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AHHOTaNUSA

IToBcemecTHO MpHUMeHsieMasi aHTUOMOTHKOTEPAITHS UMEET PsJ] HETaTHBHBIX ITOCIIECICTBUH, OTHO U3
KOTOPBIX MpOsIBIIsieTCS B (POPMHUPOBAHHHM MHOXECTBEHHOH PE3UCTEHTHOCTH MHUKPOOPIaHM3MOB K eIle
HEJABHO YCIEIIHO MPUMEHSAEMBIM JIEKapCTBEHHBIM cpeAcTBaM. OTCyTCTBHE HOBBIX KJIaccoB
AHTUOMOTHKOB B COYCTAHHUHU C IMOBBIIICHHON YCTOMYHMBOCTBIO K HUM BO30yauTened nHGpeEKuid Tpedyer
HE3aMEJINTENIBHOTO CKPUHUHIA HOBBIX MPHPOJHBIX COEAMHEHUH, HMEIOIMX HOBBIE MHUIIEHH U
MEXaHU3MBl JICHCTBUSI M CHOCOOHBIX 3aMEHUTH JICKAPCTBEHHBIE IIPENapatrhl, TEPSIOIIUE CBOIO
3 PeKTUBHOCTH. AKTHHOOAKTEPUH MIPEACTABIISIOT CO00I MHOTOYMCIICHHBIN NCTOYHUK HOBBIX ¥ )KH3HEHHO
BOXHBIX OMOAKTHBHBIX METaOONHMTOB sl (hapMaleBTUYeCKOTO NpUMEHEHHs. B crartbe mpuBoasTCS
pe3yabTaThl MCCICAOBAHHUS AHTHOAKTEPUANBHBIX CBOMCTB M30JIATOB aKTHHOMHIETOB, BBIJCICHHBIX U3
3aCOJICHHBIX TIOYB M colieHbIX o3ep Kazaxcrama. 111 (16,6 %) W30IATOB 3KCTPEMOQHUIBHBIX
AKTHUHOMMIIETOB TPOSIBUIIM aHTHOAKTEPHATIbHBIC CBOWCTBA MPOTHB M3YyYCHHBIX IPaMIOIOKUTENBHBIX (S.
aureus, MRSA) u 14 (2,1%) usonsatoB - npotus rpamorpunatenbHbix (E. coli) tecT-Mukpoopranuzmos.
12 uzonsaros (10,6%) sxcTpeMoUIbHBIX aKTHHOMHIIETOB C aHTHOAKTEPHAIbHBIMU CBOMCTBaMH 00J1a1aIi
HIMPOKHAM CHEKTPOM JIEHCTBUS U OBUIM aKTHBHBI OJJHOBPEMEHHO K IPaMIOIOKUTENBHBIM (S. aureus) u K
rpamorpuniaresibibiv - (E.  coli)  ycmoBHo-matoreHHbiM  Bo3OyauTensM  uHMekuuid.  M305AThI
KCTPEeMOQWIBHBIX aKTUHOMHLETOB C AaHTHOAKTEPHAJIbHBIMU CBOHMCTBAMH B DKCTPEMAJIBHBIX YCIIOBHIX
pocTa 0ToOpaHbl I JAIFHEHIIINX UCCIIeIOBaHU, KaK MEPCIEKTUBHBIC MPOIYIIEHTH HOBBIX MPUPOIAHBIX
COEIMHEHHH 111 MEAUIINHBL.

KiroueBble ci10Ba: akTHHOMHULETHI, AHTHUOMOTHKH, AaHTUOAKTEpPHAJbHBIC CBOICTBA, CIIEKTP
JEHCTBUS, YCIOBHO-TIATOTCHHBIE OAKTEPHH.

Y CTOMYNBOCTP MUKPOOPTAaHU3MOB SIBJISICTCSI IPUYMHON WHTECHCH(PUKAIIUU MOMCKA HOBBIX
aHTHOAKTEPUAIbHBIX arcHTOB, Kak 3()(EeKTHBHOro MyTH MPEOIOJCHHS 3TOro siienus [1-3].
AKTHHOOAKTEPUH MPEACTABISAIOT COO0 MHOTOUMCIICHHBIN UCTOYHUK HOBBIX U )KU3HEHHO BKHBIX
OMOAKTHUBHBIX MeTabONMUTOB I (apmareBTudeckoro mnpumeHeHus [4]. CymecTByer
MOCTOSTHHBI WHTEpEC K TOWCKY HOBBIX MPUPOIHBIX OWOIIOTUYECKH AaKTHUBHBIX MPOAYKTOB,
HEOOXOAUMBIX JUTS Pa3BUTHS HHHOBAIMOHHOW OMOTEXHOIOTUU U (papmakosioruu [5-8].

B mocnennee BpeMsi BBIIBHTaeTCs MPEANOCHUIKA, YTO pa3sHOOOpa3ue aKTHHOMUIIETOB B
MaJIOM3Y4YE€HHBIX HEOOBIYHBIX CPE/Iax CYIIECTBOBAHUS MOXKET YBEITUUUTH EPCIEKTUBBI OTKPBITUS
HOBBIX COCIMHEHUH C TOTCHIMAIBLHOM aKTUBHOCTBHIO, KOTOPBIE MOTYT MPEOJOJIETh
MHO’KECTBEHHYIO JIEKAPCTBEHHYIO YCTOHYMBOCTh U OBITh NEPCHEKTUBHBIMH JJIs JICUECHUS
XPOHUYECKUX 3a00JIeBaHHM, paka, BUPYCHbIX HHpeKIwmii [9-13]. [ToaToMy, SKCTpeMaIbHbIC CpPeIbl
o0WTaHUSI MUKPOOPTaHHW3MOB B HACTOAIIEE BpeMsl CUMTAIOTCA Hauboyiee WHTEPECHBIMH IS
OMOTEXHOJOTHYECKUX HWCCIEIOBAaHUNA M pacCMAaTPUBAIOTCA KaK OoraThlii MCTOYHHK HOBBIX
CHEIUAIM3UPOBAaHHBIX MeTaboauToB. OAHAKO, HCCIENOBAHMS [0 CKPUHHUHTY IPUPOIHBIX
AHTUOMOTHKOB W3 SKCTPEMANbHBIX Cpel OOWTaHWs IOKa3allkd, 4YTO M3 ATHUX HCTOYHUKOB
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BBIJICJIAIOTCS B OOJIBIIIOM KOJIMYECTBE aKTHHOMHIIETHI C HEUTPOPMILHBIMU CBOHCTBAMHU, KOTOPBIE
MOTYT SIBJSITHCS XOPOILIO M3YYEHHBIMH MPOAYHEHTAMHU W3BECTHBIX MPUPOIHBIX aHTUOMOTUKOB.
MHorue akTHHOMHLETHl 00nagaroT Habopamu KiacTepoB OuocuHTeTHueckux reHoB BGC,
KOAUPYIOIIMX TYTH TPOU3BOACTBA LEHHBIX BTOPUYHBIX METAaOOIMTOB, KOTOPHIE MOTYT
BKJIIOYAThCS B pabOTy TOJBKO MpPH ONpPENEICHHBIX YCIOBHIX. HenaBHHE T€HOMHBIE MOAXOJIBI
MOKa3aJix, 4YTo OAMH mTaMmM Streptomyces moxxet umeThb B cpeanem ot 30 mo 50 kmactepo BGC,
KOTOpble MOryT cocTaBiisitb 8—10% ero renoma [14, 15]. DTO neMOHCTpHUpPYET, HACKOJIBKO
CJIOKHBIM SIBJIIETCS COBPEMEHHBIN CKPUHUHT HOBBIX IPUPOJHBIX aHTUOMOTUKOB U KaK 4acTO OH
MOXET OBbITb Hepe3yJIbTaTUBHBIM, HaK€ NPU HCHOJIH30BAHUU HEOOBIYHBIX 3KCTpPEMalbHBIX
HUCTOYHUKOB.

Pa3zpaboTtanHas HaMH HOBasi CKpUHHHIOBAas MpOrpaMMa, OCHOBaHHAs Ha KJacCU(UKAIIUH
AKTUHOMHIIETOB B  €CTECTBEHHBIX  YCIIOBUSAX  pPOCTa, TIO3BOJIIET  HCCIIEOBATEISIM
CKOHIIEHTPUPOBAaTh CBOM YCHJIUS HAa HW3YYEHHHM IITaMMOB, KOTOpblE IpPUHAIIEKAT K
ompeaeneHHbIM TpymnmnaMm [16]. Kpome Toro, oHa maeTr BO3MOXKHOCTh CO34aTh YCIIOBHS MJIsSt
IEJICHANPABICHHONW 3KCIPECCUU «MOJYAIIMX» TEHOB OMOCHHTE3a HOBBIX (papMaleBTUUYECKU
LEHHBIX BEIIECTB C UCIOIb30BAaHUEM OIPEIEICHHBIX MPUPOAHBIX (PAKTOPOB.

