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Panee 6 naueti rabopamopuu 6110 nokazano, umo npou3gooHvie cemuna (I11°) obradarom evlpadiceHHoOl NepoOKCUOA3HOU
AKMUBHOCTBIO, NPUHEM OHU CHOCOOHBI KAMATUUPOBATNL OKUCTIEHUE B0CCMAHOBIEHHBIX OUONOSUYECKUX cyOCmpamos
(NADH) kak nepekucoio 6000poda, mak u MOOeIbHOU TUROPUILHOU mpem-0ymuizuoponepekucyio. B npodonicerue
IMUX UCCNe008aHUTL ObLLA NPOOEMOHCMPUPOsara cnocobnocmy I kamanuzuposams OKUcIeHUe NOTUHEHACIUEeHHBIX
orcupuwix  kuciom (IIHXKK) xucrnopooom eo030yxa. B nacmosweii pabome cmeneHv OKUCIUMENbHO2O CMpeccd
onpedensinace ¢ ucnonvzosanuem bakmepuu E. coli K-12, codeporcaweii eubpuonvie niazmuovl, 6 coCmas KOmopvix
BCTPOEHbL 2eHbL CEEMAWUXCSL bakmepull U Kooupyiowue moyudepasy u pedykmaszy, 6biCOKO HYECMEUMENbHble K
nepexucu 6000poda (Lux — buocencopwi).

KuaroueBbie ciioBa: [IpousBonHbiec reMUHa, aHTHOAKTEpHUATIBHOE JCHicTBHUE, epekucH, Lux-0uocencop, E. coli K-12,
ruOpHUIHAs TUIA3MHJIA.
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Luciferases are now widely used in studies of molecular genetics (gene-reporters), in biochemical assays in wide screening
of chemical contamination of the environment (ecology), in genetic engineering works (selection), etc. The high sensitivity
and ease of detection of the light signal with a help of luminometer or scintillation counter, a direct proportionality between
the amount of the enzyme luciferase and intensity of bioluminescence in a wide range (up to ten orders of magnitude),
the ability to measure with equal success the enzyme activity in vitro and in vivo, without the destruction of the cells, and
other benefits determine the application of luciferases of the bacterial genes is (genes lux) and eukaryotic (genes luc)
origin in various genetic and biochemical tests, such as the search and analysis of the promoter and regulatory regions
of DNA, by screening of DNA-tropic compounds, by measurement of ATP and other trace. Lux - biosensors are widely
used in studies of genetic engineering and biotechnology, as well as for the detection of toxic agents (environmental
monitoring)./ Previously, we have shown that the derivatives of hemin (DH) have expressed peroxidase activity,’ and
they are able to catalyse the oxidation of the reduced biological substrates (NADH) by hydrogen peroxide and by a model
lipophilic tert-butyl hydroperoxide. In continuation of these studies the DH were demonstrated to catalyze the oxidation
of polyunsaturated fatty acids (PUFAs) by oxygen. In this case, the calculated and indirect experimental methods with
sufficient reliability the PUFA hydroperoxides were shown to participate in the chain oxidation catalysed by DH.["!

To develop this work the studies of creation of the best synthetic methods of amino acid and peptide DH are under way
in our laboratory.%
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Antibacterial Activity of Hemin Conjugates

Among the synthesized DH there were identified substances such as conjugates of hemin with esters of amino acids, which
have strong antibacterial activity against Gram-positive bacteria, including drug-resistant strains of Staphylococcus
aureus. Ability of some of the synthesized DH to model the peroxidase enzyme functions, to increase the lipid peroxidation
in the lipid membrane may determine the antimicrobial activity of DH.!'"

Considering the presence of bacteria lipids containing PUFAs in the cell membranes, we have undertook the experiment,
the purpose of which was to confirm the probability of involvement of reactive oxygen species (peroxides) in the
interaction of DH with live bacteria, which can lead to the destruction of its membrane.

Here, the degree of oxidative stress was determined by the known method,!"" using the bacterium E. coli K-12, containing
hybrid plasmids, which are embedded in the genes of luminous bacteria and encoding luciferase and the reductase,
which are highly sensitive to hydrogen peroxide (lux - biosensors).

The threshold sensitivity of the biosensor with PkatG to hydrogen peroxide is about 5-10°° M, which is about 10 times
higher than the intracellular concentration of hydrogen peroxide (5-107 M), formed in the process of breathing.!'"!

