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Aunomayus.  AxkmyanvHocms:  HU3KOMOJIEKYJSIDHBIE — CYNPAaMOJIEKYJISIPHBIE  THIAPOTEIN
NPEJCTABISAIOT CO0ON YHHKAJIbHBIE OOBEKTHI, KOTOpPbIE CIOCOOHBI PEUIMTh MHOTHE aKTyaJlbHbIE
po0sieMbl B MEIMLIMHE, MULIEBOW MPOMBIIUIEHHOCTH U JIPYTHMX OTpacisiX HAapOAHOIO XO3sicCTBa.
Llenu uccnedoeanus: B HEJaBHEM IPOLLIOM ObUIO OOHApPY’KEHO, YTO HU3KO KOHIIEHTPHUPOBAHHBIE
pactBopbl L-iucrenna u Hutpara cepedpa (LICP) moryt oOpasoBaTh, mpu J00aBIE€HHMH K HHUM
pacTBOpPOB DJIEKTPONMTOB, ruiaporenu. Ilepen Hamu cTosna 3agada MOIMYYEHMS THIpOTENed U3
paz0aBnennbix pactBopoB mmmmupama (GC) mo6asinenuem I[CP, mockonpky GC, u3-3a miioxou
pPacTBOPUMOCTH, 00IaaeT HU3ZKOW OWONOCTYMHOCTBIO. Mamepuanvt u mMemoovl UCCLe)08AHUSL:
METOJIOM H30MOJIIPHBIX CEpPUH IMPOBEIEHO CPABHUTENBHOE H3yueHHEe 00pa3oBaHUs THIporenen
pa36asnenHbiMu pactBopamMu GC npu go6asnernu LICP u GCP. Bbeino obHapyxeHo, uyTo Hanbosee
MIPOYHbIE TUIPOTeNnu mnoiyvaroTcss npu ucnonb3oBaHuu LICP. Peszyremamor ucciedoganus: Obuin
TOJTyYeHbl THAPOTeId IHIMpaMa IpH ero KOHIEHTpaluy, pasHoi 107> M mpH cMeIeHHH ero ¢
cepeOpstHpIMU  pacTBopaMu aMUHOKUCIOT — L-muctenna (LICP) u L-rmyTaMUHOBOW KHCIOTHI
(GCP) B Takux »e€ HHU3KHX KOHIICHTpalUsX. Bbi60o0bi: TUAPOTENU C IIHIHUPAMOM O00pa3yroT
cepeOpsiHbIe pacTBOPHI T€X aMUHOKHUCIIOT, KOTOPhIE CIIOCOOHBI MPU COOTHOIIEHWH aMHHOKHCIIOTA :
HUTpaT cepedpa 1,25 naBaTh CTPYKTYPHI KAPKACHOTO CTPOCHHUSI.

Abstract. Research relevance: low molecular weight supramolecular hydrogels are unique
objects that can solve many pressing problems in medicine, food industry and other sectors of the
national economy. Research objectives: in recent past, it was discovered that low-concentration
solutions of L-cysteine and silver nitrate (CSN) can form, when electrolyte solutions are added to
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hydrogels. We were faced with the task of obtaining hydrogels from dilute solutions of glycyram
(GC) by adding CSN, since GC, due to its poor solubility, has low bioavailability. Materials and
research methods: using the method of isomolar series, a comparative study of the formation of
hydrogels by dilute GC solutions with the addition of CSN and GCP was carried out. It has been
found that most durable hydrogels were obtained using CSN. Thus, GC hydrogels were obtained at
a concentration of 107> M after adding CSN and GCP, which have a supramolecular character and
combine the properties of GC, amino acids, and silver ions. Research results: glycyram hydrogels
were obtained at its concentration equal to 107> M by mixing it with silver amino acids L-cysteine
(CSN) and L-glutamic acid (GCP) solutions in same low concentrations. Conclusions: hydrogels
with glycyram form silver solutions of those amino acids that are capable of giving frame structures
at a ratio of amino acid: silver nitrate of 1.25.

Knroueswie crosa: Imaoupam, TUAPOIeib, OUCTCUH, IIIyTaMHUHOBas KHCJIOTa,
aHTI/I6aKTepI/IaJ'ILHLIC CBOfICTBa, CyNpaMOJICKYJIIAPHBIC CUCTCMBbI.

Keywords:  glycyram, hydrogel, cysteine, glutamic acid, antibacterial properties,
supramolecular systems.

Beeoenue

VYHHUKaJIbHOCTh TUAPOTENICH COCTOUT B TOM, YTO OHH MOTYT COJIEPXKaTh OOJBIIOE KOJTHMYECTBO
BOJIbI, HAMHOTO TPEBBIIIAIOIIEE KOJIMYECTBO PACTBOPEHHOro BemiecTBa. Kpome 3Toro, ruaporenu
MOTYT COJIep’KaTh HECKOJIbKO KOMIIOHEHTOB, KaXKIbIA M3 KOTOPBIX MPOSBISIET CBOI YHHUKAIIBHYIO
OMOJIOTUYECKYIO aKTHBHOCTb.

