaTHHO BUBYECHA, alie MepeadavaeTbes, MO MikCoOaKTepii BUKOPUCTO-
BYIOTh 1li CIIOJYKH SIK MOJYJISITOPH KIITHHHO-KIITHHHOI B3a€MOMII Ta XMKALbKY
30pOt0 Ui BIDKMBAHHS B KOHKYPEHTHOMY CEPEIOBUIII Ta 3aXUCTY CBOIX EKOJIO-
riunux Him [61]. Hanpuknan, MmogensHa Mikcobakrepist Myxococcus xanthus cuH-
tesye DKkcanren (riopun PKS/NRPS) mis mogynsnii npouecy cnopyasii [49].
AwmOpyTturus (PKS), mo Bupobnsierbes Sorangium cellulosum, BinuBae Ha Gop-
MyBaHHS 11070BOoTO Tina [47]. Antubiotnk TA (mikcoBipecumH) (ridopun PKS/
NRPS) Binirpae BaxiuBy posb y xmwkauTsi Myxococcus xanthus [84, 85].

OCKiJIbKY HaWOUIBII MOMYISIIT MIKCOOAKTEpiil MepeBaXHO HACEISIFOTh Ha-
3eMHI €KOCHUCTEMH, TO 1 3HAYHY YACTHHY BTOPUHHHUX METAOOIITIB BUALJICHO caMe
BiJ] MPE/ICTAaBHUKIB Ha3eMHHUX BUAIB LUX Oaktepiit [5]. [IpomykyBaTu GioakTHUBHI
BTOPHHHI METa0OJITH CIPOMOXKHI MiKCOOAKTepil 3HauHOi KiIBKOCTI BUJIB, aye
OCHOBHA iX YacTKa CIIOCTEPIraeThCs Cepel MPEICTaBHHKIB pomiB Myxococcus,
Sorangium ta Chondromyces [5, 41]. 3naTHICTh MiKCOOAKTEpili CHHTE3yBaTH I1CB-
HY CIIOJIYKY € XapaKT€pUCTHUKOIO IITamy, a He BUxy [11].

3 mikcoOakTepiil, MPeACTaBHUKIB poay Myxococcus, BUALICHO alTiOMIIUH,
DKxcaHTeH, MIKCONPiHKOMiJ, cadypamilliH, TPOTHITPiH, MIKCOTia301, MiKCOIipo-
HIH Ta iH. 1 JOCIIHPKEHO O10JI0TIYHY aKTHBHICTh Ta MeXaHi3M ix mii. I3 Oakrepii
pony Sorangium — aMmOpyTIlIMH, 9iBOCA30JI, EOTHUJIOH, iIKyMa30Jl, JICYIIPHUH, MaJlb-
TEIOJIiJI, TyTalliH, COPa30JIOH, PITOCTATHH Ta iH., a 3 Chondromyces — XJIOpOTOH1I,
XOHJIpaMmiJl, XOHAPOXJIOPEH, KPOKAIIKH, MeeiH Ta iH. [61].

Bropunni MeTabomiTH MiKCOOAKTEPiid MPOSBISIOTH aHTUOAKTEPiabHY, IPO-
TUTPUOKOBY, IIMTOTOKCUYHY, IPOTUPAKOBY, IPOTUBIPYCHY, IPOTHITAPA3UTAPHY, IMY-
HOCYIPECUBHY Ta aHTUOKCHJAHTHY aKTUBHOCTI [50, 61].

MexaHi3m 1ii JOCIiIKEHIX MIKCOOAKTepiadbHUX CIIONYK JTYyXKe Pi3HOMaHIT-
Huil. Tak, MIlIEHSAMU AaHTUMIKPOOHHMX CIIONYK (HANpUKIaA, TyraluH, KPOKAIUH
Ta iH.), BUJUICHUX 3 MIKCOOAKTEpiil, MOXKYTh OyTH: €IEKTPOH-TPAHCIIOPTHHUH JIaH-
mior, anetmi-KoA-kapOokcuiiasa, peakiisi nenTuawiTpancdepasu, OakrepiaibHa
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PHK-nonimepasa, Tomoizomepasa tumy Ila, curnanpaa nentuaasza tumy 11, memo-
pana a6o JIHK [61].

[MpoTurpudkoBi cnoiyku 3 MikcoOakTepiii — nenein A ta B, mypaenaminy,
aypadyponu A ta B, kpuMeHiHM Ta iH. 3a3BHYail CIPSMOBaHI Ha KIITUHHE JUXaH-
Hsl, METa0O0III3M JIIITiiB, TPAHCKPHIIIIIFO, TPAHCIISIIIO0, TOJIIMEpH3aIlil0 MIKpOTPY-
60410k ab0 ocmoperyssmiro [61].

Kinpka BTOpMHHHMX METaOOIMITIB, IO MPOMYKYIOTh MiKCOOaKTepii, BU3HA-
Hi SIK TEPCIEKTUBHI MPOTHPAKOBI CIIONYKH. EMOTUIOH oTpumanuii 3 Sorangium
cellulosum So ce56, TyOymi3uHM TPOAYKYIOTh Archangium gephyra Ar 315,
Archangium disciforme An d48 ta Cystobacter sp. SBCb004. MimmeHs MU POTH-
MyXJIMHHUX CIIONYK, BUAUICHUX 3 MIKCOOAKTEPii, € MiKpOTPYOOUKH, MIPOLIECH JTH-
XaHHS, TpaHcIsis, BakyossspHi AT®a3u abo O1TKK KIITHHHOTO UK.

XnopotoHit A, mo cuHTe3yeThes S. cellulosum, purHivye Bei cTafii po3-
BUTKY MaJsipiiHOrO mapasuta B KpoBi. [lentumnu, mo cunresytorsest Cystobacter
fuscus, purHIUYIOTh Leishmania donovani ta Trypanosoma brucei rhodesiense
[61].

OTxe, pi3HOMaHITHI aKTUBHOCTI JOCTIKCHUX MiIKCOOAKTEpiaJbHUX BTO-
PUHHHUX METaOOIITIB MiIKPECIIOTh IX MOTEHIIIaN K MPOIYLEHTIB HOBUX 0i0JI10-
TYHO aKTUBHUX CHOIYK, 10 MOXKYTh 3HAWTH CBOE 3aCTOCYBAaHHS y TepPAIeBTUUHIN
MPAKTHUIIL.

OxpiM 010aKTUBHUX BTOPHMHHUX METAOOIITIB, [Isi OOPOTHOM 3 IHIIUMHU Mi-
KpoOamu Ta Ui PO3LICTICHHS 010MaKpOMOJIEKYI MiKCOOaKTepii MPOAYKYIOTh Ji-
truuHi pepmentu. [licns cunTesy i GepMEHTH TPAHCTIOPTYIOTHCS Y TTO3aKITI THHHAN
MIPOCTIp 32 JOMOMOTOI0 (PEPMEHTHO-3aBAHTAXKCHUX BE3UKYJ 30BHIIIHBOT MeMOpa-
HU 200 CEKPETOpPHUX cucTeM [45].

3anekHO Bij MPOAYKIIT THX YU 1HIIUX (PEPMEHTIB MIKCOOAKTEPil MOALISIOTH
Ha OaKkTepioMiTHYHI (MOJIOIOTH 1 JII3YIOTh YKUBI KIITHHU HIIUX MiKpOOPTaHi3MiB
JUIs. OTPUMaHHS TTOKMBHHUX PEYOBHH) 1 IEIIONIO30MITHYHI (PO3KIAAAI0Th LIEIHOJIO-
3y) [45].

Lenrono3omituyHi (hepMEHTH MEPEBAXKHO BUPOOISIOTH OakTepil Sorangium
cellulosum. 111 dhepMeHTH 3yCTpIYarOThCs B IBOX (popmax: ojHA — MO3aKJIITHHHI
BUTBHI (hepMEHTH, iHIIA — KIIITUHHO-3B's3aHI KOMIUIEKCHI pepmentu [67, 82]. ¥V
Sandaracinus amylolyticus uentono3oniTuyHi GepMeHTH Oyau ineHTH(IKOBaHI SIK
B-TiTr0KO3MIa3M Ta SHIOTIIOKaHA3!U Pa3oM 3 - Ta Y-amiias3orw [67].

Bakrepiomituuni gepmern OepyTh ydacTh y Ji3uci MikpoOiB-xepTB. Jlizar,
10 YTBOPIOETHCS MPH I[LOMY, BUKOPUCTOBYETHCS OAKTEPIOMITUYHHUMU MiKCOOAK-
TEPISIMU SIK MTOYKUBHA PEYOBUHA, 10 U MOSICHIOE 1X Ha3By «Mikpoxwmxkakm» [S]. Li
(bepMeTH Takok OepyTh y4acTh B aBTOJi31 200 3anmporpamMoBaHiil KIITHHHINA CMEpT,
sika B17I0yBa€ThCS OJTHOYACHO 3 PO3BUTKOM Mikcocmop [67, 82].

Jlimiu BigirparoTh KIIOYOBY POJIb Y KUTTEBOMY LUK Myxococcus Tij 4ac
XWKaITBa Ta po3BUTKY. Tak, mimiaM, mo MicTaTh xupHi kucaotu C | (€ OqHUMH
3 HAWMOWIUPEHIMNX JiMigiB y Myxococcus xanthus), T, MO MICTITh KUPHI
kucnord C . o (BincyTHi y Myxococcus xanthus), € XeMOaTpaKTaHTaMH ISl BU-
SIBIICHHSI MIKpPOOPTaHi3MiB-)KepTB. 3a JIOTIOMOTOI0 JIIMOMITHYHUX (PEPMEHTIB MiK-
cobaxTepii MOMKOKYIOTh MEMOpaHHUN Oap'ep, BUBLIBHAIOUH )KUPHI KUCIOTH Ta
LUTOILIa3MaTUYHUN BMICT 3100141, BusiBieHo, mo Myxococcus xanthus Mae Beu-
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Ky KUTBKICTB Iepe0adyBaHUX T'€HIB JIila3 Y TPhOX OCHOBHUX POJUHAX: MMAaTaTHHIII-
nasu, o/ rigponasu ra GDSL-ninazu [5, 82].

MikcobakTepii MpOAYKYIOTh MO3AKIITUHHI KHCII1, Ty>KHI Ta HEHTpaibHi Ipo-
teasu [82]. [IporeoniTiuHi hepMEHTH MPOIYKYIOTh K IEIOIONITUYHI MiKCOOAK-
Tepii (HampuKIad, TPEACTaBHUKU poay Sorangium), TaK 1 XWKaKu (HAIIPHUKIIA,
MikcoOakTepii, o HalexaTh 10 poxy Myxococcus). IIpunyckaloTh TpH MOXKIIUBI
(byHKILIT MO3aKITITHHHUX MPOTea3 MikcoOakTepiii: 1) mocTauaHHs aMiHOKUCIIOT MiK-
co0aKTepisM MUISTXOM TiAPOi3y OUIKIB, OTPUMAHMX 13 HABKOJIUIIIHBOTO CEPEIOBH-
11a; 2) MOMIKO/PKEHHS KJIIITUHHOI CTIHKH K€PTBH Ta BHBUILHEHHS ii BHYTPIIIHBO-
KJIITHHHOTO BMICTY; 3) JIi3HC )KepTBH [82].

OpHak BUSBIEHI JIITHYHI (DEPMEHTH, WMOBIPHO, JHIIE YACTHHA TOTO, IO
NPONYKYIOTh MikcoOakTepii. UnciaeHHI Ta pi3HOMaHITHI TaKCOHU IMX OaKTepiid,
0COOJTMBO HEKYJIBTUBOBAHI Ta HEOXapAaKTEPH30BaHI BUIU, MAIOTh 3HAYHUIA TIOTCH-
ia 71 BIAKPUTTS HOBUX (hepMeHTIB [45].

Oco0mBoOCTI MOPCbKHMX MikcoOaKTepii

[Torpu Te 1o nepury MikcoOakTepito Biakpus mie y 1809 p. Himenbkuii 60-
tanik H. Link i na3BaB ii Polyangium vitellinum, macitabHi JOCIIHKSHHS ITHMX
Oaxrepiit Oynu posmoyari Ha mouatky 20-ro cromitts [61]. Mikcobakrepii criouar-
Ky ITOMUJIKOBO BiJTHECIIU JI0 TPpUOIB uepe3 XxapaKkTepHUil rpuOOnoJiOHN KUTTEBUNA
k. Y 1892 p. R. Thaxter imenTudikyBaB i opranizmu sk Oakrepii [41, 61].
OcobnuBo iHTEpec A0 miei rpynu O6akrepiii 3pic micas Binkpurts H. Reichenbach
et al. (1989) pi3sHOMaHITHUX Ta MOTYKHUX 010AKTUBHUX BTOPUHHHUX METAOOIITIB 1
miTuyHUX GepMmeHTiB [61].

[Tomyk MOpchKUX MikcoOakTepiit po3nodaBcs nuie y 1950-x pokax. Ily-
Omikarii mpo mepii AiiicHo oOmiratHi rajgodijbHI Ta raJoTOJIEPAHTHI MOPCHKI MiK-
cobaxkrepii 3’saBunucs numie y 1998 p. Buspneno, mo mikcobakTepii MEMIKalOTh
Yy MOPCBHKOMY €CTyapHOMY CEPEOBHIII 1 4acTO 3yCTPIYAIOThCSA Y BIAKIIAJICHHSX,
ocajii, Ha MOPCBKIH TpaBi, BOAOPOCTSIX, Mifdisx, ryokax tomo [21]. Jlume neski
MikcoOakTepii, 10 130JIbOBaHI 3 MOPCHKOTO CEPEIOBHUIIA, BBAKAIOTHCS TanoQiib-
Humu [10].

Criouatky BCl 130JI9TH 3 MOPCHKOTO CEPEIOBUINA BBAYKAIUCS TAIOTOJIEPAHT-
HUMH Ha3eMHHMH MiKCOOAKTEpisMHU, MIKCOCTIOPH YU KIITUHU SKUX OyJd 3MHTI B
mope [44]. Tizuime 3’sBunucs myomikamii T. lizuka (1998) ta R. Fudou (2002)
npo mepiii AilicHo ranodineHi MikcoOakrepii, a came Enhygromyxa, Haliangium
Ta Plesiocystis, SKUM Uil POCTY CYBOPO MOTPiOHI YMOBH COJIOHOCTI, MOJIOHI 10
Mopchkux [17, 28, 29, 30, 60]. Bimomo, 1110 17151 60pOThOHM 3 OCMOTHYHUM CTPECOM
rasnodiibHi MikcoOOaKTepii BAKOPUCTOBYIOTH opraHiuHi ocmodnitu [ 10]. Hampukian,
Enhygromyxa salina SWBO007 cunTe3ye ocModiT 6eTail, eKTOTH Ta 0COOIUBO Tif-
POKCHEKTOIH 32 BUCOKUX KOHIICHTpAIliil coJiell B cepeoBHILi icHyBaHHs. Ha npo-
TUBary 1eomy, Plesiocystis pacifica SIR-1 He cuHTE3ye CHeIiaii30BaHi PO3UNHHI
cnonyku. L{e#t mram paamnie Hakonuuye HeMoAr(iKoBaHI aMiHOKUCIIOTH (I TyTaMar,
NPOJIiH Ta IJIIIMH) SIK OCMO3aXUCHi areHTu [52].

