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The study of flowers of Lysimachia nummularia L. showed that glandular trichomes are formed on
the stamen filaments, as well as on the adaxial and abaxial surfaces of the sepals and petals. The
polyfunctionality of trichomes in plants Lysimachia nummularia are based on the biochemical and
anatomical heterogeneity of cells and secretory structures, which are a functional component
of the ecological plasticity of the species. Accumulation of phenolic compounds in the tissues of
leaves, stems and flowers begins at the early stages of plant development. Secondary metabolites
are localized in the cytoplasm of the cells of the upper and lower epidermis of the leaves, in the
parenchyma of the stems of brephical plants. A significant amount of condensed polyphenolic
compounds are found in cells of the parenchyma of the receptacle, the integumentary tapetum and
the epidermis of the petals in the surrounding polysaccharides. They act as a chemical barrier, which
slows down the oxidation of phenols. A significant number of pectins and glycans were found in
the cells of the glandular trichomes. A certain spatial uneven distribution of polysaccharides in the
external secretory structures is established. It is shown that they are concentrated in the basal cells
of the legs and are almost completely absent in cells that are directly linked to the secretory head.
Their cell walls are thin and almost completely formed by pectins. This creates the prerequisites for
easy head breaking along with secretory fillers. Under such conditions, when they are harvested by
bees, the risk of premature leakage, oxidation and polymerization of biologically active compounds
is reduced. Polysaccharides in the cells of the secretory epithelium can be considered as the basis
for the creation of a biopolymer film with bactericidal and fungicidal components that use bees
when facing cell nests. It was found out that the cell components of the trichome head are capable
of intense autofluorescence in blue, blue-green and green spectrums. The expressed structural
and biochemical heterogeneity of micromorphological elements of the secretory system of plants
Lysimachia nummularia is physiologically and ecologically related to their functions. In our opinion,
these functions can be much more complicated than it was thought up to this day. Among these, their
direct or indirect participation in the work of systems of extracellular and long-distance signaling,
regulation of forage and nesting behavior of insects cannot be excluded.
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Bctyn

YHikanbHMI 6ioXiMIYHWI CKNa CEKPETOPHUX CTPYKTYP POCANH poay Lysimachial.e pxxepenomeHeprii,
He3aMiHHUX NOXKUBHUX PeYoBUH i OyAiBeNnbHUX MaTepianis, AKi NOTPIOHI AnA BY3bKMX ONironekTis
popy Macropis Panzer (PagueHko un [leceHko, 1994). BioxiMiuHUIN CKnag BUAiINEHb CEKPETOPHMUX
CTPYKTYP KBITOK Ma€ BUMHATKOBE 3HAYeHHA ANA KOMax-3anuoBauiB, AKi BUKOPWCTOBYIOTb Ui
pPevYoBUHY AN OBNNLIIOBAHHA CTIHOK KOMIPOK.

Bigomo, Lo y KBiTKax i CEKPeTOPHMX KNiTMHaX ronoBYacTUX TPUXOM POCivH pogdy Lysimachia okpim
¢dnopanbHux ninigis (Buchmann, 1987), HakonNMUyOTbCA aMiHOKUCIOTU, KapOTUHOIAW, GpnaBoHoIaN
(Toth, 2012); nanbmiTMHOBA, MIPUCTUHOBA, NiHONEBa, iHWI KWCNOTW; GopHeos, 6eH30dpeHOoH,
rekcagekaH, metunesradon (Jemwng, 2014); TepneHoign i TputepneHosi canoHiHu (Podolak, 2013).
Ninign kBiTOK Lysimachia aHanoriuHi Tm, Wo BMPOONATbCA 3ano3ot0 Oiodypa y iHWKX BuUAiB
6in. baXonu BUKOPUCTOBYIOTb 6araTOKOMMOHEHTHY CyMiLl NPOAYKTIB CEKPeLil eniTenito TPUXom
Lysimachia, Aki OKpiM POCAMHHMX O, MICTATb OpPraHiuyHi Cnonyku, WO MaloTb OYHriuMaHi Ta
aHTMGIOTNYHI BracTmBocTi. Came Taka pevYOBMHa BUKOPUCTOBYETbCA Gmaonamu pogpy Macropis
Ans 06nMUBaHHA KOMIPOK X THi3A, Wo OyayloTbcs Yy FPYHTI. [MTaHHA BUKOPUCTaHHA 6aXKonamu
NPOAYKTIB POC/IMHHOTO NMOXOMMEHHS AK OyZliBENbHOIrO MaTepiany 3 aHTUCENTUYHUMU BNACTUBOCTAMY
€ HaZ13BMYANHO CKMAHVM i BOAHOYAC L{iIKOM MPAKTUYHMM, TOMY 3aC/TyrOBYE Ha yBary Ta noTpebye
[eTanbHOro BMBYEHHA. MeTot Halwoi poboTn 6yno AOCHIAKEHHA FiCTOXIMIYHOI reTeporeHHoCTi
CEeKPeTOPHUX CTPYKTYp Lysimachia nummularia L. B acnekTi iX 3HauyeHHA y B3aemogiax i3
KOMaxamm-3anuoBadyamu.