Henbto  manHOW  paboThl  OBLIO  HMCCIEIOBAHHWE  AHTHOAKTEpPUATIbHBIX  CBOMCTB
AKTHUHOMMUIIETOB, BBIJIECJICHHBIX U3 HEOOBIYHBIX 3KocucTeM KaszaxcraHa B 3KCTpeMallbHBIX
yCIOBHAX pocTa (coieHocTh U pH) B cCOOTBETCTBUU € pa3paboTaHHOM HaMH HOBOI CKPUHMHTOBOM
MPOTPaMMOi.

Marepuajibl H MeTOABI HCCTET0OBAHUSA

OObeKTaMH UCCIEOBAHUS SIBISLTUCH 667 M30JIATOB SKCTPEMO(MILHBIX aKTHHOMHMIIETOB,
BBIJICJIEHHBIX M3 AKCTpeMalibHbIX 3KkocucTteM CeBepHoro, 3amagHoro u HOxxHoro Kaszaxcrana
(COJIOHYAKOB, COJIOHIIOB, PHU30C(EPHI CONICYCTONYMBBIX PACTEHUH, COICHBIX 03€D).

Jns  onpeneneHuss aHTHOAKTEPUAIBHOW aKTHBHOCTH H30JSATHl  OKCTPEMO(HIBHBIX
AKTHHOMMUIICTOB KyJbTUBUPOBAIIM HA 3-X BapwaHTax MoauduimpoBaHHoro arapa bennera (Nel,
2, 3) mpu temnepatype 28-29°C B Teuenue 10 cyrok B Tepmocrare Binder.

CocraB BapuanToB MoauduIMpoBanHoro arapa bennera, (%):

Cpena Ne 1: rmroko3a - 0,2; npoxoxeBoi s3kctpakt — 0,1; menrton - 0,2; arap — 2,0; pH 7,2;

Cpena Ne 2: rimoko3a — 0,2; mpoxokeBoit sketpakt — 0,1; menron — 0,2; NaCl — 3,5; arap —
2,0; pH 7,2;

Cpena Ne 3: rmioko3sa — 0,2; aposxokeBoit skeTpakT — 0,1; menton — 0,2; NaHCO3 - 0,35; arap
—-2,0; pH 9,0.

Jist u3ydeHust aHTHOAKTEPUATBHBIX CBOWCTB U30JISITOB B KAYECTBE TECT-MUKPOOPTAaHU3MOB
B HCCIIC/IOBaHNE OBUIM B3ATHl KJIMHHYECKHUE IITAMMbI TpaMIIONIOKUTEIbHBIX (Staphylococcus
aureus Ne 228) u rpamorpunarenbhbix (Escherichia coli Ne 603) ycinoBHO-MaTOreHHBIX
BO30OyauTeNneld HHPEKIHNA C JIEKApCTBEHHOW YCTOMYMBOCTBIO. S. aureus Ne 228 — KIMHUYECKUN
METHIMJUTUHPE3UCTCHHBIIH IITaMM, YCTOWYMBBIH K OeTa-maktamam, E. coli Ne 603 — kiuHuyeckuii
HITaMM, YCTOMYUBBIN K OeTa-TakTaMaM U Cyiib(aHuIaMuIaM.

OTt6op kuanYeckux mramMmmoB Staphylococcus aureus (MRSA) u Escherichia coli (ESBL)
C pa3IMYHBIMU THIIAMH PE3MCTEHTHOCTH TpoBejneH Ha 0a3ze AO «lleHTpanmpHas KIMHUYECKas
OonpHUIA», T. Anmarel. HWaeHTudukamus KIMHUYECKHX I[MTAMMOB YCJIOBHO-TIATOTEHHBIX
BO30yauTenel MH(EKIHMHA M OmpeelecHHe MX PE3UCTEHTHOCTH K JIEKapCTBEHHBIM TpernapaTam
BBITIOJIHEHBI HA aBTOMaTHUeCKOoM OakTepuosiorudueckom ananuzarope “MINI API” pupmer “BlO
MERIEUX”.

AHTHOAKTEpUANIbHYIO aKTHBHOCTH OINpenessuii MerogoM auddysum B arap (arapoBbIX
0J10KOB) Ha muTareapbHOM arape ¢upmer Hi-Media. 11 olleHKH aHTarOHUCTHYECKUX CBOMCTB, C
TIOMOIIBIO CTaHAapTHOTO Oypa (d=7 MM), TOTOBMIJIM arapoBbie OJIOKHU KYJIBTYP 3KCTPEMO(DUITbHBIX
aKTHHOMMIICTOB, BBIPOCIIMX Ha 3 BapWaHTax MoAWUIMpPOBAHHOTO arapa benHera. 3arem
arapoBble OJOKHM MOMEIIAIH B Yamiku [leTpu ¢ MUTaTenpHBIM arapoM, 3aCesTHHOM TTYOHMHHBIM
poctoM TecT-mMukpopranmsmamu  (KOE  10%mm). B kauecTBe KOHTpPONSL HCIIOJNB30BAIH
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CTEpHJIbHBIC YUCThIE MUTATENbHBIE Cpebl. JnaMeTp 30H MoIaBIeHUs pOcTa OaKTepHUaIbHbBIX TECT-
MHUKPOOPTaHU3MOB U3MEPSUTH TTOCIIe MHKYOHpoBaHUs rpu Temmneparype 37°C B TeueHne 24 4acos.
Bce uccnenoBanus BEINOIHSUIA B TPEX IOBTOPHOCTSIX.

Bce nannble (Tpu mOBTOpA) MOJABEPraiy CTATUCTUYECKOMY aHAIIU3Y, KOTOPBIN MPOBOIUIN C
UCIIONIb30BaHUEM MakeTa nporpamm «Statistica 10.0» [17]. CraTucTudeckuii aHaIU3 MPOBOIHITH
MyTeM pacyeTa CpPEeIHUX 3HAYEHUW U CTaHAApPTHBIX OTKJIOHEHWM pe3ynbTatoB. Bce
craTucThueckue pe3ynbTarsl ¢ P <0,05 cuntanuch cTaTUCTUUECKH 3HAUMMBIMHU.

Pe3yabTaThl U 00Cy:KIeHUE

N3yuensl anTHOAKTEpHAIbHBIE CBONCTBA 667 N30JATOB SKCTPEMODHIbHBIX aKTHHOMHIICTOB
B OTHOIICHWH KIMHUYECKUX IITAMMOB TPaMIIOJIOXKHUTENbHBIX (S. aureus Ne 228) wu
rpamorpunarenbueix (E. coli Ne 603) ycioBHO-TATOreHHBIX BO30OyIUTENCH HMHPEKIUN ¢
JIEKapCTBEHHOH ycToWYMBOCThIO. [lonmydyeHHblE AaHHBIE 1O AHTHOAKTEPUAIBHBIM CBOHCTBAM
AKCTPeMO(DUIbHBIX aKTHHOMHUIIETOB TIPEICTaBIICHHI B Tabnuie 1 u Ha pucyHkax 1-4. B Tabnuie
NPUBENCHBI JIaHHBIE I[I0 W30JATaM, TMPOSBISIIONIMM aHTHOAKTEPUATbHYI0O AaKTHBHOCTH B
SKCTPEMAJIbHBIX YCIOBHSIX.