HccnenoBanus, MOCBAUIEHHbIE CYNpaMmoieKylspHbiM ruaporeiasm (CMI)  sBisrorcs
HEOTHEMJIEMON 4YacThbl0 COBPEMEHHON MPUKIAAHON U (PyHIAMEHTAIbHOM XMMHYECKOW HayKu
MOCIEIHUX TpeX HecATUICTUH, Onaromaps HMX YHUKaJbHbIM cBoiictBam. K HHMM oTHocuTCs
0COOEHHOCTh Tuaporenei [1] cBsA3pIBaTh OOJBIIOE KOJUYECTBO BOJBI MPHU OTHOCUTEIHHO MAaJIbIX
KOHIIEHTpAIUsIX peareHToB (~3MMonb/i). biaronaps BeicokoMy copepxanuto Boasl CMI nneanbHo
MNOAXOAAT Ui OMOJIOTMYECKOTrOo MPUMEHEHHMs B KauecTBE MOKPBITUH paH, KOHTAKTHBIX JIMH3,
cyrnepcopOeHTOB, OMOCEHCOPOB, MUIIEBHIX 100aBOK [2].

Kpome »sTOro, Hammume OMoakTHBHBIX BemiecTB naenaer CMIT mpuBnexareabHbIMU IS
HCIIOJIb30BaHUS B KQUECTBE OCHOBBI NPOTHBOBOCHAIUTENbHBIX, 0OBOJIAKUBAIOIINX MpenaparoB [3].
CMI' [4] Ha ocHOBe omuroMepHblx U nomuMmepHblx CMC, Morytr wucnonb3oBarbes IS
HEMHBA3MBHOIO CMoOco0a JOCTaBKM MEIUIIMHCKUX IpenaparoB B OpPraHU3M, TAaKK€ OHU MOTYT
CIIy>KMTb aHTUCENTHUYECKON MaTpULIel Ui CO3/1aHUSI HOBBIX JIEKAPCTBEHHBIX MIPENapaToB.

CMI' nmonyuatores [5] U3 coeauHeHH ¢ HeOONbIION MosekysipHod maccor (<3000). Ha
MHUKPOYPOBHE 3TH Teld MPEACTaBISIOT €000 BBITAHYThIE BOJIOKHO MOJOOHBIE CTPYKTYpHI,
CBSI3aHHBIE MEXJY COOOW MHOXXECTBEHHBIMHM B3aUMOJAEHUCTBHUSMM (BOJOPOIHBIMHU CBS3SIMU, BaH-
JIep-BaabCOBBIMH B3aWMOJICHCTBUSAMU W T. A.). [7aBHBIe cBoiictBa CMI, maromue uM ocoObie
(GYHKIMH, 3TO UX TUHAMHYHOCTH U 00paTuMocTs [1].

OnHuM U3 nepcrneKTUBHBIX npeacraBurenet CMI [6] sBrsercs BrepBble CUHTE3UPOBAHHBIM
B 2001 r. HU3KOKOHLIEHTPUPOBAHHBIN TUKCOTPONHBINA TMAPOrelb HA OCHOBE BOJIHBIX PacTBOPOB
aMMHOKHUCIIOTHI L-niMcTterHa M HuUTparta cepeOpa, Ha3BaHHBIM aBTOpaMH LUCTEUH-CEPeOpPSHBIM
pactBopoM (LICP). beutn Takxke m3ydeHb OCOOCHHOCTH TMPOIECCOB O0Opa3oBaHUs THApPOTENeH Ha
OCHOBe L-mucrenHa Npu NpUMEHEHWH APYTUX cojeil cepeOpa: HuUTpuTa cepedpa [7], a Takxke
arierara cepedpa [8].
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Mamepuan u memoowl ucciedosanus
B pabore Obul WCHONB30BaH METOA W3OMOJISPHBIX CEPHid, MPOBEIEHO CpPaBHUTEIHHOE
u3ydeHue oOpaszoBaHus ruzaporeneit pasdapneHHbIMU pacTBopamMu GC mpu nobasnenuu LICP u
GCP. bruio oOHapyxkeHO, 4To Haubolyiee MPOYHBbIE THAPOTENIN IMOJIY4alOTCsS MPU HCIOJIb30BaHUU
IICP. Takum o6paszom, Obimu Tomydensl rujporenu GC mpu konuentpamuu 102 M mocne
nobasnenus [[CP u GCP, mmeromue cynpamMoieKyIsIpHBI XapakTep M codeTaronue B cebe
coiictBa GC, aMHHOKHUCIIOTHI M HOHOB cepedpa.

Pe3zynemamot u oocyscoenue

B HayanbHBIE MOMEHT NIPU CIMBAaHUU BOAHBIX pacTBOpoB L- mucrenna u AgNO3 obpa3zyercs
MYTHBIN pacTBOp. OHAKO B MPOLIECCE CTOSHUS OH IOCTENIEHHO CTAHOBUTCS MPO3PayHbIM U TOJIBKO
nociie J00aBIE€HUS B PACTBOP OINpPEACICHHBIX AHMOHOB, MIPAIOIIUX POJIb JHMHKEPOB (CKPEIOK)
MEX/1y MOJIOKUTENBHO 3apsKeHHBIMU (hparmMeHTamu, odpaszyercs ruaporens [3]. LICP moxer ObITh
nepeBefiecH B rejaeoOpa3HOE COCTOSIHUE W JIpyrdMu  criocobamu |7, 8] wu3MeHeHueM
JIUDJIEKTPUUECKOM  MOCTOSHHOM  cpelbl €  IIOMOILBIO  BOAOPACTBOPUMBIX  OPraHUMYECKHUX
pacTBOpuUTeNeH, a Takke U3MEHEHHEM 3apsiia pparMeHTOB, JOOABIsIs B pacTBOp IEIO4H. Takum
oOpaszoM, renb B cucreMax Ha ocHoBe LICP dopmupyercs B ABe cTajauu: cHa4ajga CUHTE3UPYETCS
LICP, a 3aTem B Hero 100aBiseTCs ONPEAEIECHHbI KOMIIOHEHT, CTUMYJIMPYIOIINN reeo0pa3oBaHue.