Marepianu Ta metoan

JocnipKeHHs npoBoAWnAn Ha pocnuHax Lysimachia nummularia, aki 36upanu npotsrom 2014 -
2016 pp. y niconapkoBmx HacagkeHHAX M. Kuea. [licToxiMmiuHi JocChigXeHHA CeKpeTOpHUX
CTPYKTYP NPOBOAMN Ha NOCTINHUX MiKponpenapaTtax (7 — 8 um) nonepeyHunx i No3QoBXHiX 3pi3iB
reHepaTUBHMX OPraHiB POC/VH. fIKicCHe BU3HAYeHHA BTOPUHHNX MeTaboniTie, nonicaxapuais, 6inkis
y TKaHWHax BUKOHYyBanu 3a ctaHgapTHumu nponucamm (Qypct, 1979; Pellicciari and Biggiogera,
2017). ®oToOKyMeHTaLilo i 06POOKY OTPUMAHKX JaHVX BUKOHYBanu B CrieLiafi3oBaHill nporpami
Ons aHanisy umoposux 306paxeHb — Image-Pro Premier 9.0.

Pe3synbTaTtii Ta iX 06roBopeHHnA

B ymoBax Kuiecbkoro Monicca 6inbliicTe pocnv Lysimachia nummularia mae HA3bKUiA reHepaTUBHUI
noTeHuian i TOMy NonynAuii JaHOro BMAY 4YacTo NpeacTaBfieHi BereTaTuBHMMN KOHamu. TMNoBum
na BepbOo3inns € reMToHOramis, KOnv 3anuneHHs BifgOyBaeTbCA MiXK KBiTKAMN FeHETUYHO OAHAKOBMX
pocnuH. [epexpecHe 3anuneHHA 3abe3neuyioTb 6AXOMW, AKMX POCAVMHU NpuBabnioTb 3a
[OMOMOrot0 CreludiuHMX aTpaKTaHTiB. Ix crHTe3 BigGyBaETbCA y cneuianbHUX KNITUHAX YNeHUCTo-
rOfIOBYACTMX TPUXOM CEKPETOPHOro Tumny, Wwo GOpPMYITbCA Ha TUUMHKOBMX HUTKAX, @ TakoX Ha
afaKcCianbHin i abaKkcianbHiN NOBEPXHSX NESIIOCTOK 1 YALWONNCTUKIB. KiIbKIiCTb TPMXOM Ha OAVHMILIO
NJOLi € MiH/IMBOIO O3HAKOI0, AKA 3aNeXXWTb Bil YMOB MiCLIe3pOCTaHHA POC/IVH. Y efleMeHTax KBIiTKK
Hanobinblue YMCNO TPUXOM CMOCTEPIraETbCA Ha TUUUHKOBUX HUTKAxX. [OOBYACTI TPMXOMU MaloTb
[ocuTb CKnagHy 6ynoBy. BoHM yTBOpPHOWOTHCA 3 eniiepmanbHuX KNiTvH. [icna nepukniHanbHOro
noginy 6asasnbHa KniTMHa AinnTbCA wWe pa3 abo ABidi, Big 4Yoro dopmyeTbcAa OBO- TpuW-, iHOAI
YOTUPWKIITMHHA HiXKa. BepxHA KniTMHa [AiNUTbCA aHTMKNIHANBbHO | YTBOPIE 6araToKNiTUHHY
rOfIOBKY TPUXOMa. KNiTWHM HiXKOK TpMXOM 6inA OCHOBM TUYMHKOBUX HUTOK LOCUTb BULOBXEHi,
a 6asanbHi  cepefHi KNITUHM BKPUTI TOBCTUM LWIAapoM KYTUKYNU. MNonidbyHKUiOHanbHICTb TPUXOM
y pocnvH Lysimachia nummularia rpyHTyeTbcA Ha OiOXiMiuHI Ta aHAaTOMIUYHIi reTeporeHHoCTi
KNITUH | CEKPETOPHUX CTPYKTYP, AKi € PYHKLIIOHANbHO CKNagoBOI0 eKONOTriYHOI NAACTUYHOCTI BUAY.
