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AHHOTALIMSA

PocT uncia nmekapcTBeHHO-YCTOHYHMBBIX BO3OYIUTENEH U OTpaHUUEHHBIN yCIIeX TaKUX CTPATETHi,
KaK BO3MOKHOCTHU KOM6I/IHaTOpHOI\/'I XHMHHU B 00€CIIEUeHU N MCIHMIIMHBI HOBBIMHU aKTHBHBIMH ar¢HTaMu,
JaeT HEONpelNeNeHHbIN MPOrHo3 Ha Oynyliee aHTUMHKPOOHOW Tepamuu. OTCYyTCTBHE HOBBIX KJIacCOB
aHTHOMOTHKOB B COYETAHHH C TIOBHIIIEHHONW YCTOMYNBOCTHIO K aHTHOMOTHKAM BO30yAuTeNel nHpeKIui
Tpe6yeT HE3aMCIVIUTCIIBHOTO CKPUHHMHIA HOBBIX HPHUPOAHBIX COCI[HHCHHP'I, UMCIHOIINX HOBBIC
MEXaHU3MbI ILGP'ICTBI/IH A CIOCOOHBIX 3aMEHHTH YK€ NPUMCHACMLBIC JICKAPCTBCHHLIC IIPCIapaThl,
TEPSAOLINE CBOIO 3PPEKTUBHOCTh. MUKPOOPraHU3MBI U3 SKCTPEMAILHON Cpeibl OOUTAHUS MIPUBICKAIOT
B MOCIIe/IHEE BpeMs 0co00e BHUMaHKe, TaK Kak, 5TO HaMMEeHee M3y4eHHas M Hanboliee MepCreKTUBHA
rpymnia NpoayleHTOB HOBBIX OMOJOTHYECKH aKTHBHBIX BEIIECTB. B kpaTkoMm 0030pe paccMaTrpuBaeTcs
NPEANOChUIKAa TOTO, YTO 3KCTPEeMO(UIbHBIE AKTUHOMHLIETHI, BBIACICHHBIE U3 PAa3HbIX HEOOBIYHBIX 30H
3eMiIM B aJIbTEPHATUBHBIX CEJIEKTHUBHBIX YCIOBUsIX pH u cojeHocTH, criocoOHBl CHHTE3UPOBATH HOBBIC
NPUPOJIHbIE  COCMUHEHUS € aHTHOAKTepHaNbHOH,  aHTU(QYHTAIBHOW,  aHTHBUPYCHOH U
NPOTHBOOIYXOJIEBOM aKTHBHOCTHIO. VccnenoBanue pasHOOOpa3usi akTHHOMHLIETOB U X IOBEACHUS B
€CTECTBEHHBIX cperax OOWTaHUsI B COYETAHWH C NPUMEHEHHEM HOBBIX TEXHOJOIWH B TEHETHKE,
MI/IKpO6I/IOHOI‘I/II/I U XUMHU OTKPBIBACT HOBBIC CTPATCIrUHM B IIOMCKaX IPUPOAHBIX JICKAPCTBCHHBIX
BC€HOICCTB. B o630pe NNpeaACTaBJICHbI JAHHBIC O TOM, YTO AKTHMHOMMICTBI, aJallTUPOBAHHBIC K XU3HU B
IKCTPEMAaJIbHBIX CpeJax OOWTaHus, SBIAIOTCS OOraTbiM HCTOYHHKOM HOBBIX CHELUAIN3UPOBAHHBIX
BTOPUYHBIX META0OINUTOB.

KnawueBbie caoBa: aHTHOMOTMKOPE3UCTEHTHOCTh,  OKCTPEMO(MMIBHBIE  aKTHHOMHIIETEHI,
AHTUOMOTHKH, aHTHOAKTepHaJbHbIC, AaHTU(YHraJbHbIC, AHTHBUPYCHbIE M IPOTHUBOOITYXOJICBBIC
CBOWCTBA.

Xota 3a mociegune 70 JeT aHTHOMOTHMKM CHACAM MHJJIHOHBI JKH3HEH, HX
MIMPOKOMACIITA0HOE W YTHJIMTApPHOE MCIOJIb30BAaHHUE MPUBEIO K IMOSBICHUIO YCTOWYMBBIX K
HUM Bo30ymutened wuHpekuuii [1-3]. Bo3HMKHOBEHHE W INIUPOKOE PACIPOCTPAHCHHE
MYJIbTUPE3UCTEHTHBIX IaTOTEHOB SBIIETCS MPUYMHOM HEI(P(HEKTUBHOIO JICUECHHUS] MHOTHX
MH(pEKIUA U yBEIMYEHUsI CMEPTHOCTH, a CBOOO/IHAs MpoJaka aHTUOMOTHUKOB B Psijie CTpaH U
CaMOCTOSITENIbHOE JICUEHHE MMM HACEJIEHUS 3HAYUTENbHO YCYTyOJSIOT 3Ty Mpodiemy.
JleficTBUsT MHOTMX CTpaH IO CACPKUBAHUIO aHTHOMOTHKOPE3UCTEHTHOCTH, KOTOpPHIE
3aKJIIOYAIOTCS B OTPAaHMYEHUU MHCIOJIB30BaHMUSA AHTUOMOTHKOB BHYTPU OTJENIBbHOM CTpaHbl,
TaKk)kKe He OOECHEeUMBAIOT 3aLIUTY OT MOSBICHHS MYJIbTUPE3UCTEHTHBIX MAaTOT€HOB, TaK Kak
pa3BUTHE Typu3Ma M IOCTOSIHHAs MUTpalMsl HAcEJEHUs HE MOTYT NPENOXPaHUTh OT 3aB03a
pe3ucTeHTHBIX BO30ynuTened nHpexnuii n3sHe. KopoHOBHpycHas MH(EKIUs TakKe BHOCUT
CBOM KOPPEKTHBBI, 3HAUUTEIBHO OCNA0NsAs OpraHu3M 4YeJOBeKa W SBJSSICH MPUYUHON
MHOTOUYHCJIEHHBIX COIMYTCTBYIOIIUX OaKTepuanbHbIX M TPUOKOBBIX HHGpekuuit. Ocobyro
00€CIIOKOEHHOCTh MEIUIIMHCKOTO COOOIECTBA BhI3BIBAET MCMOIb30BAHNE MOIIHBIX PE3EPBHBIX
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AQHTUOMOTUKOB B JiedeHuH nocieactBuii Covid-19, a B pspe crtpaH uX OSCKOHTPOJIBHBIA U
YCUJIEHHBIM NpUEeM HaceleHueM. DTO TOTOBUT B HEAAJEKOM OyaylieM aJeKBaTHBIM OTBET, HE
TOJILKO CO CTOPOHBI MYJIBTHPE3UCTEHTHBIX OaKTEpUAIbHBIX MH(EKIIMOHHBIX areHTOB, HO U CO
CTOPOHBI PE3UCTEHTHBIX MATOI'€HHBIX I'PHOOB, KOTOpbIE OBICTPO MH(DULUUPYIOT OCIIa0JICHHBIN
OpraHusM 4ejoBeka. B Hacrosiee Bpemsi Mbl €lle HE MOXEM B IOJHOW Mepe OICHHTh BCE
HIOCIICICTBUSI, KOTOPbIE MOTYT OKHJaTh MEAUIIMHY B HellaJiekoM Oynymiem [4].

B cBa3u ¢ pacnpocTpaHeHHEM MYJIbTUPE3UCTEHTHBIX IaTOTEHOB, MEIUIMHCKHE
9KCHEpPThl yX€ JaBHO MpPeNyNpekIaroT, YTO Mbl MOXXEM BCKOpE BEpHYTbCA B
npeaHTHOMOTHYECKYI0 3py [5,6]. Pe3ynpratoM 3THX COMHEHHMI M pa304apoBaHUM, a TaKxKe
OTCYTCTBUSI HOBBIX METOJOJOIMYECKMX IOJIXOMAOB, SBJSETCA COKpAlleHHE KOJINYeCTBa
pOoTrpaMM CKPUHHHTA JIJIs TIOMCKA HOBBIX IPUPOAHBIX aHTHOMOTUKOB. OIHAKO, IMEHHO ceiiuac
YeJI0OBEYECTBY  HACTOSITEAbHO  HEOOXOMUMBI  IPUHIMIIMAIBHO  HOBbIE  3(PPEKTUBHBIC
JICKapCTBEHHbIE CpeACTBA sl OOpbOBI HE TONBKO C OaKTepUaIbHBIMH M TPUOKOBBIMHU
naToreHamHu, HO U ¢ Bupycamu [7-9].

Mukpoopranu3amMbel  NPOJODKAIOT ~ OCTaBaThCsl  Haubojiee  MHOI0O0OELIAroIIUM
UCTOYHUKOM HOBBIX HPUPOAHBIX BTOPUYHBIX METAOOIUTOB, KOTOpPbIE IO XHUMHUYECKOMY
pasHOOOpa3ui0 3HAYUTEIBHO IPEBOCXOIAT XUMHUYECKHE OUOIMOTEKHM CHHTE3MPOBAHHBIX
BemtecTB [10 -12]. TIoMCK HOBBIX MPHPOJHBIX AHTHOMOTHKOB, B OTIMYHE OT XHMHYECKOM
MOIUGUKALMK YK€ HMEIOIUXCs, MO3BOJIseT OOHApY)KUTh BEIIECTBA C HOBOW XMMHYECKOM
CTPYKTYpOil M JEHCTBYIOIIME Ha HOBbIE META0OJMYECKHE peaKklUH KJIETOK BO30yauTesnei
UH]EKIUH.

