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AHnHomauyus

Konuuecmeennas nonumepasuas uennas peaxkyus (qIIL[P) 6 peanvrom spemeru — 00UH U3 Mer10006 OUeHKU yPOBHS IKCHpec-
cuu 2eros. Mnmepec k U3y4eHU0 MONEKYNAPHbIX MEXAHU3MOE SKCNPECCULL 26HOB U ee OUeHKU 6 NPOKAPUOMUUECKOLi KremkKe
00ycrn10871eH HEOOCMAMKOM UCCTIE008aHULL NO OAHHOMY 80NPOCY U PAOOM Memo0on0euUeckux npobnem. B pabome npedcmassne-
HO U3yueHue MeXaHu3ma SKCNPeccUUl 2eHo6 y NPoKapuom Ha npumepe 2eHos aupasvl b u xonnazenasvr Aeromonas salmonicida
ASL. B pesynvmame nposedeHHbLx UCCTe008aHULE Obiau NPOMeCUpPO6aHbl NpuMeHseMble 8 Peaktuu 00pamHol MPparHcKpUNUUU
cnyuaiinoii (Random) u npatimep oligo (dT) ¢ «saxopem» (08a Kpatinux Hykneomuda npatimepa no 3" KOHUY, KomMniemeHmap-
Hble HYKAeOMUOam cmon-Kko0oHa mpanckpubupyemoti nocnedosamenvtocmu JJHK) u adanmepom cobcmeennoii paspabomxu.
ITpumenenue oligo (dT) npaiimepa cmano 603MOMHbIM MOLKO NOCe nonuadeHuposanus évidenentoti PHK ¢ nomoujvio che-
UuanvHozo Habopa ¢ nonu — A nonumepasoti. YemaroeneHo, 4mo paspabomanHvlii HAMu NpomoKos nposedeHuUs 06pamHoti
mpanckpunyuu (OT) ¢ ucnonvsosaruem oligo (dT) npaiimepa u onpedenenHoti nocnedosamenvHoCMvio adanmepa Ha ezo 5'
KOHUe, NpeOHA3HAUEeHHO020 0718 OdnbHeliuie20 omacuea pesepc-npaiimepa npu nposedenuu I[P & peanvHom epemeHu HAPAOY
¢ npedsapumenvrvim nonuadenunuposaruem PHK ucknouaem cneyuduueckyro amnauduxkayuro ocrmamounoi $oHosoti ze-
Homnoti [THK. [lanHas memoouka mMoxem HAlmu npumeHeHue 6 OUeHKe YPOBH IKCHPeCCUll HUSKOIKCNPECCUOHHBIX 2eHO06 NPU
8vICOKOM coOepacanuu npumecu Porosoti eeromnoti JJHK 6 06pasue PHK, nanpumep, Ha KoHeuHOT crmaduu n02apudmueckoeo
pocma npokapuomuUecKkoll Kaemxu.
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Abstract

One of the methods to evaluate the level of gene expression is a real-time quantitative polymerase chain reaction (qPCR). Interest
in the study of molecular mechanisms of gene expression and its evaluation in prokaryotes is due to the lack of research on this is-
sue and a number of methodological problems. The paper presents a study of gene expression mechanism in prokaryotes evidence
from Aeromonas salmonicida ASI gyrase B and collagenase genes. As a result of the research, Random primer and oligo (dT)
primer (two 3’-terminal nucleotides of the primer complementary to stop codon nucleotides of the transcribed DNA sequence)
with anchor and adapter of our own design were tested, which are used in the reaction of reverse transcription. The use of oligo
(dT) primer became possible only after polyadenylation of extracted RNA using special poly-A polymerase kit. It is determined
that the developed protocol of reverse transcription (RT) using oligo (dT) primer and adapter with certain sequence on its 5-ter-
minus designed for further annealing of the reverse primer during real-time PCR along with preliminary polyadenylation of RNA
excludes specific amplification of the background genomic DNA. This technique may be applied in evaluating the expression level
of low-expression genes when high background genomic DNA content is found in the RNA sample, e.g. at the end of logarithmic
growth of prokaryotic cells.

BBenenue

Knerxn mo6oro oprannsma, kakue 651 pyHKIMM OHM HI
BBITIOJTHA/IN, VIMEIOT TIOJTHBII HAOOpP CBOVICTBEHHBIX IaHHO-
My OpPTaHM3MY I'€HOB. Y TI060T0 OpraHn3Ma KJIeTKY PasHBIX
TKaHell ¥ OPraHOB OT/IMYAIOTCA 110 Pas/IMYHBIM IIPM3HAKAM
1 HabOpy NMEOIIVXCA B HUX Oe/KoB. [laxke B OfHOIT KTeTKe
Ha PasHbIX CTA/VISIX ee PasBUTUS CUHTE3UPYIOTCS U PYHK-
LVIOHMPYIOT pasHble Oenky. OfHaKo, B 100011 K/IeTKe uMe-
eTCsI OIIpefie/IeHHBII HabOp TeHOB, 00eCIIeYNBAOLINX TTOI-
Jiep>KaHye BaXHEIIINX )XM3HEHHbIX QYHKIWIT OPraHN3Ma,

KOTOPbIE SKCIIPECCUPYIOTCA MPAKTUIECKM BO BCEX TKAHAX
U KJIE€TKaX Ha OTHOCHUTEIbHO IIOCTOSHHOM YPOBHE. JTHU
TE€HbI ITOJIy4M/IU OIIpeJie/ICHNE «T€HbI JOMAUIHETO XO3AICT-
Ba«, OHM (PYHKIVMOHUPYIOT IIOBCEMECTHO, Ha BCEX CTAIVAX
>KM3HEHHOTO IIVK/Ia OpraHusMa. B metogonornm nsy4enns
9KCIPECCHI T€HOB T€HbI JJOMAIIHEro X03AJCTBA MCIIONb3Y-
IOT B Ka4eCTBe T€HOB BbIPABHMBAHNA, OTHOCUTEILHO KOTO-
PBIX M3Y9aeTCs 9KCIPECCHUA LIeNIeBbIX T€HOB.

Pacnonaras monHOM TreHeTHMYeckol WHQopMaumer,
KaXJas KJIeTKa Ha OIpefle/IeHHOM 3Talle pa3BUTUA JVIC-
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HO/Ib3YeT INIIb Ty ee YacTh, KOTOpasg HeoOXofMMa B Ha-
CTOSAILINIT MOMEHT, TPAaHCKPUOMPYIOTCS TOBKO Te TeHBI,
IIPOAYKTBI KOTOPBIX HYXKHBI K/IeTKE B HEIIOCPENCTBEHHBII
MOMEHT ee CYILIIeCTBOBAHNUA /IS OCYIIeCTBIeHNs ee PyHK-
uumit. Kietka fo/mKHa pacnonaraTb MeXaHM3MaMu, OIIpe-
TeISOINMY, KaKiie TeHbI ¥ B KAKOW TTOC/IeIOBATeTbHOCTU
JIOJDKHBI 9KCIIPECCUPOBATHCS («BBIPAXKAThCSIK, TO €CTh Jja-
BaTb npopykT — PHK wu 6e10k), a kakue mofaBIATbCA.
ITpu aTom MPHK renoB, akcripeccust KOTOPBIX ITOfIaB/IA€T-
cs1 OBICTPO, leTPafiMpyeT B KJIETOYHOM MAaTPUKCEe B OT/IN-
4ue oT, Harpumep, JTHK oTMepmmx KneTox.

ITocTosiHHOE M3MeHeHMe IKCIPecCUy TeX MM MHBIX
TeHOB IIPOABIAETCA B IIEPBYIO0 OYepelb Ha yPOBHE TPaHC-
Kpunuuy. ITO CKAa3bIBaeTCs HAa M3MEHEHUM KOMMYecTBa
monexyn PHK, npexxpe Bcero, m-PHK.