3BHUAHO, A1 OCMOPETYIIALii MOXKYTh OyTH 3aJlisiHI TAaKOX 1HII MEXaHi3-
MU, aJie Ha ChOTOJHIIIHIN JeHb I MiKcoOakTepiii BoHM HeBimomi [10]. Yu Oyna
aJIanTallisi 1o MOPCHKOTO CEPEOBHUIIA MEPIIONPHUYUHOIO TIOSBU TAIOTOJIEPAHTHUX,
a 3roJIoM rajo(UIbHUX MIKCOOAKTEPiid, YU BC1 MOPCHKI KJIaJ M MatOTh OJTHOTO CITiIb-

84 —— ISSN 2076-0558. Mixpobionozin i Giomexnonozia. 2025. Ne 3. C. 78111



MOPCBHKI MIKCOBAKTEPIT — VHIKAJIBHA TPYTIA ...

HOTO Tpe/Ka, MOKH IO HE 3'ICOBAaHO Yepe3 BIIHOCHO HEBEIUKY KUIBKICTh BHIIB,
BiJloMuX Ha choroaHi [10].

I'eorpadivno ranodinpHi Ta raJ0TOIEPaHTHI MiKCOOAKTEPii ITUPOKO PO3IIOB-
CIOJDKEHI, X BUAUISAIOTH, HAPUKIIAA, 3 MOPCHKUX CEPEIOBHUI Pi3HUX reorpadiy-
HUX 30H Ta 4acTuH cBiTy [10].

TUMOBOIO TaJOTONEPAHTHOI MIKCOOAKTEPi€l0, CIIOYaTKy OTPUMAHOK 3
npubepekHUX 3paskiB, € mram Myxococcus fulvus HW-1. Tloimommsitocs, mo
Myxococcus fulvus HW-1 nepeHocuts cosoHicTh 10 3% 1 BHeceHui 10 BeecBiT-
HBOTO peectpy Mopchbkux BuIiB (WoRMS) [http://www.marinespecies.org] [90],
[ITaM JISMOHCTPYE BapiadenbHy MOPQOJIOTito Ta COIlialIbHy MOBEIIHKY, TUTIOBI JJIs
MikcoOaKkTepi, Taki sk (OPMyBaHHS IJIOAOBUX Ti HA arapoBOMY CEpPEIOBHILI 3
HU3BKOIO KOHIIEHTPAIIIEI0 MOPCHKOi Bou abo couneid [76, 87]. [ToBimommseTbes, Mo
raJIoTOJICPAaHTHI MIKCOOAKTEPi, TaK caMo SIK 1 rao]isibHi, TAKOXK BUKOPUCTOBYIOTh
OpraHivHi OCMOJIITH i1 OOPOTHOU 3 OCMOTUYHHUM cTpecoM [37].

VY 2013 p. T. lizuka et al. i3 3pa3kiB Myiy ecTyapHOro 6010Ta MPUOEPEKHOT
30HM SIMOHIT BUALIHIM TaloToliepaHTHY MikcobakTepito SYR-2T, mo 3rogom otpu-
Maja Ha3By Pseudenhygromyxa salsuginis [33]. Lleii MikpoopraHi3M 31aTHUH po-
CTH 32 BiICyTHOCTI COJIi, TPOTE ONTUMAIILHUH PICT, SIK OYyJI0 MOKa3aHo, BiIOyBa€Th-
cs B miamaszoni koHnentpamiii 0,2—1,0% NaCl, yTBoproe 371erka 3arumbineHi paui-
aNbHI poi, popMyBaHHs IUIOIOBHX TiJI cCHIOCTEpiraeTbest nmpu konueHTpaii NaCl go
2,5%. OcobnuBicTio 1i€T MikcoOakTepii € moAiOHICTh A0 ranoiIbHUX MiKCOOaKTe-
piit. [Ticns ananizy nocnigoBuocteit 16S p/IHK BusiBneHo, mo Pseudenhygromyxa
salsuginis SYR-2" npogeMoHcTpyBaB, BiAMOBiAHO, 96,5% Ta 96,0% iaeHTHYHICTD
3 Enhygromyxa salina SHK-1" ta Plesiocystis pacifica SIR-1" [33].

KinpkicHy TpUCYTHICTh MIKCOOAKTEpill y MOPCBKOMY CEPEIOBHIII Ba)KKO
OLIHUTH. Buxo/suu 3 ycnixiB BUIICHHS, MOXXHA TIPUITYCTUTH, 110 YaCTOTa € Haba-
raTo HWKYOK (Harpukiam, guire 6 i301aTiB 3 90 npubepexuux 3paskis [17, 29]),
HIXK Y Ha36MHUX CEpEeIOBUINAX ICHYBaHHsI, aJie IIe MOXE MPOCTO CBIAYUTH MPO HE
30BCIM ONTHUMAaJIbHI YMOBH BHUJIIJICHHS Ta KYJIBTHBYBAHHS, 10 BUKOPUCTOBYIOTHCS
cvoronHi. J[iiicCHO, MPOTOKOJM 130JISI1IiT MOPCHKUX MIKCOOAKTEpii, 1o Hapasi 3a-
CTOCOBYIOTBCS, JIMIIE HE3HAYHO 3MiHEHI (HAIIPHUKIIAM, JOIaBaHHSI MOPCHKOI COIi),
MOPIBHSHO 3 MPOTOKOJIAMH JJIsl HA3MHUX IITaMiB, HAIPUKJIAl, BAKOPUCTAHHS SIK
pUMaHKU MoJeNbHOro 1mtamy Escherichia coli. Kpim Toro, 6€3yMOBHO, Ba)KKO
PO3Mi3HATH MOPCHKi KOJIOHIT MiKCOOAKTEpiil micis 13071111, OCKUIbKU 1XHI MOp(o-
JIOTi4HI OCOOMMBOCTI HEIOCTATHBO BiJJOMi Ta MOXKYTbh BIJPI3HATHUCS BiJ XapakTe-
PUCTHK Ha3eMHHUX 130JI4TiB. BinnoBinHO, yepe3 masie mpeACcTaBHULTBO 130JIbOBA-
HUX 1 BUBUEHHX IITaMiB ITyJI BTOPUHHUX META0OITIB, BUIIIICHUX 3 MOPCHKUX MiK-
cobakTepiii, Ha CHOTOJHIIIHIN JeHb HE3HAYHHIA, TIOPIBHIHO 3 IXHIMU Ha3eMHHUMU
anamoramu [10].

[IpoTsirom OCTaHHIX ABOX NECATHIITH TaJo(iIbHI Ta TaJOTOJICPAHTHI MiK-
cobakTepii cTaay BaKJIUBUM JDKEPEIIOM CTPYKTYPHO PI3HOMAHITHHUX BTOPUHHHX
MeTabOoJIITIB, [0 3yMOBUIIO IHTEPEC 1 IOCHIHKEHHS IIUX MiKpoopraHi3mis [21, 22].
3 HassBHUX T€HETHMYHHX Ta XIMIYHHUX JaHUX MOTEHIIiaJ] TaJOTOJICPAHTHUX Ta Tallo-
GiTbHUX MIKCOOAKTEPil SIK MPOAYIEHTIB XiMIYHO Pi3HOMAHITHUX BTOPUHHHX Me-
Ta0OJIITIB HE MiJISATaE CyMHIBY.
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MikcobakTepii MOPCHKOTO MOXOKCHHSI BXXE MPOJEMOHCTPYBAIM 3HAYHHMA
MOTEHITIAJ 00 CUHTE3Y MPUPOIHUX MponykTiB [21, 22]. Bararo 3 nux meradomi-
TiB MalOTh YHIKQJIbHI CTPYKTYPHI OCOOIMBOCTI 1 HOTYXXHY 010J0T14YHY aKTHBHICTh
[10]. [IpukiagamMu ONMMCaHUX BTOPUHHHUX META0OITIB MOPCHKHX MIiKCOOAKTepilt €
enrirponiau [ 14], earirpomosa kucnota [74], ramiamiz [71], ramianrinuH [15, 16],
miypaenamin [31, 57], canimabpomin [13], canmimikcunu [14] Ta TpuTeprneHoinHi
creponu [53].

BcraHoBneHO, 1110 €HTIrposi A MPUTHIYYE PICT rPaMIIO3UTHBHUAX OaKTepiid
y MiKpOrpaMoBiii KoHIeHTpauii [ 14], raixianriiuH BUsBISIE IPOTUTPUOKOBY aKTHB-
HICTh 31 3HAUEHHSIMH MiHIMaJbHOI MPUTHIYYyBAJILHOI KOHIICHTpAIlii, 3HAYHO MEH-
IIMMU, TOPIBHSHO 3 aM(pOTEPULIMHOM Ta HICTaTUHOM [ 15], eHrirpoMoBa KrcioTa Ta
rajiiamij] moKa3ajii aKTUBHICTh MTPOTH Tpoitiepantii MyXJIMHHUX KIIITHH MEITaHOMU
B16 [74] Ta HeLa-S3 [71], BiamoBigHO.

CHHTE3 HOBHX CIIOJIYK MOPCHKUMH MIiKCOOAKTEpisIMH HEe 0OMEXKYEThCsl Ha-
BEJICHUMH TPUKIIATaMH, PO X OI0CHHTETUYHUN MOTCHINAJ CBIIYUTh HASBHICTh
piznoMaHiTHHX BI'K, 3aKk010BaHUX y KITBKOX JIOCTYIMHHX HOCIIIOBHOCTSAX TEHOMY
[38, 54]. CexBeHOBaHI Ha CHOTO/HI IITAMH MOPCHKMX MIKCOOAKTEPili 33 iF0F0Th JI0
10% cBoro reHomMy y BTOpHHHOMY MeTabosi3mi [10].

A. Moghaddam et al. (2018) npoanani3yBaBIz TeHOMH 5 IITaMiB MOPCHKUX
MikcoOaKTepiid, MOBIIOMUJIH, IO TMOJIKETUAN Ta TEPICHU CTAHOBHJIM OUIBIIICTH
nepeabauyBanux crenianizoBanux meradomitHux BI'K [53]. HaiiGinpma rpymna
cremianizoannx Metabomitaux BI'K moB's3ana 3 momikeTuaaMu, 10 CKIagaloTh
11,4% ycix BI'K. Bakrepii mramiB Enhygromyxa salina ta Plesiocystis pacifica
DSM 14875 wmictate 9-11 nomikerunaux BI'K, toni six Haliangium ochraceum
DSM 14365 — nume aBa. Takox O6akrepii wrtamiB Enhygromyxa salina maroTh Be-
UKy KutbkicTh TeprieHoBux BI'K (Bim mectu mo news’sitn), Plesiocystis pacifica
DSM 14875 — w’stb, a Haliangium ochraceum DSM 14365 — nuie tpu. Knacre-
pH, 110 KOAYIOTh HepubocoMHi nenTuau, riopuau PK/NRP ta pubocomHo cuHTe-
30BaHi Ta MOCTTPAHCIAMIMHO MOAM(IKOBaHI NMEeNTUAM, OyJIU MEPEBAKHO MITAMO-
cnerudivaumu [53].

OTxe, U1l BAKOPUCTAHHS MIKCOOAKTEPiii MOPCHKOTO TTOXOPKEHHS SIK JKEepe-
7a 610aKTHBHHUX META0OMITIB HEOOXITHUM € iX TIONIYK 1 MOrTHOIEH] J0CITiKSHHS
Mopdororii Ta dizionorii [10], a Takok po3poOKa i BIOCKOHAJECHHS MiAXOIB 10
BUJIUJICHHS Ta KYJIBTHBYBaHHSA [65], OCKIJIbBKM METareHOMHUH aHai3 MMoKa3ye, 10
MOpPCBKI MikcoOakTepii, i1eHTH(iKoBaHI Ha CHOTOIHIIIHINA JIeHb, 1€ JIUIIC HEeBE-
JIMKa YaCTUHA THX, 110 TMOTEHILIWHO iCHYIOTh. Lle CBIIYUTh Mpo Te, M0 BeTrYe3Ha
PI3HOMaHITHICTh BU/IB 3QJIMIIA€THCSI HEBUBYCHOIO [21].

Ha croromHimHii JeHb TaKCOHOMIYHO JOCTOBIPHO ONKCAHI IT'STh BHJIIB
(Enhygromyxa salina, Haliangium tepidum, Haliangium ochraceum, Plesiocystis
pacifica, Pseudenhygromyxa salsuginis), 1o HaJie)xaTh JI0 YOTUPhOX HOBHX POIiB
MOPCBKHUX Ta €CTyapHHUX MikcobakTepii [17, 21, 29, 30, 33].

Pix Haliangium

VYV 1998 p. T. lizuka et al. moBinoMuiIM po BUALIEHHS 31 3pa3ka CyXuX MOp-
CBKUX BogiopocTeit Laminariales, 310paHux Ha mimanomy ki (AOyparcy0o-BaH)
niBoctpoBa Miypa B SnoHii, 1Box 6akTepiit, mio 3aatHi 10 poinus [3, 28]. O6unsa
130519TH (POPMYBaIIM KIIITHHHI arperary, siKi, IpHHaiMHI B OJHOTO 130J15ITa, PO3BH-
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BaJIUCS 70 CTPYKTYP, MOMIOHUX JI0 IUIOJIOBUX TiJI, 11O MICTATh Mikcocriopu. OnTH-
MajbHi koHIeHTpaiii NaCl ais ix pocty ctanHoBwiH Bij 2 110 3%, 1110 MOYKHA TTOPiB-
HSITH 3 KOHIICHTPAIII€I0 Y MOPChKiil Boai. L[ XapakTepucTuka pocTy MepeKOHINBO
CBITYMJIA TIPO TE, IIO IIi JBA I30JIATH € CHCHU(PIYHUMH MOPCHKHUMH OaKTEpisSIMHU.
Hocnimkenns nocaigosHocti 16S p/IHK nmokazanu, mio i Ba i30514TH CIIOPiAHEH]
3 ponom Nannocystis. Ha 0CHOBI (hiJIOT€HETHUHUX BiJICTAHEH MK T'JIKAMU aBTOPU
3poOMITM BUCHOBOK, 11O 1X CJIiJT BI/IHECTH JIO IBOX HOBUX POJIIB MiKcoOakTepiii [28].

