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B ornazi ananisyeTbcsa posib POCIMHHUX BAKYOJIb Y sKUTTENIATBHOCTI POCINH, 30KpeMa B IIiATpUMaHHI
KJIITUHHOTO TYProOpHOTO THCKY, 30epiramui mimepasiB Ta mouBHUX peuoBmH. OmmcaHO TOJIOBHI
MeXaHi3Mu TpPaHCIOPTY uepes MeMOpaHy BaKyoJi. HaBemeHO OCHOBHI TUIIM TPAHCHIOPTY IOMKMBHUX
PeYOBUH, Ba’KKMX METaJIiB, BiTaMiHIB Ta OpPraHiyHUX CIIOJYK uYepe3 TOHOILJIACT BaKyoOJib. Po3risgHyTo
TOJIOBHI cmcTeM: MeMOPAHHOTO TPAHCIOPTY POCIMHHUX BaKyO0Jb, iXHi (Qisiodoriuni ¢yukIiii Ta
oXapaKTepu30BaHO HANBiMOMIIIII TPaHCIIOPTHI IPOTEIHN BaKyOJIb.

O6roBOPOIOTHCA 3HAUEHHS Ta POJIb TPAHCIOPTY CHOJYK Pi3HOI MPUPOAN ¥ BAKYOJIi IJIA KUTTETIATD-
HOCTi pocauHu. ONKUCAaHO TOJIOBHI TUNIM POCJMHHUX BAaKYOJb Ta IXHIO POJb Yy GYHKIIOHYBaHHI POCJIUHU.
PosrisgaHyTo cydyacHuU#l cTaH [JOCJi)KeHb TPAHCHIOPTY POCIMHHUX BaKyoJb. llogaHo npukiIagu
BUKOPMCTAHHS IIPUHIIKIIIB Ta MeXaHi3MiB BAKYOJSIPHOrO TPAHCIOPTY B Pi3HUX raays3sax 0ioTexHoJoril
pociuH. OKpecjieHO MepCIeKTHBY HOBUX HAIPAMIB i miAXOmiB y PO3BUTKOBI 0ioTexHOJOTil pociamH i3
3aCTOCYBAHHAM Pi3HUX THUIIiB BAKYOJIb Ta CUCTEM MEMOPAHHOTO BAKYOJIAPHOTO TPAHCIIOPTY.

Knrouo6i cnosa: BakyoJisi, TOHOILIACT, MEMOPAHHU TPAHCIIOPT, KaHAJM, TPAHCIIOPTEPH,

b6ioTexHOJIOTiA.

BinpmiicTe pOCAMHHUX KJITHUH MIiCTATH
OJIHY UM HaBiTh IEKiJbKa BaKyo0Jb, III0 MOXKYThb
satimatu 10 90% 06’emy xaituau [1]. Bakyoui
POCIUHHUX KJIITUH € BAXKJINBUMHU KJIITUHHUMU
opramejsamMu s Iepebiry 6ararbox (isioso-
rivHmMX mporeciB y pocauHi. Bakyosi pocimna
BiZIirparoTh iCTOTHY poJb y 30epiraHHi BasKJIu-
BUX MiHepaJIiB, HOKMBHUX PEYOBUH Ta IPOTEI-
HiB. PYHKI[IOHYBAaHHA IUX KJIITUHHUX opra-
HeJl € BKpall HeoOXigHUM s 3MiHH 006’eMy
KJIITUHU Yy IPOIEeCci POCTy Ta PO3BUTKY POCJIII-
HU, BIIKPUTTA i 3aKPUTTA IPOANUXOBUX KIITHH
Ta TiATPUMAHHS TYPrOpPHOTO THUCKY, IO 3MiIl-
HIOE MeXaHiuHY KOPCTKICTh 3eJeHUX TKAaHUH
pocauH. Bakyosi pocaIuHHUX KJIITUH € OJHUM
i3 rosoBHUX gemno iounis Ca®'. Tomy oKkpiM «KJja-
CUYHUX» (DYHKIIii1 30epiranusd, reHepaiii Typ-
TOpY Ta riApoJjidy BaKyoJi POCIUMHHUX KJIITHH
0epyTh aKTUBHY YYacThb y KJIITHUHHOMY CHUTHA-
giury [2]. Bouu BijoKpeMJieHi Bif IIMTO30JII0 3a
JIOIIOMOI'0I0 BAKYOJIAPHOI MeMOpaHu, 1[0 OTPU-
MaJia Ha3BYy TOHOILJIACT. ['OJIOBHUMU eJleMeHTa-
MU BaKYOJAPHOTO COKY POCJIUHHUX KJIITUH
€ COJII HeopraHiuyHMX CIOJYK i Boma. 3aBAAKU

OJAaCTUYHOCTI Ta MYJbTUQYHKIIIOHAJBHOCTI
BaKyoJb POCHMHHI KJIITHHU 3JaTHI 3HAYHO
30ispmiyBaTu cBifi 00’em 1 posamipu, Ha-
KomuuyBaTu B co0i GaraTto pisHoMaHIiTHHX
COJIel Ta BOAU i3 HABKOJIUIITHBOT'O C€PEeIOBUIITA
[1]. Takuit muporuit cueKTp (PYHKIIHA i maac-
TUYHICTb VX KJITUHHUX OPraHeJ PoOJIATH 1X
OTpuBaOJMBUMU JAJIA BUKOPUCTAHHS B pisHOMAa-
HiTHUX HampaMmax OioTexHosorii. Xoua 0ijb-
OIiCTh POCAUHHUX KJIITUH MIiCTUTH BeJINKY IeH-
TpaJbHy JiTUYHY Bakyoab (JIB), mesaxi Ttunm
KJIITHH AysKe 4acTO MAIOTh iHIITNH TUT BaKyOJIb,
HabaraTo MeHINIWH 3a poamipamu, Hik JIB
(puc. 1, 2). I1i Bakyosi oTpuMas Ha3By IIPO-
reinoBux BakyoJsb (IIB) (PSV, Protein storage
vacuoles). fAkio JIB € ekBiBasenTamu Jgizocom
TBAPUHHUX KJITUH Ta BaKYyoJb IPLKIMKIB, TO
noxom:xenua IIB e He 3’saAcoBano [2]. TpaHc-
IOPT Yepes3 TOHOILJIACT BaKYOJb € OTHUM i3 Hali-
BaKJUBIIINX IIPOIlECiB, IO 3abe3Ieuye BUKO-
HaHHA UMM KJIITUHHUMU OpPraHejlaMU CBOiX
(disiomoriuamx @Qyurmit. Oxkpim ToOrO, Cirifg
3a3HAUUTH, 1110 BUBYEHHSA TPAHCTIOPTHUX CHUCTEM
TOHOILIACTA BAKYOJIb BiTKpUBA€E HOBi IEPCIIEKTUBU

9



BIOTECHNOLOGIA ACTA, V. 6, No 3, 2013

IJIsT BUKOPUCTAHHSA ITUX OpPTraHes AK KJIITHH- npoTeinu iTeHTU(IKOBaHO y AJeaAKUX 0aKTepiii,
HUX «biopeakTopiB» AJid 30epiraHHs I HAKOIIN- ONHAK IIeil THUII NPOTOHHUX IIOMII BiACYTHIi# y
YeHHA BAXKJINBUX 010JI0TYHO aKTUBHUX CIIOJIYK, KJiTHHAaxX TBapuH i rpubiB. H'-mipodocharasu
10 BKJIOUAIOTh TOKCUHU, (hapMmmopemnaparTw, TOHOILJIACTA POCAUHHUX BaKYOJIb € HEBEJIUKUM
BiTamMiHU Ta MiHepaJu. MOHOMEDPOM, AaKTUBHICTH SAKOTO 3aJI€KUTH Bif

IIpoToHHi HOMIIN POCIUHHUX BaKyO0Jdb. Pyx npucytHocti ioris Mg?*". ITlikaBum haxToM € Te,
yepe3 TOHOWJACT 3abe3meuyeTbcsa POOOTOIO o icHyOTH nOBi iBoopmMm 1BOTO HPOTEiHy,
MPOTOHHUX IIOMII, IO CTBOPIOIOTH €JIEKTPOXi- ONUWH i3 HUX aKTuUByeThcA ioHamu K', Tumua-
MiuHu# rpazmienTt. PociuHHI BakyoJsii MaioThb coM fAK iHIa idodopma He MOoTpedye HaABHOCTI
IBa TUIIU NPOTOHHUX HacociB — V-ATdasu Ta nporo ioHa [8]. Xoua saranbuuii pH I1IB € meiit-
V-nipodocharasu [1-4]. V-ATPazu — mMyJib- panbauM, H'-mmipodocparasy 6ysio BUABIEHO ¥
TUMEPHI KOMILJIEKCH, IT[0 € XapaKTePHUMU IJIA MeMOpaHi ria060iaiB, 10 MaOTh KUCJIe 3HAUCH-
TOHOTLJIACTA KJITHH BUIIUX POCJUH Ta Ipubis, Ha pH nmopiBHAHO 3 BakyosigapHuUM cokom IIB
a TaKOXK JJigd MeMOpaHM J1iB0COM KJIITWH CCaB- [9] (puc. 2). BigmoBizHO 10 XiMiuHO-OCMOTHY-
miB [5]. V-AT®Pazu — roJ0BHIi KOMIIOHEHTU HOI MOJeJIi eHepros3aie;KHOTO TPAHCIOPTY PO3-
3aKMCJIEeHHA BaKyoJApHOro cory JIB [2] (puc. YNHHUX CIIOJIYK CTBOPEHHS IIPOTOHHOTO eJIeK-
1, A). BakyoJii poCJIMHHUX KJIITUH MalOTh IIipo- TPOXiMIiUHOI'O Ir'pajJlieHTa TOHOILJIAacTa BaKyOJIb
(docdarasu, 1mo Tarkox 3abe3meUyIOTH 3aKUC- 3abe3neuyerbca pobororo V-ATdDaz um H'-
JeHHA BaKyoJApHOro coky. H'-mipodocharasu nipogocdaras. CTBOPEHHS TAKOTO eJIeKTPOXi-
0yJio 3HalieHo ¥ 6araThboxX IIpeAcTaBHUKIB poc- MiUYHOTO TpaJieHTa € TOJIOBHOIO PYIIiHAHOIO
JIMHHOTO IIapcTBa — BOJIOPOCTEN, MOXiB, IIaIo- CHUJIOIO TPAHCIOPTY uepes MeMOpaHy TOHOILIAC-
poreii [6, 7]. T'omouoriuni no H*-nmipodocharas Ta 6araThoX CIIOJYK, 30KpeMa IIyKpiB, aMiHO-