WuTtepecHo, uto reneoOpasyromias KOMIO3UIMUS IOIy4aeTcs Ha OCHOBE OKCALMJUIMHA U
HUTpara cepebpa, KoTopasi OblIa MmoydyeHa u uzydeHa B padote [9]. OkcauuiuMH-cepeOpsHbIN renb
— ynoOHasi KOMOWHHpOBaHHas JekapcTBeHHas ¢GopMa cepeOpa U aHTUOMOTHKA, HMEIOIIas
KOAryJSIIUOHHYIO CTPYKTYpy, M KOTOpas o0iazaeT aHTUMHUKPOOHBIMHU, PaHO3aKUBISIOIIUMHU U
AHTHCENTUYECKUMHU CBONCTBAMH.

N3BectHsb! Takxke renu [10], momydeHHble Ha OCHOBE HUTpaTa cepedpa (1) ¢ ammuuumuHOM,
OKCalLlMJIJIMHOM, 11e(a30JIMHOM U 11e(eTaKCUMOM B BOIHBIX paCTBOPAX.

B pa6ote [11] m3yuen renp IICP u mpupomHoro momumepa — XWUTO3aHA, MPOSIBISTIONIUN
BBIpQKCHHbIE aHTHCENTHUecKHe cBoicTBa. [lepen Hamu crosia 3ajgaya MOJYYUTH THAPOTEINb
mmuupaMa (GC) mpu ero HU3KMX KOHIEHTpalMsX C TIOMOLIbIO CepeOpsHBIX pacTBOPOB
aMHHOKHCIIOT, TIOCKOJIBKY M3BeCTHO [12], 4T0 mmmupaM, Hapsay C INIMLIMPPU3MHOBOM KHCIOTOH,
oOnamaer KpailHe HHM3KOM OWMOMOCTYMHOCTBIO HW3-32 HEJAOCTAaTOUYHON pPACTBOPUMOCTH B BOJE.
Kommnosunmu HHM3KO KOHIEHTpUpOBaHHBIX pacTBopoB GC ¢ cepeOpsHBIMH  pacTBOpaMHU
aMMHOKHUCIIOT ¢ 00pa3oBaHUEM TUJpOresneldl MOTyT MpPeJICTaBUTh 3HAYUTENBHBIM NMpaKkTHYECKUI
MHTepecC, coueTaronue B cedbe yHukaiabHble cBoiicTBa GC B gocTynmHON (opme, aMUHOKHCIOTH U
noHa cepebpa. Panee, B Hameir myOnmukaruu [13], MBI pacliupuiaud Kpyr aMHHOKHCIOT IS
nosrydyeHuss CMC u u3yunnu cepedpsiHble pacTBOpbl Ha ocHOBe L-miryramuHoBoi kuciaotsl (GCP) u
L- mu3una (LCP) cpaBautensHo ¢ LICP ¢ momorpio MeTona TuHAMHYECKOTO CBeTopaccesiHus. B
JaHHOM paboTe MBI M3YyYWJIHM Tpolecc reiaeodpazoBaHus B pas3baBieHHbIX pactBopax GC mnpu
no6asnennn LICP, GCP 6e3 mpuMeHeHHs DPacTBOPOB HJIEKTPOJIUTOB M CTPOCHHME TUApOTeNed ¢
MTOMOIIBIO CKAaHUPYIOIIETO AIEKTPOHHOTO MUKpOckoma (COM).

MosbHbIE  COOTHOIICHHS ~ UCXOAHBIX  MPOAYKTOB, MpPH  KOTOPbIX  HaOmromaeTcs
rejgeoOpa3oBaHue, OBUIM YCTAHOBJIEHBI METOJOM H30MOJSAPHBIX cepuid. Jlng »storo Obuin
MIPUTOTOBJIEHBI PAaCTBOPHl IVIMIMpamMa, DIIyTaMHUHOBOM KHUCJIOTHI, LIMCTEMHA, JU3WUHA M HUTpaTa
cepebpa B KoumenTpanuax 10°M. U3 stux pactBopos mnoarotosiensl: Cys+AgNOs;=uucTens
cepebpsiabiit pactBop (LICP), Glu+AgNOs=rmyramun cepebpsanbiii pactBop (GCP). Ilpuuem
COOTHOILIEHHE aMHMHOKHUCIIOTHI M HUTpara cepeOpa paBHsuiock 1,25. 3arem GC Obu1 cMmemaH ¢
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MOJYYEHHBIMU pacTBOpamMu B cooTHomeHusax 9:1, 8:2, 7:3, 6:4, 5:5, 4.6, 3.7, 2:8, 1:9. Ilpu
cootHomenusx GC: LICP 6:4, 5:5, 4:6, 3:7, a nia GC:GCP — npu cooTHomeHusx 4:6, 7:3 — Obun
MOJTyYEHBI MPOYHBIC TeIH, TIPU COOTHOMEeHMIX §:2, 9:1 Habmoaanocsr 00pa3oBaHue MEHEe MTPOYHBIX
reneir. Ilpu cmemenun GC u LCP naGmionanoch oOpa3oBaHue reiied, KOTOpbIE OTIUYAIHMCh
oonpiieit Tekydectoto, ueM ¢ L[CP u GCP. [lostomMy 3TH cucTeMbl B JalbHEHIIEM HaMU HE
paccmarpuBanuch. Takxke, cmenienue LICP, GCP u LCP ¢ GC, koHIeHTpalusi KOTOPOTro COCTaBIsIa
10* M, obpasoBanue Teneii He Habmomanock. Cramgum obpasosanus rumporencii GCHLICP u
GC+GCP npusenens! Ha Pucynkax 1, 2.