Tabmmma 1 — AHTaroHHNCTHYECKHE CBOWCTBA JSKCTPEMOMUIHHBIX AKTHHOMHIICTOB B OTHOIICHHUH
rpaMIoIoKUTENbHBIX (S. aureus Ne 228) u rpamorpuuarensHbix (E. coli Ne 603) kimHHYeCKUX yCIOBHO-

NaTOTeHHBIX BO30ynuTenei nHdexumi

TTopsankoBbIit JnaMeTp 30HBI IOJIABJIEHUSI POCTA TECT-MUKPOOPraHU3Ma, MM
HOMED Howmep mramva Cpena Ne 1 Cpena Ne 2 Cpena Ne 3
1 2 3 4 5
1 2/4/1 16,3+0,5/0 12,6+0,1/0 15,1+0,5/0
2 2/5/4 12,4+0,7/0 12,0+0,4/0 15,9+0,2/0
3 1/11/1 0 15,4+0,7/0 0
4 1/11/5 0 16,1+0,1/0 12,3+0,5/0
5 1/15/3 20,2+0,2/0 20,4+0,2/20,3+0,5 | 20,4+0,3/15,8+0,1
6 1/15/7 0 20,6%0,4/0 HET pocTa
7 2/15/1 0 22,0+0,5/23,4+0,7 0
8 2/15/2 0 0/25,3+0,7 0
9 2/15/4 20,6+0,8/0 17, 3£0,8/0 12,0+0,4/0
10 2/15/5 17,4+0,6/0 20,5+0,9/0 10,7+0,2/0
11 3/15/1 HET pocTa 11,3+0,7/0 15,2+0,3/0
12 1/16/2 15,2+0,6/0 20,5+1,0/0 11,0+0,1/0
13 2/16/3 17,3+0,5/17+0,1 25,7+0,5/14,0£0,3 15,4+0,5/0
14 3/16/1 HET pocTa 30,4+0,5/25,2+0,6 | 20,1+0,5/10,6+0,1
15 2/18/1 15,9+0,1/0 25,6+0,5/0 17,3+0,1/0
16 2/20/1 10,2+0,5/0 17,2+0,8/0 0
17 1/21/1 19,4+0,1/0 22,2+0,2/0 0
18 1/21/4 15,2+0,3/0 15,1+0,1/0 20,0+0,3/0
19 1/21/6 17,8+1,5/0 22,4+0,1/0 18,7+0,2/0
20 2/21/2 20,3+£0,5/0 11,0+0,2/0 0
21 2/21/3 12,0+0,1/0 18,5+0,5/0 0
22 2/22/1 15,5+0,2/0 20,4+0,1/0 15,2+0,1/0
23 2/22/2 20,1+0,1/0 22,6+0,8/0 15,4+0,7/0
24 3/22/3 15,1+0,7/0 15,0+0,4/0 14,8+1,0/0
25 2/23/3 20,6+0,7/0 25,1+0,2/0 30,7£0,5/0
26 1/26/6 15,4+0,1/23,5+0,1 0/15,3+0,4 0/12,1+0,2
27 212712 23,3+0,2/0 0 15,8+0,1/0
28 2/29/2 25,7+0,1/0 25,2+1,3/0 15,4+0,9/0
29 2/29/3 20,3+0,1/20,4+1,2 17,1+0,6/16,5+0,3 | 13,1+0,1/18,7+0,5
30 2/29/5 20,3+0,5/20,6+0,4 24,0+£0,1/22,4+0,5 | 20,6+1,5/20,9+0,1
31 2/31/1 12,4+1,1/0 16,3+0,1/0 0
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1 2 3 4 5
32 3/31/1 20,7+0,2/0 20,1+1,3/0 20,5+1,4/0
33 2/33/4 19,5+0,1/0 10,0+0,5/0 0
34 2/33/5 22,4+0,4/0 25,1+0,1/0 25,5+0,1/0
35 1/34/3 15,2+0,8/0 30,3+0,5/0 0
36 3/34/1 HET PocTa 0 22,4+0,2/0
37 1/37/1 28,0+1,0/28,3+£0,5 25,5+0,2/25,3+0,1 | 15,7+0,4/16,0+0,3
38 1/37/2 25,0+1,5/0 30,4+0,5/0 25,8+0,1/0
39 1/37/3 20,1+0,2/0 20,3+0,5/17,5+0,1 15,3+0,4/0
40 1/37/7 12,4+0,1/0 19,940,2/0 12,6+0,5/0
41 213714 0 0/25,5+0,1 0/11,0+0,5
42 3/37/1 0 14,6+0,1/0 0
43 2/38/1 0 HET PoCTa 15,4+0,7/0
44 2/39/3 20,0+0,3/0 30,4+0,2/0 20,3+0,2/0
45 3/39/1 0 0 15,0+0,1/0
46 1/40/2 0 12,5+0,5/0 0
47 2/49/2 0 12,8+0,4/0 0
48 3/50/5 0 0 15,2+0,3/0
49 1/51/1 10,2+0,1/0 10,2+0,4/0 30,3+1,1/15,4+0,7
50 2/51/1 0 0 15,3+0,7/0
51 1/51/5 15,5+0,5/0 0 11,4+0,2/0
52 2/51/2 0 0 17,8+0,1/0
53 2/51/3 0 11,6+0,5/0 20,5+1,0/15,1+0,1
54 2/53/1 15,0+0,1/0 20,4+1,5/0 0
55 2/54/1 15,0+0,2/0 15,3+0,1/0 0
56 2/55/1 0 13,3+0,1/0 15,2+0,5/0
57 3/55/1 10,3+0,1/0 17,9+0,5/0 0
58 1/58/1 0 15,4+0,1/0 HET pocTa
59 3/58/3 0 12,0+0,5/0 15,2+0,1/0
60 1/59/3 15,7+0,1/0 15,5+0,2/0 HET pocTa
61 2/59/1 0 19,3+0,5/0 12,5+0,1/0
62 2/59/4 15,4+0,7/0 18,8+1,5/0 HET pocTa
63 3/59/1 15,2+0,1/0 17,2+0,1/0 HET pocTa
64 3/59/2 10,0+0,0/0 12,3+0,9/0 HET pocTa
65 1/60/2 25,4+0,6/0 25,7+£1,5/0 HET pocTa
66 1/60/4 12,0+0,3/0 18,6+0,2/0 HET pocTa
67 2/60/3 23,3+0,5/0 25,6+0,1/0 18,5+0,1/0
68 3/60/1 25,4+0,1/0 25,5+0,2/0 HET pocTa
69 3/66/1 22,6+0,2/0 15,2+0,1/0 17,3+0,5/0
70 1/67/1 0 17,1+0,4/0 13,0+0,1/0
71 3/67/1 0 30,6+1,5/0 12,4+0,5/0
72 2/69/1 27,9+1,5/0 25,2+0,2/0 20,5+0,3/0
73 2/69/2 14,3+0,1/0 12,1+0,5/0 12,1+0,1/0
74 2/69/5 13,0+0,5/0 12,4+0,5/0 12,3+0,4/0
75 37212 12,3+0,5/0 12,240,2/0 0

76 1/73/1 0 0 16,2+0,7/0
77 3/73/1 12,0+0,1/0 10,1+0,1/0 HET pocTa
78 1/75/3 25,3+0,2/0 25,3+1,3/0 0

79 1/75/5 25,4+1,5/0 20,7+0,5/0 20,6+0,1/0
80 1/75/6 18,7+0,5/0 25,6+0,5/0 HET pocTa
81 1/76/1 12,4+0,4/0 21,5+0,2/0 HET pocTa
82 2/76/2 12,1+0,4/0 13,6+0,1/0 0
83 3/77/1 12,4+0,2/0 15,0+0,2/0 HET pocTa
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1 2 3 4 5

84 1/78/2 20,6+1,9/0 20,4+0,1/0 20,7+1,2/0
85 1/79/1 0 0 18,3+0,6/0
86 1/79/2 12,7+0,5/0 11,3+0,2/0 12,5+0,8/0
87 1/79/4 12,0+0,4/0 15,8+0,3/0 12,6+0,8/0
88 1/79/8 0 0 15,3+0,5/0
89 3/79/5 0 0 25,2+0,7/0
90 1/88/1 25,2+0,1/0 20,9+0,5/0 HET pocTa
91 1/89/1 15,1+0,7/0 15,3+0,1/0 HET pocTa
92 2/89/2 0 20,4+0,2/0 30,1+0,2/0
93 1/92/2 20,6+0,4/0 25,2+0,1/0 0

94 1/93/1 25,3+0,2/0 20,5+0,2/0 25,8+0,9/0
95 3/94/2 0 0 20,1+1,0/15,1+0,4

[Ipumedanue: B unciuTesne — AMaMETp 30HBI TOAABICHUS pocTa S. aureus Ne 228, B 3HaMeHaTee —
JuaMeTp 30HbI moaasieHus pocta E. coli Ne 603, 0 — akTHBHOCTh OTCYTCTBYET

Pucynku 1-4 - AHTaroHUCTHYECKIE CBOWCTBA SKCTPEMOQIITLHBIX aKTHHOMHIIETOB B OTHOIIICHHU S.
aureus Ne 228 (MRSA)

197



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X No3 (42) 2023  www. imv-journal.kz

[IpunsATO CUNTATH, YTO rANTO(UIHLHBIC AKTHHOMUIIETHI B OYIyIIIEM CTaHYT IICHHBIM PECYPCOM
JUISL  HOBBIX  NIPOAYKTOB,  MPEACTABISIONIMX  MPOMBIIUICHHBI  WHTEpec,  BKIIOYas
MPOTUBOMHUKPOOHBIE, IIUTOTOKCUYECKUE, HEHPOTOKCUYECKHE, AHTUMHUTOTUYECKHE,
MIPOTUBOBUPYCHBIE U MPOTHUBOOIMYX0yieBble mpenapathl [10]. M3 skcTpeManbHBIX YCIOBUH yXKe
OTMCAHbI Pa3IUYHbIC OMOAKTHBHBIC METAOOUTHI, TAKWE KaK MUPOCTATHHBI, CATHHOCIIOPAMU/IBI,
a0MCCOMUIIMHBL,  TPUOKCAKapUUH A, TYTMHTUMUIUH, CHOPOJUAbI, MAapUHOMHUIIUHBL,
TUMAJIaMUIIMHBI,  JAUA3CMHHOMUIIUH,  XCIXWHOIHMH,  JIa/DKOJUIAMUIIUH,  TETPOJOTOKCHH,
MeXepYapMUILIMHBL, TUAHPUMULIMHBI U JPyTHE.

