ISSN 2518-7201 (Print)

PRACAN,
7 ISSN 2663-5003 (Online)

Ne 4(100)/2020



ISSN 2663-5003 (Online)
ISSN-L 2518-7201 (Print)
Hnnexci 74620
Unnexc 74620

KAPAFAH[ObI
YHUBEPCUTETIHIH

KABAPUIbICDI

BECTHHK BULLETIN

KAPATAHOWHCKOTO OF THE KARAGANDA
YHUBEPCUTETA UNIVERSITY

BUONormAa. MEQULUNHA. TEOITPA®UA cepusicesr
Cepusa BUOJIOINA. MEAULUMHA. TEOTPADUA
BIOLOGY. MEDICINE. GEOGRAPHY Series

Ne 4(100)/2020

Kazan—kaparnra—xenTokcaHn
30 xkenrokcad 2020 x.

OxTs0pb—HOAOPE—1eKa0Ph
30 nexabps 2020 1.

October—November—December
December, 30", 2020

1996 xpu1man 6acTar MIBIFaIbl
Usmaercs ¢ 1996 rona
Founded in 1996

JKbuibiHa 4 peT mbIFaIbl
Brixonut 4 paza B roa
Published 4 times a year

Kaparangsrl, 2020
Kaparanna, 2020
Karaganda, 2020



M. bpoan,

P.I'. OranecsH,

K.-. Konepr,

Amman Axman @apyku
C.B. Kymnapenko,
I'.I'. MeiipamoB,

A.B. Ilanun,

P.T. Bekceurtona,

O.JI. Makaposga,

bac peoakmopwi

OMOJI. FBUI. KaH]I
M.IO. HmmypatoBa

Kayanmul xamubt

OHOJI. FBUI. KaHI.
C.Y. TneykeHoBa

Peoaxyus ankacot

PhD g-pe1, AMepuka yauBepcuteti, Bammarron (AKL);

PhD n-pwl1, [lencunbBanus yausepcureti, ©unanensdus (AKILL);
Mel. UL O-pel, [lnabet nactuTyThl, KapncOypr (I'epmanms);

PhD g-pe1, BuomMequunHanbIK oHE T€HETUKABIK HHKEHEPHUS
uHCTUTYTHI, Mcnamaban ([lakucran);

OMOJI. FBUL KaHII., OCIMAIKTEP OMOJIOTHACHI KoHE OMOTEXHOIOTHSICHI
uHCTUTYTHI, AnMatsl (Kazakcran);

Men. Feul. O-pel, Akaz. E.A. bexeros at. Kaparanapl yHuBepcuteTi
(Kazakcran);

reorp. Feul. A-pbl, M.B. JIoMoHOCOB aT. MOCKBa MEMIIEKETTIK
yauBepcuteti (Peceit);

reorp. Fbul. J1-pbl, On-DPapadu atbiHIarel Kazak yiITThIK
yauBepcuteTi, Anvatsl (Kazakcran);

ouon. reul. Kaua., PFA A.H. CeBeprioB aT. DKoOTHs %KoHE
9BOJIONMS UHCTUTYTHI, Mocksa (Peceit)

Peoaxyusanviy mexenocauvr: 100024, Kazakcran, Kaparannas! K., YHUBEpcUTeT K-ci, 28.
Ten.: (7212) 77-00-69; daxc: (7212) 35-63-98.

E-mail: bulletin_karsu biology@mail.ru

Caiitsr: https://biollogy-medcine-geography-vestnik.ksu.kz/

Peoaxmopnaput

JK.T. Hypmyxanosa, C.C. bankeesa, T.A. Koxanosep

Komnvromepoe bemmezen
B.B. bytsitkun

Kaparanae! yauBepcurteTiHiH xadapmbicsl. Buosornsa. Megununa. I'eorpagus cepuscsl.
ISSN-L 2518-7201 (Print). ISSN 2663-5003 (Online).

Menmik ueci: «Axanemuk E.A. bexeroB ateianarsl Kaparanas! yausepcureti» KEAK.

Kazakcran PecnyOnmkacel AKmapaT jxoHE KOFaMABIK JaMy MHHHUCTpiiriMed TipkenreH. 30.09.2020 x.
Ne KZ32VPY 00027389 xaiita ecerke KOO Typalibl KyaJIiri.

Bacyra 29.12.2020 . xon koipurasl. [Timimi 60x84 1/8. Karassr ogeerrik. Kenemi 17,87 6.1. Tapanbsimbl
200 mana. barace! kemicim OoiipramIa. Tanceipsic Ne 90.

«Axan. E.A. bexetos at. Kaparauns! yH-Ti» KEAK-HBIH OacnachiHBIH OacnaxaHachIHIa 0ACHUTBII IIBIKTHL.
100024, Kazakcran, Kaparaunsl K., YauBepcuret K-ci, 28. Texn. (7212) 35-63-16. E-mail: izd_kargu@mail.ru

© Axkanemuk E.A. BexeToB arbinnarbl Kaparanabl ynusepcureri, 2020



T naenwiti pedaxmop

KaHJ[. OMOJI. HayK
M.IO. HmmypatoBa

OmeemcmeeHHblll ceKpemaps

KaH1. OMOJI. HayK
C.Y. TneykeHoBa

Peoaxyuonnas xonnezus

M. bpoan, n-p PhD, Amepukanckuii yausepcurert, Bammarton (CILA);
P.I'. OranecsH, n-p PhD, IleacunbBanckuii yauBepeutet, Omnanenshus (CLLIA);
K.-JI. Konepr, I-p Mea. Hayk, MactutyT nuabera, KapncOypr (I'epmanus);

Amman Axmag ®@apyku, 1-p PhD, UHcTUTYT OMOMEANIIMHCKON M TeHETHYECKOH WHXKEHEPHUH,
Hcnamaban (I1akucTan);

C.B. Kymnapesnko, KaHz. 6uoin. Hayk, MTHCTUTYT OMOIOTHY 1 OMOTEXHOJIOTHH PACTEHUH,
Anwmartsl (Kazaxcran);

I'.T'. Meiipamos, I-p Men. Hayk, KaparanauHckuii yHuBepcuTeT UM. akaj. E.A. bykerosa
(Kazaxcran);

A.B. Ilanun, I-p reorp. HaykK, MOCKOBCKHI roCy1apCTBEHHbII YHUBEPCUTET
M. M.B. Jlomonocosa (Poccus);

P.T. bexkceuroBa, JI-p reorp. HayK, Kazaxckuii HallMOHaIbHBIN YHUBEPCUTET
M. anb-Dapadu, Anmate (Kazaxcran),

0.J1. Makaposa, KaHJl. Onoi. HayK, THCTUTYT poOIeM SKOJIOTHH U 3BOJTFOIHH

mM. A.H. CeseprioBa PAH, Mocksa (Poccust)

Aopec peoaxyuu: 100024, Kazaxcran, r. Kaparanna, yn. YauBepcuterckas, 28.
Ten.: (7212) 77-00-69; daxc: (7212) 35-63-98.
E-mail: bulletin_karsu_biology@mail.ru
Caiit: https://biollogy-medcine-geography-vestnik.ksu.kz

Peoaxmoput
K. T. Hypmyxanosa, C.C. bankeesa, T.A. Koxanosep

Komnviomepnas eepcmka
B.B. bytsitkun

Becrnuk Kaparangunckoro yunsepcurera. Cepust buonorus. Menununa. I'eorpagus.
ISSN-L 2518-7201 (Print). ISSN 2663-5003 (Online).
Co6ctBennnk: HAO «KaparannnHCkni yHUBEPCUTET MMeHH akanemuka E.A. BykeroBay.

3aperucTpupoBaHo MHHHCTEPCTBOM HHGpOpPMAIMU W OOIecTBEeHHOTo pa3BuThs PecnyOmmku Kazaxcras.
CBueTenbCTBO 0 MocTaHoBKe Ha mepeydeT Ne KZ32VPY 00027389 ot 30.09.2020 r.

[oamucano B nevyats 29.12.2020 r. ®opmar 60x84 1/8. Bymara odcernas. O6vem 17,87 m.i1. Tupax 200 sk3.
Ilena noroBopuas. 3aka3 Ne 90.

Ortnedatano B Tunorpaduu nzgarenscrsa HAO «Kaparangunackuit yauBepcuret uM. akaj. E.A. BykeroBay.
100024, Kazaxcran, r. Kaparanna, yn. Yausepcurerckas, 28. Ten. (7212) 35-63-16. E-mail: izd_kargu@mail.ru

© KaparanaguHckuii yauBepcuter uM. akaa. E.A. Bykerosa, 2020



M. Brody,
R.G. Oganesyan,
K.-D. Kohnert,

Main Editor

Cand. of biology
M.Yu. Ishmuratova

Responsible secretary

Cand. of biology
S.U. Tleukenova

Editorial board

PhD, American University, Washington, DC (USA);
PhD, University of Pennsylvania, Philadelphia, PA (USA);
MD, The German Diabetes Center, Karlsburg (Germany);

Ammad Ahmad Farooqi PhD, Institute of Biomedical and Genetic Engineering (IBGE),

S.V. Kushnarenko,
G.G. Meyramov,
A.V. Panin,

R.T. Bekseitova,

O.L. Makarova,

Islamabad, Pakistan;

Cand. of biology, Institute of Plant Biology and Biotechnology,
Almaty (Kazakhstan);

MD, Karaganda University of the name of acad. E.A. Buketov
(Kazakhstan);

Doctor of geography, M.V. Lomonosov Moscow State University
(Russia);

Doctor of geography, Al-Farabi Kazakh National University,
Almaty (Kazakhstan);

Cand. of biology, A.N. Severtsov Institute of Ecology and Evolu-
tion, Moscow (Russia)

Postal address: 28, University Str., Karaganda, 100024, Kazakhstan.

Tel.: (7212) 77-00-69; fax: (7212) 35-63-98.

E-mail: bulletin_karsu_biology@mail.ru

Web-site: https://biollogy-medcine-geography-vestnik.ksu.kz

Editors

Zh.T. Nurmukhanova, S.S. Balkeyeva, T. Kokhanover

Computer layout
V.V. Butyaikin

Bulletin of the Karaganda University. Biology. Medicine. Geography series.
ISSN-L 2518-7201 (Print). ISSN 2663-5003 (Online).
Proprietary: NLC «Karagandy University of the name of academician E.A. Buketov».

Registered by the Ministry of Information and Social Development of the Republic of Kazakhstan.
Rediscount certificate No. KZ32VPY 00027389 dated 30.09.2020.

Signed in print 29.12.2020. Format 60x84 1/8. Offset paper. Volume 17,87 p.sh. Circulation 200 copies.
Price upon request. Order Ne 90.

Printed in the Publishing house of NLC «Karagandy University of the name of acad. E.A. Buketov».
28, University Str., Karaganda, 100024, Kazakhstan. Tel. (7212) 35-63-16. E-mail: izd kargu@mail.ru

© Karagandy University of the name of acad. E.A. Buketov, 2020



K¥PMETTI OKBIPMAH!

Ciznepre «Kaparanapl YHUBEPCHUTETIHIH XaOapIibi-
Chl» KypHaJbIHBIH 100-111 MepekeniK CaHbIH YCHIHBII
OoTBIpMBI3. «KaparaHIpl YHHUBEPCUTETIHIH XaOapIIbICh»
FBUIBIMH Mep3iMai OacbuibiMbl Kazakcran xoHe Oacka
enjiep FalbIMAAPBIHBIH P TYPJIl FHUIBIM CalajlapblHAAFbI
3epTTEYJCpiHIH  HOTIDKENEpiH  amblK  Oacraces3ne
xapusnayra OarpiTTanFad. JKypHalJIblH MakcaTtbl —
XaJIBIKAPANbIK FHUIBIMH KAaYBIMJIACTBIKTBI KaHA oJicTep
JKOHE HUJESUIapMEH TaHBICTBIPA  OTBIPHIN, MAaHBI3AbI
FBUIBIMU JKOHE OumiM Oepy akmaparTapbIMEH aiMacyFa
THIMAI Karmaid ckacay. JKypHanm FbUIBIMH KBI3METTIH
Heri3ri HoTwkenepin sxapusmay ymidn KP BFM rbuisim
JKoHE OUTIM cayachiHIarbl OakpuIay OOMBIHIIIA KOMHUTET-
NICH YCHIHBUTFaH 0achUIBIMIAP Ti3IMiHE €HTi31IreH.

Kypuan 1996 kbputbl anFambiHAA €Ki cepus
(«'yMaHUTApIBIK FRUIBIMIAP CEPHSCHD» kKoHE «OKaparbl-
JBICTaHY FBUTBIMAAP CEPUSCHI») OONBIHINA JKAPBIK KOP/I.
2004 xpuiman Oactan «MaremaTukay, «DPusukay, «Xu-
musi», «buonorus. Meaumnuna. ['eorpadus», «IxoHomukay, «llemarorukay, «®dumonorusy», «Ta-
pux. ®unocodpusi. KykpIk» CHAKTBI ceri3 cepus OoiibIHIIA MaTepuanaap xapusuiaca, 2010 >Kbuibl
«KyKbIK» 03 anjpiHa 6eseK ceprs PeTiH e MIBIFAPBUIBII, KaIbl CAHbI TOFbI3Fa JKETTI.

