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B pobome obobwaromes coepemernbie 0aHHbIE OMHOCUMENBHO MPAHCROPMA, XPAHEHUS U UCHOAb308AHUS
Jcenesza 6 Kaemkax opoycicei, 8 wacmuocmu Saccharomyces cerevisiae. OmmeueHo, 4mo nepeHoc xcenesd 6
Kaemku obecheuueaemcs: 6bicOKOAQOUHHOU cucmemoll, QYHKUUI KOMOPOU 8biN0AHsIem 0eaK08blll KOMIAEKC
Fet3—Ftrl, u 6eaxom Fetd4 ¢ nuskou aggunnocmoro k uonam xceaeza. Obe cucmemvr ucnoavsyrom Fe’*. Ha
BHEUIHION CMOPOHY NAA3MANEMMbL IKCHOHUPYEMC maKice aKkmueublii yenmp 6eaxa Frel, komopuli 3a cuém
geppupedyxmasnoi axkmusnocmu deaaem Fe’™ docmynuvim 0aa kaemiu. Ilpusodumes ungpopmayus omuocu-
mMenbHO yHacmus 6 mpancnopme cudepogpopos u MemaironpoOmoHHbIX 0OMEHHUKO08 naazmanremMmsl — beakoe Smf.
Ocob6oe enumanue yoeasemcs pecyiayuu IKCRPeccull 2eH08, KOOUPYHWUX cucmembsl 00MeHa Jcene3a, U HeKomo-
PbIM ACNeKmam UCnoAb308aHUs Jceae3a npu cunmese FeS-codepucauwjux chepmenmos. Jleraemces v1600 0 mom,
YUMo NOMUMO 8Ce20 NPOHe20, OPOICHCU ABASIOMCA NEPCHEKMUBHbIM 006eKMOM 045 U3YHEHUS MeXAHU3MO8, KOMO-
pble NO360ASIOM ICUBBIM OP2AHUIMAM He MOAbKO U30eeams MOKCUHeCK020 OelUcmeus I1eMeHma, A6As10ueocs
mpueeepom c60000HOPAOUKANLHBIX NPOUECCO8, HO UCHOAB308AMYb €20 0451 OCYULeCMEACHUS HCUSHEHHO B8ANCHbIX

npoueccos.

Kawueewie caoéa:dpoxcocu Saccharomyces cerevisiae, mpancnopm uoHoe ycenesa, oeaxu Aft.

JIHUM i3 BaXKJIMBUX HaIPsIMiB CydacHUX 0io-

XiMiYHMX Ta MOJIEKY/ISIPHO-TEHETUIHUX J0-

CJIiIXXKeHb € BUBYEHHS OOMiHY 3a1i3a B KU~
BUX OpraHizMax. YBary 10 JaHOI Ipo0aeMu BUKJIK-
KaHO, MOXJIMBO, TIEPEOCMUCIEHHSIM Ha Cy4acCHOMY
PiBHI pOJIi LILOI'O €JIeMEeHTa B OiOJIOTIYHUX CUCTE-
max. Tak, BimoMo, 10 3ayi30, 3 OJHOIO OOKY, €
HeoOXiZHUM [Jis1 (PYHKLiIOHYBaHHSI O0araTbOX reM-
BMiCHUX (DEpPMEHTIB, 30KpeMa LIUTOXPOMiB, $IKi Oe-
PYTh y4acThb Y (POTOCHHTE3i Ta IepEeHECEeHHi eeKT-
POHIB y AMXaJbHOMY JIAHILI}O3i, @ TAKOX JJIs YKC-
JICHHMX 3aJ1i30-CipKOBMICHMX OiJIKiB. 3 iHIIIOrO OOKY,
3aJ1i30 PO3IVISIIAETHCS SIK MOTEHLIAHO TOKCUYHMIA
areHT, SIKMil CTIPUYMHIOE BUTbHOPAIUKAIBHE ITOIITKO-
JIDKEHHSI KOMIIOHEHTIB KJIITUHU. BcTaHoBieHO, 1110
HaJUIMILIOK 10HIB 3aJli3a y KJIITUHAX CIIPUSIE PO3BUT-
Ky MEePOKCUIHOTO OKUCAEeHHS JiMiaiB [1], € mpuun-
HOIO JeSKMX PaKOBMX 3aXBOPIOBAHb, TAKMX K Kap-
LIMHOMU HUPOK Ta MeYiHKU [2]. 3 nmopylieHHsIM 00-
MiHY 3aj1i3a B MiTOXOH/IPIisiX JIIONUHY TTOB’sI3aHa Taka
crnagkKoBa XBopo0a, sik aTakcis @pinpixa [3]. 3amizo
TaKOX MPUYETHE 10 PO3BUTKY XBOopoO BiiibcoHa Ta
Menke [4].