AKTUHOOAKTEpUN MPEICTABIAIOT €000 MHOTOYMCICHHBIH HCTOYHMK HOBBIX U
KM3HEHHO BOKHBIX OMOAKTHBHBIX META0OJIMTOB IS (hapMalleBTHUECKOro npuMeHenus [13-15].
AKTHHOMHULIETBI - OJHAa U3 Haubojee paclpoCTpaHEHHBIX B  HPUPOAE TPy
IPaMIOJI0KHUTENbHBIX MUKPOOPTraHU3MOB, 3aCEIMBIIMX KaK Ha3eMHYIO, TaK U BOJHYIO Cpe/bl
obutanusa. OTO MHOTO(YHKIMOHAJIbHAs rpymma Oakrepuid, obnamaromias, Kak (QyHKIUSIMH
JECTPYKLUU pa3IMYHBIX OPraHUYECKUX NPUPOAHBIX COEIWHEHWH, Tak M aHTaroHM3Ma B
OTHOIIEHUH APYTHX TPEACTABUTENCH MHUKPOMHUpPA, KOHKYPUPYIOIIUX C HUMH B TOTPEOJICHUH
NHUTATeNBbHBIX BelllecTB — Oaktepuii u rTpuboB. Ilopsmok Actinomycetales Bxiroudaer
rereporpodHble, aBTOTPO(HBIE, METUIOTPOPHBIE, TEPMOPUIbHbIE, TMCUXPODUILHBIE,
ranouiabHble, anUAOQUIbHBIE M alKaJO(WIbHbIE BUABI, KOTOpble, Ojaromaps CBOUM
aIanTalMOHHBIM CITIOCOOHOCTSIM, MIPUCYTCTBYIOT B Pa3IMYHBIX dKOJIOTHYEeCKUX HUmax [16, 17].
[TonoGHBIE CITOCOOHOCTH  OTKPBIBAIOT JUISI AKTUHOMHIIETOB IOMCTHMHE MOTPSCAOLIUE
BO3MOYXHOCTH BBDKHMBaHHS B JIFOOBIX YCIOBHUSIX NPUPOAHOHN cpenbl. MHOTHE M3 HHUX XOPOIIO
U3BECTHBI CBOEH SKOHOMMYECKOW 3HAUMMOCTBIO KaK IMPOAYLEHTbI OMOJOTMYECKH aKTHUBHBIX
BEIECTB, TAaKUX KaK aHTHOMOTHMKH, BHTaMHHBI M (epmentsl [18-20]. Drto Haumbomee
NEepCHEeKTUBHAs TPyINa MUKPOOPTaHU3MOB, O0pa3ylolUX aHTHOaKTepHallbHbIE COEIMHEHMUS;
6osiee 90% XUMHOTEPANICBTUYECKUX aHTHOMOTHKOB BBIJICJICHO M3 dTHX MHKPOOPraHU3MOB [21-
23], 70% wu3 KOTOPBIX, UCIOJB3YEMBIX TPH JICYUCHHH MHOKECTBEHHBIX MH(EKIUH Y JIIOJCH,
MOJyYaroT U3 aKTHHOMHMIIETOB poja Streptomyces [24-27]. Streptomyces, camblii KpYIHBIHA PO
KJlacca aKTHHOOAKTEpHi, NpeACTaBiIsieT COOOH TIpaMIIOIOKUTENbHBIE, CIIOPOOOpa3yoIue,
HUTYATHIC, adpoOHBIe OakTepuu. ['eHom Streptomyces comepXKHT JCCATKH KJIacTepOB T'€HOB
BTOPUYHBIX METAa0OJIUTOB, HMEIOIIUX BBICOKYI0 3HAUUMOCTh JJISI MEIUIMHBI, BKIIOYAs
AQHTHOMOTHUKHU, KOTOPBIE MOTYT OOpOTHCS C POCTOM YCTOWYMBOCTH K TPOTHBOMHKPOOHBIM
npenapatam [28, 29]. MHorue wuccieoBaHUs TOKa3bIBAIOT, uTo Streptomyces obnanaroT
OTPOMHBIM MIOTEHIAJIOM o0pa3oBaHUs BTOPUYHBIX METa0OJIHUTOB, BKJTIOYAs
NPOTHUBOOITYXOJIEBBIE TIpenapaThl, aHTHOMOTHKH, (akTopsl pocta u repoumuasl [30]. Ha
CETOAHSIIHUN JeHb uaeHTuuuuposano 6onee 7000 coenvHeHUi, MPOAYLUPYEMBIX BUIAMHU
Streptomyces [20]. B HacTosmiee BpeMsi 1Jisi BBIJICICHNSI HOBBIX aHTUOMOTUKOB M30JIMPOBAHBI U
UCCIIEYIOTCS HOBBIE IITaMMBbI poja Streptomyces m3 3KCTpeMabHBIX MM 3aIlOBEIHBIX MECT
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obutanus [27], Takux kak Beicokoropbe [31-33] u mycteins [34, 35]. Her comHeHus B TOM, 4TO
HENpepbIBHbIN CKpUHUHT Streptomyces B OyayieM IpUBEET K OTKPHITHIO HOBBIX COCIUHEHUI
C pa3HOOOpa3HBIM MPUMEHCHHEM.

Onoxa aHTUOMOTHKOB CBsi3aHa c HIMPOKOMACIITaOHBIM CKPUHHUHIOM
AQHTarOHUCTHYECKUX AaKTHHOMHUIIETOB B HEWTPAJbHBIX YCIOBHSX, BCE COBpPEMCHHBIC
MEJMIHCKUE aHTHOMOTUKH SBIISIOTCS pe3ylbTaToM dToro ckpuHuara [8]. Bo Bpewms
CKPMHUHTA IITaMMBbl aKTMHOMMIIETOB, KOTOpbIE HE MPOSBISUIA AKTUBHOCTU B HEHTPAIBbHOM
cpee, MCKIYalUCh, YTO CHMIKAJIO LIAHCHI OOHAPYXKEHHs MOTEHLUAIbHO LEHHBIX HOBBIX
coeanHEeHU M3 3THX ImTammoB. llIupokoe pacmpocTpaHeHHE PE3UCTEHTHBIX BO30ynuTeneit
UHQPEKIUH, «OTKPBITUE» YK€ M3BECTHBIX aHTUOMOTMYECKUX BEIECTB, 3aCTABISET PACIIUPSATH
TpaHUIBl CKPUHHUHTA, MEHSS €r0 METOJbl M MCTOYHUKHU IOJIyYCHHS HOBBIX INEPCIIEKTUBHBIX
OMOJIOrHYeCKH aKTHBHBIX coeauuenuit [36, 37]. [ToaTroMy HEOOBIYHBIC IPUPOIHBIE CYOCTPATHI,
IKCTpEMaJIbHbIE SKOCHCTEMBI SIBIIIIOTCS B HAcTosIee Bpemsi Haubosiee BOCTpeOOBaHHBIMH
UCTOYHUKAMHU HCCIIEJOBAaHUM, MMEHHO M3 HHUX MOXHO OXHJAaTh BbIIEICHHUS HOBBIX
MHUKPOOPTaHU3MOB C YHUKAIbHbIMH cBoiicTBamu [38-41]. Mopckasi cpena, OYBBI ¢ BEICOKUM
YPOBHEM 3aCOJICHHS U ILEJIOYHOCTH aKTHUBHO MCCIEIYIOTCS KaK MCTOYHUKU IMOJTYYEHHUS HOBBIX
BTOPUYHBIX MeTaboiauToB [42-47]. HoOBBbIE CKPHUHUHIOBBIC MPOTPaMMBI [0 BBIICICHHIO
INPUPOJHBIX COEJMHEHUI MpEearoaraloT MCIOJIb30BaHUE HHBIX IMOAXOJOB, H, MPEXkAE BCETo,
N30MpaTEeNbHBIX YCIOBUN KYJIBTUBUPOBAHUS MHKPOOPTAaHM3MOB IIPU BBICOKHX 3HAYCHHAX
coieil u pH B cpenax. DkcTpeModuiIbHbIE aKTHHOOAKTEPUH, BbIIECICHHBIE B albTEPHATUBHBIX
CEJICKTUBHBIX yCIOBUSAX pH u coneHoctH, u coOpaHHBIE M3 Pa3IUYHBIX Ireorpa)uyecKux 30H
3eMiIM, TaKMX KaK COJIOHYAKH, IYCThIHH, 30HBI BEYHOM MEp3JI0Thl U BBICOKOW TEMIIEPaTypHl,
COJICHBIE U TOPBKO-COJIEHBIE 03€pa, ITyOOKOBOAHBIE OTJIOKEHUS, IPEICTABIISIOT 3HAYNTEIbHbIN
HNOTEHIMAT JJIS MOJyYeHHsI HOBBIX COCIUHEHUH ¢ aHTHOAKTepUalbHbIM, POTUBOrPUOKOBBIM,
IPOTUBOOITYXOJICBEIM U aHTUBUpYCHbIM neiictBreM [48-50]. C 2010 mo 2018 romsl ObLIO
nosyueHo 186 HOBBIX CTpYKTYp U3 129 mpencraButeneil MUKPOOHBIX TAKCOHOB, BBIJIEICHHBIX
U3 DKCTPEMAITbHBIX MECTOOOUTAHUH.