2015 xbuinan Gacran «KaparaH/ibl YHUBEPCUTETIHIH Xa0apIIbICHD» >KYPHAIBIHBIH «XUMHUS»,
«Dusukay, «Marematuka» OarbIThIHAAFE cepusmappl Web of Science Core Collection
xanbIkapanslk 0azacbiHblH «Emerging Sources Citation Index (ESCI)» mnardopmaceina eHpmi.
Kazipri yakeitra «Kaparanapl yHUBEPCUTETIHIH  Xa0apIIbIChl»  KYpHAJIBIHIA  OTAHJBIK
FAJIBIMAAP/BIH ©3€KTi Macenenep OOibIHIIA FHUIBIMM 3epTTeynepineH Oacka, TMJI engepi xoHe
I'epmanmus, [Tonbura, Kerrait, Eruner, Typkust Yaumicran, [TokicTan cekini aeMIiK FRUIBIMU OpTa-
na 9 cepust OOMBIHINIA FHUTBIMU JKYMBIC HOTIDKENIEPIH XKapUsUTalThIH Oefenai OachbulbIMFa aifHaIBII
otelp. JKypHanablH XaJbIKapajblK TajanTapra CoWKeC KeneTiH 3 Tulmeri jKeKke CaWThIHaa
PEMaKIMUTBIK allka casicaThl, OHJIAMH Makaia jki0epy MEH OHJIAWH peleH3UsIay TaJanTaphbl
kepceTinreH. JKypHanna skapusjiaHFaH OapiblK Makamajapra MUPPIIK 00ObEKT HUIAECHTH(DUKATOPHI
Oepineni. XypHan anbIHFBI KaTapiibl OTaHJBIK JKOHE MIETENIIK KiTalxaHaJbIK XKYHeIepMeH KoHe
JepEeKKOpIapMeH BIHTBIMAKTACTBIK Jacall, Ka3aKCTaHJBIK Joiiekce3aep 0a3zachl OOMBIHIIA WMIIAKT
¢dakrTopra ue. by o3 ke3erinze xapusUIaHFaH MaTepHajiapFa KbUIIaM KOHE alllbIK KOJI JKeTKi3yre
MYMKIHIIK Oepei.

Toyenci3 eniMi3AiH FBUIBIMBI MEH OUTIMIHIH JaMybIHAA alIIBIKTHI KOJTAaHOAMBI3 KaJbIITACTHI.
OchiHmait abbIpoil OMITIHE KOTEPUTY Y3aK KBUIFBI KaXKbIP-KAMpaTThIH, Y3/IKCI3 13/ICHY/IIH, TaJMai
alFa YMTBUIYABIH HOTIXKeci jaen OureMiH. Ajamzar anjplHOa TYpFaH aca JUIrip Mocesenepmi
eIyl ©31HIH MOHTUIIK MEXeCi, UT1 MaKcaThblHa alWHAJIbIpFaH OachLIBIM OJii JI€ COHBI FBUIBIMH
KaHAJIBIKTApIbIH JKapIIbIchl Oona OeperiHiHe Oek ceHimaiMiH. JKypHanJIblH FBUIBIMH QJI€YETiHIH
apTybIHA yJIeC KOCKaH OapJIbIK aBTOpJIap MEH FalbIM-3€PTTEYIIIepre PU3AIbUIBIFBIMBI3IBI OLIIIpe
oteIpbi, 100-mi Mepekenmik OachUIBIMHBIH INBIFYbIHa oOpail OaplIaHbI3[bl IIBIH KYPEKTEH
KYTTBIKTalMbIH!

Peoaxyusnvix xenecmiy mopazacut
KP YFA koppecnonoenm-myuieci,
3aH LIILIMOAPLIHbIY OOKMOPbI,
npogeccop H.O. /lynamoexos
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C.A. Abues'*, A K. Bay6exosa', P.3. Acnixamosa’

JLH. T ymuneg amwinoaevl Eypasua ynmmuix ynueepcumemi, Hyp-Cynman, Kasaxcman,;
2C. Cetighynnun amvindassi azpomexnuxansi ynusepcumenti, Hyp-Cynman, Kazakcman
*Xam-xabapnapea apnanzan asmop: abiyev_sa@enu.kz

Cyiieani kaiibiH (Betula Pendula) aramibiH 3aKbIMIAWTBIH
(¢puTonaTorenii 0aKTepUIIAPABI MOJIEKYJIAJIBIK HIeHTH(PUKAIMUS TICLTI
apPKbLIbI AHBIKTAN OHBIH QUJIOTeHETHKAJIBIK IIeXKipeciH Kypy

Makamaga Hyp-Cyiran KamacklH KOpIIAd  OTBIPFBI3BUIFAH  JKAacaHIBl <«OKachll Oenjgey» opMaH
MIapyalrsUIBIKTapbIH/a OCeTiH CyHenmi KaibIH aramTapelasly (Betula pendula Roth.) 6akTepHsuIIK 00BIpMEH
3aKbIMITybIHA OaifJIaHBICTEI MOPQOIOTHSIBIK ©3repicTepi KapacTHIPBUIBI, aypy arall MiHAEpiHeH KepH
yJirinepi ajbIHBIN, O6MIHIN aiblHFaH OaKTepus KyJIbTypanaphl KOPEKTIK opTajapja ecipimim, omapra
KyJbTYPaIbIK-MOPGOIOTHSIBIK CHITaTTaManap oepinai. Aypyra IanablKKaH Cyiesna KailblH araiibl JiHiHeH
KEepHIEp aily, OolaplJaH aypy KO3ABIPFBILITHIH Ta3a WITaMaapbiH Oemin amy, pubGocomasik PHK 16S
HYKJICOTHATIK Ti30CTiHIH MOJICKYJIAIBIK HACHTU(QHKAIMICH )KOHE OCHI HOTIDKEIEpIl Xaiblkapanbslk Gene
Bank 6a3achiHOarpl THICTI MONIMETTEPMEH CalIBICTBIPa 3€pAejiey IKYMBICTaphbl OaKTEPHONOTHS IKOHE
OoTaHMKa caJajapblHAa KOJIAHBICTAaFbl 3aMaHayH TOCLIIEp apKbUIBI XKYpriziai. beminin ansaran Gaxrepus
IITaMJAPBIHBIH MOJIEKYJIANbIK CHIAaTTaMalapbl XalbIKapanblk Gene Bank 6azaceiHmarbl THnTik Dickeya
dadantii mrameina 96,72 %-ra coiikec Kemi.

Kinm ce30ep: GakTepusiibIK 0OBIp, KynbTypa, mTtamm, Oakrepus, JHK, xepH, Oypreutay, uaeHTudukanys,
0akTepuos.

Kipicne

KaiieiH aramtapbIHBIH OaKTEPHUSITBIK OOBIPEI — OYJI TYBICTBIH ©TE€ 3USHIBI ©3€KTI — IMapEHXUMATO3IbI
aypysl Oomblll TaObuiaAbl. AypynslH OacTbl Oenriiepi aram AiHIHIH Op JKepiHAe, Keige OyTakTapbIHIA,
nepuaepMa OeTiHAe CapFhIII-KBI3FBUIT TYCTI AaKTapIblH Maiaa OomysiHaH Oactanaabl. bipre-Oipre MmyHmai
JaKTapJbIH OPHBI iCIHII, YJIKEHIN, COHaH COH Kapbutanbl. JKapbIKMaKTapAaaH aKIIbUI-KOHBIP, XKaFBIMCHI3
WiCTI CYHMBIK CBHIpTKa ara Oacraiinel. ChIpTKa IIBIFBII TOMEH Kapail KaOBbIK OeTiHe >KaWblIFaH CYHBIK Te3
KkeOeli, albICTaH Ke3re TYCETiH KeJeMIi CapFhIII-KOHBIP AaKka aiiHamaasl. OHBIH )KOFAPFBI )KaFbIHIAFbI Kapa
JKa3pIIMANTBIH KaTmapiiak KeOy jkapara aifHamambl. YakKpIT ©Te Keile MYHIal >KapaHbIH OpPHBI YIIKEHIIL,
KaCaHIaHbIT, CHIPTKBI KAOBIFBI TYCIN Kalambl. Aypy aranr JiHiHE TEepeHIEH €HIN ©3¢KTi KaMTHbI, OTKi3TiII
ymanap Oy3bUiafsl, OiTenendl, >kambpakTap COJFBIH TapThim, Tyce Oacrtaiinbl. KeiOip OyrakTapel Kyparl
Kastanel. Aram cysi0achl Cenipen, akplp COHBIHIA aFalll eJIe1Ii.

Aram TekTecTepmeri OaKTepHsUTBIK OOBIpABI 3epTreyiep 1945 sxwuier kapusutanran J.C. Carter
eHOeriHeH [1] Oacray anmanpl. On Kaparamita Ke3JeCceTiH CyJIbl OaKTepUO3 bl «wetwood» (ABIMKBUI JIiH) AT,
KO3JIBIPFBIBIH — Erwinia nimipressuralis en aHBIKTaI, OFaH aJIFalll CHUIaTTaMa OepreH FallbIM.

1963 xweuter  AJL IlepOun-lIlapdenenko [2] 22 Typre >karaTelH KBUIKAH KalbIpaKThUIapAaH
OaKTepUsUIBIK OOBIPABI aHBIKTAI, KO3ABIPFBIIITApBIHA TpamTepic, cropa Ty30eiTin Erwinia multivora nen
cunatrama Oepai. OTkeH FacelpablH 70-11i KbULHAapsl Kyprisiiren 3eprreynep [3] 3aypanssi, OHTYCTIK
bateic Cibip xone Conryctik Kazakcran opMmaHAapbIHIa KaWbIH aramTapblHAa OaKTePHUSIIBIK OOBIPIBIH
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KapKbIHIBI Tapana OacTaraHblH KepcerTi. Kaszakcranma Oyyl aypynablH Tapany aiimakTtapeiHa KocrtaHaid,
Conrycrik Kazakcran, [TaBmogap o6mpicTaps! Kipai. COHFBI Ke3/epl KapHusutanFad MojiiMerrepae Kazakcran
JKepiHIe KalbIH aFarnTapbIHAaFsl 0OBIP KO3IBIPFBIIITAPHI HKAMIIBI aFAIIKEl 91¢0H MOTIMETTEpIe KeNTipiireH
rpamrepic QaxkymnbTaTHBTI ad’poOTHl Oaxtepust Erwinia multivora emec, Oacka Pseudomonas sp.,
Enterobacteriaceae sp., Pectobacterium caratovorum >xoHe Dickeya dadantii ceiHIBI OakTepusiap
AHBIKTAIFAHIBIFEI KENTipiiaTeH [4].

Erwinia tyvicel Enterobacterales xatapeiHa >xaTaThlH (uTonaroreHzai Oaxrepusuiap ToObl. Kememi
1-3%0,5-1 MKkM TpamTepic TasKma Topi3mi, (akympTatuBTi ana’podTap. byn Tysicter Winslow et al. [5]
1917 XbUTBI aHBIKTAII, OFAaH aMEPHUKAIBIK MaToJioranaroM Erwin F. Smith ecimin Oepai. 1945 >xpuier Waldee
[6] Erwinia tywiceiH Pectobacterium nem aybICTBIPYIbI YCBIHABL 1968 xbutel Dye [7] OMOXMMESITBIK
cUMaTTaMalapblH HEri3re aga OTBIpbIN Erwinia TYBICBIH TepT Typre Oenai: Erwinia amulavora — anma
aralibIHBIH JKOHE Oacka Ja payImaH TYKBIMIOACTapbIiHBIH (Rosaceae (Spiraeoideae) matoreHi, >Xemic
JMaKbUTAAPBIHBIH OaKTEePISUTBIK KYHIK aypybIHBIH KO3IBIPFBIIITAPEI; Erwinia carotavora — 9pPTYPINi TYBIC
OKIIAEpiHiH, OHBIH ILIIHAE KapTONTHIH, KEp YCTI O6MiKTepiH, cOHIail-ak >Kep acThl OONIKTEpiH /e, OHBIH
iIiHae TYWHEKTEPiH 3aKbIMIAIM, YINalapbiHBIH Kaparbl MEH MIPYiH, XKaNbIPAKTapABIH IIMPATBUIYhl MCH
capraroblH TYBIHIATanbl, Erwinia herbicola — acThIK TYKbIMIACTapbIHBIH OaKTEPHUO3BIHBIH KO3ABIPFBIIIBL.
CoHFBl TOPTIHILI TONKA TYPJIK aTay OepiiMeil OHBI «epekie Erwinia» ToObl mem TonTacThipisl. Kemeci
xbubl (1969) conm Dye [8] Erwinia TyeichiH Oecke Oenmi: E. amylovora (var. amylovora, var. salicis,
var. traceiphila, var. quercina, var. nigrifluens, var. rubrifaciens); E. herbicola (var. herbicola,
var. ananas); E. uredovorus;, E. stewartii woHe E. carotovora (var. carotovora, var. atroseptica,
var. rhapontici, var. chrysanthemi, var. cypripedii). Ocbl xbutbl Dye-HBIH YCBIHBICHI OobIHIIIA Bergey’s
Manual of Determinative Bacteriology 8-11i 6aceuibiMbIHIa Erwinia carotavora Typi Keneciiei Typiep MeH
TYp TapMaKTapblHa XIKTenmi. Erwinia cypripedii, Erwinia rhapontici, Erwinia carotovora var. atroseptica,
Erwinia carotovora var. carotovora scone Erwinia chrysanthemi [9].