KuituHM MaloTh BUCOKOCTIe1Iiai30BaHi Mexa-
Hi3MU BWJIYYEHHS iOHIB 3ajii3a 3 HaBKOJIMIIHbOIO
cepenoBUILA i TOAAIBIIOrO BUKOPUCTAHHS 1X Ta Ha-
KonuuyeHHs. I BUBUEHHST IMX MeXaHi3MiB, a Ta-
KO TOKCHUYHOI Aii i HpUYETHOCTI 3aj1i3a 10 KaHIIe-
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poreHesy IpOBOASATLCS OOCIIIIXKEHHS Ha 0araTbox
00’€KTax, OCHOBHUMM 3 SIKUX € IIypi, MHIIIi Ta KPO-
Juku. barato BaxauBoi iHdopMallii ogepkaHo Mpu
00CTEeXXEeHHI XBOpHMX Ha acbecTo3, TeMOXpoMaTo3,
atakciro @pimpixa, a TAKOXK B eKCITEPUMEHTAX 3 KYJTb-
TypamM¥ TKaHWH JIIOAWHH. 3pYIHOIO MOAETHLHOIO CH-
CTEeMOIO JIJISl TIOAIOHUX AOCHIIKeHb € APIKIXKI Te-
peBaxHO 3 poaiB Saccharomyces, Schizosac-
charomyces, Candida Tomo. 3apa3 1i opraHiamMu
IIMPOKO BUKOPHUCTOBYIOTBCS SIK MOAEITbHI CHUCTEMU.
Ile moB’s13aHO 3 TUM, 1110 BOHU € JOOpPE BUBUCHUMMU
00’eKTaMH1, 30KpeMa B TCHETUYHOMY acIiekTi . Y 1996
POLIi BCTAHOBIICHO TIOBHY HYKJICOTUIHY ITOCITiIOBHICTh
reHomy Saccharomyces cerevisiae |5, 6]. Y IpixXIXiB
BXe ineHTU(hiKOBaHI i KJIOHOBaHi I'eHU, SIKi 3aIisIHi
y BUJIYYEHHI iOHiB 3aJli3a 3 HaBKOJIMILHbOTO Cepe-
noBuila. JloBeaeHo, 10 1i TeéHU KOAYIOTh OijKu,
TOMOJIOTIYHIi JIIOACHKUM [6].

1. TpancnopryBaHHs 3ai3a y JApiKIKiB

Perynsuis oOMiHy 3ajiza y ApiKIXKiB OIoce-
peIKoBaHa, B IEPIIY Yepry, TPAaHCTIOPTYBAaHHSIM HOT0
1OHIB Yepe3 UUTOILIa3MaTUYHy MeMOpaHy. Y apix-
JIKiB BUILISIOTH ABi OCHOBHI TPAaHCIIOPTYBAJIbHI CH-
CTEeMU, BIiIMNOBIiJaJIbHI 3a HAZXOIXKEHHS iOHIiB 3a-
Jli3a y KJITUHY — CUCTeMU BUCOKOa(iHHOIO Ta HU3b-
koadinHoro TpaHcrioptyBaHH: [7]. Ilepiua ¢pyHKItio-
Hy€E B aepoOHMX YMOBAX i 3a0e3Meuye KJIiTUHY iOHAMU
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3aji3a y pa3i HU3bKOI KOHILIEHTpallii iX Yy HaBKO-
JIMILIHbOMY cepeaoBuilli. Ipyra cucreMa Moxe (hyHK-
LIiIOHYBaTH i B aHaepoOHMX yMoBax [8]. 3a monmomMo-
TO0 CUCTeMH HU3bKOA(PiHHOTO TPaHCIIOPTYBAHHS Y
KJIITMHY HaAXOASITh IBOBaJICHTHI KaTioHN 0araThox
MEePEeXiTHUX METaJIiB, TOMI SIK 3a JOIIOMOI'OIO0 CUCTE-
MM BHUCOKOa(piHHOr0 TpaHCHOPTYBAHHS — TiIbKU
Fe3* [9].