[,‘ J.ﬁ B Vs i
I gt P s s ,
f‘c.‘,;"v' '

N

N ! - s

Pucynok 1. 1 — Ilucrenn-cepedpsiabiil pacTBOp. 2 — CO3peBIIHiA IIUCTENH-CePEOPSHBIA pacTBOP
(LICP). 3 — Boanblii pactsop raunupama (konnenrtpauus 1072 M). 4 — T'uaporens mnocie cMelleHus
LICP u pactBopa riuipama. 5 —I'uaporens nocne cmenienus GCP u pactBopa riumnupama
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Pucynok 2. GC-C=10°M
TBepaoCTh MOMyYEHHBIX Tesiei Obuta oreHeHa B pabote [14] cormacHo [2, 15]. [lony4yeHHbIe
renu o0najaiyd TUKCOTPOITHBIMU cBOMCTBamH [16].
JUia onpeneneHuss KMHEMAaTHUYECKOW M JMHAMUYECKOM BSI3KOCTH IOJIYYEHHBIX THMIporenei
Obu1 Hcronb3oBaH peoBuckosumerp Rheolab QC, Anton Paar (Ascrtpus), 2013. IlomyueHHble
pe3yabTaTel NpuBeaeHbl Ha Pucynkax 3—7.

U3 5THX TpaQuKOB MOXKHO BMJETh, YTO Hpu KoHueHtpamuu 10° M GC mnokasbiBaeT
JIOCTAaTOuHYIO TekydecTh, Pucynok 2 (GC - C= 10>M). Bonee mpo4yHbIMH OKa3aaMCh THAPOTENH
GC c LICP B cootHOmEeHMsIX, ykazanHbIX Ha Pucynke 3. LICP + GC 1:0,5 u Pucynoxk 4. ILICP + GC
1:1. Menee npounbimu sBistoTcst renu GC ¢ GCP, Pucynok 5. GCP + GC 1:0,5 u Pucynok 6. GCP
+ GC 1:1.
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Pucynok 5. GCP + GC 1:0,5 Pucynok 6. LCP + GC 1:1

OnHOM W3 BaXHBIX XapaKTEPUCTHK THAPOTeei sBiseTcss MOpQOJIOTHs MOBEPXHOCTH,
KOTOpasi MO3BOJISIET OXapaKTEPU30BaTh HE TOJBKO CBOMCTBA CHCTEMBI, HO TAK)KE MEPCHEKTUBBI MX
JAJIBHENUIINX UCCIIEOBAHUN U IIPUMEHEHUS.

Jns uccnenoBanust MOPQOIOTUU MOBEPXHOCTH THAPOresel HaMu ObLT MCIIONB30BaH METO[
CKaHMUPYIOLIEH HIEKTPOHHOM MHMKPOCKONUH, JUIsI 3TOro oO0pa3lbl ObUIM MpeIBAPUTENBHO
JTUO(GUIN3UPOBAHbl U3 3aMEP3LIEr0 COCTOSHHS, 3aT€M IOKPBITHI TOHKUM CJIOEM MPOBOJISIIETO
Metaia. [lonydyeHHsle pe3ynbTarsl IpuBeeHbl Ha Pucynkax 7-8.

O6pazoBanue ruaporeneit GC u I[CP, BepoATHO, MOXXHO OOBSCHUTH B3aUMOJICHCTBUEM
mutnernn GC ¢ LCP. B pa6ote T. V. Romanko, Y. I. Murinov mo u3y4eHu0 U3MEHEHHI BSI3KOCTH
pacTBOpPOB  NIMLUUPPU3MHOBOM  KUCJIOTHI  OblJa  OLIEHEHAa  KpPUTHYECKass  KOHLEHTpalus
mutesiooopazoanust — 0,004 sec. % (0,05 MM) [17].

O6pasosanue muuemn GC, kak ycraHosieHo B padore A. B. [lymkuna, E. C. Mereneoi, 1O.
C. Yucrauenko, C. C. XanukoBoW, IPOUCXOOUT NMpH KoHueHTpauuu, pasHoil 0,0001 Bec.% wnmm
0,001 MM, T.e. mpu TOI KOHIEHTPALIUH, IPU KOTOPOH HAMU MOTy4deHbl Tuaporenu [18].

Oo6pazoBanue munenn MonekyaamMu GC oObsICHSIETCS MPUCYTCTBHEM THUAPO(UIBLHOTO (IBa
DIIOKYPOHUIHBIX OCTarka) W ruapodobHoro (tputeprnieHoBblii ¢parmentoB) B GC. HaumbGonee
BEPOSITHO, YTO B Mullesuie Mojiekysbl GC opueHTHpoBaHbl THAPOPOOHBIMH (pparMeHTaMu BHYTpPb, a
rUAPOQUILHBIMH YaCTSIMU Ha BHEUIHIOIO MOBEPXHOCTh CaM0ACcCOIMaTa, KOTOPbIM B3aUMO/IEHCTBYET
c cerdateiM KapkacoMm LICP, oOpa3oBanHbIN LenmoykamMu (pakTaldbHBIX KJIACTEPOB U, KOTOPBIH
SIBJISIETCSI TIOJIUKATHOHOM [4].