As a result it was shown that the interaction of DH with live bacterium E. coli K-12 is accompanied by accumulation
of peroxides. Thus, after 18 hours the concentration of peroxide was significant and greater than 10° M, in some
cases even at submicromolar concentrations. Amino acid derivatives Hemin 1, 2 and 3 were synthesized according to
previously described methods.”¥ Thus, when using lux - biosensor the oxidative stress as a part of DH antibacterial
mechanism was confirmed at the interaction the living bacteria, what is in accordance with the catalytic activity at the
oxidation of organic substrates by DH, identified earlier by physical and chemical methods.

Keywords: Hemin derivatives, antibacterial action, peroxides, Lux-biosensor, E. coli K-12, hybrid plasmids.

BBenenune

Jlroundepassl B Hacrosmiee  BpeMsl  IIUPOKO
UCIIONB3YIOTCS B paboTax IO MOJEKYJSIPHOM TI'eHETHKe
(reHBI-penopTepsl), MpU  OMOXMMHUYECKHMX  aHalln3ax,
IPU  MacCOBOM CKPHUHHMHIE XHUMHYECKHX 3arps3HEHUH
OKpY’Karomied cpeapl (IKOJIOTUs), B TEHHO-UH)KCHEPHBIX
paborax (cesexuus) u Ap. Bbicokas 4yBCTBHTEIBHOCTh U
MIPOCTOTA JAETEKTUPOBAHMS CBETOBOI'O CHTHAJa C TIOMOIBIO
JIFOMUHOMETpPa WIIM CUMHTWILUISIIMOHHOTO CUETYHKA, TIpsiMast
MIPOTIOPIMOHANIBHOCTh  MEXy KOJIMYECTBOM (hepMeHTa-
monrdepassl U WHTEHCHBHOCTBHIO OHONIOMHHECICHIMN
B IIMPOKMX Tpenenax (10 JEeCATH MOPSIKOB BEJINYUHBI),
BO3MOXXHOCTb C PaBHBIM YCIIEXOM H3MEpSTh aKTHBHOCTh
(depmeHTa Kak in vitro, Tak W in vivo, 06e3 paspyleHus
KJIETOK, W PSJ] APYTUX MPEUMYIIECTB ONPEICISIIOT puMe-
HEeHHe TeHOB JionHdepas kak 0akTepraabHOro (reHs! lux),
TaK ¥ 9yKapuOTHUYECKOrO (CBETITYKOBOTO, TeHbI luc) mpouc-
XOXKJICHUSI B PA3JIMYHBIX TCHETHYECKUX M OMOXMMHUYECKHX
TECTax Kak, HalpHMep, NPU IOMCKE W aHaJIM3e IPOMO-
TOPHBIX W perynsiTopHbiX ydactkoB JIHK, npu ckpuHuHre
JIHK-TponHBIX COEQUHEHUH, NpU H3MEPEHUH MHUKPOKO-
mnyectB AT® u npyrux. Lux-OnoceHcopsl, BKIIOYAOLIHE
monudepassl, HIMPOKO HCHONB3YIOTCS B paboTax 1o
TeHETUYECKON MH)KEHEPUU U OMOTEXHOJIOTHH, a TAKKE IS
JIETEKI[H TOKCHYECKUX areHTOB (MOHUTOPUHT OKpYIKarolen
cpenbi).l'*] C moMoLIbi0 JaHHBIX GHOCEHCOPOB BIIEPBbIC ObLT
UCCJIEJIOBAaH MEXaHNW3M TOKCHYECKOTO JICHCTBHUS Ha KIIETKY
1,1-aumernnruapa3uHa (KOMIIOHEHT PAaKeTHOTO TOIUIMBA) U
HAHOYACTHII JMOKcHaa TUTaHa. [Ioka3aHo, 4YTo OCHOBHAS POJIb
B TOKCHYECKOM JICHCTBHHU 3THX areHTOB CBsi3aHa C 00pasyro-
IIMMKCS aKTUBHBIMH (opmamu  kuciopona (IepeKkuch
BOJIOPO/Ia U CyNepOKcua-anuoH).M*! B Hacrosiein padore
Lux-6noceHcop ObUT HCIIOIB30BaH HAMH JUISl UCCIIEIOBAHUS
MEXaHU3Ma aHTHOAKTEPUAILHOTO JICHCTBUS HMPOU3BOIHBIX
remuHa (I1') mpu KoHTaKTE C KHUBOW OaKTEpHEH.

