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BBenenue

MeTo 161 MUKPOOHOIOTHUECKON TpaHchopManuu
OpPraHWYECKUX COCTMHEHHUI MPUMEHSIOTCS BO MHOTHX 00JIacTsAX
YeJIOBEYECKOM JeATeIbHOCTH. XUMUUecKasi, papMalieBTH4YecKas u
6HOTCXHOHOI‘H‘I€CK&H IMPOMBINUIICHHOCTD UCIIOJIB3YCT
MUKPOOHOJIIOTHYECKHUE METOIBI CHHTE3a HEKOTOPBIX COSAMHEHUI,
KOTOPBIE TPYIHO MOJYYUTh METOJaMU OPTaHUYECKOU XUMUHU
[Petersen, Kiener, 1999; Parshikov et al. 2014; Silva et al. 2014;
Parshikov 2016a; Parshikov 2016b]. A3orconepxkariue
TeTePOIMKIMYECKUE COCTUHEHUS CITY>KAT KIFOYEBBIMU
KoMIoHeHTamMu MHOTHX JiekapcTB [Hiittel, Hoffmeister, 2010;
Petersen, Kiener, 1999; Sukul, Spiteller, 2007; Vickers, Polsky,
2000].

Hanpumep, XuHIH — aJIKaJlON1 U3 CEPUH a3aapeHOB,
BBIJICJICHHBIN M3 KOPBI XUHHOTO Aepesa B [lepy, ObLT BBEJIEH B
MPAKTUKY JUIsl IedeHust Mansipuu B 1834 roxy. OH cityxun
1abJI0HOM JIJIst pa3pabOTKH €ro aHAIOTOB, TAKUX KaK MPUMaxuH,
MeMakpuH, Me(QIIOXHUH U XJIOPOXUH, KOTOPbIE OKa3aJIUCh OUYEHb
3¢ (HeKTUBHBIMU POTUB MAJIIPUH, HO MOSBJICHUE YCTOMYUBBIX
[ITAMMOB MTaPAa3UTOB, B COYETAHNU C MOTEHIINATEHBIMHU
npobIeMaMy TOKCUYHOCTH OTPAaHUYMIIO UX MCTIOJIb30BAaHHUE

[Parshikov et al. 2012a].

bakTepuanbHble EPMEHTHI, YUaCTBYIOIINE B

THJIPOKCHIIMPOBAHUH a3aapEHOB, BKJIIOYAIOT HapTanuH 1,2-



nuokcurenasy [Ensley et al. 1983; Resnick et al. 1993],
XUHAIBIWH 4-0kcuasy [Stephan et al. 1996], kap6a3zon-1,9a-
nuokcurenasy [Inoue et al. 2006], nudenun 2,3-n1uoKcUreHasy
[Resnick et al. 1993] u Tonyonnuokcurenasy [Boyd et al. 2002].
bakrepuanpHabie anpaeruaokcuaassl [ Yasuhara et al. 2002] u
utoxpoM P-450 3aBucumbie MoHOOKcHureHassl [Kelly et al. 2003]
MOTYT MPEBPAIIATh a3aaPEHBI B COOTBETCTBYIOIIUE JIAKTAMBI
[Vickers, Polsky, 2000; Parshikov et al. 2012a]. I'pu0sI Taxke
MOTYT coJiepKaTh HUTOXpoM P-450 3aBuCHMbIE MOHOOKCUTEHA3bI
CIIOCOOHBIE TIPEeBpaIIaTh a3apeHbI B JIAKTaMbl. HekoTopbie rpuoHI,
Takue Kak Beauveria bassiana, Aspergillus spp. u Cunninghamella
Spp., BeCbMa MePCIeKTUBHBI I TPaHC(HOPMAIINH JIEKAPCTBEHHBIX
CpPEeICTB U3-3a BHICOKOH PErHo- U CTepPeoCcenn(hUIHOCTH
npoTekanus (hepMeHTaTHBHBIX Tpoueccos [Grogan, Holland,

2000; Lehman, Stewart, 2001; Parshikov et al. 2012a].

XHHOJIOHBI TIPEJICTABJISIOT COOOM OOJIBIIYIO TPYIIITY
CUHTCTHYECKUX COSIUHCHHM, KOTOPBIC OBLIN pa3paboTaHbI B
KauecTBe MPOTUBOMHUKPOOHBIX areHTOB [Ball, 2000b; Parshikov,
Sutherland, 2012b]. Ou mMPOKO UCIIONB3YIOTCS B KIMHUYECKON
1 BETCPUHAPHOU MEIUIIMHE JUIS JICUCHUS 3a00JICBaHUH,
BBI3BAHHBIX TPAMOTPHUIIATSIIBHBIMHI H TPAMITOJIOKHTEILHBIMA
oaxrepusmu [Oliphant, Green, 2002; Andersson, MacGowan,
2003; Dalhoff, Schmitz, 2003]. HekoTopble XMHOIOHBI 00JaAa0T

MIPOTUBOOITYXO0JIEBOM, aHTUBUPYCHOH (MPOTHB BUPYCOB I'eMaTUTa



B u C, BUY u Bupyca repreca), aHTHAUIEPTHIECCKOM,
MIPOTHBOTYOEPKYIIE3HON, UMMYHOMOIYJIUPYIOIIEH 1
aHTHIHa0eTHUECKOM akTUBHOCTHIO [Boteva, Krasnykh, 2009;
Mugnaini et al., 2009; Kloskowski et al., 2010]. XuHom0HBI MOTYT
OBITH (O PEKTUBHBIMU MTPOTHB PAZTUIHBIX THIIOB BO30yIUTEIEH
maspun [Mahmoudi et al., 2003; Petersen, Kiener, 1999; Banasik
et al. 1992; Waring et al. 1975; Refaie et al. 2005; Gomtsyan et al.
2005; Taggart et al. 1948; Guetzoyana et al. 2009; Aragjo et al.
2009; Jones et al. 2009; Kalkanidis et al. 2002; Boibessot et al.
2002; Boibessot et al. 2002; Agarwal et al. 2005; Kontnik, Clardy,
2008; Kaur et al. 2009; Resnick et al. 1993; Zefirov et al. 1993;
Parshikov et al. 1994b; Kaiser et al. 1996; Fetzner 1998; Petersen,
Kiener, 1999; Willumsen et al. 2005; Rajini et al. 2011; Parshikov,
Sutherland, 2012b].

Pa3znuuusi B MOJIEKYISIPHON CTPYKTYpE U aKTUBHOCTHU
XUHOJIOHOB 11 Vitro SBJISIOTCSA OCHOBOM JIJISl MX KJIacCHU(PUKAIIUN
[Ball, 2000; King et al., 2000; Schellhorn, 1998; Oliphant, Green,
2002; Parshikov, Sutherland, 2012b]. BoBiedenne MUKpOOHBIX
TEXHOJIOTUH B MOJU(PUKALINIO XUHOJIOHOB 00ECTIEYUT XUMHUKOB H
(hapMaKoJIOroB YHUKAJIBHBIMH TPOU3BOIHBIMH, KOTOPBIE MOTYT
00J1a/1aTh HOBBIMHU TEPANIEBTUICCKUMU CBOMCTBAMH JIS JICUCHUS
MHOTHX OaKTepUaTbHBIX 3a00JIEBAaHUN U TaXKe TTapa3sHTaAPHBIX
3a00JIeBaHUM, TAKUX KaK MaJISIpHsi. BONBIIMHCTBO IPOIECCOB

ouoTpancdopmalu, KOTopble ObLTH UCCIEAOBAHBI JIJIS



XUHOJIOHOB, OCYIIECBIIsItoTCs rpudbamu [Wetzstein et al., 2010], Ho
HEKOTOPBIC U3 HUX OBUTH U3YUEHBI C UCTIONB30BaHUEM OaKTepUit
[Kieslich et al., 1973; Chen et al., 1997; Adjei et al., 2006;
Parshikov, Sutherland, 2012b].

HacwImeHnple a30TCOaepIKaIie reTePOIMKIBI MOT'YT
00J1a1aTh JIEKAPCTBCHHBIMUA CBOWCTBAMH, & TaK YKE CIYKHUTh
(dbparMeHTaMu MOJICKYJI MHOTHX JiekapcTB. Hampumep,
MuToMHIIHH C MMOKa3ajl aHTHOMOTHYECKYIO U
MIPOTUBOOITYXOJICBYIO aKTHBHOCTh, KOTOpast ObLJIa CBSA3aHA C
a3UPUIMHOBBIM KOJIBIIOM, a TIPOU3BOIHBIE a3UPHINHA
UCIIOJIL3YIOTCSl B CHHTE3€ IPOTUBOMAIISIPUIHBIX MIPENapaToB
[D'hooghe et al. 2011; Ghorai et al. 2007; Fattorusso, Taglialatela-
Scafati, 2009; Wright et al. 2002; Pacorel et al. 2010; Seebacher,
Weis, 2011; Richardson, Wyso, 1960; Faber 2004; Baker 1987;
Duran et al. 2000; Parshikov et al. 2014].

[IpakTyeckuii UHTEpEC IJI MOJYYEHUSI HOBBIX
XeMHOTepaneBTHIeckux cpeacTs [Gatti, Adami, 1999; Deretic et
al. 1996; Wang et al. 2007), and other antibacterial, anticancer,
and antimalarial compounds (Kumar et al. 2008; Prachayasittikul
et al. 2009; Ge et al. 2010; Duran et al. 2000; Ahmad et al. 2001;
Petersen, Kiener, 1999; Rui et al. 2005; Hiittel, Hoffmeister, 2010;
Faber 2011; Rajini et al. 2011; Takayama et al. 2010; Saliba and
Kirk 1998; Kaur et al. 2010; Rocco 2003; Achan et al. 2011; Baird
2011; Vale et al. 2009; Peters 1999; Vale et al. 2009; Brocks,
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Mehvar, 2003] nmpeacrasisier pazpadoTka MEKPOOHBIX
TEXHOJIOTUI Ha OCHOBE HCITOJIb30BAHUS MPOYKTUBHBIX ITAMMOB
MHUKPOOPTaHUMOB 00JIaIAI0IIMX YHUKAILHBIMU (DePMEHTHBIMH
CHCTEMaMH, TTO3BOJISIOIIUMU IPOBOIUTE PA3THUHBIC
Moaubukaruu ekapcTB [Petersen, Kiener 1999; Banasik et al.
1992; Waring et al. 1975; Refaie et al. 2005; Gomtsyan et al.
2005; Taggart et al. 1948; Guetzoyana et al. 2009; Araujo et al.
2009; Jones et al. 2009; Kalkanidis et al. 2002; Boibessot et al.
2002; Boibessot et al. 2002; Agarwal et al. 2005; Kontnik, Clardy,
2008; Kaur et al. 2009; Resnick et al. 1993; Zefirov et al. 1993;
Parshikov et al. 1994b; Kaiser et al. 1996; Fetzner 1998; Petersen,
Kiener, 1999; Walsh et al. 2007; Willumsen et al. 2005; Rajini et
al. 2011].

B 310i1 MOHOTpaduu rpecTaBieHbl JaHHBIC U3
JUTEpaTyphl O TpaHCHOPMALIUU a30TCOIEPIKAIUX

IeTCPOUUKINICCKUX COGI[PIH@HHIZ.



I'naBa 1. MukpoOuosoruyeckasi TpancpopmManusi XuHOJIOHOB
XWHOJIOHBI SBISIOTCS 00BbEKTAMU U3YUEHUS MHOTUX
nabopaTopuii U IPUMEHSIOTCS B KIIMHUYECKOW METUIIMHE POTHUB
TPaMIIOJIOKHUTENIBHBIX U TPAaMOTPHUIIATeIbHBIX OakTepuii [Owens,
Ambrose, 2000]. Bmecte ¢ TeM, K HacTOSIILIEMY BpEMEHU
M3BECTHO, UYTO 4-XUHOJIOHBI MPOSBISIOT IPOTHBOOMYXOJIEBYIO,
aHTUBHUPYCHYIO (B oTHOMeHUH remaruta B, C, BUY u Bupycos
repreca), aHTHAJJIEPrUIECKYIO, IPOTHBOTYOCPKYJIE3HYIO,
UMMYHOMOTYJIHPYIOIIYIO, IPOTHBOTUTIOKCUITHYTO,

aHTHIHabeTHUeCKyro akTuBHOCTH [ Boteva, Krasnykh, 2009].

BoisicHeHo, 4TO JIefiCTBUE XUHOJIOHOB PACIPOCTPAHAECTCS
Ha pa3Hble BUbI MajsipuiiHoro miasmoaus [Mahmoudi et al.,
2003]. Paznuuus B MOJIEKYJISIPHOM CTPYKTYPE U aKTUBHOCTH
XMHOJIOHOB i1 Vitro COCTaBISIIOT OCHOBY UX Kiaccudukauuu [Ball,

2000; King et al., 2000; Schelhorn, 1998; Oliphant, Green, 2002].

AHTUMUKpPOOHAsi aKTUBHOCTb I1€PBOT'0 MOKOJIEHUS
XMHOJIOHOB (HampuMmep, HATUAUKCOBOM KucioThl [Lescher et al.,
1962], oxconmHOBOM KHCIOTHI [Pianotti et al., 1968],
nuHokcanuHa [Giamarellou, Jackson, 1975], mupomuanHOBOM
kucnothl [Shimizu et al., 1975], munemuanHoOBOM KHCIOTH [Sun et
al., 2010] u ¢pmymexuHa) Obli1a BEICOKOH B OTHOIICHUH a3pOOHBIX
rpaMOTPULIATENBHBIX OaKTEPHii, HO HE OUEHb BHICOKOI! B
OTHOILIEHUH a3pOOHBIX IPAMIIOJIOKUTEIbHBIX OaKTepuil U

aHa’poOHbIX OakTepuil. B 1980 roay nosiBunock BTopoe
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MOKOJICHUST XMHOJIOHOB [ Appelbaum, Hunter, 2000], koraa Obut
cuHTe3upoBaH Hopokcarwe [Wise, 1984] myreM BBeneHus
aToma (ropa B MOJI0KEHUE 6 MOJIEKYIbI 4-XHHOJIOHA U

IuaMHuHOIUIepa3uHa B nonoxenue 7 [Brighty, Gootz, 2000].