ATanfaH TYp TapMaKTapblHBIH imiHnae E. chrysanthemi eH matoreHnmi OaktepusuiapAblH Oipi OOIBIT
TaHpUIABl. Kelinri 3eprreynep OapbiChiHIA OHBIH 16 KOCKapHAKTHI JkoHe 10 mapakapHAKTBI ©CIMIIK
TYKbIMAACTapblHAa OaKTepuo3 aypyblH KO3AbIpaThiHbl aHbIkTanFaH [l10]. Conpali-ak OHBIH KeNTereH
TPOIUKTIK %OHE CYOTPONHKTIK aifMaKTapablH ©CIMIIKTEPiH 3aKbIMIANTEIHBI OeNnTini. OCIMAIKTIH TaMBIPbHIH,
TYHHEKTEpiH, IIBIPBIHAL CTXKEHII MYyIIeaepiH Oy3aThiH JKYMCakK IIIpiK aypyblH KO3IBIPAIbI, TaMBIP
KCHJIEMACBIH OTapJIal, OCIMIIKTI )KYHeT TYpAe 3aKbIMIaiIbI.

Dye [11] 1978 xbutst E. chrysanthemi-Oiy aTOIOTHSUTBIK JKOHE OMOXUMUSITBIK KACUETTEPIH HETi3re aja
OTBHIPBI, OHBI OipHEIE TaToBapHUaHTTapFa XKIiKTeml (pv. zeae, pv. dieffenbachiae, pv. parthenii dicone pv.
dianthicola). 1980 xbwuiel Dickey sxoHe Victoria O0aHaH eCIMAINiHEH aHBIKTAJFaH XaHa HaTOBAPHAHTTHI
pv.paradisiaca-uau1 E. chrysanthemi-mvien Oipiktipai. 1998 xbuibt 16S p/IHK mykieotuarik Ti30€riH Herisre
ana otelpeinl Hauben et al. [12] E. chrysanthemi-ni xaHa atay anraH Pectobacterium TybICBIHA Kiprizin
P. chrysanthemi nen ataynel yeeIHIb. Keltinaen E. chrysanthemi pv.paradisiaca-uwl Brenneria paradisiaca
JIETT aTal JKaHa TaKCOHIBIK cTaTyc Oepi )koHe Typ AeHrenine kerepmi [12].

2005 sxputel penotuntik Tect, JHK-AHK rudpunuzaums, ceponorus xxone 16S p/IlHK nykieotuarik
Ti30€TiH Tanmay kemeriMmeH Samson et al. E. chrysanthemi-ni Erwinia TysIChIHAH 06N ajbIn, oFaH OenTii
mukpobuosor Dickey R.S. ecimin Oepin, skaHa cratycka — Dickeya Tybicbina ketepai [10]. CoHaH cOH, OCBI
TybicKa Pectobacterium chrysanthemi meH Brenneria paradisiaca-uwt xiprizai. ConbiMeH, on Dickeya
myvicbina 6 TYPAl KaTKbI3yAbl YCHIHABL: D. chrysanthemi, D. dadantii, D. dianthicola, D. dieffenbachiae,
D. paradisiaca xone D. zeae.

Kanmet, Dickeya Pectobacteriaceae TYKbIMIACBIHA KIpeTiH, 9p TYpJli KIMMATTHIK >Karaaiiapaa
OCIMJIIKTIH KONTEreH TYpJepiH 3aKbIMIANUTBIH, KCH ayKbIMIbl OaKTepUs TYBICHL. backa OaktepusuiapaaH
alBIPMAITBUTBIFBIHA:  JKOFAPFBI  TEMIIEpaTypaja MaKCHUMAJIbl arpeCCHBTUIN, OCIMIIKTEH OCIMIIKKe
HaceKoMIap apKbUIBl TaChIMAIAaHYhI, OCIMIIKTIH OTKI3TII KYHeci apKbUIbI OCIMIIK JICHECIHE Te3 Tapallybl,
TOMEHT1 TeMIlepaTypaja JaTeHThl Kyiine cakranysl xataabl. Dickeya MblHa ©CIMAIKTEP/iH MaTOTeHI OOJIBII

tabbutanel: D. dianthicola — kapTom, KbI3aHaK, KalaMmIblp, KypTkamanr, D. dieffenbachiae — xaprom,
aHaHac, OaHaH, JXyrepi, KypTkamami, Oarar oHe menaprouus; D. solani — KaprTomn, KbI3aHaK;
D. paradisiaca — 06anan; D. chrysanthemi — KpI3aHaK, KapToIl, TeMEKi, co0i3, Xpusantema;, D. zeae —

XKyrepi, Ougaii, kapTon, aHaHac, OaHaH, TEMEKi, Kypilll, KbIPbIKKabaT, Xxpu3aHremMa, Kanamnblp. CoHbIMEH
katap, 2013 xbutel recA, dnaX, rpoD, gyrB MyTbTHIIOKYCTHI Ti30eKTepiHiH Tanmays! skone 16S p/IHK; ITLIP
TCHOM/JIBIK, JAKTHUJIOCKOIIUS KOHE OMOXMUMMSIIBIK TECTTEp HOTHKECIHE CyHeHe Keje, JKAalOHABIK FalbIMAap
Dickeya typichiH 24 op Typmi eciMIiK TypJepiHeH Oejim ajbll, ojapAbl 6 TOmKa TONTacTHIpAbL: | Tom
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D. chrysanthemi, 11 — D. dadantii, Il — D. dianthicola, IV — D. zeae., V xone VI Tonrapra xaHagaH
aHBIKTAJIMAK TYPJIEp KATKBI3BUIH [9].

AramrTekTecTepliiH OakTepHUsIIBIK OOBIPBI 0acka eciMJIKTEp TYpiHE KaparaHja a3 3epTTelTeH.
AramitekTecTep/IiH inrHae OaKTEepHsUTBIK OOBIPABIH €H KOIl 3aKbIMIANTBHIHBI KaiiblH aramrapbl (Betula
pendula) men kenp Kaparaiibl (Pinus sibirica). baxktepusnbik oOsipmeH OpanblH €ypomanblK Oediri
aymarbiHga, bateic sxoHe Contyctik Cibip, Tasy Ilereic, Bemapycus, Conrycrik Kaszakcran opman
QNKaNTapbIHBIH KaWbIH aramrapbl 3akbiMaanFad. 2007 KpUTbl KaWBIHHBIH OaKTEpUSIIBIK OOBIpBI Peceiimin
11 atimareiaan 11,7 MbrH Ta, 2012 xbutel Ypan aiimareiaga 3 mberg ra, Conrycrik Kazakcran xepinge 2013
KBUTBI 5 MBIH Ta TapanraHbl aHeikTanran. Conpaii-ak, oy aypy Peceit xepinne Betula TybICBIHBIH 0apIibiK
apeansiHa TapanraH [1]. Mynna 2016 xputel 51 MBIH ra ayMakTa KeAp aramTapbl 3aKbIMAAIBIN, OHBIH
5,7 MBIH Ta Kyparl, ’KOUbUIFaH.

bakrepno3s, Oacka ja OHAaraH aralITEKTeCTEp Il 3allaliIali/bl: CaMBIPCHIH, IILIPINA, Oallkaparaii, eMeH,
[IaMIIaT, Kaparall, )KeKe, [IIaraH, KaiblH, Tajl )koHe T.0. BypbIHFBI Iepek ke3nepre cyHeHcek, OaKTepHsIIbIK
OOBIPJIBIH KO3ABIPFBIIIBI PETiHAC €Ki Ke3Kapac KalblTacKaH: Oipi Erwinia multivora Scz.-Parf. [13],
exinmrici Erwinia nimipressuralis Carter [1].

Conrpl MomimerTepre KazakCTaHHBIH CONTYCTIK ayJaHAapblHAA OaKTEpPHSIBIK OOBIPFa IIAJIBIKKAH
KaiiblH aramrtapblHaH FEnterobacteriaceae TyKpiMIachlHa >katatblH Dickeya dadantii-re cotikec (93 %)
KeJNeTiH (pUTOnmaToreH i OakTepus mraMaapsbl anbikTanrad [4]. An Dickeya dadantii nenik eciMaiKTepiHiH
KypaMbl JKaFbIHaH KeH crekTpii Oakrepus ekeni Oenrimi. ConbiMen, Conryctik KazakcTan aymarbIHIaFbl
KalbIH aramTapbliHia KeszleceTin Oy aypy ko3aeipreimTel O.H. Muponenko, C.A. Kabanosa x.0. [4] 6ip
FaHa OakTepus TYpi eMec, oJapblH reHepalu3alusIanFal ToOb! 00ybl MyMKiH aeini [4]. COHFBI JKbULAAPHI
KYPri3iireH MeT ek FalbIMIapAblH 3epTTeyJNepiHe aFalliTeKTeCTEPIiH OaKTepUsuIbIK  OOBIPHI
MATOJIOTUSACHIHBIH ceOenKkepi peTiHae OyphIHAAphl CIIKAlIaH aFalITeKTeCTepie aHbIKTaIMaraH OakTepusuiap
Pectobacterium (Erwinia) carotovorum oicone Dickeya spp. wentipinren [14]. OubiH ce0OebiH aypy
KO3IBIPFBIITAPAR UICHTU(UKALMATIAY Ke3Aepl araml AiHiHAeri oObIp jkapalaH aKkKaH CYHBIKKa op Typii
cebenTepMeH KeHIHHEH Kellil TYCKeH aTalMbIIIl OaKTepUsUIap IbIH J1a €CETKe aJIbIHBIN KeTYiHeH 0oap Jien Te
JKopamalijiayra Heri3 0ap.

3epmmey adicmepi men Homudicenepi

3eprTey Marepuaniaphl ka3 jkoHe Ky3 aimapbiHga Hyp-CynraH KamachlH KOpHIaid OTBIPFBI3BUIFAH
»KacaHJIbl kKackll Oenjey opMaH mapyanmbuibikTapbiHan (Kpi3emkap o/m, BsyecnaBka o/mi, Apmansl o/mi,)
aNBIH/IBL. ATaJMBIII MIAPYalIbUTBIKTAPAbIH TAHAAIBIN ANbIHY ce0edi, MyH/a KalblH arallTapbIHBIH KOITell
OTBIPFBI3BUIYBIHAA JKOHE OJIAPJBIH JKac MaManapbiHblH opkamait (15-30 »xbutr) Oomybl. Ocbl opMaH
IapyanIbUIBIKTaPhl AyMarbIH/Ia €PTEPEKTe, OTKESH FachIpAbIH 70-1I1i KBUIAAPhl OTHIPFBI3BIIFAH JKOHE OJTapMEH
apalac ©CKeH TaOuru KalbIHIbl LIOK OpMaHaap na kesgeceni. JKacaHmsl »kachul OelieMzeri ke
OTBIPFBI3BUIBIMIAPIAFEl KONTETCH aypy TYpJiepi, OHBIH IlIiHAE OaKTepHsUIBIK OOBIp Ja, OCBI €CKi IIOK
OpMaHapAaH Taparybl 901eH BIKTUMAI.

A — Haglof 6yprrICH apKBUTBI KeJIJCHEH OarbITTa KepHIEp airy; b — epMek Topi3ai cedy
1-cyper.
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3eprrey xymbictapsl JL.H. 'ymuneB ateinmarsl Eypasust yATTBIK yHMBEPCHUTETiHIH OHOJOTHS JKOHE
TeHOMHKa KadenpachlHa KapacTbl 3epTxaHana >koHe KP ¥ITThIK OMOTEXHONOTHS OPTaJbIFbl 0a3achlHIa
KYPTi3UIIi.