ITosTOoMy KONMMYECTBEHHBIV aHANMM3 SKCIPECCUM Te-
HOB CBOJUTCA K aHAJN3y TPAHCKPUIITOMA, M3MEPEeHMIO
TPAaHCKPUIIMOHHON aKTUMBHOCTY T'€HA, C ITOMOIIBIO OIl-
peneneHnsa KONMMYecTBa ero IMpopykra, marpuyHoit PHK
(MPHK), yauBepcanpHoOI 11 607b1iIeit YacTyi reHoB. [1pn
3TOM KOHEYHDIII IPOIYKT SKCIPECCUI I'eHOB KaK IIPABUJIO
6enkn, a He MPHK.

Ina usmepennsa xommdectBa MPHK paspaboranst
crepymomye MetTofbl: KonudectseHHasA [IIIP B peanbHOM
Bpemern (qPCR), mpumeHsercs jid aHammsa YpOBHA
9KCIIPeccuy HeCKOTbKMX T'€HOB; CPABHUTE/IbHAS T€HOM-
Has rubpupusanys Ha ynnax (CGH), mosBomnser BujeTh
KO/MM4YeCTBEHHBbIe M3MEHEHNA 9KCIPEeCcCUU TeHOB IIPSIMO
Ha XpPOMOCOMaX; MMKPOUMIIBI, C UX TOMOIIbIO MOXKHO TI0-
Jly4aThb JAHHBIE TI0 YPOBHIO SKCIPeccuy OObIIOro KO-
YyecTBa T€HOB; BLICOKOIIPOM3BOAUTEIbHOE Mapasiie/ibHOe
cexBenupoBanue PHK (NGS) [1]. MeTopst rubpugusanmnn
1 BBICOKOIIPOM3BOIUTE/TBHOTO CEKBEHVPOBAHMA ABJIAIOT-
Cs1 «307I0TBIMM CTaHJAPTaMI« OLIEHKM SKCIIPECCUY TeHOB,
OfIHAKO IIpeyCMaTPMUBAIOT Ha/mu4uue OOBEeMHOro U J0-
POrOCTOAIEro 000pyOBaHM)sA, 3aKYIKY KOTOPBIX MOTYT
MTO3BOJTUTH Ia/ieKO He BCe PsANOBble TA00PaTOPUIA, a JIUIIb
CHenyanu3upoBaHHble MeUKO-TeHeTUYeCKNe IIeHTPBI.
ITpoBeneHne aHamM3a SKCIPeCcCUM T'eHOB METOAOM TIMU-
Opunmsanun Tpebyer Gonpume xommuectBa PHK, yem
Te, KOTOpbIe 3a4acTYI0 NOCTYIIHBI IIpU IPOBeINeHUN psfa
9KCIEPUMEHTOB, HAIIPUMeP, IPY HaMMIUU He3HAUNTEIb-
HBIX KOIMYEeCTB KJIeTOK WIN TKaHeil. B aTux cirydasax me-
TOJIbI, OCHOBaHHbIe Ha [TI1P, cTaHOBATCS He3aMEeHUMBIMIA,
nockonbky [P BkToyaeT sTan aMmmmuKanum, 9To fie-
naeT ero 6osee YYBCTBUTEIbHBIM. [lOIIOTHUTE/IBHOE TIpe-
uMyiectso IIIIP B peasbHOM BpeMeHM — OTHOCUTE/Ib-
Has POCTOTA U YA0OCTBO MCIIONIb30BAHNA 110 CPAaBHEHNIO
C BbIIlIETIepeYNCIEeHHbBIMI MeTofaMu [2].

OcHOBHBIE 3TaIbI IPOTOKO/IA KOMMYECTBEHHOTO aHaJIN-
3a aKcrpeccuy reHos MetofoM II1IP B peanbHOM BpeMeHM:
1. IDraHuMpoBaHUe 9KCIIEPUMEHTA.

BoizienieHne 1 OlleHKa HYK/IEMHOBBIX KICTIOT.
[Tposenenne obparHoit Tpanckpumniuy (OT).
Ontummsanusa pexumosn [P B pearbHOM BpeMeHn,
noctaHoBka I1IIP.

2.
3.
4
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5. AHanM3 JaHHBIX, IOTY4YeHHbIX IIpy nposefgenun I111P
B peaslbHOM BpeMeHM. AGCOMIOTHAs KOMNYeCTBEHHAs
orleHKa. OTHOCUTENbHAA KOMYECTBEHHA OLIEHKa.
STambl BBIJIEIEHUA M OYMCTKU HYKIEMHOBBIX KMC/IOT

U peakiys oOpaTHON TPAaHCKPUIILMM COINPOBOKIAIOTCH

PAOM TPYAHOCTEN B MCIIOTHEHUY U TIOTYy4eHUM O0BbeK-

TUBHBIX Pe3y/IbTaTOB [3,4,5].

Tak, Hanpumep, adpdexruBHocTh cuHTe3da KJIHK Ha-
IpAMYI0 3aBUCUT OT KadecTBa ouncTky PHK [6]. Ceropusa
Ha pBIHKe IIPUCYTCTBYIOT MHOXECTBO HAOOPOB peareHToB
ms ounctku PHK, HO MeTommka kmaccuyeckort ¢beHomb-
HOJI 9KCTPaKIMM OCTAETCA OFHMUM U3 Hanbojiee CTaHAapT-
HBIX nopxofioB [7]. [laHHasA MeTOfMKa He UCKIIYaeT Co-
nepxanns npumeceit [IHK B Boijenensnom o6pasie PHK,
n, Ha060p0T, ocTtatouHbIx KonndectB PHK B BoImeieHHOM
obpasue [JHK. OTo BbI3BIBaeT TPYAHOCTb IPU OLIEHKE
HU3KO3KCIIPECCHOHHBIX TeHoB. OCTaToYHbIe KONMMYeCcTBa
resomHoit [JHK MackupyroT emyHMYHbBIE KOIUU TOMO-
nornynoit kJHK, 4To mpuBOmUT K OMIMOOYHOI OLIEHKe
pesynbraTos IIIIP. Kpome 3T0Oro, CKOpoCTh pennmKanyum
ITHK u nenenus 6akTepuaabHBIX KI€TOK B pas3bl 60Jbllle,
4yeM B 00pasljax TKaHeil 9yKapMOTUIeCKMX K/IETOK.

Mertoponorusa fu3aiiHa TeCT-CUCTEMbI I U3YIEHUS
9KCIIPEeCCUM TEHOB B 3YKApPMOTMYECKON KJIeTKe 3aKJI0-
yaerca B ciepymomeM. IIpajimeppl [/ y4acTKOB Ie€HOB
9YKapMoOT MOAOMPAIOT TaK, YTOOBI OHM OT>KUTANUCh Ha
HOCTIef{OBATeIbHOCTY 9K30HOB 110 00€VIM CTOPOHAM JIJIVH-
HOTO MHTPOHA YTO ITO3BOJIAET OCYLIeCTBUTD AuddepeH-
LMaLVIo [0 aHa/IN3y KPUBOI IUIABIEHM MEXIY aMIUIM-
¢ukanueit kJHK n nmoreHnmanbHO KOHTaMMUHUPYIOIEi
renomHoit JIHK, nayn 3axBaTeIBaloT IpaHULBI ABYX IIOCTIE-
IOBaTeNIbHBIX 9K30HOB, pasfie/ieHHbIX B reHoMmHoi JTHK
VMHTPOHOM, 4YTO MCK/ITIOYaeT aMIUIM(PMUKALNIO TeHOMHO
IHK. IenoM nnpokapnoTt, B OT/IM4MeE, OT TEHOMA 9yKapuoT,
He pasfie/ieH Ha Koaupylolye (9K30HbI) U HeKOMpyoIijye
(nuTpOHSBI) yactu. Marpnunas PHK B atom cryvae cun-
Te3MpyeTcs IO IreHaM XpoMocoMHoit/mnasmupHoi JHK,
M3-3a 4Yer0 HeBO3MOXKHO IOf{00paTh IpariMepsl Ha CTBIKE
Y4aCTKOB 9K30H-3K30H, YTOOBI OHU He OT)KMUIA/INCh Ha KO-
nupytomeM ydactke JTHK.