[TouBeHHBIE aKTUHOMUIIETHI, 110 OOJIBIIEH YacTH, JEMOHCTPUPYIOT ONTHUMAJIBHBIN POCT B
HEUTpAJIbHOW W CJIErKa IIEJIOYHON cpefie W MPOLeaypbl MX CKPUHUHTA OBUIA TPaJUIIMOHHO
OCHOBAaHbl HAa HAIMYMM Yy HHUX HEUTPOQWIBbHBIX CBOHCTB. OJHAKO B MOCIEIHUE TOJIbI
NPOBEIEHBI UCCIIEOBAHMS 10 CKPUHHUHTY anuI0(DHUIBHBIX, alKado(UIBHBIX M TalO(QHIBHBIX
aKTUHOMHUIIETOB, KOTOpbIE MOKa3ajJl HX OrpOMHOE pazHooOpaszue. Ha ceromHsmHuil 1eHb
OOJIBIIMHCTBO OIYOJMKOBAHHBIX HCCIEIOBAaHUM MO rajo- W ankaJlopuiaM B OCHOBHOM
OPUEHTHPOBAaHbl HAa MX MHUKPOOMOJOTHMYECKYI0 KJIacCHU(UKALMI0O M  T'€HETHYECKYIO
XapaKTepUCTHKY, pabdOThl MO MCCIEAOBAHHUIO HUX OHOTEXHOJOTMYECKOr0 MOTEHLHaa
ManouucieHHsl [51].

[TpuHsATO CcuMTaTh, YTO TaNO(UIBHBIE M TATOTOJIEPAHTHBIE aKTHHOMUIIETHI, Y KOTOPBIX
oOHapy>KeHbl 0OJIbIIOE META0OIMUYECKOe pa3zHOoOOpa3zue W OMOTEXHOJIOTMYECKUH IMOTEHIHA,
CTaHYT IICHHBIM PECYpCOM /IS HOBBIX IPOAYKTOB, NPEACTABISIIOIINX MPOMBIIIICHHBIH
UHTEpeC, BKJIIOYass  MPOTUBOMUKPOOHBIE, UTOTOKCUYECKHE, HENPOTOKCUYECKHE,
AQHTUMHUTOTHYECKHUE, MPOTHBOBUPYCHBIC M MPOTHBOOIYXOJIeBbIe mMpenaparsl [52-54]. B xone
UCCIICIOBAaHUM TI0 OTKPBITHIO HOBBIX HATypaJIbHBIX MPOAYKTOB U3 3KCTPEMO(DUIBHBIX
AKTUHOMUIIETOB OBUIH TTOJTyYeHBI HOBBIC IMHEWHBIE MTOJIMKETU/IBI, aKTHHOIIOUCTIOPHHBI A, B 1
C, a TakkKe H3BECTHBI NPOTHUBOOIYXOJEBBIH aHTHOMOTUK TYOEpPHMIUH U3 Talo(pUILHOTO
aktTuHOMHIeTa Actinopolyspora erythraea YIM 90600 [55]. 13 ranoduibHOr0 aKTHHOMHIIETA
Nocardiopsis gilva YIM 90087 BblmeneHsl W OXapaKTepH30BaHbl n-TepHEeHMIBI ¢
POTUBOTPUOKOBOM, AHTHOAKTEPUATPHON M AHTHOKCHAAHTHOW aKTUBHOCTBIO [56]. Ommcan
HOBBII aHTUOMOTHK aHTPAIMMULIMH, KOTOPBIM BBIPAOATHIBACTCS AKTHHOMHUIETAMU MOPCKOTO
HPOUCXOXKICHUS B coyieBod cpene [57]. AHTUMHUKPOOHBIM XHHOJMHOBBIM aJIKaJOWA ObLT
BBIJICJIEH U3 HOBOro ramoduisHoro aktuHomuiera Nocardiopsis terrae YIM 90022 [58]. 83
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AKTUHOMHUIIETa ObUTM BBIZICNICHBI U3 TUIIEPCOJICHBIX COJOHYaKoB MHANM M OTHECEHBI K BOCBMHU
pomam  (Streptomyces,  Micromonospora, Nocardia,  Nocardiopsis, = Nonomuraea,
Saccharopolyspora, Pseudonocardia wu Actinoalloteichus). IIpeaBapuTenbHBI CKPUHHHT
OMOJIOTMYECKON  aKTMBHOCTM  IOKa3ajdl  00pa30oBaHHWE  AHTUMHKPOOHBIX  COEIMHEHMH,
npoaAynHpyeMbIX Streptomyces u peiKMMH aKTHHOMHULIETaMH. TakuMm 00pa3oM, OATBEPKICHO,
YTO THUIEPCOJIECHbIE COJIOHYAKH SIBISIIOTCA MEPCIEKTUBHBIMU pe3epByapaMu aKTHHOMMILETOB,
npoayuupyromux antuonoruku [43]. 18 BumoB poga Streptomyces BbiieeHbI M3 Pa3InIHBIX
3aCOJICHHBIX JKCTpEMallbHBbIX JKojorudyeckux Hum Hemama, 12 H3019TOB  IpOSIBUIIN
aHTHOAKTepUAIbHYI0O AaKTUBHOCTh MPOTUB OeTa-maktama3 pacmmpeHHoro crekrpa (ESBL),
npoayuupyemsix E. coli [24]. Xwumuueckuwe wucciaenoBaHus Talo(UIBHBIX IITaMMOB
CTPENTOMHIIETOB, MOJYYEHHBIX W3 coieBapeH Ha octpoBe llunym (Pecmybnmuka Kopes),
IOPUBEIM K BBIJCICHUIO HOBBIX OMOJIOTMYECKM AaKTHUBHBIX COEAMHEHHI: XJIOPUPOBAHHOIO
MaHyMHIIMHA, CalTepHaMuUIa A ¥ HOBOIO HWHJIOJIECCKBUTEPIICHA, kcuamunuaa D.
CanrepHaMug A 1okasan CHJIbHOJACHCTBYIOIYIO IUTOTOKCUYHOCTh B OTHOILIEHUM KJIETOK paka
TOJICTOM KHIIKA M OKEeIyJKa 4deJoBeKa, TOorja Kak KcuamMuuuH D oOmajgan  CHIbHBIM
npoTUBOBUPYCHBIM JeiicTBUeM [59, 60]. HoBble aHTHOMOTHKH, TakWe KaK XHHUKOMHUIMH H
JaJKOJUIAMHIIMH, OOHAPY)KEHBI Y TaIO(QMIBHBIX M TAJIOTOJIEPAHTHBIX BHJOB aKTHHOMHIIETOB
[42], HeckOIbKO OMOTEXHOMOIMYECKIX KOMIIAHUH M aKaJeMUYSCKUX MHCTUTYTOB B HACTOSIIEE
BpeMs pabOTaIOT HaJl HOBBIMH CTPATETUSMH JUTsSI (papMarieBTHIeCKOTO MPUMEHEHHS 3TUX HOBBIX
coequnenuii. Hoseii  wm3omsar  Paludifilum  halophilum SMBg3 co  3HauurtenpHOI
AHTUMUKPOOHOM aKTUBHOCTBIO BBIJIETICH M3 COJieBapHU Ha mobepexnse Tynwuca. [lokazano, uro
OH SBJISETCS NOTEHIHMAJIbHBIM IPOIYLEHTOM TIpaMHULUIAMHA S M YETHIPEX UHUKINYECKUX
AQHTUMHUKPOOHBIX munentuzoB [61]. Dkcrpakt u3 Ouomaccel mramma SMBg3 oxassiBai
uHruoupyromiee aeiicreue Ha poct S. aureus, Salmonella enterica, E. coli u P. aeruginosa.
Streptomyces spp. AJS, BbieneHHBIM U3 JOHHBIX OTJIOKEHUH COJSIHBIX 3aBOJIOB B MHIuW,
obiajgan CHIBHBIM aHTAarOHHCTHYECKMM zelicTBueMm mpotuB S. aureus, A. hydrophila u C.
albicans. Bropuunbie MeTaboauThI, O0Opasyembie MmrTamMmmoM AJ8, TaKKe TPOSBUIH
IPOTHBOBHPYCHYIO W MPOTUBOPaKoBYK akTHBHOCTH [62]. M3 comoHwaka Ha mobepexbe
benransckoro 3ammBa Ha tore Wuamm wm3omupoBan mramm Streptomyces VITSVKS spp.,
o0Opa3yronmii  OGMOJOrMYECKH AaKTHMBHOE BEIECTBO W3 TPYMIbl MHUPPOJUAMHOB C BBICOKOMH
aktuBHOCTHIO B oTtHomeHun K. pneumoniae, S. aureus, C. albicans, A. fumigatus u A. niger
[63]. Streptomyces albus ULK2 wu Streptomyces avermitilis ULK3 u3 00pa3iioB JOHHBIX
OTJIOXeHnH JaryHsl Lagos, Hurepus, mokazaim 3HaYUTENBHYIO IPOTHBOBUPYCHYIO aKTHBHOCTD
B KoHIeHTparuu 0,5 Mr / M1 B oTHomeHnH Bupyca rpurnma X-31 (H3N2) [64].

AnkanoQuibHbIe AKTHHOMHIIETBI TaK)Ke€ pacCMaTPUBAIOTCS Kak IEPCIIEKTHBHBIC
MHUKPOOPIaHU3MBbl JJIi CKpPUHUHIAa HOBBIX OMOAKTUBHBIX coequHeHui. [IpoTuBorpuOKoBBIE
BTOPUYHBIC METa0OJIMTHI ObLIHM BbIIENeHBI U3 aikanoduibHoro aktuHoMuiiera N. dassonvillei
WADS2 [65], mokazaHo, 4TO MPOTHBOOIYXOJIEBOE COSTUHEHHE MTUPOKOILT CHHTE3UPYETCSI HOBBIM
anKaTopuIbHBIM  mTamMmmoM  Streptomyces  [66].  AnkanoduiabHBI  Tal0TOJNEPaHTHBIMA
aktuHoMHUIleT Streptomyces sannanensis RJT-1, uzonupoBaHHbIH U3 IIETOYHBIX MOYB VHauu,
umen ontumyM pocta npu 5% NaCl u pH 9. OH nposiBUJI aHTaroOHUCTUYECKHE CBOWCTBA
NPOTUB T'PaMIIOJIIOKUTENbHBIX Oakrepuit [67]. Yersipe wu3omsra Streptomyces coelicolor,
Streptomyces flaveous, Streptomyces plicatus, u Streptomyces griseoruber, BbieneHHbBIE W3
3aCONIEHHBIX M WIETOYHBIX Mo4yB  ErunTa, TMOKa3aaud  BBICOKME  AHTUMHUKpPOOHBIE
aHTaroHUCTHYEeCKUe cBoiicTBa [68]. AnkanoduisHblil cTpenTomuieT Streptomyces tanashiensis
mramMm A2D MakcumansHO cuHTe3upoBasl anTHOMOTUK npu pH 8,0 ¢ kKoHUeHTparuei conu 2%
[69].