AypynsiH Oenrici 6ap, MOp(hOIOTHSIIBIK ©3repicKe YIbIparaH KaibIH aFalTapbIHBIH JTIHIHEH apHabI
Haglof Oypreicer (y3. 100500 MM, am 4,3 MM) apKbUTBl KOJJICHEH OarbITTa KepHAep anbiHAbl (1-cyper).
Anparad kepaaep (3—12 cm) ceipteiHan 90 %-OBIK 3TWII COIMPTIMEH CYPTLNiN, CTHPWIIBAI MpoOUpKazapra
CaJIBIHBITI, TalfallaHFaHFa JeiiH ToHa3bITKbIITa 3—4 °C-Ta cakTanapl. KepHaepneH aypyra IIaiibIKKaH
aramr  MiHIHIH KaObIFpIHAH (TO3, Tepuaepma) Oacram KaMOWHIIH, CYPEKTIH, OHJAFbl TPaXEesIIbIK
aneMeHTTep i (prosMa, Kcuaema), CYPeKTIK TalmibikTap (JInOprudopMa) MEH MapeHXUMAaHBIH KOHE ©3€KTiH
3aKBIMIAJIATBIHBIH Kopyre Ooyanmel. byn aypyaslH TYTIKTi-TapeHXWMAIbl IHAST €KEHIH JTOJIeIICHIL.
Kepunepaen aypy KO3IBIPFBILITAPIBI OOIIIl allbIll, OJIAPIABIH Ta3a MITaMAAPbIH aly YIIiH 9pTYpIl >KacaHIbl
KOPEKTIK opTajiap nainanaHbULIbl (CTaHAAPTTHL arap, KapTONTHI arap, eT-NenTOHbI arap, 95H10). CTupuibai
XKarmalaa, JTaMUHApJIBIK OOKC KaMmepachlHIA KEpHIACPAiH Y3bIHA OOMBIHBIH Op JKEpiHiH IMIKi TYChIHAaH
kenmemaepi 0,8—1 MM OomatbrHmai OesmrekTepi Kecim anmelHBIT, [leTpw TabakmanapeIHIAFBI KOPEKTIK
oprajapra OTHIPFERBUIABL. OChlIail WHOKYISIIMSUIAHFAaH KOPEKTIK opTtaiap TtepMmocTtarra 26,5 °C-ta
nHKyOarusmanapl. [laiima Oomplm ece OactaraH €KIe KOJOHHUSUIAp KYH CalbIHFBI OaKpliayFa albIHBII,
cumaTTaManapbl (KOJOHUsIIap OiTiMi MEH MillliHi, THIFBI3IBIFI, TYCi KOHE ©CY KapKbIHIBUIBIFBI) KaCaJIbl.
Kopexkrik opragarel OakTepus KOJOHHSIAPHIH 0acKa MHKpPOOpPraHMU3MAEpIEH TazapTy YIIiH KaiiTa epMek
Topi3zi ceOy oxici Koimausab! (1-cyper).

Kopekrtik oprama ece OactaraH 5 KyHIIK OakTephs KOJIOHUSIAPHIHBIH CHITATTaMachl KeJecinei:
KOJUTOHWSIIAp KEpPH IUCKICIH JKMEKTEH OpHajacKaH, XKHEKTepl TapamaaaMaraH, OIpKelKi eMecC, TOJIKBIH
Topi3mi, Tyci ak, kepH muckiiepineH 0,2—0,4 cMm mieTke Kapaii TaparaH. Ta3apTbuFaH 5 KYHIIK €KITe
KOJUIOHUSUTAPBIH, MIIIiHI JUCKI Topi3Ai JOOManak, TYCl aK-KbUITBIP, AaKIIBUITBIM, >HEKTEpi Teric,
KOHCHUCTEHIIUSCHI THIFBI3, KOMMAIIKBIH, Konemaepi 9x10 mm, 4x7 MM, 3X6 MM,4X6 MM, 5X9 MM.

I'enpix TumTey MakcaTelHIa OakTepus KyiabTypanapbiHad JIHK-HbI Oemin amy yIIiH aaabIMEH IIBIHBI
MpOoOUpKamarsl KyJlIbTypajapAsl TUIACTHUKANBIK MPOOMpPKaFra aybICTHIPBIN, KYJIBTYpPaHbIH | Mi Memmepi
naigananeuiabl. byn yaepic Kate Wilson [15] omiciMeH icke achIpbLIAbL. AJIBIHFAH YT HeHTpudyrara
10 munyTtka 12000 mun/aiinanbivra Korbuigel. TynOara 500 mxn TE Oydepin apamacteipbin (cycrneH3us-
nan), oraH 20 M1 mu3onmM Kockin 37 °C-ta 1 carar unkyOanusnaasik. Conan coq 30 mxn memmepae 10 %
SDS xone 3 mkn K mporemnasza (20 mr/mu) KocTeiK. OfaH »Kacymia MeMOpaHAachIHBIH (pparMeHTTepiH,
TIOJTHCaXapuATep MeEH aKybI3AapaslH KanabirbiH koo ymiiH 100 mxax SM NaCl koceurmel. Boptekcre
apanacteipbin, ycrine 80 mxn CTAB (10 % CTAB-ta 07 M NaCl) epitinmici kocsuiasl. KailTanan
BopTeKkcTe apanacTeipeil 65 °C-ta 10 munyT mHKyOamusnaaplk. Coman coH Oeminim anesiaraH JIHK-mHbBI
¢denon/xnopodopm omiciMer Tazananpik. On ymiH ansiHFaH cycnensusra 700 MK XJI0podopm/H30amMuI
cuptiH (24/1) kocein, maiikam, 12000 mun/aiinaneivaa 10 MunyT neaTpudyranaapk. beninren cy Gemirin
aHa NpoOupKara KYWBII amibll, Tarbl na Qenos/xmopodopm (1:1) KocmacklH KOCHIN, HEHTpH]yramam,
KYJIbTYypaHbIH KaXeT eMec 0acka 0eJIoK »KoHe KJIeTKa MeMOpaHACKIHBIH KalAbIKTaphIiHaH Tazanaaslk. CoHaH
COH, OHBIH JKOFapFbI CYUBIKTHIK Oeuririn (1,5 M) skaHa mpoOupKara KyHbI anbiil, oFad 600 MKJI H30TPOITHI
cnuptid Kocbim, JJHK-a61 TyHABIpEIT angsik. [Ipodupkansiy Ty6inae Tyaran JAHK-u61 70 % sTHi ciupriMeH
maieimn anein, tazananrad JJHK ynrinepine 100 mxn TE Gydepin koceim —20 °C-ka My3JaTKBIIIKA CaJIbIIT
koinplk. beminin anpiaran JJHK ynrinepinin xonuentpanusacel 260 HM TOJKBIH Y3BIHABIFBIHA2 NanoDrop
CHEKTPOMETPAIH KOMETriMEH aHBIKTAJIJIBI.

16SrRNA eeni gppacmenminiy amniuguxayuscol. ITTP xenecigeit ombebar mpaitMepiepMeH Kypri3iii:
8f 5’-agagtttgatcctggctcag-3 xone 806R-5’ggactaccagggtatctaat, sxammsl memmepi 20 mxi. ITTP kocmaceaga
150 ar AHK, 1 6ipmik MaximaHotStartTagDNAPolymerase (Fermentas), op ©Oipine 0,2 mM gHY®D
(mezoxcunykieosonoyuidocdar), 6ip perrik [ITP 6ydep (Fermentas), 2,5 mM MgCl,, op Gipinae 10 n/mons
npaiimep Oap. IITP ammmmdukauusceineiH Oargapnamacsl OoibiHIIA anFamkbaa 95 °C-ta geHaTypauust
JKacananmbl, COHaH COH KesekTece kypeTiH 30 muxm: 95 °C-ta 30 cekynn, 55 °C — 40 cexynm, 72 °C —
1 MuHYT, COHFBI d10HTaIUsA 72 °C-1a 7 MUHYT OOMBI KYPIll asKTaIaIbl.

Hyxkneoomuomix mizoexmi anvikmay. baiinaneicnaran mpaiimepnepaen [ITP eniMmin Tazamay yiriH
¢depmenttik omic Exonuclease 1 (Fermentas) men cintinmik ¢ocdaraza (Shrimp Alkaline Phosphatase,
Fermentas) maiimanansuinel. An cekBenaey peakuusicsl BigDye® Terminator v3.1 Cycle Sequencing Kit
(Applide Biosystems) enpmipymiHiH Kongany epexeci OoitprHma 3730xI DNA Analyzer (Applide
Biosystems) aBTOMAaTThl TEHETHKAIBIK aHAJIM3aTOPAa, HYKICOTHATIK Ti30EKTi (parMeHTTEpre peTiMeH
OeJeTiH CEKBEHATOPABl KOJNIaHy apKbuTbl jky3ere acTel. III[P Oarmapmamacer BioRad T100 (BioRad)
aMILTHQHUKATOPBIH KOJJIAHY apKbUTBI OPBIHIANIHI.
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NR_1188597. Brenneria mbrifaciens
NR_041977.1 Brennsria rabrifaciens
NR_119372.1 Brenneria rubnifaciens
NR_116758.1 Brenneria rubrifaciens
WE_114714.1 Brennena salicis
WE_119371.1 Brennena salicis
WE_118273.1 Brennena goodwini
NE_041971.1 Pectobactenum carotovomm
WE 1122261 Pectobacterium carotovonm
NE 1160471 Pectobactermnm carotovonmm
NE 1182241 Pectobactermum carctovonum
NE_113173.1 Pectobacternm carotovonim
WE._1390%5.1 Pectobactemumn polans
WE._159086.1 Pectobacterum polans
WE_123693.1 Brennenaroseae
LC043145 .1 Dickeya dianthicola
LC273913 .1 Dickeya dianthicola
LC273916.1 Dickeya dianthicola
LC273018 1 Dickeva dianthicola
LC273010 1 Dickeva dianthicola
LC273020 1 Dickeva dianthicola

[+ — LC273921 .1 Dickeya dianthicola
WE_041921.1 Dickeva dadarnti
WNE_134020.1 Dickeva aquatica
EXE36379.1 Dickeya chrysanthemni
WNE_118836.1 Dickeva chrysanthenn

NE 0419721 Dickeva chrysanthemna

NE 1177372 Dickeva chrysanthernn
MF279209.1 Dickeva zeae

NE_026338.1 Dickeva paradisiaca
JNT09491 .1 Dickeya sp. PC1

MGEQ0360.1 Dickeva chrysanthera
AF373202.1 Erwinia chrysanthermi
AY360397.1 Erwinia chrysantheri
GU232371.1 Erwinia chrysanther
MHO012168.1 Dickeya dadanti
HM222417 .1 Ereania chrysanthenu
EJ341470.1 Ereania chrysanthernm

DDdd-1 Dickeya dadantii

AF373175.1 Exwinia cheysanthermi
WE_041921.1 Dickeva dadamti
JQB67399.1 Erwinia chrysanthemi
227572 1 Dickew

KP322608.1 Dickeya chrysanthemi
FMO46179.1 Pectobactemum chrysanthens
TX995135.1 Erwinia chrysanthemi
EF206318.1 Dickeva dadanty
GQ293808.1 Erwimia chrysanthemi
GQI93897.1 Erwinia, chrysanthemi
TX575747.1 Dickeya dadantii
NR_151914.1 Dickeva fanszhongdai
ME256333.1 Dickeya fanszhonzdai
HM390189.1 Ervimia chryvsanthen

2-cyper. 3epTTenreH YITiHiH (QuIoreHeTHKaJIbIK mexipeci (Ipesa)

T ]

ol

Uil Lm

JKorapbima OasHmanFaH ai aypy aramr JiHaepiHeH (KepHIAepiHeH) OOIiHII aJbIHFaH Ta3a KyJIbTypPajIbiK
mMTaMIapasl CEKBeHIEY Herisinae omapabiH [6SrRNA-oviy 8f xoHe 806R HykieoTHITIK Ti30eriHiH
perTikTepi aHBIKTANABL. AJbiHFaH Ti30ek SeqMan (ApplideBiosystems) 6armapnamaceiHa enrizingi. CoHan
COH, OJIapAbIH VINTHIK (parMeHTTepi (camachkl TOMEH Ipaiimepiiepi MeH ¢parMEeHTTEpHiH HYKJICOTHITI
KOpCETeTIH peTTepi) ajbll TacTaiabl. AnbiHFaH Ti30ek GeneBank moamimertep 0Oasaceinmarsl BLAST —
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(Basic Local Alignment Search Tool) naiinanana OTBIpBIIN, OFaH TYBIC KEJIETiH TYpJep >KOHE OJlapIblH apa
KaTBIHACTAPBIH (COHKECTIKTEpi) KOPCETETiH (DUIOTEHETUKANBIK IIeKipeci KYpPhUIOLl (2-CypeT). AJBIHFaH
HOTWKENepai ecenTtey cekBeHaenreH [6SrRNA Tizberinin 650 caldtrapsl OOWBIHIIA SKYpPTi3UIIL.
Ounorenetukanblk 1mexipeHi kypy Clustal Omega < Multiple Sequence Alignment < EMBL-EBI
KOMITHIOTEPJTIK OaFaapiaamMachl MakeTiHAeT1 akKuKaTKa OaphIHINA KaKbIHIAY 97iCi apKBLIBI iCKE aCHIPBIIIHL.

Hotmwxkecinae 3epTTenTeH 0aKTePHSsUTBIK OOBIp IMTaMIAPBIHBIH HYKJICOTHTIK Ti30ETiHIH PETTIK TOpTioi,
OaktepusiiapabiH  GeneBank-teri /6SrRNA wHykieotuntik Tis0ektepiHiH Dickeya dadantii  subsp-xe
96,72 %-Fa yKCacTBIFbIH (TOMOJIOTTBUIBIFBIH) KOPCETTi. ATallfaH IUTAMHBIH HYKJIEOTHITIK Ti30€riHiH peTi
HETI31HJe OHBIH 0acKa TypJep apachlHIAFbl (UIOTCHETHKAIBIK TYBICTHIK KapbIM-KATBIHACTAPBI aHBIKTAIIJIBI
(2-mmi cyperre). Heraaporpammana DDdd-1 Dickeya dadantii mrramser (6i3miH mramMmm) ['eHOaHKTer! ipikTeTin
aneiaFan Erwinia chrysanthemi mitammap ToObIHA colikec kenmi. ConablkTaH DDdd-1 mTaMbl eki )KakblH
Ty®ICTHI (Dickeya dadantii xoue Erwinia chrysanthemi) GipiKTipeTiH KJTaIKa COMKEC KEIi.