Y 2002 p. R. Fudou et al. netanbHO onucaaym TaKCOHOMIYHI BJIACTUBOCTI
IBOX MOpchKuX i30mstiB (SMP-2T, SMP-10"), siki MaroTh moaiOHI XapaKTepUCTHU-
ku, aie SMP-10" pocre 3a Bumoi Temmneparypu. Ha ocHoBi ¢eHoTunoBux Ta ¢i-
JIOTEHETUYHUX XapaKTEPUCTUK IIUX JBOX INTAaMiB aBTOPH 3alpPONOHYBAIN HOBHIA
pin Haliangium 3 nBoma HOBUMU Bunamu: Haliangium ochraceum ta Haliangium
tepidum, no sxux BigHecau mramu SMP-2T ta SMP-107, Biamosiauo [17].

BereraTtuBHI KJIITHHM IUX JBOX IITaMiB MPEICTaBICHI IPaMHEraTUBHHUMHU
NaJTMYKaMH 3 TYNUMU KiHisiMa, po3mipom 0,5-0,6 wa 3,0-8,0 Mmxm. Pyxomi, koB-
3al0Th 0 TBEPAUX MOBEPXHSX, TAKUX SK arap. Y TBOPIOIOTH KOJIOHIT KOBTOTO KO-
JBOPY, IO MOIIUPIOIOTHCS MO TOBEPXHI arapy, 3a3BU4aii 3Jerka 3arTHOIIOI0YHCh B
HbOrO0. [1110/10B1 TiNa XKOBTOr0 200 KOPUUYHEBOTO KOJIBOPY Ta CKIAJAIOTHCS 3 OIHI€T
a0 KiTbKOX cuasumnx criopanrioneit (15—-150 Mkm), 310paHuX y NIUTBHI TAKyBaHHS.
OOGmniratHi aepobu Ta MOMipHi ranodinu (A7 ONTUMAIBEHOTO POCTY MOTPEeOyIOTh
1-3% NaCl, maxcumanbHa koHreHTparis NaCl, npu sikiid poctyTh, — 6%).

Bonun € xmxakamu ApixmkiB (Saccharomyces cerevisiae) Ta Oakrepiid
(Escherichia coli, Micrococcus luteus). Bynu BusiBeH1 okcuasa (cnadka peakiis),
ayxHa (ocdarasa, ecrepaza C,, nminasa C , (cnabka peakuis), kucna pocdarasa
(cmabka peaxkiiis), JIeHIMHApUIIaMiga3a, BaliHapuiIaMigasa, TPUIICUHOMOIIOHI 1 Xi-
MOTpPUIICHHONIONIOHI epmenTH (cnadka peakuis), HagTon-AS-Bl-dpocdorigpona-
3a Ta B-Troko3uaasa. bakrepii mux mramis rigpomisyoTs kpoxmans, JJHK, kazein
Ta XENATHUH; HE TiAPOMI3YIOTh LIETI0NI03Y; OCHOBHUM PECIIPATOPHUM XIHOHOM €
MeHaxiHOH MX-8, a nepeBa)kaJIbHUMU KUPHUMHU KUCJIOTAMH € HACHYEHI 3 130P03-
ragyeHuM sanmorom (i30-C,, ) Ta Hacu4eHi 3 npamMuM janmorom (n-C,  ); Ha-
sIBHI aHTei30po3ranyxeni kucyiotd. Bmict I'+1] y JIHK cranoButs Big 67,0 n0 69,5
Moi1.%. TurmoBuMm Bugom € Haliangium ochraceum [17].

Haliangium ochraceum

BereraruBni xinituau Haliangium ochraceum — MWIIHAPUYHI MATHYKA 3
TYIIMMH KIHIIMH, SIKI HETaTHBHO 3a0apBiroioThes 3a [pamom; po3mipom 0,5-0,6
Ha 4,0—4,5 MKM 3 MMO3aKJIITHHHUM MaTPUKCOM. Y TBOPIOIOTH KOJIOHI1, 1110 MOIIUPIO-
IOTBCS 32 JIOTIOMOTOI0 KOB3aHHS Ha TBEPAUX CyOCTparax, TaKHUX SIK arap, yTBOPIO-
FOUM 3JIeTKa 3arIuOJIeH] paaialibHI CMYTH Y BUIVISII TUTIBKOMIOMIOHUX IApiB, IO
HaragyoTh «poi» [17]. Y Kynsrypax, 1o cTapitoTh, KIITHHU OLIbIIE HE PYXaIOThCS
JUIS TIOITYKY HOBHUX CyOCTpaTiB i 30MpalOThCsl Y MEBHUX TOYKAX POiB, YTBOPIOIOUU
wionoBi Tina [34, 36]. [ToBigoMisiiocst Ipo YTBOPEHHS IIOAOBUX Tin Haliangium
ochraceum, 10O KyJNbTUBYBJIUCS K Ha arapu30BaHUX, TaK 1 OyJIbHOHHHUX Cepeno-
Buwax [17, 87].

[TnomoBi Tina SABISAIOTE COOOIO CBITIIO-XKOBTI, )KOBTYBAaTO-KOPHUYHEBI, HEMpa-
BUJIBHOI (hOpMU, CHIIY1 BUITYKIIOCTI liameTpoM 50—200 MKM, 1110 MICTSATB OJHY 200
KUTbKa OBaJIbHHUX criopanrioner posmipom 20-60 mxwm [17, 28]. Chepuuni ado sii-
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1enoAioHI MiKCOCTIOPH BCEPEHHI CIIOPAHTI0N — KPUXiTHI, po3Mmipamu 0,5-0,7 MKkM
[17, 34]. Mikcocnopu BUTPUMYIOTh TEPMiuHy 00poOKy mpu Temreparypi 55-60 °C
npoTaroM 5 XB. BoHM MOXyTh 30epiraTicst y BUCYIIEHOMY CTaHi IIOHaiMeHIIe 3
Micsii [87].

OntumanbHa koHueHTpaniss NaCl st ix pocty B 1a00paTopHUX yMOBaxX —
2%, mpoTe pocTyTh y mmpiiomy aiamazoHi — 0,5-4% NaCl [17, 28, 87]. [1noxosi
TijIa yTBOPIOIOTHCS MPH KOHIIEHTpalisx coii 1,5-3,5% [87]. B maboparopaux ymo-
Bax Haliangium ochraceum KynbTUBYIOTH Ha MOIU(IKOBaHUX cepenoBuiiax VY/2
1 CY, o ckiagy sIKMX BXOJUTH MOpPChKa cuib. [y iHAyKUii poiHHS MiHiMaslbHA
KOHIICHTpAIIisl iHOKy/sITy Mae Oytu 10° kiitun [87]. TemneparypHuii qiana3zon aist
pocty cranoBuTh 20—40 °C 3 ontumymom 30-34 °C [17].

Haliangium ochraceum — aepo0 31 ClIaOKMMH OKCHJJIAa3HOIO Ta KaTaja3HOIo
peakuisimu. He pocTe Ha MiHepanbHUX CEpENOBUILAX 3 ByIJIEBOJaMH a00 OpraHiy-
HUMH Krciotamu. Jlo6pe po3kiiagae nomiMepHi MOJICKYJIH, Taki ik kpoxmais, JJHK,
Ka3eiH, XiTUH a0o )KeNaTuH; eoNIo3y He po3iueruitoe. bakrepii Buny Haliangium
ochraceum 31aTHI Ti3yBaTH SIK TPAMHETATUBHI Ta TPAMITIO3UTHBHI OakTepii, 30Kpe-
Mma Escherichia coli ta Micrococcus luteus, Tak 1 npix ki Sacharomyces cerevisiae.
Bignosigno, npoxykyrors ainasy (C ), TPHMICHHONOAIOH] i XiMOTPHIICHHONOMI0-
Hi (epMeHTH, BaTiH Ta JICUIIUH apuaMilasu, XiTHHA3Y; O-TJIIOKO3H1a3a BIICYTHS
[17]. Hapa3i nocTeMEeHHO He BCTAaHOBJICHO UM aKTUBHO Haliangium ochraceum mo-
J0€ Ha OaKTepii->KepTBH, K 1€ BCTAHOBJICHO i1 Myxococcus xanthus [4].

Haliangium ochraceum neMOHCTpPY€ BUIILY CXOXKICTh HOCIHITOBHOCTI 16S
pAHK 3 rpyHTOBUME MiKCOOAKTEPisIMU, HIK 3 1HIIUMU Tano(iIbHUIMUA MOPCHKH-
MU MikcoOakrepismu [16, 40]. Menaxinon MX-8 € mepeBaKalbHUM XiHOHOM Yy
Haliangium ochraceum, six 1 B yCiX JTOCHIHKEHUX I'PYHTOBUX MIKCOOAKTepiaTbHUX
takcoHax [17, 34]. Bin rpyHToBUX Mikcobakrepiit Haliangium ochraceum Binpi3-
Hsi€ oOJiraTHa rajgo(uUIbHICTh, HASBHICTH MAJbMITHHOBOI KHCIIOTH, SIK OCHOBHOT
YKUPHOT KHCJIOTH, Ta aHTE130pO3rally)KeHUX KUPHUX KHCIoT [17].

Tunosuit wram Haliangium ochraceum — SMP-2" (y HiMeUbKili KOJeKIii
mikpooprauizmiB — Haliangium ochraceum DSM14365"), moBHa TOCIiIOBHICTb
reHomy sikoro Oyina omyOumikoBana y 2010 p. (NC_013440.1) [34]. 'enom po3mipom
9,45 MIIH 1. H. CKIIQIA€ThCS 3 OJHI€T TOJIOBHOI KUIBIIEBOI XPOMOCOMH 3 BMICTOM
I'+11 67,0%; 3 6951 nependauyBaHux reHiB 6898 € reHaMmu, 0 KOAYIOTh OUIKH, a
53 — PHK. Takox imeHTH(hIKOBaHO 53 1MCEeBIOTeHU. BibIICTh TeHiB, 110 KOIYIOTh
oinku (62,1%), BosnonitoTh nependadyBaHUMK (PYHKIISIMU, pelTa Oyiu aHOTOBaH1
sk rinoretnyHi Oinku; 10,1% renomy 3aaistHO y 610CHHTE31 BTOPUHHUX MeTa0o-
JiTiB. Y TeHOMi BUSIBIIEHO 0araro HEBiJOMUX TeHiB [34]. BaXIMBUM BiIKPUTTAM
CTaso BUSABJICHHS y TeHoMi Haliangium ochraceum MoCaiIOBHOCTI, O KOAye Oi-
JIOK POJIMHU aKTUHIB — OakTepianbHuii akTuHONOB's13aHuit 0110k (BAIIB; bacterial
actin-binding protein (BARP)) [83]. Lle € nepiuM NMOBiJOMICHHSIM PO TOMOJIOT
aKTUHY B OaKTepiaJbHOMY T'€HOMI.

R. Fudou et al. (2002) nmoBigomMuiu mpo nepiie BiIKPUTTs 010aKTUBHOTO BTO-
PUHHOTO METa0OJIITY MOPCHKHX MIKCOOAKTEPii — rajliaHriluHy, MoiKeTuay (modi-
€HY) 3 IPOTUTPUOKOBOIO 1 TUTOTOKCUYHOKO aKTUBHICTIO, BULIeHOTO 3 Haliangium
luteum [15, 16, 61]. Iliznime R. Fudou et al. (2002) nepexnacudikyBamu ii B
Haliangium ochraceum [17].
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laniaHrinyH MICTUTH KOH'TOTOBAaHUH TETPAEHOBHN (parMeHT pa3oM 3 of3-Me-
Tokcuakpuiarom [16, 22]. JlocmikeHHs: 0i10J0TTYHOT aKTUBHOCTI MMOKa3aJH, 110
el mojieH crnenudivyHo MPUTHIYY€E TPAHCIOPT elIeKTpoHiB y komruiekci I au-
XaJIbHOTO JIAHIIFOTa HUTYacTUX TpubiB [15]. MiniManbpHa MpUTHIYYBajIbHA KOHIICH-
Tpauis ais Aspergillus niger AJ117374 ctanoBuna 12,5 mxr/mu, st Fusarium sp.
AJ177167 — 6,3 mxr/mi [10]. BusiBneHo, mo CHHTE3 rajliaHTiIUHY 3aJeKUTh BiJl
npucyTHOCTI B cepenosuii pocty NaCl [15]. OntumansHuii giana3zoH Uit IpOIyK-
uii cranoBuTh 2—-3% NaCl y cepenosuiii, o BiAMOBIIAE diana3oHy ONTUMAIBHO-
ro pocty. biocuHTeTHYHMI TEHHUI KJIaCTep rajiaHriluHy OyB reTeposIoTiYHO eKC-
npecoBanuii y Myxococcus xanthus, o Ipu3Be0 A0 AeCATUKPATHOTO MiABHIICH-
HSl CHHTE30BaHOT'O TalliaHTIIMHY y MOPIBHAHHI 3 TPUPOIHUM npoayueHTom [10].

[Tiznimre nosigomsiocs, mo Haliangium ochraceum npoxyKye pi3HOMaHIT-
Hi 130Mepu ramianrinuny [3]. OTprMaHi HENPUPOAHI AHAJIOTH TAJTIaHTIUHY Tl
YSBIICHHS ITPO B3a€MO3B'SI30K CTPYKTYPH Ta aKTHBHOCTI IIbOro MeTadomity [70].

Takox Oyito mokasano, 1o Haliangium ochraceum SMP-2" cuntesye raia-
MiJl, TIOpUIHUH MOJIIKeTUI-HEPUOOCOMHUH TENITH] TaliaMijg Yepe3 NMUIIX MOJTiKe-
TUICUHTA3u THIy | Ta riOpuAHUN NUISX MOJIKETHI-HEPUOOCOMHOTO OI0CHHTE3Y,
BignosinHo [40, 70, 71, 73]. Taniamia nposiBiisie aHTUOAKTEPiaIbHY, TPOTUTPUOKO-
BY 1 IIUTOTOKCUYHY aKTUBHOCTI [61], 30KpeMa JeMOHCTPY€ HUTOTOKCHYHICTh TPO-
TH JiHiT myxauHaEX K1t HeLa-S3 [71].