CucteMa BUCOKOA(iHHOTIO TPaHCIOPTYBaHHS
iOHIB 3aJyriza HaBeneHa Ha puc. 1. Y HaBKOJMIITHBO-
My CepeIoBUILI 3aJ1i30 NepeBaXkHO TepedyBae y hopMi
Fe’*, ake 3a 3B’a3yBaHHg 3 ioHamu OH™ yTBoproe
masiopo3unHHuii Fe(OH),. Tomy TpancniopTyBaHHs
iOHIB 3aJjTi3a TOYMHAETHCS 3 IXHBOTO BiTHOBJICHHS
[10]. Lleit mpouec 3milCHIOEThCS CHELUPIYHUMUA
(hepmeHTamu — pepupenykrazamu, siKi'y S. cerevisiae
KOAYIOThCs TeHamu 3 poauHu FRE (Ha puc. 1 300-
paXkeHO MPOAYKTH IBOX I'eHIB Ii€l pOAMHU — OiJIKN
Frel ta Fre2) [11]. TpancMeMOpaHHe TTIepeHECeHHS
Fe?*, axe yrBopuiocs 3a BimHoBiIeHHS Fe’t, BinOy-
BA€EThCS 3a y4acTIO KOMIUIEKCY pepMeHTIiB — (e-
pOKcUaa3u Ta fepmeasu, BOyIOBAaHUX Y KIITUHHY
MemOpany [12]. i 6inku € npoaykramu reHiB FET3
ta FTRI i no3HauaoTbes BignoBigHo Fet3 Tta Ftrl
[4,7,9, 12—14]. I1okazaHo, 110 Fet3 € MinbBMicHUM
0iJIKOM, CTPYKTypa SIKOro MofidbHa A0 CTPYKTypu
YJICHIB POJMHM MiIbBMICHUX OKCHIA3, TAKMX SIK LIE-
pyJIoria3MiH, acKopOaTokcuaasa, Jiakasa Toiio [15].
IIpore nuiue npo Fet3 Ta Lepyoniaa3MiH BigoMo,

10 BOHM OKMCITIOIOTH 3aiti3o [16]. BriM, dhepokcn-
naza Fet3 Moxe oKucIoBaTH i napa-deHineHniaMin
[17]. BaxxJiuBMM MOMEHTOM TPaHCIIOPTYBAHHSI iOHIB
3aj1i3a € yTBOpeHHs (pyHKIIiOHAIbHOI (hopMmu ep-
okcunasu Fet3, ske mojisirae y BKJIIOYEHHi B ano-
(opmy 11bOTO OiJIKa YOTUPHOX i0HIB Mii. Lleit mpo-
1IeC, Y CBOIO Yepry, TiCHO ITOB’SI3aHMIA 3 TPaHCITOp-
TyBaHHSIM iOHiB Milli y APiKIKOBY KJIiTUHY i BHYT-
PIlIHBOKJIITUHHI Be3uKyau. BiamoBigaaibHUM 3a
TPaHCIIOPTYBaHHS Mifli y KJIITUHY € 300paXkeHU Ha
puc. 1 6inok-nepeHocHUK Ctrl, sIKMii KOAYETHCS
reHoMm CTRI [4, 14]. Y BHYTpillIHbOKJIITUHHI Be3U-
KyJIM Ta BaKyoJli iOHM MiJli HAAXOASITh 32 JOTIOMO-
roto ATP-a3u P-tuny, sika € npoaykrom reny Cec2
[4, 18]. Cuctemy HU3bKOA(]iHHOTO TPAHCIIOPTYBaH-
HsI 10HIB 3aJTi3a peacTaBiIeHO OLIKOM-TIEpEHOCHM -
koM Fet4, sikuii mepeHOCUTbH i3 30BHILLIHBOTO cepe-
JIOBMILIA TBOBAJICHTHY (popMy 3aj1i3a.

Ha choronHi KoxeH 3 HaBeeHUX BUILE KOM-
MOHEHTIB BUCOKO- Ta HU3bKOa(iHHOI TPAHCIIOPTY-
BaJIbHUX CHCTeM A00pe onucaHuii. Tak, BxXe BiloMO
MpUHAKWMHI JeB’ATb IeHiB, SIKi KOIYIOTb (bepupe-
nykrasu [19]. INepmmmu Oynm ineHTHdIKOBaHI TeHU
FREI ta FRE2, iponyKTaMu SIKUX € BilIIOBiZHO
oinku Frel i Fre2 [10, 11]. binok Frel € memOpaH-
HIM GUIKOM 3 MOJIEKyJIsIpHOI0 Macoto 79 k/la. Moro
aMiHOKMCJIOTHA TOC/IiIOBHICTb MOAiOHA 10 Cy0OaU-
HuLi gp9 174 muroxpomy b, [20], TOMy BBaXa€eTh-
cs, o Frel € unroxpomom b-turry [21]. AKTUBHICTb

LCUZ*-

Fe?* (Cu2+, an+, C02+)

Puc. 1. Cucmemu opincoicie, 8i0nogioasvui 3a mpancnopmyearHus ioHie 3aniza ma mioi (3a [4]).