Allo+P AT® pngip

AIID+P A7 AADP+P ATD
Al®+P ATP ATD
P2024_ 3 1 2 AlG+P
2P 4
2 Bi =B ATD
1TaMIH AHTomian 3
1 Lo g ® 16 ALD+P
H
2+ DochopunrboBaHII
v e Ca 6 Mamnar iHtosuron Py 4 ATD
+
3+ 2+ K" + H
Fe™ , Cd
¢ 17 7 S04 Hyxneosuzu 15 ®diroxesaTnHOBL
KOMILIEKCH
o
M2 Trosuros 14 Mauar 5
Cu 16 g 8 o
+ + T'moxoza
K ,Na
9 H' 13 Troko3a. 6
3+ 5
Fe Caz+. Zn2+» ca? Caxaposa (hpyxrosa
- ot Tiroko3sa,
15 72t NOg 10 12 dpyKTO32 Hikorun 7
- - + .
' Cl NOg H DraBoHOI Amromian
11 + IMenTunu
14 12 H 11 8 o
3 B 10 9
4
A - H - o
H' H' ot -

Puc. 1. Cucrema TpaHCIOPTY Yepe3 TOHOIJIACT JITHUYHUX BAKYyOJIb:

A — TpaHCIOpT HeopraHiuHmx cmoayk: I — mipogocdarasa; 2 — nporonna AT®Pasza V-truny; 3 — AHA10 —
npororHa AT®aza P-tuny; 4 — ACA4 ta ACA11 — Ca?*'-zanexui AT®azu P-tuny; 5 — TPC1 — kanan gus
Ca*'; 6 — TPK1, -2, -3 ta -5 — kananu ai1a K'; 7 — AtSUTR4-1 ta -2 — excnoprepu cyabsdaris; 8§ — MGT —
immoprep Mg?' ; 9 — NHX — o6minauku K' ra Na' ; 10 — CAX1, -3, -4, ta -9 — imnoprepu Zn?", Cd*" ta Ca®";
11 — CLCa — nporonuuit oominauk NOs™ ; 12 — NRT2.7 — nporounuii oomirank NOg™; 13 — CLCc — mpo-
ropHuii oominauk Cl~ ; 14 — MTP1 i -3 — nporonni oominauku Zn?'; 15 — COPT5 — excnoprep Cu; 16 —
NRAMP4 i -5 — npororsi cumnoprepu Cd*" a6o Fe®'; 17 — VIT1 — nporornuii oominauk Fe?'.

B — TpaucmopT opraniunux cnoayk: I — ABCC — tpamcmoprep anromianis; 2 — ABCC1 i -4 — TpaHcmopTepu
BitamiuiB rpynu B; 3 — ABCC-11i -2 — TpaHcmopTepu XeJaTHHIB i sKeJaTuHOBUX KoMIiniekciB; 4 — ABCCH5 —
TpaHcnoprep dochoinosuroais Pg; 5 ~ALMT4, -5, -6 i -9 — kananu g4 manaris ta pymaparis; 6 — ELS1 —
nepmeasa rako3n; 7 — VGT1 — nporoHHM 00MiHHUK T1I0K03u Ta GpyKTo3u; 8 — JAT1 — mpoToHHU 00MiH-
HuK Hikotuny MATE-tuny; 9 — TT12 — nporouuuii oominuuk anronianis MATE-runy; 10 — DTX35 — mpo-
ToHHUM 00MiHHUK (piraBoHOIAiB MATE-tuny; 11 — TMT1 — npoToHHUI 0OOMiHHUK IJIIOK03U, (DPYKTO3HU Ta caxa-
posu; 12 — PTR2 — nporounuii cumnoprep nentunis; 13 — SUC4 — mporoHHUIT cuMoprep caxaposu; 14 —
INT1 — mporouuuii cummnoprep imosurony; 15 — ENT1 — mporounuii cumnoprep HyKJeo3unis; 16 — TDT —
TpaHCIOpTEp MajaTy Ta gymMmapary
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Puc. 2. Cucrema MeMOPaHHOTO TPAHCIOPTY
IIPOTETHOBUX BaKyOJb
Hageneno imentudikoBani memOpaHHi TpaHC-
nopTepu

KUCJIOT, KaTiOHiB Ta aHiOHIB MiHEpPaJILHUX CIIO-
ayk [2]. Iligcunennsa excmpecii remis, 1o
KOAYIOTH BUIIle3a3HAUYEHi ITPOTOHHI moMnou, Ta
po0OTH IMUX IIOMII ¥ TOHOILJIACTI MOKe IIPU3BO-
OIUTU N0 30iJbIIEeHHS IMPOTOHHOTO EJIEKTPOXi-
MiYHOTO TrpafieHTa, aKTUBI3yIOUN TUM CAMUM
MACUBHUN TPAHCHOPT MiHepPaJbHUX CHOJYK
y BakyouJi (puc. 1, 2).

Cucremu Tpancmopty aHioniB. loHHi KaHa-
JU BifirpaioTh BaYKJIMBY POJIb Y TPAHCIOPTi
MiHepaJbHUX CIIOJYK Yepe3 TOHOIJIACT BiAIo-
BiZTHO IO CTBOPEHOTO €JIEKTPOXiMiUHOTO I'pasi-
eHTa. IlpencTaBHUKU iOHHMX KaHAJIB TOHO-
mjgacTa CTajJu OJHUMU 3 TepIINX IIPOTeiHiB
BaKyOJIb, III0 iX OYJIO IeTaJIbHO 0XapaKTepPUs30-
BaHo [10—12]. Bararto mociimkeHb 3ilficHEHO
I XapaKTEePUCTUKU (PYHKIIA HeceJIeKTHB-
Hux Ta K*/Ca’ -celeKTUBHUX KaTiOHHUX KaHa-
aiB [2]. IIpore 30BciM majsio pobiT, 110 omwm-
CYIOTh (DYHKIIII Ta poOOTYy aHiOHHMX KaHAaJiB.
Bimomo Bchoro mekinbKa DOCTiIKeHb 3 BUBUECH-
HA (QYHKIIOHYyBaHHA TPAHCIOPTHUX KaHAJiB
majnary, Cl- ra NOs; [13, 14]. Mexauismu
TPAHCIIOPTY Yepe3 TOHOILJIACT MOMKYTb Biapis-
HATUCH i M4 KJIITUH 3 PiBHUX TUMIIB POCIWH-
HUX TKaHWH, 1 pI3HUX THUNOiB BakyoJb. Beqnko-
To IIpOorpecy B JOCHiI:KeHHI BaKyOJAPHUX
TPAHCHOPTHUX IIPOTEiHIB OyJI0 JOCATHEHO 3a
OCTaHHI POKM 3aBAAKU NEeKIJIbKOM HOCJiIKeH-
HAM IPOTEOMY BAKYOJIb Ta aHAJNidy MYTaHTiB
pocaus [15, 16] (puc. 1).

Poub anionHUX KaHaAJIiB BaKyOJIAPHOI MeM-
OpaHu y IMiATPUMAaHHI MiHepaJIbHOTO TOMeoCTa-
3y, BigmoBigi Ha abioTuuni Ta 6ioTMuHI cTpecu
e 3aJUINAaEThCcA Makyke HeBimomorw. Icuye