[poBenenuit antiSASH awnaniz renomy Haliangium ochraceum SMP-2T
BUSIBUB HAsSBHICTh 25 KIJIACTEPIB IeHIB BTOPUHHUX METAOOINITIB, cepel SAKUX 3 —
NRPS, 2 — PKS, 3 — NRPS/PKS Ta 4 — puO0COMHI MENTUIH, IO CBIAYUTH PO
HOro BUCOKMH MOTEHIaN JJIsi CUHTE3y HOBHUX MeTaloiiTiB. OKpiM roMojiorii 3
OiocunTeTyHMMU reHamu reocMiny (100%), aypadypony (71%) Ta naneibakTuHy
(50%), BusiBIIEHO yHiKaNbHI Kinactepu reHis [10].

Mertabonomuuii a"ami3 in silico 3a gonomororo RAST moxasas, 10 mram
Haliangium ochraceum SMP-2T mOTeHIIITHO MOXE CHHTE3yBaTH TEPIICHH, JTAHTH-
MeNnTHIU Ta JaconenTuau [53].

Haliangium tepidum

Heit Bux pony Haliangium OyB omucanuii R. Fudou et al. (2002) pa3om 3
Haliangium ochraceum [17]. Haliangium tepidum Mae BCi BIaCTUBOCTI, XapakTep-
Hi U151 pony Haliangium, oqHak MiKCOOaKTEpii I[bOTO BUIY € MEHII JOCIIHKCHUMH,
Hix Haliangium ochraceum [3].

Busisneno, mo Haliangium tepidum mae MOpQOJIOTit0 KIITHH Ta CTPYKTY-
py II0A0BHX Tin, nomibny no Haliangium ochraceum. KniTuHU SBISIOTH COO0IO
IrpaMHETaTHBHI MAJIMYKU 3 TYNUMU KiHISIMH, po3mipom 0,5-0,6 Ha 3,5-7,0 MKM,
3[aTHI 10 KOB3aHHSI; KOJIOHIT — 3KOBTOTO KOJILOPY; Ha MIOBEPXHI1 KUBHIBHUX CEPEIO-
BHUIII MTOCTYIIOBO MOLIMPIOIOTHCS Y BUIVISL IUTIBKOMOAIOHOTO 1Iapy TPOXH 3aryIu-
OJTIOIOYHCH B TIOBEPXHIO arapy [17].

[TnomoBi Tina 3a3BUYail GopMyIOTHCS Ha TOBEPXHI arapy. Bonu pizHoMaHITHI
3a (opMOIO Ta po3MipamH, MOAIOHI J0 IJIOJOBUX TuI, IO yTBOproe Haliangium
ochraceum SMP-2", 3a BUHATKOM TOTO, III0 BOHH 3a3BHYail MICTATH OLIbIIE CIIO-
pasnrion (Bix 15 mo 60 Ha ofHEe TUIONOBE TiJIO) TA € MOMICAPUIHUMU, & HE OKPYTJIH-
MU, 1 MeHIIi 3a po3mipom (15-70 mxm).
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BusiBiieno, mo Haliangium tepidum, six 1 Haliangium ochraceum, € o0i-
raTHUM rajaoQiioM, BiH pOCTe Ta YTBOPIOE IUIOAOBI TiJIa IPU CONOHOCTI Big 0,5 10
6,0% NaCl, onrtumym 1-3% NaCl [17].

Jiama3oH Ttemmepatyp Ui pOCTy [EIIO BIAPI3HAETbCS U IITaMiB
Haliangium ochraceum SMP-2" i Haliangium tepidum SMP-10T. ¥V Toii yac sk
Haliangium ochraceum SMP-2T pocte mpu 2040 °C (ontumym 30-34 °C),
Haliangium tepidum SMP-10" pocte B 1upIiomMy TeMrepaTypHOMY Jiana3oHi: Bij
27 no 45 °C 3 ontumymom 3740 °C.

Haliangium tepidum — aepo0, nposiBisie cIaOKy MO3UTHBHY PEaKIlito MO0
NPOIYKIIT OKCH/Ia3H, KaTajJa30HEraTUBHUMA, IEMOHCTPY€E aKTUBHICTH JIY>KHOT (oc-
darasu, ecrepasu C,, ninasu C, (cnabka peaxuis), kucnoi pocdarasu (cnabka
peaxiiisi), JeHIMHApWIaMiga3y, BaJliHAPWIAMIJIA3H, TPUIICHHOMOAIOHOTO 1 Xi-
MOTpHIICHHONIONI00T0 (hepMeHTiB (crnadka peaxitis), HagTon-AS-Bl-docdoriapo-
Ja3¥ Ta 0- 1 B-III0KO3K/1a3 3 BUKOPUCTAHHSM BIAMOBIIHUX cyOcTpariB. [igpomizye
kpoxmanb, JIHK, kazein Ta xenatun. Sk i Haliangium ochraceum, Haliangium
tepidum 31aTHUIA Ti3yBaTH OaKTepianbHi 1 AP1KIHKOBI KIITUHU.

OCHOBHUM pecHipaTOpHUM XiHOHOM € MeHaxiHOH MX-8. JKupHOKHCIOTHHIA
npodine mramiB Haliangium ochraceum SMP-2T i Haliangium tepidum SMP-
10" noni6uuit. Onuak, y Haliangium ochraceum SMP-2T HaiiO1IbII TOIIUPEHOO
€ nanpmituHoBa kucnora (n-C, ), a'y Haliangium tepidum SMP-10" nepesasxae
i3oposranyxena kucinora (i30-C ). Taxox Oynu BUABIEHI aHTEI30pO3raly’KeHi
KHCJIOTH, 1110 BIJPi3HSE Il MOPCHKI MIKCOOAKTepii BiJ IHIIMX MikcoOakTepii [17].

TunoBuit wram — Haliangium tepidum SMP-10T (y konekuii DSMZ
Haliangium tepidum DSM 14436"). Bmict I'+1] cranoButh 69,5 mon%. Iloku
HEMa€ JaHUX IPO IOCIIJOBHICTh T€HOMY a00 BHSBIICHI MPHUPOAHI MPOIYKTU
Haliangium tepidum, Tam ne menme, [1JIP-nocnimkenns renomuoi JIHK BusiBu-
mu Benuky kutbkicth BI'K momikeruncunTas (PKS) y renomi Haliangium tepidum
[38]. Bcranosneno, mo Haliangium tepidum MiCTUTh HAWOUIBINY KiJIBKICTh HOBHX
nociigoBHocTel PKS y mbomy macusi [34, 38].

Pin Enhygromyxa

VYci Buau Enhygromyxa, BUIUICH]I HAa ChOTO/HI, € Tal0(UILHUMHU Ta BBaXKa-
IOTBCSl CIPAaBXHIMH MOPChKUMH MikcoOakTepissmu [10]. Tleprie moBigmoMieHHs
PO BUJUICHHS, XapaKTEPUCTUKY Ta TAKCOHOMIYHY KJIACHU(IKAIIO MECTH IITaMiB
Enhygromyxa salina: SHK-1, SMK-1-1, SMK-1-3, SMK-10, SKK-2 ta SMP-6
Oyno omybmikoBano y 2003 p. T. lizuka et al. [29]. Lli opranizmu Oynu oTpuMaHi i3
3pa3KiB MyITy, TICKY Ta BOAOPOCTEH, 310paHUX Y MOPCHKOMY cepeoBulii 0is Srmo-
Hii. [Tiznime rpyna G. Konig (2010) Buninuna me yotupu mramu Enhygromyxa
salina 13 3pa3kiB MOPCHKHX TPUILUIMBHO-BIUTMBHUX BiJIKJIAJCHb, 310paHUX Ha 3a-
ximHomy y30epexcki CIIIA, Ha y36epexoki Himeuunnu ta Hinepnannis [13, 65].
Cynasium 13 reorpadiyHuX JIOKaIiil JHKepel BUAUICHHS, MPHUITYCKAIOTh, IO BUAU
Enhygromyxa nomupesi o scbomy cBity [10].

Itam Enhygromyxa salina SHK-1T € tumoBum (y konekiii DSMZ
Enhygromyxa salina DSM 152177) [3]. BereraruBHi KIITHHU THIIOBOTO IITaMy €
rpaMHETaTHBHUMU aep0o0aMu, MalOTh MATUYKONOAIOHY (pOpMy 3 TYMUMH 3a0KPYT-
JeHUMHU KiHIIMH, po3mipamu 0,5-0,8 Ha 1,5-7,0 Mxm [29], po3mipu KITITHH 1HIITUX
HITaMiB BapilOl0Th. XapaKTEPHOI O0COOIHBICTIO € KOB3HA PYyXJIHMBICTh, pOi BUIJIS-
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JIAI0Th K HEerTMOOKi 3aruOIieHi Kparepyu Ha arapu3oBaHUX cepeqoBHINax. [HOMI
poi yTBOPIOIOTH pajiasibHI YM KPYIIli Bi3epyHKH. BiaMiuaroTh HE3HAYHI BiAMiIHHO-
CT1 y 30BHILTHHOMY BUIJISIJII POMOBUX KOJIOHIN Pi3HHX IITaMIB.

Enhygromyxa salina yTBOpIO€ TUIONOBI Tija Bij OLJI0TO 10 MOMapaH4YeBOrO
KOJILOPY IIPU BUPOLIYBaHHI Ha cepenoBuiii VY/2 3 1onaBaHHIM COIOHOI Bonu [29].
Bonu matots Kymsicty abo 6ararorpanny Gpopmy i 3'SIBISIFOTHCS Ha MOBEPXHI POHO-
BUX KOJIOHIH MPHUOIM3HO IMiCis BOX THXKHIB KyJIBTUBYBAHHS 1 JIeZIBE MTOMITHI 0e3
30inbmeHHs [65]. Mikcocnopu MarwTh chepudny Gopmy aiamerpom 0,5-0,7 Mkm.

VY OynbitoHHUX cepenoBuiiax Enhygromyxa salina yTBOPIOIOTH TPYIOYKH 3
KIIITHH (KOHITIOMEpaTH) BiJl TOMapaH4YeBOro 10 YePBOHYBATO-IOMAaPaHYEBOTO Bij-
TiHKY. JlucniepcHuil picT y piAKUX CEPEOBUIIAX HE CIIOCTEPIra€ThCs.

Sk oOmirarHi ranodinu, Enhygromyxa salina nepeHOCITh KOHIICHTPALIiIO
NaCl 0,1-4,0% 3 ontumanbeaum gianazoHoMm 1,0-2,0% NaCl. OgHak 4HCIIEHHI
mramu Enhygromyxa salina neMOHCTPYIOTh pi3HI Alana3oHH TOJEPAHTHOCTI 10
corii 3 MiHiManeHUME KoHIeHTpanismu 10 1% NaCl ta makcumansaumu — 7%
NaCl [29, 65].

Kpim Toro, st pocTy GakTepisiM IIbOTO BUIY TaKOXK HEOOXiHI JBOBAJICHTHI
KaTiOHHI KOMIIOHCHTH MOpPCBKOi BomH, Taki sik Mg?" abo Ca?*. Poctyts npu pH
7,0-8,5, y remneparypaomy aiamaszoni Big 20 10 30 °C, npu 37 °C picT He Biamida-
erbest. Karanasa- i okcuiaszano3utuBHi. He po3kianaloTh anbriHar, Hemroao3sy, Xi-
TUH. Xoua mwramu Enhygromyxa salina 31aTHI BIDKMBATH Ha CEPEOBHINAX 3 APIXK-
JDKaMU SIK €IMHUM JDKEPEJIOM a30Ty, BOHU 37aTHi JIi3yBaTH JIMIIE TPaMHETaTUBHI
OakTepii Ta He 37aTHI JIi3yBaTH KIITUHU Saccharomyces cereviseae [29].

IMosimomnanocs, mo wramu Enhygromyxa salina marots iso-C ., is0-C,
Ta i50-C,. / K OCHOBHI HpHI KucioTu [29]. CrenndivyHorw 0COONIUBICTIO MIKCO-
OakTepiil pony Enhygromyxa ¥ iHIIOTO MOPCHKOTO pony Plesiocystis € HasIBHICTh
nosinenacuaenux kucnor C, . [29, 30].

OcHoBHUM pecripatopauM XiHOHOM € MX-7. 'enom mae 10,44 miH 1. H.
[10]; BmicT I'+1] xonmuBaeTbest y Aiamaszoni Big 65,6 mo 67,4 mon% [29] 1 63,0—
67,3 Mont% [65]. Y tunioBoro mramy BMmict '+ — 66,7 mon% [89].

Bonsitu Enhygromyxa salina maroTh Maii)ke 1ICHTUYHI MOCIIOBHOCTI 16S
pAHK Ta kmacrepusyBaicCh 3 IHIIOK MOPCHKOIK MikcoOakTepieto Plesiocystis
pacifica sk IXHIM HalOMKIUM porrndeM Ha (imoreHeTnaHOMY AepeBi (95,9-96,0%
nomioHocTi) [29].

BinpmricTe BiIOMHUX Ha CHOTOJHI MPUPOJHHUX MPOAYKTIB 13 MOPCHKUX MiK-
cobakTepiii BUSIBICHO Yy MpPEICTaBHUKIB came pony Enhygromyxa [22]. Lle n'ate
CTPYKTYp HMOBIPHOTO MOJIKETHIHOTO, IIUKIMATHOTO Ta TEPIEHOIJHOrO IOXO-
JoKeHHS: caniMadpomin [13], enrirponiau Ta canimikcunu [14], eHrirpoMoBa Kuc-
JI0Ta Ta JAe30KCUeHrirpomiau [ 14, 74].

Canimabpomin OyB mepmIMM BTOPUHHHM METa0OJITOM, BHSIBICHUM Y
Enhygromyxa [13]. Metabonit Bunineno 3i wmramy Enhygromyxa salina SWB007,
OTPHUMAHOTO 31 3pa3Ka MOPCHKOTO MyJIy. Y pi3HUX mTaMiB Enhygromyxa salina Bu-
SIBJICH] YMCJICHHI BTOPHUHHI METa0OITH, HOCTIKEHO 1X aKTHBHICTh Ta O10CHHTE-
tuany 30ipky [10, 13, 14, 19, 25, 66].