ISSN 0201 — 8§470. Ykp. bioxim. xucypn., 2005, m. 77, Ne 3



J. B. TOCIIOJAPHOB, B. I. IVIIJAK

depupenykra3 peryialoeTbCs MOTPeOOI0 KITUH Y
3aJ1i3i: B yMOBax HAJJIMILIKY iOHiB 3aJli3a aKTUBHICTb
¢depMeHTY HU3bKa, TOJIi SIK y pa3i HecTaui 3aiiza —
BuUcoKa [22]. BinHOBIEeHHS i0HIB 3aj1i3a aCKOpOiHO-
BOIO KHUCJIOTOIO MO30aBIIsSIE KIIITUHY ITOTpedu y de-
pupenykTasHiii aktuBHocTi [23]. [TokazaHo, 1110 Ae-
¢exT y reHi FREI npu3BOAUTD A0 MPUTHIYEHHS SIK
aKTUBHOCTI (pepupenyKTa3u, TaK i BChOro MpolLecy
TpaHcnopTtyBaHHs B3arami. 'omosor rena FRE]
3HAWAEHO y JpiXIXaX, SKi AiSIThbca — Schizo-
saccharomyces pombe — i HazBaHuii Frp-1. Xoua 1i
FeHU MaloTb AyXe HM3bKY iIeHTUUYHICTh (BCHOIO
29%), obuaBa MarOTh aHAJIOTIYHY MOCTiAOBHICTb HYK-
neotunis, sika Konye NADH a6o NADPH-3B’s3y-
BaJibHY AifsiHKY [20]. BcTtaHOBEHO, 1110 MPOAYKT
reHy FRET — 6inok Frel — BaxvBuii 1151 pOCTY KYJTb-
TypM Ha paHHil eKCIIOHEHIIiiTHil (pa3i, a MPOmyKT r'eHy
FRE2 — na mi3Hiil eKCrmoHeHLiHii ¢az3i [7, 11, 14].

Bxe nmoseneHo, mo reuu FREI i FRE2 nyxe
noni6Hi. IxHi 6iIKOBI MPOAYKTH 3MiiiICHIOIOTH OAHY
i Ty camy peakllilo, OAHaK iXHSI eKCIIpecisl pery-
JII0€eThC To-pisHoMy [24]. Excnpecist reHa FRE]
PeTYyJIIOEThCS HecTadelo 3aji3a yepe3 pakrop Aftl i
HecTauero Mifi yepes3 pakrop Macl (TpaHCKpUITLIiii-
HUI peryasTop TeHiB, 3aliIHUX B OOMiHi Mimi)
[14, 24], sk e noka3zaHo Ha puc. 2. Ekcripecis reHa
FRE2 perynoeTrbcst Tinbku (paktopoM Aftl [14].
Okpim Toro, 6inku Frel i Fre2 MoxyTh BiZHOBIIO-
BaTH Miab [23].

3rogoM Oyj10 BUSIBJIEHO 11I€ CiM I'€HiB, sIKi KO-
NIYIOTb OUIKM 3 (hepupenyKTa3How akTuBHicTio. I1i
reHU NPEeACTAaBICHO paMKaMu 3UuTyBaHHS YOR3SIw,
YNRO6Ow YOR384w, YLLOS1c, YOL152w, YGL 160w
ta YLRO47c [19]. AMiHOKMCIIOTHA MOCIiTOBHICTh

5O
P

0iJIKiB, BUBEeHa Ha OCHOBI HYKJICOTHUIHOI MOCTi0B-
HOCTi 3a3HaY€HUX I'eHiB, BUSIBUJIACh TOMOJIOTIUHOIO
aMiHOKMCJIOTHIM ITOCIiIOBHOCTI BXe BimomMux ¢e-
pupenykrta3. Ha ocHOBI 11i€i romoJtorii nepiui m’siTh
reHiB Ha3Baiu FRE3-FRE7. Y 11boMy XX TOCTiIKeHHi
MOPiBHSIHO BiOMi i 11I0/IHO BiAKpuUTi (pepupenyKra-
3U S. cerevisiae, a TAKOX BUBYEHO XapaKTep IXHbOI
ekcrpecii. 3apa3 BiZoMo, 110 BCi ineHTUdiKOBaHi
depupenykrasu ckiiagaoTbes 3 570—712 amiHOKMC-
JIOTHMX 3QJIMIIKIB. [XHSI MosteKyJ1a mobynoBaHa 3 5—
8 TpaHcMeMOpaHHMX TOMEHIB i, 32 BUKJIIOYECHHSIM
Fre7, YGL160w ta YLR047c, BCi BOHU HeCyTh Ha
N-KiHLi BiIllenI0BaHUI CUTHAJIBHUI (JTiiepHMIA)
nentun i3 17—20 aMiHOKMCIIOT, 1110 € HEOOXiZHUM
JUJIsl TPAHCIIOPTYBaHHS OiJIKiB 10 MiClLlb IXHbOTO
¢ysukuionyBaHHs. [Tomanblunii aHasi3 mokKasas, 1110
ineHTH(iKOBaHI MOJIMENTUAN MalOTh Y IIPUOJIN3HO
OIHAKOBIM TO3UIIIi TIISTHKY 3 6—9 aMiHOKHUCIIOT —
tak 3BaHuit HPFTXXS-00Kkc — sika xapakTepusye
iX K OLTKM-TIEpeHOCHUKMU eJIeKTpoHiB. OKpiM TOTO,
y BCiX IOCTIIKEHUX peayKTa3ax 3HalaeHO MiCLIst [IJIs1
3B’s13yBaHHsI NADPH — aMiHOKUCIOTHI NOCTiI0B-
HocTi GPYG 1a CGP [19]. binok Frel MicTuthb
rem. J1J1st yTBOpeHHSsI 6ic-reMOBOi CTPYKTYPH CIIyTy-
10T YOTUPHU 3AJIMIIKY TicTuauHy [26]. Lli 3amuiku
KOHCEpPBAaTHBHI IJIs1 BCiX 4YJIeHIB poguHu (epupe-
nykras [27]. IIpore 3’sicyBanocs, 1o 6inok Fre2,
X04a i Ma€ 3a3HaueHUIA PeTioH ISl 3B SI3yBaHHS reMy,
aJie He MIiCTUTb OCTaHHbOTO. BCi 1eB’ATh OiIKIB He-
cyTh Bim 6 1o 11 micup maa N-rriko3unoBaHHS. |,
HapellTi, B MOJINeNTUIi, KUl KOAYETbCS T'€HOM
YLRO047c, ichye ningaka KPLN, gka, MOX/IUBO,
BiIMOBIAA€ 3a KOHLIEHTPYBAHHSI JaHOTO (hepMEHTY Y
BakyoJsix [23].