IeKigbKa paHHiX pobiT, 110 cBiguaTh PO CyT-
TeBe HaKomuueHHs Cl™ Ta MajaTy y BaKyoJasax 3a
yMOB coapoBorO0 cTpecy [13]. Bimomo, 1o moxin-
Hi MajaTy 6epyThb y4acTh y 6araTboX BasKJINBUX
mporecax y IUTOMIJIa3Mi, IIioKkcicomax Ta XJo-
pomnacrax [14]. Pocauuu iz CAM-meTab01i3-
MOM BHKOPHCTOBYIOTH MaJjaT AJid 30epiranus
CO,, 110 BUBIIBHAETHCA IPOTATOM IIPOXOJIOJ-
HOI HOUi i TAKMM YMHOM Jomomarae 3amodiratu
icrorHEM BTpaTam Boxu pocuauHoo [2]. Hocuri-
IJKeHHS eJeKTPodizioJoriuHuX NTOKAa3HUKIB
Bakyoab Mezopiny CAM-pocaun Kalanchoe
daigremontiana mToKasajgu B3HaUHEe HAIXO-
IJKeHHA MajJaTy BcepefuHy Bakyoui [17].
MajaT Ta muTpaT € TOJIOBHUMHU IOXiTHUMU
OpraHiuyHMX KHCJOT, II[0 HAKONHUYYIOTHCS
Y BeJIMKUX KiJIBKOCTAX Y BaKYOJISPHOMY COKY
[1]. Bioximiuni exkcnmepuMeHTH BKasylOTh Ha
Te, IO OJUH i TOM caMUU TPAHCIIOPTHUM IIPOTe-
iH BigmoBimae 3a TpaHCIOPT OiJILIIOCTiI Kapbo-
rizpatiB [1]. Ilicaa BiZKpUTTA TpaHCIOPTEPY
MaJIaTy 0yJIo II0Kas3aHo, 1o Iieli TPaHCIOPTHU!
IPOTeiH € OJIU3bKKUM IOMOJIOTOM TPaHCIIOPTEpa
nukapbookcuaary Hartpito AtTDT (A. thaliana
tonoplast dicarboxylate transporter) (puc. 1, B)
[1]. 3BaBmaxkm mnDOZaJbIIUM SOCJIiJKEHHAM
BaKYOJAPHOTO TPAHCIOPTY OyJo imeHTH(iKO-
BAHO BaKYOJSADPHUU KaHaAJ MaJiaTy, 110 HaJe-
JKUTH A0 POANHU TpaHcimopTepiB MeTaay ALMT
(Aluminium tolerance metal transporters)[18,
19]. I'erom apabimomncucy mictuThb 15 reHis, 1110
kKonyooTs ALMT-tpancnoprepu [19]. Xoua
¢yurmii 6iasmocti isodopm AtALMT Tpasnc-
mopTepiB i3 apabimomcucy Iie He 3’sICOBaHO,
0yJI0 BCTAHOBJIEHO, 1110 came AtALMT9 smoxairi-
3y€eThCA B TOHOILJIACTI ¥ BifiIIoBimae 3a TpaHC-
mOPT MaJjaTy y BaKyoOJaaXx KJIITHH Me30(iay
[19]. MyrauTHi maimii pocamH 3a TreHOM
AtALMT9 neMOHCTPYIOTH He3HAUHE 3MEHIIIeH-
HA BMicTy MajiaTy y BakyoJisax. Taki HecyTTeBi
3MiHU Yy (DEHOTUHI MYTAHTHUX POCJUH MOXKHA
moACHUTH (HPYHKI[IOHYBAHHSAM Y BaKyOJIAX ITUX
kiaitue 1me AtTDT-moxmi6Horo TpamcmopTepy
manary AtTDT [2, 19] (puc. 1).

Iama BesmKa rpymna aHiOHHUX KaHAaJiB
BaKkyoJsb HajdexuTh no poaunu CLC (Cloride
channels). Poap mmux xamaJis i moci € maiiike
HeBimomoro. IIpore Bimomo, 110 HiTpaTm
MOJKYTBh 30epiraTtmch y BaKyOJdX y TOCUTH
BUCOKUX KoHIMeHTpariax [1]. daa Toro abm
3a0e3MeunTy TakKe HaKOIHNUYEeHHS V BaKyOJIAX,
POCJIMHHA KJIITHMHA 3ajJydae A0 pobOTU TpaHC-
noptHi nmporeinu poxmuu CLC. HemjomaBHO
O0yJI0 IIOKa3aHo, 1[0 OAWH i3 MPOTeiHiB poauHNI
CLC 6epe yuacTh y TpaHcmopTi HiTpaTiB [20].
ITicna meranpHOTO aHanidy CLC-myTaHTiB apa-
6imoricucy 0yJio BuABJIEHO, 110 came CLCc Bigrmo-
Bijlae 3a PeTyJAIliI0 PiBHA HITpaTiB y TKAHWHAX
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pocaud [20]. MyTatiii 3a fuM reHOM IIPU3BOIU-
JIA IO SHUKEeHHA HaKOIMMYeHHA HiTpaTiB y TKa-
HuHax pocaud [20]. IlikaBum pakToM € Te, 110
BMicT iHITUX aHioOHiB, 30KpeMa MaJjary, IIuTpa-
Ty Ta XJIOPULY, OYB HUKUUN Yy MYTaHTIiB JiHil
clee. Caig 3asmauuTu, 1[0 MeMOpPaHHY JOKAJIi-
samiro CLCc 1mie He moBHicCTIO 3’sCOBaHO.
3ajuInaeTbcsad HEBIJOMUM, [e JIOKaJi3yeThCA
CLCc — y TOHOILIACTi UM B IIJIa3MaTUYHINA MeM-
opani [2]. Bysno nmokasano, mo AtCLCa Bmiu-
Ba€ Ha OOMiH Ta roMeocTas HiTpaTiB y POCIUH
[21]. MyTauTui Jhgimii apabigomcucy 3a IIUM
TeHOM YYTJIMBi 10 Aii HiTpaTiB y BUCOKUX KOH-
meHTpaIiax. Byso BcramoBieHo, 1mo Atclca
MalTh OiNbIy YyTJWUBiCTH A0 Ail repbOimuais.
BBamxarors, 1o Oinbimicts CLC-mporeinis e
aHIOHHUMHU KaHaJlaMu, IIPoTe OyJI0 ITOKasaHo,
mo AtCLCa e NO;:H* antunoprepom (puc. 1)
[21]. HocTaTHBO JUIlle HE3HAYHUX 3MiH B aMi-
HOKHuCJOTHi#T mocaimoBuocti CLC-xkanany
(E148 Ta E202), mo6 neperBopuru 1eit CLCa
Ha Tpancuoprep [21]. IlikaBum daxTom € Te,
1o kanaa AtCLCc mae BUCOKY CTYHiHbB TOMOJIO-
rii 3 TBapuaauM CLC-5, axuii € IPOTOHHO-XJIO-
punaum oominuaukom (2C1:HY), 1110 QyHKITIOHYE
B KJiTuHax HUPOK [2]. ByJso mpomgemoHcTpOBa-
HO, IO TiJIbKY 3aMiHa oJHiel aMiHOKMCIOTH Ha
immry B CLC-5 € mocTaTHBOIO, a01 3MIiHUTHU CIIe-
miamgisarmito 1pOro OOMiHHMKA i IIePeTBOPUTU
#oro Ha MIPOTOHHO-HITPATHUHN OOMIHHUK
(NO;:H") [22]. Oocnimxenna CLC-kamaniB
y pocamHax pucy mokasaam, mo OsCLC-1 Ta
OsCLC-2 BigmosimaroTs 3a obMiH i romeocTtas
amionis Cl” y pocimnax [23, 24].

Okpim HiTpaTiB Ta XJOPUAIB BaKyoJi poc-
JWH HAKONHWYYIOTH aHioHM cyabpary. Tinbku
IBa TpaHcmopTrepu cyabhary, a came SULTR4-
1 ra SULTRA4-2, Bigomi Ha choromui. Ii cyis-
¢aTHi TpaHCIOPTEPU BiAIIOBiZAIOTEH 38 €KCIOPT
cyabdariB i3 BAKyoJb Yy IIUTONJIa3MYy B KJITHU-
Hax KopeHa Ta rimoxkoruiawm [25]. Tarkum
YUHOM, IOJAJIbIIle BUBUEHHS TPAHCIOPTY aHio-
HiB uepe3 MeMOpaHy BAKyOJb MOJKe JOIIOMOTTH
y 6araTb0ox HaIpsMaX POCIHMHHOI 0ioTeXHOJIO-
rii, 3okpema nmeroxcudikarnii rpyHTiB Big HiT-
pariB, MiABUINEHHA COJECTiHKOCTI poCIMH
MJISXOM IIOCUJIeHHSA TpaHcmopry iomiB Cl™
y BakyouJti Ta iu. (puc. 1, A).