B atom cryuae nmpu nocranoske TP nmeeT cmbicr mc-
II0/1b30BATh IOTIOJTHUTE/IbHBIN KOHTPOnb — 1pobsl PHK,
He TIOABEPrHYTBIN peakiuy OOpaTHON TPaHCKPUIILVIML.
9ro no3sonut npu ouenke MPHK omnpenennts ypoBeHb
KoHTaMuHanuu resomuon JTHK.

O6paTHast TPaHCKPUIILVIA SABJIAECTCH, IOXKAJYIL, Hau-
6oree poOIEMHOI U TOJIBEPXKEHHOI BapualysaM peak-
et npu nposenernu [P, DddexkTnBHOCTD 06paTHOI
TPAHCKPUIILVM HANIPAMYIO 3aBUCUT OT BHIOPAHHBIX ITpaii-
MepoB. B peaknuu cuHTe3a NepBUYHON LEMM MOXKHO JIC-
H0/Ib30BaTh TeH-ClenyUIHble MpaiMepsl, CIydYaiiHble
(Random) nparimepsr nin oligo (dT) npaiimepsr. OtcyT-
crBue Ha 3" koH1e MPHK npokapuot poly (A) — XBocToB,
nenaet HeaPekTUBHBIM yctonb3oBanue oligo (dT) mpaii-
MepoB. Ilonu-(A) mocnemoBaTenbHOCTY OaKTepHaabHBIX
MPHK 3HaunTenbHO KOpoue cOOTBETCTBYIOLINX 3YKapHO-
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TUYeCKUX. VIX I/IMHA, B cpefiHeM, COCTaB/AeT Bcero 14-16
HyK/1eoTnoB (80-200 — y sykapuor), a IOIMaieHNIN-
poBaHbl uib oT 1% mo 40 % monekyn MPHK kaxporo
ompezesieHHOTro Biaa B KineTke (~100% B ciyuae <Pr),
[MTonnapennnnposanue MPHK karamsupyer nonm (A) —
HOo/MMMepasa, KOTOpas OCYLIeCTB/IAET He3aBUCUMOE OT
MaTpUIbl TOCTEf0BaTeNbHOE MPHCOENUHEHNE OCTATKOB
apennnara K 3’-OH-kxonnam monexyn PHK.

HekoTtopble yue6HbIe T0COOMsT PEKOMEHAYIOT VICIIOJIb-
30BaTh CIy4ailHble WM TeH-Crerdudeckne IpaiMepbl
st 6akrepmanpupix PHK [2]. Opnako, reH-cnerudu-
4yecKue IpaiiMepsl, ucrnonbsyemble B IIIIP B peanrbHOM
BpEeMeHM VMMEIOT TeMIepaTypy IUlaBieHys Boie 50 °C,
YTO fleflaeT HEBO3MOXKHBIM NCIIONb30BaHNE VX C K/IACCH-
yeckoil MMLV peBepTa3soili, MMeOMNII TeMIIepaTypHbIil
Makcumym B 42 °C.

CymecTByromie METOIMKIM 1 IIPOTOKOJIBI 3aTOYEHBI Ha
paboTy ¢ 9yKapMOTUYECKMMI K/IeTKaMu. VIHTepec K mus-
YYEHUIO MOJEKY/IAPHBIX MEXaHI3MOB 3KCIPECCUN TeHOB
U ee OLIeHKM B IPOKAPMOTNYIECKOI K/IeTKe 00yC/IOB/IeH He-
JIOCTATKOM MCC/IefOBAHNII IO JAaHHOMY BOIIPOCY ¥ PSAIOM
MeTomonorndeckux npobmnem [8]. B psage 6nonormyecknx
3ajlad VICCIeOBaHMe TPAHCKPUIITOMA OaKTepuil MOXeT
ObITH KpaiiHe MHPOPMATUBHBIM. Tak, ObI/IO IOKa3aHO, YTO
6axtepun Helicobacter pylori 3 pa3HbIX y4aCTKOB OJJHOTO
U TOTO >Ke MOPa’KeHHOTO >KeTyAKa He OTINYAITCA TeHe-
TUYECKM, HO CYJIBHO OT/INYAIOTCS IO YPOBHIO 9KCIIPECCUN
reHOB (T.e. 6aKTepuy HaXOAATCS B Pa3HBIX (PYHKIVIOHAID-
HBIX COCTOAHMAX). IIpn sTom mpoduib sKcIpeccun Mo-
JKeT 3HAUUTETbHO OTIMYATbCS — JO COTHU T'€HOB C CY-
I[ECTBEHHO Pa3HBIM ypoBHeM akcmpeccun [9]. Vsyuas
9KCIIPECCUIO T'€HOB, CBSI3AHHBIX C KIETOYHBIM IIVIKIIOM
Y BPOXOKelt, ydeHble 0OHAPYXWIN, YTO HOMUHMPYIOLe
PEXMMBI SKCIIPECCUM MOTYT OBITh CBA3AHBI C Pa3/INYHBI-
MU OMO/TOrYeCKUMY (PYHKIVIAIMM, TAKMMI KaK (pasbl Kite-
TOYHOro IMKia [10].

Llenbio aHHOI pabOTHI ABJIANIOCH U3Y4YeHVe MeXaHN3-
Ma 9KCIIPeCcCcuy TeHOB Y IPOKapUOT Ha IIpUMepe TeHOB TH-
pasel b u konmnarenaser Aeromonas salmonicida ASI.

OO0'BEKTHI I METObI

Obwvexmuvl  uccnedosanus: — wWTamMm  Aeromonas

salmonicida ASI u3 mabopaTOPHOIT KOMIEKIININ:

— Aeromonas salmonicida, oxmBneHHas KymbTypa Ha
TSB-6ynboHe ¢ T/II0K03011;

— Aeromonas salmonicida Ha arapusoBaHHOI cpeze
PCA;

— Aeromonas salmonicida Ha TSB-6ynboHe ¢ rr0k030it
6e3 nHAyKTOpa (24 4 Ky/IbTUBUPOBAHNA);

— Aeromonas salmonicida Ha TSB-6ynboHe ¢ rr0k030it
C MHIYKTOPOM (24 4 Ky/TbTUBMPOBAHNA);

— AxTyBMpOBaHHBIT Aeromonas salmonicida Ha menTon-
HOI cpefie C MHAYKTOPOM (24 4 Ky/IbTUBUPOBAHISA);

— HeaxtusuposanHslit Aeromonas salmonicida Ha memn-
TOHHOII Cpefie ¢ MHAYKTOpoM (24 4 KyJIbTMBMpPOBA-
HUA);
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PHK n x/THK nepeuncneHHbIX 00pasIioB.

MemoOvt uccnedosanus:

Kynvmypanvoiii memoo

C nenpio nomyyeHnsa 6momaccsl s Beigenenns PHK
VICHIO/Ib30BA/IM  TJTyOMHHBI METOJ, KYIbTMBMPOBAHIA
MUKpPOOPTaHM3MOB B >XMJKON nuTarenbHoit cpene (TSB-
Oy/IbOH C IVIIOKO3011, OoraTas HENTOHHAs cpefa) U IO-
BEPXHOCTHBIII METOJl Ky/IbTUBUPOBAHNUA HA arapu3oBaH-
Holt nuTtarenbHoit cpefie (PCA). B xauecTBe MHAyKTOpa
VICIIO/Ib30BA/IM PACTBOPMMYIO (PPaKIVIO KOJIIAreHa.