[To MHeHMIO MHOTMX AaBTOPOB, aUUAO(GWIbHBIE AKTHHOMHIIETHI  SIBISIOTCS
MHOTOOOCMIAIONINM HCTOYHHKOM OHMOJIOTHYECKOTO MaTepuana Uil MporpaMM CKpUHHHTA
HOBBIX JIeKapcTB. 3 KpacHBIX OYB 10ro-BocToka Kutas ¢ BEICOKOI KUCIOTHOCTBIO U BHICOKUM
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coJiep>kaHueM kene3a ObUTH BbieneHbl 600 mTaMMOB akTHHOOAKTEpUil, TPUHAISKAIINE K 26
pogam [70]. Tlouru omHa TpeTh HM3OJATOB IOKa3ajla HWHTHOMPYIOIIYI0 aKTHBHOCTH IIPOTHB
MATOTEHHBIX OaKkTepwii U / Win TPUOOB, Yalle BCETO, MPOTUB METHUIUILTUH-PE3UCTEHTHOTO S.
aureus (13,7%). Breicokre ypoBHHM aKTHMBHOCTH ObLIM Takke mokazanbl npotuB C. albicans
(13,2%), F. oxysporum (10,2%), A. fumigatus (7,3%) u C. pseudorugosa (6,8%), B McHbIIcH
CTEMEeHU aKTUBHOCTH IPOSIBUIIACH MIPOTHB I'PAaMOTPHILATEILHBIX OakTepwii, a numeHHo, E. coli,
npoayuupytouieir b/IPC (5,7%), K. pneumoniae (5,0%), P. aeruginosa (4,2%) u V. cholerae
(3,8%). M3 mouB Manaii3uu ¥ JIMCTOBOTO OIlaja B KUCIBIX YCIOBHUSAX OBLIN BBIACICHBI 122
aKTHHOMHUIIETa, 35 30JIATOB 00Jananu akTuBHOCTHIO poTuB Aspergillus spp. [71].

[ToMrMO aKTHHOMHUIIETOB U TPUOOB, IPYTHe MPEICTABUTEIN TAKCOHOB MAJIOM3YUYEHHBIX
MUKPOOPTaHU3MOB C TeHOMaMH, 0OTaThIMU TeHaMH OMOCHHTE3a HOBBIX MPUPOIHBIX MPOYKTOB,
TakKMe KaKk [MAaHOOAKTEepHH, KTCIOHOOAKTEpHUH W  MHKCOOAKTEpHH, W3BECTHBI Kak
MPHUBJICKATETILHBIC KAHIUAATH IS HWCCICIOBAHHWS B TpOrpaMMax I10 OTKPBITHIO HOBBIX
Jekapcts [72-74].

Onnako, MHOTOOOpasue Ha 3emiie IKCTPEMaIbHBIX MECT OOMTaHUS MUKPOOOPTaHU3MOB
U UX CIIOCOOHOCTH CO3/1aBaTh OTPOMHEIC COOOIIECTBA B HEOOBIYHBIX, C TOUKH 3PCHUS YEIIOBEKA,
YCIOBUSIX CYIIECTBOBAHMS, HE MOXET TapaHTHUPOBATh YCIEIIHOCTh CKPUHUHIAa HOBBIX
JICKapPCTBEHHBIX COeAUHEHMM. Tak, HECMOTPS Ha MOMBITKA U30JIMPOBATh HOBBIC COCTUHEHUS U3
MOPCKOM Cpe/bl, TpPaJAWIIMOHHBIC IOAXOJbI, BKJIIOUYas (PaKIMOHMPOBAHHUE IO KOHTPOJIEM
OMOJIOTUYECKUX aHAJIM30B, YacTO TNPUBOMIT K BBUICICHUIO YK€ H3BECTHBIX COCTUHCHHM.
OT4acTu 3TO CBSI3aHO C MCMHOJb30BAaHUEM KIACCHUYECKHUX IOAXO0JI0B K OTOOPY MHUKPOOHBIX
[ITAMMOB, OCHOBAaHHBIX HCKIIFOUUTEIIFHO Ha TAaKCOHOMHYECKOW WM aHTUMHUKPOOHOM
nHpopmarnuu. Kpome Toro, B MicciieoBaHUAX, OCHOBAHHBIX MCKIIOUUTEILHO HA XUMHYECKOM
pa3HOOOpa3uu COCAMHEHUN, OTCYTCTBYIOT JaHHBIE 00 WX OHMOJOTHYECKOW aKTUBHOCTH, YTO
OTpaHWYMBACT WX BJIUSHUE Ha JajdbHEHIWN CKpuHHMHT. [lo »TMM mnpuyumHam OuoOpa3Benka
MUKpPOOHBIX INTAMMOB JUUIS BBIICJICHHUS HOBBIX OHOAKTHBHBIX COCIMHEHUH TIepenuia K
UHTETPUPOBAHHBIM CTPATETUSIM, KOTOPhIE OOBEIUHSIOT (DUIOTEHETHUYECKUE NAHHBIE U TECTHI
OMOAaKTHBHOCTH C TMIOAXOJAaMU JICPCIUIMKAIIMA B KAa4yeCTBE OBICTPON abTEPHATHUBHI IS
UACHTU(DUKAIINN U3BECTHBIX U OMOAKTUBHBIX METa0OIUTOB B CMECH 00pa3IOB. DTU CTpaTeTuH,
JIOTIOJTHEHHBIE TOYHBIM MHOTOBapuaHTHbIM aHanuzoM (PCA, HCA, OPLS wu nap.), nokazamu
cBOIO (P (HEKTUBHOCTh TPHU HISCHTHU(PUKAIMU HOBBIX OHOAKTUBHBIX COCIWHEHUH, YIydiias
METO/IMKY TIPOTPAMM OTKPBITHS JIEKAPCTB C MCIIOJIb30BaHHEM MHUKPOOpranu3mMos [75-82].

OO0  OTCYTCTBMM  TPOPBIBHBIX  TEXHOJOTMH B  00JacTH  KyJbTHBHUPOBAHHS
MUKpPOOPTraHU3MOB  CBHMJIETENBCTBYT TOT (akT, 4YTO TOJIbKO oOKosno 1%  Oakrepuii
KyJIbTHBHpPYETCS B jabopaTopHbix yciaoBusx [83]. ITosromy, HACTOATENBHO HEOOXOIMMBI
HOBBIE METONBI JUIS JOCTyNa K OOJIbIIEMYy pPa3HOOOpa3Wio0 TMPUPOTHBIX BEIICCTB.
MerareHOMHKa, Kak TIOJIXOJ, HE3aBUCHUMBIA OT IOJIYy4YEHHUS KYJIbTYP MHKPOOPTaHHU3MOB,
ocHoBaHa Ha u3BiedeHnH JIHK HenocpeacTBEHHO M3 OKpYXaroled Cpelbl U MOJIy4YeHUs
JIOCTYIIa K CKPBITOMY MHOXECTBY TIOCIEI0BATEIbHOCTEH, KOAUPYIOIIUX BTOPHYHBIC
MetabonuThl [84]. MeTareHOMHBIE METOMBI, C OJHON CTOPOHBI, TO3BOJSIOT MOJIYYUTh
uHpopmaluo o0 OnopazHOOOpa3vM MHUKPOOPraHM3MOB B cyOcTpaTe, ¢ JIPyroil — IPOBECTH
(GyHKIIMOHAIBHBIA CKPUHUHT OTHeNbHbIX KJIOHOB JIHK ¢ ucnosnp3oBaHMEM MeTareHOMHBIX
ouommotek. KiloHbl oTOMparoTCs Kak OOBIYHBIM (DEHOTUIIMUYECKHUM CUMTBHIBAHHEM, TaK M
HaMpaBJIeHHBIM CKPUHTOM JUIS TIOWCKAa HanOOjee WHTEPECHBIX XUMHUYCCKHX CTPYKTyp [85].
MerareHomMHasi OMOJIMOTEKA MPOBEPSAETCS JTMO0 HAa HAaO 0 JaeMble (PEHOTHIIBI, TUOO HAa HATMUUE
neneBoil mocnenoBarensbHocTd JIHK. Jlns obGomx moaxomoB HOBBIE T€HBI COOMpAIOTCS |
MOJAM(PUIUPYIOTCS JIII TEeTEPOJIOTMYHON SKCIPECCHH B COOTBETCTBYIOIIEM XO3sSHUHE, a
MOJTYYEHHBIA TPHUPOJHBIA TPOAYKT BBIIEISICTCS W CTPYKTYPHO BBIACHseTCs. [IpudeM, oveHb
9acTO 3TOT MPOIECC HE JAACT MOJOKUTEIBHOTO pe3ynbTaTa. OJTHUM U3 OCHOBHBIX MPEMSATCTBHI
B 00JIaCTH METareHOMHMKH SIBJISICTCS MCITOJIb30BaHWE MOJEIBHOrO opranu3ma-xossuaa E. coli ¢
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OTPaHUYECHHBIMH BO3MOXKHOCTSMU TETEPOJIOTHYHOM HKCHPECCHU  CIIOKHBIX TMPHPOTHBIX
HPOIYKTOB, TMOCKOJbKY E. COli B oTiimune OT akTHHOOAKTEpUil HE SIBIACTCSA MPOIYKTHBHBIM
HPOJYIIEHTOM BTOPHYHBIX MeTabosmToB [86]. IIpeomosieHHe ITHX OCHOBHBIX MHPEISTCTBHIA
CTaHeT KJIIYOM K YIYYIIECHUIO BBIXOJA HOBBIX HATypaJbHBIX MPOAYKTOB HA OCHOBE
METareHOMHOT'0 TI0IX0/1a B Oy TyIiem.