Cucremu Tpancuopry kartioniB. Toromniact
POCIMHHUX BAKYOJIb MiCTHUTh PiBHOMAaHITHI 3a
CBOIMU XapaKTepHuCTUKaAMU Ta (QPYHKIIiAMUT
KaTiomHi Kamaaum i TpaHcmoprepu. Kiaituau
POCIUWH MAIOTh Bi POAMHM KaHAJIB, IO Pery-
grotorhed gdirangamu (LGC, Ligand gated chan-
nels). IlepIroro poaMHOIO € KaHaJi, IIOAi0HL 10
pemenTopis rayramary (GLR, Glutamate
receptor like), npyroro — Kazaju, 1110 pery.Jo-
oTbca nukJivHUMEU HyKJeotupamu (CNGC,
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Cyclic nucleotide gated channels) [2]. ®yuKiIii
IeAKUX i3 nmux KaHauiB O0ysao mo6pe BUBUYEHO.
3okpema mokasamo, 1o CNGC-xkananr 3 Gepe
ydyacThb y TpaHcmopTi kariouiB [26]. IIpore
OCTATOYHO MeMOpaHHY JOKajaizamiio IHOT0
CNGC-ranamy 1e He 3’sicoBaHO. IcHYE HeKiab-
Ka II0BiZOMJIeHb, IO CBiguaTh Ipo yuactsb LGC-
KaHaJliB POCJUH Y CUTHAJBHUX MIPOIlecax KJIi-
THUH, 30KpemMa y BuBijJbHeHi iomiB Ca®' i3
BaKyoJIb Ta iHININX MeMOpPaHHUX pe3epByapis
riaituau [27]. Bynao mokasaHo, IO HPOAYKT
¢dochaTiHOBUTOJIBHOTO CUTHAJIBHOTO HIJIAXY —
imosuroxn 1,4,5-tpudocdar (IP;, inositol 1,4,5-
triphosphate) mo:xe BuBinbusaTu Ca** 3 i301b0-
BaHUX Bakyosb [28]. Pasom i3 Bumiesasnaue-
HUM JOCJHiIKeHHAM icHye Ie AeKiibka poobiT,
mio cBiguaTh npo icHyBaHHA IPj-kanany
y BakyoJsiax pocauH [29, 30]. Okpim excmepu-
MeHTaJbHUX AOKAa3iB iCHyBaHHA BaKyOJIIPHOTO
IP;-kanany, nedaki mocaiiskeHHs BKasylOTh Ha
icuyBanHsa iHmoro tuny LGC-kaHaiB y TOHO-
IJIACTi BaKyoJIb. ByJio moKasaHo, IIM0 ITUKJIiuHAa
AlP-pudosa (tA1PP) Takok MOKe CTUMYJIIO-
BaTu BUBLIbHEHHA ioHiB Ca®! i3 BaKyo0JIb YepBO-
HOro OypaAry [29]. dapmarosoriuni mociaif-
JKeHHJ I[bOT0 KaHAJy CBiguaTh PO IOAiOHiCTE
OCTaHHBOTO J0 PiaHOAMHOBOTO PEIEIITOPA TBa-
punHux KJaituH [29]. IIpoTe HelogaBHO IIPOBe-
IeHa poboTa moKasajia BiICYTHICTH OyIb-AKO1
crumyaanii BuBinbHeHHA Ca?* i3 BaKyoJb 3a
pomomoro AP [31]. Cuix Takok 3a3HAYUM-
TH, 110 OKPiM (PyHKIIil BuBisbHeHHA ioHiB Ca**
LGC-kamamu, a came pomumaa CNGC, Gepe
ydacTsb y TpaHcooprti ioHiB Na* [32] (puc. 1, A).

Tpaucoopr iomiB Ca* uepes memOpany
BaKyoJIb MOXKYTh 3a0e3leuyBaTyd TaKOMK iHIIi
TPAHCIOPTHI mpoTeiHU. 30KpeMa, HeIloJaBHO
OyJi0 BiZKpMTO KaHaJ TpaHcmopry iouis Ca*,
mo orpumaB HasdBy TPC (Two pore channel)
[33]. Lleit kanau cKamaeTheda i3 12 TpancmeM-
OpamHuUx goMeHiB, nBoxX EF-momeHniB 3B’sa3y-
Bauusa i3 Ca?" ra morenmirinoro 14-3-3 catita
3B’as3yBaHHa i3 14-3-3 mporeimamu [2, 33].
3aBaAxu anaisy Attpcl myTaHTiB apabigomcu-
cy 6yio 3’sacoano yuacts AtTPC1 y sakpurti
OPOAMXiB, IO B3aJIe:KUTh Bil KOHIIeHTpAaIil
iomis Ca*" y muT030JIi Ta B II0B’ A3aHOMY 3 Hi€I0
abCIIMBMHIB mHpoIeci MpopocTaHHS HACiHHA
[33]. Myrarii reuna TPC y pocauHax pucy Ipu-
3BOJUJIN 0 SHUKEHHSA YU raJIbMyBaHHA BiJIO-
Bifi Ha miro exicuTopiB (KcuaHa3MW) Ta iHAYK-
mii mporeciB rimepuyrtauBoi Bigmosimi [34].
IToxi6uwuit o pocaus pucy GeHOTHUN CIIOCTEPi-
raBcAd i AJA CycHeH3ilHOI KyJbTYypU TIOTIOHY
BY-2 [35]. Takum unnom, TPC-1 moxxe Gpatu
y4acTh Y CUTHAJBLHUX IIPOIlecax, I10 OB’ A3aHi
i3 3aXMCTOM POCJIMH BiJ TaToTeHiB, IPOPOCTAH-
Hi HACiHHA Ta 3aKPUTTI KJIiTUH IPOAUXiB (BOI-
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"HOMy ctpeci). ITicna BigkpuTTa KaHAIIB IHOTO
TUITYy B HAYKOBIil CIiJIFHOTI BUHWKJIA BeJIMKAa
nosiemika 3 mpuBoxy Ca*'-cmemmdiunocTi Ta
BaKkyosApHOI Jokarizamii TPC-kanamis. OgHak
HU3Ka OCTaHHIiX MOCJIiIKeHb 13 3aCTOCYBaHHAM
MigX0aiB BaKyOJSIPHOI HNPOTEOMiKH, MideHHS
auturitamu ta TPC:GFP-zaurtaMm cBiguarb
mpo Te, 1m0 TPC-raHanu € cuernu@ivHuMy I
iomis Ca* i poaralioBaHi B TOHOILJIACTI POCIUH-
HUX Bakyonb [36—42]. Cxix sasHauumTu;, II10
TPC-rkamanu HajgexaTb gm0 SV-tumy (slow
vacuolar channel) [2] (puc. 1, A).

KamieBi kaHamu BaKkyoJb 0yJj0 izeHTHUdIKO-
BaHO 3aBAAKU eJeKTpodisiosoriuamm mocaiz-
KeHHAM KaJIieBUX CTPYMIiB KJIITHH IIPOAUXiB
[43]. HemomaBHO OyJi0 IIOKa3aHO, IO BaKyoO-
napHi kamgiesi kananu poguau TPK (Two pore
K channel) mane:xats o VK-tuny (vacuolar
K" selective ) Ta JokaimizoBaHi i B KiaiTmHax
OpoauXiB, 1 B IHIIMX TUIIAX KJITUH POCJIUH
[44]. Oxpim AtTPK1, rerom apabigomncucy mic-
TUTH Ife 4 TeHu, 110 KOAYIOThH iHIIi i3odopmu
TPK- xaumaxis (AtTPK2, 3, 4, 5) [44, 45]. Yci
dopmu AtTPK 3 apabimomcucy, 3a BUHATKOM
AtTPK4, smokanisoBaHi y TOHOIIJTIacTi BaKyoJIb
[2, 44, 45, 46 ]. Ha Bigminy Big cBOiX pogudyis,
AtTPKA4 posramropanuii y miasMaTUYHIA MeM-
6pani [47]. Iloxi6Hi 3a cBOIMH XapaKTEpPUCTU-
rkamu TPK-kanaau OyJio 3HalifjleHO B reHOMAax
iHIIIUX BUJIB POCJNH, 30KpeMa PUCy, SUMEHIO,
TIOTIOHY, Physcomitreella Ta in. [2, 47, 48].
Kamanu TPK e HeBeIMKOO POAMHOIO TPAHCIIOP-
THUX TPOTEIHIB 3 IepeBakKHO BaKyOJAPHOIO
JIOKaJrizairiero Ta ceynexkTuBHicTio 10 K. Tumo-
Buii TPK-kaman mae 4 TpamcmMeMOpaHHUX
IIOMEHU, ABi IIOPU 3 XapaKTepPHOI0 KOMOiHAaIli-
e aminokuciaor — GYGD, 1o Bigmosigae 3a
CeJIeKTUBHIiCTh Mux mop aias ioniB K' [2, 46].
Okpim Toro, Ginpmricts TPK-kaHnanaiB mamoThb
EF-moruBu y C-tepminanbHOMy KiHIi Ta 14-3-
3 motuB y N-repminambaomy KiuIi. Tomy 1mi
KaHaJW MOJKYTh PeryJioBaTUCh SK ioHaAMH
Ca*', rak i 14-3-3 nporeinamu [2, 46, 47, 49].
IikaBum ¢axToM € Te, IO OnHaA 3 i3odopm
TioTIoHy NtTPK1 moxxe maTu Bapiailii B amino-
KIUCJOTHIN TOCJiIOBHOCTI y APYyTriit mopi —
samicTy kaHoHiuHOI GYGD-mociimosHOCTI
npyra mopa wmictuts VHGD um GHGD [50].
Haii6inpm pocaimxenum TPK-kamamom e
AtTPK1 [44]. Byno BcTaHOBJIEHO, 1110 QyHKITiA
AtTPK1 € BaiKJIMBOIO AJIA 3aKPUTTSA ITPOAUXiB,
IPOPOCTaHHs HACIiHHA Ta iHAYKIiI OCMOTHUYHO-
ro crpecy [44]. Iumri isoopmu 3 apabigoncucy
AtTPK2, AtTPK3, AtTPK5 maroTh BaKyoJIsap-
HY JIOKaJisallito, aje QPyHKIIOHAJIBHICTh ITUX
KaHaJiB Ime g0 KiHimga He 3’scoBano [2, 46].
IMikaBum BigkpurTaAM Oyjia BigmMiHHiCTB
Yy BaKyOJIApHIiN JoKaJjizarii mBox isodopm

TPK-kanaiis i3 pucy [46, 51]. Bcranosieno,
1o OsTPKa mictuthbea B Tononaacti JIB, mpore
OsTPKb noxkamrisyersea Ha memopani IIB [51].
Taxka pisHUNA y BaKyoJApHiN Jokasisarii
TPK-kanagiB cBiguuTh NOpo pisHOMaHITTS
disiomoriuamx QYHKIIIZI BaKyoJb POCJIMUH.
OsTPKb e cmermjiaaizosanum xa"aiaoMm IIB i
Bifirpae BasKJIMBY POJIb Y porecax (popmMyBaH-
HA Ta IpopocTaHHA HaciHHA. OKpiM Toro, mami
cBiguaTh 1mpo Te, 1o excrapecis OsTPKb 3poc-
Tae B yMOBaX cOJIbOBOrO cTpecy [46]. ImoBipHO,
OsTPKb He TibKU € BaKJIUBUM JeTepPMiHAH-
ToM romeoctady K* B HaciHHi Ta penpoayKTuB-
HUX OpraHax POCJINH, ajie i BifmoBizae 3a hop-
MYyBaHHSA BIiIIOBiZIi Ha Iil0 COJIBOBOTO CTPECY
[32, 46] (puc. 1, A; 2).