Panee B Hamieii ymaboparopuu ObLIO ITOKa3aHO, 4YTO
npousBogubie remuHa (III') obGnapgaror  BeIpayKeHHOM

164

MEPOKCUIA3HOM aKTHBHOCTBIO,[Y) mMpHYéM OHH CIOCOGHBI
KaTaJM3MpOBaTh OKHUCJICHUE BOCCTAHOBJICHHBIX OHOJIOTH-
yeckux cyocrparoB (NADH) kak nepekuchio BOJOPOa, TaKk
1 MOJIENIbHOM JTUITO(UIIBHON mpem-0y THITHPOTIEPEKUCHIO.
B mnpopomkeHne 3THX HccienoBaHMN ObLIa MPOJEMOH-
cTpupoBaHa criocoOHocTh [IIT KaTtanu3upoBaTh OKHCIICHHE
MOJIMHEeHACHIIEHHBIX KUpHBIX KucaoT (ITHXKK) kucimo-
porom Bo3nyxa. [Ipu 3TOM pacd€THBIMH M KOCBEHHBIMU
SKCHEPUMEHTAIBHBIMUA METOJIaMH C JOCTaTOYHOI CTENEHbIO
JIOCTOBEPHOCTH OBLIO TOKAa3aHO y4YacTHE T'MAPONEPEKHCH
ITH>KK B mporiiecce EMHOr0 OKUCICHUS, KaTaTu3UPYEMOTO
r.m

B pasButHe 3THX paboT B Hamlel J1adopaTopry NpoBO-
JATCSI UCCIIEAOBaHMS IO CO3JAaHHIO ONTHMAJbHBIX ITyTei
CHHTE3a aMHUHOKHCIIOTHBIX | menTuaHbix [11.5

B psny cunrtesupoBanubix IIIT oOmeit dopmynsr |
(PucyHOK 1) BBISBJICHBI BEIICCTBA, B YACTHOCTH KOHBIOTATHI
reMHUHa ¢ 3(ppaMu aMHHOKHUCIIOT, 00J1aJafOII1e BEIPAKEHHON
aHTHOAKTepHaIbHON aKTHBHOCTBIO B OTHOILICHUH IPAMITONO-
JKUTEITHHBIX MUKPOOPTAaHU3MOB, B TOM YHCJIC PE3UCTCHTHBIX
mTaMMoB Staphylococcus aureus. CniocOOHOCTB psiia CHHTE-
supoBanHbIX [1[" MogenupoBaTh pepMEeHTaTUBHBIC (PYHKITUH

R = -ArgOMe (1)
R = -SerOMe (2)
R = -GlyOMe (3)

ROC
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Pucynok 1. O6mas ¢popmyna I cHHTETHIECKUX TPOU3BOIAHBIX
reMuHa.
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nepokcuas, ycwiuparh [10J1 B munuaHoi MeMOpaHe MOKET
OIpeNIeNsITh AHTUMUKPOOHYO akTuBHOCTH [11.H%!

VYuuTeiBasi HaJlM4Me B COCTaBE KICTOYHBIX MeMOpaH
Oakrepuii munuioB, copeprxkamux [THXK, Ml npeanpusiim
OKCIIEPUMEHT, LEJNbI0 KOTOPOro OBUIO IOATBEPXKICHUE
BEPOSTHOCTH YYaCTHsl aKTUBHBIX (OpM KHciopoza (Iepok-
cHUJIOB) B Iiporiecce B3aumoeiicteus 11 ¢ xuBoit OakTepueii,
KOTOPOE MOXKET HPUBOJUTH K IECTPYKLUH €€ MEeMOpaHBbI.

B Hacrosimeir paboTe CTENCHb OKHCIUTEIBHOTO
cTpecca onpejeisuiach mo metoauke!''! ¢ ucmonn3oBaHreM
bakrepuu E. coli K-12, conepxaiieii THOpUIHBIC TIA3MUJIBI,
B COCTaB KOTOPBIX BCTPOCHBI T€HBI CBETSALIMXCS OaKTepHid U
KOIMpyolue mouudepasy u peayKrasy, BHICOKO YyBCTBH-
TEeJBHBIC K niepekucu Bonoposa (Lux-6uoceHcopsr).