Nzyuenne aHTaroHM3Ma IKCTPEMODUITBHBIX AKTHHOMHMIIETOB Pa3IMYHBIMA
HCCJIEIOBATENSIMU ITOKa3bIBaET pa3HOOOpa3Hble aHTHOAKTEpHATIbHBIE CBOMCTBA, KaK B OTHOIIIEHUN
TPaMIIOJIOKHUTEIBHBIX, TaK W TPaMOTPHUIATENILHBIX YCIOBHO-TIATOTEHHBIX BO30yIUTENEH
uHpekuuii. B Xxome wuccreqoBaHMI O OTKPBITUIO HOBBIX MNPHUPOIHBIX TPOAYKTOB U3
IKCTPEMO(MUIBHBIX AKTUHOMUIICTOB OBUIM TONXYYCHBI HOBBIC JIMHEWHBIC TIOTUKETUABl U
aktuHonoaucnopunsl A, B u C u3 ramodunsHoro akrunomuiieta Actinopolyspora erythraea YIM
90600 [18]. U3 ranopwmisnoro akturomwuiiera Nocardiopsis gilva YIM 90087 BwiaenceHbl u
OXapaKTepu3oBaHbl  n-TepHEHMIBI ¢  TPOTUBOTPHOKOBOW,  aHTHOAKTEpUATBLHOM U
AHTUOKCHIAHTHOW aKTHUBHOCTHIO [19]. OmucaH HOBBIN aHTHOMOTHK aHTPALMMUIIMH, KOTOPBIN
BBIPA0ATHIBACTCSA AKTHHOMHUIIETAMU MOPCKOTO TPOUCXOXKIEHUs B cojeBoit cpeme [20].
AHTUMUKPOOHBI XWHOJMHOBBIA ~alKalOW OBLT BBLIETICH U3 HOBOTO TalloQUIHHOTO
aktuHomuriera Nocardiopsis terrae YIM 90022 [21]. 18 BumoB poma Streptomyces BoiacieHbI U3
3aCONICHHBIX JKocucTeM Hemana, 12 W301SITOB TPOSBUIN aHTUOAKTEPUATBHYIO AKTHBHOCTH
npoTuB OeTa-gakTamas pacmupenHoro crekrpa (ESBL), npoxyuupyemsix E. coli [22]. HoBsie
AHTUOMOTHUKH, TaKHEe KaK XMHUKOMHIIMH W JIAJHKOJUIAMHUIIMH, OOHAPYKEHBI Y TalOQWIbHBIX U
raJIOTOJICpaHTHBIX BUIOB akTuHOMHUIIETOB [ 10]. Streptomyces spp. AJ8, BbIeIeHHBIN U3 TOHHBIX
OTIIOKEHUH coneBapeH B Hauu, o01aman CUIbHBIM aHTaTOHUCTUYECKUM JIEHCTBUEM MPOTHUB S.
aureus, A. hydrophila u C. albicans [23]. U3 cononyaka Ha tore VHAMK M307MpPOBaH IITAMM
Streptomyces VITSVKS spp., oOpasyromuii OHOTOTHYECKH aKTUBHOE BEIIECTBO W3 TPYIIIHI
IUPPOJIMINHOB C BRICOKOM aKTHBHOCTBIO B oTHOIIEHHH K. pneumoniae, S. aureus, C. albicans, A.
fumigatus u A. niger [24]. Yersipe usosista Streptomyces coelicolor, Streptomyces flaveous,
Streptomyces plicatus, u Streptomyces griseoruber, Beiac/ICHHBIC M3 3aCOJACHHBIX U IIETOYHBIX
nouB Erunra, mokazanu BEICOKHE aHTUMUKPOOHBIE aHTarOHUCTHUYECKHE CBOMCTBA [25].

[TomyueHHble HaMU J[aHHbIE TaK e, KaK M JaHHbIE JIUTEPATyphbl, IEMOHCTPUPYIOT
pa3HooOpa3ue aHTUOAKTEPUATBHBIX CBOMCTB AKCTPEMODMIBHBIX aKTHHOMHIIETOB M3 HEOOBIYHBIX
skocucteM Kazaxcrana. AHalu3 MONY4YEHHBIX HaMU pe3yibTaToB mokazai, yto 111 (16,6 %)
U30JISITOB KCTPEMOPMIBHBIX aKTHHOMHUIIETOB MPOSIBIIIM aHTHOAKTePUAIbHBIE CBOMCTBA IPOTUB
U3YYEHHBIX TpaMIoNIOKUTeIbHBIX (S. aureus Ne 228) u 14 (2,1%) wu3oniatoB - MpoOTUB
rpamotpunarensHbix (E. coli Ne 603) Tecr-mukpoopranu3moB. M301sThl SKCTpEeMOPHIBHBIX
AKTHHOMMUIIETOB MIPOSBUIN aHTUOAKTEPHATIbHYIO aKTUBHOCTh B SKCTPEMAJIbHBIX YCIOBHUSIX POCTA,
YTO CBUJETEIHCTBYET 00 UX MEPCIEKTUBHOCTH ISl TATHHEHUIIIErO UCCIICIOBAHMUS.

Haubonee BHICOKYIO aKTUBHOCTb B AKCTPEMAJIbHBIX YCIOBUAX POCTa MPOTUB S. aureus Ne
228 mposiBrn m3oisatel NeNe 3/16/1, 1/34/3, 1/37/2,2/39/3, 1/51/1, 3/67/1, 2/89/2 (muameTp 30HBI
nojasieHust pocra - 10 30,1+0,2 mm), mpotus E. coli Ne 603 — mzomster NeNe 2/15/2, 3/16/1,
1/37/1, 2/37/4 (nmameTp 30HBI OAaBICHHS pocTa - 10 25,5+0,1 mm).

99 wuzomsaroB (87,6%) axtuHOMuueToB u3 113  wu30mATOB ¢ OOHaApyKEHHOM
aHTUOAKTepUAThHON aKTUBHOCTHIO UMENH Y3KHI CIIEKTP aHTarOHUCTUYECKOTO JIEHCTBUS TPOTUB
TPaMITIOJIOKHUTEIBHBIX TeCT-MUKpoopraHu3MoB (S. aureus Ne 228) u tonbko 2 uzonsra (1,8%)
MPOSIBUIIN yY3KUU CIIEKTP JACUCTBUS K TPAMOTPHUIIATEILHBIM YCIIOBHO-TTATOTeHHBIM OakTepusm (E.
coli Ne 603). 12 uzomnsito (10,6%) 3kcTpeMODUIBHBIX AKTHHOMHIIETOB ¢ aHTHOAKTEPHATbHBIMH
CBOMCTBaMH 00JIaalii MIUPOKUM CIIEKTPOM aHTUOAKTEPHAIBLHOTO NEHCTBUS W OBLTH aKTHBHBI
OJTHOBPEMEHHO K IPaMITOIOKHUTEIbHBIM (S. aureus Ne 228) u k rpamotpunareiababiM (E. coli Ne
603) yclI0BHO-TAaTOr€HHBIM BO30YIUTENAM HH(EKIIHHA.
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11 u30/IITOB aKTUHOMHIIETOB MPOSBUIN aKTUBHOCTHh TOJIBKO B 3KCTPEMAIBHBIX YCIOBHUSIX
pocta (mpu pocte, kak Ha cpene 2 ¢ 3,5% NaCl, pH 7,0 Tak u B eT0YHBIX YCIOBUSIX — IIPH POCTE
Ha cpene 3 ¢ 0,35% NaHCO3, pH 9,0): NeNe 1/11/5, 3/15/1, 3/16/1, 213714, 2/51/3, 2/55/1, 3/58/3,
2/59/1, 1/67/1, 3/67/1, 2/89/2. N3onsater NeNe 2/51/3 n 2/89/2 mposiBUiIN B 3KCTpEMaTbHBIX
YCIIOBUSX POCTa BBICOKYIO aHTHOAKTEPUAIbHYIO AKTUBHOCTD B OTHOIIICHUH TPAMITOJIOKUTEIBHBIX
YCIIOBHO-TIATOTeHHBIX Oaktepuii (S. aureus Ne 228, MRSA), akTHBHOCTH Takxke Hauboee
BhIpa)k€Ha B IIEJIOYHBIX YCIOBHUSAX POCTa - AUAMETP 30HbI NofasyeHus pocta — 20,5+1,0-30,1+0,2
MM. M3zomsat Ne 2/37/4 umen y3kuil CIEKTp NEWUCTBHS MPOTHB T'PAMOTPHUIATEIBHBIX OAKTEPHIA,
IuaMeTp 30HbI ogasieHus pocra E. coli Ne 603 Ha cpexne 2 coctaBun 25,5+0,1 mm. M3omst Ne
3/16/1 mposiBUI IIUPOKHA CHEKTp NEUCTBUS C BBICOKMM YPOBHEM aKTHBHOCTH TOJIBKO B
IKCTPEMAIbHBIX YCIOBHSX pocTa — npH pocte Ha cpene 2 (3,5% NaCl) 3ona nogasnenus pocra S.
aureus Ne 228 cocrasmisna 30,4+0,5 mm, E. coli Ne 603 — 25,2+0,6 mm.