CanimaOpomia 0coOIMBO IIKaBUH 3aBSKU CBOIN YHIKaIbHIN TaJOr€HOBaHIM
TeTpAUKIIuHIN cTpykTypi siapa [10]. JocmikeHHsT CTPYKTypu calliMabpominy

ISSN 2076-0558. Mixpobionocis i 6iomexnonoeis. 2025. Ne 3. C. 78—-111 ——— 91



B. 0. IBaniua, 1. B. Crpamuosa

MOKAa3aJiv, 10 BOHA MiCTUTh HOBHI TETPALMKIIIYHUN BYIJICHEBUI CKEJIET, 10 CKJIa-
JAE€THCSL 3 OPOMOBAHOTO OEH30JILHOTO KUTBIL, 3QJIMIIKY (DypaHOIAKTOHY Ta IIHMK-
JIOTEKCAHOBOTO KUIBIIS, 3'€IHAHOTO CEMUYWICHHUM IUKIIYHUM (pparmeHTom [13].
BBakaroTb, 1110 oro 6iocuHTe3 3aiiCHIOEThCs 3a goromororo PKS III tumy [10].
CanimaOpomij MposiBUB MOMIpHY aHTUOIOTHYHY aKTUBHICTh POTH FPAMIIO3UTHB-
Hoi Oakrepii Crystallibacter (Arthrobacter) crystallopoietes [10, 13].

OxkpiMm canimabpominy, mram Enhygromyxa salina SWBO007 nponykye eHri-
rpoiiaun A ta B, 110 MicTATh o/f-HEeHACUUEHUIT Y-IaKTOHOBUI (pparmeHT, 2,4-3ami-
IICHUH OCH3WILHUMH Ta OCH3WIMICHOBUMU KUTBIAMU [ 14].

bruspkocnopigaeHuii Mopcbkuit mtam Enhygromyxa salina SWBO00S cun-
Te3ye caliMikcuHu A Ta B (miarpymna TeprneHoiniB), M0 MPEACTaBIAIOTH COO0I0
CTPYKTYPHO HaWOUIbII HE3BUYAWHI, IerpajoBaHi TpulukiiyHi creponu [10, 14].
[Tokazano, mo eHrirpomia A ta caiximikcud B mpurniuytots pict Crystallibacter
(Arthrobacter) crystallopoietes [14].

VY 2017 p. 31 3pa3ky npuOepeKHOro MicKy, 310paHoro Ha sbki B KaciBaazaki,
SInowist, BUIIJICHO HOBUH BuI — Enhygromyxa niigataensis abo Enhygromyxa sp.
SNB-1 [74]. Marouu 97% noniOHicTh 10 nociigoBHocti 16S p/IHK Enhygromyxa
salina SWB004, Enhygromyxa niigataensis SNB-1 0yno BU3Ha4€HO SIK HOBUI BU]I
y poxi Enhygromyxa. Xoua ioreHeTHUHEe NONOKEHHs Enhygromyxa niigataensis
JIO3BOJISIE TIPUITYCTUTH, IO 1€ CIIPABIi MOPChKa MIKCOOAKTEpisi, piBHI rajloToJe-
PaAHTHOCTI Ta MOPQOIOTiuHI 0COOIMBOCTI MITaMy Hapa3i HE BU3HAYCHI.

tam Enhygromyxa sp. SNB-1 € mpoaylileHTOM BTOpUHHHX METa0OITIB €H-
rirpoMOBOi KUCIIOTH Ta JAe30KkcueHrirpomiaiBs A ta B [14, 74]. [IpoBeneni gocmi-
JOKEHHS TIOKa3aJIH, [0 €HrirpoOMOBa KMCIIOTa MICTUTh YHIKaJIbHY JeKariapoaleHa-
(GTHIICHOBY CTPYKTYpY, MOB'SI3aHy 3 0-METHJIAKPUIOBOIO KucaoTor. Llel merado-
JIT IPOSIBIISIE IIATOTOKCUYHY aKTUBHICTh IPOTHU KIIITHH MenaHoMu B16 Ta mocuitoe
pict HeiipuTiB xnitun PC12 [74].

bioinpopmarnunuii ananiz renomy mramy Enhygromyxa salina DSM 15201
3a ponomororo antiSMASH 103BoNIMB BUSIBUTH 3HAYHY KUJIbKICTh HEOXapaKTEPU30-
Banux bI'K, cepen sikux 17 knacrepiB reriB, HMOBIpHO, BiAMOBIAaIbHUX 32 CUHTE3
NRPS, PKS Ta riopunnux npoaykriB NRPS-PKS, 6 — 6akrepionuHis, 1m0 BKazye
Ha 3HAUYHUI aHTUMIKpOOHUI MOTEHIIIa UX MIKCOOaKTepiii. 3aranoM, y BTOPUHHO-
My MeTaboi3mi 3aaistHo 9,2% renomy [10].

[Tokazano, mo Enhygromyxa salina SHK-1T npoayKye 10BrojaaHIrorosi mo-
JiHEHACHYEH] KUPHI KUCIOTH — apaxifonoBy kucnory (C, ,, n-6) Ta eliko3aneH-
TaenoBy kuciory (C, ., n-3) [20, 22, 29]. IloxibHy npoayKuiro apaxiJoHOBOi KHC-
JIOTH MOPCHKOTO TIOXOJKEHHS TaKOXK CIIOCTepiranu y mikcodakrepiit Plesiocystis
pacifica SIR-17 [30] ta Pseudenhygromyxa salsuginis SYR-2" [33].

Pin Plesiocystis

T. lizuka et al. (2003) 3 mpubepekHOT 30HU AMOHCHKOTO TUXOOKEAHCHKOTO
y30epeskKsi, pO3TAIIOBAHOTO y CYOTPOIivHIi 30HI, 130I0BAJIM JBa IITaMH HOBOI
MmikcoOakTepii, ski mo3naumm sik SIR-17 ra SHI-1 [30].

KniTiHM BUIIEHUX TPAMHETaTUBHUX IITAMIB SIBJISLTM COOOIO MPsiMi Mand-
KU 3 TYMUMH, 320KPYTJICHUMH KIHIISIMH, SIKi YTBOPIOIOTh C)epUIHI MIKCOCTIOPH JTi-
amerpoMm 0,5-0,7 Mxm. BereraTuBHiI KIITHHU PyXalOThCs, KOB3aKOYM MO TBEPHAil
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MOBEPXHI, KOHIEHTPYIOUHCh Ha Tepudepii poro; arap ycepeauHi poiB 4acTo rif-
pomi3yeThest. Ha arapoBux cepenoBHIax crocrepirarotbes chepuyuHi abo oBasbHi
CKYIYEHHS KIIITHH, SIKI MICPYIOTh BiJl IEHTPY Ta 3aJMIIAIOTh BUTPABIICHI ILISXU
Ha MOBEpXHi. PoXXeBO-KOpUYHEBO-TIOMapaHy€eBi IJIOAOBI Tijia SBISIOTH COOOIO IM0-
OJMHOKI arperar. JlociipkeHi BIaCTHBOCTI JTIO3BOJIMJIM BIJHECTH Il JIBa IITAMHU
MiKcoOakTepiii 10 HOBro pony Plesiocystis [30].

MikcobakTtepii poxny Plesiocystis cyBOpo aepoOHI XeMOOPTraHOTpOo(hH, ME30-
¢inbHI, HEUTPOQLIBHI Ta c1ado ranodinbHi. OKCHAA30MO3UTHBHI Ta ClIa00 KaTana-
30M03UTHBHI a00 HeraTtuBHI. [11pomi3yl0Th Ka3eiH Ta jKelnaTuH 1 He TiAPOIi3yI0Th
KpOXMallb, XiTHH, albriHAT, LEII0N03y, arap-arap. OCHOBHUM XiHOHOM € MX-8,
a OCHOBHUMH KJIITHHHUMH XUPHOKMCIOTHUMH KUcnoTamu — i30-C . Ta i30-C, .
Takox BusBneni anreizo-C, Ta anreizo-C,, , Ta JOBrOJAHIIOIOBI MOJiHEHACHYE-
i sxupHi kucnotu (C, ). I'iapokcuxupHi kucaotu He BusBiIeHi. Bmict ['+11 y re-
HomHi# JIHK cranoButh 69,3—70,7 Mmon% [10, 30]. TunmoBum Bugom € Plesiocystis
pacifica.

OOuaBa BUIUIEHUX INTaMU BigHeceHl 10 Buay Plesiocystis pacifica i ma-
I0Th BCl XapaKTepUCTHKH POAY — IpaMHeraTuBHi manudku posmipamu 0,5-0,8 Ha
1,5-7,0 mxm, mikcocniopu cepuunoi popmu pozmipamu 0,5-0,7 mxm. Komnownii 3a-
OapBIIeH1 BiJl CBITIIO-POXKEBOTO 10 TOMAaPaHYEBOTO KOIbOPY. POCTYTh Ipu TemMIiepa-
Typi Big 15 no 32 °C. Pict He cniocTepiraetbest npu Temneparypi Buiie 34 °C abo
Hmwxkue 10 °C. dianmazon xonuentparii NaCl 1,0-4,0% (ontumymom 2,0-3,0%).
Oxpim NaCl ans pocty Takox HeoOXiaHI kaTioHu Mopcbkoi Boau (Ca*', Mg** ta
K"). Hianazon pH mns pocty cranoButs 5,5-9,0, 3 ontumymom npu pH 7,0-8,5.
[To3uTHBHI 32 MPOAYKIIIEO KUCIIOI Ta JIy>KHOT hocdaras; ecTepasu Ta MIOKO3UIA3U
He BUsABIICHO. He Ji3yroTh Ap1KIHKOBI KIIITHHH Y CEPEAOBUIIII KyTHTUBYBaHHSI, TIPO-
Te, sIK 1 Enhygromyxa, Plesiocystis pacifica nizye rpamHeraTuBHi 06akrepii [3, 30].

Tunosuii wtam Buny — Plesiocystis pacifica SIR-1T (y xonekuii DSMZ
P. pacifica DSM 148757). Horo renom mae pogxuny 10,59 mms . . [10], B7icT
I'+11 - 69,3 mon% [30]. Llltamu Plesiocystis pacifica SIR-1" ta Plesiocystis pacifica
SHI-1 manu maiike inenTruHi nocaigoBuocti 16S p/IHK. 3 iHmmmu MmopchKkumu
MikcoOakTepismu Haliangium ochraceum ta Haliangium tepidum piBeHb momioHo-
cti nocmigouocteit 16S p/IHK cranosuts 84,4-84,5% [30].

Hemonasho 3i mtamy P, pacifica SIR-1T0yio BuizeHo Ta 3’sICOBAaHO CTPYK-
TYpY 8 HOBUX JI€30KCHEHTIrpoiiiB [27], Kl BiAPI3HAIOTHCS 32 OyJ0BOIO BiJl paHilie
OINUCaHMX Jae30KkcueHrirpomiaiB A ta B [14, 74]. Lli BTopuHHI METabOIITH € IepIIN-
MU MPUPOTHUMH MTPOAYKTAMH, BUIIICHUMH 13 PEICTaBHUKIB pony Plesiocystis.

Oxpim nporo, Bukopuctanusi antiSMASH ananizy 103BOJHIO BHSBHUTU Y
reHomi Haliangium pacifica SIR-1T 4yucnenHi kinacrtepu 010CHHTE3y BTOPUHHHUX
MeTaboiTiB [26], 30kpema oqun kinactep NRPS, 11 — PKS, Bkimtouatoun ridopunHi
PKS, 6 — 6akrepionuni [10, 38]. Jlo Toro  He Oy0 BUSBICHO JKOIHUX T€HHHX
KJIACTEePiB, sKi O Manu Ounbine 28% IACHTHYHOCTI 31 MIJIIXaMHU CHHTE3Y OXapaKTe-
puzoBanux moiekyn [10]. Lle gae 3Mory mpuIyCTUTH MOXKIUBICTH CHHTE3Y YHUC-
JICHHUX aKTUBHUX MeTaOoumiTiB mramamu Haliangium pacifica 3a IEBHUX YMOB.
3aranom, y BropuHHOMY Metabonismi Haliangium pacifica SIR-1T 3apisao 6,4%
TCHOMY.
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Itam Haliangium pacifica SIR-1T cunresye ranoankanaeranoresasy DppA,
10 BUKJIMKAE 1HTEpEC sIK MOTSHLIWHUI OlokaTaizaTtop s Oiopemenialii apoma-
TUYHUX 3a0pyaHIOBaYiB [26].

VY ny6nikamii H. Komaki et al. (2008) € indopmaris npo [TJIP-gocmimkeHHs
TCHIB MOJIKETHICHHTA3 3 PI3HUX MIKCOOAKTEPiii, 1 MOBIJOMIISETHCS PO TEHOMHY
JHK Plesiocystis sp. SIS-2, sika MicTuTh Kinbka noiiketuacunTas [38]. Onnak,
un € Plesiocystis sp. SIS-2 tpetim mramom Plesiocystis pacifica, 4n yHIKaTbHUM
MpeICTaBHUKOM poxy Plesiocystis, Hapa3i He 3'scoBaHO[3].

Pix Paraliomyxa

3 rpyHTY MOpChKOro y30epexoks B Miypi, Snownis y 2006 p. T. lizuka et al.
BUAUTMIN TaM MikcoOakTepii SMH-27-4, nonepeanbo HazBanuit «Paraliomyxa
miuraensisy» [31]. ®imoreHeTHYHUIA aHai3, 3aCHOBAaHUI HA YaCTKOBIM ITOCIIII0B-
HocTi rera 16S p/IHK, mokasas, 10 mtaM HaJIeKUTh 0 HOBOTO poxy. Y 2016 p.
T. lizuka NOBiIOMUB PO XEMOTAKCOHOMIUHI Ta (i310JOTIYHI XapaKTEPUCTUKU
mramy SMH-27-4 ta nagaB onucu «Paraliomyxa» gen. nov. ta «Paraliomyxa
miuraensisy» sp. nov. [46]. bakrepii pOro mTamMy He PyHHYIOTH LETION03Y (ilb-
TPYBAJIBHOTO Tarepy i He POCTYTh Y APLKIKOBOMY CEPEIOBHUIII, TAKOMY SIK arap
VY/2, mo 3a3Buyail BUKOPHCTOBYIOTH JJIsi HA3eMHUX MikcoOakrepiit. Ha arapo-
BOMY CEpEIOBHII OaKkTepii pyXarThCs paaiaibHO Ta He (JOPMYIOTH IUIOJOBI Tijla
[31].

OnTuManbHHIA picT criocTepiraeTses npu tremneparypi 27 °C rapH 7,2. lltam
BBaxkaeThCs cnado ranodimeauMm [ 10]. s pocty «Paraliomyxa miuraensis» SMH-
27-4 neooxinuuii NaCl y konuenrparii 0,5-1,0% ta Mg?" i Ca?' [31]. 3a Bu3Haue-
HUMHU XapaKTePUCTUKAMU IMOAIOHUH 10 MiKcoOakTepil pony Pseudenhygromyxa
[31, 33].