IaTepec cTaHOBUTH Tpyna BaKyOJAPHUX
TpaHcmopTHUX npoTteinie  Na'/H'-auTumopre-
PiB, 1110 TpaHCIOPTYIOTEL Na* Ta, MOKJINBO, KaJIiil
y BakyouJi [32, 52]. Tparcnioprepu poguau NHX
OyJio 3HalifieHO I oxapaKTepU30BaHO IJiA Oara-
THOX BUAIB pocauH [53—57] (puc. 1, 4; 2).

Haii6insm nperansHo ommcano AtNHX1
3 apabimomcucy, IO € OZHUM i3 TOJIOBHHUX
IeTepMiHAHTIB CTIHKOCTi POCJUH IO COJIBOBOTO
ctpecy [55, 58]. Hanpuriazg, ekcupecisa AtNHX1
y ToMAaTax 3HAYHO MIiABUIIYE COJIECTIHKiCTb
poCJINH, TaKi ToMaTu 34aTHI (popMyBaTU ATOAN
3a KOHIIeHTpAaIlil cojelt, 110 € JIeTaJIbHOK IJIS
pocauH nukoro tuny [55]. IToxaiouHi eexTu mifg-
BUIINEHHSA COJIECTIMKOCTI MOKAa3aHO TAKOMK IJISI
OsNHX1 i3 pucy [59, 60]. 'ernom apabizoncucy
MicTHUTB ITicTb reHiB 1iel pogmuu — AtNHX1-
6 [61]. Koxxen mpenacraBauk poxmuaum NHX 3
apabimomucy mo-pisHoMy pearye Ha mifo adOCIu-
3UHIB Ta BMCOKUX KoHmeHrtparii NaCl [61].
NHX-rpancmopTepu MOAiIAIOTL HA ABA KJIACH —
I ra II. NHX-oominauku kiaacy I marors JIB-
crnenu(iuHy JoOKaJisamiro, a TpaHCIOPTEpHU
kaacy II micTarscs abo y IpeBakyoOJAPHUX
KOMITapTMEHTaX, abo B iHININX eHA0COMAaJIbHUX
KoMIapTMeHTax KJaiTuH [62, 63]. Hocaimxenusa
NHX-o0MiHHUKIB TOKa3aiu, 10 aHTUIIOPTEPH
kJyacy I € macupasai K'/H"-oominuukamu [63].

TakuM YMHOM, eKCIIepUMEHTaJbHI mamHi
cBimuaTh HA KOPUCTH TOro, 1110 NHX-Tpancop-
Tepu KJgacy I B HOpMaIbHUX yMOBax 0OepyThb
y4acTh y MOTJIMHAHHI 10HIB KaJlifo y BaKyoJaax
s TeHepartii Typropy, peryidarii pH Ta 36epi-
ragag K [32]. Boru Taxkox MiHiMiByIOTH TOK-
cuuHi e()eKTHU COJIBOBOTO CTPECY U OCMOTUYHO-
ro IMIOKY, TpaHCIopPTyoun ionu K* Ta B teaxkux
Bumnaaxkax Na“ y BakyoJri, i TakuM YMHOM Mij-
TPUMYIOTh BiANOBigHHUII OaJjiaHC i0HIB KaJjiio
CTOCOBHO iOHiB HaTpito B rtuTo30.1i [63].

ToHOMJIACT BAaKYyOJIb POCIMHHUX KJITUH
TakoK MicTuTh Ca’ -TpamcIopTepu, 10 OTPHIMA-
au uHasBy CAX (cation/H" exchangers). ITeprri
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k[IHK CAX-rpancnoprepiB 0yJio KJIOHOBAHO i3
pocauH apabdbigomcucy. @Pynrimiro CAX gk
Ca**/H"-00MiHHUKIiB IIPOJEeMOHCTPOBAHO 3a
IOIIOMOT0OI0 KOMIIJIeMEeHTAaIili MyTaHTiB ApixK-
mxkiBe kIHK mux tpamcmoprepi [64]. [IBa
TeHH, IIT0 iX yIepIle 3HAWAeHO B apabizomcuci,
nicramu HazBu — CAX1 ta CAX2 [64]. ByJso
nokasano aktuBaiio CAX1 Ha miro X0JI0T0BO-
ro crpecy. CAX1 Gepe yuacTh y peryadiii ekc-
npecii rewis, 1110 BiAIOBigal0Th 3a XOJ0OMOCTIili-
KicTb pocauu [1].

CAX1 ta CAX2 e Ca*-rpamcmoprepamu,
OZHAK 3TOMOM OyJIO BCTAaHOBJEHO, IO AedKi
iami mpexcraBEuUKu poxamHEU CAX MOXKYTH
TpaHCIOPTYyBaTHU He TinbKu iomm Ca?’, ame i
ioHm immux meraiiB. Ilorernifinumu cyocTpa-
TaMu IJ1s1 pisHuX mpeacraBHuKiBe CAX-TpaHcmnop-
TepiB € i0HU KaaMiio, Maprauiio, pTyTi, HUHKY,
HiKeJto i HaBiTH cpibaa[l, 64—66] (puc. 1, A; 3).

Oxkpim CAX-TpacmopTepiB, TPaHCIIOPTY-
BAaHHS MeTaJIiB uepe3 TOHOIJIACT BaKYOJb
MOXKYTDb 3a6€3meuyBaT TPAHCIIOPTEePU POAUHUI
NRAMP (Natural resistance-associated mac-
rophage proteins). Ilfo poguHy TpaHCIIOpTEPiB
MeTaJiB Jo0pe oXapaKTepuUs30BaHO IS KIiTHH
ccasiriB. 3aeoinpmioro NRAMP-Tpaucnoprepu
BiZITOBiaioTh 3a TpaHCHIOPT OiBaJIEHTHUX i0HIB

Bupanennsa
3 IPDYHTY

[67, 68]. Teru NRAMP-TpaucmoprepiB igenTu-
(ixoBaHO IJId BEJIMKOI KiJIBKOCTI BUIiB POCTTH
[68—T1]. Hochimxenus ¢pyurmiii AtINRAMP3
3 apabifgomucy ImoKasaJiu, Io BiH JOKaJai3oBa-
HUI y BaKyOJApHi#T MeMOpaHi # BigmoBigae sa
eKcIopT iowiB 3axida i3 Barkyoab. MyrTaHTHI
Jimii apabimomcucy 3 TOPYIIeHOH (GYHKI[IEIO
AtNRAMPS3 BusaBIAIOTH CTiHKIiCTh O BILJIUBY
KaaMilo i 30iJbIITyI0OTh HAKOIUUYEHHS MapraH-
II0 Ta IMMHKY B yMoBax gedimury 3amiza [72,
73]. Ilincunenns excupecii AAINRAMPS3 npu-
3BOAUTH [0 NPUTHIUYEHHA HAKOIMWUYEHHA Map-
rauiio [72, 73]. Tpaucnoprepu poauau CAX Ta
NRAMP MoKyTh HAGYTHU IMTUPOKOTO 3aCTOCY-
BaHHA y TeXHOJOriax (iropemeniarmii Ta 6io-
doprudpikarii (puc. 3).

IlomepenHi mocaimKeHHA TPAHCIOPTY MeTa-
JIiB y KJiTHHAX POCJUH BUABUJIU TPAHCIOPTHY
aKTUBHICTH /1A i0HIB MeTasIiB Yy BaKyOJAPHIiN
meMmOpaxi [74]. Byio izenTudgikoBaHo IPOTOH-
Ho-MarHieBuii oOMiHHUK poxmHu AtMHX Ta
BaKyoJApHUl immoprep ioHiB mmHKYy ZATI1
(Zinc transporter of Arabiidopsis thaliana)
ponunu CDF (Cation diffusion facilitator) [75,
76]. B ocranHi poKU 3HalIeHO JeKiJIbKa BaKkyo-
JAPHUX iMIIOPTEPiB BaKKUX METAJiB POAWHU
MTP (metal tolerance protein) Ta HMAS3

Puc. 3. BUKOpHCTaHHSA TPAHCIOPTHHUX IIPOTEIHIB POCTHHHUX BaKyO0Jb Y 0i0T€XHOJIOTII POCIUH:

A — BapianTu (itopemesniamii rpyHTiB 3a JOIOMOIrO0 T'eHETHYHO MOAMU(MIKOBAHUX POCIMWH, IO €KCIIpe-
CyI0Th/0oBepeKcipecyoTh reau poagun CAX, NRAMP, MTP, VIT. Pociuuu i3 po3ray:KeHoi0 KOPeHeBOIO CUCTe-
MOI0 TpaHC(OPMYIOTH OTHUM YU JeKiTbKoMa i3 BullledasHaueHuMX reHiB. TpaHchopmMoBaHI pPOCIMHU 34aTHI
TpaHCIOPTyBaTu Baxkki meranu (Cd*, Mn?', Zn?"). Cre60 Ta IMCTA HAKOIMUUYIOTh y CBOiX TKAHWHAX IIi BAXKKi
metanau. Cre6JI0 Ta JIMCTS POCIUH MOKe OyTH 3i0paHO AJIA IIogabIIol yTurisarii.