18 HW3014ATOB AKTHHOMHIIETOB MPOSBHIN AHTHOAKTEPHAIBLHYIO AKTUBHOCTH IIPH POCTE
TOJIBKO B OJTHOM dKCTpeManbHOM cpeae: NeNe 1/11/1, 2/15/1, 2/15/2, 1/15/7,3/37/1, 1/40/2,2/49/2,
1/58/1 - na cpene 2; NeNe 3/34/1, 3/39/1, 3/50/5, 2/51/1, 2/51/2, 1/73/1, 1/79/1, 1/79/8, 3/79/5,
3/94/2 - ma cpeme 3. Mzomsar Ne 2/15/2 wumeer y3Kuii CHOEKTp JACHCTBHS B OTHOIICHHH
rpaMOTPHIATENBHBIX TecT-MUKpoopranu3MoB (E. coli Ne 603), akTHBHOCTH BBISIBIICHA TIPU POCTE
Ha cpeae 2 — auaMeTp 30HBI mojaBiieHus pocta — 25,3+0,7 MMm. BBICOKYIO aKTHMBHOCTH B
OTHOILICHUH I'PaMIOJIOKHUTEIbHBIX OakTepuil Ha cpene 2 nposBuil uzonar Ne 1/15/7 - nuamerp
30HbI nosaBnenus pocra — 20,6+£0,4 mm (S. aureus Ne 228). M3omst Ne 3/79/5 nposiBuin camyto
BBICOKYIO aKTMBHOCTb Ha Cpefie 3 - TuameTp 30HbI nmoaasieHus pocra 25,2+0,7 mm (S. aureus Ne
228). N3omar Ne 2/15/1 nposiBUIT UPOKHUIA CIIEKTP aHTUOAKTEpUATBLHOTO JACHCTBUS Ha cpene 2,
JIMaMeTp 30HBI Mo/IaBIeHust pocta S. aureus Ne 228 — 22,0+0,5 mm, E. coli Ne 603 — 23,4+0,7 mm.

[TomyueHHble pe3yNbTaThl COOTHOCATCS C JaHHBIMU JIMTEPATypbl IO aKTHUBHOCTH
AKTUHOMMUIICTOB, BBIJICNICHHBIX W3 JKCTPEMalbHBIX AIKOCHCTEM pa3NUYHbIX 30H 3emiu. U3
coneBapeH ([xaitmyp, Muaust) BeIeieHbl N30Tl aKTHHOMHIIETOB, MPOSBUBIINE aKTUBHOCTH
npoTuB S. aureus (auameTp 30HBI nojaBieHus pocta — 15+0,57 - 35+0,88 mm) [26]. U3onsaTs
AKTUHOMHIIETOB, MMOJIYYEHHBIE U3 COJIOHYAKOBBIX MOYB MapoKKo [27], MpOsSBUIN aKTUBHOCTb ITPH
pocte Ha cpene benHera mpotus S. aureus (auamerp 30HbI oaBiIeHus pocta — 20,3+0,5 mm), E.
coli (131 mm). 21 U30JATOB, MONYYEHHBIX M3 00pa3iia 3acyILIHBON MouBbl FOxkHON Adpukn
NPOSIBIIIM aKTMBHOCTH MPOTHUB S. aureus ¢ 3oHaMu uHruOupoBanus ot 16 no 40 mm, npotus E.
coli (TolC) (7 uzonsaToB) ¢ 3onamu uHruOUpoBanus 12-20 mm [28]. 8 U30/IATOB, BBIAECICHHBIX U3
U3 3aCOJICHHOW TMO4YBBI AJDKHpa MPOIAEMOHCTPUPOBAIMA MPOTUBOMUKPOOHYIO AKTHBHOCTH B
OTHOIICHUU T'PaMITOJIOKUTEIBHBIX U IPaMOTPULIATENbHBIX OaKTepHii, JUaMeTp 30H MOJaBICHUS
pocta BapbupoBai oT 16 10 45 MM [29].

3akiiloueHue

N3 »skctpemanbHbix 3KocucteM Kazaxcrana BbigeneHbl 667  HU305TOB  rajo-,
ANKaAIOQUIBHBIX, @ TAKXKE TOJNEPAHTHBIX K coysiM U pH sKcTpeMODUIBHBIX aKTHHOMUIIETOB,
KOTOpBbIE O0JIaJalOT TMOTEHIMAIbHON BO3MOXXHOCTBIO CHHTE3HpPOBaTh HOBBIE TNPUPOIHBIC
OPOAYKTHI 1 MequIHBL. J11s1 113 u3015TOB 3KCTpeMODUITHHBIX aKTUHOMHIIETOB, BBIIEIICHHBIX
n3 Cesepnoro, 3anagHoro u FOxxnoro Kazaxcrana, yCTaHOBJICHO HaIMYHUE aHTHOAKTEpHUATBHBIX
cBoiicTB: 111 M30MATOB NMPOSBUIN aKTUBHOCTH NMPOTUB KIMHUYECKOTO MTaMMa S. aureus Ne 228
(MRSA), 14 u3054T0B 3KCTpeMODUIBHBIX aKTHHOMHIIETOB - IIPOTHB KJIMHUYECKOTo ITamMMma E.
coli Ne 603. Hapsiny ¢ y3KuM CIIEKTPOM aHTHOAKTEPHAIBHOTO JACHCTBUS OOJIBIIMHCTBA IIITAMMOB
9KCTPEeMO(UIBHBIX aKTUHOMMUIIETOB, 12 M30J4TOB 00Jafaiyd MIMPOKUM CIEKTPOM ACUCTBUS U
ObUIM aKTUBHBI OJHOBPEMEHHO K TIpammoioxurenbHbiM (S. aureus Ne 228) u K
rpamorpunarenbHeiM (E. coli Ne 603) ycoBHO-ntaTOreHHBIM BO30yAuTEIAM HH(EKIHiA. M3051ThI
IKCTPEMO(MUIBHBIX AKTUHOMHIIETOB C AHTHOAKTEPHAILHBIMH CBOMCTBAMH B JKCTPEMAalIbHBIX
YCIOBUSIX POCTa OTOOpPaHbI JUIs NadbHEHIINX HCCIeIOBAaHUM, KaK MEPCIEeKTUBHbIE TPOAYIEHTHI
HOBBIX MPUPOJTHBIX COSAMHEHUN IS MEAUIIHHEI.
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KA3AKCTAHHBIH YKCTPEMAJIB/II )KEPJIEPIHJIE MEKEHJIEWUTIH
AKTUHOMUULETTEPAIH AHTUBAKTEPUSAJIBIK KACUETTEPIH 3EPTTEY