['eHOMBI aKTHHOMUIIETOB Yallle BCero 001a/1al0T HECKOJIbKUMU HabopaMu TeHOB (KJiacTep
ouocunteTnueckux reHoB BGC), koaupyroommx MOyTH MNPOU3BOJACTBA IEHHBIX BTOPHUYHBIX
MeTabonuToB. 3HauuTeNnbHas YacTh uaeHTuuupoBanHeix BGC y akTHHOMHUIIETOB KOAUPYET
nyTd OMOCHHTE3a TOJHMKETUIHBIX COCTUHEHUH, HEPHOOCOMHBIX MENTHIOB WM THOPHIHBIX
IPOJYKTOB, IMOJIYYEHHBIX B pe3yibTare KoMmOuHanuu kak mnonukeruacuHras (PKS), tak u
HepuOocoMHBIX nentuaHbix cuHTeTa3 (NRPS). HenaBHue reHomHbIe 10AXO0/bI NOKA3aIM, YTO
oauH mrtaMm Streptomyces moxet umets B cpeaHeM ot 30 mo 50 kmacrepo BGC, xoTopeie
MoryT coctaBisiTh 8—10% ero reHoma [87, 88]. Ho npu 3TOM akTHMHOMHIIETHI HE BCeria
HPOSIBIISIFOT aHTArOHUCTUYECKHE CBOWCTBA MPH KYJIbTHBHPOBAHMM IN VItro, HECMOTps Ha
npucyTcTBMe B TeHome mramMma reHoB BGC. Dro mpenmornaraer, 4TO «CIISIIUE» WU
«MOJTYAIIKE» TEHbI MOTYT MTPUCYTCTBOBATh, HO HE dKcIpeccupoBathes [89]. Jlist pemieHus 3o
npoOJemMbpl B HACTOAIIEE BPEMs HCHOJNB3YIOTCS PA3IMYHbIE MOAXOABI, TaKWe Kak
MOJICJIUPOBAHUE  YCJIOBHM  OKpYXalomied  cpeabl  MOCPEACTBOM  KYJIbTUBUPOBAHUS
mukpokosionuii [90], coBmectHoe KyabTHBHpoBaHuWe [91] M HCHOIB30BaHHWE HHTHOHUTOPOB
rucronaeanerminassl (HDAC) [92]. Jlannas meromonorus noiyunia Hazanue OSMAC (one
strain many compounds), oHa 0OcHOBaHa Ha BO3MOXKHOCTH 3KCIIPECCHPOBATH «MOJIYAIIHEY T€HEI,
M3MEHUB YCIIOBUS KYJIBTUBHUPOBAHUS MUKPOOPTaHU3MOB, M, TAKUM 00pa3oM, MOJTYYUTHh HOBBIC
NpUPOJIHbIC OWoJorHuecKkd akTuBHbIC BemectBa [93, 94]. HemocraTkom 3TOro MeEToa,
HECMOTPS Ha BIIEUATJIAIOIINE PE3YyIbTAThI, SIBISIETCS €r0 SMIUPUUECKUN XapaKTep.

Takum o0pa3om, B HacTosliee BpeMs B OOJAaCTH CKPUHHHTA HOBBIX MPUPOIHBIX
JICKaPCTBEHHBIX COCJUHEHHI BO3HUKIM JBE OCHOBHBIE MPOOIEMBI — BBIOOP HHTEPECHBIX
WUCTOYHUKOB BBICJICHUS TPOIYIEHTOB TMPHPOTHBIX TPOAYKTOB M PE3YJIbTATHBHOTO
METO0JIOTHYeCcKoro nojaxoza. IIpuuem, HCIONb30BaHME KJIACCHUECKUX METOJIOB BBIACICHUS
o0ecrieynBaeT TOJYYCHHE JIGKAPCTBEHHBIX BEHIECTB, 3a4acTyl0 YK€ W3BECTHBIX, a
UCIOJIb30BAaHUE METareHOMHOI0 TM0/XO0Ja MPHUBOAMT K CO3JaHUI0 OIPOMHBIX OMOIHOTEK
«Momyanux» reHoB. [loaTomy Bce Oosiee HEOOXOIUMBIM SIBJISIETCS MHOW MOJAXOJ K CKPUHUHTY
OPUPOJHBIX  BEIIECTB, a HWMEHHO, YYHUTHbIBas JKU3HENEATENBHOCTh U  IOBEICHHE
MHUKPOOPTaHU3MOB B MX €CTECTBEHHOH cpele OOWTaHWs, MX aJalTallMOHHBIE CIIOCOOHOCTH K
BBDKUBAHHUIO U OMOCHHTE3y OMOJIOTMYECKH aKTHBHBIX BEIIECTB. B 4aCTHOCTH, aKTHHOMMIIETHI
SBIISIIOTCSL HE TPOCTO XPAaHUTEISIMH OTIEIBHBIX TEHOB WJIM HMX OTPOMHBIX KIIACTEPOB,
«MOJTUAIINX» B TA0OPATOPHBIX YCIOBHUSIX. ITH T€HbI HEMPEMEHHO JOJKHBI AKCIIPECCUPOBATHCS
B TIPUPOAEC W MOXKHO TPENNOJIOKUTh, YTO JUIsI STOTO MOTYT CYIIECTBOBATH OIpEIeIICHHBIE
€CTECTBCHHbBIC YCIIOBUSI U IIeTICHANpaBlIeHHAs, a HE JMIHpUYecKas, UACHTH(PHUKAIUS ITUX
YCIIOBHIA OYEHb BaYKHA MTPH CKPUHHUHTE HOBBIX MPUPOIHBIX aHTHOMOTHKOB.

B wucciaenoBanusx, paHee npoBeneHHBIX Hamu [95] Ha OOJBIIOM (HaKTHUECCKOM
MaTtepuaie, ObLIO MOKa3aHO, YTO, MO MEHbIIeH Mepe, 6onee 90% HM30IATOB aKTHHOMHUIIETOB,
BBIJICJIEHHBIX U3 SKCTPEMAJIbHBIX SKOCHUCTEM, CITIOCOOHBI PacTH M MPOIYyLUPOBATh AHTUOHMOTHKH
BO BCEX M3YUYEHHBIX IKOJOTMYECKUX HUIIAX (HEHUTpaIbHOW, COJIEHOW M IesouHoi). M Tonbko
meHee 10% konuuecTBa BCEX HW3YYEHHHBIX AKTHHOMHUIIETOB OBLIM CIIOCOOHBI pPacTH H
00pa30BbIBaTh AHTUOMOTHKH B JIBYX MJIM OJHOW JKOJOTMYECKMX HHIIAX. Takue BBICOKHE
a/IanTallMOHHbIE CTIOCOOHOCTH aKTUHOMHIIETOB 00ECTIEYMBAIOT UM BO3MOXXHOCTb BBDKHBAHHUS B
CaMbIX pa3HBIX CpeAax OOWTaHUS W, BMECTE C TEM, HMEHHO JTO OCJIOXHSET IPOIECC
TPAIUIIMOHHOTO CKPUHUHTA HOBBIX JIEKAPCTBEHHBIX COCIUHEHHH M3 JKCTPEMAIbHBIX
UCTOYHUKOB, BKJIIOYass MOPCKYIO Cpely, W TMPHBOIHUT K «IEPEOTKPBITHIO» YK€ H3BECTHBIX
aHTHOMOTHKOB. Hamu co3nmaHa knaccudukanus aKTHHOMHUIIETOB HA TPYMNNBl HA OCHOBE HUX
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CIOCOOHOCTH PACTH U TMPOSBIATh aHTarOHU3M B €CTECTBEHHOH cpeie OOMTaHHs M IOKa3aHo,
YTO BCE MHOI000pa3ue MCCIEA0BAaHHBIX AKTMHOMULIETOB MOKHO pa3Je/IUTh HA [[BAa BapUaHTA,
obo3HaueHnbix, kak F (fighters) wu Q (quitters), mo B3aumocBs3u ux MopdoreHesa u
aHTaroHu3Ma. Pa3paboTaHHas HaMu HOBas CKPUHUHIOBas IporpaMma, OCHOBaHHas Ha
KJaccu(UKauy  aKTUHOMHUIIETOB B €CTECTBEHHBIX  YCIOBUSIX  POCTa,  TO3BOJISET
UCCIIEOBATENSAM CKOHLEHTPUPOBATb CBOM YCHUJIMS HA HW3Y4YCHMHM LITAMMOB, KOTOPBIE
IIPUHAUICKAT K ONPEAEICHHBIM TIpYyIIIaM, a TakKe 3HAYUTEIbHO YCKOpPAET M YIPOLIACT
IIPOLIECC OTKPBITUS HOBBIX JICKAPCTBEHHBIX BewlecTB. Kpome TOro, oHa IaeT BO3MOXHOCTb
CO3/aTh YCJIOBMS JUIs LI€JIE€HANPABICHHONW IKCIPECCUN «MOJIYAIINX» F€HOB OMOCHHTE3a HOBBIX
(apMalleBTUYECKH LIEHHBIX IPUPOAHBIX BELIECTB C HCIOJIb30BAHUEM  OIPENEIEHHBIX
OPUPOIHBIX (PAaKTOPOB.