BepodTtHO, mO TakoMy K€ MeEXaHU3My IpPOMUCXOAUT B3aumoxeicteue wmunemn GC ¢
cepeOpsHBIMU PacTBOpPaMHU TIIyTAMHUHOBOW KHCIIOTHI ¢ 00pa3oBaHUEM rujporeneil. B komrmiekcax
cepebpa ¢ L-mmyramuHOoBOM Kkuciotor [19], BbICICHHBIMA TpU HU3KUX 3Ha4eHUsSX pH,
oOHapy»xeHa KoopauHauus 1o tumy. [Ipu 3Tom aTtombl cepedpa KOOPAUHUPYIOTCS MPUOIU3UTETHHO
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JUHEHWHO C yuc-KOH(QUTYpaIlMue OTHOCUTEIbHO KapOOKCWIaTHOW Tpymmbl. HaiineHo 1enodeqHo-
Pa3BETBICHHOE TTOJUMEPHOE CTPOCHHE KOMILIEKca ¢ TiryTaMuHar-uoHoM [AgoGlula [19]. BepositHo,
[[EMIOYCYHO-PA3BETBICHHBIC TOJIMMEPHBIC TIIyTaMaT-uOHBI O0pa3yloT TakKKe CeTdaThlii Kapkac,
HECYIIUH MOJOKUTEIbHBIC 3apsiIbl.

hvaninid dadi

10 35 SE!

§

16kV  X2,700  5pm 10 35 SEI

10V X1,300 10pm 1035881

Pucynox 7. Mopdonoruiueckoe CTpoeHHUE Pucynok 8. Mopdonoruyeckoe cTpoeHHe
ruaporenss GC+LCP nwa COM (1 - pactymuit ruaporens GC+I'CP va COM
THIPOTENb; 2 — Iellb)

BriBonbl 0 TOM, uTrO TIpM B3ammoaercTBuu L-nicremHa u L-royTaMHHOBOM KMCIIOTBI €
HUTpaTtoM cepedpa (B cooTHomeHuu 1,25) oOpa3yroTcsl 1eMO4eYHO-pPa3BETBICHHBIE CTPYKTYpPHI
KapKacHOTO THIA MOXHO ceNaTh U3 ux Y®-CreKkTpoB, npeacTaBieHHbIX Ha puc. 9, 10. BepositHo,
MMEIIMecss MoJockl nomomenus npu 217 um, 227 um, 233 vm, 304 am B LICP, u monocsl
noriomenus npu 218 um, 229 um, 300 aM B T'L[P 0TBETCTBEHHEI 3a TIEPEHOC AMEKTPOHOB C G—>G B
ATUX CTPYKTYypax.

1,6

0,€

300 400
200 200 300 400

Pucynok 9. 1 —Y®-cnekrpst LCP. 2 — YD-cnextpst I'CP
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[Tomo6HO okcanamMH-cepeOpsiHoMy Temto [11], BepoATHO, Teab-CTPYKTYpy DIHUIHAPaAM-
cepeOpsiHBIX PAaCTBOPOB AMHHOKHCIOT MOXKHO OTHECTH K KOaryisiIMOHHOW cTpykrype. Jlis
KOAryJISIUOHHBIX CTPYKTYpP XapakTepHO CTapeHHE BO BPEMEHH, KOTOpPOE IPOSBISAETCS B
MOCTENICHHOM YIPOYCHHH CTPYKTYpbl, €€ CKaTHM U BBICBOOOXKACHUIO YaCTH JKUAKOCTH U3
CTPYKTYPHOH CETKH. DTO MOXET MNPUBECTH K pa3IeiICHHIO0 CHCTeMbl Ha JABe ¢a3bl: Ooiee
KOHIICHTPUPOBAHHBIN CTY/IEHb U PACTBOPUTENH, COIEPKAIINI HEKOTOPOE KOJUYECTBY AUCIIEPCHON
¢da3pl (sABIEHUE CHUHEpE3uca), YTO MOXHO BHUICTh M3 PucCyHka 7, mociie 6-MecsleB CTOSHUS
runporeneit GC n GCP B pa3nbix cooTHomeHusx (Pucynok 10).

e G~ -

% ’-/\- &

Pucynok 10. Cootnomenue GC: GCP: 1 (6:4), 2 (7:3), 3 (8:2), 4 (9:1)

I'mpporenu, nosnyueHHsle Ha ocHoBe GC u cepeOpsHbIX pacTBOpoB L-mmcrenmna u L-
DIIyTAMHHOBOW KUCIIOTHI ObUTH BhICymIeHB! B u3ydeHbl nx MK-cnexrper. MK-criekTpsl ObLTH CHATHI
na npubope Nicolet Avatar 370 GDTSot 4000 cm ! 10 400 cm ™! B KBr.

UK-cnexkmp GC (KBr, v, cm '): 3196,7 (OH, NH), 2836,9 (CH), 1716,9 (C=0), 1699,8
(C=0), 1647,7 (C11=0, C=C), 1589 (COO"), 1541,5 (CH), 1507 (CH), 1456 (CH2, CH3), 1418 (
NH, ), 1387,6 (CH), 1362 (CH), 1260 (CH), 1212 (CH), 1165 (C-O-C, C-OH), 1040,6 (C-O-C, C-
OH), 981 (=CH), 919 (CH).

UK-cnexmp Cys (KBr, v, cm'): 2995 (NHs%), 2543 (S-H); 2104,8 (NHs"),
1611 (amunokuciorHas nojoca I - NH3z"), 1513 (COO™), 1427 (amunokucnorHas nonoca Il - NH3"),
1397 (COO"), 1360 (CH2), 1345 (CH2), 1327 (CH»), 1291 (COO"), 1204 (CH), 1159 (CH), 1139
(CH), 1066 (C-OH), 1044 (C-OH), 985 (NH3"), 942 (S-H), 824 (COO"), 660 (CS).