TpaHcnayis MPHK eeHa FRE1 ¥

cu”

lpomomopu 2eHie FRE2-FREG6

AN

TpaHcnsauia MPHK eeHa

FRE2
N

4

Fe”* Fe™*

cu'

Puc. 2. Peeyasuis excnpecii eenie paxmopamu Aft1 ma Macl.
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JleB’saThb TeHiB OyJ10 ITOIiJIeHO Ha TpU TPYIIM 3a
XapaKTepOM eKCITPECii:

1. Tenm FRE2—FREG6, TpaHCKPUIIiS SIKUX
iHIYKYEThCS B pa3i HecTaui 3aJiza 3a JOMOMOTOIO
perynsitopHoro 6Oinka Aftl. 1o rpyny MoxHa Imo-
IinuTu Ha kjac reHiB FRE2 ta FRE3, excrpecis
SIKMX BMCOKA 3a HecTadi i0HiB 3aJjii3a, i Kjlac reHiB
FRE4—FREG6, excripecis SKNX OMipKOBaHa.

2. Minn3anexsi reun FREI ta FRE7, ekcripe-
Cisl IKMX MOYMHAETHCS 3a HECTavi i0HiB MiJli 3a 10-
nomoroto akropa Macl. Cnia 3a3Ha4UTH, 110 €KC-
npecis reHa FRE ] iHIyKy€eTbCsI TAKOX Yepe3 Imoce-
peaHulTBO (pakTopa Aftl (MeHIIOW0 Mipolo, HiX y
BUIIAAKY 3 MiJJII0) ¥ pa3i 3MeHILIEeHHSI BMiCTY iOHiB
3ajli3a B CEpeHOBMIL, 1110 HE BJIAacTUBO TeHy FRE7
(Ha puc. 2 reH FRE ] BKJI10OU€HO B YMCJIO TeHiB, sIKi
perynoloThes pakTopom Aftl).

3. T'enu YGLI160w ta YLR047c, iHOyKIIisT eKC-
Mpecii IKUX He 3aJIeXKUTh BiJl HASIBHOCTI UM BiICyT-
HOCTI $IK 3aJj1i3a, Tak i mimi [19].

B:xxe Gararo BigoMo sIK po 0ynaoBy OinkiB Ftrl
i Fet3, Tak i mpo 0co0aMBOCTi iIXHBOTO (hYHKIIIOHY-
BaHHs. @epokcumasa Fet3 e iHTerparbHIM MeMO-
paHHUM TJiKomnpoTeinoMm [16]. Bukopucranus dep-
OKCM1a3010 MOJIEKYJISIPHOTO KUCHIO, SIK KiHLIEBOTO
aKlienTopa eJeKTPOHiB, MiATBEPIXKYEThCS TUM (aK-
TOM, 11O Y APiKIKIB i3 3a0JIOKOBAaHMM AUXaJTbHUM
JIAHIIIOTOM 3a MPMCYTHOCTI 10HIB 3aJj1i3a crocTepi-
ra€eThbcs 3aJIUIIKOBE CIOXMBAaHHS KUCHIO [4]. Cre-
XioMeTpUUYHe BimHOIIEHHS okucaeHoro 3aiiza (1I)
JI0 KMCHIO TIpuOn3Ho gopiBHIOE 4:1. Lle o3Hauae,
110 pepoKcuraa3a BiIHOBIIOE OOHY MOJIEKYIY KUC-
HIO Yepe3 MPUETHAHHS YOTUPbOX €JIEKTPOHIB, J0-
HOpaMUu SKuX € yotupu aromu Fe?*. BctaHoBeHO,
o K depokcuaasy 1o BilHOIIEHHIO 10 i0HiB 3a-
giza cranoButh 0,15 MkM. lle 3HayeHHS OIM3bKe
1o K tpaHcropTryBaHHs 3aiiza [28].