Otu MoaupUKaIMK TO3BOJIMIN XUHOJIOHAM 00pecTu
AHTUMUKPOOHYIO aKTUBHOCTH B OTHOILICHHH a3POOHBIX
TPaMIIOJIOKUTEIBHBIX 0aKTepHUH, a TAK)KE TOBBICUTH UX
AKTUBHOCTb B OTHOLICHUH IPAMOTPULIATEIbHBIX OaKTEPHil.
XWHOJIOHBI BTOPOTO TTOKOJICHHSI BKIIIOYAIOT B C€0s TaKue
aHTHOMOTHKH, Kak runpoduiokcanuH [Green, Tillotson, 1997],
odnokcanuu [Crumplin, Odell, 1987], snokcarun [Mukherjee et
al., 2005], dnepokcarun [Balfour et al., 1995], momednokcanmn
[Sultana et al., 2005], nednokcauun [Jones, 1989] u pydaokcanun
[Andersson, MacGowan, 2003; Andriole, 2000].

Pa3paboTanblie BIOCIIEICTBIH XUHOJIOHBI TPETHETO
MOKOJICHHS TaKHe, Kak rpenadaokcanyH, raTugIIoKCcauH,
cnapdiokcalyH, YHpo(IoOKCaluH, JaHOPIOKCAIIUH 1
npagodaokcanu ObTH 3()(HEKTUBHBI B OTHOLICHUN
IPaMITOJIOKHUTENFHBIX OaKTepHUil, B YaCTHOCTH, THEBMOKOKKOB 1
00J1a1a)T1 BBICOKOM aKTHBHOCTBIO B OTHOIIICHUH aHA3POOHBIX

Oaxrepuii [Andriole, 2000].

YeTBepToe MOKOJIEHWE XMHOJIOHOB (HAIIPUMED,
TpoBadIOKCaIUH, KIWHA(IIOKCAIINH, CUTa(IOKCAIUH,

MOKCHU(DIIOKCAIMH U TeMU(IIOKCAIIMH) 00J1aat0T BBICOKOM



AKTUBHOCTBIO B OTHOIICHUU aH33p060B 1 ITHEBMOKOKKOB

[Andriole, 2000; Andersson, MacGowan, 2003].

[TpuBneyeHrne MUKPOOHBIX TEXHOJIOTHI B cepy
MOIH(PHUKAITIN XUHOJOHOB TTO3BOJIUT MOJIYYUTh IPOU3BOJIHEIC,
o0J1a/1af011e HOBBIMU TEPANICBTUICCKUME CBOHCTBAMU JIJISI
JIeYeHUss MHOTHX O0Jie3He|, B ToM umciie U Mansipu [[lapmimkoB u
ap. 2011a,6; [Tapmukos, Xacaesa, 2016; Mahmoudi et al., 2003;
Parshikov et al., 2015]

1.1. TpancdopManusi XHHOJIOHOB NEPBOr0 MOKOJIEHHUS

W3BecTHO, YTO HANMMIUKCOBAs KUCIOTa 00IagaeT
aHTUMAaJISIpUHHBIME cBoiicTBaMu [Divo et al., 1988; Mahmoudi et
al., 2003]. beuta u3y4ena TpaHcGopmanus HATMIUKCOBON
kucnotsl (I) pacrymeit kynbrypoit rpubda Penicillium adametzi
737. YUepes 24 yaca Habr01a510Ch 00pa3oBaHKe
ruapoxcumeTuinponsBogHoro (II) ¢ BeIxonom 1ocTUraroumm
60%, a ero nanpHei1Iee OKUCIEHUE MPUBOINIIO K 00pa30BaHUIO

3,7-nmukap6onooii kucnotsl (III) [Hamilton et al., 1969]:

O O 0
7 | | COOH 7 | | COOH % | | COOH
N
HeC” NN HOH,C” NN HoOC™ SN N
C2H5 C2H5 é2H5
| 1I 11X

[IpencraBisieT uHTEpeC MUKpOOHAs TpaHCPOpMALS
aHAJIOTOB HAIMIMKCOBOM KHUCIIOTHI. B pacTyieit kynbType rpuda
P. adametzi ATCC 10407 Habmr01a10Ch TPEUMYILIECTBEHHOE
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OKHCJICHUE METUJIILHOU rpymbl 3-KapOOKCH-7-MeTHII-1 -
striixuHonoHa-4 (IV) no rugpokcumerunbHol (V), Toraa kak

apoMaTH4ecKHe aTOMBI yriiepoaa He 3aTparuBaiuck [Kieslich et
al., 1973]:

0 0
/@\)‘j/COOH /@\)‘j/COOH
HyC N HOH,C N
CoHs CzHs
v \%

AnHanoruyHas KapTUHA HaOJI01aeTCs MPU OKUCIICHUHN
Pa3IMYHBIMU MUKPOOPraHU3MaMH 00Jiee CII0)KHOTO XHHOJIOHA
(VI), coneprxaliiero ruIpupOBAHHBINA UKII - 1-3THII-4-0KCO-
1,4,6,7,8,9-rekcarupoben3o-[y|-xuHoIHH-3-KapOOHOBOI

kuciaotsl [Kieslich et al., 1973]:

o OH o
] 6 5 4 3 _COOH éi)f‘j/COOH
8 1 |2 N
9 w0 N

|
ész C2H5
V1 vil
0] 0}
) HO A
CyHsg C,Hs
VIII X

I'pub B. bassiana ATCC 7159 BBOIUI TUIPOKCHUIBHYIO

rpynmy B nojosxenue 6 coenunenus (VI) ¢ obpazoBanuem
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npoaykra Tpanchopmaruu (VII); rpub P. adametzi - B
MI0JIO’KEHUS 7 U 8§ ¢ 00pa3oBaHKEM NPOAYKTOB TpaHC(hOpMaLUu
(VIII u IX); xneTKu KyIbTyphl Streptomyces achromogenes B

noJioxkeHue 6, 7 u 8 ¢ 06pazoBaHUEM MPOYKTOB TpaHCHOpMAITUU

(VII, VIII u IX) [Kieslich et al., 1973].

N3BecTHO, YTO aHAJIOTM AKPOHUIMHA (AKPUIOHBI)
o0JaiaT aHTUMASIpUHHON akTUBHOCTRIO [Fujioka et al., 1989;
Fujioka et al., 1990; Basco et al., 1994; Hari et al., 2010]. IIpu
OKHCJIEHUU akpoHuLMHA (X) pacTyllluMu KyJIbTypaMu IrpuOoB
pona Cunninghamella Habn101a10CH TUAPOKCUIMPOBAHUE
6enzonpHOTrO KoJbIa [Betts et al., 1974]. IIpu sTrom Hanbonee
axktuBHbIN mTamm C. echinulata NRRL 3665 B Teuenue 70 yacoB
MpeBpaIial UCXOIHOE BemecTBO B 9-ruapokcuakpoHuiut (XI) ¢

BeIXos10M 30% [Betts et al., 1974]:

[Tpu Tpanchopmanmu Grymekuna (XII) pactymei

KyneTypoii Tpuba C. elegans B TedeHne 7 CyTOK HAOJIOJAIOCh
oOpa3oBanue quactepeomepoB 7-runpokcudrymexuna (XIII,
BbIx0J 23%) u (XIV, Beixon 43%), a Takxke 7-okcorymeKknHa
(XV, Boixox 11%) [Williams et al., 2007]:

12



F COOH
O
XII XIII
HO \\\CH3 O CH3
I/H
N_H N
F COOH F COOH
(e} (¢}
X1V XV

1.2. Tpancdopmanusi XMHOJIOHOB BTOPOI0 NMOKOJIEHUS

W3BecTHO, 9TO MosiBICHHE HOP(HIOKCAMHA, TIOJI0XKUIIO
Hayvajo HOBOMY (BTOPOMY) MOKOJICHHUIO XHHOJIOHOB [ Brighty,
Gootz, 2000]. JTabopaTopHbIe UCTIBITAHUS TOKA3AJIH, YTO

HOp(dIOKCAIIMH 00JIajaeT aHTUMATSIPUHHON aKTUBHOCTHIO

[Mahmoudi et al., 2003; Sarma, 1989].

HexoTopsiMu uccienoBaTeIssMu ObLITH OMTUCAHBI
MUKpOOHbIe npeBpalienus Hopduokcanuna (XVI) u
numnpoduokcaruua (XVII); Hanpumep, nmpu ux TpaHchopmaimu
pactymei KyneTypoi Escherichia coli nabmronainochk
obpazoBanue N-anerunHopdnokcanuna (XVIIIL) u N-
anetunuunpodnokcamnunaa (XIX) [Parshikov et al., 1999;
Parshikov, Sutherland, 2015; Jung et al., 2009]:
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COOH
N
R
XVI, R=C,Hj XVIII, R=C,H;
XVII, R=C3H; XIX, R=C;Hjs

ITpu Tpanchopmanuu Hopdokcanuna (XVI) pacrymeit
KynbTypoit Microbacterium sp. 4N2-2 B TeueHue 14 cyTok ObLUI0
00HapyXEeHO YeThIpe MeTabonuTa: N-aneTHIHOP(IOKCAITUH
(XVIII), npoayKT 2IMMUHUPOBAHUS STHIIEHA U3 N-
anetunHopdokcaruna (XX), a TakxKe J1Ba
TUAPOKCUIIPOU3BOIHBIX - 6-ruapokcuHopdiokcanuH (XXI) u 8-

ruapokcuHopdiaokcanu (XXII) [Kim et al., 2011]:

0 0
Fj©\)‘j/COOH HO:O\)‘j/COOH
U IS
Hycoc” CHs CH,
XX XXIT
0
F COOH

|
N N

XXII

[Munpodnokcanun (XVII) uzBecteH cBOMMHU
aHTUMaJIpuitHBIMU cBoiicTBamu [Watt et al., 1991], nostomy
BHUMaHME UCCIIeIoBaTeNeH IPUBIEKAIOT HOBBIE CIIOCOOBI

IMOJIYYCHH IMMPOU3BOAHEBIX 3TOI'O JICKApCTBAa.
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Tpanchopmarus unpoduiokcarmaa (XVII) B Teuenue 90
yacoB rpubom Gloeophyllum striatum nokasana oopazoBanue 11
MeTaboauTOB. OCHOBHBIMH MPOTYKTAMH MPOIIECcCa SIBIISLITUCH
MOHOTHIPOKCUIIMPOBAHHbBIE TIPOU3BOAHBIE: 3-
ruapokcurunpodaokcanud (XXIII), 6- u 8-
TUJIPOKCUTIPOU3BOIHBIC (AaHATIOTUIHBIE THAPOKCUIIPOU3BOTHBIM
XXI u XXII HopokcanuHa); AUTHAPOKCUITUPOBAHHBIC
npousBoaHbie: XXIV u XXV; npoayKT 3 TMMUHUPOBAHUS STHIICHA
n3 nunepaznHoBoro koibia (XXVI) u npoaykT aerpaganuu
MUTIEPA3UHOBOTO KOJIblIA - 7-amuHouumnpodaokcanut (XXVII)
[Wetzstein et al., 1999]:
o) OH 0O
FmOH chow
HO A HO OH A

XXII XX1V

'S W
|
HoN N

XXVII
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Tpanchopmanus Hophrmokcanunaa (XVI) [Adjei et al.,
2006] u munpodokcarmaa (XVII) [Adjei et al., 2007] pacTymieit
KyneTypoit Mycobacterium glivum npuBoauia Kk 00pa3oBaHUIO
anetrwnpoBaHHbIX poaykToB XVIII u XIX, a takxke N-
Hutpo3oHopdaokcanuaa (XXVIII) u N-
HuTpo3ouunpodokcanuna (XXIX):

XXVIII, R=C,Hjs
XXIX, R=C3H;

1.3. Tpancdopmanusi XHHOJIOHOB TPEeThero MOKOJICHHS

XUHOJIOHBI TPETHETO OKOJICHUS TaKHe, KaK
supoduiokcarut [Sellyei et al., 2009], capadmokcanun [Edens et
al., 1997; Amjad et al., 2006; Abd El-Ghany et al., 2011],
na"ognokcaiuH [Sappal et al., 2009], npanoduiokcanyx
[Wetzstein et al., 2005], Takxe MpeACTaBISIOT HHTEPEC C TOUKH
3peHHs UX MOIU(UKAIIUH ITyTEM BBEICHUS JTOTIOTHUTEIBHBIX
(yHKIMOHAJIBHBIX TPYIII C TIOMOIIBIO MUKPOOHOJIOTHYECKOTO

CHHTC3a.

[Tpu Tpanchopmanmu supodokcanuHa (XXX) B TeUeHHE
7 nueii rpudom G. striatum ObuT0 BbINEneHUb! 11 MeTaboIHUTOB.

HauGonpimmnit uHTEpEC AJIs1 aJbHENUIIEr0 OraHMYECKOro CHHTE3a
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npeacTaisiin rugpokcunpon3Boanbie (XXXI-XXXYV) [Wetzstein
et al., 1997]:

HaC HaC

o
F
|
XXXI
HO:O\)‘j/COOH FjQ\)‘j/COOH
|
N N
SN o

p N

HsC HsC
XXXII XXXIII

A
A

OH O

O I Nl (\Nm
s A A A

HsC HaC

XXXIV XXXV

JIBa Ipyrux MOJyYSHHBIX METa0OIUTA SBISIFOTCS
TUTTUYHBIMU JIJIST TIPOIIECCOB MUKPOOHOTO OKHCIICHUS
(TOPXHHOIOHOB: MPOIYKT JIMMHUHUPOBAHUS dTHIICHA U3
supoduiokcarmHa (XXXVI) un 7-amuHOIMMIpodIoKcanH

npousBoaHoe (XXVII) [Wetzstein et al., 1997].
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B Gonee mo3aaMX paboTax MTOMUMO OOJIBIIOTO KOJIUYECTBA
MeTaboIUTOB ObLIA onMcana N-OKHCh YHpOo(dIoKcanHa
(XXXVII) — emie 0a1H TUIUYHBINA METAOOINT, TOJIY4YSHHBIH MPH
oKuceHuH dHpodokcanuHa rpudbom G. striatum [Wetzstein et

al., 1997; Wetzstein et al., 2006; Karl et al., 2006]:
H
N

A~ A A

HaC HsC
XXXVI XXXVII

B pesynbsraTte Tpanchopmammu 3HpodIoKcauHa rpuoomM
Mucor ramannianus ATCC MY A-883 [Parshikov, Sutherland,
2015; Parshikov et al., 2000b,d] B Teuenue 21 gHs ObLIN
BBIJICTICHBI TPU MPOIYKTA: MPOIYKT YITUMUHUPOBAHUS YTHIICHA U3
supodokcanuna (XXXVI, Beixon 3,5%), N-okuck
supoduiokcarHa (XXXVII, Beixon 62,0%) u N-
anermwinunpodnokcanus (XIX, Beixon 8,0%) [Parshikov et al.,
2000b,d].