OCHOBHMMM KJIITUHHUMH JKHPHUMM KucnoTamu € i30-C ,  Ta i30-C [46].
HasBHicTh XiHoHy MX-8, a TakoX BiICyTHICTh JOBIOJIAHIIOTOBHUX IOJIIHEHACHYE-
HUX JKUPHUX KUCIOT poduts «Paraliomyxa miuraensis» SMH-27-4 nogiOnum 1o
mrramy Nannocystis exedens DSM 717, i3onb0Banoro 3 rpyuty [46]. IloaiOHiCTh 10
Nannocystis exedens DSM 717 miaTBepKky€eThesi (GUIOTCHETHYHUM aHAIII30M Ha
piBai 93,0% [31]. B T0i1 sxe wac nmoaiOHicTh 10 Enhygromyxa salina DSM 152177
craHoBuTh 93,2-93,3%, no Plesiocystis pacifica DSM 14875" — 91,3-91,5% [10,
31].

¥ 2023 p.Y. Liu & M. Ojika reHoMm «P. miuraensis» SMH-27-4 cekBeHyBaIn
ta 3i0panu y 164 xouturu (11,8 mun n. H.). [ToBHA MOCHiIOBHICTE TeHOMY Oyrna
HEJIOCTYIHA B IIbOMY AOCIIDKCHHI Yepe3 HaJ3BUYAHO CKJIAJHE KyJIbTHBYBAHHS
ta excrpakiito JJHK [46].

«Paraliomyxa miuraensis» SMH-27-4 nponykye pi3HOMaHITHI raJoreHoBa-
Hi Ti0punHi Monexynmu PKS/NRPS, nasani miypaenaminamu [31, 57], ane #oro
MeTaboniyHuil podisib BKa3ye Ha HU3bKY PI3HOMAaHITHICTh, OCKUIBKU B €KCTPaK-
Tax He OyJIO BUSBJICHO KOJHUX 1HIIUX MeTa0oIiTiB [46].

OcHOBHUH BTOpHHHUN MeTabomnit «Paraliomyxa miuraensisy SMH-27-4,
MiypeHamill A, TIPOSIBIISB MOTYKHY MPOTUTPUOKOBY aKTHBHICTh, OCOOIUBO MPOTH
diTonaroreHHoro oominery Phytophthora capsici WASXOM NPUTHIYCHHS AUXallb-
HOTO JIaHIIFora MiTOXOH i [31]. Takoxk mokazaHo, 10 BiH 3HAYHO 3MiHIOE MOP(O-
JIOTI}0 ITUTOILIa3MU Ta spa MyXJIMHHOT KIITHHHOT JiHiT Hela nutsxom cra0imizartii
aKTUHOBUX (hiameHTiB [69].
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lenomuuii anani3z uporo mramy, okpim BI'K s miypenaminy A, BUSBHB
HasBHICTB 16 iHmmx BI'K, ski mokasanm Hu3bKy momioHicTh 3 BI'K mms Bimomux
MIPOIYKTIB, IO CBITYUTH MPO BEIMKHIA MOTEHIIAN TaMy JUIs POIyKYBaHHS HO-
BHUX BTOPHHHHX METaOO0MITIB [46].

Pin Pseudenhygromyxa

TumoBuM BuzioM pony Pseudenhygromyxa € Pseudenhygromyxa salsuginis
Leit mikpoopranism Businenuid y 2013 p. T. lizuka et al. y 3pa3zkax myny ecry-
apHoro Oosiora B mpuOepexHiil 30H1 Snonii Ta Ha3Banuit SYR-2T [33]. Ilrtam
Pseudenhygromyxa salsuginis SYR-2" e tunoBum (y xomekuii DSMZ 1e
Pseudenhygromyxa salsuginis DSM 21377").

Ie mpukian rajgoTonepaHTHOI MikcOOaKTepii, sika 371aTHa POCTH 3a BiJCYT-
HOCTI COJIi, @ ONTUMAJIBHHUK PICT CrIocTepiraiu B aiana3oni koHmenrpamiid NaCl go
2,5% 3 ontumymom 0,2—1,0% [10, 33].

Knituau Pseudenhygromyxa salsuginis manndkononiOHi, rpaMHEraTHBHI,
po3mipom 0,5-0,8 Ha 2,0-5,0 Mmxm. PyxaroTbcsi KOB3aHHSIM Ta YTBOPIOIOTH POi Ha
arapoBOMY CEpeIOBHIIII. 3roJloM Ha TIOBEPXHI CEpPEeIOBHUIIA 3'SBIISIOTHCS KIITUHHI
arperatd, CXOXi Ha IUIOJIOBI TiNa, sIKi MalOTh pi3Hy Gopmy (Bia KymsicToi go Oa-
raTorpaHHoi), MOOAMHOKI, cusayi, aiamerpom 50-800 MM, 3abapBiieHi B KOpUY-
HEBO-4epBOHUI ab0 opamkeBHil komip. Uepe3 1-2 TrkHI iHKyOallii BOHM MarOTh
JOCUTH M'SIKY Ta MAacCJISIHUCTY KOHCUCTeHIi0. [1i1 yac TpuBanoi iHKyOauii arperaru
CTarOTh TBEPIILIIMMHU Ta TEMHO-KOpHYHEBUMH. bakTepii MOXKyTh MIrpyBaTH B TOB-
Iy arapy 3 MOBepxHi. Y HUX BUSBISAIOTHCS KIITHHHA MIKCOCTIOPOMOAIOHOT hopmH,
chepuynoi abo enincoigansHoi hopmu, niamerpom 0,5-0,7 mxm [33].

Konowii Pseudenhygromyxa salsuginis SYR-2" MaloTh KOHIO-4€pBOHHI KO-
nip. Bakrepii mtamy mi3yroTh )KUBI KINITUHU Escherichia coli, ane He po3KIIagarOTh
ABTOKJIABOBaHI JPIXKKOBI KITITHHH.

Pseudenhygromyxa salsuginis € Me30(piIbHIM, aepOOHUM MIKPOOPTaHi3MOM,
skuit pocte npu Temreparypi 18—40 °C (ontumym 30-35 °C), pH 5,5-8,3 (onTu-
myMm 7,0-7,5). Jlnst pocty HeobxinHi kationn Mg?* ta Ca?* TIpomykye okcuaasy,
KaseiHasy 1 xKenaTuHa3zy, He IPOAYKYe Karamasy, jina3zy, JJHKazy.

ITepeBakarouMMu KMPHUMU KucjioTamu € i30-C . (43,8%), i30-C . (22,4%)
Ta 130-C,, (9,6%). Bussneni takox sxupHi kucinotu C,, [apaxiloHOBa KUCIIOTa
(4,3%)], 130-C,,, (1,5%) Ta anreizoxucnoru [ai-C . (0,5%), ai-C . (0,3%)]. Oc-
HOBHUH pecIipaTopHHUi XiHOH — MeHaxiHoH-7 (MX-7) [33].

3a pesynbratamu cekBeHyBaHHs 16S p/[HK BusBieno, mo mram
Pseudenhygromyxa salsuginis SYR-2" nemonctpye 96,5% ta 96,0% mnomiOHICTh
1o Enhygromyxa salina SHK-1" ta Plesiocystis pacifica SIR-17, Binmosiano [10].

Bwmict I'+1] y TunoBoro mramy cTaHoBUTh 69,7 M0n%, 110 €U0 BUIIIE, HIK
JUTSL IHITUX ONUCaHuX mTamiB Enhygromyxa salina [10, 33].

Y 2016p.S.Chanana et al. Buginumu mikcobakrepito poxny Pseudenhygromyxa
sp. 13 Mopchkoro cepenoBuina moonusy Oeperie @nopunu [8]. [IpoBenenwmii re-
HOMHMI aHalli3 i30JiboBaHOTO mmTaMy Pseudenhygromyxa sp. WMMC2535 mo-
Ka3aB, 10 mocaigoBHicTh Horo 16S p/IHK Ha 97,13% ineHTHYHA MOCTiAOBHOCTI
Pseudenhygromyxa salsuginis SYR-2T, equHoro pasiiie omucaHoro mpeacTaBHuU-
ka poay. IIpumitHo, mo Pseudenhygromyxa salsuginis SYR-2T He OyB cekBeHO-
BaHUU, 10 poOuTh Pseudenhygromyxa sp. WMMC2535 nepiium npeacTaBHUKOM
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[[BOTO PIJKICHOTO POJY, T€HOM SIKOTO CEKBEHOBAHO 1 BCTAHOBJICHO, IO MOTO PO3-
Mip CTAaHOBHUTHh NPUOJIM3HO 9,5 MIH 1. H., @ BMicT [+I] — 69,63 monp% [8]. Ha
BiaMiHy Bin Pseudenhygromyxa salsuginis SYR-2T, i3onat Pseudenhygromyxa sp.
WMMC2535 € ranodinbHuM, a He ranoToiepanTHuM [33].

Hapasi He onmy0IikoBaHO JKOJHHUX MOBIIOMJICHb PO 010JIOTIYHY aKTUBHICTh
a00 Oyab-aKi MeTabomiTH, OTpuMaHi 3 Pseudenhygromyxa. Tum He MeHIII, TeHETUY-
Ha Onmu3bKicTh 10 Enhygromyxa salina Ta Toii ¢axT, M0 BiH HAJIEXKHUTH 10 MIKCO-
OakTepiid, CBITYATh TPO TE, 110 IICH OpraHi3M TaKoXK MOKE MaTH BHCOKHIA MTOTEHIII-
aJl sIK MIPOAYIICHT 010JIOTTYHO AKTHBHUX MOJICKYJI.

Y3arajqbHeHHs

31aTHICT TATOTEHHUX MIKPOOPraHi3MiB IIBUIKO HaOyBaTH 1 PO3BHUBATH
MHOXHHHY CTiHKICTh 0O aHTUMIKpOOHUX TpenapariB € mpoOieMor0 I100abHOTO
MmaciTaly, 1m0 3arpoxye edektuBHii anTubioTHKOTEparii. Lle 3ymMoBmIoe momryk
1 CKpUHIHT HOBHUX PEYOBHH 3 aHTUMIKPOOHOIO aKTHBHICTIO. [IpupogHiMu npoy-
[EHTAMHU 1 HEBUUYEPITHUM JKEPEJIOM Pi3HOMAHITHUX 01070T1YHO aKTUBHHX MOJIE-
KyJ1 € MIKpOOPTaHi3MH, cepell SKMX OIHUMH i3 HAHOLIbII MEePCIeKTUBHUX 1 Oara-
ToOOIIsAI0YHX € MiKcoOakTepii. L yHiKanbHa TpyIa KOB3HUX OakTepiii mpuBepTae
NWIBHY YBary, 3aBJIsKU CKIIQIHOMY JKUTTEBOMY LIMKITY, OJHUM i3 TPOSIBIB SIKOTO €
XIDKAITBO, IO PEali3yeThCsl MUISIXOM MPOAYKIIi pi3HOMAaHITHUX BTOPUHHHUX Me-
TabomiTiB 1 OakTepioniTuyHux GepmenTiB. He3paxkaroun Ha Te, 110 MikcoOakTepii
BB)KAIOTHCSI OTHUMH 13 HAHOUTBIII MEPCIIEKTUBHUX MPOAYLIEHTIB HOBUX 010JIOTIYHO
AKTUBHHUX MOJICKYJI, 3 TMIIAETHCS BpaKarodya po301KHICTh MIXK X OXapaKTepU30Ba-
HUM BTOPUHHHM MeTa00JIOMOM Ta O10CHHTETUYHHMM ITOTCHINIAIIOM (3T1IHO aHAJII3y
reHomy, 10 10% iXHiX 3arajJbHHUX T€HIB MPHUCBIYCHI BTOPUHHOMY METa0O0Ii3MY).
TpynHol1 y BUALICHHI 1 KyTFTUBYBaHHI B 1a00paTOPHUX YMOBAaX, 0COOIMBO MiKCO-
OakTtepiil 13 eKCTpeMaIbHUX JHKEpell (HampUKIIaa, MOPCHKOTO CEPEOBHUIIA), HE Aa-
I0Th 3MOTHY MMOBHOLIIHHO BUKOPHCTOBYBATH MOTEHINAI 1i€i rpynu O6akrepiit. O0mi-
raTHi MOPCHKI MiKCOOaKTepii Oy BUSIBIICHI JIUIIIE HEMIOAABHO TOPIBHIHO 3 IXHIMU
IPYHTOBUMHU aHasoramu. KoxkeH 13 JOCIiPKEHUX ITaMiB MOPCHKUX MiKCOOAKTepin
Ma€ BHCOKY YHIKaJIbHy T€HETUYHY Ta METa0OIIuHy PI3HOMAHITHICTb, 1110 MiATBEP-
JDKY€E TIePCIEKTHBHICTD 1Ii€i rpynu OaKTepii sSK JHKepesia HOBUX CIIeliani30BaHuX
MeTa0OITIB 3 PI3HOMAHITHUMH O10JIOTTYHUMH (YHKIISIMU T4 HOBUMH XIMIYHHUMU
cTpykrypamu. OHaK, Hapasi KUIbKICTh 130JIbOBAHUX IITaMIB MOPCHKUX MiKCOOAK-
TEepiid 1 KUTbKICTh ONMUCAHKUX IX BTOPUHHHUX META0ONITIB HEBEJIMKA, IO 3yMOBIIOE
PO3pOOKY HOBHUX 1 BIOCKOHAJICHHS ICHYIOUMX METO/IB BUALICHHS Ta KyJIHTUBYBaH-
Hs1 IIUX OAKTEpii, a TAKOXK OIIHKY ONTUMAIBHUX YMOB JIJISl IPOIYKITii 010aKTHBHUX
MeTaboJTITIB.