Bimomo, 1o 6iiok Fet3 mae kiabKka JOMEHIB,
OJMH 3 IKUX € TPAaHCMEMOpPaHHUM, i OUISTHKY [JIiKO-
3UJIOBAHHSI Ha 30BHIllIHiIi MOBEpXHi MeMOpaHU
[16, 29]. Bijlok MiCTUTL YOTUPU aTOMHU Mifi, SIKi 3B’-
3aHi y TpbOX aKTMBHUX HeHTpax — T1, T2 i T2/T3
[30]. Anani3u cBiguaTh, 110 Minb y Oiinka Fet3 mpu-
CYTHS1 Y TPhOX CIIEKTPOCKOIIIiYHUX popMax. Micie
3B’s13yBaHHs T1 3 Cu* € aKklenTopoM eJeKTPOHiB
cyOcTpary, ToMdi SIK TpUSIASPHUI Kj1acTep, B IKOMY
Miab 3HaxXoauThes y ¢popmax T2 ta T2/T3, posrisa-
JIAEThCS SIK Miclle BiTHOBIEHHS KMCHIO. LleHTpasnb-
Ha TPUJIOMEHHA CTPYKTYpa BKJIIOYAE 3aJTUILIKU 22—
529. ®depMeHT TaKOX Hece KJIACUYHY JIIEpHY T10-
CJIiIOBHICTh aMiHOKMCJIOT, CKJIAICHY IXHIMU 3aJIMILI-
kamu 1—21, sika BUgajsieThbes 3i 3pijioro Oinka. 3a-
JIMIIKKA aMiHOKKCIOT Bif 560 mo 636 mepen TpaHc-
MeMOpaHHOIO Ta LIMTOILJIa3MaTUYHOIO TITHKAMU Ta-
KOX BUIAISI0ThC. Micue 38’a3yBaHHs Miai T1 po3-
TallloBaHO B AoMeHi 3 HaBrpoTu C-KiHLA. B HhoMy

TUNOBUI JUTA iHIIMX MiITEBMICHUX OKCHOA3 METIOHI-
HOBUIA JliraH 3aMillieHU i JeiimHoM 494 (ro3ulist
P4). [HI1MMU TpbOMa JliraHAAMU Mifli B IbOMY MiCLi
3B’s13yBaHHSI € ricTuauH (rnosutlist P1), uucrein (mo-
sunisg P2) Ta rictupun y P3-iit no3uwii [15, 17]. ¥V
pasi 3amillueHHs aeiuuny 494 Ha Jli3uH, ajaHiH, i30-
JIellMH, BaliH abo (eHinanaHiH (9K Lie y Jaka3
rpubiB) OLJTOK BTpaya€e 34aTHICTh OKMCIIOBATH 3aJli-
30. OnHaK 3aMmiHa JIeMLIMHY Ha METiOHiH (SIK y ac-
KOpOaTOKCHIa31) He TIPU3BOAUTD 10 BTpaTu (ep-
MeHTaTUBHOI akTuBHOCTI [17]. Kiactep T2/T3 3Ha-
XOIUThCI MiX “moBepxHsaMu” 1-oro i 3-oro mo-
MEHIB, TTOPSIA 3 TICTUAMHOBUMMU JIiraHAaMU, SIKi CH-
METPUYHO BiAXOAsATh Bif 1-oro i 3-oro moMeHiB.
JBa riCTUAMHOBUX 3AJIMILIKU PO3MILLYIOTHCS i3 TBOX
0OKiB LMCTEIHOBOTO JIiraHAy, YTBOPIOIOYU IO-
cainoBHicth His-Cys-His. BoHa mpocTopoBo BUTLJIsI-
nae gk Y-nomioHa “mopixka” 3aBIoBXKky 13A mia
BHYTPILLIHHOMOJIEKYJISIPHOTO MEePEHECEHHS JIEKTPOHIB
Bim BimHOBJIeHOrO atoMa Mizi B ginsgHui T1 go Tpu-
SIIGPHOrO KJiacTepa, abCoMIOTHO HEOOXimHOro s
3mifiCHeHHS KaTaJjlidy TaKuMH okcupaszamu [29, 30].
JBa moreHuiiHi iraHau 3amiza, Glu-185 ta Tyr-354,
3HaxoadThes B 0iky Fet3 moonusy T1 B mo3ulisix,
romoJoriuHux Glu-272 ta His-940 uepynoniasmi-
Hy moaunu. Glu-185 ta Tyr-354, pazom 3 Asp-409,
MOXYTh (DOpMYBaTH Miclie U1 3B’ I3yBaHHSI i0HIB
3aji3a B Oinka Fet3. Taka OymoBa 1momioHa 1o Oymo-
BU aHajorivHoro Micug B nosginentugax FetdS —
oinka, romoJiorivHoro Fet3 i BimmosimajabHOTO 3a
TpaHCIOPTYBaHHS iOHIB 3ai3a y Bakyoi 3 S. cere-
visiae, Cafet3 — 3 Candida albicans ta Fio-1 — 3
S. pombe. TlonibHy Oyn0BY CyOCTpaT3B’SI3yBaJbHOI
JUISTHKY BUSIBJIEHO TaKOX Y acKopOaTokcuaasu, ae
Trp-163 Ta Trp-361 (cTpykrypHi romosnorn Glu-
185 Ta Tyr-354) i nirann His-512 3agisiHi y 38’513y~
BaHHi L-ackop0barty [15, 17].