Capaduokcarun (XXXVIII) ucnonszyercst Kak
aHTHOaKTepuaTbHBIN areHT Ha ntuiiedepmax [Jones et al., 1998;
Abd El-Ghany et al., 2011] u B pa3BeaeHHH BOAHBIX OMOPECYPCOB
(axBakynbTypa) [Martinsen and Horsberg, 1995]. brina uzyuena
Tpanchopmanus capadiokcalrHa B pacTyllen KyJabType rpuda
M. ramannianus ATCC MY A-883. B treuenue 18 nueit
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Ha0II01a10Ch 00pa30BaHUE ABYX METAOOIUTOB: IPOTYKT
AIIMMUHHUPOBAHUS dTiIeHa U3 capaduokcanuHa (XXXIX, Bbxon
26,0%) u N-aneruncapaduokcarnus (XL, Beixon 15,0%)
[Parshikov et al., 2000c; Parshikov et al., 2001b]:

XL

ITpu Tpanchopmanuu nanoduokcanuna (XLI)
KynbTypamu Mycobacterium smegmatis Ul AM-563 u
Pseudomonas fluorescens Ul AM-670 Ob110 BBIZCIECHO B
Metabonuta - N-gemerunaanoduokcanud (XLIT) u 7-

amuHoganoduokcarud npousBoanoe (XLIII) [Chen et al., 1997]:
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0O @)

FmCOOH FmCOOH
@\1 N N N
WA WA

XL1

XLII

HsC™

0O

FmCOOH

XLIIT

brina nzydena tpanchopmarnus npagodiokcanmHa
(XLIV) pacrymeit kynbtypoit rpuda G. striatum DSM 9592
[Wetzstein et al., 2012]:

XLIV

B pe3ynbraTe ObLIO BBIJENEHO IIECTh OCHOBHBIX
MeTa0oIHUTOB: 3-TUPOKCHU-8-1TnaHO-Tipagodaokcanud (XLV,
BbIX01 3,0%), 6-ruapokcu-8-nnano-npamodaokcanud (XLVI,
BbIx01 9.0%), 5,6-muruapokcu-8-nuano-npaaodroxcanut
(XLVIL, Beixox 3,0%), 8-runpokcu-npanodiaokcarnus (XLVIII,

BbIx0J 1,0%), amunonpousBoanoe (XLIX, Bexon 1,0%) u 6-
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[(E/Z)-1-1nano-2-ruapokcudTeHus |- 1 -imkionponui-4-okco-1,4-

IUruapo-3-nupuauHkapoonosas kucnota (L, Berxon 1,0%)

[Wetzstein et al., 2012]:

(@]
F. OH
H |
HN N N
SR
H

XLV

OH O
HO COOH
H |
HN N N
L L
H

XLvII

1.4. Tpancopmanusi XMHOJIOHOB Y€TBEPTOr0 MOKOJIEHUSA

B nuTepatype HE Tak MHOTO CBEICHHI O MUKPOOHBIX

o)
HO COOH
H |
HN N N
o )
H
XLVI
o)
F. COOH
H |
HN N N
OH A
H
XLVIII
o)
COOH
HO™ N

MPEBpALICHUAX XUHOJIOHOB UCTBCPTOI'O0 MMOKOJICHUS.

B mponecce MI/IKp06HOFO OKHUCJICHUA MOKCH(i)J'IOKC&I_[I/IHa

(LI) B Teuenue 3 cyrok rpudbom G. striatum DSM 9592 6b110

BBIZCIICHO HCCKOJIBKO MeTa6OJII/ITOB, Cp€an HUX — 3-

ruapokcunpousogroe (LII), 6-runpokcumokcudrokcanuy

(LII), a Takxe nemeTmrpoBanHoe pousBoaHoe (LIV)

[Wetzstein et al., 1997b]:
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F COOH F OH
H |
HN N N
OCH OCHA
H
LI LII
o)
COOH F. COOH
H |
N HN N N
OCHﬁ OH A
H
LIIT LIV

I'nasa 2. Mukpoounonorndeckasi TpaHcopmanus

HACBIINCHHBIX A30TUCTBIX I'€TEPOLIUKJIOB

HacplimenHsle a30Tcoeprkamine reTeponuKInIecKiue
COEZIMHEHUS] MOT'YT 00J1a/1aTh JIEKaPCTBEHHBIMH CBOMCTBaMH, a TaK
e CITY>KUTh ()parMEeHTaMH MOJIEKYJI MHOTHX JIEKapCTB.
Hampumep, Beinenennsie u3 acuuauu Clavelina lepadiformis
ankanouns! — nenaguuel D, E u F, conepxkamune nunepuauH B
KayecTBEe OCHOBHOT'O ()parMeHTa MOJIEKYJIbI 00J1a/1at0T
aHTUMAaJApuitHON akTUBHOCTHIO [Fattorusso, Taglialatela-Scafati,
2009; Wright et al., 2002]. TIpon3BoHbIe a3upuanHa
WCIIONB3YIOTCS B CHHTE3€ aHTUMAIISIpUHBIX JiekapcTB [Hooghea et
al., 2011]. IlupponuAMHbI ¥ TUIIEPUINHBI UCTIONB3YIOTCS KaK
3aMECTHUTENIH B CHHTE3€ MOJYCUHTETUUECKUX aHTUMAIISPUAHBIX

JIeKapCcTB Ha OcHOBE apTemu3unuHa [Pacorel et al., 2010].
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B cBs13u ¢ 3THM BO3pacTaet 11e51ecoo0pa3HoCTh HOBBIX
pa3paboToK B 00JIaCTH MUKPOOHOTO CHHTE3a ITPOU3BOTHBIX
HACBIIIEHHBIX a30TUCTHIX TETEPOLUKIIOB ISl OPTaHUYECKOTO
CHUHTE3a, OMOTEXHOJIOTHYECKUX U (hapMaKOJOTHICCKUX
ITPOU3BOJICTB, YTOOBI YIOBICTBOPUTH, HAIPUMED, TOTPEOHOCTH B
ONITUYECKU aKTUBHBIX MHTepMeanarax [Faber, 2004; Baker, 1987;

Duran et al., 2000].
2.1. TpanchopMmauus a3MpUAUHA U €r0 MPOU3BOIHBIX

AzupuIuHOBBIE (PparMeHTHI MPEACTABIAIOT COOOH
TpEeX4JICHHbIE, a30TCOAEPIKAIINE [IUKINYECKUE CTPYKTYPHI,
HalJIeHHbIE B CAMBIX Pa3HOOOPA3HBIX HATYPATbHBIX MPOIYKTaX,
00J1aaromux aHTHOMOTUYECKONW aKTUBHOCTBIO U
npoTuBooryxoyieBeiMu cBoricTBamu [ Thibodeaux et al. 2012].
ABHMpUANHBI CTallM 00BEKTAMU MUCCIICTOBAHUS JIJIs1 XUMUKOB-
CUHTETHUKOB B KaU€CTBE MOJIE3HBIX CHHTOHOB B OPTaHUYECKOM
cuntese JekapetB [Chawla et al. 2013]. Beuto moka3ano, 4to
COCIIMHEHUS, COJIEpIKaIle B COCTaBE MOJIEKYJIBI CTPYKTYPY S-
(asupuauH-1-un)-2,4-TUHUTPOOCH3MIIA HHTHOUPYIOT POCT
Trypanosoma brucei u Trypanosoma cruzi [Bot et al. 2010].
[IpeacTaBisioT 3HAUUTEIBHBIN HHTEPEC MUKPOOHBIE
TpaHchopMaIK COSTMHEHNH a3UpUINHA, KOTOPBIE IPOXOIST C

BBICOKOM peruo- u crepeocenekTuBHOCThIO [Chawla et al. 2013].

Panemuyeckue kapOOHUTPUIIBI COJIEPIKALIME a3UPUIIH,

(LV, Ar — apui) Obu1H pa3ieiieHbl Ha COOTBETCTBYIOIINE
23



sHaHTHOMEPHI KapOoHOBBIX kKucioT (LVI) u (LVa) mrammom
Rhodococcus erythropolis AJ270 ¢ Berxogamu 45-50% [Dexian
and Meixiang 2010]:

N—Ar DN—Ar N—Ar

NG HO,C H,NOC

LV LVI LVva

2.2. Tpanchopmauus a3eTUAUHA U €ro NPOU3BOAHBIX

Cpenu BOCCTaHOBJICHHBIX a30TCOECPKAIIMX T€TEPOIMKIIOB
00JIBINION UHTEpEC MPEACTaBIsAET TpaHChOopMaIus
MOHOIIMKIINYECKHX [-JJAKTaMOB, TaK KaK OHU 3a4acTyI0 00JIaJJatoT
WHTEPECHBIMH (PapMaKOJIOTHICCKHMH CBOMCTBAMH HAIIPUMED,
CYIIECTBYIOT -TaKTaAMHbIC aHTUOMOTUKH (TIEHUIMILTHHBI,
nedanocnopuHbl, kKapoaneHeMbl, MOHOOAKTaMBbI, TeHeMbl). Kpome
TOTrO, 3-a3u0-, 3-aMuHO- 1 3-(1,2,3-Tprazon-1-wmr)-B-makramsl
OBLIM CHHTE3UPOBAHBI M HCCIICIOBAHBI, KaK CPEJCTBA MPOTHB P.
falciparum [Singh et al., 2011]. Taxxe HemaBHO ObLIA
CUHTE3UpOBaHa OM(PYHKIMOHAIbHAS THOPUAHASI CTPYKTYpa B
Ka4yeCcTBE NMOTEHIIMATBHOTO AHTUMAIIIPHIHOTO CPEJICTBA Ha

OCHOBe 7-xJIopxuHOJMHA 1 -nmakTama [Singh et al., 2012].

[pu Tpanchopmanuyu MOHOUMKINYECKOTO B-TaKTama
(LVII) pacrymieit kynbrypoii rpuda B. bassiana ATCC 7159
BbIxoa ruapokcumnpousogHoro (LVIII) cocrasisin 10%;
obpazoBanue Broporo npoaykra (LIX) ¢ Berxomgom 20%
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MIPOMCXOAMIIO TIPH OTIIEIUICHUH O€H3UIbHOTO panukana [Archelas

et al., 1988]:

OH
7 5
8 %, 6 %, ,
HsC™ j;(\CHB ch) j;(\CHa HaC™ E;K\CHs
N
g 2 1\ ~CeHs g N\/CGH5 o N\H
9
LVII LVIII LIX

Boccranosnenne a-kero-f-nakrama (LX) pactymumu
KJIETKaMHU Apoxken Saccharomyces cerevisiae TpUBOIUIIO B
TEYEHHUEe MATU CYTOK K 00pa30BaHUIO yuC-THIPOKCUIIPOU3BOIHOTO
(LXI, Beix011 62%) 11 mpanc-runpoxcunpousBoanoro (LXII,
BbIxoJ1 38%) [Mihovilovic et al., 2005]:

. N 7,

O Céfls  HO,  CeHs  HO,  CeHs

—N N —N
N Vi
o CeH4OCHs O CgH,0CH; O CgH4OCH,

LX LXI LXII

[IpeBparienne azetunuH-2-kapoonosoit kucnotsl (LXIIT)
ruaponasoi Pseudomonas sp. A2C conmpoBOXIan0Ch

oOpa3oBaHueM 2-rupokcu-4-amuHomacisiHoi kuciaotsl (LXIV)

[Gross et al., 2008]:

COOH COOH
f on
NH,
LXIII LXIV
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IMuapoxcunupoBanue N-3amenieHHbIX azeTuauHOB (LXV,
R= CO,C¢Hs; CO,t-Bu) xnetkamu 0aktepun Sphingomonas sp.
HXN-200 nmpuBoauio k 00pa3oBaHUIO THAPOKCUIIPOU3BOIHBIX
(LXVI, R= CO,C¢Hs; CO,¢-Bu) B monoxxeruu 3
TeTEPOLUKIMYECKOT0 Kobla ¢ Beixoaamu 91-98% [Chang et al.,

2002]:

LXV LXVI

[To3znuee 610 MOKa3aHo, UTO R. erythropolis AJ270
OCYILECTBIISIET pa3zielieHHe paleMUUecKuX cMmecel kap0o-
autpuioB (LXVII, R= C¢Hs; 4-Me- C¢Hy; 4-MeO-C¢Hy; 4-Br-
Cg¢Hy; 3-Br-C¢Ha; 2-Br-C¢Ha) B pocdaTrOoM Oydepe ¢
obpazoBanuem nzomepo LXVIII u LXIX Berxomom 10 46%
[Leng et al. 2009]:

CN CONH, (COoH
] ] -
R R R
LXVII LXVIII LXIX

2.3. Tpancdopmauusi nMppoJIHANHA U €r0 NPOU3BOAHBIX

[TupponuIMHOBEIN (HparMeHT SBISAETCS YACThIO MOJIEKYIIbI
aHTUOMOTHKA - KIMHAAMULIMHA, Y KOTOPOrOo OOHAPYKEHbI

npotuBomalipuiinsie cBoiictBa [Lell, Kremsner, 2002]. Kpome
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TOTO, TPOU3BOAHBIC TUPPOTUANHA 00IaTAFOT CTOCOOHOCTHIO
MHTUOMPOBATH POCT XJIOPOXUH-YCTOWYMBBIX IITAMMOB P.
falciparum [Mendoza et al., 2011]. TToaTomy, ¢
(hapMaKoJIOTMYECKOM TOUKH 3PEHHUS HHTEPECHBI COSTMHEHU,
HMMEIOIIHUE TSTh WK 00JIee aTOMOB B T€TEPOIUKINICCKOM KOJIBIIE

¢ obmeit popmymoit (LXX) [Archelas et al., 1986]:

OH
(GH2)n
( N |
n=12,3 HO
LXX LXXI

OHM MOTYT TaKXe paccMaTpUBATHCS KaK aHAJIOTH Y-
amMuHO-B-ruapokcuMacisaoi kuciaotsl (LXXIT), nmeromeit

Ba)XHOE MEIUIIMHCKOE 3HaYeHue [Archelas et al., 1986].