Buidenenue PHK

Ilna Beienenuss PHK or6upanu 50 Mk cycniensuu (1,0
MacFarland). Boinenennie PHK mpoBopmnn MeTogoM Mar-
HUTHBIX YaCTUI] Ha pOOOTU3MPOBaHHOI cTaHIy MagNA
Pure LC2.0 Instrument (Roche, IlIBeitijapus), ncnonp3ys
Habop ma Boifenennsa MagNa Pure LC RNA Isolation Kit
High Performance.

ITonuadenunuposarue PHK

Vonuuenue 5° xonua M-PHK npoBopgumm ¢ nomompio
Habopa E. coli Poly (A)- Polimerase (NEB) cornacho npo-
tokony  (https://www.neb.com/produCts/m0276-ecoli-
poly-a-polymerase/).

ITonyuenue xk/THK (o6pammas mpanckpunuus)

IMonywamu x[JHK ¢ mnomompio Habopa peareH-
TOB I IpoBefieHMs obpaTHoit TpaHckpunuymn (OT)
(OO0 «CuHTOM») COITACHO VHCTPYKLUM C MCHO/Ib30-
BaHNEM TIeH-CIelupuyecknx IpaiiMepoB, CIy4aitHOTO
(Random) mpaiimepa u mpaiiMepa coOCTBEHHOI paspa-
6otku ¢ nonu (T) aganrepom.

1P

JInsajiH npaiiMepoB U MX NPOBepKa C MOMOIIbIO IIPO-
rpamM  Primer-BLAST  (http://www.ncbinlm.nih.gov/
tools/primer-blast/) n Oligo Analyzer 3.1 (http://eu.idtdna.
com/calc/analyzer).

®opsapp nmparimep k reny gyrB: GTGTCTCCATCC-
GTCTGCAA

Pesepc nmparimep k reny gyrB: CCTTGATACCGCCCT-
CATAGC

®opsapp npaitmep k reny colA: TCAGATAGTAG-
GTGGAGAGGGTCA

Pesepc mnparimep k reny colA: ATCTCATCCGTCAT-
CACAGCC

Yuusepcanphblit pesep npaiimep: GCCTCTGCCCA-
CAATGCT

Bri6paHHbIe TpaiiMepbl 6aKTepuil ObIIN MCIIONb30Ba-
Hbl 14 nposefenus [P B peampHOM Bpemenn. Temrre-
parypy IiaB/ieHus onpepensm in silico ¢ npumeHennem
uHTepaKkTUBHON nmporpamMmel UMELT*M (https://dna.utah.
edu/umelt/um.php).

ITocranosky TP n nsy4yeHne sKcIpeccuy TeHoOB IIpo-
Bomym Ha npubope «AHK 32« (OOO «Cunron«, Poccns).

Pe3ynbrarsl u 06cyxeHne

[l/1s1 IoyYeHMst KJIETOYHOM KY/IbTYpbl Aeromonas sal-
monicida AS] ¢ HUSKUM ypOBHEM 3KCIIPeCCUU T'€HOB JI0-
MAILIHEeTO X03:JICTBA 1 TeHa KOJIIAT€HA3bI ee BbIPAIMBaIn
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Ha 00eJHEHHOII MUTATe/TbHOI Cpefie C KOJUTar€HOM B Tede-
HUE 24 4 10 JOCTIVDKEHUA CTaJuy POCTa KJIETOK BBIXOJA
Ha wiato. [Tocne Boimenenust PHK 6pia mposegena OT co
cny4dariabeiM (Random) nparimepom ¢ mocnenyromeit ITITP
B peajIbHOM BpeMeHM CO Clielnu4ecKMN IpajiiMepamu
K reHaM rupassl b u komrarenasst (Puc.1 u Puc. 2). B xave-
cTBe oTpunarensbHoro Koutposns (OKO) ucnonb3oBanach
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peakius 6e3 BHecenust MMLV peBepraspl. JlaHHas pe-
aKLMs I03BO/IM/IA HAM OLIEHUTh OCTATOYHOE KOJIMYeCTBO
ITHK B npo6e, Boienennoi PHK.

Ha Puc. 1 u Puc. 2 Bupgno, uro kpussie OKO PHK
BBIIIUIM IPMMEPHO Ha TeX >X€ IMK/IAaX, YTO M KpUBbIE
OIIBITHBIX 00PA3I[0B — IeHa TMpasbl U TeHa KOJUIareHasbl
(Ct =33 - 34 k).

Gyrase gene

OKO Aqua

1 2 3 & §$ & 7 5 9% %W 11 12 1) M 1S MO WY XD
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Puc. 1. Kpusbie ammmu¢uxanun x THK, nonydenHoit B pesynbraTe 00paTHOl TpaHCKpunimu co cny4ainbiM (Random) npaiiMepom Ha rex

rupassl b (Gyrase gene)
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Collagenase
gene

OKO Aqua
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Puc. 2. Kpusbie ammmdnkaunm x[THK, nomydenHolt B pe3ynbraTe 00paTHOI TpaHCKpUILMH co cny4aitipiM (Random) mpaiiMepoM Ha reH

xosareHassl (Collagenase gene)
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ITpu sTom orpunarenbuble KoHTpomu TP peakuym
(OKO Aqua) He majy MOIOXXUTEIbHOM peakIuy, 9To ro-
BOPUT O CIelM(PUYIHOCTY IPOBEJEHHON peaKuyunu U OT-
CYTCTBUU NpaliMepPHBIX JYIMEPOB.

Beixon kpmBbix ammmbukanyyn OKO PHK napsamy
C KpUBBIMY aMIUINUKALIMA OIBITHBIX 00pa3l[oB — reHa-
MU T'Mpasbl ¥ KOJUIareHasbl, CBUMETENbCTBYET O COflepyKa-
HYM IpuMecn octarouHol reHomuoit [IHK A. salmonicida
ASI. Opnaxo, nonoxurenbHasa peakina OKO PHK we o03-
HayaeT OTCYTCTBMe B obOpasue cneruduyeckoit kJHK,
¢onosaa JTHK mpocto mackmpyer ee Hammanme. Copep-
anue npumecn ocraroynoit [JHK B obpasie PHK uacrto
CBA3aHO C Ka4eCTBOM OYMCTKM HYK/IEMHOBBIX KUC/IOT Ha
3Tare BbIJelIeHNs U MOXKeT IPUBOJUTD K JIOKHOIIONIOXKM-
TenbHbIM pesynbTaTam IILIP-OT. Breicokoe copepkaHue
¢donosoit THK B mpobax Beimenennoit PHK moxer 6bITH
CBA3aHO C KpaiiHe BblcOkuM cofepkanyeM [JHK B kynb-
TYPaIbHONM XUAKOCTY OTMepHINX KIeTOK. COOTBETCTBEH-
HO, IIpu ucnonb3oBaHuy Random mpaiimMepa BO3SHMKaeT
CJIOYKHOCTD OLIeHKV YPOBHS HU3KOIKCIIPECCHOHHBIX T€HOB.
K TakuM reHaMm OTHOCHUTCS, HaIpuMep, 'eH KOJIIareHas3bl
A. salmonicida, ypoBeHb SKCIIpeccyy KOTOPOTO 3aBVICUT OT
IUTATeNbHBIX CBOJCTB Cpefbl KY/IbTUBMPOBAHNUA ¥ IIPU-
CYTCTBM: MHIYKTOPOB CYHTe3a B YCIOBMAX ONTYMA/IbHOI
UL pa3BUTHA TeMIlepaTypbl U 3HadeHys pH. [11].