3epTTeNreH VITiHIH (QUIOreHEeTHKANIBbIK MexKipeciHae (apesa) Oizmin mramm DDdd-1 16SrRNA
HYKJICOTHATIK Tiz0ekTepi Ooiibima GeneBank-teri NR041921.1 Dickeya dadantii, KI541470.1 Erwinia
chrysanthemi, AF373175.1 Erwinia chrysanthemi 6akTepusiIapbIMEH >KaKbIH TYBICTBIK KapbIM-KaTbIHACTBHI
kepcerti. Kammel, Dickeya dadantii eciMIiKTIH KenTereH TYpJiEpiH 3aKbIMJAWTBIH OakTepws TYPi.
MpicanpiFa: KapTorl, OypbIl, TeMeKi, Kypill, crapxa, Mus3, CesbAepeil, aHaHac, COHIIK ©CIMIIKTepACH:
opxuzaessap, Kpl3raljakrap, HUKIOpUH, apaleHangap, aMapuuikc, OCTOHUS, XpU3aHTeMa, KaJIaHX0d, COHFBI
KBUIIAPBI aFalITEKTeC OCIMAIKTEep/eH Je aHblKTanFaH. On cy, el JKOHe HACeKOMJIAp apKbUIbI Tapaliblll,
YKOFapbl BUTFAJIBUIBIK TTeH Temnepatypanaa (71 °-tar 93°) TipmiiiriH KaaFracThIpaThIH TaToTeH. A, Erwinia
chrysanthemi KpI3aHaK, KapTOIl, TEMEKi, co0i3, Xpu3aHTeMa OCIMIIKTEPiH/Ie IBIMKBLUI KOHBIp HEMece Kapa
TYCTI JKapamap TyAsIpaabl. ATaIMBIII €Ki TYPAIH Tapaybl MEH OCIMIIKTEpIiH TYpJIepiH 3aKbIMaay Oaphi-
ChIHIa OipramMa albIpMAaIIBUILIK OoFaHbIMeH, /6SrRNA HYKIICOTHATIK TI30CKTEpiHIE YIKEH YKCACTHIK Oap.
KefiiHHEeH OCBI YKCaCTBIKTapAbl eckepe oThIpbI xkoHe e 16S p/IHK Hykneotuarik Tiz0eriH Tanaay apKbLibl
Samson et al. E. chrysanthemi-ni Erwinia TybIChIHaH OeITin ajibll, oFaH O0enruti Mukpoouonor 2005 KbUTbl
Dickey R.S. ecimin Oepin, skaHa ctaTycka — Dickeya TybICbIHA KOTEPIeHI YKaIIbl )KOFapbIIa alThIIIbI.

Kopvimuinowt

ConbiMeH, Hyp-Cynitan KanachlH KOpIiali OpHAaJaCKaH KachbUl OeNeMIie ©Cill TYpFaH KaWblH arall-
TaphlHAA Ke3JeCeTiH OaKTeprsUIBIK OOBIpAaH OeiHIN albIHFaH OakTepus IMTaMAapblH KYyJIbTypa-
TBIK-MOPQOJIOTHSUTBIK ~ JKOHE  MOJIEKYJIaNbIK-TeH/IIK  3epTTeyJiep HOTIDKECIHJE JKOHE XaJbIKapaibIK
I'enbankTeri colikec TypiepMeH callbICThIpa Tanaay Herisinne Pectobacteriaceae TykpiMnaceibiy Dickeya
TYBICBIHA XKaTaTeIH TYp — D. dadantii pv. Betulae nen canaiimbiz. OHBIH JOJICTIH 2-CypeTTe KENTipiireH
TYBICTBIK KaTBIHACTAPBI KAKBIH TYPJCPIiH (HUIOTEHE3MIK IIekipeciHeH Kepyre Oomamel. bi3miH TypMeH
(DDdd-1 Dickeya dadantii) 6ip knaararsl Typiep/i (MHACKCTIK HOMepiepi op Typiai Erwinia chrysanthemi)
Dickeya dadantii-niq cuHOHMMIEpl neNm KapacThIpyFa Heri3 keTkimikti. Ce0ebi korapbiia KeTipiiareH
mosyman Oaiikacak, HENK OcCIMIIKTepre colikecTeHyli oTe KeH ayKeIMabpl Oyin martoreHai (Erwinia
chrysanthemi) op 3epTTeyIi Ke3iHe op Typdimie atarad. JXanmbl, Dickeya TysICHI Typiep KYpaMbl JKaFbIHAH,
onapAblH Oip-OipiMEH TYBICTBIK JKaKbIH-ANIIAKTBHIKTAphl TYPFBICHIHIA JKOHE HENiK ©CIMIOIKTepiHiH
KYpaMIapbl )KaFbIHAH 911 € KOIT 3epTTEYNIepAl KKET eTeTiH Kypaeli TaKCOH.
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C.A. Ab6ues, A K. baybexona, P.3. AcunxanoBa

Onpenesienne GUTONATOreHHBIX OAKTEPHii, IOPAKAIOLIUX PeBECHHY
Oepe3bl noBucioi (Betula pendula), MmeTonom mosexkyJasipHoii naeHTHGUKALIUA
U co31aHue GpUIoreHeTHYecKoii reHeaJorun

B crartee paccmorpensl Mopdosoruueckue H3MeHeHuss Oepes3bl moBucion (Betula pendula Roth.),
HPOM3PACTAOIIEH B MCKYCCTBEHHBIX JIECAX «3EJICHOTO Iosica», okpyxatommux ropox Hyp-Cynran; uzydeHs
MOP(OJIOTHYECKHE HM3MEHEHHS, CBSI3aHHBIC C ITOpaKCHHEM OaKTepHaIbHBIM PaKoM; IOJIydeHBI 00pa3Iibl
KepHa M3 CTBOJOB OOJBHBIX JIEPEBLEB; BHIPAIIEHH! BHIIEICHHBIE OaKTepUaIbHbIC KYJIbTYPHl B IMTUTATENBHBIX
cpenax; MPUBEIECHBI UX KyJIbTYPAILHO-MOP(HOIOTHUSCKUE XapaKTePUCTUKH. PaboTa MO MOIy4eHHI0 KEPHOB
u3 cTBOoJIa Oepesbl, BBIAENCHHIO M3 HUX YHCTBIX INTaMMOB B030yauTens OOJNe3HH, MOJICKYISIPHON
uaeHTH(UKAIMK HyKiIeoTuaHod nenu pudocomHoit PHK 7/6S um comoctaBneHnio 3THUX pe3yiabTaToB C
COOTBETCTBYIOLIMMU TaHHBIMH Ha MeXAyHapoaHoW Oase Gene Bank Obula mpoBeneHa COBPEMEHHBIMU
MeTozaMu B o0iactd OakTepuojorum W OoTaHMKH. MONEKyJIApHbIE XapaKTEPUCTHKH BbIICICHHBIX
GakTepHalbHBIX INTAMMOB COOTBEeTCTBOBANN 96,72 % TtummuHoro mramma Dickeya dadantii mo naHHBIM
MexryHapoaHOTO GaHKa FeHOB.

Kniouesvie cnosa: GakTepHanbHBIA pak, KyabTypa, mramM, Oaxrepus, JHK, kepH, Oyp, unenrudukanus,
OakTepHo3.

S.A. Abiyev, A K. Baubekova, R.Z. Asilkhanova

Detection of phytopathogenic bacteria damaging weeping birch (Betula Pendula)
by molecular identification method and creation of phylogenetic genealogy

The article discusses the morphological changes of birch trees (Betula pendula Roth.) due to bacterial cancer
that grow in the artificial forest «Green Belt» surrounding the city of Nur — Sultan. Kernel samples were
taken from diseased tree trunks, isolated bacterial cultures were grown in nutrient medium and given cultural
and morphological characteristics. Extraction of cores from diseased birch trunks, isolation of pure strains of
the pathogen, molecular identification of ribosomal RNA 16S nucleotide chains and comparison of these
results with relevant data from the international database Gene Bank are carried out using modern methods in
the field of bacteriology and botany. The molecular characteristics of the isolated bacterial strains
corresponded to 96.72 % of the typical strain Dickeya dadantii based on the international Gene Bank.

Key words: bacterial cancer, medium, strain, bacteria, DNA, core, drill, identification, bacteriosis.

References

1 Carter, J.C. (1945). Wetwood of elms. Bull. lllinois Nat. Hist. Surv., 401-448.

2 Cherpakov, V.V. (1976). Bakterialnyi ozhoh lesnykh porod [Bacterial forest burn]. Abstracts. /Il Vsesoiuznaia konferentsiia
po bakterialnym bolezniam rastenii — III All-Union Conference on Bacterial Plant Diseases. (p. 195-197). Tbilisi [in Russian].

14 BecTHuk KaparaHgmHckoro yHusepcurteTa



Cywvenpi kanblH (Betula Pendula) aralubiH ...

3 Shcherbin-Parfenenko, A.L. (1963). Bakterialnye zabolevaniia lesnykh porod [Bacterial diseases of forest species]. Moscow:
Hoslesbumizdat [in Russian].

4 Mironenko, O.N., Kabanova, S.A., Baranov, O.Yu. & Danchenko, M.A. (2016). Bakterialnoe zabolevanie berezniakov v
Kazakhstane [Bacterial disease of birch forests in Kazakhstan]. Vestnik PHTU — PSTU Bulletin, 6, 90 [in Russian].

5 Winslow, C.-E.A, Broadhurst, J., Buchanan, R. E., Krumwiede, C.Jr., Rogers, L.A., & Smith, G.H. (1917). Smith The
families and genera of the bacteria. Preliminary report of the committee of the Society of American Bacteriologists on characteriza-
tion and classification of bacterial types. J. Bacteriol., 505-566.

6 Waldee, E.L. (1945). Comparative studies of some peritrichous phytopathogenic bacteria. Jowa State J. Sci., 19, 435-484.

7 Dye, D.W (1968). A taxonomic study of the genus Erwinia. I. The, “amylovora” group. New Zeal. J. Sci., 11, 590-607.

8 Dye, D.W. (1969). A taxonomic study of the genus Erwinia. II. The “carotovora” group. New Zeal. J. Sci., 12, 81-97.

9 Suharjo, R., Sawada, H., & Takikawa, Y. (2014). Phylogenetic study of Japanese Dickeya spp. and development of new rapid
identification methods using PCR—RFLP. J. Gen. Plant Pathol., 80, 237-254.

10 Lazarev, A.M. (2013). Novyi vozbuditel bakterioza kartofelia atakuet rossiiskie polia [New pathogen of potato bacteriosis at-
tacks Russian fields]. Zashchita i karantin rastenii — Plant protection and quarantine, 6, 11 [in Russian].

11 Dye, D.W. (1978). A proposed nomenclature and classification for plant pathogenic bacteria. New Zeal. J. Agric Res., 21,
153-177.

12 Hauben, L., Moore, E.R.B, Vauterin, L., Steenackers, M., Mergaert, J., Verdonck, L., & Swings, J. (1998). Phylogenetic po-
sition of phytopathogens within the Enterobacteriaceae. Syst. Appl. Microbiol., 384-397.

13 Shelukho, V.P., & Sidorov, V.A. (2009). Bakterialnaia vodianka berezy i effektivnost meropriiatii po borbe s nei v
nasazhdeniiakh zon smeshannykh i shirokolistvennykh lesov [Birch Bacterial dropsy and the effectiveness of measures to combat it in
plantations of mixed and deciduous forests]. Bryansk: BGITA [in Russian].

14 Cherpakov, V.V. (2017). Etiolohiia bakterialnoi vodianki drevesnykh rastenii [Etiology of bacterial dropsy of woody plants].
Izvestiia Sankt-Peterburhskoi lesotekhnicheskoi akademii — Bulletin of the St. Petersburg Forestry Technical Academy, 220, 125—
139 [in Russian].

15 Collins, M.D., Phillips, B.A., & Zanoni, P. (1989). Deoxyribonucleic Acid Homology Studies of Lactobacillus casei, Lacto-
bacillus paracasei sp. nov., subsp. paracasei and subsp. tolerans, and Lactobacillus rhamnosus sp. nov., comb. nov. International
Journal of Systematic Bacteriology, 39, 4, 105-108.

Cepusi «Bronorusi. MeguuuHa. Meorpadusi». Ne 4(100)/2020 15



DOI 10.31489/2020BMG4/16-22

UDC 631.529

M.K. Butumbayeva , M.M. Silant’eva

Altai State University, Barnaul, Russia
*Corresponding author: madina_butumbaeva@mail.ru

Evaluation of successful introduction of plants from Lamiaceae family
in the conditions of the Karaganda and Zhezkazgan cities

Evaluation of the success of plant introduction is an important stage of determining the possibility of industri-
al cultivation of individual taxa from an economic point of species. The success of the introduction is as-
sessed on the basis of multi-year observations based on the evaluation of a number of indicators. The purpose
of this study is to analyze the success of the introduction of species from the Lamiaceae family in the condi-
tions of the cities of Karaganda and Zhezkazgan. The article presents the results of the assessment of the suc-
cess of the introduction of plants of the Lamiaceae family on the territory of the cities of Karaganda
(E.A. Buketov Karaganda University) and Zhezkazgan (Zhezkazgan Botanical Garden). In the city of Kara-
ganda, 20 species from 13 genera were analyzed, in the city of Zhezkazgan — 14 species from 9 genera.
Promising groups have been identified that allow recommending plants for industrial cultivation. In the con-
ditions of the city of Karaganda, 6 species are classified as highly perspective, 4 species are perspective, 8
species are low perspective, and 2 species are not perspective. In the city of Zhezkazgan, 2 species are highly
perspective, 3 species are perspective, 4 species are low perspective, and 5 species are not perspective. Plants
suitable for cultivation in the conditions of the city of Karaganda and Zhezkazgan have been identified. The
obtained results can be used for production of raw materials for food, aromatic and pharmaceutical industries.