bria n3ydyeHa BO3MOKHOCTh THAPOKCUIUPOBAHUS N-
3aMENICHHBIX MUPPOJIUJINHOB U UX aHAJIOTOB PACTYIICH
KyneTypoit B. bassiana ATCC 7159 . B pe3ynbrare
Tpanchopmanuu 1-6ensunnupponugona-2 (LXXII) nabaronanock
o0pa3oBaHUE ONTUYECKH aKTUBHOTO 1-0eH3mII-5-
ruapoxkcunuppoauaona-2 (LXXII, Beixon 12 %) u
oemsanpaeruna (LXXIV, Beixon 2 %) [Srairi, Maurey, 1987]:

{ P~ ol o
J CGHSA @

CeHs
LXXII LXXIII LXXIV
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[Tpu Tpanchopmanmu 1-6enzomnmmupponuaona-2 (LXXV)
B UHKYOAIIMOHHOW CMeCH ObUT 0OHAPYKEH ONTUYCCKU aKTUBHBIN
1-6en3omn-4-runpoxcunupponanaos-2 (LXXVI, Beixon 21 %) B
cmecu ¢ 6enzamuioM (LXXVII) [Srairi, Maurey, 1987]:

HO
(>~ { >~ (L
NH
/L N %/ 2
CeHs~ O CeHs~ © o]

LXXV LXXVI LXXVII

B npouecce Tpanchopmanuu 1-0eH30MIIHMPPONTHITHA
(LXXVIII) mpoucxoauiao THAPOKCHIMPOBAHNE YTIEPOTHOTO
aToOMa B IOJIO’KEHUU 2 € PACKPBITHEM LIMKJIA U 00pa3oBaHueM N-
(4-runpoxcubytmn)oenzamuaa (LXXIX, Berxon 8%) [Archelas et
al., 1986]:

N HN
CeHs~ © CeHs~ ©
LXXVIII LXXIX
B mporuecce Tpanchopmanuu 1-6eH30MIMUPPOIUINHA

(LXXVIII) unu 1-6en3omnmupponugona-2 (LXXV) B pactymeit
KynbType rpubda Cunninghamella verticillata BKIIM F-430, 6b111
MOJTY4eHbI ONTUYECKU aKTUBHBIM (-)-1-0eH30M1-3-
ruapokcunupponuanH (LXXX, Beixon 38%) mnu 6eH3amMuj
(LXXVII), cootBetcTBeHHO [Parshikov et al. 1992; Parshikov et
al. 2010a,b]:
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5

N
CeHs~ ©
LXXX

Obpa3oBanue 3-ruIpOKCUIPON3BOAHBIX MUPPOJIUIUHA C
BBIXOJI0M 66.4-93.5% Takske HaOII01aI0Ch MTPH TPpaHC(HOpMAIUU
N-3aMelIeHHbIX MUPPOJINANHOB KJIETKaMu OaKTepuu
Sphingomonas sp. HXN-200; 3amMecTUTEIIIMA Ha aTOME a30Ta,
mornu oeiTh: CH,CeHs, COCgHs, CO,CH,C¢Hs, CO,C¢Hs, mnu
CO,t-Bu [Li et al. 2001].

[Tpu runpoxcuaupoBanuu 1-heHanuImuppoanuIoHa-2
(LXXXI) rpudom B. bassiana ATCC 7159 npouecc npoTexan
gyepe3 CTaJuio 00pa30BaHUs IPOMEKYTOUYHOTO COSTUHEHUS - |-
denanun-S-ruapokcunupponuaona-2 (LXXXII), a koHeuHbIiH
mpoaykT - 1-dperarmmmupponuauuaanon (LXXXIIT)
oOpa3zoBbIBaJics ¢ BeIXoq0M 23 % [Srairi, Maurey, 1987]:

N

S{C(SHS S{CGHS S{CGHS
o o

(¢}
LXXXT LXXXII LXXXIIT

JlanpHeniee u3ydeHue peBpalicHui 3aMeILEHHBIX
MUPPOJIMIOHOB MOKA3aJI0, YTO PacTylias KynbTypa B. bassiana
ATCC 7159 ruapokcunupoBana S-MeTui-1-0eH30uIIuppOIUI0H-
2 (LXXXIV), kak B nonoxenue 3 (LXXXYV, Beixon 11%), Tak u B
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nonoxkenue 4 rerepokosiblia (LXXXVI, Beixon 12%), mporecc
conpoBoxaincs oopazoBanuem Oenzamuaa (LXXVII) [Srairi,

Maurey, 1987]:

OH HO
w0 ol -
3 /L H3C N O H3C N O
CeHs 0 /go CsHs/go

CeHs
LXXXIV LXXXV LXXXVI
Paznenenne parileMuueckux cMeceu trans-nuppoJiuavuH-
2,5-nukapookxcamuioB (LXXXVII, R= Bn; anmwn; H), ¢
UCTIOJIb30BaHUEM aMuzasbl U3 R. erythropolis AJ270, npuBoauno
K o0pa3oBaHuio (2S5,55)-nmuppoauauH-2,5-1ukapOooKkcaMuI0B
(LXXXVIII) u (2R,5R)-5-kapOaMOUITIUPPOTHANH-2 -
kap6oHoBbIM kHcioTaM (LXXXIX) ¢ BEICOKMM BBIXOAOM (210

52%) ¢ oTmuHO# 3HaHTHOCEIeKTUBHOCTRIO [Chen et al. 2012]:

HzNoc““‘"QCONHz

R
H2NOC"“'"QCONH2 LXXXVIII
R
LXXXVII HOZC““‘"QCONHQ
R
LXXXIX

2.4. Tpanchopmanus NUIepUIMHA U €ro NPOU3BOAHBIX

3aMeH_IeHHI>Ie IMUIICPUAUHEBI SABJIAIOTCA 0a30BBEIMH

CTPYKTypaMu MPUPOJHBIX U CHHTETUYECKUX COEIUHEHHI C
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OOJIBIITUM CIIEKTPOM OMOJIOTHUECKOM aKTUBHOCTH [Sun et al.,
2000]. B teuenue nocnennux 20 geT THICSYU TPOU3BOJHBIX
MUTNepUIMHA OBUTH YIIOMSIHYTHI B JINTEPATYPE IO Pe3yIbTaTaM
JTOKITMHHYECKUX U KIMHUYECKUX UccienoBanuii [Weintraub et al.,
2003]. HekoTopele mpOU3BOAHBIE MUNIEPUINHA, HATIPUMED,
bebpudyruH ABISIOTCS MPOTUBOMAISIPUHHBIMU JICKAPCTBAMH

[Taniguchi, Ogasawara, 2000].

B nocnennue necsatuneTys noiaydnia CBO€ pa3BUTHE U
MUKpOOHAs XMMHUS TUIIEPUINHOB. B pe3ynbraTe HCIOIh30BaHUS B
KayecTBe cyOcTpara A TpaHchopmanuu 1-0eH30ouInunepuInHa
(XC) paznuuHBIMU IPyNIAMU UCCIIEA0BATENEH TP pa3HbIX
YCIIOBHSIX SKCTIEpUMEHTA ObLT BhIIENIEH 1-0eH30mi-4-
ruapoxcununepuant (XCI) ¢ Beixogom 18 % nocine
tpanchopmanmu ¢ B. bassiana ATCC 7159 [Johnson et al.,
1968a]; 7 % nocne Tpanchopmanuu ¢ B. bassiana ATCC 7159
[Archelas et al., 1986]; 80% nocne Tpanchopmanmu ¢ Aspergillus
niger VKM F-1119 [TepentseB u ap. 1989; [lapmiukos u ap.
1990a,6; I'pummna u 1p. 1997; Parshikov et al. 1992] u 91-98%
nocye tpanchopmanyu ¢ Sphingomonas sp. HXN-200 [Chang et
al. 2002]:

OH

SRS
C6H5/J§O CSH5/J§O
XC XCI
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[Tocne Tpanchopmanuu 1-6enzomnmunepuauna (XC)
pactymieit kynbTypoit B. bassiana BKM F-3111]1 and Penicillium
simplicissimum KM-16 Obin1 BbineneH 1-6enzoun-4-
ruapoxcununepuut (XCI) ¢ Beixomamu 60% u 3%,
COOTBETCTBEHHO, a TaK)K€ ONTUYECKU aKTUBHBIN (+)-3-THIPOKCH-
1- 6enzounnunepuauna (XCII) ¢ Berxomamu 1% u 3%,

cootBeTcTBeHHO (Parshikov et al. 1992).

Kpome Toro, cpenu mpoykToB TpaHchopmaryu 1-
oenzomnnunepuanaa (XC) rpudom P. simplicissimum KM-16
Obu1 00HapyskeH 2-ruipokcu-1-6enzommunepuans (XCIIT) ¢

BbIxoaoM 12% (Parshikov et al. 1992):

O/ — CHO
N N~ OH NH
CeHs/go CeHs/go

XCIlI XCIII

CeHs o

Tpancdopmanus 1-(4-auetundenwn)-nunepuanaa (XCIV)
rpubom B. bassiana ATCC 7159 conpoBoxaanace 06pazoBaHUEM
4-runpokcu-1-(4-anerundenmnn)-nmunepuaraa (XCV) ¢ BEIXOI0M

20% [Johnson et al., 1992]:

OH
[Nj \
CgH4COCH; CeH4COCH;
XClv XCvV
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[lo3anee, FTOT pe3ynbTaT ObLI MOATBEPKACH IPYTUMHU

aBTopamu [Osorio-Lozada et al., 2008].

IIpu BBeieHUN METUIIBHOTO 3aMECTUTES B
reTepOLMKINYECKOE KOJIBIO Mpoliece TpaHchOopMalluy IIes Mo-
npyromy. B cnydae tpanchopmanuu 1-6enzonn-4-
metwmunepuanna (XCVI) pactymieit kyneTypoii B. bassiana
ATCC 7159 napsny ¢ 4-rugpokcunpon3BousiM (XCVII, BeIxos
13%) 6611 nonydeH 1-0eH30mn-4-ruipOKCUMETHIIITUTIEPUIUH

(XCVIIL, Beixon 23%) [Johnson et al., 1969]:

N /L N
CeHs/go CeHs~ © CeHs/g %
XCVI XCVII XCVII
B toxe Bpemsi, uzoMepHsIi 1-6eH30m1-3-
MetununepuanH (XCIX) ruapokcuiarpoBaics Kak B IOJI0KEHUE

4 (C, Bbixoa 6%), Tak u B nosioxkenue 3 rerepokosiblia (CI, Berxon

7%) [Johnson et al., 1969]:

OH
ot O
OH
N /’L N
CeHs/AO CeHs 0o CeHs 0
XCIX C Cl

Jlis CTPYKTYpBI ¢ IBYMsI METUJIbHBIMU 3aMECTUTEIISIMU B

reTepoKoiblie - 1-6en3omn-2,5-qumerunnunepuanna (CII)
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rpuboM B. bassiana ATCC 7159 npoucxoaumino

TUIPOKCHIINpOBaHKe B nosioxkeHue 3 rerepoxoiblia (CIII, Bexon

49%) [Johnson et al., 1969]:

0.
HsC~ N7 CHy  HiC /L CH,
CeHs o CeHs 0

ClI CIII

BBeneHue B reTepoKoIIbII0 KETOTPYIIIBI YACTUYHO MEHSIIO
HampasJIeHUE Mpolecca ruapokcuuinpoBanus. [Ipu pocre B.
bassiana ATCC 7159 B npucyrcTBun 1-0eH3UNIMIUIIEPUIOHA
(CIV) B uHKYOaLIMOHHOM cMecH Hapsny ¢ 1-0en3uin-4-
ruapokcununepugonom-2 (CV, Beixon 10 %) 6611 06Hapy)eH
HecTaOWIbHBIN 1-6eH3un-6-ruapokcununepunos-2 (CVI, Berxon
5%), KOTOpBII 3aT€M CIIOHTAHHO MPEBPAILAJICS B POJYKT €T0
nerunparanuu (1-6en3mn-2-okco-1,2,3,4,-TeTparuAponupuInH)

(CVII) [Archelas et al., 1986]:

N O

CeHs CeHs) CsHs) CeHs
C1vV CvV CV1 Ccvil

[pu ruapoxcunupoBanuu 1-6eH3omanunepuoHa-2
(CVII) B pactymieit kynbtype B. bassiana ATCC 7159 u3
MHKYOalnoHHOU cMecu Hapany ¢ 6enzamuaoM (LXXVII) 6b11
BBIJICTICH ONTUYECKU aKTUBHBIN |-0eH30MI-4-
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ruapokcununepunon-2 (CIX) c Beixogom 27 % [Archelas et al.,

1986]:

OH
ENj\o N~ o
CeHg™ O C6H5/AO
Cvill CIX

B mporecce tpanchopmarnym 1-6en3mn-3-meTH-A*-
nunepuauHa (CX) pactymumu kinetkamu rpuda C. verticillata
BKIIM F-430, nabntoganuck o6pazoBaHUe TpeX MPOIYKTOB B
cootHommeHuu: CXI: CXII: CXIII = 1:2:16 (Terent’ev et al.
1997):

OH
Me
SANe
) )

\
CH,Ph CH,Ph

CX CXI
OH OH
Me §OH
Me
) )
CH,Ph CH,Ph
CXII CXIII

Jlpyrue ananoru 1-6ensmi-3-metin-A’ -munepuansa (CX):
1,2,5,6-terparuaporupuaunsl (CXIV a = R'=Bn; R>=H; b =
R1=Bn, R2=H; c= R1=Pr, R2=Me), TaKKe TTOABEPTAITUCH
YaCTHUYHBIM U3MEHEHUSAM pacTyllel KynbTypoit rpuda C.

verticillata BKIIM F-430 ¢ o6pa3oBanuem n3omepoB CXV a
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(BeIx0m 97,6%), CXV b (Beixog 100%), CXV c (Bbixoa 19,0%), u
CXVI ¢ (Bbrxog 59,0%) [Terent’ev et al. 2003]:

HO
R1 c;)HR1 R‘l
N N N OH
RZ éZ R2
CXIVa,b,c CXVa,b,c CXVI ¢

Kpowme Toro, Habmmoanacs Tpanchopmarms 2-
areTokcumeTwi- 1 -metun-1,2,5,6-rerparuaporupuauna (CXVIN)
B 4-runpokcu npousBoaHoe (CXVIII) pactymeit kyiasTypoit C.
verticillata BKIIM F-430, ¢ Hebonpmum BeixoaoMm (MoasiHOBa 1

ap. 1999; Modyanova et al. 1999; Modyanova et al. 2010):

OH
L
l‘\l CH,OCOMe ITI CH,OCOMe
Me Me
CXvIl CXVIIIL

[pu Tpanchopmanuu 1-(4-ronuncynbhonmn)-4-
metunennunepuauna (CXIX) rpudom B. bassiana ATCC 7159
nporiecc TpaHc(hOpMAaLINK IIeJT PETHOCENEKTUBHO C 00pa30BaHUEM
panemMuueckoro 4-ruipokcu-4-rugpokcumeri-1-(4-
tomncynbGonun)munepuanaa (CXX, serxon 20%) [Johnson et

al., 1992]:
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CH,
OH
L \
‘302 S‘OZ
CgH4CH3 CgH4CH3
CXIX CXX

2.5. Tpancdopmauus a3enaHa u ero NpoOU3BOJIHBIX

AsenaHbpl MOTYT OBITh HCITOJIb30BaHbI JIJISl JICUCHUS
MaJisipuu. bbula CHHTE3MpOBaHa cepusi IPOU3BOIHBIX 3-
a3abununkio-[3,2,2]-HoHana, KoTopble ObUTH YPPEKTUBHBI JJIST
TeYeHUs U TPOMUIAKTUKY MASIPUX U TPUTIAHOCOMO30B
[Seebacher, Weis, 2011]. 3a mocnenuue 50 neT TpanchopMamms
MPOM3BOIHBIX a3emnaHa (FreKCaMeTHICHUMIHA) U3yJasiach

KOJUIEKTUBAMHU HECKOJIBKUX JIAOOpaTOpuil.