Tyiiin

Keninen KongaHpIIaTEIH aHTHOMOTHKAJIBIK TEpaIus OipKaTap KarbIMCHI3 calijapra ue, oJlapAablH 0ipi
MHKPOOPTaHU3M/IEPIiH KaKbIHIa COTTI KOJTAHBUIFAH TperapaTTapra Kol TO3IMIUTITH KaabITacTRpyaa
KepiHeni. AHTHOMOTUKTEpPAIH KaHAa KJIACTAPBIHBIH OOJMAaybl, OJIapFa JKYKMAaNbl KO3IBIPFBIIITAPIBIH
TO3IMIUTITIHIH KOFapbUIaybIMEH Oipre jkaHa MakcaTTapbl MEH ocep eTy MexaHu3Mmzepi Oap koHe
THIMIUIITIH KOFaJITAThIH IpenaparTapAbl ajJMacThlpa ajaThIH JKaHa TaOWFU KOCBUIBICTapIbl Aepey
Tekcepyni Tanam ereai. dapManeBTHKaga KOJNAaHy YLIIH AaKTHHOOAKTEpUsIap »aHa >KOHE eMIpIiK
MaHbI3/Ibl OMOJOTHSUIBIK OCJCEeH I MEeTaOONHUTTEp/iH KOINTereH ko3l Oonbim TabObutazpl. Makamana
KazakcTaHHBIH Ty3/1bl TONBIPAKTAPBIHAH JKOHE KoJJep OOJIHIeH aKTUHOMHIIETTED H30JSTTaphIHBIH
OakTepHsra Kapchl KaCHETTEpiH 3epTTey HOTHKenepl OepinreH. DKCTpeMO(HIbII aKTHHOMUIIETTEPIIH
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3eprrereH ke3zae 111 (16,6%) usomarrapsl rpaM-oH (S. aureus, MRSA) xone 14 (2,1%) u3onsrrapsl rpam-
tepic (E. coli) chlHaMaiabl MHUKPOOPraHM3MIEPre Kapchl AaHTHOAKTEPHSUIBIK KACHETTEP KOPCETTI.
bakrepusira Kapchl Kacuertepi Oap skcTpeModwibal akTuHOMUIETTepAiH 12 wu3onstrapel (10,6%)
OeNCeHAIIKTIH KeH CIEeKTpiHe ue OONAbI KoHE MIapTTHI-IIATOTEH Il JKYKIAIbl aypyAbl KO3ABIPFBILI IPaM-
oH (S. aureus) xone rpam-tepic (E. coli) mukpoopranusmuepre kapcel 0ip Mesringe OenceHmi 0OJbl.
MenuiiHa YIIIiH )KaHa TaOUFH KOCBUTBICTAPBIH IIEPCIICKTHUBTI MPOAYIIEHTTEP] PETIHAE OJaH 9pi 3epTTey
YIIiH DKCTpeMaljbl ©cy JKaFJaWblHJIa OakTepusFa Kapchl KacueTtepi Oap 9skcrpeModuibi
AKTUHOMHLETTEPIIH H30JIATTaphl TAHJAIbI.

KinTri ce3aep: akruHOMUIIETTED, AaHTHOMOTHKTED, OAKTEPHsIFa KAPCHI KACHETTED, 9Cep €Ty CIEKTPI,
HIAPTTHI-MIATOTEeH/I1 OaKTepusIap.
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Abstract

The widely applied antibiotic therapy has a variety of negative consequences, one of which is
manifested in the formation of multiple resistance of microorganisms to recently successfully applied drugs.
The lack of new classes of antibiotics combined with increased resistance to them by infectious agents
requires immediate screening of new natural compounds that have new targets and mechanisms of action
and can replace drugs that are losing their effectiveness. Actinobacteria represent a numerous source of
new and vital bioactive metabolites for pharmaceutical use. The article presents the results of a study of the
antibacterial properties of actinomycete isolates isolated from saline soils and saline lakes of Kazakhstan.
111 (16.6%) isolates of extremophilic actinomycetes showed antibacterial properties against the studied
gram-positive (S. aureus, MRSA) and 14 (2.1%) isolates - against gram-negative (E. coli) test
microorganisms. 12 isolates (10.6%) of extremophilic actinomycetes with antibacterial properties had a
wide spectrum of activity and were active simultaneously against gram-positive (S. aureus) and gram-
negative (E. coli) opportunistic pathogens. Isolates of extremophilic actinomycetes with antibacterial
properties under extreme growth conditions were selected for further research as promising producers of
new natural compounds for medical applications.

Keywords: actinomycetes, antibiotics, antibacterial properties, spectrum of action, opportunistic
bacteria.

The resistance of microorganisms is the reason for the intensification of the search for new
antibacterial agents as an effective way to overcome this phenomenon [1-3]. Actinobacteria
represent a numerous source of new and vital bioactive metabolites for pharmaceutical use [4].
There is a constant interest in the search for new natural biologically active products necessary for
the development of innovative biotechnology and pharmacology [5-8].

Recently, it has been hypothesised that the diversity of actinomycetes in poorly studied
unusual environments may increase the prospects for the discovery of new compounds with
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potential activity that can overcome multidrug resistance and be promising for the treatment of
chronic diseases, cancer, and viral infections [9-13]. Therefore, extreme microbial habitats are
currently considered the most interesting for biotechnological research and are regarded as a rich
source of new specialized metabolites. However, studies on the screening of natural antibiotics
from extreme habitats have shown that actinomycetes with neutrophilic properties, which may be
well-studied producers of known natural antibiotics, are isolated in large numbers from these
sources. Many actinomycetes possess sets of BGC biosynthetic gene clusters encoding pathways
for the production of valuable secondary metabolites that can only be switched on under specific
conditions. Recent genomic approaches have shown that a single Streptomyces strain can have an
average of 30 to 50 BGC clusters, which can account for 8-10% of its genome [14, 15]. This
demonstrates how difficult modern screening for new natural antibiotics can be and how often it
can yield inconclusive results, even when using unusual and extreme sources.

The new screening program we have developed, based on the classification of actinomycetes
under natural growth conditions, allows researchers to focus their efforts on studying strains that
belong to specific groups [16]. Additionally, it provides an opportunity to create conditions for the
targeted expression of "silent” genes responsible for biosynthesizing new pharmaceutically
valuable substances using certain natural factors.

The aim of this work was to study the antibacterial properties of actinomycetes isolated from
unusual ecosystems in Kazakhstan under extreme growth conditions, including salinity and pH, in
accordance with our newly developed screening program.

Materials and methods of research

The objects of the study were 667 isolates of extremophilic actinomycetes obtained from
extremal ecosystems of Northern, Western and Southern Kazakhstan (salt marshes, solonchaks,
rhizosphere of salt-tolerant plants, saline lakes).

To determine the antibacterial activity, isolates of extremophilic actinomycetes were
cultivated on 3 versions of modified Bennett agar (NeNe 1, 2, 3) at a temperature of 28-29°C for
10 days in a Binder thermostat.

Composition of variants of modified Bennett agar, (%):

Medium Ne 1: glucose - 0.2; yeast extract - 0.1; peptone - 0.2; agar - 2.0; pH 7.2;

Medium Ne 2: glucose - 0.2; yeast extract - 0.1; peptone - 0.2; NaCl - 3.5; agar - 2.0; pH 7.2;

Medium Ne 3: glucose - 0.2; yeast extract - 0.1; peptone - 0.2; NaHCO3 - 0.35; agar - 2.0;
pH 9.0.

"To study the antibacterial properties of isolates, we used clinical strains of gram-positive
(Staphylococcus aureus, strain Ne 228) and gram-negative (Escherichia coli, strain Ne 603)
opportunistic pathogens with drug resistance. Staphylococcus aureus strain Ne 228 is a clinical
methicillin-resistant strain resistant to beta-lactams, while Escherichia coli strain Ne 603 is a
clinical strain resistant to beta-lactams and sulfonamides.

The selection of these clinical strains of Staphylococcus aureus (MRSA) and Escherichia
coli (ESBL) with different types of resistance was carried out at the JSC Central Clinical Hospital
in Almaty. The identification of clinical strains of opportunistic pathogens and the determination
of their drug resistance were performed using an automatic bacteriological analyzer, "MINI API,"
manufactured by the company "BIO MERIEUX."

Antibacterial activity was determined using the agar diffusion method (agar blocks) on Hi-
Media nutrient agar. To evaluate antagonistic properties, agar blocks of cultures of extremophilic
actinomycetes grown on three variants of modified Bennett's agar were prepared using a standard
drill (d=7 mm). These agar blocks were then placed in Petri dishes with nutrient agar seeded with
deep growth test microorganisms (CFU 108/ml). Sterile pure nutrient media were used as a control.
The diameter of the growth suppression zones of bacterial test microorganisms was measured after
incubation at 37°C for 24 hours. All studies were performed in triplicate.
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All data (from three repetitions) underwent statistical analysis using the software package
"Statistica 10.0" [17]. Statistical analysis involved calculating the mean values and standard
deviations of the results. Results with a P-value < 0.05 were considered statistically significant.