[Toporosasi 4yyBcTBUTEIBHOCTH OMOceHcopa ¢ PkatG
K TMEepPEeKUCH BOAOPOJA COCTaBiseT okoino 5-10° M, uto
npumepHo B 10 pa3 mpeBbIIaeT BHYTPUKIETOUHYIO KOHLICH-
Tpaiuio nepekucu Bogopoaa (5-107 M), ¢popmupyroryrocs
B Tiporiecce apixanus.!!

BKCHepI/IMeHTaIﬂ)Haﬂ 4acTb

AMUHOKHUCIIOTHBIE IPOU3BOAHbIe reMuna 1, 2, 3 cunresupo-
BaHBI B COOTBETCTBHH C PaHEe OMHMCAHHBIMU METOIUKAMU. !

M3mepenmne cTeneHn OKUCIUTEIRHOTO CTpecca MPOBOIMIOCH
kak orucano B '), ¢ ucnons3oBannem Lux-6uocencopa, Jto6e3Ho
MIPEAOCTABICHHOTO €ero paspadorunkamu. [Ipodsr mo 200 Mmka
GaktepuanbHOil KynbTypbl E. coli K-12 ¢ xonuenrtparmeii 1-107
KJI/MJI TIEPEHOCWJIM B CIICLMAJIbHBIC KIOBETHI, OHA M3 KOTOPBIX
CITyXKHIJIa KOHTpoJIeM (B He€ 100aBisuy 4 MKJI AUCTHIUTUPOBAHHOMN
BOZBI), @ B JpPyrHe BHOCHIM TO 4 MKJI areHTOB B pPa3IMYHOI
KOHIeHTpauun. [lpuroroBneHHble TakuM 00pa3oM MPOOBI C
KJeTkaMu lux-6ruocencopa pacrosarany nepes poToyMHOKUTETEM
B smomuHomeTpe LMAOI (Beckman, CIIA) npu komHaTHOIt
TeMIlepaType W uepe3 ONpeAesIEHHBIE WHTEpPBAJbl N3MEPsUIN
MHTEHCUBHOCTb UX OHOIIOMUHECIICHIINH.

PeSy.T[BTaT])I Hu oﬁcy)wlelme

B pesynbrare BHIIOIHEHHBIX UCCIIEAOBAaHUN TOKA3aHO,
yro B3aumojeiicteue I1I" ¢ sxuBoit 6akrepueii E. coli K-12
COIIPOBOJKIAETCsl HAKOTUICHHEM Nepokcu1oB (PucyHok 2).
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OTHOCHTEJIBHBIC CIHHHLIBI

G. A. Zheltukhina et al.

[Ipu cpaBHEHUY TPaPUKOB, TPUBCIEHHBIX HA PucyHKax
2a u 20, BUJIHA ONpeJIelICHHAs KOPPEJSILUS MEXly KOHIECH-
tpanusamu [1I, mpu KOTOPBIX HAOIIOIAIIOCH BBIPAKCHHOC
HakoruieHue nepokcuaa, u MIIK. Tak, ansa coenunenuit 1,
2 u 3 HaOmonaeTcsi 3HaYNTEIbHOE HAKOIJICHUE MEPOKCH/IA
B MHTepBajne koHueHtpauuii ot 0,5 MmxkM no 50 MxM, urto
COOTHOCHTCS C 3aMETHOH aHTHOAKTepHaIbHOM aKTHBHOCTBIO
nanneix [T, oOnagarommx HU3KkUMH 3HaueHumMu MITK.

Pesynbrarel B BHJE CHUTHajla JIIOMHUHOMETpa Ipef-
craieHsl B TaOmuie | B OTHOCHTENBHBIX EAMHHIAX.
3HAUUMbBIMU CUUTAJHMCh PE3YJIbTaThl, OTIMYAIOUIMECS OT
KOHTpOJIL B 2 u Ooiyiee pa3. BumHo, 4TO mpu BO3ACHUCTBUH
II" Ha Ouocencop B TeueHue 4 4 Oonbmux 3PHEKTOB HE
HaOmonaercsi. OHako yepe3 18 u copepikaHue mepokcuia
CTaHOBHTCS 3HAYUTENBHBIM U mpeBbimaeT 1-10° M, B psine
CJly4yaeB J1axke TPH CyOMHUKPOMOJISIPHBIX KOHICHTPALHSX.