[Tpu Tpancdopmaruu 1-6eH30UIreKCaMeTUIICHUMHUHA
(CXXI) pactymeit kynbTypoit B. bassiana ATCC 7159
MPOUCXOAMIO 00pa30BaHME IBYX ONTUYECKH AKTUBHBIX 3- U 4-
runpokcunpounsBoansix (CXXII, Beixon 3% u CXXIII, Bbixoq
11%), a taxxe keroHa (CXXIV, Beixon 10%) ¢ kapOOHUIBHOMN

rpymnmnoi B mojioxkeHuu 3 rerepokosbiia [Archelas et al., 1986]:

D@@@Cj

C6H5 CeHs CgHg 0 CeHs /go Co H/Jso

CXXI CXXII CXXIII CXXIV CXXV
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[To manHBIM Apyrux aBTOpoB Ipud B. bassiana ATCC
7159 oxucnan 1-6enzounrexcamerusienumMuH (CXXI) B cmecs 3-
u 4-okco-1-6en3omnrekcameTmiicHUMUHOB (CXXIV u CXXV), 4-
ruapokcunpounsBoaHoe (CXXIII) Takxke MpUCYyTCTBOBAJIO B CMECH

poaykToB TpaHchopmaruu [Johnson et al., 1968a].

Tpancdopmanus 1-(4-ronuncynbhoHnn)-
rekcamermiienumuHa (CXXVI) conpoBoxkaanack 00pa3oBaHUEM

onHoro 4-okconpou3oHoro (CXXVII) [Johnson et al., 1968a]:

) }
SO, SO,

l I
CgH4CH3 CgH4CH3
CXXVI CXXVII

bruta uccnenosana ciocobHocts 6akrepuu Gulosibacter
molinativorax ON4 x okucnenuto monmnaara (CXXVIII), kotopast
MPOXO/IMJIa B HECKOJIBKO CTa/IM: a3emaH- 1 -kapOOHOBas KMCIIOTa
(CXXIX), rekcametmiieanmuH (CXXX), kanponakram (CXXXI);
B JJAJILHEUIIIEM TPOIIECC COTPOBOKIAAICS PACKPBITHEM

rerepokosiblia [Barreiros et al., 2008]:

c:sz\S/go COOH

CXXVIII CXXIX CXXX CXXXI

[Tpu Tpanchopmanyu 4-meTun-1-
oenzounrekcameruneHumuHa (CXXXII) pactymieii kyiabTypoit B.
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bassiana ATCC 7159 B uHKyOAITMOHHONW CMECH Hapsy C
okcornpou3BoaHbIM (CXXXIII, Beixon 11 %) Obut 0OHApYX)EeH
BTOPOU MPOAYKT OKHMCIIEHHSI C THIPOKCUMETUIIBHOU IPYIIIION

(CXXXIYV, Bbixon 29 %) [Johnson et al., 1968a]:

aEEsEe

CgHs % CsHs CeHs
CXXXII CXXXIIT CXXXIV

VYcnoxHEeHHe MOJIEKYIISIPHOM CTPYKTYpPBI
reKCaMETUIICHUMHHA PUBOJIUT K MIOX0XKUM PE3yJbTaTaM.
Hampumep, npu tpanchopmaruu 3-6eH3011-3-
azabunmkio|3,2,2]-nonana (CXXXV) kynasTypoit B. bassiana
ATCC 7159, B uHKYOaIIMOHHOM cMecH OBLIIM 0OHAPYKEHBI
ruIpoKkcu- u okconpousBogubie (CXXXVI, Boixon 50% u

CXXXVIL, Boixox 22%) [Johnson et al., 1968b]:

@@@

CeHs~ O CH/AO CeHs

CXXXV CXXXVI CXXXVII

[Ipu ruapoxcunupoBanuu 1-0eH3UIKanpogakTama
(CXXXVIII) B kynbType B. bassiana ATCC 7159 obpasyrorcs
JIBa ONTUYECKH aKTUBHBIX U30MEPHBIX THAPOKCUIIPOU3BOAHBIX

(CXXXIX u CXL) [Archelas et al., 1986]:



(6] (6] O
) CeHs) CeHs)

CeHs
CXXXVIII CXXXIX CXL

2.6. Tpanchopmanus asonuna

HecMoTps Ha TO, 4TO a301MHBI (M UX TPOU3BOIHBIC) MOTYT
SIBJISITHCS JIEKapCTBEHHBIMU cpeacTtBamu [Fotso et al., 2006;
Hocart et al., 2011], ux MukpoGuoaoruyeckas TpanchopMarius

MaJiou3y4dcHa.

B npouecce tpanchopmannu 3-6eH30m1-3-a3a0UIUKIIO-
[3,2,2]-Honana (CXLI) pactymieit kynbtypoit B. bassiana ATCC
7159 Ob11 0OHAPYKEH TOIBKO OJIUH MPOIYKT -

ruapoxcunpousogsoe (CXLII, Berxox 60-70%) [Johnson et al.,

1968b]:
\::/ _OH
N
o

CeHs o CeHs
CXLI CXLII

N
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I'maBa 3. Mukpoouonoruyeckasi Tpancopmanus a3aapeHoB

MHorue BelecTBa U3 cepuy a3aapeHOB UCIIONb3YIOTCS WU
MOTYT OBbITh UCIIOJIB30BaHBI 115 JIeueHus Mansgpun. Hanpumep,
XUHUH CBHITpaJl ICTOPUIECKYIO poiib B 00phOe ¢ Massipueit. [{o
Bropoiit MupoBoii BoitHBI OH OBLIT € TMHCTBEHHBIM
aHTUMAJIIPUIHBIM [IPETapaToM U JOOBIBAJICSA U3 XUHHOTO JIepeBa.
B 1941 roay AnoH1s! BTOPIVIMCH HA OCTPOB fIBa U OCTaBKU
XUHHUHA JUIs O0JIbIIEH YacTH MHUpa ObUIH TPUOCTAHOBIIEHBI,
MI03TOMY CTaJId UCIOJIb30BAThCS TaKUeE JIEKapCTBa, KaK METaKpUH
U XJIOPOXUH, CHUHTE3UpoBaHble B Havase 30-x ronoB XX Beka
[Jones et al., 2010; Slater, 1993]. Bo3HuKHOBEHHE XJTOPOXUH-
PE3UCTEHTHBIX IITAMMOB MAJIIPUITHBIX TaPa3UTOB BHI3HIBAET

pacTyIyIo MOTPeOHOCTh B HOBBIX aHTUMAJISIPUMHBIX MperapaTax.

B Hacrosiee BpeMsi B HEKOTOPBIX J1a00paTOpHsX BeayTCs
UCCIIeIOBaHUS MO0 Pa3pabOTKe HOBBIX aHAJIIOTOB MIPUMAaxXHHA U3
cepun 8-amuHOXHHOJIWHOB [Vale et al., 2009], a Takxe mo
CO3/1aHUIO0 THOPUAHBIX MOJIEKYJ C «IBOMHOI 00ET0I0BKOIN
[Chauhan et al., 2010]. Hanpumep, rubpuiHbie MOJIEKYIbI
apTeMU3UHHUHA U 4-aMUHOXUHOJMHA 00J1aJal0T aKTUBHOCTHIO B
OTHOIIIEHUU MAJIIPUIHBIX MAPA3UTOB C MHOYKECTBEHHOM
YCTOMYUBOCTBIO K JIGKAPCTBEHHBIM IperiapaTtaM, KOMOMHAIUS
apTeMHU3UHUH-XUHUH 3 dekTuBHa npoTuB P. falciparum [Walsh
et al., 2007], a Takxe KOMOWHAIIUS HA OCHOBE THOPUIHOM

MOJICKYJIbI apTeMHU3WHUH-akpuiuH [Jones et al., 2009].
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3.1. Tpancdopmanusi nMPUIMHA U €r0 AHAJIOTOB

[TupuaAMHOBBIN (PparMEeHT BXOJUT B COCTaB MHOTHX
nekapcTB [Gatti, Adami, 1999; Deretic et al., 1996; Wang et al.,
2007], B TOM 4uCJ€ U aHTUMAISIPUAHBIX U TPOTHBOOMYXOJIEBBIX
cpenacts [Prachayasittikul et al., 2009; Kumar et al., 2008; Ge et
al., 2010].

B pa3sbIx nabopaTtopusx ObLIN UCCIIE0BAaHbI IPOLIECCHI
MuKkpoOuosnornueckoi tpanchopmanuu nupuauHa (CXLIIT) u
€ro IPOU3BOAHBIX OAKTEPUSIMU BBIJIEIEHHBIMU U3 104BHI [Kost,
Modyanova, 1979; Shukla, 1984; Fetzner, 1998]. Pactymas
KynbTypa Rhodococcus opacus BKM Ac-1333D
ruapoxcuinposana nupuaud (CXLIID) no 2-runpokcunupunta
(CXLIV) u 2,6- nuruapokcunupuauta (CXLV); B Toxxe Bpems
Arthrobacter crystallopoietes BKM Ac-1334D ruapokcunrpoBana
nupuauH 10 3-ruapokcunupuanaa (CXLVI) u 2,3-
muruapokcunupuarna (CXLVII) [Zefirov et al., 1993; 1994]:

OQQ

OH HO
CXLIIT <CXL1v CXLV
SN SN ‘ OH
CXVI CXLVII

42



KynwsTypa Agrobacterium sp. npeBpariana 4-
ruapokcunupuaud (CXLVII) B 3,4-nuruaipokcunupuana
(CXLIX) [Watson et al., 1974]:

@@Q

CXLVII CXLIX

COOH

bakrepus Pseudomonas putida ATCC 33015 npespamana
nupuaud (CXLII) B nupuaun-2 kap6onoByto kuciaoty (CL)
[Kiener, 1992].

I'pub Beauveria bassiana ATCC 7159 oxucnsn a-, B-, v y-
nukoJuHel [2-meTtmin- (CLI), 3-metun - (CLII), u 4-
Metunnupuand (CLIID)]| B cooTBeTcTBYIOINE
runpokcumetuanupuannsl (CLIV-CLVI). Tpancdopmarus
MIPOXOIUIIA B OJIHY CTAJUIO U MPOAYKTHI Jlajiee He
MeTtabonu3upoBanuch [Modyanova et al., 1990; Zefirov et al.,

1993]:

Q(Y

CLII CLIII
CH,OH
CH,OH
CLIV CLV CLVI
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Mertunsnas rpynmna 3-metuwinupuauaa (CLIT) 6bi1a
okuciieHa 10 kapookcunpHoM rpynmnsl (CLVII) 6akrepueit
Pseudomonas putida [Kiener 1992]. Kynwstypa Pseudonocardia
sp. M43 runpoxcunupoana 4-metwmupuaud (CLIIT) u 4-
srunmupuuH (CLVIII) 1o 2-ruapokcu-4-MeTHInupuIiHa
(CLIX) u 2-rugpokcu-4-stmimnupuanaa (CLX), cOOTBETCTBEHHO

[Lee et al., 2006]:

CH,CHs CH,CH;
sgille ﬁi ®
/

N~ “OH

CLVII CLVIII Cle CLX

HabGnromanock Taxke pacKpbhITHE TETEPOLUKINYECKOTO
konbia y o-nukonuna (CLI) 6akrepusmu Arthrobacter sp.,
Pseudomonas sp., Nocardia sp. v Bacillus cereus [O’Loughlin et
al., 1999; Padoley et al., 2009; Reddy et al., 2009] baktepus
Gordonia nitida ocynecTBIIsiIa paCKpbITHE TETEPOLUKIMUECKOTO

konbia y B-nmukonuna (CLIT) [Lee et al., 2001].

Muxkpoopranuzmsl TpaHC(HOPMUPOBAIU HE TOJIBKO MOHO-,
HO ¥ Juankuinupuauael. Hanpumep, rpud B. bassiana ATCC
7159 B KynbType pacTyIIuX KJIETOK FMAPOKCUINpOBA 2,6-
mumetuanupuane (CLXI) ¢ oOpazoBaHueM 2-THAPOKCUMETHII-6-
MetunmupuanHa (CLXII, Berxon 88 %) u ciie10BbIX KOJIUYECTB
2,6-nmuruapoxcumetmmupuauaa (CLXIIT) [Modyanova et al.,
1990]:
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/ fj\
X ‘ X
HsC N CHjy H3C N CH,OH

CLXI CLXII
7 7
HOH,C~ N~ “CH,OH HsC~ N~ “COOH

CLXIII CLXIV

I'pub Exophiala dermatitidis npespaman 2,6-
mumetunnupuand (CLXI) B 6-meTrimupuiuH-2-kapOOHOBYIO

kucnory (CLXIV) [Yoshida et al., 2010].