Keywords: success of introduction, Lamiaceae family, Karaganda, Zhezkazgan, scoring points, possibility of
industrial cultivation.

Introduction

The introduction of plants is one of the initial stages of the cultivation of plants in order to verify the
possibility of their growth under certain soil and climatic conditions, as well as for industrial production of
raw materials.

Usually, introductory research is carried out in botanical gardens of various levels and botanical organi-
zations [1]. As a result of the introduction into the culture, the question arises of assessing the success of
their introduction [2], that is, the isolation of objects suitable for further cultivation and practical using.

Representatives of the Lamiaceae Lindl. family today are species of flora with a fairly large content of
biologically active substances (aromatic, phenolic, lipid, steroid compounds, resins, organic and mineral sub-
stances), widely used in official and folk medicine. Organs and herbs of plants of this family are raw materi-
als for pharmaceutical, food, cosmetic, technical and many other industries [3—11].

In Kazakhstan, this family is represented by 233 species, united in 45 genera [12]. Species of
Lamiaceae participate in the formation of various types of plant communities, are harvested as essential and
medicinal plants, are used as excellent meadow, ornamental and fodder plants [5].

Earlier, in the territory of the Karaganda region, a primary assessment of the distribution of wild species
of the Lamiaceae was carried out, maps of ranges [13] were compiled; resources of some species were de-
termined [14]. So, out of 50 identified species, 43 species were assigned to essential-oil plants, to medi-
cines — 32 species, to honey — 47 species, to feed — 28 species, to technical — 6 species, food —
7 species, decorative — 18 species and vitamin — 5 species [15].

There is information on the introduction of certain species [16], however, the introductive potential of
all representatives has not been practically investigated. Evaluation of the success of plant introduction al-
lows you to choose the species that can be successfully grown in the conditions of the Central Kazakhstan, to
be used as a source of raw materials for various industries.

Based on the above, the purpose of this study is to assess the success of the introduction of plants from
the Lamiaceae family in the conditions of the Central Kazakhstan (the cities of Karaganda and Zhezkazgan).
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Materials and methods

The object of the study was the collections of natural flora and medicinal plants of E.A. Karaganda Ka-
raganda University and the Zhezkazgan Botanical Garden. The data analysis covered the period of observa-
tions of collectible plants of the Lamiaceae family from 1998 to 2018.

The success assessment of the introduction of medicinal plants was carried out according to visual ob-
servations on a 100-point scale developed by R.A. Karpisonova and supplemented by A.N. Kupriyanov
(2004) [17, 18]. Such indicators as winter resistance, resistance to diseases and pests, the general state of
plants, methods of reproduction in culture, the general state of plants during the growing season were evalu-
ated.

Species with 90 to 100 points were classified as highly perspective plants for a given region; from 80 to
90 points — to perspective; from 60 to 80 points — to low perspective; below 60 points — to not perspec-
tive (Table 1).

Table 1
Evaluation of introduction success indicators based on visual observations
Parameters Megsure . Points
Evaluation Time 0 5 10 15 20
Winter resistant | In spring, after | completely | more than 50 % | 30-50 % of | less than 30 % of | plants without
growing plants | freeze after | of individuals individuals |individuals freeze | winter damage
winter freeze freeze out
Resistance to During plant die dueto | Itis damaged |damage severe,| annual or non- | plants without
diseases and flowering pests or dis- | annually and | but not annual |annual non-severe damage
pests eases influ- abundantly damage (less than
ence (more than 50 % 50 % damage)
of the sheet sur-
face is dam-
aged)
The general state | Towards the end - low-power — do not differ in |plants are more
of plants of the growing plants that do size from plants | powerful than
season not reach their in natural habitats in nature
natural size in
culture
Methods of re- | Towards the end — grow, but do not| bloom, but do |seed ratio small or|  annually
production in of the growing flower or form | not bear fruit not annual bloom and
culture season seeds form seeds
The general state | Based on the — re-engagement artificial natural vegetative | subsequent
of plants during | results of many in culture vegetative reproduction reproduction
the growing sea- |years of observa- reproduction
son tions

Results and discussion

The points of introduction — Karaganda and Zhezkazgan differ significantly in the complex of soil-
climatic conditions [19]. So, Karaganda is located in the steppe zone. The climate is continental with a tem-
perature difference from 20 to 40 °C. The winter period lasts from mid-late October to April. The average
length of the warm season is 180—195 days; the average January temperature is —15.1 °C (Table 2), July
+20.2 °C. Maximum positive temperatures up to +45-47 °C, in some years there were decreases in tempera-
tures up to +42 °C. A stable snow cover forms in the 1st-2nd decades of November and lasts until mid-
March. The depth of snow cover is from 30 to 120 cm.
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Table 2
Main climatic indicators of Karaganda and Zhezkazgan
Indicator
Month Average air temperature, °C Relative air humidity, % Precipitation, mm
Karaganda Zhezkazgan Karaganda Zhezkazgan Karaganda Zhezkazgan
January —-15.1 —-16.1 60 80 14 23
February —14.8 -14.6 80 80 14 22
March -8.7 7.2 82 80 15 23
April 3.0 6.2 68 61 22 17
May 13.1 15.5 55 47 31 13
June 18.6 21.5 53 42 39 20
July 20.2 24.0 55 40 41 18
August 17.3 21.2 58 42 29 13
September 11.8 14.4 70 47 21 10
October 2.8 4.8 80 61 27 15
November —6.8 =3.1 80 78 17 14
December -13.3 -12.0 82 80 16 20
Average per year 2.3 4.3 66 62 282 208

Zhezkazgan city is located in the desert zone. The climate is sharply continental, strongly arid, tempera-
ture differences reach 50—60 °C. The winter period lasts from early November to early March. The average
January temperature is —16.1 °C; for July is +24.0 °C. A stable snow cover is formed in late November —
early December and remains until the 1st-2nd decades of March. That is, the growing season is longer, but
less precipitation.

Under the conditions of Karaganda, 20 species of plants from the Lamiaceae family [20], which belong
to 13 genera, underwent an introduction test (Table 3).

Table 3
Indicators of the success of the introduction of plants of the Lamiaceae family in the conditions of Karaganda
Genus Species Introduction Success
Rates, Points

H.ambiguus (Trautv.) Iljin 95

Hyssopus L. H. Qﬁic(lgnalis L. 90
Lavandula L. L.angustifolia Mill. 90
L.cardiaca L. 100

Leonurus L. L. glaucescens Bunge 95
L.quinquelobatus Gilib. 95

Lophanthus Adans. L.schrenkii Levin 50
Melissa L. M.officinalis L. 80
M.arvensis L. 75

Mentha L. M.longifolia (L.) Huds. 80
M. piperita L. 65

Nepeta L. N.pannonica L. 85
Origanum L. O.vulgare L. 75
Phlomoides Moench  |Ph. tuberosa (L.) Moench 90
. S. officinalis L. 50
Salvia L. S. stepposa Shost. 95
Stachys L. S. officinalis L. 80
Thymus L. Th.marschallianus Willd. 95
Th.serpyllum L. 80

Ziziphora L. Z. clinopodioides Lam. 90

According to the results of long-term observations, species received from 50 to 100 rating points for the
success of introduction. The highest score (100 points) was for Leonurus cardiaca, the minimum (50 points)
for Salvia officinalis. The last object received low scores due to extinction in winter. The remaining species
practically did not suffer from winter conditions.

18 BecTHuk KaparaHgmHckoro yHusepcurteTa



Evaluation of successful introduction of plants ...

In general, most species received scores from 80 to 95 points, that is, they successfully grow under crop
conditions, are resistant to winter conditions, pathogens and can successfully reproduce.
In the city of Zhezkazgan, 14 species from 9 genera underwent an introduction test (Table 4).

Table 4

Indicators of the success of the introduction of plants of the Lamiaceae family
in the conditions of Zhezkazgan

Genus Species Introduction Success
p Rates, Points

Hyssopus L. H. officinalis L. 90
Leonurus L. L. glaucescens Bunge 100
Melissa L. M. officinalis L. 55
M. longifolia (L.) Huds. 80

Mentha L. M. piperita L. 60
Phlomoides Moench | Ph. tuberosa (L.) Moench 95
S. aethiopsis L. 25

. S. officinalis L. 25
Salvia L. S. sclarea L. 55
S. stepposa Shost. 90

Scutellaria L. S. baicalensis Georgi 55
S. betoniciflora Rupr. 90

Stachys L. S. officinalis L. 65
Thymus L. Th. marschallianus Willd. 65

In desert conditions of Zhezkazgan, 5 species received low success scores, minimum (25 points) were
noted for Salvia aethiopsis and S. officinalis, maximum (100 points) — Leonurus glaucescens. The current
situation is explained by the fact that on the territory of the city of Zhezkazgan more severe climatic condi-
tions are observed [19], which leads to low indicators of plant introduction.

The results showed that in the conditions of the city of Karaganda:

— 6 species are assigned to the group of highly perspective species (Hyssopus ambiguus, Leonurus

glaucescens, L.cardiaca, etc.);

—4 species are assigned to perspective species (Hyssopus officinalis, Nepeta pannonica, Phlomoides

tuberosa, Ziziphora clinopodioides);

— low perspective species include 8 species (Thymus serpyllum, Stachys officinalis, Mentha longifolia,

M.arvensis, Origanum vulgare, etc.);

— not perspective — 2 (Lophanthus schrenkii and Salvia officinalis).

In the city of Zhezkazgan:

— 2 taxa are assigned to highly perspective species (Leonurus glaucescens and Phlomoides tuberosa);

— perspective species — 3 (Hyssopus officinalis, Salvia stepposa, Stachys betoniciflora);

—low perspective species — 4 (Mentha longifolia, Mentha piperita, Stachys officinalis, Thymus

marschallianus);

— the remaining species belong to the group of not perspective — 5 taxa.

Species included in the group of highly promising and promising can be used for industrial cultivation
in order to obtain raw materials.

Conclusion

Thus, according to the results of research, the results of the successful introduction of plants of the
Lamiaceae family in the conditions of the Central Kazakhstan were determined; taxa that can be grown on an
industrial scale were determined. The obtained results can be used to organize industrial cultivation of plants
for the needs of the food, pharmaceutical and aromatic industries.
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M.K. byrymb6aeBa, M.M. CunantseBa

Kaparanab! skone 7Ke3ka3raH Kajajaapsl skaraabiHaarbl Lamiaceae TYKbIMIAC
oCiMJIiKTep HHTPOAYKUMSICHIHBIH TA0BICTHLIBIFBIH OaraJiay

OcimaikTepi MHTPOAYKINUIAYABIH TaOBICTBUIBIFBIH Oaranay MIapyallblIbIK TYPFBIJAaH alFaHa JKeKelereH
TaKCOHIAPAbl OHEPKACINTIK ©cCipy MYMKIHAITIH afKbIHAAyIbIH MaHBI3AbI Ke3eHi OOkl  TaObUIaIbL.
WHTpOayKIMSHBIH TaOBICTBUIBIFBI OipKaTap KepceTKimrTepii Oaranay Heri3iHAe KOIDKbUIIBIK OakbLiayiaap
Herizinge Oaranmanaznel. 3eprreynin Makcatel — Kaparaugsl oxoHe JKe3kasraH Kaiajgapbl jKarqaiblHIa
Lamiaceae TYKbIMOACBIHBIH TYPJIEPIH MHTPOAYKLMSIAYIbIH TaOBICTBUIBIFBIHA TaNJay Kyprizy. Makanazna
Kaparaugsr (Axan. E.A. bexeroB arsigarsl Kaparannsl yHuBepcureti) xoHe JKeskasran (XKeskasran
OoTaHMKAIIBIK Oarbl) KaJlaJAPBIHBIH ayMarbIHAArbl Lamiaceae TYKBIMIAC OCIMAIKTEP HHTPOXYKIUSICHIHBIH
TaOBICTBUILIFBIH Oarajiay KOPBITHIHABUIAPE! KenTipinreH. Kaparanas! kamacer 6oiibiama 13 TysictsiH 20 TYPI,
XKeskazran kamacel GoifbiHIIAa 9 TYBICTHIH 14 Typi TangaHabl. OHEpPKOCINTIK ecipy YIIIH eciMaikTepii
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YCBIHYFa MYMKIiHIIK O€peTiH HepCreKTUBANIBIK ToNnTap aiikpiHxanasl. KaparaH[pl KajachlHBIH JKaraaiblHaa
JKOFaphl MEPCIIeKTUBAJIBI TONTapFa 6 Typi, MepcreKTuBanbiFa — 4 Typi, a3 nepcrekTuBaibira — 8 Typi, mep-
CIIEKTHBAIIBI eMeCKe — 2 Typi jJKaTKbI3pUIFaH. JKe3Ka3raH KaslaChbIHAA JKOFaphbl MEpCleKTHBANIbIFA 2 TYPI,
NepCrieKTuBaNbFa — 3 Typi, a3 mepcHeKkTHBanblFa — 4 Typi, HEpCHeKTHUBANBI eMecke — 5 Typi
KaTKeI3pUraH. Kaparanmer xone JKeskasraH Kajamapbl >KarfaibIHAa ecipyre jkapaMabl eCiMmiKTep
AHBIKTaJIBL. AJIBIHFaH HOTIDKEJIEp TaMakK, XOII HiC JKoHe (hapMalleBTHKa OHEpKaciOl YIIIH MIMKI3aT aly YIIiH
NalaanaHbuTybl MyMKIiH.

