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AHHOTaUA

B pabote mpeacraBieH MOJIEKYISIPHO-TEHETUIECKHM MMOAX0 K KOJIMYECTBEHHOMY aHAN3y OaKTepHil poJoB
Bacillus, Agrobacterium n Microbacterium B rpaHyliax a’poOHOT0 akTUBHOTO mia MeTojoMm [IIIP B pexume
peanmpHOTO BpeMeHn (qPCR). Llennio ncciaemoBanus SBISUTACH pa3paboTKa W arpoOaItis poaoCceupUIHBIX
MpaliMEPHO-30HI0BBIX CUCTEM JIJIs OIpe/iesieHus yuciia konui reHa 16S pPHK B o6pasiiax rpanyimpoBaHHOTO
AKTHBHOTO WJIa, OTOOPaHHBIX HA Pa3lMYHbIX CTaIusIX QYHKIMOHUPOBAHHUS MOJEIBHBIX cucTeM. [l aHanm3a
MCTIOJIH30BAIM MOP(OIOTHIECKH YCTONYHBEIE TPAHYIIbI, COXPAHSBIINE CTPYKTYPHYIO HEIOCTHOCTH NMPH BO3-
JEWCTBUM CTPECCOBBIX (PAaKTOPOB; BCEro MpOaHATM3UPOBaHO 45 00pa3oB, OTOOPaHHBIX B HIECTH BPEMEHHBIX
Toukax. Ha ocHOBe HYKJICOTHIHBIX IOcIenoBaTesIbHOCTEH 0a3bl naHHBIX GenBank OblIM CKOHCTPYHPOBaHBI
ponocnenupuIHbie MpaiMepsl 1 TaqMan-30HBI 1715 IETIEBBIX TAKCOHOB, a TAK)KE YHUBEpCAIbHAS MTpaitMepHO-
3oH710Basg cuctema ais reHa 16S pPHK. CrneunduuHocTs pa3pabOTaHHBIX CHCTEM MOATBEPXkIEHA METOIOM
end-point ITLP ¢ ncrronp3oBanuem JJHK 9ucThIX KyIbTyp ¥ MOCIEAYIONNM 3JIEKTPOPOPETHIECKUM aHATTI3OM
npoaykToB amrumudukanuu. B peakuusx qPCR mocturHythl BeicoKas 3(Q(eKkTUBHOCTh aMIUTMDUKANH H
JMHEWHOCTh CTaHIApTHBIX KpuBHIX (R? > 0.99), uyTo moaTBepkIaeT KOPPEKTHOCTh KOJMYECTBEHHOTO OMpe-
JiesieHus1. Y CTaHOBIIEHO, UTO 001Iiee coieprkanne OakTepHii B HCCIeIyeMbIX o0pas3iax BapbUpyeT B AHANa30He
10%-10"° xonuii rena 16S pPHK/mn. ITokazana 3HauuTenbHas BapUaGeTIbHOCTH CTPYKTYPHl MUKPOGHOTO
cooO11ecTBa Ha Pa3fIMYHBIX dTanax (yHKUUOHHUPOBAHUS CUCTEMBIL: B OTAENBHBIX 00pa3lax AOMHHUPOBAIU
npejacTaBuTeau poaoB Microbacterium u Agrobacterium, Torna xak Oakrepuu pona Bacillus xapakTepuso-
BaJIMCh HHU3KOW OTHOCUTEIBHOW YHCIEHHOCTBIO. IlomydeHHBIE pe3yabTaThl MOATBEPKIAIOT MPUMEHUMOCTD
pa3paboTaHHBIX MPaMEPHO-30HI0BBIX CHCTEM IS OTIEPATHBHOTO KOJUYECTBEHHOI'O MOHHUTOPHHTA IIETIEBBIX
TAKCOHOMUYECKUX TPYII MHKPOOPTaHW3MOB M OLIEHKM CTaOMJIBHOCTH MPOLIECCOB OMOJOrMYECKOH OYMCTKU
CTOYHBIX BOJ.
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Abstract

This study presents a molecular genetic approach for the quantitative analysis of bacteria belonging to the genera
Bacillus, Agrobacterium, and Microbacterium in aerobic granular sludge using real-time PCR (qPCR). The aim
of the study was to develop and validate genus-specific primer-probe systems for determining the copy number
of the 16S rRNA gene in aerobic granular sludge samples collected at different stages of model system
operation. Morphologically stable granules that retained structural integrity under stress conditions were
selected for analysis; a total of 45 samples collected at six time points were examined. Based on nucleotide
sequences from the GenBank database, genus-specific primers and TagMan probes for the target taxa, as well
as a universal primer—probe system for the 16S rRNA gene, were designed. The specificity of the developed
systems was confirmed by end-point PCR using DNA from pure cultures followed by electrophoretic analysis
of amplification products. In qPCR assays, high amplification efficiency and high linearity of standard curves
(R? > 0.99) were achieved, which confirms the reliability of quantitative measurements. The total bacterial
abundance ranged from 10® to 10'° copies of the 16S rRNA gene per mL. A significant variability in the
microbial community structure was observed at different operational stages: in some samples, representatives
of the genera Microbacterium and Agrobacterium predominated, whereas Bacillus was detected at relatively
low abundance. The results confirm the applicability of the developed qPCR systems for rapid quantitative
monitoring of target taxonomic groups and for assessing the stability of biological wastewater treatment
processes.
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