Taxoke OblTa M3ydeHa TpaHCHOpMAIIHSI IPYTUX U30MEPHBIX

JTUMETWITMPUINHOB rpudoM B. bassiana ATCC 7159. beino

BBISICHEHO, YTO THAPOKCUIIMPOBAHUE 2,5-TUMETHIINUPUINHA

(CLXYV) npuBOIUT K CMECH S5-THUIPOKCUMETHII-2-METUITTUPUINHA

(CLXVI) u 2-runpoxcumetwi-S-metwinupuauaa (CLXVII)
[Modyanova et al., 1990]:

HsC_~ ‘ /@/CHZOH HaC_~
X XN X ‘
N~ CH; H,c~ N N~ “CH,OH
CLXV CLXVI CLXVII

[Tpu oxucnenuu 3,4-numernnnupuania (CLXVIII)
00pa30BBIBATIUCH 2 U30MEPA, HO BBIXOA 3-THIPOKCUMETHII-4-
MetunnupuanHa (CLXIX) 3HauuTeNnbHO BhITIE, yeM 4-
ruapokcumeTin-3-metrimupuauHa (CLXX) [Modyanova et al.,

1990]:
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CH; CHj CH,OH

/ ‘ CHj, _ | CH,OH ___CHs
N N SN
CLXVIII CLXIX CLXX

B xoze nporecca Tpancgopmanuu He HaOII01a7I0Ch
THJIPOKCUIIMPOBAHUS ApOMAaTHUECKOT0 KOJIbLIA METWINHUPHUINHOB

HJIN OKHCJICHUA 110 aTOMY a30Ta.

[Tpu Tpanchopmanuu 2-MeTUI-S-3THIMHPUINHA
(CLXXI), a taxxke 2-31ui- win 4-s>runnupuanna (CLXXI)
rpuboM B. bassiana B KaXJI0M cydae HaOII01aI0Ch 00pa30BaHKe
a-ruapokcudTUi npoussoanoro (CLXXIII), B-rugpokcustun
npou3BogHOro (CLXXIV) u N-okcuaa (CLXXYV) [[doBrunesuu
ap., 1986; Iapumkos np., 1989; [lapmmkos, Anapec, 1989;
[Tapuiukos, 1993; ITapumukoB ap., 1994; Ilapmmkos ap., 20118;
[NapmmkoB, XacaeBa, 2014; Vorobyeva et al. 1990; Parshikov,
Khasaeva, 2015]:

4
CoHs_~ 5 N3 F
| ——CH,CH, [ —J—CHOHCH,
X 6 X! )2 X )
N~ CH; = N N

CLXXI  CLXXII CLXXIII
7 Z
(leHzCHQOH (leWCHs
\N \il

0
CLXXIV CLXXV
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[TpouzBoansie nupaszuHa (CLXXVI), 61u3koro anaigora

MUPHUINHA 00J1a/1al0T TPOTUBOTYOCPKYIIE3HON aKTHBHOCTHIO

[Rajini et al., 2011].

Pacrymas xynerypa Rhodopseudomonas palustris
npespaiana nupasud (CLXXVI) B nupa3uHOBYIO KHCIOTY
(CLXXVII) [Sasikala et al., 1994]. Kynbrypa Pseudomonas
putida ATCC 33015 npespamana 2,5-1uMeTHIIUIEpa3uH
(CLXXVIII) B 5S-MeTunmumnepasnH-2 KapOOHOBYIO KUCIIOTY
(CLXXIX) [Kiener, 1992]:

QL T
IV SN SN CH; SN

CLXXVI CLXXVII CLXXVIII CLXXIX

COCH COOH

Itamm Gakrepuu Bacillus megaterium Obl1 HCTIONB30BaH
st ipeBoamenus muppoda (CLXXX) B muppoii-2-kapOoKkcuiat

(CLXXXI) (Wieser et al. 1998):

4 3
o
N N~ COOH
H H
CLXXX CLXXXI

Kpowme toro, 2-meTtunpHas rpynmna 2,5-1uMeTuinupposia

MOXeET ObITh OkucieHa 6akrepueit P. putida (Kiener 1992).
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3,5-Inmetrmmumpazon (CLXXXII) MoxeT ObITh OKHUCTIEH
1o S-mMetuinupazon-3-kapoonoBoit kucnotsl (CLXXXIII) ¢

nomoreio P. putida (Kiener 1992):

4+ 3 CHs COOH
s/ )\
H3C/qj‘2 HaC N

N
H H
CLXXXII CLXXXIII

3.2. Tpancdopmanus XHHOJIMHA U €r0 AHAJIOTOB

M3BecTHO, YTO MPOU3BOIHBIC XUHOJIMHA 001a1al0T
JeKapcTBeHHBIMH cBoiicTBamMu [Andries et al., 2005; Gomtsyan et
al., 2005], B Tom uuncie u npotuBoMasspuitHeiMu [ Kaur et al.,
2010]. Y aHanoroB XMHOJIMHA - IPOU3BOAHBIX XMHOKCAJINHA
[Waring et al., 1991], npou3BonHbix n3oxunonuHa [Banasik et al.,
1992] u mpom3BoaHbIX XHHO3aMMHA [Refaie et al., 2005], Takxe

onucaHbl papMaKoIOrHYeCcKHe CBONCTBRA.

Xunun (Cinchona) ucnons3oBancst B EBporie fuist nedenus
masspuu ¢ 1640 roga [Brocks, Mehvar, 2003]. B cBsi3u ¢ o6paso-
BaHHMEM PE3UCTEHTHBIX (hopM Plasmodium cBoe pa3BUTHE MOTYUHU-
JIU MEKPOOHBIE TEXHOJIOTHH MOIH(DHUKAITIA XUMHUIECKON CTPYKTY-

PpbI XMHHWHA U €TI0 aHAJIOTOB.

bbu10 nokaszaHo, uto Pseudomonas spp. ¥ psl Ipyrux
6axTepuii ciocooHs! okuciATh XMHOMMH (CLXXXIV) [Fetzner,

1998].
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Moraxella sp., Nocardia sp., Pseudomonas diminuta, n
Bacillus circulans oxucnsiin xunonun (CLXXXIV) no 2-okco-
1,2-nurunpoxunonuna (CLXXXV) u 6-ruapokcu-2-okco-1,2-
muruapoxuHonnHa (CLXXXVI) [Grant, Al-Najjar, 1976; Shukla,
1987; Bott, Lingens, 1991]. Kynsrypa Rhodococcus sp. IIpeBpa-
mana XuHOMH (CLXXXIV) He TonbKo B COeJUHEHUS
(CLXXXYV) u (CLXXXVI), HO 1 B 5-TuaApoKcHu-6-(3-kapbokcu-3-
okconporniennn )- 1 H-2-mupunon (CLXXXVII), a Taxke 2H-
nupano-2-oH-[3,2h]-5H-6-mupugon (CLXXXVIII) [Schwarz et
al., 1989]:

5 4
L, CoL, T
TN N0 N
1 H H

CLXXXIV CLXXXV CLXXXVI
HO O
2 20, O
0 SN0 NONTN0
i H H
CLXXXVII CLXXXVIII

[Tpespamenne xunonuHa (CLXXXIV) 6akrepueit
Comamonas sp. B TedeHue 30 4acoB CONPOBOKIAIOCH
o0Opa3oBaHUEM MATH METAOOIUTOB - 2-0Kco-1,2-
muruapoxunonnaa (CLXXXYV), 6-ruapokcu-2-okco-1,2-
muruapoxuHonauHa (CLXXXVI), 5,6-nuruapokcu-2-oxco-1,2-
muruapoxuHonrHa (CLXXXIX), S-runpokcu-6-(2-
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kapookcmdTernn)-2(1 H)ymupunona (CXC) u 8-runpokcu-2-okco-

1,2-murunpoxunonuna (CXCI) [Cui et al., 2004]:

OH
Hom Hoocm ~
N~ o NN 0 Q\/Nlo
H i o
CLXXXIX CXC CXCI

OnrcaHo HECKOJBKO MTaMMOB Pseudomonas spp.,
koropsie peBpamaiu xuHoiuH (CLXXXIV) B 2-okco-1,2-
muruapoxuHonud (CLXXXYV), 8-runpokcu-2-okco-1,2-
auruapoxuHonud (CXCI), 8-runpokcukymapus (CXCII) u 2,3-
nuruapokcudenmtmponuoHoByro kuciaoty (CXCIII) [Shukla,
1986; Shukla, 1987; Schwarz et al., 1989; Aislabie et al., 1990;
Kilbane et al., 2000]:

OH
N HOOC\/\©/OH
oo
OH
CXCII CXCIII

Kynerypa P. putida UV4 npeBpaiuana XMHOJIUH
(CLXXXIV) B 3-runpokcuxuronut (CXCIV), 8-
ruapokcuxunonu (CXCV), yuc-5,6-quruapokcu-5,6-
nuruapoxuHonud (CXCVI), yuc-7,8-guruapokcu-7,8-
auruapoxuHoiuH (CXCVII) u aHTpaHUIIOBYIO KUCTIOTY

(CXCVI) [Boyd et al., 1987; Boyd et al., 1993]:
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N/ N/ N/
OH

CXCIvV CXCvV CXCVI

§ ©[COOH
=
HO N NH,
OH

CXCVII CXCVIII

P. putida UV4 npespamana xunonus (CLXXXIV) B
ONTUYECKHU YUCTHIE AUOJIBL: Yuc-5,6-TUTUAPOKCHU-S,0-
muruapoxuHoiud (CXCVI) u yuc-7,8-quruapokcu-7,8-
muruapoxunonud (CXCVID) [Boyd et al., 2002]. B Toxe Bpems
Kkynbtypa Desulfobacterium indolicum B aHa3 pOOHBIX yCIOBHIX
okucisiia xunonuH (CLXXXIV) no 2-okco-1,2-
muruapoxuHonauHa (CLXXXYV), a 3atem no 2-okco-1,2,3,4-
tetparuapoxunonuHa (CXCIX) (Johansen et al., 1997; Licht et
al., 1997).Okcunasza, BeinencHnas us Arthrobacter sp. okuciusiia
xuHONMH (CLXXXIV) B 4-runpokcuxunosnuH (CC) [Stephan et
al., 1996]:

OH
(L1 @ﬁ
=
N N

N" o

CXCIX CC CCl

o <—Z\ /i
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I'pub Cunninghamella elegans B TeueHune 7 CyTOK OKHCIISLIT
xuHoJuH (CLXXXIV) 1o ero N-okucu (CCI, Bbixon 65%)
[Sutherland et al., 1994a].

XunanpauH (2-metunxuroauH, CCII) Ob11 OKuCIeH 10 2-
Metui-4-xuHosoHa (CCIII) ¢ moMoripio XuHaIbANH-4-0KCHIA3bl,

nonyueHHo u3 Arthrobacter sp. [Stephan et al., 1996]:

0
CCL, CO
N CH;, N” CH,
ccIl cCIn

Pactymas kynerypa Pseudomonas sp. MQP runpokcu-
mupoBana 6-, 7-, 8-metunxunonuusl (CCIV, CCV and CCVI) no

TUAPOKCHUIIPOU3BOIHBIX HEOTIPEACICHHON CTPYKTYPHI [Aislabie et

al., 1990]:
D 00 OO
N~ HsC N N
CH

CClv CCcv CCV1

Kynwsrypa 6akrepuii P. putida QP2 runpokcunupoBana 6-
MetunxuHoJuH (CCIV) 1o BTopoMy MOJ0KEHHUIO TeTePOIIUKIIN-
geckoro konbia [Rothenburger, Atlas, 1993]. I'pub C. elegans
npespaman 6-MeTixuHOJMH (CCIV) B 6-THAPOKCHMETHIXUHO-
nuH (CCVII), xunomun-6-kapoonoByto kucioty (CCVIII) u 6-
metmixuHonuH -N-okcup (CCIX) [Mountfield, Hopper, 1998]:
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HOHsz HooC N H3C

Cevil CCvIIl CCIX

O<—Z\ /:

brumn uccnenoBansl Ouornpesparenus xuanHa (CCX), ero
crepeonzomepa xunuauHa (CCXI) u ux aHaJIOroB — HUHXOHHU-
nuHa (CCXII u nuaxonnHa (CCXIII) rpubamu u 6akTepusiMu
[Siebers-Wolff et al., 1993; Shibuya et al., 2003]. I'pu6 Xylaria sp.
B T€UEHHE JABYX Henenb MeTadonu3upoBan XuHuH (CCX),
xuanauH (CCXI), muaxonuans (CCXII u nuaxonusd (CCXIII) B
cootBetcTBytomue 1-N-okcuasi: (CCXIV, Beixon 90%), (CCXV,
BbIxoa 71%) (CCXVI, Brixon 82%) u (CCXVII, Bbixon 52%)

were formed within two weeks [Shibuya et al., 2003]:

CCX R=OCH; CCXI R=0CH;
CCXII R=H CCXIII R=H

CCXIV R=OCH, CCXV R=0OCH;
CCXVI R=H CCXVII R=H
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Pacrymas xynerypa Mycobacterium smegmatis
npespaiaeT xuHuAMH (CCXI) B cooTrBeTcTBYIOLIMI 1-N-0KCHA
(CCXYV). I'pub Pellicularia filamentosa npeBpaniaer
nuaxoHuINH (CCXII) muaxonuaun 1-N-okeun (CCXVI)
[Siebers-Wolff et al., 1993].