[l peuteHus mpo6nemMbl BBICOKOTO (OHOBOTO CO-
mepxanna JHK B npo6ax PHK namm 6pi10 mpumHsATO
pemeHne «npummuTh« K monydaemoit kJJHK mpaiimep-
HBIIl afjanTep ¢ HeroMonornyHoy 6axrepmanpHoit JHK
IIOCTIef0BaTeNbHOCTDIO. [IpaliMepHBIl afjlaniTep CIy>KUI
ObI MECTOM OT)KNTa YHUBEPCA/JIbHOTO peBepc IpariMepa
B IIIIP B peaslbHOM BpeMeHM, YTO CYILIECTBEHHO OBI I10-
BBICWIO CIelMPUIHOCTD peakiyn. OfHAKO, «IIPUIINTHK
apanrep k k[JHK moxHo Tonbko uepes oligo (dT) mpaii-

mep. Ho Ha 3" konue y 6onpumacTBa Monekyn MPHK mpo-
KapuoT OTCYTCTBYIOT IO/M-(A) IOC/Ie0BAaTeTbHOCTH VN
OHJI OYeHb KOPOTKMe, 4TO fiefaeT Hed(PeKTMBHBIM NC-
nonb3oBanye oligo (dT) mpaiimepos. B mopTBepxpenyn
aToro 6Op1a mposefieHa nmoctaHoBka OT ¢ 06bpryHbIM 15T
oligo (dT) mpaitmepom n obpasuamu Boigenennornr PHK.
[TomrydyeHHBIE pe3y/NbTATHl IOATBEPAVIIN TeOpeTUIecKue
naHHble, oligo (dT) mpaiimMep u3s-3a orcyTcTBUA HOMNU-(A)
IIOCTIENOBATEIPHOCTY He OTKuraerca Ha monekyne PHK,
n kIHK ne cunTesupyetcs. B IIIIP B peanbHOM BpeMeHU
KpUBBIe aMIUIM(MKanny norydeHHbIXx obpasnos k JHK
BBIILIIY HA YPOBHE OTPUIIATEILHOTO KOHTPOJIA, II03TOMY
rpaduyeckye JaHHbIE Mbl PelIV/IN He IIPUBOJUTD B 9TON
cTarbe.

Jlna pemennsa 3Toil HpoOIEeMBI MBI MCIONb30BAJIN
npoTokon nonuageHmnuposanus MPHK, xoropsii mc-
HO/Ib3YeTCs [ MOBBINIEHNA NPORYKTUBHOCTY CUHTE3a
TPAHCTeHHBIX 0€/IKOB B K/IETOUHBIX KY/IBTYpaxX 9yKapuoT
(NEB).

[Tocne Boipenennsa PHK 6b110 mpoBeneHo ee monuage-
HIIMpPOBaHMe ¢ IToMolbio o (A) mommepassr E. coli
(NEB). B obparHOil TpaHCKpMIIIM ObIT MCIIONb30BaH
yHUBepcanbHbIl AKopHbI mpaiiMep 15T oligo (dT) co
CIlelMabHBIM afianTepoM. [IBa KpallHMX HYKJIeOTH[a
mpariMepa Mo 3'KOHIy KOMIUIEMEHTAPHbBI HYK/I€OTUIaM
CTOII-KOJJOHa TPAaHCKPUOMpPYeMOil MOC/IeN0BaTe/IbHOCTI
JHK. IIpu nocranoske IIIIP ¢ kK THK, nony4enHoit B pe-
3y/bTaTe Takoi oOparHoi TpaHcKpumiuy, Kpusag OKO
PHK (nmpo6a PHK, He mopBepruyTas peakuuu obpar-
HOJl TPaHCKpUIILIMM) He aMIUMuuMpoBanach. To ecTb
VICITO/Ib3YEeMBbIN IIpaiiMep MCK/IYaeT KOMIUIEMEHTAapHOE
coenvHeHne ¢ ¢onosoit reHomuon [JHK n omxuraercs
tonbko Ha Monekyne PHK ¢ momu-(A) nocnenosarenbHo-
crbio (Puc. 3).

2 4

% % 30 2

Puc. 3. Kpusble ammnuduxannn xJIHK rena xomnarenassr (Collagenase gene), 1ony4eHHoI B pe3y/bTate 00paTHON TPAHCKPUIILINY C «AKOP-

upiM» 15T oligo (dT) mpaiimepom
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Puc. 4. Kpusbie amnnuéukarmy K JHK renos xommarenasst i rupasst A. salmonicida. OT60p KyIbTypbI CO Cpefbl ¢ ITIIOK030i1 6e3 HHAYKTOpa

Hanmudane B 60raToli IENTOHHOI Cpefie pacTBOPUMOIL
¢dhopMBI KoJUIareHa MOBBIIIAET YPOBEHb IKCIpeccun dep-
MEHTa, B TO BpeMs KaK Cpefia C I/II0K03011 6e3 MHAYKTOpa
CHIDKAeT YpOBEHb 3KCIIpeccuM TeHa KojulareHasbl. Vic-
moIb30BaHMe pazpaborannoro Hamu npotokoma [TIIP OT,
IIO3BOJISIET OLIEHUTb IKCIPECCUMIO TeHa KOJIIar€Hasbl Ha
BCeX 3Talax KyJIbTUBMPOBAHMA MUKPOOPraHM3MA, B TOM
qIICTIe I MMHUMAIbHYIO 9KCIIPECCUIO IIPY POCTE KY/IbTYpPbl
Ha Ccpefie ¢ I/II0K030it 6e3 nHpykropa. Jlorapudmudeckuit
poct xpusoit ammmidukanuu kJHK B atom cnyuae npo-
XonuT Ha 26-28 muknax (Puc. 4).

I[Tpu saTom, npu ucnonbzopannu Random mpaiimepa He
yhaeTcsA OLeHUTDb HU3KYIO 9KCIIPeCCHIO FeHa KOJIareHas3hl,
kpuBas ammmidukanuu kJHK B atom cnydae nmubo He
BBIXOJUT Ha IUIATO, MO0 BBIXOAUT HA IIOCTIEHUX IIMKIaX
IILIP.

JI14 3aK/II0YUTENBHOTO CPaBHEHMA JIBYX IIPOTOKOJIOB
nposenennsa OT 6bUIM IpoOBefeHBbI [jBe Mapajle/ibHble
IIOCTAHOBKM C JCHO/Nb30BaHueM cny4aitHoro (Random)
npajiMepa U CMOJIEIMPOBAaHHOTO HaMIU CHHTETHYECKOTO
AxkopHoro mpariMepa oligo (dT) ¢ ajanrepom. C mony-
YeHHBIMM B pe3yjbrare oOpaTHOI Tpanckpunuuu kJHK
ObUIM IIPOBeZieHbI JiBe Mmapajule/ibHble mocTaHoBKy [TITP.
CpaBHzenune pesynbraTtoB IIIP ¢ ncnonb3oBanuem x/IHK,
MOTYy4YeHHO! B pe3ynbTaTe OOpPaTHON TPaHCKPUIILINN
C pasHBIMM IIpajiMepaMu IpefcTaBaeHsl B Taor. 1.