[laHa crneundika nos'A3aHa i3 CMHTE30M i JIOKasi3aui€elo BTOPUHHUX MeTaboniTiB, @ TAaKOX BiNbHUX
XUPHUX KNCNOT i nonicaxapuais. KpimneTKnx peyoBuH i onii, y KBiTKax pocnuH Lysimachianummularia
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CUHTE3YETbCA | HAKOMMUYETLCA 3HAUHA KiNbKiCTb GeHONbHNX CMOYK. 3a HALWMMY faHUMU, 36iNbLIEHHSA
BMIiCTY deHoniB (KOH'IoraTiB OKCUKOPUYHUX KUCNOT, GnaBOHOIAIB i KOHAEHCOBAHMX TaHiHIB),
TPUTEPMNEeHOBUX CAMoOHIHIB Ta TEPNEHOIAIB Y TKaHMHaX JIMCTKIB, cTeben i KBIiTOK BilOYBa€ETbCA BXe
Ha NMOYaTKOBUX CTafisfx ixX po3BWTKY. MicTOXiMiuHi peakuii fo3BONUAN BUABUTY, WO 34e6inbloro
BOHW JIOKasni3oBaHi B LMTOMNMa3Mi KNiTUH BEPXHbOrO i HUXHbOrO enigepmicy. MepLui KNiTnHK, Wwo
3aMoBHIOKTLCA NonidbeHoNbHUMYK crionykamu (iniobnactu), BUABNAIOTLCA B NMPUMOPAIAX MeTamepis
i B KNiTMHax anikanbHoOi MeprcTemMn Ha BigcTaHi 180 — 250 pum Bif TOUKM pocTy. Y cTebnax lBeHiNbHMX
MaroHiB i KBITKOHIXKOK rpynu igio6nacTiB nokaniayloTbca cepep KNiTMH NapeHXimMmy B3J0BX NPOBIAHMX
nyJkis (Figure 1, a-c). Cnig TakoK 3a3HauUNTK, WO B CEKPETOPHUX KNITUHAX BUABMEHO BUCOKUI BMICT
6inkKiB, AKi Mal>ke BifCYTHI Y KNniTUHax-HixKax (Figure 1, i).

Ha ocobnusy yBary 3acnyroBye poO3rogin mnoficaxapupiB y CTPYKTypax TKaHWH reHepaTUBHUX
opraHis. Hamu BU3HaueHo, Lo 6iNbWicTb HEPO3UMHHUX Y CMINPTaX KOHAEHCOBAHMX MOMiheHONbHUX
CNONYK, WO B 3HAYHUX KiTbKOCTAX MICTATbCA Y KITMHAX MapeHXiMUN KBITKOIOXKa, iIHTEryMeHTanbHOro
TaneTyma Ta enigepmica NenoCToK, OTOYEHi MNeKTUHaMW | 3B'A3aHUMX 3 HUMWU  iHWKMK
nonicaxapugamu (Figure 1, a, d, k). Micna rigponisy neKTMHa30t0, KNiTUHW TKAHUH 3aB'A3i, HACIHHEBMX
3a4aTKiB | TMUUHOK, L0 MiCTWAY NoNideHONbHI CroNyKy, Ginblue He BUABAANM NO3UTUBHOT peakLii Ha
nonicaxapugun. OTxe, € NiACTaBM BBaXKaTy, LLO OCTaHHi € BaXK/NMBOIO CKI1alOBOIO KNiTMH-igiobnacTis.
Monicaxapugu oroptatoTb nonipeHonn i GopMyloTb Kamcyny, ska, BipOrifiHO, BMKOHYE QYHKL0
XimiuHOro 6ap’epa, O YMOBINBbHIOE NMPOLECH iX OKUCHIOBAHHA. 3HAUHA KiNbKiCTb Monicaxapuvais
BMAABJIEHA TAaKOX Y HEPO3UMHHI B cnupTax ¢pakLii KOMNOHEHTIB ceKpeTopHKX KaHanis (Figure 1, g,
BKa3aHO CTPINKoIo).