Kinm ce30ep: MHTpORyKUUSHBIH TaOBICTBUIBIFBI, Lamiaceae, Kaparanapl, JKe3kasraH TyKpIMIAchl, Oaranay
Gangapbl, OHEPKACINTIK OCipy MYMKIHIITI.

M.K. ByrymbaeBa, M.M. CunanTtbeBa

OueHka ycnemHOCTH MHTPOAYKIIUM pacTeHuii cemeiictBa Lamiaceae
B ycJjoBusix ropoaos Kaparananl n Ke3kasrana

OneHka yCHEIIHOCTH MHTPOAYKIUH PACTEHMI SBISIETCS BaXKHBIM STAallOM OIpPENETIeHHs BO3MOXHOCTH IIPO-
MBIIIUIEHHOTO BBIPAIIMBAHUS OT/EIBHBIX TAKCOHOB C XO3IHCTBEHHOI TOUKH 3peHHs. Y CIICITHOCTh HHTPOIYK-
LM OL[EHUBAJIACh B XOJIe MHOTOJIETHUX HAOJIOCHUI Ha OCHOBE OLICHKH psijia rmokasateneil. Llens HacTosme-
TO MCCIIEI0BaHUs — MPOBECTH aHAIIN3 YCHEIIHOCTH MHTPOAYKIUH BUIOB U3 ceMelicTBa Lamiaceae B ycio-
BUsIX roponos Kaparangsl u JXKes3kasrana. B cTaTbe mpuBeAeHBI HTOTH OLEHKU YCMEITHOCTH MHTPOTYKLUH
pacteHuii cemeiictBa Lamiaceae Ha Tepputopuu roponoB Kaparannel (KaparananHCKUii YHHBEPCUTET HM.
akaza. E.A. bykerosa) u JKeskasrana (JKeskasranckuii 6otanndeckuii can). Ilo Kaparanae Oviin npoananu-
3upoBanbl 20 BUIOB U3 13 ponos, no XKeskasrany — 14 Bunos u3 9 ponos. OnpeneneHsl Ipymbl Nepeiek-
THUBHOCTH, KOTOPBIE TIO3BOJIIIOT PEKOMEHIIOBATh PAaCTEHUsS [UIS IIPOMBIIIICHHOTO BEIPAIIMBaHuUs. B ycnoBusx
ropona Kaparaugps! x rpyrmme BICOKONICPCIIEKTUBHBIX OTHECEHBI 6 BHIOB, NMEPCIIEKTUBHBIX — 4, Majomep-
CIIEKTHBHBIX — §, HENEPCIIeKTUBHBIX — 2 Brpa. B ropone XKe3kasrane k BEICOKOIIEPCIEKTHBHBIM OTHECEHBI
2 BUAa, K MEPCNIEKTUBHBIM — 3, MaJIONEPCIEKTUBHBIM — 4, HEMIEPCIIEKTUBHBIM — 5 BUJIOB. BhIsIBIEHHI pac-
TEHUs, IPUTOHBIE JUIS BhIpAIIMBaHus B ycioBusax rr. Kaparanas! u JKeskasrana. [lonyuenHble pe3ynbTaTsl
MOTYT OBITh MCIIOJIB30BaHBI IPH MOJIYYCHUH CBIPbS JUIS INHUIIEBOH, apoMaTH4ecKold M (hapMaleBTHYECKOH
MPOMBIIUIEHHOCTH.

Knrouegovie cnosa: YCICIIHOCTE UHTPOAYKIIUH, CEeMEeNCTBO Lamiaceae, KaparaH;[a, }Ke3KasraH, OLICHOYHBIC
6aJ'UII)I, BO3MOKHOCTb IPOMBIIIIJICHHOT'O BhIpalllUBAHUS.
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Genetic organization and cellular specificity of S. aureus leukocidins

Currently, infections produced by the gram-positive bacteria S. aureus represent a significant healthcare bur-
den throughout the world. This is attributed to the ability of this bacterium to develop antibiotic resistance
and efficiently evade human immune response. Therefore, research effort of many scientific laboratories
worldwide is directed toward characterization of the genetic organization and molecular mechanisms respon-
sible for S. aureus pathogenesis. This report is aimed to describe the growing body of evidence related to our
understanding of the genetic organization and molecular interactions of the S. aureus leukocidins with the
human cells that play an important role in bacterial pathogenesis, and represent a significant healthcare bur-
den. Understanding of the genetic organization linked with additional mechanisms responsible for the realiza-
tion of toxic potential, can help us to develop a better personalized approach for therapy against S. aureus in-
fections. Thus, improved understanding of the molecular interactions between S. aureus leucocidins, and cell
surface receptors may lead to the development of the alternative anti-microbial agents, that either inde-
pendently or in combination with the current antibiotic treatment regimens will be used as an effective treat-
ment strategy in clinic.

Keywords: Staphylococcus aureus, genetic organization, leukocidins, bacterial infection, toxins, isolates.

Introduction

Staphylococcus aureus (S. aureus) is a gram positive cocci-shaped bacterium responsible for one of the
most predominant bacterial infections in the world. The range of diseases produced by S. aureus encom-
passes the infection of many human tissues and organs, including the skin, nares, bones, joints, muscle, heart
and lungs. Currently, the standard treatment for these infections includes the use of antibiotics.

Historically, S. aureus infection was sensitive to many common antibiotics. In the early 1940™, ampicil-
lin was the antibiotic of choice, being highly effective against the infection. Later, penicillinase — producing
strains emerged, which manifested in the first widespread distribution of antibiotic-resistant bacteria world-
wide, due to the uncontrolled use of penicillin [1]. The spread of penicillin-resistant S. aureus manifested in
the pandemic of the 1950s and early 1960s. This pandemic was attributed to a single strain of S. aureus,
known as phage-type 80/81 [2]. The pandemic associated with this strain was reported to decline in 1959,
after introducing the methicillin antibiotic as a primary choice for treatment of the infection. Not for long, as
the emergence of methicillin-resistant strains (MRSA) in hospital settings was reported in 1964 [3].

The statistics reflecting S. aureus infection in Kazakhstan is scarce or not available at all. However, if
we consider the statistics from the US, S. aureus has the highest rate of hospital-associated infections, with
increasing prevalence attributed to MRSA strains as compared to other bacterial pathogens [4, 5]. The mor-
tality rate of MRSA-associated infections in US is approximately 20 %. It is the highest among the death rate
attributed to a single infectious agent, and surpasses the death rate associated with HIV/AIDS [6, 7].

The next important step in the historical chain of events related to S. aureus infection evolution was the
reporting of the first case of community-associated MRSA (CA-MRSA) infections in Australia in 1990 [8].
Since then, CA-MRSA underwent a massive spread throughout the world [8]. This spread of infection repre-
sents a rather unusual event, since prior identified S. aureus infections in the population were exclusively
attributed to the methicillin-sensitive strains [9]. In conjunction with the increasing prevalence of CA-
MRSA, these strains can cause fatal disease, and affect virtually any tissue. However, approximately 90 % of
the cases constitute infections of skin and soft tissue [10]. This has become a significant burden for the
healthcare system and human health and requires the development of new anti-microbial agents capable to
effectively combat this infection.

According to the Center for Disease Control (CDC), the transmission of S. aureus is accomplished
through five major factors, which are abbreviated as «Five C’s» [11]: the Contact with the infected person;
the lack of Cleanliness in the surrounding environment; Compromised skin integrity; Contaminated objects
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and surfaces; and the Crowded living conditions. Therefore, individuals of young age, low socioeconomic
status, drug users and ethnic minorities are predicted to be the most susceptible groups for CA-MRSA infec-
tion in the US [12].

The standard methods for isolation of S. aureus include the culturing of the pathogen from blood, body
fluids or the focal sites of infection. Antibiotic sensitivity is determined by a standard disc diffusion essay, or
an automated method. Therefore, the identification of CA-MRSA strains is fairly simple and efficient. This
efficiency unfortunately does not translate into an effective treatment, since the prevalence of the CA-MRSA
is increasing throughout the world every year. The current treatment usually includes second-line antibiotics
such as trimethoprim-sulfamethoxazole, clindamycin and vancomycin [13]. However, the use of vancomycin
is often associated with recurrent bacteremia during therapy, high rates of clinical failure, nephrotoxicity and
increasing prevalence of non-susceptible strains [13-16]. According to increasing evidence, the majority of
antibiotic-resistant genes and genes encoding virulence factors reside on mobile genetic elements, such as
plasmids, transposons and prophages [17]. In S. aureus, the repertoire of these factors has been studied ex-
tensively, due to the increasing urge for the identification of the new treatment strategies. Virulence factors
include cell surface bound and secreted factors that may inhibit the complement and antimicrobial peptides,
promote colonization, induce or suppress leukocyte recruitment or induce leukocyte lysis [18].

Human neutrophils are the primary line of defense capable to phagocytose S. aureus bacteria. However,
a significant number of bacteria phagocytosed by neutrophils remain viable and either trigger new infections
or kill the neutrophils by lysing them [19]). Recent data demonstrates that CA-MRSA strains are most effi-
cient in evading neutrophil killing, and they do so by inducing the neutrophil lysis faster than any other
health care-associated strain [20]. This is a strong indication that some of the CA-MRSA strains are more
virulent than any other strain of S. aureus and represents an example of successful evolutionary adaptation of
S. aureus to the human host defense system. This adaptation is likely the reflection of an enhanced repertoire
of virulence factors located in the bacterial genome as well as on extra-chromosomal elements.

The entire genome of S. aureus can be subdivided into the core genome, comprising approximately
75 % of the genes, and the auxiliary genome (25 % of the genes). The core genome is largely represented by
housekeeping genes, while the auxiliary genome consists of mobile genetic elements(MGE), including bacte-
riophages, chromosomal cassettes, pathogenicity islands, transposons, and genomic islands [21]. Each bacte-
rial strain may carry a unique variety of mobile genetic elements [22, 23]. This variability is often the result
of horizontal gene transfer of mobile genetic elements between bacteria and have important clinical implica-
tions (e.g., different antibiotic resistance and/or various degree of pathogenicity) [21, 24]. The entire reper-
toire of S. aureus virulence factors is described in details in a large body of scientific literature. In this review
we focused on the group of secreted pore-forming toxins called leukocidins that S. aureus uses to destroy
immune cells and evade the immune system.

S. aureus pore-forming leukocidins in human pathogenesis

As mentioned above, S. aureus possesses a multitude of virulence factors used by the pathogen to evade
the human immune system. This repertoire may be subdivided into three main groups. The first group in-
cludes cytotoxins such as hemolysins, cytolytic peptides and leukocidins. The second group includes
immunomodulatory proteins such as superantigens, superantigen-like proteins and complement-inhibitory
proteins. The third group includes proteases and factors involved in evasion of immune cell recognition and
killing [25-29]. Allthese three groups of factors make S. aureus virtually «bulletproof» by allowing it to
combat human innate and adaptive immune systems (see below), and represent a significant challenge in the
development of new effective antimicrobial agents and vaccines against the pathogen [30-32]. Pore-forming
leukocidins are the main focus of this review.

Pore forming leukocidins and their mechanism of action

Six pore-forming leukocidins (also called leukotoxins) have been identified to date. They acquired their
names based on their ability to destroy leukocytes such as, phagocytes, natural killer cells, dendritic cells and
T lymphocytes, and therefore affect innate and adaptive immunity [29]. Leukocidins include: HIgAB,
HlgCB, LukAB/HG, Panton-Valentine leukocidin (PVL) consisting of LukS-PV and LukF-PV subunits,
LukED and LukMF. HigAB, HlgCB and LukAB/HG are produced by all strains of S. aureus. The most viru-
lent strains often produce two additional leukocidins, PVL and LukED. LukMF has been found in isolates
from ruminants and other mammals but not in strains infecting humans [29]. Pore formation depends on the
production of bi-component, oligomeric pores, consisting of two separate polypeptides known as S and F
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subunits [33, 28[. There are six S subunits (HlgA, HigC, LukA, LukS-PV, LukE and LukM) and four com-
plementary F subunits (HIlgB, LukB, LukF-PV and LukD), resulting in the six different combinations of bi-
component leukocidins described above [28].