UK-cnexmpor GC+Cys + AgNO;3 (KBr, v, cm™!): 3450 (O-H, NH), 3026 (NH5"), 2922 (CH),
2852 (CH), 2360 (CH), 2342 (CH), 2272 (CH), 1631 (CO), 1601 (amunoxucnoTHas monoca I -
NH3%), 1512 (COO"), 1492 (amunokucnotHas monoca 11 - NH3"), 1384 (CH.), 1353 (CH>), 1156
(CH>), 1080 (C-O-C, C-OH), 1043 (C-O-C, C-OH), 879 (COO").

N3 ananusa cnekrpoB ucxonHbix GC, Cys U UX TMAPOTear MOKHO BHJIETh, UTO B THIPOTeEIe
ucuesaeT mnojnoca 2543 cM !, xapakrepHas mis S-H L-nucTenmHa, uTO CBHJETENILCTBYET O
3aMenieHn Bojgopoaa cepedpom [10], u 4ro siBIsSeTcs HayaioM 0Opa30BaHUS MPOCTPAHCTBEHHOM
cetku 1{CP. meroT MecTo A0CTaTOYHO 3aMETHBIE CMEMICHUS aMHHOKHUCIOTHBIX mmoioc [ u II L-
mucrenna, 161116013 cm ! u 1427—14923 cm!, coorBercTBeHHO. CMEIICHHE MOJIOCHI
noromenus 2995 cm !, kotopas xapaxtepusyer (NH3") B o6nacts Huskux wactor 3450,1 cm !,
CBUJETEIBCTBYET O pa3pylLIeHUH LBUTTEP HOHHOW (OpPMBI B aMHUHOKHCIOTE U 00 ydacTUU 3TOM
rpynnsl B 00pa30BaHUM BOJOPOJHBIX CBSI3€H, B KOTOPBIX MPUHUMAIOT y4yacTHe (YHKIMOHAJIbHbIE
rpynmnsl Moaekynsl GC.
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UK-cnexmp GC (KBr, v, em ') : 3196,7 (OH, NH), 2836,9 (CH), 1716,9 (C=0), 1699,8
(C=0), 1647,7 (C1;1=0, C=C), 1589 (COO"), 1541,5 (CH), 1507 (CH), 1456 (CH2, CH3), 1418
(NH4"), 1387,6 (CH), 1362 (CH), 1260 (CH), 1212 (CH), 1165 (C-O-C, C-OH), 1040,6 (C-O-C, C-
OH), 981 (=CH), 919 (CH).

HUK-cnekmp Glu (KBr, v, em'): 3011 (NH4"), 2741 (OH, NH, CH), 1699 (COOH =e
noHu3oBanHas), 1636 (ammuuokucinorHas nonoca I -NH3z"), 1559 (COO"), 1506 (aMMHOKHCIIOTHAs
nonoca II — NH3"), 1419 (COO"), 1349,6 (CH), 1310 (CH), 1256 (CH), 1232 (CH), 1212 (CH),
1149 (C-OH), 1126(NH4"), 1073 (CCN, NH4"), 1051 (C-OH), 945 (CC), 911 (CC).

UK-cnexmpor GC+Glu+AgNOs (KBr, v, cm™!): 3428 (OH, NH), 3236 (OH, NH), 3083 (OH,
NH), 2926 (CH), 2856 (CH), 2360 (CH), 2342 (CH), 2077 (CH), 1722 (C=0), 1632
(amuuokucnorHas nonoca I — NHy"), 1619 (COO"), 1513 (amunokucnornas mnonoca 11 - NH3Y),
1384 (CH), 1355 (CH), 1260 (CH), 1229 (CH), 1214 (CH), 1174 (CH), 1155 (CH), 1126 (CH),
1080 (C-O-C, C-OH), 1041 (C-O-C, C-OH), 982 (=CH), 946 (CC), 880 (COO").

N3 ananuza crnekrpoB ucxoaubix GC, Glu u ux ruaporenu MOKHO BHIETh, YTO B TUApPOTEIE
HUMEIOT MECTO CMEIIeHUs] aMUHOKUCIOTHBIX nonoc [ u II L-rmyramMunoBoil kuciotsl, 1636—1632
cM ' u 15061513 cm !, coorBercTBeHHO. CMerenue nosockl nonomenus 3011 cm ', KOTOpas
xapaktepusyer (NHs") B o6macts Hm3kux uactorT 3428 cM !, CBUIETENLCTBYET O pa3pyLICHHH
[BUTTEP HOHHOU ()OPMBI B AMHHOKHCIIOTE U 00 Yy9aCcTHUH 3TOW IPYMIBI B 00pa30BaHUU BOIOPOIHBIX
CBsI3€H, B KOTOPBIX PUHUMAIOT y4acTHe (DyHKITMOHAIBHBIC TPyTITbl MoJeKyIbsl GC.