OxkuciieHe 6inkoM Fet3 3aizo TpaHCIOPTYETh-
csl MeMOpaHHUM OLIKOM, SIKUM KOOYETHCS T'€HOM
FTRI. Binok Ftrl € meMOpaHHOIO IlepMea3’olo 3
MoJIeKyJIsipHOIO Macoro 45 x/la. Bin cknagaeTbes 3
LLIECTU TpaHCMEeMOpaHHUX JOMEHIB, KOXEH 3 SIKUX
Ma€e Miclie JJis 3B’s13yBaHHs i0HiB 3aji3a. Kitouosa
MOCJiAOBHICTh OJIs1 3B’SI3yBaHHSI OCTaHHiX —
REGLE — nonibHa 10 aMiHOKMCJIOTHOT NTOC/IiA0B-
HOCTI aHaJIOTIYHOrO Micls B L-aHiio3i peputuny
ccaBLiB. MyTallisl BiAIlOBiIaJIbHOI 32 KOAYBAaHHSI 1a-
Horo Micug ainsHku reHa FTRI no36aBisie 6ok
31aTHOCTI TIepeHOCUTH i0HU 3ajiza [12, 14]. Bpa-
>KA€ETHCS, 1110 aMiHOKUCJIOTHI 3auIlKu Asp-278 Ta
Asp-279 dbepokcunasu Fet3 MmoxyTb 3a0e3neuyBaTu
€JICKTPOCTATUYHUI IpamieHT 11t Fe’t, 3BiapHeHnX
3 aKTUBHOTI'O MiClsl, y HAIIPSIMKY HEraTUBHO 3apsiji-
JKEHOI AUISTHKY, YTBOPEHOI aMiHOKHMCIOTaMu Asp-312,
Asp-315, Asp-319 i Asp-320. AHaJti3 aMiHOKHCJIOT-
HOI mocJigoBHOCTI Oinka Ftrl cBiguuTh mpo Ha-
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SIBHICTh MO3aKJIITUHHOI HETaTUBHO 3apsIKEHOI TIETITi
(3ammmku 108—146) mepen TpaHCMEMOpPaHHIM CeT-
MmeHToM, skuit Hece niisiHKy REGLE. Posnonin
MO3UTHUBHO 3apsSIIXKEHUX 3IMIIKIB y 1Iii TeTJIi Ta-
KMi, 110 MaB OM rapaHTyBaTU €JEKTPOCTAaTUUHY
B3a€EMOBIATOBIIHICTb 10 BUILIE3TaAyBaHOI AUISTHKA
Fet3, sxio mMixx gBoma GiIkaMy YTBOPIOETHCST KOMIT-
nexc [12, 29].

HeoOxigHicTb YTBOPEHHSI KOMILIEKCY MiX OK-
cunasoro Fet3 Ta nepmeasoro Ftrl noBeneHna 6ararhb-
Ma gocaimkeHnHamu. binku Fet3 ta Ftrl HeoOxinHi
OIWH JIJIS OJHOTO JJISI TO3piBaHHS: y pa3i BiACyT-
HocTi Fet3, 6inok Ftrl He Moxke JlokasizyBaTucs Ha
LYTOIUIa3MaTUYHIi MeMOpaHi; 0e3 Ftrl, oimok Fet3
He TIpUEAHYE Millb i He HaOyBae (pepMeHTATUBHOI
aktuBHOCTI [12, 14]. [Toka3aHo, 1110 OKcHIa3a B3a€-
Mogi€ 3 mepMea3oro B anapari I'oJibIxKi, BHACIIIOK
Yoro yTBoproeThcst Kominieke Fet3—Ftrl, sskmit motim
TPaAHCIIOPTYETHCS A0 LIMTOIIA3MaTUUHOT MEMOpPaHU
[31].