[ToeqHaHHS TEHOMHOTO Ta METAa0OJIOMHOTO aHaji3iB Ja€ 3MOTY BHSBISTH
mramMocnenu(igHui MOTSHINA I CHHTE3y CIeIiali30BaHUX METa0OoJIITIB, a Ta-
KOX Te, SIKi CIIOJIYKH TIHCHO OCTYIHI 33 TIEBHUX YMOB i1 Vitro 1 € BXKIIUBUM Ha
paHHil cTaii BIAKPUTTS 010J0T1YHO aKTUBHUX METAOOMITIB Uit BUOOPY MpiopH-
TETHHX IITaMiB MIKCOOAKTEpiil Ta yMOB X KYJIbTHBYBAaHHS.
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MARINE MYXOBACTERIA — A UNIQUE GROUP WITH
HIGH BIOSYNTHETIC POTENTIAL

Summary

The need for new antimicrobial drugs necessitates the search for new biologically
active substances. The most promising source and resource for innovative
bioactive natural products are and remain bacteria, among which myxobacteria
occupy a prominent place. The review is devoted to the peculiarities of the
biology of myxobacteria, which are known not only for their complex predatory
lifestyle, but also, more importantly, for their ability to produce extracellular
hydrolytic enzymes and various secondary metabolites, the structural features and
mechanism of action of many of which are unique. Particular attention is paid
to halophilic/halotolerant myxobacteria isolated from the marine environment,
which, according to genomic-metabolomic analysis, have a powerful biosynthetic
potential and are a promising source of new compounds associated with a diverse
bioactive spectrum and a unique mechanism of action.

Key words: myxobacteria, marine myxobacteria, bioactive secondary
metabolites, hydrolytic enzymes.
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TH®OPMANIMHE MMOBIJJOMJIEHHS JIJISI ABTOPIB

Hayxosuii sorcypnan «Mikpobionoeis i 6iomexnonozia» zanpouye Bac 0o cni-
6npayi 3 NUMaHb BUCBIMIEHHS Pe3yIbMAamie HAYKOBUX OOCHIONCEHb y 2any3i Mi-
Kpobionozii i 6iomexHonozii.

IIporpamui uijii BUAAHHSA: BUCBITICHHS PE3yIbTaTIB HAYKOBUX JOCIIHKCHD
y raiy3i Mikpo0OioJorii Ta 610TeXHOJIOr11, 00'eKTaMU SIKUX € POKapioTHi (OaKkTepii,
apxebakTepii), eykapioTHi (MiKpPOCKOTMIYHI TprOH, MIKPOCKOTIIYHI BOAOPOCTI, Hal-
MPOCTIIlli) MIKPOOPTaHi3MU Ta BipyCH.

TemaTH4YHA CIPSIMOBAHICTH: MIKpOO10JIOTis, BIpyCOJIOTisl, IMyHOJIOT151, MOJIE-
KyJIsipHA O10TEXHOJIOTisl, CTBOPEHHS Ta CEJIEKI[isl HOBUX IITaMiB MiKPOOPTaHi3MiB,
MIKpOOHI1 mpernapaTH, aHTUMIKpOOHi 3ac00H, 010CEHCOPH, TIarHOCTUKYMH, MIKpPOO-
Hi TEXHOJIOTIi B CIJILCHBKOMY T'OCIIOJAPCTBI, MIKpOOHI TEXHOJIOTIi Y Xap4oBiil mMpo-
MHCJIOBOCTI; 3aXUCT Ta O3OPOBJICHHS HABKOJIMIIHBOTO CEPEIOBUINA; OTPHMAHHS
E€HEProHOCIiB Ta HOBUX MaTepialliB TOIIO.

Mogsa (MOBHM) BHIAHHSI: YKpaiHCbKa, aHIVIIHCHKA.

Pyopuku :kypHaiay: «OmIsgaoBi Ta TCOPETUYHI CTATTI», «EKCIIepuMeHTab-
Hi npani», «Juckycii», «KopoTki noBiioMiaeHH», «XpOHIKa HAyKOBOTO KUTTS,
«Cropinku ictopii», «fOBinei 1 qarny», «Penensii», « KHrmkkoBa mommisy.

Jlo cTarTi 10AAa€ThCsl PEKOMEHAllls YCTaHOB, OPTraHI3allii, y SIKUX BUKOHY-
Bajacs po0OoTa, 3a IMiIMMCOM KEepiBHHKA Ta MMChMOBA 3rojla KEPIBHHUKIB YCTAHOB,
oprasi3allii, Jie mparrOTh aBTOPH.

Bumorn 1o opopmitenHs crareil, siKi NOAAKOTHCS 10 peJaKUil ;KypHaJIy:

CrarTst Mae BiAMOBIAATH TEMAaTUYHOMY CIIPSIMYBAHHIO JKypHAIY 1, BiIOBII-
HO 70 1. 3 TloctanoBu BAK Vkpainu Bix 15.01.2003 p. Ne7-5/1, Bkiatouaru Taxi
CTPYKTYpHI €JIEMEHTH: TOCTAaHOBKA MPOOJIEeMH y 3arallbHOMY BHUIJISL Ta 11 3B’ 30K
13 BKJIMBUMHU HAYKOBUMU YU MPAKTUYHUMH 3aBIaHHIMU; aHAJ13 OCTaHHIX JOCIIi/I-
JKEHb 1 TyOITiKaIiid, B IKUX 3all09aTKOBAHO BUPIMICHHS JaHOI MPOOIeMH 1 Ha sIKi
OIMUPAETHCS ABTOP; BUOKPEMIICHHS PaHillle HE BUPIMICHUX YaCTUH 3arajibHOI MPo-
OJIeMH, KOTPUM TIPHUCBSIIYETHCS CTATTS; (POPMYITFOBAaHHS METH CTaTTi (TOCTAaHOBKA
3aB/IaHHs); BUKJIAJ OCHOBHOTO MaTepiaily AOCHIPKCHHS 3 MOBHUM OOIPYyHTYBaH-
HSIM HAayKOBHX PE3YJbTATiB; BUCHOBKHU 3 JAHOTO JOCITIKEHHS 1 MEPCIEKTHUBH TO-
JaNbIINX MOMIYKIiB Y JaHOMY HampsMi.

Jlo npyKy mpuiiMaroThCs pyKOTUCH (2 TpUMipHUKH) 00csiroM 710 18 cTopiHOK
(3 ypaxyBaHHSIM PUCYHKIB, TaONIWIb 1 MIAMKUCIB 10 HUX, aHOTallii, pedepary, cru-
CKy JiTeparypu), orisiau — 10 30 cTop., peneHsii — 10 3 cTop., KOPOTKi MOBITOM-
JeHHS — 710 2 cTop. BinxuieHi pyKoImucH He TTOBEPTAIOThCS.

Jlo pykonucy 10Aa€ThCsl €IeKTPOHHUN BapiaHT pykonucy mpudt Times New
Roman, xerne 14, inTepBan aBToMaTHUHUI, He Oibie 30 psSAKiB HA CTOPIHII, OIS
mo 2 cM).

IIpu HanMcaHHi cTATTI HEOOXiIHO NOTPUMYBATHCS TAKOIO IVIAHY:

e innexc Y/IK y miBoMy BEpXHbOMY KyTKY HEPIIOTO apKyla;

* Pepepar MOBOIO OpUTiHATY CTATTI:

— Ha3Ba CTATTi BETUKUMH JITCPaAMU;

— Tpi3BUIIIA Ta HILIAJIK aBTOpa (aBTOPIB);

— Mictie poOOTH KOKHOTO aBTOpa; MOBHA TOIITOBA a/Ipeca yCTAaHOBH (32 MiXk-
HApOTHUMH CTaHIapPTaMu); TenedoH, eJIeKTpOHHA ajpeca (e-mail);
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— Mpi3BHUIIIA aBTOPIB Ta HA3BU YCTAHOB, JI€ BOHH MPAIOIOTh, TO3HAYAIOTh OfI-
HUM 1 TUM CaMUM IIU(PPOBUM 1HJEKCOM (Bropi);

— pedepar i3 3a3Ha4CHHIM HOBU3HH JocipkeHHs (200-250 coiB);

— KJIFOUOBI CJIOBA (HE OUIbIIE T'SITH).

* Pepepar anmiiicbkor MOBOIO:

— Ha3Ba CTAaTTi BEJIMKUMU JIiTEpaMH;

— Mpi3BUIIA Ta 1HILIaau aBTOpa (aBTOPIB), TPAHCIITEPALLIS;

— MicIie poOOTH KOJKHOTO aBTOPa; IMOBHA TIOMITOBA aJpeca YCTaHOBH (32 MikK-
HapOJAHUMHM CTaHJapTaMu); TesnedoH, eleKTpoHHa aapeca (e-mail);

— Mpi3BHUIIIA aBTOPIB Ta HA3BU YCTAHOB, JIe BOHH MPAIIOIOTh, TO3HAYAIOTh O~
HUM 1 TUM CaMUM IIU(PPOBUM IHJEKCOM (Bropi);

— pedepar i3 3a3Ha4eHHSIM HOBU3HH MocikeHHs (200-250 coiB);

— KJIFOUOBI CJIOBa (HE OlIbIle M'ATH);

* [ToBHMIT TEKCT CTATTI MOBOIO OPUTIHAITY.

TekeT cTarTi Ma€c BKJIIOYATH TaKi CKJIAA0BI:

BCTYIT, MaTepiajiu 1 METONIM; pPe3yJbTaTh Ta iX 0OTOBOPEHHS; BUCHOBKH; CITH-
COK BHKOPUCTAHOI JIiTepaTypu MOBOIO OPUTIHAITY IIUTOBAHOI CTATTi, CITMCOK BUKO-
puctanoi niteparypu (Referens) anrmificbkkoro MOBOO (32 BUMOTH MIXKHApPOJTHUX
HAayKOMETPUYHHX 0a3).

J10 KO’KHOTO MPUMIPHHUKA CTATTI AOAAETHCS pedepar MOBOKO OPUTIHATY CTATTI
Ta YKpaiHCHKOIO/aHTITIHCHKOI0 MOBOIO.

BpaxoByrouu, 1o pedepar BijoOpakae OCHOBHHM 3MICT CTATTI 1 BUKOPUCTO-
BYETHCS B iH(QOpMAIIHHUX, B TOMY YUCJII aBTOMaTH30BAHUX CHCTEMaX JIJIS TTOITYKY
JIOKyMEHTIB Ta 1H(popMallii, HE0OX1THO JOTPUMYBATUCS MEBHUX BUMOI IIPU HOTO
HaIMCaHHi:

— pedepar mae 6yt iIHPOPMATUBHUM (HE MICTUTH 3alBUX CIIB);

— CTPYKTYpPOBaHHUM, TOOTO MICTHTH PO3MIUIN: METa; METOJIH, 110 BUKOPUCTAHI

B po0OTi Ta/ab0 METOI0JI0TIsI POBEACHHS J0CIIKEHb; pe3yJIbTaTh Ta cde-
pa X 3aCTOCyBaHHS; BUCHOBKH;

— aHIiiicbKa Bepcis pedepary Mae OyTH HarMcaHa SIKiCHOKO aHIITHCHKOIO MO-

BOIO (32 MOTpedU JOUUIBHO KOPUCTYBAaTHUCS MOCIyraMH KBali(iKoBaHHX
CHELIaICTIB-TIHIBICTIB 3 IOAAJBIINM HAYKOBHUM PEIaryBaHHIM TEKCTY aB-
TOPOM), 3 BUKOPUCTAHHIM TEPMIHOJIOTI], sIKa BUKOPUCTOBYETHCS B AHIJIO-
MOBHHUX MEIUKOOIOJIOTIYHUX JKypHAJIaX, YHUKATH BUKOPUCTAHHS TCPMIHIB,
K1 € IPSAMOIO YKPaiHChKOI/POCIHCHKOIO KaJIbKOIO;

— xomnaktHUM (200-250 ciB);

— KJIFOYOBI €JI0Ba (He OUIblIIe 5-TH) pO3MIIIYOTHCS 3 a03alty micis pedepary.

VY KiHIII TEKCTY CTATTi yKa3aTy Mpi3BHUIIla, IMEHA Ta M0-0aThKOBI yCiX aBTOPIB,
MOIITOBY ajpecy, TenedoH, gakc, e-mail (s KopeCOoHACHIIIT).

Crarts Mae OyTH Tianucana aBTopoM (yciMa aBTOpaMu) 3 3a3HAYEHHSIM JaTh
Ha OCTaHHI# CTOPIHIII.

ABTOpY HECYTh MOBHY BiJIIOBIAAIbHICTD 32 Oe370raHHE MOBHE O(OPMIICHHS
TEKCTY, 0COOJIMBO 3a MPaBUIIbHY HAYKOBY TepMiHOIOTO (11 CI1ij1 3BipsATH 3 (haXxoBH-
MU TEPMIHOJIOTITYHUMHU CIIOBHUKAMH).

JlatuHCBHKI 0107I0T1YHI HA3BU BUIB, POAIB MOJAIOTHCS KYPCUBOM JATUHHIICIO.
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SIKII0 9acTO MOBTOPIOBaHI y TEKCTI CIOBOCIONYYEHHS aBTOP BBAXKa€ 3a IO-
TpiOHE CKOPOTUTH, TO abpeBiaTypu 3a MEpIIOro BXKUBAaHHS 0OYMOBIIIOIOTh Y JTyXK-
kax. Harpuknana: momiMepasHa jianimrorosa peakiis (ITJIP).

[Tocunanus Ha niTeparypy MOJAKOThCS Yy TEKCTI CTATTi, LudpaMu y KBajapar-
HUX JTy’Kax, 3T1IHO 3 MOPSIIKOBUM HOMEPOM Y CIUCKY JITepaTypH.

Po3nin «Marepianu i MmeTogm»:

— Metoau nOCTIDKEHHS Ta CXeMHU eKCIIEPUMEHTY MaroTh OyTH TMpeCTaBIeHI
TakK, mo0 X MO)KHA OYJIO BIATBOPHUTH.

— JInst BUKOpHCTaHUX PEaKTUBIB Ta MaTepiaiiB BKAa3aTH HA3By KaMIaHii Ta
KpaiHu-BUpPOOHUKA.

— OmuHuLi BUMiprOBaHHS BKa3aT B cuctemi ClL.

— KonnenTpariro po3unHiB npeactaBisatd B M, MM, MkM (MoJIsipHa KOHIICH-
Tpaiis).

— Monekynsapuy macy (Mm) — Jla (mansTonn) a6o x/la.

— IIpu BukopucTanHi (pepMEeHTIB HABECTH iX HOMEHKJIATYPHY CUCTEMAaTHUHY
Ha3By Ta MWUQD.

— AKXTUBHICTh (DEpMEHTIB BHPAKaIOTh B MKMOJISIX BHKOPHCTAHOTO CyOCTpa-
Ty a00 YTBOPEHOro MpOoAYyKTy 3a 1 XB Ha | Mr mporeiny abo BUKOPUCTATH
cragaaptHy omuHUIO akTUBHOCTI U (IU) 1 karam (CKOpOYeHO Kar), MMUTO-
Ma aKTUBHICTh €H3UMY BHPa)Ka€ThCsl B MMOJISIX/XB Ha 1 MT mpoteiny abo B
OJ1.aKT/MI, KaT/KT.