Cnenyer otmeTuTh, uTO paccmarpuBaemble ruaporend GC U cepeOpsHBIX PacTBOPOB
AMUHOKHCIIOT WHTEPECHbl HE TOJBKO C TOYKH 3PEHUS H3YyUYEHHUS IPOLIECCOB CaMOCOOpKH U
resieoOpa3oBaHus B pa30aBIICHHBIX PacTBOPax, HO M B MPaKTUYECKOM oTHomeHUU. Tak, B [14, 16]
IpOBeEHbl TECThl HAa MUKpOOHOnoruyeckyio aktusHocTh GC B koHmentpanuu 10° M u ero
pa3BeneHHbix obOpasmos (1:10, 1:20, 1:50, 1:100), a Takxe reneit GC : LICP, GC : GCP npu Tex xe
pa3BeleHUsIX, IO OTHOIIEHMIO K TECT-KYJIbTypaM T[aTOT€HHBIX M  YCJIOBHO-TIATOTEHHBIX
MUKpOOprann3MoB. OOpa3ibl MIUIUpaMa IPH Pa3BEACHUH HE OOHAPYXKHIIM YyBCTBUTEIBHOCTH K
M3YYEHHBIM MUKPOOpPraHU3MaM; THJAPOTEIN TOKazald 00Jie€ BBICOKYIO UYBCTBUTEIBHOCTH K
MUKpOOpranm3MaMm mpu pasBeaeHun 1:10, mo cpaBHEHHIO C cepeOpSHBIMH PacTBOPaMU
aMUHOKHCIIOT, Tpu OoJiee BBICOKUX PAa3BEACHMUSIX YYBCTBHUTEIHHOCTh ObLIa HaMHOTO HHXKE.
Boicokyto akTMBHOCTDH npu pa3BeaeHun 1:10 rupporenu mposBUIM MO OTHOLIEHUIO K Escherichia
coli, Pseudomonas aeruginosa, Staphylococcus aureus. MexaHu3M JEUCTBUS THApOTENEH
nogo0OHoro Tumna oputa o0bsicHeHa B [1].

Bui6oowt

Takum oOpa3oM, ObUIM MOMYYEHBI TMJPOTENN IIHIMpaMa MpU €ro KOHIEHTPAIMH, paBHOU
107 M nipu cMelieHn” ero ¢ cepeOpsHBIMU PaCTBOPAMH aMHHOKHCIOT — L-nucrenna (L{CP) u L-
mryTaMuHOBOH KucnoThl (GCP) B Takux e HU3KHMX KOHIIEHTpauusx. MeToIoM H30MOJISPHBIX
cepuii 6b1TM ycTaHoBieHbl cooTHomeHuss Mexay GC ¢ LICP u GCP, npu koTopbix 00pasyroTcs
Haubosee NpOYHbIE Teld, W KOTOpble MPOSBIIM OONBIIYI0 OHOJOTHYECKYIO AKTUBHOCThH I10
OTHOILIEHUIO K MUKpoopranusmam, o cpasHenuto ¢ GC. 13 MK-cnekTpoB MOXKHO CIIENaTh BBIBOJ,
4TO NMpHU 00pa30BaHUU T'MJIporesnel HauboJbIINe U3MEHEHUS IPU B3aMMOJCHCTBUHU C TIMIIMPAMOM
MpeTepneBaloT LBUTTEpP-HOHHAs (opmMa aMHHOKUCIOT. CleayeT OTMETUTh, UYTO TUIPOTENH C
DIMIMpaMOM  00pa3yloT cepeOpsiHble pacTBOPbl TE€X AaMHHOKHCIOT, KOTOpPbIE CIOCOOHBI IpH
COOTHOULIEHUH aMUHOKHUCIIOTa: HUTpaT cepedpa 1,25 naBarh CTPyKTYphl KAPKACHOTO CTPOEHUS.
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MOLECULAR-PHYLOGENETIC RESEARCH
OF THE GENUS Hypericum L. IN FLORA OF AZERBAIJAN

OFatdayeva A., Institute of Botany Azerbaijan NAS, Baku, Azerbaijan, ayten.fetdayeva@mail.ru

MOJIEKVJIAAPHO-@UJIOTEHETHYECKOE HCCJIEJOBAHHUE
POJA Hypericum L. BO ®JIOPE ASEPBAU/I/KAHA

O©®amoaesa A., Uncmumym 6omanuxu HAH Azepbatioscana,
2. Baky, Azepbaiioxcan, ayten.fetdayeva@mail.ru

Abstract. Hypericum 1is one of the 100 largest flowering plant genera forming the family
Hypericaceae Juss., which belongs to the clusioid clade of the Malpighiales. Hypericum is
represented in Azerbaijan flora by 19 native species and 1 subspecies belonging to 7 taxonomic
sections. The chloroplast DNA of 8 species from the genus was studied by PCR-RFLP analysis.
Total genomic DNA was extracted from leaf tissue using the DNeasyPlantMini kit. (Qiagen Inc.;
Valencia, CA, USA) following the supplied protocol and quanti field using a Nanodrop (Nanodrop
Technologies; Wilmington, DE, USA) spectrophotometer. The article is part of an experimental
study that comprises molecular-phylogenetic research of this genus in the flora of Azerbaijan.

Aunnomayus. 3Bepoboit — oauH u3 100 KpynmHEMIIUX pPOAOB IIBETKOBBIX pPAaCTEHUH,
oOpasyromux cemeiictBo Hypericaceae Juss., KOTOpoe MNPUHAIICKHUT K KIACTEPOHIKIAAAM
Malpighiales. 3Bepo6oit mpeacrasien Bo (iope AszepOaiimkxaHa 19 abopUreHHbIMH BHIAMH U
1 moaBUIOM, OTHOCSIIMMUCS K 7 TakcoHoMuuyeckuM paznenam. JJHK xnopormactoB 8 BU0B 3TOrO
pona uccnenoBanu metonoM [IHP-ITJIP®. Toranpnyto renomuyto JJHK u3Bnekanu u3 TkaHu aucra
¢ nomompio Habopa DNeasyPlantMini (Qiagen Inc.; Banencus, Kamudopuus, CHIA) B
COOTBETCTBMM C MPWJIAraéMblM MPOTOKOJIOM M TIOJIEM KOJMYECTBA C MCIOJIb30BAHUEM
cnektpodoromerpa Nanodrop (Nanodrop Technologies; Yunmunrton, Jlenassp, CIIA). Cratbs
SBISIETCS ~ YacThl0  OKCIEPUMEHTAJbHOTO  HCCIEJOBAaHUS,  BKJIIOYAIOMIETO  MOJEKYJSPHO-
(uoreHeTHYECKNE MCCIIeIOBAHUS ATOTO pojia Bo ¢uiope AzepbaiikaHa.