['pub Microsporum gypseum CUHTE3HPYET ABA BO3MOKHBIX
N-okcupna: xunugut 1-N-okcua (CCXV) u xunuaus 1’-N-okcua
(CCXVII) u3 xunnauna (LVI), B To Bpems, kak rpud
Cunninghamella echinulata BMecTO 3TOT0 CUHTE3UpYET 3-

runpokcuxunnH (CCXIX) [Siebers-Wolff et al., 1993]:

H5CO

CCXVIII CCXIX

[TombiTka BoccTanoBienust xuauHoHa (CCXX) npoxokaMu
Hansenula anomala var. schneggii B Teuenue 7 CyToK
conpoBoxaaack oopazoBanueM xunuauHa (CCXI, Bbixoa 50 %)

[Ray et al., 1983]:

HaCO
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Cunrernueckuit ananor xuanHa — npumaxul (CCXXI)
Obu1 BriepBble cuHTE3MpoBaH B 1946 rony B CLLA, u sBisiercs
camMbIM 3((HEKTHBHBIM IPEICTABUTEIIEM TPOTUBOMAIISIPUITHBIX
JIeKapCTB 8-aMUHOXMHOJIMHOBOTO psaja [Vale et al., 2009]. beina
n3ydyeHa tpanchopmarnus npumaxuaa (CCXXI) npoxoxkamu
Candida tropicalis ATCC 20021. B pe3ynbraTe TpanchopMaiiu B
TedyeHue 13 cyrok ObLIO MOTy4YeHo Ba MeTaboauTa — N-
areTuiMpoBanHoe npou3BogHoe nmpumaxuHa (CCXXII, Beixon 3.9
%) 1 HeOOJIbIIIOE KOJIMYECTBO MTPUMaxXrHa B popMe AuMepa

(CCXXIIL, Boixon 0.4 %) [Clark et al., 1984a]:
H,CO ~
T
HN
WNHZ J\/\/
HN
N\
CCXXI HaCO ~
H,C
H3CO ~ H3CO ~
\I;:I;;J N~
HNW HNW

CCXXII CCXXIII

NHCOCH,

NHCOCH; NHCOCH;

baxrepus Streptomyces rimosus Takke CUHTE3UPYET U3

npumaxuHa (CCXXI) N-auetunupoBaHHOE MPOU3BOIHOE
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(CCXXII) v mumieHHbI METHICHOBOTO MOCTHKA JTUMED

(CCXXIV) [Clark et al., 1984b]:

/l\v/A\v/NHCOCHg
HN
N\
(2
(L
=
N
HN
NHCOCH;
CCXXIV

Bruta mokaszaHa criocoOHOCTh Pa3IMIHBbIX 6aKTepHﬁ

HsCO

H,CO

okuciaTh n3oxuHolmH (CCXXYV) [Fetzner, 1998]. bakrepus P.
putida npeBpamana n3oxuHoiauH (CCXXV) B 1-U30XUHONOH
(CCXXVI), yuc-5,6- u 7,8-guruapoaunoinst (CCXXVII u
CCXXVII), u 4-, 5-, u 8-runpoxcunzoxunomabl (CCXXIX,
CCXXX, u CCXXXI) [Boyd et al., 1987; Boyd et al., 1993].
Nzoxunonun (CCXXYV) takxke OKUCISUICS B 1-U30XUHOJIOH
(CCXXVI) muorumu apyrumu Oakrepusmu [Aislabie et al., 1989;
Roger et al., 1990; Sutherland et al., 1998a]. I'pu6 C. elegans B
TeueHue 7 cyrok okucisia n30XxuHoduH (CCXXYV) B H30XUHOIHH

N-okcupa (CCXXXII, Beixona 3%) [Sutherland et al., 1994a]:
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7 ~N?2 @i’;\lH | _N HO’(P@\I
OH

1
0

CCXXV CCXXVI CCXXVII CCXXVIII

OH OH

X X X X

X
OH O

CCXXIX CCXXX CCXXXI CCXXXII

Pactymas kynbrypa P. putida npeBpaiiana XuHOKCaIUH
(CCXXXIII) B xunokcanuHoH-2 (CCXXXIV), XUHOKCAIHH yuc-
5,6-muruapoanon (CCXXXV) u 5-ruipoKCUXUHOKCATHH
(CCXXXVI) [Boyd et al., 1987; Boyd et al., 1993]:

s s OH OH

COY CrL Oy oy

TN N~ 2 NSO N” N~
1 H

CCXXXIII cecxxxiv CCXxxyv CCXXxvi

Kynberypa crpentomunietoB Streptomyces badius
npespariana xuHokcanuH (CCXXXIII) B 3,4-
nuruapoxuHokcanuHoH-2 (CCXXXIX) 1 XuHOKCaTMHOH-2
(CCXXXIYV) [Sutherland et al., 1996], Torna kak S. viridosporus
npespatnana xuHokcanuH (CCXXXIII) B 1-MeTHIXMHOKCAIMHOH-
2 (CCXL, Boixoa 12%) u xunokcanuHoH-2 (CCXXXIV, Beixon
8%) [Sutherland et al., 1998a]:
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CCXXXIX CccxXL

Pacrymas xynerypa P. putida npeBparniana XuHa30JuH
(CCXL)) B xunazonuHoH-4 (CCXLII), xunazonus yuc-5,6-
muruapoanon (CCXLIII) u 5,6,7,8-TeTparuipo XMHA30JUH YucC-
5,6-muon (CCXLIV) [Boyd et al., 1987; Boyd et al., 1993].
Kynbrypa crpentomunieToB Streptomyces viridosporus
npespaiana xuHazonuH (CCXLI) B xunazonun-2,4-11oH
(CCXLYV, Boixon 4%) [Sutherland et al., 1998a]. Pactymas
KyneTypa Aspergillus niger NRRL-599 B Teuenue 7 nueit
okucisiia xuaazonuH (CCXLI) no 1Byx MeTaboIuTOB —
xuHazonuHoHa-4 (CCXLIN) u xunazonuu-2,4-quona (CCXLYV)
[Sutherland et al., 2011]:

s . O OH
LA L) 3
: H

CCXLI CCXLII CCXLIII

OH o)
N) N/KO

H

CCXLIV CCXLV
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HuanonuH (CCXLVI) okucisiics XuHaIbIuH 4-
okcuaasout u3 Arthrobacter sp. B 4-unanonuaoH (CCXLVII)
[Stephan et al. 1996]. Hanpotus, pactymue KynbTypsl rpudos C.
elegans n A. niger oxucnsanu uHHOINH (CCXLVI) B N-okcusi B
JBYX BO3MOKHBIX mojiokeHusiX - 1-okcua (CCXLVIII) u 2-okcun

(CCXLIX) [Sutherland et al., 1998b]:

(0]
5 4
8 '1\] N ’+\1 N \O
(0]
CCXLVI CCXLVII CCXLVIII CCXLIX

[Tpu Tpancpopmanuu pranazuna (CCL) B KynbType
KIIETOK Streptomyces viridosporus ObU1 00HaApYKEH TOTBKO OJUH
MeTtabomut — ¢pranazunon-1 (CCLI) [Sutherland et al., 1998a].
I'pubsl Fusarium verticillioides (= F. moniliforme) n A. niger
TOYHO TaKxe Tpanchopmuposanu ¢ranasut (CCL) Bo
¢ranasuron-1 (CCLI) [Sutherland et al., 1999; Sutherland et al.,
2011]. B toxe Bpems C. elegans oxucnsina ¢pranasun (CCL) ¢

obpazoBanuem N-okcuaa (CCLII) [Sutherland et al., 1999]:

5 4
6 X
CCt CCh OO
7 /N2 NH /N
8 1 \O
@)
CCL CCLI CCLII
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HccnenoBanue MukpoOHOM TpaHC(hOpPMAITUH JICKAPCTBA —
menokcukaMm (CCLIII) rpubom Cunninghamella blakesleeana
NCIM 687 nokasaio, 4To 4epe3 MITh JHEH MPOUCXOINUT
o0Opa3oBaHHE TpeX META0OIUTOB — TUAPOKCUMETHII-MEIOKCUKAM
(CCLIV, Beixon 93%), kapbokcumenokcukam (CCLV, Bbixog —
cnenoBbie konunuectBa) u Metadbonut (CCLVI, Bbixon 4%)

[Prasad et al., 2009]:

S, ol

//\\ //\\

CCLIII CCL1V

OH O N
Y
S k
o NH COOH Ny HOS o) o)
// o O//S\\O I

0” “NH,
CCLV CCLVI

3.3. Tpauchopmanusi aKpuaUHA 1 €ro AaHAJIOIOB

B Hacrosiee BpeMsi BeAyTCs UCCIICAOBAHHUS [10 U3YUYCHUIO
AHTUMAJISIPUIHBIX CBOWCTB aKpUAMHOB. MI3BECTHO, 4TO
npou3BoaHbIe akpuanHa [Vogtherr et al., 2003; Guetzoyana et al.,
2009; Auparakkitanon et al., 2003], penokcaszuna [Ge et al., 2010]

u ¢penoruazuna [Kalkanidis et al., 2002] o61anatotT aHTUMANS-
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puiiHO# aKTUBHOCTHIO. [Ipon3BoiHbIE (heHAHTPUINHA UCTIONb-

3YIOTCS JUIS JIeUeHus Tpuranocomosa [Boibessot et al., 2002].

Bbu10 nmokaszaHo, uTo TpaHchopManus akpuIuHa
(CCLVII) pactymieit kynbTypoii rpubda C. elegans ATCC 36112 B
TEYEHHUE TPeX JHEH MPUBOIUT K 00Pa30BaHUIO IPEUMYIICCTBEHHO
akpuauH-mparc-1,2-nuruaponunona (CCLVIIIa) u HeOompmx
konndectB 2-rugpokcuakpuauna (CCLIX) [Sutherland et al.,
1994b]:

OH
9 1
Oy ooy
6 10 2 5 _
5 N 4 N

CCLVII CCLVIIIa
OH
N OH ~ OH
CCLVIIIb CCLIX

Knerku 6axrepuu Sphingomonas sp. LH128 npeBpamanu
akpuauH (CCLVII) B akpunun-9-on (CCLX) [Van Herwijnen et
al., 2004]. Tpauncpopmanus akpuauaa (CCLVII) pactymumu
kietkamu Mycobacterium vanbaalenii strain PYR-1 B Teuenue 7
CYTOK COTIPOBOX/1aTach 00pa30BaHUEM YEThIpEX METa0OIUTOB —
akpuauH yuc-1,2-nurunpoaunona (CCLVIIIDb, Beixon 1.1%), 4-
ruapokcuakpuauna (CCLXI, Beixon 5.4%), akpuauH-9-oHa
(CCLX BoIxXOn 1.1%), 1 9,10-murunpoaxkpuauna (CCLXII,
BbIX0J 55.2%) [Sutherland et al., 2009]:
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CCLX CCLXI CCLXII

Axpunus yuc-1,2-quruapoaunon (CCLVIII) 6bu1 Takke
moJrydeH B pe3ynbTare Tpancgpmanuu akpuauaa (CCLVII)
MYTaHTHBIM TaMMoM Pseudomonas fluorescens TTC1 (NCIMB

40605) [Bianchi et al., 1997].

B 1o xe Bpewms, 9-amuno-1,2,3,4,5,6,7,8-
oxrarunpoakpunut (CCLXIII) 6bu1 npeBpaiiieH B ero N-OKCHT
(CCLXIV) cycneH3ueil Hepa3MHOXKAIOLIUXCS KJIETOK rpuda
Cunninghamella verticillata BKIIM F-430 c Beixomom 90%
(Parshikov et al. 1994a):

= P
” |
o
CCLXIII CCLXIV

Pactymas xkynbrypa S. viridosporus nipeBparana
¢denantpunun (CCLXYV) B penantpuaun-6-on (CCLXVI, Bbixon
25%) [Sutherland et al. 1998a]. IIpu atom rpud Umbelopsis
ramanniana nipespamian Gpenantpuaud (CCLXV) B dhenanTpuanH
N-oxcun (CCLXVII), a takxe B penantpuana-6-on (CCLXVI)

[Sutherland et al. 2005]:
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CCLXV CCLXVI CCLXVII

KynwsTrypa knerok Mycobacterium gilvum LB307T
okucisna 6en3o[ f]xunonun (CCLXVIII) B 2-
okcoben3o[f]xuronma (CCLXIX) [Willumsen et al., 2001]

4/3 |2 7 O
5
0 OO
7 10
8 9
CCLXVIII CCLXIX

Pactymas kynerypa U. ramanniana npeBpamana
oenso[f|xunomun (CCLXVIII) B mparc-7,8-quruapoanon
(CCLXX), 6ensolf]xunonun N-oxcua (CCLXXI) u 7-
ruapokcubden3o| fixunonun (CCLXXII) [Sutherland et al. 2005]:

“ “ “
N N N
N
(7 (OJ e 1
HO™ ™ HO
OH
CCLXX CCLXXI CCLXXII

I'pu6 U. ramanniana npespaiuain 6eH30[ /]| XUHOIUH

(CCLXXIIN) B mpanc-5,6-nuruapoauon (CCLXXIV), mpanc-
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7,8-murugponnon (CCLXXV) u 7-ruipoKCUIPOrU3BOTHOE
(CCLXXYVI) [Sutherland et al. 2005]:

N” N7
,C(jj LY
“OH HO”
H OH OH

0]
CCLXXIII CCLXXIV CCLXXV CCLXXVI

B 1969 rony 6vuta onucana tpanchopmaims ¢heHasu-1-
kapookcamuna (CCLXXVII) pacrymieii KynbTypoi rpuda
Aspergillus sclerotiorum B 3-runpokcudenasuH-1-kapOoHOBYIO

kucioty (CCLXXVIII) [Hill, Johnson, 1969]:

COOH
9 10 1
7 5 2 3 =
TN N OH
CCLXXVII CCLXXVIII

B pesynbrate Tpanchopmanuu penornaznna (CCLXXIX)
rpubom Cunninghamella elegans 6buH TOTyYEHBI BA
MeTtabonuta: 3-runpokcudenornasun cyabpokcua (CCLXXX) u

¢denornazun cynbpokeng (CCLXXXI) [Sutherland et al. 2001]:

s L i i

7 S . S OH S

s©:10:©2 ©: ;©/ ©i :©
CCLXXIX CCLXXX CCLXXXI
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B mporiecce tpanchopmanmm N-anetundeHoTrnaznHa
(CCLXXXII) rpubom C. verticillata, aepe3 72 daca HabII0JaT0Ch
obpa3zoBanue matu MetaboautoB: peHornaznd (CCLXXIX) kak
MIPOMEKYTOYHBIN TIPOJIYKT, (DEHOTHA3UH CYIIb(OKCHT
(CCLXXXI), N-anerundenoruasut cyiabdokcua (CCLXXXIII,
BbIX0[ 17%), denornasun-3-on (CCLXXXIV, Beixon 4%) u
denoruazun-N-rmoko3ua (CCLXXXYV, Beixon 4%) [Parshikov et
al. 1999]:

? ?
S S S 0]
L0 Q0 QT
N N N
oA o
CCLXXXII CCLXXXIII CCLXXXIV

L0
N
HOH,C
OH

CHjy O 3

OHOH CCLXXXV
3.4. Tpancdopmauus UHI0JIa U €r0 AHAJIOTOB

[Tpou3BogHBIC UHI0Ia MOTYT 00JIa/1aTh aHTUMAJIIPUITHOMN
akTUBHOCTHIO [Agarwala et al., 2005; Kontnik, Clardy, 2008; Kaur
et al., 2009], moaToMy MoydyeHHE HOBBIX MPOU3BOJIHBIX UH]IOA C

MIOMOUIbI0 MUKPOOPTraHU3MOB MOKET HAMTH ITPAKTUUECKOE
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MpUMEHEHNe B cMHTE3€ AP (HEKTUBHBIX (PapMaKOIOTHIECKUX

CPEJ/ICTB.