OxujaHus B 00JIaCTH CKPUHHMHIA HOBBIX HATYPaJbHBIX HPOAYKTOB C OMOJOIMUECKUMHU
CBOWCTBAMH CBSI3aHBI y BEAYIIUX MUKPOOHOJIOrOB M HAYYHBIX OpPTaHU3AIMiA C UCCIICIOBAaHUEM
MHUKPOOHOT0 pazHO00Opa3us, Mpekae BCEro, IKCTPEMAIbHBIX 3KOCHCTEM. DKCTPEeMO(UIbHbBIE U
IKCTPEMOTOJIEPAHTHBIE MUKPOOPTaHU3MBI 3aiiMYT B OyIyIIEeM MOYETHOE MECTO B 00ECIICUeHUHN
IIPOM3BOJCTBA HOBOTO IIOKOJICHUS KJIMHMYECKHM 3HAYMMBIX JIEKapCTB, TEM CaMbIM
npefoTBpaniasi BO3BPAT K MPEaHTHOMOTHYECKHM IHSM MeAUUUHBL. OJHAKO SKCTpeMalbHbIE
OMOMBI HEPAaBHOMEPHO pacHpeeseHbl M0 KOHTMHEHTAaM M CTpaHaM U JOCTYN K HHUM JUIS
MHOTHX HCCIIEZIOBATENeH 1 OpraHu3aluii orpaHnyeH. Y4enole crpan Azun, Adpuku u KOxHoi
AMepUKH aKTUBHO HCHOJb3YIOT CBOM IMPEUMYIIECTBA Ul HCCIEAOBAHUS 3KCTPEMOGMMIBHBIX
MUKpPOOPraHU3MOB, TaK KaK HMEHHO Ha 3TUX KOHTHHEHTAX B IIOJHON MEpE IIPEACTABIICHBI BCE
BO3MOXHBIE TUIIbI HEOOBIYHBIX IPUPOAHBIX YCIOBUI.

[TouBennblii nokpoB PecnyOnuku KaszaxcraH Takke xapakTepusyercs OoJbIIUM
pasHoOOpa3ueM HPUPOAHBIX MeCT OOMTAaHUS ISl SKCTPEMO(PHUIBHBIX MHKPOOPIaHHW3MOB
(COJIOHYAaKH, COJIOHIIBI, COJIO/IM, 30HBI MPOMBIIUICHHBIX pa3pabOTOK), KOTOPBIE MOTYT OBITH
UCTOYHUKOM HEpPCHEKTHBHBIX IPOJYLEHTOB HOBBIX KOHKYPEHTOCIOCOOHBIX OHOJIOIMYECKH
aKTUBHBIX BewlecTB. M3-3a Qusuko-reorpapuuecknx ocobenHocrer KaszaxcraHa Ha He
npuxogurcss okono 21,5% oT oOmeil miomaay 3acoyieHHbIX MOYB IUIaHeThl. [limomans
3acolieHHbIX 3eMenb B Kaszaxcrane cocraBnger 15,2% oT Bceill miomaau cCelnbXxo3yroJui,
OCTaJbHBIE IIOYBBI TaKK€ B PAa3HOM Mepe 3acoje€Hbl, HEOJHOPOIHBI IO COCTaBy U
XapaKTepU3YIOTCsl HU3KUM coziepkanueM rymyca [96]. Bonbinoe pazHooOpasue cpen oOuTaHusI
JUI SKCTPEMO(UIIOB MpeJICTaBIAIOT BoHbIe pecypehl Kasaxcrana: Kacnuiickoe nu Apanbckoe
MOpsl, 03€p0O banxamr u Menakue 3aCOoJIeHHBIE 03€pa, B KOTOPBIX MHHEPAIU3ALMS BOJBI MOKET
nocturath 10 335 1. MHOrovmcieHHbIE M Pa3HOOOpa3HbIE KCTPEMAIIbHBIC JKOCHCTEMBI
Kazaxcrana sBIAIOTCS pe3epByapoM MHOXKECTBA MHUKPOOHBIX COOOIIECTB, KOTOPbIE MOTYT
00ecreynTh MoJyYeHHE JIEKAPCTBEHHBIX BEIIECTB HOBOT'O TIOKOJICHUS.

OKcTpeMalbHble MPHUPOJHBIE 3KOCHUCTEMBl MOTYT OBITH IMOJBEP)KEHbI HETaTUBHOMY
BO3JCICTBUIO U M3MEHEHUSIM KaK M3-32 €CTECTBEHHBIX IPUPOJHBIX IMPOLECCOB, TaK U H3-3a
HEPALMOHAIBHON X035HCTBEHHON AesTenbHocTU. [IoaTOMY cnenuanucTel B 001aCTH OTKPBITHS
HOBBIX JIEKAPCTBEHHBIX COEAMHEHMM NPU3BIBAIOT NPABUTEILCTBEHHBIE OPraHU3allid CTPaH,
UMEIOUINX  yHUKaJlbHble  MPHUPOAHBIE  pecypchl,  OOecrneyuTh  COXpaHEHHEe  UuX
MHUKPOOHOJIOTHYECKOTO Pa3HOOOPa3Hsl, KaK HCTOYHHKA MOITYUYEHHUS] HOBBIX MUKPOOPTaHU3MOB C
IICHHBIMHU CBOWCTBaMH Juts MeauiuHbl [97, 98].
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MEJUIWHA YIIIH SKCTPEMO®UJIbAI AKTUHOMUIETTEPAIH
BUOTEXHOJIOI'UAJIBIK MYMKIHIOLJIIT'T 2KOoHE OHBI ALY CTPATEI'MACBI

AHHOTADUSA

Hopire Te3iMai maToreHAEpIiH CaHBIHBIH OCYi JKoHE KOMOWHATOPNBIK XUMHSHBIH MEIUIMHAHBI
JKaHa O€JICeHJll areHTTepMEH KaMTaMachl3 €Ty MYMKIHAIT CHSKTBI CTpaTeTHsUIapablH IMIEKTeyi
JKETICTIrT MHKpPOOKAa Kapchl TEpaIllMsAHBIH OoOJalliaFbl YIIIH OeNrici3 OoypKaMIbl KaMTaMachi3 ETei.
WHdexkums KO3ABIPFHIUTAPHIHBIH —~aHTHOMOTUKTEPre TOIIMALIITIHIH KOFapbUIaybIMEH YHIIECEeTiH
aHTHOMOTHKTEP/AiH J>KaHAa KIACTAPBIHBIH OONMaybl, THIMAUITIH JKOFITHIN JKaTKaH OyphIHHAH
KOJIJIAaHBUIFAH TIperapaTTap sl aybICTRIpyFa KaOileTTi aHa acep eTy MexaHm3mjuepi Oap >koHe jkaHa
Ta0WFU KOCBUIBICTAPABI JepPey CKPUHHHITEYAl Tanamn eredi. COHFBI Ke3Jepae 3KCTpeMalibli KOPEKTIK
OpTajia eCeTiH MUKpOar3aiap e3/IepiHe epeKIle Hazap aynapTyAa, OUTKeHi Oyiap e€H a3 3epTTereH jKoHe
JKaHa OWONIOTHSUIBIK OeNICeHi 3aTTapAbl OHIIpYII eH NepcreKTUBTI Tom. bynm Kpickama momyna pH
JKOHE TY3ABUIBIKTHIH Oanama CeNeKTHBTI karfaaibiHaa JXKepaiH opTypii epekiie aliMakTapblHaH OeJim
aJBIHFaH SKCTPeMO(GUIIbJI aKTHHOMHIICTTED OaKTepHsiFa Kapchl, 3¢HIe KapChl, BUPYCKa KapChl JKOHE
icCikKke Kapchl OenceHAaimiri Oap »kaHa TaOWFU KOCBUIBICTApAbl CHHTE3NEyre KaOimeTTi JereH
ANFBIIIAPTTAPABl  KApaCThIPaasl. AKTHHOMHIETTEPAIH allyaH TYPJLUITiH JKOHE OJapAblH TaOuru
opTajarbl KACHUETIH 3epTTey TCHETHKAJarbl, MHUKPOOHMONIOTHINAFEl JKOHE XHMHUSAArbl KaHa
TEXHOJOTHSUIAPABl KONJIAHYMEH VINTAcThIpa OTHIPHINN, TaOWFH IOPIUTIK 3arTapiabl i37eyAe JKaHa
cTparerwsmapasl  amanpl. lomynma skcTpemanpii KOPEKTIK opTafga emip cypyre OeHimaenreH
AKTHHOMHMIICTTED JKaHa apHaiibl KalTajiama MeTaOOoIMTTEp/iH Oail Ke3i OONbII TaObUIATHIHBI TYpPasbl
MOJIIMETTEP/Ii YCHIHAIBI.
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Summary
The growth in the number of drug-resistant pathogens and the limited advancement of strategies

such as the ability of combinatorial chemistry to support medicine with new active agents give an
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uncertain forecast for the future of antimicrobial therapy. A shortage of new classes of antibiotics in
combination with increased resistance of infectious agents to antibiotics requires immediate screening of
novel natural compounds having new mechanisms of action and capable of replacing drugs already in
use that are losing their effectiveness. Microorganisms from extreme habitats have recently attracted
particular attention since this is the least examined and most promising group of producers of novel
biologically active substances. This brief review addresses the prerequisite that extremophilic
actinomycetes isolated from different unusual zones of the Earth under alternative selective pH and
salinity conditions are capable of synthesizing novel natural compounds with antibacterial, antifungal,
antiviral, and antitumor activity. Study of the diversity of actinomycetes and their behavior in natural
habitats in combination with the use of new technologies in genetics, microbiology, and chemistry
discovers new strategies in the search for natural drug substances. The review paper presents data
confirming that actinomycetes adapted for life in extreme habitats are a rich source of novel specialized
secondary metabolites.