e LA WSS (e . S Y AR e =
PucyHok 1a-f  Jlokanisauin 6inkis i nonicaxapuvais y KNiTriHax Ta TKAHUHAX reHepaTnBHUX opraHis Lysimachia
nummularia L.
a, d - nokanisauia nonicaxapuais Ta nonideHoniB y CTiHKax 3aB'A3i Ta TKaHVWHaxX HAaCIHHEBMX 3a4aTKiB nmicna
bepMeHTaTUBHOTO riApONi3y NEKTVHOBUX PEYOBWH; b, € — TKaHVHY 6e3 NnonepeaHbOro riAPoNI3y; C — peakuis
VK (Wndpd-MoaHa KncnoTa) Ha BUABNEHHA nonicaxapuais Nicna 06pobKy TKaHMHaMU remiLenionosu Ta
KcunaHasm (cTpinka Bkasye Ha igiobnacT); f — nokanisauis 6inka B TKaHMHaX HaCiHHEBIMX 3ayaTKiB
Figure1a-f Localization of proteins and polysaccharides in the cells and tissues of Lysimachia nummularia
L. generative organs
a, d - localization of polysaccharides and polyphenols in ovary walls and ovule tissues after enzymatic
hydrolysis of pectin substances; b, e — the same without prior hydrolysis; ¢ — PAS reaction to detect
polysaccharides after tissue treatment with hemicellulase and xylanase (arrow shows idioblast); f — localization

of protein in ovule tissues
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PucyHok 1g-1  Jlokanizauia 6inkisinonicaxapuaiBy KniTvHax Ta TKAHWHaX reHepaTUBHUX opraHiB Lysimachia
nummularia L.
g - nonicaxapvay B CeKpeTopHOMyY BMiCTUNULL; h — po3nogin nonicaxapuais y KNiTUHAX CEKPETOPHUX TPUXOM;
i — nokanisauia 6inka B CEKPETOPHMX KNiTUHAX; j — HAKOMUYEHHA Mnosnicaxapuais y enigepmici, cepefHix Ta
6azanbHUX KMITUHAX HIXKOK Tpuxom; k — peakuia Ha nonicaxapuan nicna ¢epmeHTaTUBHOro rigponisy
NeKTUHOBUX PeYOoBUH; | — peakuia Ha nonicaxapuan nicna GpepmMeHTaTUBHOrO MAPONI3y TKaHWH KC1NaHa3oto
Ta remiyentonasoto (peaxuis Wndd-noaHa kucnota - LWIK); a, ¢, d, j, h, i — bar = 100 um; b, e, f — bar = 200 um;
j, k, I=bar=40 um

Figure 1g -1 Localization of proteins and polysaccharides in the cells and tissues of Lysimachia nummularia

L. generative organs

g - polysaccharides in the secretory receptacle; h - distribution of polysaccharides in the secretory, stalk and
basal cells of glands; i — localization of protein in secretory cells; j — accumulation of polysaccharides in the
epidermis, stalk and basal cells; k — reaction on polysaccharides after enzymatic hydrolysis of pectin; | -
reaction on polysaccharides after enzymatic hydrolysis of xylanase and hemicellulase (periodicacid-Schiff -
PAS reaction); a, ¢, d, j, h, i — bar = 100 pum; b, e, f — bar = 200 um; j, k, | - bar = 40 pm