Keywords: Hypericum, species, subspecies, molecular-phylogenetic research.

Knioueswie cnosa:  Hypericum, BHUJIBI, TOABHUIBI,  MOJEKYIAPHO-(PUIOTCHETHICCKHE
HUCCIIEIOBAHUS.

Introduction
Hypericum is one of nine genera and represents approximately 80%of the diversity of the
family Hypericaceae Juss. This genus is originated from Eurasia and widely distributed in tropical
and subtropical regions. Species of this genus grow on damp soils, meadows, and swamps.
Morphologically Hypericum genus are characterized by the presence of different kinds of
secretory glands and channels, including transparent, dark glands. The secretory structures are the
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accumulation of biologically active substances, and their various configurations are important in the
classification of the genus.

Species of this genus are annual and perennial herbaceous, semi-shrubs, and shrubs. The
leaves are opposite, rarely whorled, whole-edged, sessile, or with short petioles on the surface and
at the edges often with transparent, sometimes with black point glands. Flowers are collected in the
corymbose inflorescence.

Plant material and DNA extraction
Fieldwork was conducted during the expeditions (2015-2018) between May September, at
different stages of plant development (Table 1). Dried herbarium specimens deposited in the
Herbarium fond of the Institute of Botany ANAS (BAK) and were examined according to standard
procedures.

Table 1.
PLACES OF COLLECTION OF MATERIAL

Species Collecting data
AZ0001 Hypericum Shach-buz (Kuku village) 2260 m
helianthemoides
AZ0002 H. perforatum subsp. Gabala503 m
veronense.
AZ0003 H. elongatum Shach-buz(mountainofYellica ) 2300 m
AZ0004 H. tetrapterum Lankaran (Dasdatuk village) 800 m; Gadabay(Soyudluvillage) 1473 m
AZ0005 H. lydium Shach-buz (Kuku village, Safdara) 2270 m
AZ0006 H. androsaemum Zagatala (Gabizdaravillage) 643 m, Gakh (Lakit village) 1571 m,

Gabala (Vandam village) 563 m

AZ0008 H. perforatum Zagatala (Gabizdara village) 562 m, Car666 m

Also, the Herbarium specimens stored in the Herbarium fond of the Institute of Botany
Azerbaijan NAS were used in this study. Classic comparative morphological and results of the
molecular-phylogenetic analysis were used for the identification of species. From each sample of
100-200 mg of young leave plants put in 2 ml tubes. Leaf material was obtained from three
individual plants per accession, flash-frozen in liquid nitrogen, and stored at —200 °C.

The buffer is added to the dried DNA and stored in the refrigerator for 1 night. Amplification
reactions were shown in Table 2.

Table 2.
AMPLIFICATION REACTIONS
Components Stock Cons. Reac. Cons.
PCR Buffer 10X 1X
MgClI2 25mM 1,5mM
dNTP mix 20 mM 0,2 mM
F. Primer 10 uM 0,3 uM
R. Primer 10 uM 0,3 uM
Tag DNA Polymerase S5U/ ul 2U
DNA template 3ul
PCR grade with H20 35ul
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Amplifications were performed as follows: first denaturation (3 min at 94 °C), 35 cycles of
denaturation (15 s at 94 °C), elongation (at 72 °C), and final extension of (5 min at 72 °C). The
amplified products were precipitated with ice-cold ethanol, washedwith70% ethanol, and dissolved
in water. PCR products were verified byelectrophoresisonl.5% agarose gels containing ethidium
bromide in this-acetate EDTA (TAE) buffer and detected under UV light (Table 2).

The restriction fragments with 100 bladders (Gene Ruler TM 100 bp ladder, Fermentas) as a
size marker were separated on 1% agarose gels in Tris-acetate EDTA (TAE) buffer (Figure 1).

Table 2.
CYCLES AND THE DURATION OF THE POLYMERASE CHAIN REACTION
Temperature of PCR Duration Cycle

94 °C 3 min 1

94 °C 15 sec

50 °C 15 sec 35

72 °C 30 sec

72 °C 5 min 1

Checking the amount and purity of DNA

The amount of DNA is determined by a spectrophotometer (260 and 280 nm) (Nano Drop
200 °C UV-VisSpectrophotometer-Thermo Scientific). The mixture was used to determine the
amount of 20 pul extracted DNA and 1980 pl of DD H20. The density of
theDNAsolutioniscalculated as follows: DNA density (NG/ul) = (OS260H100 (dilution factor) % 50
ng/ml) / 1000. The optical densityratiobetween260and280 nm (OS26 0/0S280) shows the purity of
sound acids. The optimum cleaning speed for the PCR is 8§-2.0. After determining the amount of
DNA, from each sample, are prepared 50 ng / pl of DNA for each PCR reaction.

100 BP DNA LADDER

bp ng/10ul
L3 3,000 100
[~ 3 2,000 134
ol 1,500 100
N 1000 104
bl 000 93
bl S00 83
bl 700 73
bl 600 63
Ll 500 104
400 42
300 31
200 42
100 31

100 bp DNA Ladder
1% agarose, 1x TBE

Figure 1. 100bp_DNA_Ladder
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