Kak BupHo B Ta61. 1 pasHuIla IMKIOB BBIXOAA KPUBBIX
TeHOB TIMpasbl U Ko/UlareHasel Aeromonas salmonicida
(ACt) ¢ ncrionb3oBaHMeM 3TUX JBYX IPOTOKO/IOB He 3Ha-
yprenbHa (mpuMmepHo 1-2 mmxia). Takum obpasom, mc-
[I0/Ib30BaHMe CMOJEeNMPOBAaHHOIO HAMI CMHTETUYECKOTO
AKopHoro mnpaiiMepa oligo (dT) He moBmusAIO Ha pe3yb-
tarbl [11IP 1 mpuBeno K mMOTy4eHnio aHaIOTUYHBIX C MC-
nonb3oanneM Random mpaiiMepa JaHHBIX.
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Ta6nuua 1. CpaBHUTeNbHBIIT aHaMN3 pe3ynbraTos ITITP
10 pe3ynbTaTaM IByX NapanienbHbIX HocTaHOBOK OT

O6paszen xTHK

Pa3HMIIa IMKIIOB BBIXOa KPMBBIX
T€HOB IMPas3bl M KOTaTeHa3bl
(ACt) OT co cryyaitnpiM

Pa3HMIIa IUK/IOB BBIXO/Ia KPUBBIX
T€HOB IMPa3bl M KONIaTeHa3bI

(Random) mpaiimepom
(ACt) OT c cunrermaecknm poly

(T) mpaitmepom

Aeromonas salmonicida, o;xuBnenHas
KynbTypa Ha TSB-6y1boHe ¢ II0K030ii

N

,03

w
“w
o

Aeromonas salmonicida Ha
arapusoBaHHoI1 cpene PCA

N
-
'S
W
(=4
o

Aeromonas salmonicida na TSB-
6y/IbOHeE C ITI0K030i 6€3 HHAYKTOpa
(24 4 KynpTHBMpOBaHMS)

0,13

Aeromonas salmonicida na TSB-
6y/IbOHeE C III0KO030ii C HHAYKTOPOM
(24 4 KynpTHBUpPOBaHNS)

5,51 5,14

AXTHUBHMpPOBaHHBIN Aeromonas
salmonicida Ha menToHHOI
cpefie ¢ MHTYKTOpOM

(24 4 KynpTHBUpPOBaHMS)

5,65 7,03

HeaxTuBupoBaHHbI1
Aeromonas salmonicida Ha

NN TOHHOI CPefie C MHEYKTOPOM
(24 4 KynpTHBMpPOBaHNS)

4,39 3,4

BreiBopgbl

B pesynbraTe NpOBeIeHHBIX WCCIENOBAHMIT ObIIN
IPOTeCTHPOBAHBI NPUMEHseMble B peakiuy 0OpaTHOI
TpaHckpunuyy cny4aineni (Random) n mpaiimep oligo
(dT) ¢ «aAxopem» U IpaiiMEepPHBIM afJAIITEPOM COOCTBEH-
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Holt paspaborku. Ilpumenenne oligo (dT) mpaiimepa
CTajll0 BO3MOXKHBIM TOJIBKO IIOC/Ie II0/IMafileHMPOBaHNA
Boifienennoir PHK ¢ momorpio crermanbHOro Habopa
C Monun-A ToNMMMepasoil.

YcTaHOBIEHO, YTO Pa3pabOTAaHHBII HaMM IIPOTOKOI
nposeneHus obparnoit Tpanckpunnyy (OT) ¢ ncnonbso-
BanueM oligo (dT) mparimepa u ompepeneHHOI OCIERO-
BaTeJIbHOCTDBIO aflaliTepa Ha €ro 5° KOHIIe, IpeHa3HaueH-
HOIO JyIA Ja/IbHENIIETO OT)KUIA peBepc-IIpaliMepa IpuU
nposenenun II1IP B peasbHOM BpeMeHM HapAny ¢ Ipef-
BapUTeNbHBIM NonuageHnmnposanneM PHK nckmogaer
crienudryecKyo aMInuKanmuo oCTaTOYHOM GOHOBOI
renomuon [THK.

JJaHHasg MeTOAMKa MOXKeT HalTU IpUMeHeHue
B OLlEHKe yPOBHA 3KCIPEeCCUM HM3KOIKCIIPECCHOHHBIX
TeHOB IIPY BBICOKOM COfiep>KaHuu IpuMecyu (pOHOBOIL re-
HoMHoi1 [JHK B o6pasue PHK, Hanpumep, Ha KOHeUHOI1
CTafuy 10rapuPMUIecKoro pocTa IPOKAPUOTUIECKO
KJIeTKH.

Introduction

Any type of cells in any organism have a complete set of
genes special to the organism independent of their func-
tion. In any organism, cells of different tissues and organs
differ in their functions and expressed proteins. Moreover,
at different developmental stages, different proteins are
synthesized and function in the same cell. However, any
cell contains a certain set of genes that support the vital
functions. Such vital genes are expressed in almost all tis-
sues and cells at relatively constant level. They are defined
as «housekeeping genes« and function everywhere in the
organism at all the stages of life cycle. Methods for gene
expression studying use the housekeeping genes as refer-
ence genes, versus which the expression of target genes is
determined.

While containing full genetic information, each cell, at
a certain stage of development, uses only the part that is
needed at the moment. Only those genes whose products
are needed by the cell immediately to perform its functions
are transcribed. The cell must have mechanisms to deter-
mine which genes and in what order should be expressed
(in other words, give the product, i.e. RNA or protein) and
which ones should be suppressed. In this case, mRNA of
genes, the expression of which is suppressed rapidly, de-
grades in the cellular matrix, in contrast to the DNA of
dead cells, for example.

The constant change in the expression of certain genes
is manifested primarily at the level of transcription. This
affects the number of RNA molecules, mainly mRNA.

Therefore, the quantitative analysis of gene expression
is the analysis of transcriptome, i.e. transcriptional activity
measurement of the gene, by determining the amount of
its product, matrix RNA (mRNA), which is universal for
most genes. While the final product of gene expression is
usually proteins, rather than mRNA.
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VYcinoBHbIe 0003HAYEHU A

qIIIIP KonuyecTBeHHas momiMepasHas HelHas peaKis

IIpaiimep IIpaiimep, B KOTOpOM IBa KpaliHIX HYKIeOTHA

C «AKOpeM» MO0 3’ KOHIYy KOMIZIeMEHTAaPHBI HYK/IeOTHUIAM

VTN AKOPHBIl  CTON-KOJOHA TPAHCKPUOMPYeMoii MoCIefoBaTenb-

npaiiMep Hoctu THK

JJHK Jle30KcHpNOOHYKIeNHOBAs KICTIOTA

PHK PuboHyknenHoBas Kucmora

MPHK MarpuyuHas puOOHYKIeNHOBas KICIOTA

KITHK KomnnemeHnTapHas 1e30KcHpUOOHYKIEMHOBAA
KICTOTa
Konen nommuykneoTnsa, Ha KOTOPOM PacnonoXeH

3" xoHer HYK/IeOTHJ co cBoOogHoi1 OH-rpynmoii y TpeTbero
YITIEPOHIO aTOMa PU603BI WIN Ae30KCHPIOO3BI.
Konen nonmHyKmeoTnsa, Ha KOTOpOM pacHonoxeH

5' KoHery HYK/IeOTHJ co cBo6ogHoit OH-rpynmnoii naroro
aToMa yriepoya pu6o3ssl 1an ge30Kcupuoo3bl.

oT O6parHas TpaHCKPUIIUS

poly (A) — @parment monexynsl MPHK, asoTucrbie ocHoBa-

XBOCTbI HIIs1 KOTOPOTO NPe/ICTaBIeHbl TOMBKO a/IeHITHOM

OKO OrpunarenbHblii KOHTPONIb

To measure the amount of mRNA, the following methods
have been developed: quantitative real-time PCR (qPCR)
used to analyze the expression level of several genes; com-
parative genomic hybridization on chips (CGH) that allows
to register quantitative changes in gene expression directly
on chromosomes; microchips that help to obtain data on the
expression level of large number of genes; next-generation
parallel sequencing of RNA (NGS) [1]. Hybridization and
next-generation sequencing methods are the gold standards
for gene expression evaluation, but they require the avail-
ability of large and expensive equipment. Only specialized
medical genetic centers can purchase such equipment, but
not all the standard laboratories. Analyzing gene expression
by hybridization requires higher level of RNA than usually
available in experiments (for example, small amounts of
cells or tissues). In these cases, methods based on PCR be-
come irreplaceable, since the PCR includes an amplification
step, which makes it more sensitive. An additional advan-
tage of real-time PCR is relative simplicity and ease of use in
comparison to the above methods [2].