Y ronoByacTux Tpuxomax Lysimachia nummularia Hamyn TakoX BUABMEHO 3HauYHi BigKNageHHA
nonicaxapugis. Y npoTonfiactax KNAiTUH-HIXXOK BM3HAYeHO MNeKTUHM | remiuentonosn. Brim
iCHye nMeBHa MNPOCTOPOBA HEPIBHOMIPHICTb 1X po3noginy y KnituHax Tpuxom. [lonicaxapmgn
30cepemkeHi y 1-1 i 2-n 6a3anbHUX KNITUHAX HiXKOK Ta MaliXke MOBHICTIO BiACYTHI Y KNiTWHI, Wo
3HaxoauTbcs nig ronoskoto (Figure 1, j, h). Baxnueum € Te, WO 11 KNITWHHI CTIHKU Jy»Xe TOHKi
N Male MOBHICTIO YTBOPEHI NEKTUHOBUMM PEYOBUHAMW 3 HE3HAYHMM BigKNadeHHAM Lenonosn
i Kcnnanis (Figure 1, j, k). Lle cTBOpioe nepegymMoBM st NErKOrO BifjlaMyBaHHS FO/IOBKM Pa3oMm i3
CEKPETOPHUM HAMOBHEHHAM Came B Uil YaCTMHI TPMXOM HaBiTb 3@ YMOB HE3HaUYHUX MeXaHiYHUX
HaBaHTaXeHb. Y pe3ynbTaTi 3MEeHLWYETbCA MOXKMBICTb BUTIKAHHA, OKUCHIOBaHHA i nonimepu3adil
6i0NIOriYHO aKTUBHMX CMOJNYK Yepe3 nepefyacHe YLWKOLXKEeHHA CeKpeTOpHOI ronosku. [lo cknagy
eniTenito CeKPeTopHUX rofioBoK Lysimachia nummularia TakoX BXofATb MeKTUHW i 3B'A3yloui
rnikaHu. BTim ix yacTka cknagae nprnbnvsHO NONOBKHY Bif 3arafibHOro Nysny nonicaxapugis, pewTta
AKUX HaMK He BM3HaueHa. OTxe, 64>onn nNpu 36MpaHHi roniBoK 3aK03UCTUX TPUXOM OTPUMYIOTb
3HauHY KinbKiCTb NETKNX CMONYK, XKUPHUX KNCNOT, TepreHiB i $pnaBoHOIAIB, a TakoX nonicaxapugis,
O B 3HAYHIN KiNIbKOCTi MICTATbCA B CEKPETi i MOXKYTb BUKOHYBATW POfb MOMIMEPHOI MaTpuLi npu
obnuutoBaHHI 6)Konamu KOMIPOK y THi3gax. Br3HaueHa cTpyKTypHa ocob6nuBicTb po3noginy
KOHCTUTYLINHUX nonicaxapuiiB MOACHIOE MeXaHiYHi BNaCTUBOCTI KAITUHHUX CTIHOK i MOXe
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po3rnafaTMch AK KOeBOJoLiiHE MPUCTOCYBaHHA 1A MOXJIIMBOCTI epeKTUBHOIO 360py POC/IMHHOI
onii 6gxxonamu pogy Macropis. OTxe, AK cnpaBefnnBo Big3Hauas e B.B. NMonos (1958), 6gxonu
LibOro pofy Cnps»KeHo eBONIOLIOHYBanM 3 pocIuHamu pogy Lysimachia.

BucHOBKM

Y nepeBaxHil 6inbwocTi ifio6nacTis NoniGeHoNbHI CMOMYKM OTOYEHI NonicaxapugHUMK Kancynamm
Ha OCHOBI MEKTUHIB, KCUMAHIB i remiLentonos, AKi 3MeHLWYTb MMOBIPHICTb aBTOIHTOKCMKALT KNITUH
yepes HeraTMBHWUI BMJIMB MPOAYKTIB OKUCHIOBAHHS ¢eHoniB. CneyundiuHe BigknagaHHa i po3nogin
ronicaxapuaiB y KNiTMHHUX CTiHKaX i MpoTonyacTax igiobnacTis, KNiTWH enigepmicy i ronoByacTmx
TPUXOM 3a HasABHICTIO BiAMOBIAHUX riipona3 CTBOPIOE NepeayMOBU [1s1 iX MOGINIbHOTO NePeTBOPEHHS
Ha oniro-, au- i MOHoCaxapuay, Wo 3abe3neyye TKaHUHV HEOOXigHUMW NS POCTY i PO3BUTKY
Byrnesofamun. TOHKi MNEKTUHOBI CTIHKM CepefHixX KNITMH HIXXKM TPUXOMW Jlerko pBYTbCH,
i BiJOKpeMneHHs roniBoK BiAOyBaeTbcA 6e3 YLWIKOXKEHHA KIMiTUH CEeKPeToOpHOro eniTenito.
3HauHe HaKOMMYeHHA MonicaxapuiiB B KNiTMHAX CEKPETOPHOrO eniTenito MoXKe po3rnagaTucb Ak
OCHOBa [l CTBOPEHHA MONIMepHOI NNiBKU 3 6aKTePULMAHUMY | GYHFILVMAHMMUN CKNAajoBMMU, AKI
BMKOPUCTOBYIOTb H6K0nM nNpu 06nnLBaHHI KOMIpPOK rHi3g.
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