B — BapiauTu 6iooprudikariii pocauH 3a JOIIOMOI'0I0 TPAHCIOPTHUX IIPOTeiHiB ToHoIIacTa. [[iHHI Xapyo-
Bi KyJIBTYpPU POCJIUH MOXKYTH 0yTu TpancopmoBani reanamu TPK, CAX, ZAT nig kouTposieM creru()ivHoro ajisd
dpykTie npomoropy. TpaucnoprHi nporeinu TPK, CAX, ZAT cupuATuMyTh HAKOINUYEHHIO I[IHHUX MiHepaJib-
Hux enementis (K, Ca?’, Zn®") y BakyosaAX QPyKTiB Ta MOJIIMNIIIEHHIO XapYOBOi I[IHHOCTi POCINH
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(Heavy metal ATPase 3) [77, 78]. ®yHKIIiO-
HyBaHHA TpaHcmoprepy MTP1 zabesmeuye,
30KpeMa, BUJKWBAHHA POCJIWH B YyMOBax
3abpyaHeHHA TI'pyHTIB muaKOoM [77]. Herro-
IaBHO OyJio moKasaHo, 1o AtHMAS3 3 apa0i-
poucucy € P-trunmom AT®Pasu i cupusie (yH-
KIIIOHYBAaHHIO BaKYOJAPHOTO immopTepa
KaaMmiio, MUHKY, Ko0aJbTy Ta cBuHIIO [78].
Icuye npunymieHHsA, IO €KCHOPT IIWMHKY,
iHmux MeraJsiB Ta MminepaJsis i3 IIB 3abe3meuy-
erbea pobororo HMA-momn Ta NRAMP-Tpasnc-
noptepiB [79]. Biaem Toro, TpaHcmopT ioHiB
meraniB y IIB BinOyBaeThcs 3a paXyHOK (PyH-
riionysanaa MTP-immoprepis Ta VIT-TpaHc-
moptepiB (vacuole iron uptake transporter)
[79]. Byso Takok BCTAHOBJIEHO, 11O i MeMOpa-
Ha ryoboixy IIB, i tomommact JIB micrars
TparcuopTep merany NRAMP4 (puc. 1, A; 2; 3)
[52, 80].

TinbKm oAuH i3 IpeACcTaBHUKIB TpPaHCIIOP-
TepiB Mmini pomunu COPT (copper transport
protein) — COPT5 BuABJIEeHO B TOHOILIACTI
BakyoJsip [81, 82]. Myrantu apabiforcucy i3
BTpaueHoo @Qyukiieilo COPT5 HakomuuyyioTh
6imbite Mini B KopeHax. Cmocrepiraernbcs
TaKOK MEeHIui BMicT Migi y cTebai. Bmict mini
Y BaKyOJISIX, BUAIJIEHUX i3 KJIITUH MyTaHTHUX
pocauH, OyB 3HauHo Buinuii. Ili pesyabratu
cBiguaTh Ha KopucThb Toro, imo COPTS5 e ekc-
mopTepoM Mizni 3 Bakyous [81].

Cucremu TpaHcmopTty HykpiB. BakyonsapHa
MemOpaHa 6epe yJyacTb Y TPAHCIOPTi pisHOMA-
HiTHUX THOIB IyKpiB. MoJsekyam caxaposu
TPAHCIOPTYIOTHCSI Y BAKYOJi I HAKOIIUUYIOTE-
cA Y BeJIMKUX KiJBKOCTAX Yy KJIITHHAX IIYKPO-
BOr0 OypsiKa 3a TOIIOMOI'0I0 MeXaHi3My ITPOTOH-
"Horo aHtmmopry [1]. Hdudysia caxaposu
Y BaKYOJIi CIOCTepPiraeThbCcsa TaKOMK AJISA KJIITHH
TKAHUH AYMEHIO, TOMATiB Ta I[yKPOBOI TPOCTH-
Hu [1]. ¥ 6araThox poCJIUH caxapos3a BaKyoJIdap-
HOTO COKY JysKe IIIBUIKO IePETBOPIOETHCA Ha
dbpykTaHU UM iHIOII CKJIAmHI moJIiMepu, IO
HaJaJdi 3aJuIIaloThCA Y IIbOMY KJIITUHHOMY
pesepByapi [1]. ¥ Takomy pasi eHeprid, II0
moTpi6HA AJIA TPAHCHIOPTY Ta HAKOIMWYEHHS
KapborigpariB, HaAXOAUTh 3aBAAKUN PO3ILEII-
JIEHHIO XiMiuHOTO 3B’SIBKY MisK TJIIOKO30I0 Ta
dpyrTos010 [1]. 3aBAAKU iHTEHCUBHUM JOCJIiT-
JKEeHHSAM ITPOTeoMa ¥ TPAHCKPUITOMA, PETyJIA-
mii Ta TpPaHCIOPTY BaKyoJb 0yJo0 imeHTH(iKO-
BaHO 4 piBHMX TPAHCHOPTEPH TJIIOKO3U, IO
3a0€e31eYyI0Th iMIIOPT IJIIOKO3U Y BAKyO0JIb [15,
16, 83]. Ha croromui imeHTHM(iKOBaHO JHIIIE
OIUH eKCIOPTEep caxapo3’, TOMY BUBUEHHSA
BaKyOJIAPHOTO TPAHCIOPTY IIYKPiB € BaKJIu-
BUM i IIepCIEeKTUBHUM HAIIPAMOM AOCJIiIKeHb
[1,15, 16, 83]. HocaimxeHHA TPAHCIIOPTY caxa-
Kpo3u uepe3 MeMOpaHy BaKyoJi Jaju 3MOTY