The main stages of the quantitative analysis protocol of
gene expression by the real-time PCR method are:

Design of experiment.

Isolation and evaluation of nucleic acids.

Performing of reverse transcription (RT).
Optimization of the real-time PCR modes, PCR run.
Analysis of data obtained during real-time PCR. Ab-
solute quantitative evaluation. Relative quantitative
evaluation.

The stages of nucleic acid isolation and purification and
the reverse transcription are accompanied by a number of
difficulties in performing and obtaining objective results
(3,4,5].

For example, the efficiency of cDNA synthesis depends
directly on the quality of RNA purification [6]. Nowadays,
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there are many kits of RNA purification reagents on the
market, but the classical phenol extraction technique re-
mains one of the most common approaches [7]. This tech-
nique does not exclude the content of DNA impurities
in the isolated RNA sample and, conversely, the residual
amounts of RNA in the isolated DNA sample. This is prob-
lem for evaluating low-expression genes. Residual amounts
of genomic DNA mask single copies of homologous cDNA,
which leads to erroneous evaluation of PCR results. In ad-
dition, DNA replication rate and bacterial growth rate are
several times higher than in eukaryotic tissue samples.

The methodology of test system designing for gene
expression evaluation in a eukaryotic cell is as follows.
Primers for eukaryotic gene sites are selected so that they
are annealed on the exon sequence on both sides of the
long intron. This allows differentiation between amplified
cDNA and potentially contaminating genomic DNA by
the analysis of the melting profile. Furthermore, bound-
aries of two consecutive exons separated by the intron in
the genomic DNA may be included, which prevents ge-
nomic DNA amplification. Prokaryotic genome, unlike
the eukaryotic one, is not divided into coding (exons)
and noncoding (introns) parts. In this case, messenger
RNA is synthesized by the genes of chromosomal/plas-
mid DNA. That is why it is impossible to select the prim-
ers at the exon-exon junction, so they are not annealed to
the coding region of DNA.

In this case, when running the PCR, it is reasonable to
use additional control, RNA samples, not subjected to the
reverse transcription. This allows to determine the level of
contaminating genomic DNA when evaluating mRNA.

Reverse transcription seems to be the most problem-
atic and varying reaction in PCR. Reverse transcription ef-
ficiency directly depends on the selected primers. In the
primary chain synthesis reaction, gene-specific primers,
i.e. Random primers or oligo (dT) primers may be used.
The absence of poly (A)-tails on 3"-terminus of prokary-
otic mRNA makes oligo (dT) primers ineffective. The poly
(A) sequences of bacterial mRNAs are significantly shorter
than the corresponding eukaryotic sequences. Their length
is on average only 14 to 16 nucleotides (80 to 200 in eukary-
otes), and only 1% to 40% of mRNA molecules of each
certain type are polyadenylated (about 100% in the case
of eukaryotes). Polyadenylation of mRNA is catalyzed by
poly (A)-polymerase, which performs matrix-indepen-
dent sequential attachment of adenylate residues to 3’-OH-
termini of RNA molecules.

Some textbooks recommend using random or gene-
specific primers for bacterial RNA [2]. However, gene-spe-
cific primers used in real-time PCR have a melting point
above 50 °C, which makes it impossible to use them with
the classical MMLV revertase acting maximum at 42 °C.

Existing methods and protocols are customized to work
with eukaryotic cells. Interest in studying the molecu-
lar mechanisms of gene expression and its evaluation in
prokaryotes is due to the lack of research and a number of
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methodological problems [8]. In a number of biological re-
searches, the study of bacterial transcriptome may be very
informative. Thus, it was shown that Helicobacter pylori
from different parts of the same affected stomach do not
differ genetically, but greatly differ in the level of gene ex-
pression (i.e. the bacteria are in different functional states).
At the same time, the expression profile may significantly
differ, so up to hundreds of genes may have significantly
different levels of expression [9]. In studies of the expres-
sion of genes associated with cell cycle in yeast, scientists
have found that dominant expression modes may be asso-
ciated with various biological functions, such as cell cycle
phases [10].

The aim of this work was to study the gene expression
mechanism in prokaryotes evidence from Aeromonas sal-
monicida ASI gyrase B and collagenase genes.

Materials and methods

Materials:

Aeromonas salmonicida ASI strain from the laboratory
collection:

— Aeromonas salmonicida, live culture in TSB broth with
glucose;

— Aeromonas salmonicida on PCA agar medium;

— Aeromonas salmonicida in TSB broth with glucose and
no inducer (24-hour incubation);

— Aeromonas salmonicida in TSB broth with glucose and
inducer (24-hour incubation);

— Activated Aeromonas salmonicida on a peptone medi-
um with inducer (24-hour incubation);

— Non-activated Aeromonas salmonicida on a peptone
medium with inducer (24-hour incubation);

— RNAs and ¢cDNAs from the listed samples.

Methods:

Cultural method

To obtain biomass for RNA extraction, submerged
incubation of microorganisms in a liquid medium (TSB
broth with glucose, enriched peptone medium) and sur-
face incubation on an agar medium (PCA) were used.
A soluble fraction of collagen was used as an inducer.

RNA extraction

For RNA extraction, 50 pl of the suspension was se-
lected (1.0 MacFarland). RNA extraction was carried out
by magnetic particles on automated MagNA Pure LC2.0
Instrument (Roche, Switzerland) using High Performance
MagNa Pure LC RNA Isolation Kit.

RNA polyadenylation

Elongation of mRNA 5’-terminus was performed using
the E. coli Poly (A)-Polymerase (NEB) kit according to the
protocol  (https://www.neb.com/produCts/m0276-ecoli-
poly-a-polymerase/).

Obtaining cDNA (reverse transcription)

The cDNA was obtained by Reverse Transcription (RT)
reagent kit (Sintol LLC) according to the instruction using
gene specific primers, Random primer and a proprietary
primer with a poly (T) adapter.
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PCR

Primer design and testing using Primer-BLAST (http://
www.ncbi.nlm.nih.gov/tools/primer-blast/) and Oligo An-
alyzer 3.1 (http://eu.idtdna.com/calc/ analyzer) were car-
ried out.

Forward primer to gyrB gene: GTGTCTCCATCC-
GTCTGCAA

Reverse primer to gyrB gene: CCTTGATACCGCCCT-
CATAGC

Forward primer to colA gene: TCAGATAGTAGGTG-
GAGAGGGTCA

Reverse primer to colA gene: ATCTCATCCGTCAT-
CACAGCC

Universal reverse primer: GCCTCTGCCCACAAT-
GCT

The selected bacterial primers were used to carry out
real-time PCR. The melting point was determined in silico
using uMELT™ interactive software (https://dna.utah.
edu/umelt/um.php).

PCR running and gene expression studies were per-
formed on ANK 32 instrument (Sintol LLC, Russia).