— Bkazatu ymoBU mpoBenieHHsT (hepMEHTaTUBHOI peakilii (Temmeparypa, pH,
KOHIICHTpAIlisl CyOCTparty).

— BkazaTu BUKOpPHCTaHI METOIU CTATHCTUYHOTO aHAIi3y, MpOrpamy CTaTH-
CTHKH.

Tabmuii MatoTh OyTH KOMITAKTHUMH, MaTH MOPSAKOBUN HOMEp; Tpadu, Ko-
JIOHKH MaroTh OyTH TOYHO BH3HAUYEHHMH JIOT1YHO 1 rpadiyHo. Martepian Tabnuip
(sIK 1 pUCYHKIB) Mae OyTH 3pO3yMUTHM 1 HE nyOmroBatu TekcT ctarti. L{udposuit
Mmarepiaj TaOJIMIb CIIiJ] OIPAIFOBATH CTATUCTHYHO.

PrcyHKH BHKOHYIOTHCS y BUTISIII 9ITKMX KPECIIEHb (3a JIOMTOMOTOI0 KOMIT O-
TepHoro rpadiunoro penakropa y ¢opmari Word, TIF, JPG). Oci xoopaunar Ha
rpadikax MarTh OyTH MO3HAYCHI. PUCYHKH PO3MINITYIOTHCS Y TEKCTI CTATTI.

Jlo pucCyHKiB MaioTh OyTH MiJIHCH HE 3rpYNOBaHi 3 HUM 1 HE BCTaBJIEHI B
00’ €KT pHUCyHKa.

[To3Ha4yeHHs1 Ha pUCYHKY MalOTh OyTH IHTETPOBaHI B HHOTO, TOOTO KOMIIOBAaTHU-
Csl pa30M 3 PHCYHKOM, @ HE OKPEMUMH YaCTHHAMHU.

Beci inmrocTpartii MaroTh OyTH po3MilieHi B (aiiii pyKomucy, Takox 000B’sI3K0-
BO JI0/IaH1 JI0 €JIEKTPOHHOIO BapiaHTy y BUINIAl QaitniB popmary JPEG.

[Mignucu, a TakoX MOSICHEHHS, PUMITKH 10 TaOJIHIIb Ta PUCYHKIB MOAIOTHCS
MOBOIO OpPHUTIHAIY Ta aHINIIHCHKOIO MOBOIO.

Poznin «Pe3ynbTaTn 10C1iIZKeHb Ta IX 00roBOpeHHsD» Mae OyTH HalMCaHUN
KOpPOTKO: HEOOX1THO YITKO BHKJIACTH BUSBJICHI €()DEKTH, MOKA3aTH MPUIMHHO-PE-
3yJbTaTUBHI 3B’ SI3KM M)XK HUIMU, IOPIBHATH OTpUMaHy iH(GOPMAIIiIo 3 TaHUMHU JIiTe-
parypu, AaTy BiIMOBiAb HAa MUTAHHS, TIOCTABIICH] Y BCTYTII.
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Cnucoxk BUKOPUCTAHOI JiTepaTypu

1. Criucok BUKOPHUCTAHOI JiTepaTypd B OpHUTiHANI IIUTOBAHOI CTaTTi CKJa-
Ja€Thes 3a al(haBiTHO-XPOHOJIIOTIYHUM MOPSAKOM (CIIOYATKy KHPUIIUI, TTOTIM Jia-
TUHUI). SIKIIO MepInii aBTop y ACKUTHKOX Mpalsix OIWH 1 TOW caMHid, TO mpalli
PO3MIIIYIOTECS Y XPOHOJIOTIYHOMY MOpsAAKY. CIIHCOK MOCHIIaHb Tpeda MpoHyMepy-
BaTH, a y TEKCT1 MOCUJIATUCS Ha BIAMOBIIHUN HOMEp JiKepena JiTepatypH (y KBa-
JPATHUX JTYKKaX).

VY nocuiiaHHi MUY Th TPi3BUINA YCiX aBTOPiB. B eKCrIepUMEHTATBHIX MpaIsix
Mae OyTu He Oubie 15 mocunansk JIiTeparypHUX JDKEped.

[TaTeHTHI TOKYMEHTH PO3MIILYIOTCS y KIHIII CIIUCKY [TOCUJIaHb.

2. CriMcok BHKOPHCTAHOI JIiTEpaTypu aHIIiiichkoro MoBoro (References), 3a
BUMOTaMH MDKHAPOJHHX HAYKOMETPUYHHX 0a3.

Cruns opopmiienns — NLM (National Library of Medicine).

[Tpi3Buia, iMeHa Ta Mo-0aTbKOBI aBTOPIB, HA3BY IIMTOBAHOTO BHJIAHHS (3Kyp-
Haj, MoHorpadisi, 30ipHUK TOIIO) HABOIATH IMOCIYTOBYIOUHCH OE3KOIITOBHUMU
caitframu (http://www.easybib.com/, http://www.bibme.org/, http://www.sourceaid.
com/, https://www.citethisforme.com/), 1110 103BOJSAIOTH 3AIMCHUTH TIEPEKIIA]] 3 BU-
KOPUCTaHHSIM OJHIET 3 MKHAPOIHUX CHCTEM TPAHCIITEpaIlii.

Ha3Bu crareii HaBOIATh aHIVIIICHKOIO MOBOIO.

[Topsimox momanHs mocuinanb References (crucox 2) Mae MOBHICTIO CiBIaAa-
TH 31 CIUCKOM BUKOPUCTAHOT JIiTeparypu (Cucok 1).

3pa3ku NOCUJIAHHSA JiTepaTypu

Bumorn mo odopmienss OiomiorpadiyHMX MOCHIAHb MOBOKO OpPHTIHATY
(B TOMY 4HCIIi IMTOBAaHI aHITIOMOBHI JKeperia)

Ha monozpaghii

Anoperox K. 1., Koznoea I. 11., Konmesa K. I1., Ilinawenxo-Hoeoxamnuii A. 1.,
3anina B. B., Ilypiw JI. M. MixpoOHa kopo3is mig3emHux crnopya. Kuis: Haykosa
nyMka. — 2005. — 258 c.

Mikpo06ionoriuHi METOJIM OUYMILEHHS CTIYHUX BOJ| BiJl OpraHigyHUX 3a0pyIHIO-
BauiB: MoHorpadis / B. O. IBanuus, T. B. I'yazenko, b. M. I'ankin, O. B. Bomosay,
O. I TopuikoBa — Opeca: Onecbkuii HallloHaIBHUM yHIBepcuteT imeHi I. I. Meu-
HuKOBa, 2020 — 135 c.

Kanpenvany JI. B., Hopeauosa O. I ®ynxuionansni npoaykta. — Ogneca,
2003. - C. 229-237.

T'8030sk P. I, Ilaciunuk JI. A., HAxoenesa JI. M., Mopo3z C. M., Jlumeurnyyxk O. O.
dironarorenHi 0akrepii. bakrepianbhi xBopoou pociuH. — K.:TOB «HBII «InTep-
cepsicy, 2011. — 444 c.

Rogers H., Perkins H., Ward 1. Microbial cell walls and membranes. — London;
New York: Fcfd. Press, 2020. — 364 p.

Ha scypnanvni cmammi

Cmpawmnosa I. B., [lomanenxo K. C., Kopomacesa H. B., Jlictomin I B., Meme-
niyuna 1. I1. AHTarOHICTUYHI BIACTUBOCTI YOPHOMOPCHKUX CTPENTOMILIETIB, BU/II-
JIeHUX 13 00pOCTaHb YepenanHuKy i Miaii // Mikpobiosnoris i 6iotexnomnoris —2022.
— Ne 3(56). — P. 6-23. https://doi.org/10.18524/2307-4663.2022.3(56).268585
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Boubekri K., Soumare A., Mardad 1., Lyamlouli K., Ouhdouch Y. et al.
Multifunctional role of actinobacteria in agricultural production sustainability:
a review // Microbiological Research. — 2022. — Vol. 261. — P. 1-15. https://doi.
org/10.1016/j.micres.2022.127059

bynueina T. B., Bapbaneys JI. JI., Iaciunux JI. A., )Kumkesuu H. B. Pe3uc-
TEHTHICTh JI0 aHTUMIKPOOHMX TpenapariB Oakrepiii Pantoea agglomerans // Mi-
KkpoOiosoris i 6iorexHomorist. —2016. — Ne 1. — C. 68-75.

Ha me3u oonosioeit

Mayentox b. I1. Po3pobka GiotexHomnorii onepxanns nanaominuny E // Mix-
HapoaHa HayK. koH(. ,,MikpoOHni Giorexnomnorii” (Oneca, Bepecensn, 2006 p.): Tes.
pom. — O.: ,,Actporpunr”, 2006. — C. 17.

Ha oenonosani naykosi pooomu

3amumucbka O. C. MikpoOHi cumepodopu K MOXITHBI (haKTOpHU aHTarOHI3MY
Oaxrepiii Bacillus megaterium momo marorenHnx Agrobacterium spp. // 36ipka ma-
TepiaiB HAyKOBOTO TOBAPHCTBA CTYJCHTIB, aCIIPaHTIB 1 MOJIOANX yueHuX. — Ofeca:
Pemno3uTapiit HaykoBoi 6i6morekn OHY imeHi 1. I. Meunukona, 2019. — C. 17-18.

Ha cmanoapmu

JICTY 7355:1213 Monoko, MOJOYHI HPOXYKTH Ta 3aKBacku. MeTon
BU3HAUEHHs KUIbKOCTI Oidinobaxrepiit. — 14 c.

Hepoicasna cnyncoa cmamucmuxu Yxpainu. TTociBHI miomi CiTbChKOTOCIIO-
JMApChbKUX KynbTyp 3a ix Bumamu. Jloctym ownnaita: http://www.ukrstat.gov.ua/
[mToBano 28 Gepes. 2021].

Ha namenmu

Ilamenm Yxpaiau Ne 90119, MIIK CO2F 1/24. Cnoci6 MikpobionoriaHoro
OYMIIICHHS BO/IU BiJl 10HIB IMHKY / Bomosau O. B., Topmikosa O. I'., bensiea T. O.,
Konyn I. II., Bapanos O. O. (Ykpaina). — N 90119; 3asasn. 24.12.2013; omy0u.
12.05.2014, bron. N 9.

Ilamenm na Bunaxin Ykpaina, MIIK A23G 3/34, 3/48.Cnoci6 oxepxaHHs
KOHJIUTEPCHKOTO AaHTUOKCHUIAHTHOTO MPOAYKTY, BiacHUK Ojec. Hall. TEXHOIL
Vuieepcutet / [Tununenko JI. M., Porosa H. B., Kunumenuyk O. O., Kpycip I. B.,
CesactbsiHoBa O. B., binenska I. P. 3asBka Ha Bunaxin No a 2022 03697 VYkpaina,
3asBi. 04.10.22. TTarenT Ha BuHaxig Ykpaina, MITK A23G 3/34, 3/48.

Ha asmopegepamu oucepmauiii
binsecvxka JI. O. AxtuHoOakTepii pomy Streptomyces 1 iXHI MeTabONIITH y
Oiloperyssiii poc-JiuH : uc. ... 1oK. O6ion. Hayk : 03.00.07. Kuis, 2018. — 485 c.

3pa3ku NOCWIAHB JIITEPATyPH, TPAHCITITEPOBAHUX JATHHULIECIO

References

Crune opopmieHHs U1 crincka okepen naruaunero — NLM (National Library
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Cmammi 6 ycypnanax:
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Characteristics of marine strain Streptomyces sp. with antimicrobial and cytotoxic
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Pospelov S. Poltava: Dyvosvit, 2013:36-45.

Yin R, Francis F, Bragard C, Liu Y, Chen J. Study on transmission efficiency
of CMV transmitted by Myzus persicae from different places. In: Proceedings of
9th International Symposium on Aphids, Beijing, China. 2013:49-50.

JHucepmauiitni pooomu.

Koreneva AA. Biological properties of medicinal plantsviruses. PhD thesis,
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36ipnuku:

Zinchenko OYu, Shmatkova NV, Seyfullina 1Y Evaluation of antiviral
activity 4-dimethylaminobenzaldehyde 2-hydroxybenzoyl-, nicotinoyl- and
isonicotinoylhydrazones and their chelates with SnCl, on "phage-host" model.
"Modern aspects of science', 2ith volume of the international collective
monograph / Védecka perspektiva. 2022:62-73.

Dunich A, Mishchenko L. Heavy metals content in virus infected purple

coneflower plants. Bull T Shevchenko Nat Univ Kyiv Ser Biol. 2013;65(3):22-26.

Ilamenmu, 3as6xu.

Patent Ukrainy na vynahid No 116299. Method of defenolization of industrial
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J1aTor0 Ha/JIXOIKEHHSI CTAaTTI BBAXKAIOTh JCHb, KOJIM JI0 PEIKOJETil HaiHIIOB
NEpPUINA BapiaHT TEKCTY CTATTI.

[Ticnst opeprkaHHsI KOPEKTYPH CTATTi aBTOP MOBUHEH BUMPABUTH JIUIIIE TIOMHLI-
KU 1 TEPMiHOBO BilicIIaTh CTATTIO HA aJ(pecy peAKoJerii abo MOBiIOMUTH PO CBOT
MPaBKH 10 TelNe(POHY YK IEKTPOHHOIO MOIITO0.

V pasi 3aTpUMKH peaKxiisi, T0JepKYOUHUCh Tpadika, 3auiiae 3a coooro npa-
BO 3/1aTH KOPEKTYpY 110 ApyKapHi (y BHPOOHHUIITBO) O3 aBTOPCHKUX MPABOK.

[Tignuc aBTOpa y KiHI CTAaTTi O3HAYAE, 110 aBTOP Iepe/Iae MpaBa Ha BUIAHHS
CBOE€1 cTarTi peaxiii. ABTOp TrapaHTye, IO CTATTs OPUTiHAJIBHA; Hi CTATTS, HI PH-
CYHKH 10 Hei He Oynu ormyOniKoBaHi B IHIIMX BHIAHHSIX.
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VBara: nmepeapyk, yci BUIU KOMIFOBAHHS Ta BiITBOPCHHS MaTepiaiB,
110 HA/IPyKOBaHi y sxypHai «MikpoOGionorist 1 610TexHoIoTisN,
MOYKJIMBI JIMIIIE 32 YMOBH ITOCHJIAHHS Ha JHKepero iHpopmarii
Ta 3 JI03BOJY PEIAKIIIIHOT KOJICTii.
VYei npaBa 3aXHIIEHI 3T1THO 3aKOHOAABCTBA YKpaiHH.
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