One of the first suggestions that S. aureus toxins such as PVL may produce pores on the surface of hu-
man leukocyte membranes have been proposed by Rogolsky et al., in 1979 [34]. Subsequently, a significant
number of experimental data accumulated and supported the notion that pore formation is the major mecha-
nism underlining cell death induced by S. aureus leukocidins [29].

According to a proposed model [29], S. aureus secretes water soluble toxins as monomeric S and F
subunits. In the majority of cases the S subunit (and only in some cases the F subunit) recognizes the target
cell surface by binding to either specific receptors or lipids. Once bound to the cell surface, the S subunit re-
cruits its partner F subunit, followed by subunit oligomerization leading to the octameric pre-pore confor-
mation, consisting of four S and four F subunits. Next, the pre-pore leukotoxin octamer undergoes a dramatic
conformational change with the insertion of the stem domain of both subunits into the plasma membrane of
target cells, leading to the formation of a functional pore. Toxin pores on the plasma membrane lead to os-
motic balance disruption (osmotic shock), ultimately causing cell lysis and death [35-37, 29]. Generally, eu-
karyotic cell death may have a dual nature either necrotic or apoptotic. Necrotic cell death is usually due to
physical or chemical cell injury and it is considered to be a passive process. Conversely, apoptosis is consid-
ered to be an active process induced by extracellular stimulior genetic programming regulating various
intracellularsignals or both. Taking this information together, it is plausible to suggest that pore formation
produces the necrotic like damage to the cell surface and eventually cell death, likely, without activation of
apoptotic signaling cascade. However, the latter statement is yet to be confirmed. Depending on the
leukotoxin concentration, a large number of pores may kill the target cell predominantly by necrotic damage,
however S. aureus leukocidins activate apoptotic cascades as well, therefore this type of S. aureus-induced
cell death is a concerted mechanism [38, 29].

HigAB/HIgCB (y-hemolysin)

Genetic organization

The genes encoding y-hemolysin (also known as HIgAB/HIgCB), are present in 99.5 % of human
S. aureus isolates. The expression of these proteins is significantly upregulated during in vitro culturing with
human blood and phagocytosis by neutrophils [39].

Bacterial genes are organized in operons where genes that are involved in similar processes or have
complementary function are co-transcribed from the same promoter. Indeed, the genetic architecture of the
genes hlgC and hlgB encoding HlgCB y-hemolysin is represented by a classical operon organization and
controlled by a single promoter [40—42]. On the other hand, the hlgA gene is located upstream of hlgC and
hlgB and controlled by an individual promoter, making the entire organization of these three complementary
genes an exception among leukocidins. It is important to note that all three genes higA, hlgC and hlgB are
located in the core genome of S. aureus, unlike many other toxins that locate on extrachromosomal elements
[41]. The expression of these genes leads to the formation of two S subunits, HIgA and HlgC, and one shared
F subunit, HigB [40]. This locus is highly conserved among S. aureus strains (99 % of all strains analyzed)
[43, 44], however the degree of sequence homology differs between the different strains [43].

Cellular specificity

HIgAB and HlgCB act as classical leukocidins, forming pores on the surface of target cells which in-
duce cell lysis. However, the formation of these pores depends on the initial binding of the leukocidins to
chemokine receptors on the surface of phagocytic cells [39]. Currently, three receptors (CXCR1, CXCR2
and CCR2) have been identified as targets for HIgAB and two (C5aR and C5L2) as targets of HlgCB [39].
Phagocytes express the above-mentioned receptors at high level and are the major cellular target of HIgAB
and HIgCB, in contrast to other immune cell types that do not express those receptors or express them at
lower level. Interestingly, in addition to the cytolytic function, HIigAB and HlgCB possess pro-inflammatory
and immunomodulatory properties. Both toxin complexes act through the same receptors during priming and
inflammasome activation [29, 39].

LukAB/HG

Genetic organization
LukAB (also known as LukHG), is encoded by the core genome of S. aureus. The lukA and lukB genes
have classical operon organization [29]. The level of conservation for these genes among different S. aureus
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strains has not been extensively characterized, however this operon is present in the majority of laboratory S.
aureus isolates [28]. A certain degree of genetic diversity seem to exist in small subsets of the bacterial iso-
lates, although the information available is scarce [29].

Cellular specificity

LukAB is one of the most recently identified leukotoxin and it is able to kill primary human neutro-
phils, monocytes, macrophages and dendritic cells [45]. The binding of LukAB to its target cell types is de-
termined by the presence of CD11b, a component of the CD11b/CD18 integrin complex [46] that functions
as a cell surface antigen, plays a critical role in leukocyte adhesion and is required for host defense [47]. The
glutamic acid at position 323 of the C-terminal domain of LukA engages the I-domain of CD11b and this
binding is an important prerequisite for pore formation and cell lysis [48]. LukAB production by S. aureus is
also required for the escape from neutrophil induced phagocytosis, which indicates that this toxin is likely
playing an important role in evading host defense and survival [46].

LukED

Genetic organization

LukED operon is located on a pathogenicity island found in the genome of S. aureus, known as vSap.
Pathogenicity islands are an example of extrachromosomal elements that possess different degree of stabil-
ity. This genetic element is likely a result of phage integration into the host genome of S. aureus, which later
underwent a number or recombination, as well as insertion/excision eventsand that now is considered to be
stable [49]. This extrachromosomal element is the result of a horizontal gene transfer and integration into the
S. aureus genome. It has been predicted to be present in only 70 % of all isolated S. aureus strains [50, 44].
Its presence is strictly lineage dependent and some lineages do not have this gene. The lineages possessing
this island demonstrate strong sequence conservation suggesting a common origin [50]. lukE and lukD repre-
sent a small fraction of the genes located on vSaP [49], among the other genes there are different virulence
factors such as serine proteases, enterotoxins, bacteriocins and a hyaluronate lyase [49].

Cellular specificity

LukED is a well characterized leukocidin and it possesses lytic activity against leukocytes from several
species, including human, murine, rabbit, canines and even fish [51-54]. LukED can target human macro-
phages, T-cells and dendritic cells via its binding to CCRS5, which functions also as co-receptor for human
immunodeficiency virus (HIV) [53]. LukE, the S subunit, is the ligand for CCR5-expressing cells. LukED
mechanism of action satisfies previously proposed models where the S subunit initiates the binding and re-
cruits the F subunit to proceed with pore formation [53,55]. In addition, it was shown that the FDA-approved
CCRS5 antagonist maraviroc can block the interaction between LukE and CCRS5 [53], and recently developed
potent CCLS5 derivatives are presently being investigated in this context [56, 57]. These data confirm the
specificity of this interaction and proves that a drug currently used as HIV-1 inhibitor has repositioning po-
tentials as a treatment option for S. aureus infections [53].

LukED can also kill polymorphonuclear leukocytes (PMNs) that do not express CCRS, indicating an
additional mechanism of PMNs targeting [51, 52, 58, 59]. This mechanism has been revealed, as two addi-
tional receptors, CXCR1 and CXCR2, expressed on the surface of primary human neutrophils, monocytes,
natural killer (NK) cells, and a subset of CD8" T-cells cells, appear to be alternative binding partners for
LukED [59]. In an elegant set of experiments, it was demonstrated that only LukE, but not LukD is able to
specifically bind to CXCR1 and CXCR2 in a similar manner to CCRS. The LukED binding to PMNs in-
creases the pathogenesis and immune escape capabilities of S. aureus [59]. LukED binding to CCRS positive
cells eliminates T-cells (such as memory and Th1/Th17 cells) and antigen presenting cell. On the other hand,
LukED binding to CXCR1 and CXCR2 eliminates PMNs, monocytes, and NK cells [59]. Thus, by the
recognition of specific receptors on particular cell subsets via LukED, S. aureus is able to target the adaptive
and innate branches of our immune system, making this pathogen highly efficient at avoiding the immune
system response of humans and other vertebrates.

Panton-Valentine leukocidin (PVL)

Genetic organization

PVL is one of the most characterized S. aureus leukocidins. It was originally purified by Woodin in the
1960s and since then it has been extensively studied [60, 61]. PVL toxin formation requires the expression of
two genes, [ukS-PV and [ukF-PV, located on the prophage ¢Sa2. Unlike other leukocidins, that are stably
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associated with the S. aureus chromosome, $Sa2 can be transmitted vertically and horizontally during the
lysogenic and lytic cycles respectively [62]. This is a classical example of mobile genetic element that can
increase the genetic diversity for this particular locus and its associated genes, and lead to the acquisition of
new virulence factors by S. aureus. PVLis present in a rather limited number of S. aureus isolates (2-3 % of
the total) [63]. However, in pathogenic strains including CA-MRSA and strains causing severe necrotizing
pneumonia the percentage of the isolates carrying PVL has an extremely high frequency, reaching up to
90 % [64-67]. Therefore, it seems likely that enhanced virulence of community-acquired infections is partly
associated with the ¢Sa2 phage acquisition, although pathogenicity of these strains is not connected to the
presence of PVL leukocidin only, and the extent of its influence is yet to be identified [68].

Cellular specificity

PVL has more than 75 % sequence identity to the LukED, however the two leukocidins do not target
the same cellular receptors (28). This is likely due to the significant sequence diversity in the rim domains of
PVL and LukED. The rim domain is responsible for receptor recognition, and PVL has a reduced range of
cell targets in comparison to LukED (59, 69-71).

PVL, similarly to other leukocidins, forms an octameric pore consisting of LukS-PV and LukF-PV sub-
units on the surface of myeloid cells, in particular granulocytes and macrophages of different animal species
and humans; toxin pores lead to cell lysis [72]. Interestingly, in rabbits and mice, PVL is not lethal albeit it
can cause transient granulocytopenia followed by marked granulocytosis [73, 74]. Sub-lytic PVL concentra-
tion causes human neutrophil to undergo apoptosis within six hours, while higher concentrations cause cell
lysis in one hour [75].

A report by Spaan et al. suggests that the LukS-PV subunit is able to displace a fluorescently-labeled
antibodies from two leukocyte cell surface receptors (C5aR and C5L2) [76]. This was the first demonstration
of PVL cellular specificity in which the toxin was able to bind the receptor core, membrane spanning por-
tions as well as the extracellular N-terminal region. Interestingly, CXCR2 which, in addition to CCRS5, serves
as LukE receptor, was used as a negative control. Indeed, it was shown that PVL was not able to bind to the
cell surface of cells expressing CXCR2 [76]. These findings confirm the idea that LukE and PVL do not
share the same receptors, regardless of their significant sequence conservation [76, 59].

LukMF

Genetic organization

LukMF is the most recently identified leukocidine, predominantly found in strains isolated from bovine
mastitis [77]. It is encoded by the temperate phage ¢Sal, which can be transmitted vertically and horizontal-
ly during both the lysogenic and lytic cycles [78, 79]. The frequency of LukMF in strains isolated from bo-
vine infections varies significantly (from as low as 10 % to as high as 90 %), depending on the site of isola-
tion and geographic origin of the strains [68, 78, 80, 81]. It is important to mention that cattle mastitis is as-
sociated with the presence of LukMF genes in the S. aureus strains producing infection [81]. Other cell types
affected by LukMF include bovine monocytes and macrophages, but not B cells [82].

A report by Vrieling et al. shed light onto the mechanisms of LukMF cell targeting, with the identifica-
tion of CCR1 as the main receptor [83]. CCR1 is abundantly expressed on bovine neutrophils, the main cell
type preventing intramammary inflammation [84]. It has also been demonstrated that the divergent region 4
(DR4) of LukM is required for the specific binding to the extra-cellular loop 2 (ECL2) and extra-cellular
loop 3 (ECL3) of CCRI1. In addition, several amino acid residues of CCR1 ECL2 have also been identified to
contribute to LukM binding, including E177, F178 and H181, while the entire ECL3 has been shown to be
essential for toxin binding [83]. Interestingly, DR4 has also been identified in LukE to be required for CCRS5
recognition [59]. The overall homology between LukE and LukM is 77,5 % [29]. This data provides an in
depth understanding of the molecular interaction between the LukM and CCR1, expressed on the surface of
bovine neutrophils.

In addition to CCR1, the most prominent target of LukMF, two other receptors have been identified as
targets of LukMF (CCR2 and CCRY) [83]. It has been shown that the presence of LukMF in the culture su-
pernatant was sufficient to kill CCR2 and CCRS5 expressing cells, likely leading to the elimination of subsets
of T-cells, inflammatory macrophages and dendritic cells. Unfortunately, the receptor moieties critical for
the interaction with LukMF have not been identified yet.
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Conclusion

In this review we described the current understanding of the genetic organization and molecular interac-
tion of S. aureus leukocidins with human cells. Leukocidins play an important role in bacterial pathogenesis
and represent a significant healthcare burden. Understanding the genetic organization, sequence similarity
and location of S. aureus leukocidin encoding genes can help us improve diagnostic methods educating more
personalized antibacterial treatments. Furthermore, improved understanding of the molecular interactions
between S. aureus leukocidins and human cell surface receptors may lead to the development of alternative
antimicrobial agents that, either independently or in combination with currently used antibiotics, may pro-
vide new effective weapons in the combat of antibiotic resistance.

This research was funded by the Science Committee of the Ministry of Education and Science of the Re-
public of Kazakhstan (Grant No. AP05134810).
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