BUABUTHU [IEKiJIbKa TUIIIB TPAHCIOPTHUX IIPO-
TeiHiB, 10 0epyTh y4acTh y IILOMY IIPOIIECi.
Byno mokaszamo, II0 MPOTOHHO-CaAXapO3HUM
cummoprep AtSUC4 BigmoBimae 3a eKCIIOpPT
caxapos3u i3 Bakyosb (puc. 1, B) [84, 85].
3BOPOTHUI PYX MOJIEKYJ caXaposHu i3 BaKyoJIb
IO IUTOILIa3MU 3a0e3IeYy€eThCSa TPAHCIIOPTHH-
MU CHUCTEMaMU IPOTOHHOTO AaHTUIIOPTY, 30Kpe-
ma TMT1 i TMT2 [84, 85]. Cepern, ycix usneHiB
poxuuu SUC/SUT (Sucrose carriers/transpor-
ters) i TMT (tonoplast monosaccharide trans-
porter) rinekum AtSUC4 ta TMT1/2 maioTh
BaKyoOJIApHY JoKaJjizamio [84, 85]. Biabm
TOTO, JOCJHiJ}KeHHA IIPOTeOMa BaKYOJIAPHUX
MeMOpaH AUMEHI0 BKa3yIOTh Ha Te, II[0 TOMOJIOT
AtSUC4 3 aumenio — HvSUT2 rtako:x wmae
BaKyoJiApHY Jokaiizamiro [86, 87]. Ilpum-
TyCKAalOTh, 1[0 €KCIOPT MOJIEKYJI TJIIOKO3UW Ta
IHIIIUX MOHOCAXapPULiB i3 BAKYOJIi B ITUTOILIA3-
My 3a0e3IeuyeTbCcsi IPOTOHHUMY CUMIIOPTEpa-
mu poxmHu VGT (Vacuolar glucose transpor-
ter) [88, 89]. Ha croroaui Bigomo TiibKM aBa
npeacraBuuKy 1iel pogunu — VGT1 ta VGT2,
omHakK (PYHKI[IOHAJIbHI XapaKTepPHUCTUKU ITUX
TPaHCIIOPTEPiB Ie HeBigomi (puc. 1, B).
TpaHCIOPT OPraHiyYHUX CIOJYK Ta MeTado0-
aitie 3a gomomororw ABC-tpancmoprepis.
HocaimxenHa ¢isiosorii TpaHCIOPTY POCJIMH-
HIUX BaKyoJb YMOMKJUBUJIU imgeHTudiKaIliio
TPYIHX TPAHCHOPTHUX MPOTEIHIB CyIeppPOauHI
ABC-TpancmopTepis, 1110 3a0€3IeUyI0Th TPAHC-
IOPT OPraHivHMX CHOJYK 1 MeTaboJiTiB.
TpaHCIIOPT CIOJYK Uepe3 CUCTEeMY BaKYOJAP-
Hux ABC-TpancnopTepiB morpebdye eneprii rifg-
poaizy MgAT® [90]. 3aranom ABC-tpancmop-
Tepu BaKyoJib 3a0e3meuyylTh TPAHCIOPT
KOH’IoraTiB i riryrationom Ta meraboJriTis [3].
Taki eHeprosajie)kHi «HacCOCH» MOMKYTb
«3aKauyBaTHU» Yy BAKYOJIi CIIOJIYKU Pi3HOMAHIT-
HOI mpuponu. BoHu BigmosBimaroTh 3a TpaHC-
HOPT IIYKPiB, IENTUIIB, JeIKUX HEOPraHIiuUHIX
iomiB, Baskkmx MmetainiB [3]. ABC-tpaucmopTt
JIoIIoMara€e pocjrHaM HAKOIMYYBATH y BaKyo-
JSIX TOKCUYHI CIIOJYKH, 30KpeMa (heHOJHU Ta
aJIKaJIoiAu, AK1 MarTh peleeHTHI BJIaCTUBOC-
Ti #i BUKOPUCTOBYIOTHCSA POCIMHOIO AK «0iojo-
riuma 30pos» y 60poTh0i 3 aTakaMu KoMax Ta
MiKkpooprauiamiB. OKpiM TOTo 6araTo TOKCUUHUX
CHOJYK KCeHOOi0TUYHOI mpupoau (IIECTUIUAY Ta
iHImmi) MOXKyTh OyTm MomudikoBaHI U yTH-
JisoBaHi pocamHOI0 y meHTpasbHux JIB [1-3].
HemomaBuo 0OyJi0 TIPOAEMOHCTPOBAHO, IO
ABC-rpancnoprepu poguau MATE (Multidrug
and toxic compound extrusion) BixzmosizarmTh
3a BaKYyOJIAPHUM €KCIOPT aHTOI[iaHiB Ta HiKO-
tury. MATE-Tpamconoprep — TT12 e hraBomoi-
OPOTOHHUM AaHTUIOPTEPOM 1 BUABJIAE aK-
TUBHICTH y KJiTHMHAX OOOJOHKM HACiHHA
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apabigomncucy [91]. IlikaBum (paxToM € Te, 10
refom apabigomcucy MicTtuTh 56 remis, Aki
konyiorb MATE-Tpascmoprepu, a rTeHOM JIIOIU-
HU — TigbKu aBa reau [88]. OmgHe 3 mepIrmx
CIIOCTEPEKEHb TOTO, IO BaKYOJAPHUHA TpaHC-
mopT (hJIaBOHOITIIB Ta aHTOI[iaHiB 3a0€3MIeUyETHCA
pobotoro ABC-TpamcmoprepiB, 0yJI0O CTOCOBHO
sxkura (Secale cereale) Ta pocaun apabigorncucy
[92, 93]. 3okpema, BcTaHOBJIEHO, 1110 AtMRP2/
AtABCC2 pnie K TpaHcIopTep KOH’IOTaTiB
riaokopoHaty [93]. Byso 3’scoBaHo TaK0K, II10
TPAHCIOPT TJiKO3UJIBOBAHUX AaHTOIiaHIiB
y BakyoJii 3abesmeuyeTbcsa poboroio ABC-
tpancnoprepa MRP-tuny (Multidrug resistan-
ce protein) y pocamHax Kyrypyasu [94]. I'miko-
BUJIOBAHHSA KCEHOOIOTMUHUX CIOJAYK UM
CTBOPEHHS KOH IOTaTiB i3 IIyTaTioOHOM € OTHUM
i3 wmexaHidMiB geTokcupikaIii KJIiTHHH.
BunaneHnHs i TpaHCIIOPT y BaKyOJIi TJIyTaTiOHO-
BUX KOH’IOraTiB Bif0OyBaeThCA BUKJIOUHO 3a
paxyHOK rigponaisdy AT®. Bymgo BuABIeHO
IeKinbKa TeHiB, [0 KOAYIOTH MPOTEIHN TPaHC-
HOPTY TJIYTATiOHOBUX KOH’IOTATiB y POCJMH.
VYei mi TpaHCHOpPTHI mpoTeiHM HaJEKaThb [0
ABC-poauamu i MaoTh BigmoBigHI romoJioru
B KJiTMHaAX ccaBI[iB Ta ApixkmkiB [95, 96].
IMixaBuMm (pakTOM € Te, 1110, HA BiAMiHY Big KJIi-
THUH CCaBIIiB uu rpubiB, Je IrJIyTaTioHOBi KOH T0-
raTy TPAHCIOPTYIOThCA O IIJIa3MaTUYHOI MeM-
OpaHl Ta EKCKPETYITHCA Y MiKKJIITUHHUNA
MPOCTip, KJIITUHU POCIAUH TPAHCIOPTYIOTH
KOH’IoTaTHW IIbOTo Tully y BakyoJi [1]. Bararo
OpOAYKTiB merpazgailii mMeTabosisMy KJIiTUH
MOJKYTh TAKOK IIPOAYKYBaTH BUCOKOPEaKTUB-
Hi TUIIU BIBHUX paguKajiB. IcHyBaHHA TaKUX
pamuKaiB y MeTaOOJiuHO-aKTHUBHIN uvacTmHI
KJITUHYU — IIUTO30JIi — € BKpail HeOe3ImeuHUM.
Tomy yTuaisalia TaKUX IIPOAYKTIB po3mangy Ta
merpagaiiii y BakyoJab 3a gomomoroio MRP-
TPAHCIOPTEPIB € Ay:Ke BaKJInBOI0. [leToxcudi-
Kamia meaxkux cuoayk ABC-tpamcmoprepamMu
Yy pocyiiH OyJI0O TIOKA3aHO [Jis TPaHCIOPTEPiB
MRP-tuny [90]. Bigomo, 110 CIIOJTYKHT BaAKKUX
MeTajJiB MOKYTb OyTH JeToKcu@dikoBaHi 3a
romomorom (iToxematuHiB 1 yTumiaizoBani
y Bakyossax. HeImogaBHo BUSBIEHO ABa HOBUX
npencraBuauku MRP-TpazcmopTepis, 1110 3a6e3-
MeYyoTh TPAHCIOPT (PiTOXeJIaTUHOBUX KOM-
IJIEKCiB, 30KpeMa i3 MHUII’SIKOM OO0 BaKyoOJb
[96]. ABC-tpaHcmopTepu TaKoOK BimirpaioTb
BaKJIMUBY poJib ¥ dyuKIionyBaunui IIB. 3okpe-
Ma, OJIS POCIUH KYKYPYA3u Ta cCOpro OyJo
MoKas3aHo, 110 HaKOMUWUeHHA (iTaTy y r1000i-
max IIB BinoyBaeTnhcsa saBgaku ABC-Tpaxcmop-
repam MRP-tuny (puc. 2) [97]. Hemomnasuo
3’sCOBAHO, IO HAKOMIMYEHH: (iTaTy B HacimHi
apabimoricucy Bif0yBaeThCs 3a LOIIOMOTOO CIIe-
miagisosamoro ABC-tpamcmoprepy AtABCCS
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(puc. 2) [98]. ABC-TpancmopTepu TaKoK 3a0e3-
IeuyoTh TpaHCIOPT BiTamimis rpymnm B9
y BaKyoJi KJiTuH pocauH. Bigomi mBa ABC-
TpaHcmopTepu 3 apabimomcucy — AtABCCI,
1o TpaHcmopTtye doaatu, Ta AtABCC4, axkuit
TPaHCIOPTY€E aHTu(OJATH 40 BakyoJb (puc. 1,
B) [99, 100]. ABC-Tpaucrioprepu MaiOTh BeJIN-
KU MOTEeHITiaJ AJId BUKOPUCTAHHS Y TEXHOJO-
rigdx BaKyoOJIAPHOI yTuUJIisalili TOKCUUYHUX
opraHiunmx cmoayk. Binaemr Toro, ABC-tpaHce-
TOPTEPHU € FOJIOBHUMHU TPAHCIIOPTHUMU IIPOTEI-
HaMU BaKyo0Jb, III0 BiATOBiJaI0Th 38 TPAHCIOPT
BEJIMKUX OpPTaHiuHMX CHOJYyK. Taka BiacTum-
BiCTh IMX TPAHCHOPTHUX IIPOTEIHIB YMOXK-
JIUBJIIOE BUKOPUCTAHHA 1X Y HAKONWUYEHHI Ta
30epiramHi y BakKyoJiAX pi3HOMaHITHHUX
KceHobioTukiB (puc 1, B).

TpaHCIIOPT BOAM 3a TOIMOMOI0I0 aKBAIIOPH-
HiB. [lenTpasbHa BaKkyoJb POCIUHHOI KJIITHHUI
moske 3arimatu 1o 90% ii 06’emy, TOMy BaKkyo-
JIi POCJIMH MAalOTh BeJINKe 3HAUEHH IJiA 36epi-
TaHHsg BOAM i BimirparmoTh OZHY i3 KJIIOUOBUX
poJjieili y BOZHOMY ToOMeOCTasdi KJIiTUH.
HociigykeHHs TPaHCHOPTYBaHHA BOAM Uepes3
BaKyoOJIAPHY MeMOpaHy IIOKasaju, IO TaKui
TUII TPAHCHOPTY 3abe3mneuyeTbcsa (PYHKIIOHY-
BaHHAM CIIeI[iajlis0BaHUX TPAHCIOPTHUX IIPO-
TeiHiB-akBamopuHiB. BaraTto pisHUX TUOIB
aKBaNOPUHIB OYyJI0 OMMCAHO /s POCIMHHUX
Barkyosab [101]. AxBamopuum poxuam TIP
BUBUYEHO Kpale 3a inmri. Bizomo, 110 Bakyoui
PoCJUH MaioTh Tpu rojoBHuX tunu TIP-axksa-
nopuHiB — ajabda-, geabTa- Ta ramma-TIP.
Binpmricts TIP-akBamopuHiB Mae 4iTKy BaKyo-
aapHy crerrianisamnioo [102, 103]. Anbda- Ta
neapta-TIP jgokanizoBani B Tomomiaacti IIB
[102-104]. Imoxi 3 IIB BumiisioTh Iie OOUH
THUII, A€ TOHOILJIACT Ma€ BUKJIOUHO AeabTa-TIP
[105]. Tamma-TIP nmpucyTHi#i y TOHOMmJIACTL
JIB, 1o matoTh Kucje 3HauenHA pH, Ta y mem-
6panax ryoboiny IIB [102—106]. Oxpim Buiie-
3asHaueHoro ramma-TIP-akBamopuHy TOHO-
mjacT 06araThboxX JITHMUYHMX BAaKyOJbh MiCTHUTH
c-TIP-akBamopun [107]. Auasda-TIP iz IIB
BigmoBimae 3a merigparaiiiro 1mux BaxkyoJb [1].
IlikaBum (arToM € Te, 10, Ha BigMiHY Bif
ramma-TIP-akBanmopuny, ¢ochopuaoBaHHs
anbda-TIP-akBanmopuHy 3HaYHO 30iJIBIITYE H1OTO
nponyckHy smartHicTs (puc. 1, 2) [1]. IligBu-
ImeHHsd ekcipecii kirrouoBux rexniB TIP-akBarto-
PUHIB MOKe CHPUATH MOJIIIIEHHIO BOJTHOTO
basaHCy KJiTHMH. A pisHa BaKyoJIgpHA clellia-
aisaria TIP-akBanmopuHiB poOUTH iX TepCIeK-
TUBHUMHU 00’€KTaMU AJIs 3aCTOCYBAaHHS Y CIIe-
MiaJri30oBaHOMY TPAHCIOPTI KOPUCHUX CIIOJYK
y pisHi TUIIZ BaKyOJIb.