Results and discussion

The antibacterial properties of 667 isolates of extremophilic actinomycetes against clinical
strains of gram-positive (S. aureus Ne 228) and gram-negative (E. coli Ne 603) opportunistic
pathogens with drug resistance were studied. The data obtained on the antibacterial properties of
extremophilic actinomycetes are presented in Table 1 and in Figures 1-4. The table shows data on
isolates exhibiting antibacterial activity under extreme conditions.

Table 1 - Antagonistic properties of extremophilic actinomycetes against gram-positive (S. aureus Ne 228)
and gram-negative (E. coli Ne 603) clinical opportunistic pathogens

Diameter of the growth inhibition zone of the test-
Serial number Isolate number microorganism, mm
Medium Ne 1 Medium Ne 2 Medium Ne 3

1 2 3 4 5

1 2/4/1 16,3+0,5/0 12,6+0,1/0 15,1+0,5/0

2 2/5/4 12,4+0,7/0 12,0+0,4/0 15,9+0,2/0

3 1/11/1 0 15,4+0,7/0 0

4 1/11/5 0 16,1+0,1/0 12,3+0,5/0

5 1/15/3 20,2+0,2/0 20,4+0,2/20,3+0,5 | 20,4+0,3/15,8+0,1
6 1/15/7 0 20,6%0,4/0 no growth

7 2/15/1 0 22,0+0,5/23,4+0,7 0

8 2/15/2 0 0/25,3+0,7 0

9 2/15/4 20,6+0,8/0 17, 3£0,8/0 12,0+0,4/0

10 2/15/5 17,4+0,6/0 20,5+0,9/0 10,7+0,2/0

11 3/15/1 no growth 11,3+0,7/0 15,2+0,3/0

12 1/16/2 15,2+0,6/0 20,5+1,0/0 11,0+0,1/0

13 2/16/3 17,3+0,5/17+0,1 25,7+0,5/14,0£0,3 15,4+0,5/0

14 3/16/1 no growth 30,4+0,5/25,2+0,6 | 20,1+0,5/10,6+0,1
15 2/18/1 15,940,1/0 25,6+0,5/0 17,3+0,1/0

16 2/20/1 10,2+0,5/0 17,2+0,8/0 0

17 1/21/1 19,4+0,1/0 22,2+0,2/0 0

18 1/21/4 15,2+0,3/0 15,1+0,1/0 20,0+0,3/0

19 1/21/6 17,8+1,5/0 22,4+0,1/0 18,7+0,2/0

20 2/21/2 20,3+0,5/0 11,0+0,2/0 0

21 2/21/3 12,0+0,1/0 18,5+0,5/0 0

22 2/22/1 15,5+0,2/0 20,4+0,1/0 15,2+0,1/0

23 2/22/2 20,1+0,1/0 22,6+0,8/0 15,4+0,7/0

24 3/22/3 15,1+0,7/0 15,0+0,4/0 14,8+1,0/0

25 2/23/3 20,6+0,7/0 25,1+0,2/0 30,7+0,5/0

26 1/26/6 15,4+0,1/23,5+0,1 0/15,3+0,4 0/12,1+0,2

27 212712 23,3+0,2/0 0 15,8+0,1/0

28 2/29/2 25,7+0,1/0 25,2+1,3/0 15,4+0,9/0

29 2/29/3 20,3+0,1/20,4+1,2 17,1+0,6/16,5+0,3 | 13,1+0,1/18,7+0,5
30 2/29/5 20,3+0,5/20,6+0,4 24,0+0,1/22,4+0,5 | 20,6+1,5/20,9+0,1
31 2/31/1 12,4+1,1/0 16,3+0,1/0 0

32 3/31/1 20,7+0,2/0 20,1+1,3/0 20,5+1,4/0

33 2/33/4 19,5+0,1/0 10,0+0,5/0 0

34 2/33/5 22,4+0,4/0 25,1+0,1/0 25,5+0,1/0

35 1/34/3 15,2+0,8/0 30,3+0,5/0 0

36 3/34/1 no growth 0 22,4+0,2/0
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37 1/37/1 28,0+1,0/28,3+£0,5 25,540,2/25,3+0,1 | 15,740,4/16,0+0,3
38 1/37/2 25,0+£1,5/0 30,4+0,5/0 25,8+0,1/0
39 1/37/3 20,1+0,2/0 20,3+0,5/17,5+0,1 15,3+0,4/0
40 1/37/7 12,4+0,1/0 19,9+0,2/0 12,6+0,5/0
41 213714 0 0/25,5+0,1 0/11,0+0,5
42 3/37/1 0 14,6+0,1/0 0

43 2/38/1 0 no growth 15,4+0,7/0
44 2/39/3 20,0+0,3/0 30,4+0,2/0 20,3+0,2/0
45 3/39/1 0 0 15,0+0,1/0
46 1/40/2 0 12,5+0,5/0 0

47 2/49/2 0 12,8+0,4/0 0

48 3/50/5 0 0 15,2+0,3/0
49 1/51/1 10,2+0,1/0 10,2+0,4/0 30,3+1,1/15,4+0,7
50 2/51/1 0 0 15,3+0,7/0
51 1/51/5 15,5+0,5/0 0 11,4+0,2/0
52 2/51/2 0 0 17,8+0,1/0
53 2/51/3 0 11,6+0,5/0 20,5+1,0/15,1+0,1
54 2/53/1 15,0+0,1/0 20,4+1,5/0 0

55 2/54/1 15,0+0,2/0 15,3+0,1/0 0

56 2/55/1 0 13,3+0,1/0 15,2+0,5/0
57 3/55/1 10,3+0,1/0 17,9+0,5/0 0

58 1/58/1 0 15,4+0,1/0 no growth
59 3/58/3 0 12,0+0,5/0 15,2+0,1/0
60 1/59/3 15,7+0,1/0 15,5+0,2/0 no growth
61 2/59/1 0 19,3+0,5/0 12,5+0,1/0
62 2/59/4 15,4+0,7/0 18,8+1,5/0 no growth
63 3/59/1 15,2+0,1/0 17,2+0,1/0 no growth
64 3/59/2 10,0+0,0/0 12,3+0,9/0 no growth
65 1/60/2 25,4+0,6/0 25,7+£1,5/0 no growth
66 1/60/4 12,0+0,3/0 18,6+0,2/0 no growth
67 2/60/3 23,3+0,5/0 25,6+0,1/0 18,5+0,1/0
68 3/60/1 25,4+0,1/0 25,5+0,2/0 no growth
69 3/66/1 22,60,2/0 15,2+0,1/0 17,3+0,5/0
70 1/67/1 0 17,1+0,4/0 13,0+0,1/0
71 3/67/1 0 30,6+1,5/0 12,4+0,5/0
72 2/69/1 27,9+1,5/0 25,2+0,2/0 20,5+0,3/0
73 2/69/2 14,3+0,1/0 12,1+0,5/0 12,1+0,1/0
74 2/69/5 13,0+0,5/0 12,4+0,5/0 12,3+0,4/0
75 3/72/2 12,3+0,5/0 12,2+0,2/0 0

76 1/73/1 0 0 16,2+0,7/0
77 3/73/1 12,0+0,1/0 10,1+0,1/0 no growth
78 1/75/3 25,3+0,2/0 25,3+1,3/0 0

79 1/75/5 25,4+1,5/0 20,7+0,5/0 20,6+0,1/0
80 1/75/6 18,7+0,5/0 25,6+0,5/0 no growth
81 1/76/1 12,4+0,4/0 21,5+0,2/0 no growth
82 2/76/2 12,1+0,4/0 13,6+0,1/0 0

83 3/77/1 12,4+0,2/0 15,0+0,2/0 no growth
84 1/78/2 20,6+1,9/0 20,4+0,1/0 20,7+1,2/0
85 1/79/1 0 0 18,3+0,6/0
86 1/79/2 12,7+0,5/0 11,3+0,2/0 12,5+0,8/0
87 1/79/4 12,0+0,4/0 15,8+0,3/0 12,6+0,8/0
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Table 1 continued

1 2 3 4 5
88 1/79/8 0 0 15,3+0,5/0
89 3/79/5 0 0 25,240,7/0
90 1/88/1 25,2+0,1/0 20,9+0,5/0 no growth
91 1/89/1 15,1+0,7/0 15,3+£0,1/0 no growth
92 2/89/2 0 20,4+0,2/0 30,1+0,2/0
93 1/92/2 20,6+0,4/0 25,240,1/0 0
94 1/93/1 25,3+0,2/0 20,5+0,2/0 25,840,9/0
95 3/94/2 0 0 20,1+1,0/15,1+0,4
Note: the numerator is the diameter of the growth inhibition zone of S. aureus Ne 228, the
denominator is the diameter of the growth inhibition zone of E. coli Ne 603, 0 - no activity