Results and discussion

To obtain Aeromonas salmonicida ASI cell culture with
low-level expression of housekeeping genes and collage-
nase gene, cells were grown on a depleted medium with
collagen for 24 hours before reaching the plateau phase.
After RNA extraction, RT was performed with Random
primer followed by real-time PCR with specific primers to
gyrase B and collagenase genes (Figure 1 and Figure 2). As
a negative control (NC), a reaction without the introduc-
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tion of MMLYV revertase was used. This reaction allowed
to evaluate the residual amount of DNA in the sample of
extracted RNA.

Figures 1 and 2 show that NC RNA curves appeared ap-
proximately on the same phases as the test sample curves,
i.e. gyrase gene collagenase genes (Ct = 33 to 34 cycles).

At the same time, negative controls for PCR reaction
(NC Aqua) did not show a positive reaction, which indi-
cates reaction specificity and the absence of primer dimers.

The yield of the amplification curves for NC RNA along
with the amplification curves for the test samples, gyrase
and collagenase genes, indicates the presence of Aeromo-
nas salmonicida ASI residual genomic DNA. However, the
positive reaction of NC RNA does not mean the absence
of specific cDNA in the sample, because the background
DNA masks its presence. The content of residual DNA
contamination in RNA sample is often associated with the
purification quality of nucleic acids during the extraction
stage and may lead to false positive results of PCR-RT. High
content of background DNA in extracted RNA samples
can be associated with an extremely high DNA content in
the culture fluid from dead cells. Accordingly, when using
Random primer, it is difficult to evaluate the level of low-
expression genes. Such genes include, for example, A. sal-
monicida collagenase gene, the level of expression of which
depends on the nutritional properties of culture medium
and the presence of inducers under conditions of tempera-
ture and pH optimal for the development [11].

To solve the problem of high background DNA con-
tent in RNA samples, we decided to «attach» the primer
adapter with non-homologous bacterial DNA sequence to

Gyrase gene

OKO Aqua
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Figure 1. Amplification curves for cDNA obtained as a result of reverse transcription with Random primer to gyrase B gene
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Figure 2. Amplification curves for cDNA obtained as a result of reverse transcription with Random primer to collagenase gene

the cDNA obtained. The primer adapter would serve as the
annealing site for the universal reverse primer in real-time
PCR, which would significantly increase the specificity of
reaction. However, the adapter may be «attached« to the
cDNA only via oligo (dT) primer. But most prokaryotic
mRNA molecules have very short poly (A) sequences on
3" -terminus or have no such sequences at all, which makes
oligo (dT) primers ineffective. To confirm this, RT was
performed with conventional 15T oligo (dT) primer and
samples of extracted RNA. The obtained results confirmed
the theoretical data. Because of the absence of poly (A)

sequence, oligo (dT) primer is not annealed on the RNA
molecule, and cDNA is not synthesized. In real-time PCR,
the amplification curves of the obtained cDNA samples ap-
peared at the same level as negative control, so we decided
not to demonstrate the graphic data in this article.

To solve this problem, we used mRNA polyadenyl-
ation protocol, which is applied to increase the synthesis
efficiency of transgenic proteins in eukaryotic cell cultures
(NEB).

After RNA extraction, its polyadenylation was carried
out using poly (A) polymerase of E. coli (NEB). Univer-

4
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Figure 3. Amplification curves for cDNA of the collagenase gene, obtained as a result of reverse transcription with 15T oligo (dT) anchor primer
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Figure 4. Amplification curves for cDNA of A. salmonicida collagenase and gyrase genes. Selection of the culture from the medium

with glucose and no inducer

sal 15T oligo (dT) anchor primer with a special adapter
was used in the reverse transcription. The two terminal
nucleotides of the primer 3’-terminus are complemen-
tary to the nucleotides of the transcribed DNA stop co-
don. When running PCR with the cDNA obtained as a
result of such reverse transcription, NC RNA curve (RNA
sample not subjected to the reverse transcription) is not
amplified. In other words, the primer used prevents com-
plementary bonding to background genomic DNA and
is annealed only on RNA molecule with a poly (A) se-
quence (Figure 3).

The presence of soluble collagen in the enriched pep-
tone medium increases the level of enzyme expression,
while the medium with glucose and no inducer reduces
the level of collagenase gene expression. Using our PCR
RT protocol, we can evaluate the collagenase gene expres-
sion at all stages of microorganism incubation, including
minimal expression when the culture grows on a medium
without glucose and no inducer. In this case, the logarith-
mic growth of the amplification curve for cDNA occurs
after 26 to 28 cycles (Figure 4).

At the same time, when Random primer is used, it is
not possible to evaluate the low expression of the collage-
nase gene, because, in this case, cONA amplification curve
either does not reach the plateau or appears at the last PCR
cycles.

For the final comparison of two RT protocols, two par-
allel runs were performed using Random primer and the
developed oligo (dT) anchor primer with adapter. cDNA
samples obtained in the reverse transcription were used in
two parallel PCR runs. A comparison of PCR results using
cDNA obtained in the reverse transcription with different
primers is presented in Table 1.
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Table 1. Comparative analysis of PCR results from two parallel
RT runs

cDNA sample

curves for gyrase and collagenase
genes (ACt) RT with synthetic

curves for gyrase and collagenase
poly (T) primer

Difference in the number of
cycles for the appearance of the
genes (ACt) RT with Random
primer

Difference in the number of
cycles for the appearance of the

Aeromonas salmonicida, live culture in
TSB broth with glucose

Aeromonas salmonicida on PCA agar
medium

hed
3
°

3.09

Aeromonas salmonicida in TSB broth
with glucose and no inducer (24-hour
incubation)

Aeromonas salmonicida in TSB broth
with glucose and inducer (24-hour
incubation)

Activated Aeromonas salmonicida on a
peptone medium with inducer (24-hour
incubation)

Non-activated Aeromonas salmonicida
on a peptone medium with inducer (24-
hour incubation)

0.13

5.51 5.14

5.65 7.03

4.39 3.4

As Table 1 shows, the difference in the number of cycles
for the appearance of the curves for Aeromonas salmoni-
cida gyrase and collagenase genes (ACt) using these two
protocols is not significant (about 1 to 2 cycles). Thus, the
use of the developed oligo (dT) anchor primer did not af-
fect the PCR results and resulted in similar data as for Ran-
dom primer.
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Conclusion

As a result of the research, Random primer and oligo
(dT) primer with anchor and adapter of our own design
were tested, which are used in the reaction of reverse tran-
scription. The use of oligo (dT) primer became possible
only after polyadenylation of extracted RNA using special
poly-A polymerase kit.

It is determined that the developed protocol of reverse
transcription (RT) using oligo (dT) primer and adapter
with certain sequence on its 5'-terminus designed for fur-
ther annealing of the reverse primer during real-time PCR
along with preliminary polyadenylation of RNA excludes
specific amplification of the residual background genomic
DNA.

This technique may be applied in evaluating the expres-
sion level of low-expression genes when high background
genomic DNA content is found in the RNA sample, e.g. at
the end of logarithmic growth of prokaryotic cells.

Abbreviations and terms

qPCR Quantitative polymerase chain reaction

Primer with Primer with two 3’-terminal nucleotides

an «anchor», .
complementary to stop codon nucleotides of the

or anchor .

. transcribed DNA sequence

primer

DNA Deoxyribonucleic acid

RNA Ribonucleic acid

mRNA Matrix ribonucleic acid

cDNA Complementary deoxyribonucleic acid
Polynucleotide terminus, on which the nucleotide

3'-terminus  islocated with a free OH-group in the third carbon
atom of ribose or deoxyribose.
Polynucleotide terminus, on which the nucleotide

5'-terminus  islocated with a free OH-group in the fifth carbon
atom of ribose or deoxyribose.

RT Reverse transcription

oly (A)-tails mRNA molecule fragment, the nitrogen bases of
poly which are represented only by adenine

NC Negative control
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