Keywords: antibiotic resistance, extremophilic actinomycetes, antibiotics, antibacterial,
antifungal, antiviral, and antitumor properties.

Even though antibiotics have saved millions of lives over the past 70 years, their large-
scale and utilitarian use has resulted in the emergence of infectious agents resistant to them [1-
3]. The emergence and widespread distribution of multi-resistant pathogens is the reason for the
ineffective treatment of numerous infections and the increased mortality, while the free sale of
antibiotics in a number of countries and the self-medication with them among the population
significantly exacerbate this problem. The actions of many countries to prevent antibiotic
resistance which consist in limiting the use of antibiotics within a single country also do not
ensure protection against the emergence of multi-resistant pathogens since the development of
tourism and constant migration of the population cannot preserve from the import of resistant
infectious agents from outside. Coronavirus infection also brings its own adjustments,
significantly weakening the human body and causing numerous concomitant bacterial and
fungal infections. Of particular concern to the medical community is the use of powerful reserve
antibiotics in the treatment of the consequences of Covid-19 as well as their uncontrolled and
intensified consumption among the population in a number of countries. This prepares an
adequate response in the near future not only from multi-resistant bacterial infectious agents,
but also from resistant pathogenic fungi that rapidly infect a weakened human body. At present,
we still cannot fully assess all the consequences that medicine can expect in the near future [4].

Because of the spread of multi-resistant pathogens, medical experts have long warned
that we may soon return to the pre-antibiotic era [5, 6]. The result of these doubts and
disappointments as well as the lack of new methodological approaches is the reduction in the
number of screening programs for the search for novel natural antibiotics. However, mankind
urgently needs right now fundamentally novel effective drugs to combat not only bacterial and
fungal pathogens, but also viruses [7-9].

Microorganisms continue to be the most promising source of novel natural secondary
metabolites which, in terms of chemical diversity, significantly exceed the chemical libraries of
synthesized substances [10-12]. The search for novel natural antibiotics, in contrast to the
chemical modification of existing ones, makes it possible to discover substances with a new
chemical structure and acting on new metabolic reactions of cells that make up infectious
agents.

Actinobacteria represent a plentiful source of novel and vitally important bioactive
metabolites for pharmaceutical use [13-15]. Actinomycetes are one of the most widespread
groups of gram-positive microorganisms in nature, occupying both terrestrial and aquatic
habitats. This is a multifunctional group of bacteria that has both the functions of destruction of
various organic natural compounds and antagonism towards other representatives of the
microworld, competing with them in the consumption of nutrients, namely bacteria and fungi.
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The order Actinomycetales includes heterotrophic, autotrophic, methylotrophic, thermophilic,
psychrophilic, halophilic, acidophilic, and alkalophilic species which, due to their adaptive
abilities, occupy various ecological niches [16, 17]. Such abilities open for actinomycetes truly
amazing opportunities for survival under any conditions of the natural environment. Many of
them are well known for their economic importance as producers of biologically active
substances such as antibiotics, vitamins and enzymes [18-20]. This is the most promising group
of microorganisms that produce antibacterial compounds; more than 90% of chemotherapeutic
antibiotics are isolated from these microorganisms [21-23], 70% of which, used in the treatment
of multiple infections in humans, are extracted from actinomycetes of the genus Streptomyces
[24-27]. Streptomyces, the largest genus of the class Actinobacteria, includes gram-positive,
spore-forming, filamentous, aerobic bacteria. Streptomyces genome contains dozens of
secondary metabolite gene clusters of high importance to medicine, including antibiotics, which
can combat the rise of resistance to antimicrobial drugs [28, 29]. Numerous studies have
reported that Streptomyces possess an enormous potential to yield secondary metabolites,
including anticancer drugs, antibiotics, growth factors, and herbicides [30]. To this day, more
than 7,000 compounds produced by Streptomyces species have been identified [20]. In order to
discover novel antibiotics, new strains of the genus Streptomyces from extreme or reserved
habitats [27], such as highlands [31-33] and desert [34, 35], have been currently isolated and are
being examined. There is no doubt that the continuous screening of Streptomyces will lead in
the future to the discovery of novel compounds with a variety of uses.

The era of antibiotics is associated with large-scale screening of antagonistic
actinomycetes under neutral conditions; all modern medicinal antibiotics are the outcome of this
screening [8]. During screening, actinomycete strains that did not exhibit any activity in neutral
environment were excluded, which reduced the chances of extracting potentially valuable novel
compounds from these strains. The widespread distribution of resistant infectious agents, the
"discovery" of already known antibiotic substances forced to expand the boundaries of
screening due to changing its methods and sources for producing novel promising biologically
active compounds [36, 37]. The unusual natural substrates, extreme ecosystems are therefore
currently the most in-demand sources of scientific research; it is from them that one can expect
the isolation of new microorganisms with unique properties [38-41]. The marine environment,
soils with a high level of salinity and alkalinity are actively being examined as sources of novel
secondary metabolites [42-47]. New screening programs for the isolation of natural compounds
involves the use of other approaches, and, first of all, selective conditions for culturing
microorganisms at high levels of salts and pH in environments. Extremophilic actinobacteria,
isolated under alternative selective pH and salinity conditions, and collected from various
geographic zones of the Earth, such as salt marshes, deserts, permafrost and high-temperature
zones, salt-water and bitter lakes, deep-sea sediments, represent a significant potential for
extracting novel compounds with antibacterial, antifungal, antitumor, and antiviral activity [48-
50]. During the period 2010-2018, 186 novel structures were obtained from 129 representatives
of microbial taxa isolated from extreme habitats.

For the most part, soil actinomycetes demonstrate optimal growth in neutral to slightly
alkaline environment, and screening procedures have traditionally been based on their
neutrophilic properties. However, studies have been carried out in recent years on screening
acidophilic, alkalophilic, and halophilic actinomycetes, which exhibited their tremendous
diversity. Up to now, most of the published studies on halo- and alkalophiles are mainly
focused on their microbiological classification and genetic characteristics; studies aimed at their
biotechnological potential assessment are not numerous [51].

It is generally accepted that halophilic and halotolerant actinomycetes, which have a
great metabolic diversity and biotechnological potential, will become a valuable resource for
novel products of industrial interest, including antimicrobial, cytotoxic, neurotoxic, antimitotic,
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antiviral, and anticancer drugs [52-54]. In the course of studies on the discovery of novel natural
products from extremophilic actinomycetes, new linear polyketides, actinopolysporins A, B,
and C have been extracted, as well as the well-known antitumor antibiotic tubercidin from the
halophilic actinomycete Actinopolyspora erythraea YIM 90600 [55]. p-Terphenyls with
antifungal, antibacterial, and antioxidant activities have been isolated from the halophilic
actinomycete Nocardiopsis gilva YIM 9008 and characterized [56]. A new antibiotic,
anthracimycin, has been described, which is produced by the marine-derived actinomycetes in
saline medium [57]. The antimicrobial quinoline alkaloid has been extracted from the novel
halophilic actinomycete Nocardiopsis terrae YIM 90022 [58]. 83 actinomycetes have been
isolated from the hypersaline salt marshes in India and assigned to eight genera (Streptomyces,
Micromonospora, Nocardia, Nocardiopsis, Nonomuraea, Saccharopolyspora, Pseudonocardia,
and Actinoalloteichus). Preliminary screening of biological activity showed the formation of
antimicrobial compounds produced by Streptomyces and rare actinomycetes. It was thus
confirmed that hypersaline salt marshes are promising reservoirs of antibiotic-producing
actinomycetes [43]. 18 species of the genus Streptomyces were isolated from various extreme
saline ecological niches in Nepal, 12 isolates exhibited antibacterial activity against extended-
spectrum beta-lactamases (ESBL) produced by E. coli [24]. Chemical studies of halophilic
streptomycete strains obtained from solar salterns on Shinui Island (Republic of Korea) have
resulted in the isolation of novel biologically active compounds: chlorinated manumycin,
salternamide A and a new indolosesquiterpene, xiamycin D. Salternamide A exhibited potent
cytotoxicity against human colon and stomach cancer cells, while xiamycin D possessed strong
antiviral activity [59, 60]. New antibiotics such as quinicomycin and ladjollamycin have been
found in halophilic and halotolerant species of actinomycetes [42], and several biotechnology
companies and academic institutions are currently working on new strategies for the
pharmaceutical use of these novel compounds. A new isolate of Paludifilum halophilum
SMBg3 with significant antimicrobial activity was isolated from a solar saltern on the coast of
Tunisia. It has been shown to be a potential producer of gramicidin S and four cyclic
antimicrobial dipeptides [61]. The extract from biomass of the strain SMBg3 exerted an
inhibitory effect on the growth of S. aureus, Salmonella enterica, E. coli, and P. aeruginosa.
Streptomyces spp. AJ8, isolated from solar soltern bottom sediments in India, possessed strong
antagonistic effect against against S. aureus, A. hydrophila, and C. albicans. The secondary
metabolites produced by the strain AJ8 also exhibited antiviral, and anticancer activities [62].
The strain Streptomyces VITSVKS spp., which produces a biologically active substance from
the group of pyrrolidines with high activity against K. pneumoniae, S. aureus, C. albicans, A.
fumigates, and A. niger, was isolated from a salt marsh on the coast of the Bay of Bengal in the
southern India [63]. Streptomyces albus ULK2 and Streptomyces avermitilis ULK3 isolated
from the bottom sediment samples collected in the Lagos Lagoon, Nigeria, exhibited significant
antiviral activity at a concentration of 0.5 mg/mL against influenza X-31 (H3N2) virus [64].