MHorue MUKpOOpPraHU3MbI CIIOCOOHBI OCYIIECTBIISATh
npesparieHus nagona (CCLXXXVI) [Oshima et al., 1965;
Fetzner, 1998]. Knaccuueckuii ciryyail OKUCIIEHHUE WH0JIA
(CCLXXXYVI) Hadranuu 1,2-1noKCUTEHA30M TTOTYYEHHON U3
Pseudomonas putida no uanon-yuc-2,3-nuruapoanona
(CCLXXXYVII), KOTOpBIii 3aTEM CaMOIIPOU3BOJIBHO TEPSET BOAY C
oOpazoBanuem 3-rugpokcunngona (CCLXXXVIII), koTopsiit

3areM okucisiercs Ha Bo3ayxe no unauro (CCLXXXIX) [Ensley

et al. 1983]:
OH OH
4 3
6 N N N
7 H H H

CCLXXXVI CCLXXXVII CCLXXXVII
o
O \ N O
N
N/
H-----0
CCLXXXIX

Hpyrue 6axrepun, Bkitovast Desulfobacterium indolicum u
HEKOTOpbIE TaMMbI P. putida, npeBpaIiarT WHAOI B 2-
napomHOH (CCXC), 2,3-uanomuaanon (CCXCI) u
anTpanmwioByto kuciaoty(CXCVIII) [Johansen et al. 1997; Licht
et al. 1997, Li et al. 2009]:
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Aspergillus niger npeBpalaeT uHa0JI B N-
dhopmmnaaTpanuioByro kuciaoty (CCXCII) [Kamath and

Vaidyanathan 1990]. I'pub Pleurotus ostreatus pa3naraet WHI0J

yepe3 craguto odpasosanus 2,3-unnonuaanona (CCXCI) [Ren et

al. 2006].

B pesynwsraTe Tpanchopmarm HHI0IUI-3-YKCYCHON
kucnotsl (CCXCIII) Hepa3MHOXarOIMMHUCS KIETKaMH rpuda
Claviceps purpurea OCHOBHBIM TIPOJIYKTOM SIBJISUIACH 5-
ruapokcurHaoauI-3-ykcycHas kuciora (CCXCIV) [Teuscher,

Teuscher, 1965]:

CH,COOH CH,COOH
HO
s <
N N

H H
CCcxXca CCXC1V
[pu TpanchopManmy MHIOIWI-3-alleTOHUTPHIIA
(CCXCYV) B teuenue 13 gueit rpudom B. bassiana CCT 3161 B

Ka4u€CTBC OCHOBHOI'O IMPOJAYKTa OBLI BBIZICIICH 3-M€TI/IJII/IHIIOJI

(CCXCVI, Boixon 46%) [Boaventura et al., 2004]:
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CCXCV CCXCVI

B Toxe Bpems npu TpaHchopMaIu TpUrTaMiHHa
(CCXCVI) rpubom A. niger NRRL 4026 B Teuenue 13 nueit
MIPOUCXOIUIIO OOPA30BAHKUE S-TUAPOKCUUHIONII-3 -aIl[eTaMH1a

(CCXCVIIL, Boixox 24%) [Boaventura et al., 2004]:

O
HO
N
i ;

CCcxcevi CCXCVIII

W3BecTHO, 4TO MPON3BOIHBIE KapOa3ona 00IaaroT
(bapMaKoIOTNIECKUMH CBOWCTBAMH, HATIPIMEP CHUHTETHIECKIE
IrUIpOKCUKap0a30bl 001a/1at0T IPOTUBOOITYX0JIEBOI

akTuBHOCTHIO [Resnick et al., 1993].

MHorre MUKpOOPTaHU3MbI CIIOCOOHBI MOTU(PHUIIMPOBATH
kap6azoi (CCXCIX), 00bI9HO ITyTEM OKHUCIICHUS KOJIBIIEBOTO
yTIepoa Wi MyTeM aHTYISIPHOTO OKUCIICHHUS, C TTOJTydeHUEM
yuc-nuruapoauonos [Bressler, Fedorak, 2000; Larentis et al.,
2011]. B mepBoM ciyudae kap06a3oi1 TpaHCPOPMUPYIOT OaKTEpHH
Pseudomonas sp. c nomoieto HagTanuu-1,2-1uoKCUreHassl u
Sphingomonas yanoikuyae B8/36 ¢ momompto oudenun 2,3-

AUOKCUTCHA3bI, IIPCAIIOJIONKUTCIIBHO YCPE3 CTAJUIO O6pa3OBaHI/I}I
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MIPOMEXKYTOUHOTO YuUC-TUTHIPOIN0Ia 00eUMU OaKTepUsIMU, C
nanpHeHMM oOpa3zoBanueM 3-runpokcukapoasona (CCC)
[Resnick et al. 1993]. Bo Bropom ciydae Pseudomonas
resinovorans, Pseudomonas sp. u Nocardioides aromaticivorans
TpanchopMuUpPyIOT KapOa30JI IMMyTeM aHTYIISIPHOTO OKHCIICHHS C
MOMOIIIbI0 Kap6a3o:-1,9a -auokcurenassl uepes 2'-aMuHo-2,3-
muruapokcuoupenun (CCCI) B aHTpaHWIOBYIO KUCIIOTY
(CXCVII) u 2-ruapokcunenta-2,4-nuenopyro kuciory (CCCII)
[Ouchiyama et al., 1993; Nojiri et al., 2001; Inoue et al., 2006]:

OH
4 3
5
6 2
9o/ 1
7 N N
& H H

CCXCIX cccC
NH,
| COOH
L
HO  OH
ccCl cccn

Knetku 6akrepuit Pseudomonas sp. LD2 u
Flavobacterium sp. npespamanu kap6azon (CCXCIX) B
uHpomi-3-ykeycuyro kucioty (CCXCIIN) [Gieg et al., 1996;
Obata et al., 1997].
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Ralstonia sp. n npyrue 6akTepun OKUCIISIIN KapOa3o
(CCXCIX) B 1-, 3-, u 9-runpokcuxapoazoinsl (CCCII, CCC, n
CCCI1V, cooTBeTCTBEHHO) U 3-ruapokcu-1,2,3,9-

TeTparuapokap6asoin-4-on (CCCV) [Waldau et al., 2009]:

o  OH
:
N OH N N
H OH H
cccl ccCIv ccev

I'pub Aspergillus flavus BKM F-1024 B Teuenue n1Byx
cyrok npepariain kapoazon (CCXCIX) B Tpu
TUIPOKCUIIMPOBAHHBIX MTPOU3BOIHBIX - 3-TUAPOKCUKAPOA30I
(CCCQC), kak OCHOBHOH MPOAYKT M B HEOOJIBIITUX KOJIUYECTBAX |-

ruapokcukap6azon (CCCIII) u 2-ruapoxcukap6azon (CCCVI)

[Lobastova et al., 2004]:
O OH
“ :N

H
CCCVI

Pactrymas xynerypa C. echinulata npeBpamana N-
metmikap6ason (CCCVII) B kap6azon (CCXCIX), N-

ruapokcumetun kapbazon (CCCVIII), 3-rugpokcukapbazon
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(CCCO) u 3-ruapokcu-N-rugpokcumernn kapoazon (CCCIX)
[Yang, Davis, 1992]:

OH
qe’ L,
CHs CH,OH CH,0OH

CCcvil CCccvil CCCIX

[IpeBpamenus N-6en3zounkap6azona (CCCX) u N-anetun
kap6a3zona (CCCXI) rpudom 4. flavus BKM F-1024
COTPOBOXAATUCEH 0Opa3oBaHueM kapbazona (CCXCIX), kak
OCHOBHOTO MPOAYKTa, U HEOOIBIINX KOTUYECTB 1-, 2-, u 3-

ruapokcukap6azonos (CCCIII, CCCVI u CCC) [Lobastova et

al., 2004]:

COCgHs c‘:OCH3
CCCX CCCXI
bbutn uccienoBansl myTu Metadosu3ma 3-
sTokcukapOonmi-B-kapoonunos (CCCXII) kynpTypamu
HEKOTOpBIX TprOoB 1 akTuHOMUIETOB [Neef et al., 1982].
Kynbrypsl aktunoMuiietoB Streptomyces lavendulae ATCC 8664

u S. griseus ATCC 10137 ruapokcunupoBanu 4-3TUi1 U 4-MpOnuII
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npou3BoiHbIe 3-3ToKcuKapOoHui-f-kapoonuna (CCCXII ¢ R =
C,Hs wnn C3H7) ¢ 06pa3oBanrneM COOTBETCTBYIOIIMX JAKTOHOB
(CCCXIII u CCCXIV) BceacTBHE peakuuu
nepesrepudukanuu. Beixon npoaykros coctapmsii 7-8% [Neef et

al., 1982]:

CHj3
R 0 0
CIT T o O O © O O °
N
N N N
H H H

CCCXII, R= C,Hs; C3H5 CCCXIII CCCXIV

Pactymas kynerypa rpuba B. bassiana ATCC 7159
THJIpOKCHIMpoBaia 3-3Tokcukapoonmi-f-kapoonuusl (CCCXII)
¢ o0pa3oBaHHEM CMECH TIIOKO3UI0B. TOIBKO B Cityyae 4-
He3aMelleHHOoro 3-3Tokcukapoonmi-f-kapoonuna (CCCXII,
R=H) mpoucxoaumno o6pa3zoBaHie HEMTUKO3WINPOBAHHOTO 6-
ruapokcu npousBogHoro (CCCXV, Beixon 62%). Ecnu B
nonoxkeHnu 4 cyocrpara (CCCXII) Haxoauics aaKUITbHBIN
3aMeCTHUTENb, TO B IPOIYKTaX TpaHC(hOpMalu MPUCYTCTBOBAIN
6- u 8-rmroko3uabl (CCCXVI u CCCXVII, cOOTBETCTBEHHO).
VYBenn4eHne IIMHBI HeMU alTKWIBHOTO 3aMECTUTENS TIPUBOTUIIO K
yBemmmueHuto Bbixoaa 8-rimroko3uaa (CCCXVIN) [Neef et al.,
1982]:
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R CH,OH R
HO : i\ COOCHs  [30 : i\ COOC,Hs
N LN OH N LN
H H

OCHj
CCCXV, R=H CCCXVI, R=CHj; C,Hs; C3H,

R
\\_-COOC,Hs
N
=

CH0H] N

0

OH 0O

OCHg

CCCXVII, R=CHj; C,Hs; C3H;
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3akia04YeHue

Ha 6a3e coeannenuii psija azaapeHOB OBUIO CO3aHO
MHO’KECTBO JIEKAPCTBEHHBIX Npenaparos [JIp, 2009].
ITpou3BogHBIE XHHOJIMHA MIMPOKO U3BECTHHI KaK Hanboee
NepCreKTUBHBIE TpernapaThl. [I[puMaxuH MMeeT MHOXKECTBO
100O0YHBIX 3((HEKTOB, TOITOMY B HACTOSIIIEE BPEMS IIPOBOISATCS
UCCIIEIOBAHUS 110 pa3padoTke F3PPEKTUBHOTO U O€301MaCHOrO

MIPOTHUBOMAIIIPUMHOTO TpemnapaTa Ha ero ocHoBe [Khasaeva et al.,

2016a; Khasaeva et al., 2016b].

XHWHOJIOHBI HIMPOKO UCIIOIB3YIOTCS B MEAULUHCKON
npaktuke. OHaKo npobJieMa MOsBIEHUS YCTOHUNBBIX K
aHTHOMOTHKAM IITAMMOB MaTOr€HHBIX MUKPOOPTaHU3MOB
ocTaeTcs HeM3MeHHOH. MoauduKays XUMIIeCKOH CTPYKTYPBI
XMHOJIOHOB MOXET PELIUTh 3TU npobiaemsl. [IponsBoansie,
MOJTy4eHHbIE METOAaMU MUKPOOHON XUMHH, MOT'YT OKa3aThCs

IMOJIC3HBIMU IIPHW CUHTE3C HOBOI'O IOKOJICHUA XWHOJIOHOB.

rHI[pOKCHJ’IPIpOBaHHBIC HpOI/I3BO,Z[HBIe HACBIIIICHHBIX
a30TCOJEPIKAIINX T€TEPOLIUKIIOB, MOJTYIeHHbIE MUKPOOHBIMU
METOJIaMH, MOTYT OBITh HCITOJI30BAHBI JJIS CO3AAHMSI THOPUTHBIX
MOJIEKYJI Ha OcHOBe aptemu3uHuHa [Parshikov et al., 2004a,b,c,

2005, 2006; Williamson et al., 2007], xuHIHA 1 XJIOPOXUHA.

B HacTosiiee Bpemsi B HEKOTOPBIX J1a00paTopusx BEAyTCS
HCCIIeIOBaHUS IO pa3pad0OTKe HOBBIX aHAJIOTOB MTPUMaxuHa U3

cepun 8-amuHOXMHOIWMHOB [Vale et al., 2009], a Taxxe 1o
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CO3JJaHUI0 THOPHIHBIX MOJIEKYII C «IBOMHOU OOETOIOBKOI
[Chauhan et al., 2010]. Hanpumep, rubpuaHbie MOJIEKYIIBI
apTEeMHU3UHUHA U 4-aMUHOXHHOJIMHA 00J1a/1al0T aKTUBHOCTHIO B
OTHOIIICHUY MaJISIPUHHBIX MAPAa3UTOB C MHOXKECTBECHHOM
YCTOWYMBOCTBIO K JIEKAPCTBEHHBIM ITperapaTaM, KOMOWHAITUS
apTeMHU3UHUH-XUHUH () dekTuBHa poTHB P. falciparum [Walsh
et al., 2007], a Tak:xe KOMOMHAIIUS HA OCHOBE TUOPUTHOM

MOJICKYJIbI apTeMHU3WHUH-akpuIuH [Jones et al., 2009].
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