Figures 1-4 - Antagonistic properties of extremophilic actinomycetes against S. aureus Ne 228 (MRSA)

It is generally accepted that halophilic actinomycetes in the future will become a valuable
resource for new products of industrial interest, including antimicrobial, cytotoxic, neurotoxic,
antimitotic, antiviral, and anticancer drugs [10]. From extreme conditions, various bioactive
metabolites have already been described, such as pyrostatins, salinosporamides, abyssomycins,
trioxacarcin A, gutingimicin, sporolids, marinomycins, himalamycins, diazepinomycin,
helquinoline, lajollamycin, tetrodotoxin, mechercharmycins, cyanrimycins, and others.
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The study of the antagonism of extremophilic actinomycetes by various researchers shows
a variety of antibacterial properties, both in relation to gram-positive and gram-negative
opportunistic pathogens. In the course of research on the discovery of new natural products from
extremophilic actinomycetes, new linear polyketides and actinopolysporins A, B, and C were
obtained from the halophilic actinomycete Actinopolyspora erythraea YIM 90600 [18]. P-
terphenyls with antifungal, antibacterial, and antioxidant activity were isolated and characterized
from the halophilic actinomycete Nocardiopsis gilva YIM 90087 [19]. A new antibiotic,
anthracymycin, is described, which is produced by actinomycetes of marine origin in a salt
medium [20]. An antimicrobial quinoline alkaloid was isolated from a new halophilic
actinomycete Nocardiopsis terrae YIM 90022 [21]. Eighteen species of the genus Streptomyces
were isolated from the saline ecosystems of Nepal, and 12 isolates showed antibacterial activity
against extended-spectrum beta-lactamases (ESBLs) produced by E. coli [22]. New antibiotics,
such as quinicomycin and lajollamycin, have been found in halophilic and halotolerant species of
actinomycetes [10]. Streptomyces spp. AJ8, isolated from the bottom sediments of salt pans in
India, had a strong antagonistic effect against S. aureus, A. hydrophila, and C. albicans [23]. A
strain of Streptomyces VITSVKS5 spp., which forms a biologically active substance from the
pyrrolidine group with high activity against K. pneumoniae, S. aureus, C. albicans, A. fumigatus,
and A. niger, was isolated from a salt marsh in southern India [24]. Four isolates of Streptomyces
coelicolor, Streptomyces flaveous, Streptomyces plicatus, and Streptomyces griseoruber isolated
from saline and alkaline soils of Egypt showed high antimicrobial antagonistic properties [25].

Our data, as well as literature data, demonstrate the diversity of antibacterial properties of
extremophilic actinomycetes from unusual ecosystems of Kazakhstan. Analysis of our data
showed that 111 (16.6%) isolates of extremophilic actinomycetes showed antibacterial properties
against the studied gram-positive (S. aureus Ne 228) and 14 (2.1%) isolates - against gram-negative
(E. coli Ne 603) test-microorganisms. Isolates of extremophilic actinomycetes showed antibacterial
activity under extreme growth conditions, which indicates their promise for further research.

Isolates NeNe 3/16/1, 1/34/3, 1/37/2, 2/39/3, 1/51/1, 3/67/1, 2/89/2 showed the highest
activity under extreme growth conditions against S. aureus Ne 228 (inhibition zone diameter - up
to 30,1+0,2 mm), against E. coli Ne 603 - isolates NeNe 2/15/2, 3/16/1, 1/37/1, 2/37/4 (diameter of
the zone of growth suppression - up to 25,5£0,1 mm).

99 isolates (87.6%) of actinomycetes out of 113 isolates with detected antibacterial activity
had a narrow spectrum of antagonistic action against gram-positive test microorganisms (S. aureus
Ne 228) and only 2 isolates (1.8%) showed a narrow spectrum of action against gram-negative
opportunistic bacteria (E. coli Ne 603). 12 isolates (10.6%) of extremophilic actinomycetes with
antibacterial properties had a wide spectrum of antibacterial action and were active simultaneously
against gram-positive (S. aureus Ne 228) and gram-negative (E. coli Ne 603) opportunistic
pathogens.

11 isolates of actinomycetes showed activity only under extreme growth conditions (when
growing both on medium 2 with 3.5% NaCl, pH 7.0 and in alkaline conditions - when growing on
medium 3 with 0.35% NaHCOgs, pH 9 ,0): NeNe 1/11/5, 3/15/1, 3/16/1, 2/37/4, 2/51/3, 2/55/1,
3/58/3, 2/ 59/1, 1/67/1, 3/67/1, 2/89/2. Isolates Ne 2/51/3 and 2/89/2 showed high antibacterial
activity against gram-positive opportunistic bacteria (S. aureus Ne 228, MRSA) under extreme
growth conditions; activity was also most pronounced under alkaline growth conditions - zone
diameter growth suppression - 20,5+1,0-30,1+0,2 mm. Isolate Ne 2/37/4 had a narrow spectrum of
action against gram-negative bacteria, the diameter of the zone of inhibition of growth of E. coli
Ne 603 on medium 2 was 25,5+0,1 mm. Isolate Ne 3/16/1 showed a wide spectrum of activity with
a high level of activity only under extreme growth conditions: when growing on medium 2 (3.5%
NaCl), the growth inhibition zone of S. aureus Ne 228 was 30,4+£0,5 mm, E. coli Ne 603 — 25,2+0,6
mm.

18 isolates of actinomycetes showed antibacterial activity when growing in only one extreme
medium: NeNe 1/11/1, 2/15/1, 2/15/2, 1/15/7, 3/37/1, 1/40 /2, 2/49/2, 1/58/1 - on medium 2; NeNe
3/34/1, 3/39/1, 3/50/5, 2/51/1, 2/51/2, 1/73/1, 1/79/1, 1/79/8, 3/79/5, 3/94/2 - on medium 3. Isolate
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Ne 2/15/2 has a narrow spectrum of action against gram-negative test microorganisms (E. coli Ne
603), activity was detected when growing on medium 2 - diameter zones of growth inhibition -
25,3+£0,7 mm. High activity against gram-positive bacteria on medium 2 was shown by isolate Ne
1/15/7 - the diameter of the growth inhibition zone was 20,6£0,4 mm (S. aureus Ne 228). Isolate
Ne 3/79/5 showed the highest activity on medium 3 - the diameter of the growth inhibition zone
was 25,2+0,7 mm (S. aureus Ne 228). Isolate Ne 2/15/1 showed a wide spectrum of antibacterial
action on medium 2, the diameter of the growth inhibition zone for S. aureus Ne 228 — 22,0+0,5
mm, E. coli Ne 603 — 23,4+0,7 mm.

The obtained results are consistent with literature data regarding the activity of
actinomycetes isolated from extreme ecosystems across various regions of the Earth.
Actinomycete isolates obtained from saltworks in Jaipur, India, exhibited activity against S.
aureus, with growth inhibition zones ranging from 15+0.57 to 35+0.88 mm [26]. Actinomycete
isolates from saline soils in Morocco also demonstrated activity when grown on Bennett’s
medium, with growth inhibition zone diameters of 20.3 £ 0.5 mm against S. aureus and 13+ 1 mm
against E. coli [27]. In another study, 21 isolates obtained from arid soil in South Africa showed
activity against S. aureus, with inhibition zones ranging from 16 to 40 mm, and against E. coli
(TolC) (7 isolates) with inhibition zones of 12-20 mm [28]. Additionally, eight isolates obtained
from saline soil in Algeria exhibited antimicrobial activity against both gram-positive and gram-
negative bacteria, with growth inhibition zone diameters ranging from 16 to 45 mm [29].

Conclusion

From the extremal ecosystems of Kazakhstan, we isolated 667 strains of halo-, alkaliphilic,
salt- and pH-tolerant extremophilic actinomycetes with the potential to synthesize new natural
products for medicine. Among 113 isolates of extremophilic actinomycetes obtained from
Northern, Western, and Southern Kazakhstan, we identified antibacterial properties: 111 isolates
exhibited activity against the clinical strain of S. aureus Ne 228 (MRSA), and 14 isolates of
extremophilic actinomycetes showed activity against the clinical strain of E. coli Ne 603. While
most strains of extremophilic actinomycetes displayed a narrow spectrum of antibacterial activity,
12 isolates exhibited a broad spectrum of activity, actively inhibiting both gram-positive (S. aureus
Ne 228) and gram-negative (E. coli Ne 603) opportunistic pathogens. We selected these
extremophilic actinomycete isolates with antibacterial properties under extreme growth conditions
for further research as promising producers of new natural compounds for medical applications.
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