Alkalophilic actinomycetes are also considered as promising microorganisms for
screening novel bioactive compounds. Antifungal secondary metabolites were isolated from the
alkalophilic actinomycete N. dassonvillei WA52 [65]; it was shown that the antitumor
compound pyrocoll is synthesized by a new alkalophilic Streptomyces strain [66]. The
alkalophilic halotolerant actinomycete Streptomyces sannanensis RJT-1, isolated from the
alkaline soils in India, had an optimum growth at 5% NaCl and pH 9. It exhibited antagonistic
properties against gram-positive bacteria [67]. Four isolates Streptomyces coelicolor,
Streptomyces flaveous, Streptomyces plicatus, and Streptomyces griseoruber from saline and
alkaline soils in Egypt showed high antimicrobial antagonistic properties [68]. An alkalophilic
streptomycete Streptomyces tanashiensis strain A2D synthesized the antibiotic maximally at pH
8.0 and a salt concentration of 2% [69].
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According to many authors, acidophilic actinomycetes represent a very promising
source of biological material to implement screening programs for new drugs. 600 strains of
actinobacteria belonging to 26 genera were isolated from red soils in the southeastern China
with excessive acidity and high iron content [70]. Nearly one third of the isolates exhibited
inhibitory activity against pathogenic bacteria and/or fungi, most frequently against methicillin-
resistant S. aureus (13.7%). High levels of activity were also found against C. albicans (13.2%),
F. oxysporum (10.2%), A. fumigatus (7.3%), and C. pseudorugosa (6.8%); less activity was
shown against gram-negative bacteria, such as
ESBL-producing E. coli (5.7%), K. pneumoniae (5.0%), P. aeruginosa (4.2%), and V. cholerae
(3.8%). 122 actinomycetes were isolated from Malaysian soils and leaf litter under acidic
conditions, 35 isolates possessed activity against Aspergillus spp. [71].

In addition to actinomycetes and fungi, other representatives of taxa including poorly
examined microorganisms with genomes rich in genes responsible for the biosynthesis of novel
natural products, such as cyanobacteria, ctedonobacteria, and myxobacteria, are known to be
attractive candidates for research studies in new drug discovery programs [72—74].

However, the diversity of microbial extreme habitats on the Earth and their ability to
create huge communities under unusual, from a human point of view, conditions of existence,
cannot guarantee the successful implementation of screening for novel drug compounds.
Despite attempts to isolate new compounds from the marine environment, traditional
approaches, including fractionation under the control of biological analyses, frequently result in
the isolation of already known compounds. This is partly due to the use of classical approaches
to the selection of microbial strains based exclusively on taxonomic or antimicrobial
information. In addition, studies on the basis of only the chemical diversity of compounds lack
data on their biological activity, which limits their influence on further screening. For these
reasons, bioprospecting of microbial strains aimed to isolate new bioactive compounds has
moved towards integrated strategies that combine phylogenetic data and bioactivity tests with
dereplication approaches in the capacity of a fast alternative for identifying known and
bioactive metabolites in a mixture of samples. These strategies, supplemented with accurate
multivariate analysis (PCA, HCA, OPLS, etc.), have demonstrated their effectiveness in
identifying novel bioactive compounds by improving the methodology of drug discovery
programs using microorganisms [75-82].

The absence of breakthrough technologies used in microorganism culturing is evidenced
by the fact that only about 1% of bacteria are cultured under laboratory conditions [83].
Therefore, new methods are insistently needed to access a greater variety of natural substances.
Metagenomics, as an approach independent of obtaining cultures of microorganisms, is based
on extracting DNA directly from the environment to gain access to a hidden set of sequences
encoding secondary metabolites [84]. Metagenomic methods, on the one hand, permit to acquire
information on the biodiversity of microorganisms in the substrate, while on the other hand to
carry out functional screening of individual DNA clones with the use of metagenomic libraries.
Clones are selected by both conventional phenotypic readout and directed screening to search
for the most interesting chemical structures [85]. The metagenomic library is screened for either
observable phenotypes or the presence of the target DNA sequence. In both approaches, new
genes are assembled and modified for heterologous expression in an appropriate host, and the
resulting natural product is isolated and structurally elucidated. However, this process very
frequently does not produce a positive result. One of the major obstacles in the field of
metagenomics is the use of a model host organism E. coli with limited possibilities for
heterologous expression of complex natural products, since E. coli, unlike actinobacteria, is not
a productive producer of secondary metabolites [86]. Overcoming these major barriers will be a
key to improving the yield of novel natural products on the basis of a metagenomic approach in
the future.
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The genomes of actinomycetes most often possess several sets of genes (biosynthetic gene
clusters BGC) encoding pathways for the production of valuable secondary metabolites. A
significant portion of the identified BGCs in actinomycetes encodes pathways for the
biosynthesis of polyketide compounds, nonribosomal peptides, or hybrid products resulting
from a combination of both polyketide synthases (PKS) and nonribosomal peptide synthetases
(NRPS). Recent genomic approaches have shown that one Streptomyces strain can have on
average 30 to 50 BGC clusters, which may make up 8-10% of its genome [87, 88]. But at the
same time, actinomycetes do not always exhibit antagonistic properties during in vitro
culturing, despite the presence of BGC genes in the genome of the strain. This suggests that
"dormant” or "silent” genes may be present but not expressed [89]. Various approaches are
currently used to solve this problem, such as simulating environmental conditions through the
culturing of microcolonies [90], co-culturing [91], and the use of histone deacetylase (HDAC)
inhibitors [92]. This methodology is called OSMAC (one strain many compounds); it is based
on the ability to express "silent” genes by changing the conditions for culturing microorganisms
and to obtain novel natural biologically active substances [93, 94]. The disadvantage of this
method, despite its impressive outcomes, lies in its empirical nature.

Currently, two major problems have thus arisen in the screening for novel natural drug
compounds - a choice of interesting sources for the isolation of producers of natural products
and an effective methodological approach. In addition, the use of classical isolation methods
ensures the production of drug substances, which are frequently already known, while the use of
the metagenomic approach results in the creation of huge libraries of "silent" genes. A different
approach to the screening of natural substances is therefore becoming more and more necessary,
namely, taking into account the vital activity and behavior of microorganisms in their natural
habitat, their adaptive abilities for survival and biosynthesis of biologically active substances. In
particular, actinomycetes are not just keepers of individual genes or their huge clusters, which
are “silent” under laboratory conditions. These genes must certainly be expressed in nature, and
it can be assumed that certain natural conditions may exist for this, and purposeful, rather than
empirical, the identification of these conditions is very significant in the screening of novel
natural antibiotics.

In our earlier studies [95] based on a large amount of factual material, it was shown that
at least more than 90% of actinomycete isolates from extreme ecosystems were able to grow
and produce antibiotics in all examined ecological niches (neutral, saline, and alkaline). And
only less than 10% of all examined actinomycetes have demostrated the ability to grow and
produce antibiotics in two or one ecological niches. Such high adaptive capacities of
actinomycetes provide them with the chance to survive in a wide variety of habitats and, at the
same time, it is this that complicates the process of traditional screening of novel drugs from
extreme sources, including the marine environment, and leads to the "rediscovery” of already
known antibiotics. We have developed a classification of actinomycetes into groups based on
their ability to grow and exhibit antagonism in their natural habitat and have shown that a whole
variety of examined actinomycetes can be divided into two variants, designated as F (fighters)
and Q (quitters) according to the relationship between their morphogenesis and antagonism. The
new screening program that we have developed, based on the in vivo classification of
actinomycetes, allows researchers to concentrate their efforts on the study of strains that belong
to certain groups, and also significantly speeds up and simplifies the process of discovering
novel drug substances. In addition, it makes it possible to create conditions for the targeted
expression of "silent" genes for the biosynthesis of novel pharmaceutically valuable natural
substances using certain natural factors.

Expectations in the sphere of screening of novel natural products with biological
properties are associated by leading microbiologists and scientific organizations with the study
of microbial diversity, primarily in extreme ecosystems. Extremophilic and extreme tolerant
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microorganisms will take pride of place in the future in ensuring the production of a new
generation of clinically significant drugs, thus preventing a return to the pre-antibiotic days in
medicine. However, extreme biomes are unevenly distributed across continents and countries,
and access to them is limited for many researchers and organizations. Scientists from Asia,
Africa and South America are actively using their advantages to study extremophilic
microorganisms, since it is on these continents that all possible types of unusual natural
conditions are represented to the full extent.

The soil cover of the Republic of Kazakhstan is also characterized by a wide variety of
natural habitats for extremophilic microorganisms (salt marshes, solonetzes, solods, industrial
development zones), which can be a source of promising producers of novel competitive
biologically active substances. Due to the physical and geographical characteristics, Kazakhstan
accounts for about 21.5% of the total area of saline soils in the planet. The area of saline lands
in Kazakhstan is 15.2% of the total area of agricultural land, the rest of the soils are also saline
to varying degrees, heterogeneous in composition and are characterized by low humus content
[96]. A wide variety of habitats for extremophiles is represented by the water resources of
Kazakhstan: the Caspian and Aral seas, Lake Balkhash and small saline lakes, in which water
mineralization can reach up to 335 g/L. Numerous and diverse extreme ecosystems of
Kazakhstan are a reservoir for a large number of microbial communities that can ensure the
production of a new generation of drug substances.

Extreme natural ecosystems may be subject to negative impacts and changes due to both
natural processes and irrational economic activities. Experts in the field of the discovery of
novel drug compounds therefore urge government organizations of countries with unique
natural resources to ensure the preservation of their microbiological diversity as a source of
isolating new microorganisms with valuable properties for medicine [97, 98].
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