W3 osry4eHHBIX JJAHHBIX CIIEIIYET, YTO B3aUMOJICHCTBHE
I[I' ¢ memOpanoii E. coli BKJIIOYAaET JICMEHTHI OKHUCIIH-
TEJBHOTO MexaHu3ma. [l TOATBEPIKACHUS TOITYYCHHBIX
JAHHBIX OBLI TPOBEAEH HKCIEPUMEHT, 3aKJIIOYArOIIHICS
B NPOBEPKE BO3MOXKHOTO ITOBBIIICHUS YPOBHS JIIOMH-
HECLEHIIUM B OTCYTCTBHE MHUKPOOpPraHM3Ma, a UMEHHO B
cMecH, cofiepKallui nepekuch Bopopona, [T u roMuHOIL.
Oxazanock, 4ro B mpucyrctBun [II'  KoHuIeHTpaums
MEePOKCHUJIa CHUXKAETCS, YTO HAXOJAUTCA B COOTBETCTBUH C
MOJTy4eHHBIMU HAaMM paHee JaHHbIMHU. Kak ObUIO MoKa3zaHo
B MPEABIAYIIHIX padoTax,! npou3BOgHbIC FeMHIHA CIIOCOOHDI
pasziararb IepOKCU.

JUis oTBeTa Ha BONPOC O MPUPOJE T€HEPUPYEMOTO
MEPOKCHJIAa, MEXKKJIETOUHYIO JKHJAKOCTh OTAEISUIM  OT
OnoceHcOpa W Ompenesisuld B HeW Halu4yhe HepoKCHIa
myTém pobaBiieHns iroMuHoNa. OTpULATENbHBIN pe3ysbTar
JTAHHOTO TECTUPOBAHUS MOXKET YKa3bIBaTh Ha OTCYTCTBHE
MEePEKHUCH BOAOPO/Ia B paCTBOPE U HATTMUHUE aTKUIIEPOKCHIA.
Bo3morkHO, OH 00pasyeTcs B JIMIHMHON BHEIIHEH MeMOpaHe
Oakrepun BciencTeue BHeapeHus B Heé [ M3BecTHO, uTO
KJICTOYHAsl CTEHKAa MOXKET JCHCTBOBATH KaK «TyOKa» IUIst
ancopOumu u abcopOiuu nopduprHa, 1aBas TeM CaMbIM
JIO)KHOTIOJIOKUTEIBHYIO PEaKLHUI0, CBHUJCTEIbCTBYIOLIYIO
0 TOIVIONICHNH MOP(GHUPHHA, HO HE NMPHUBOISIIYIO K THOCIN
MHKpoopranuzma.t'?!

0)

350

300

250

200

150

100

50

*

CoeuHEeHHE

Pucynoxk 2. ConocraBienue aHTHOAKTEpUaIbHON aKTUBHOCTH () B OTHOLICHUH I'PAMITONIOKUTEIIBHBIX OaKTepuil 1 00pa30BaHMs IEPOKCHIA
(6) npu B3aumoneticteuu I1I" ¢ Lux-6uocencopom Ha ocHoBe E. coli K-12. 0 — Kontpons (B orcyrcrue [1I'), * — xonnentpauus I1I" 0,5
MKM; ** — xonnenTpanust [1I" 5 MkM; *** — xonnenrtpanus 1IN 50 MxM.

Maxkpozemepoyuxnvt / Macroheterocycles 2013 6(2) 163-166

165



Antibacterial Activity of Hemin Conjugates

Ta6anua 1. [Toseimenne copepxanus nepokcua B pacrsope I1I° B npucyTcTBun 6nocencopa Ha ocuose E. coli K-12.

CurHai JIOMHHOMETpa (OTHOCUTEIbHbBIE STUHUILIBI )

BemecTtBo Konnenrpanus
P lq 44 18 u
— 15,6 7,9 4,3
K+ H,0,10°M 200 92 143
K+ H,0,10*M 110 35 88
K+ H,0,10°M 60 29 20
, 50 MmxM 16 11,5 350
0,5 MmkM 20 17,5 8,2
2 5 MkM 17 13,3 260
3 50 MkM 15 11,5 300
0,5 MkM 14 9,8 300
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