IlepcuexkTuUBN 3aCTOCYBaHHA MeMOpPaHHHUX
TPAHCIIOPTHUX CHCTEM POCIUHHUX BaKYOJb
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y 6ioTexHoJOTii pocauH. BuBuenua ¢isiosorii
i TpaHCTOPTY POCJIUHHUX BaKyOJb Ma€ BeJIUKE
3HAUEeHHsA [HOJII PO3BUTKY 0ioTeXHOJIOTII.
Baxyoasa mae yHiKaJabHI BJIaCTUBOCTI — BeJH-
Kuii posMmip, oOMe)xkeHy MeTabOoJiuHy aKTHB-
HicTh, IO POOUTH IO KJIITHHHY OpraHeiy
pesepByapoM, OPUAATHUM IJs 30epiramHs Ta
HaAKOIIMYEHHS KOMEPIiHO BaXKJIUBUX CIIOJYK.
Okpim TOTO, iCHYBaHHA Pi3HUX TUITIB BAKYOJIb
Y POCJIMHI YMOKJIUBJIIOE KePYBAaHHA Ta CIPA-
MOBYBaHHS IIPOIECY HAKONMUUYEHHA MHEeBHUX
CIIOJIYK y PiBHHMX opraHaxX pPOCJIUHH.
Hanpukaan, Kooy moTpibHO HOJIMIINTH Xap-
YOBi XapaKTepUCTUKU HACIiHHSA, TO CJOix iHmy-
KyBaTu MexaHisMmu i cuctemu TpaHcmopry IIB.
3 apyroro 00Ky, iCHYBaHHSA He3aJIesKHOTO Bif
amapaty 'oabm:ki MexaHiI3My Be3UKYJISIPHOTO
TpaHcnopTy s I[IB pobuTs 11i opranesu mep-
CIEKTUBHUM «OiopeaKTopoM» AJiA 30epiraHHsA
KOPHUCHUX CIIOJYK 0e3 ToJZaTKOBUX Moau@ika-
i, 30KpeMa IJIiKo3ua0BaHHA. BaKkyouri poc-
JIMH MalOTh BeJIMKUH ImoTeHIianx y 6iodopTudi-
Kalii xapuoBux mpoaykTiB. Tak, 36iabIrieHHA
HAKOIMYEHHS V BAKyOJAX BaKJIUBUX MiKpO-
ejleMeHTiB, 30Kkpema Fe?" um Zn?", 3HAYHO IIO-
KpaIuTh AKiCTh XapuyBaHHA JIOAUHA (puc. 3).
Cain TaKoK HAroJOCUTH, IO BaKYOJi POCJUH
MAaloTh BeJUKi IepcruekTuBu s (piTopemenia-
nii. Pocinuu sgaTHi HakonuuyBaTu Ta 36epira-
TH TOKCUYHI CIIOJYKHU i3 HABKOJHUIIIHLOTO cepe-
IOBUIA Yy BaKyoJdAX. Barome 3HauYeHHA
POCJIMHHI BaKyoOJi MOXXYTh MaTH y CTBOPEHHI
0e3meuHnX AJA JIOACHKOTO OPTraHisMy TIPOAYK-
TiB XapuyBaHHA. 30KpeMa, BUOipKOBe HAKOIIU-
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TPAHCIIOPTHBIE CUCTEMBbI
TOHOIIJIACTA PACTUTEJBHBIX
BAKYOJIEA 1 UX IOTEHITUAJBHOE
HCIIOJIb3OBAHHUE B BUOTEXHOJIOI'HH

C. B. Hcaenkos

NHCTUTYT TUIEBOH OMOTEXHOJIOT Y
Y TeHOMUKU
HAH VxpauHsI,
Kues

E-mail: stan.isayenkov@gmail.com

B 0630pe aHaIM3UPYyeETCA POJIb PACTUTEIHHBIX
BaKyoJiell B KH3HENeATEeJIHLHOCTH PACTEHUII,
B YACTHOCTH B ITOIEPKAHUY KJIETOUYHOTO TyPTop-
HOTO [AaBJIEHUS, XPAHeHWU MUHEPAJIOB U IIUTA-
TeJbHBIX BelrlecTB. OmUCaHbI TJIaBHbIE MeXaHU3-
MBI TPAHCIIOPTa uYepe3 BaKyOJSAPHYI0 MeMOpaHy
Bakyouu. [IpuBeseHbl OCHOBHBIE TUIILI TPAHCIIOP-
Ta MUTATEJbHBIX BEIleCTB, TAMKEJIbIX MeTaJlJoB,
BUTAMHUHOB U OPTaHUYECKUX COEAUHEHUU uepes
TOHOILJIACT PACTUTEJNbHBIX BakyoJeii. Pac-
CMOTDEHBI TJIABHBIE CHUCTEMBI MeMOpPaHHOTO
TPaHCIOPTa PACTUTEIbHBIX BaKyOJIeli, X (Gusuno-
JoruvecKkre (PYHKIUU U JaHbl XapaKTEePUCTUKU
HanboJiee M3BECTHBIX TPAHCIIOPTHBIX HMPOTEUHOB
BaKyoOJIeH.

O6cy:xmaTcsa 3HAUEHNEe W POJIb TPAHCIOPTa
PaBINYHBIX XUMUUYECKUX COeIUHEHUI B BAKYOJIH
IS JKUBHeOeATeJbHOCTH pacTeHus. OmumcaHbl
rJIaBHBIE THUILI PACTUTEJIBbHBIX BaKyoOJell U UX
poab B (YHKIIMOHMPOBAHUU KJETKU. Paccmar-
pUBaeTCs COCTOSAHUE COBPEMEHHBIX MCCJIEIOBA-
Huii MeMOpPaHHOTO TPAHCIOPTA PACTUTEJIbHBIX
BakyoJeii. [IpuBeeHbl MpuMepPhI NCIIOJb30BAHTA
MIPUHITUIIOB ¥ MEXaHU3MOB BaKyOJIAPHOTO TPAHC-
mopTa B PA3JUYHBIX OO0JIACTAX OMOTEXHOJIOTUN
pactenuii. OuepueHBl TEPCHEKTUBHI HOBBIX
HaIpaBJeHUN U MOAXO0J0B B PAa3BUTUU OMOTEXHO-
JIOTUUM PACTEeHUI C IPUMEHEHHeM Pa3HbIX TUIIOB
BaKyoJieil 1 cUCTeEM MeMOPaHHOTO BAKYOJISIPHOTO
TpaHCIOPTAa.

Knrmouesvle cnoséa: Bakyoab, TOHOILIACT, MeMO-
PAHHBIA TPAHCIOPT, KAHAJLI, TPAHCIOPTEPHI,
OMOTEeXHOJIOTHA.
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THE TONOPLAST TRANSPORT SYSTEMS
OF PLANT VACUOLES AND THEIR
POTENTIAL APPLICATION
IN BIOTECHNOLOGY
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of Sciences of Ukraine,
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The pivotal role of plant vacuoles in plant
survival was discussed in the review.
Particularly, the providing of cellular turgor,
accumulation of inorganic osmolytes and nutri-
ents are the primary tasks of these cellular orga-
nelles. The main mechanisms of tonoplast trans-
port systems were described. The known
transport pathways of minerals, heavy metals,
vitamins and other organic compounds were
classified and outlined. The main systems of
membrane vacuolar transport were reviewed.
The outline of the physiological functions and
features of vacuolar membrane transport prote-
ins were performed.

The physiological role of transport of mine-
rals, nutrients and other compounds into vacuo-
les were discussed. This article reviews the main
types of plant vacuoles and their functional role
in plant cell. Current state and progress in
vacuolar transport research was outlined. The
examples of application for principles and me-
chanisms of vacuolar membrane transport in
plant biotechnology were given. The perspectives
and approaches in plant and food biotechnology
concerning transport and physiology of vacuoles
are discussed.

Key words: vacuole, tonoplast, membrane trans-
port, channels, transporters, biotechnology.