I'enn, romonoriuni FET3 ta FTRI, 3HaiineHo
y Oaratbox apixmxiB. Tak, romojsoramu FET3 y
rpudiB Arxula adeninivorans, C. albicans, Pichia
pastoris, S. pombe € BianosigHo renun AFET3 [32],
CaFET3 [33], PFET3 [34], Fiol [35]. T'oMmosorom
redHa FTRIy S. pombe € ren Fip-1. Okpim TOTO, Y
KJIiTUHAX S. cerevisiae Bxe 3HaineHo reHu FETS ta
FTHI, inentvuni FET3 ta FTRI i BinnoBinanbHi 3a
CUHTE3 KOMIUIEKCY, IKUI TpaHCIOPTYE i0HU 3aili3a
y BakyoJi [36].

st okemnasu 3 A. adeninivorans, TOMOJIOTIYHIM
Oinky Fet3, BUsiBiIeHO 3a1€XKHICTh CTPYKTYPHMX 3MiH
Bil MOp0JI0TiYHOrO TUITY KJIiTUHU. Tak, BU3HaUe-
HO, 110 eKcrpecist reHa AFET3 3Ha4HO0 Mipolo 3a-
JIEXKUTDb Bil KOHIIEHTpAllil i0HIB 3aji3a, MpoTe He
3aJIEXKUTH Bil popmu KiaiTuH. OgHaK MOpGhOJIOTiuHi
0COOJIMBOCTI KJIITUHU BIUIMBAIOTh Ha IMOCTTPaHC-
JISLifHI Moaudikallii FeHHOTo MPOAYKTY: KJIiTUHU,
SIKi OPYHBKYIOThCSI, MaloTh O- Ta N-TJIiKO3UJIbOBA-
Huit ook Afet3, Toni K MileaiajibHi KJIITUHU —
auine N-r1iko3uaboBaHUM. N-TJIiKO3UJIbOBAaHUM
0iok 3 MosekysipHow Macow 103 x/la mo3piBae
gk Tikonpotein 3 macolo 108,5 x/la, pochopmibo-
BaHUM 110 3aMLIKaX cepuHy. Ak N-IiKo3uIoBaH-
Hs1, TaK i pocdopuyBaHHS BifOyBa€ThCs MPU KOH-
LIEHTpaLisiX iOHIB 3ajli3a y CepelOBUII HUXUUX
5 MKM. 3pinuii 6inok Afet3 3 MOJIEKYJISIPHOIO MacolO
108,5 x/la piBHOMiIpHO PO3MOIIISIETHCS IO LIUTO-
IU1a3MaTUYHIN MeMOpaHi K MilleJiaJIbHUX KJIITUH,
TaK i KJIiTHH, 1110 OpyHbKYIOThCS [32]. [TonidoHo 10
Lboro onucaHo aBi ¢opmu Fet3 nng S. cerevisiae
[16], mpuyoMy OgHA 3 HUX NIEPETBOPIOETLCS B iHILLY
MicJist yTBopeHHs1 KoMruiekcy 3 Ftrl B anapati ['onbmxki.

Sk BxXe 3a3Havanocs, ¢pepokcuaada ApixKaxKiB
Fet3 micTutb ioHU Mini, a yTBOpeHHS (DyHKILIiOHAIb-
HOro OijIKa Iy>Ke TICHO IOB’s13aHO 3 (PyHKIIIOHYBaH-
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HSIM CHCTEM, 3aisSIHUX Y TPAHCIIOPTYBaHHi iOHiB Mii
y KJIITUHU Ta OpraHesiu, 30KpeMa y BakyoJi. ['eHu
ATXI (mpoaykT reHa — 6i1oK Atx] — TpaHCTIOPTYE
ioHu mini y Bakyouti) Ta Ccc2 3afisiHi B mocTayaHHi
iOoHIB Mizi Ta ii BOymoByBaHHi y ¢pepokcumasy Fet3
[4, 18, 37]. Ten Ccc2 xonye ATP-a3y P-tumy,
romoJjioriuny ATP-azam, 3B’SI3aHUM 3 PO3BUTKOM
xBopoO BinbcoHa Ta Menke B moauHu. ['eH, MyTa-
1IisT IKOTO CIIPUYMHIOE XBOpoOy MeHKe, BiAIoBinae
3a cuHTe3 ATP-a3u P-tuny, 110 TpaHCTIOPTYE i0HU
MiJli i TPUCYTHS Y BCiX TUMAX KJiTUH 32 BUKJIIOUYEH-
HSIM KJIiITUH Te4iHKU. B KyJabTypax KJIiTUH, BUAiNe-
HUX i3 XBOpHUX, CIIOCTEPIraaoch HOpMajbHe TepeHe-
CEHHSI i10HiB Milli B cepeiMHy KJIiTUHU, TPOTE BOHU
Oy/M He3gaTHi g0 eKcropTy umx ioHiB [38]. I'eH,
MyTallisl SIKOTO CIPUYMHIOE PO3BUTOK XBOPOOU
Binbcona, takox komye ATP-azy P-tuny, mo
3Mi1ICHIOE TpaHCHOPTYBaHHS i0HiB Mimi. Lleit 6iok
e€KCIIPECYEThCS TepeBaxkHO y MeYiHIli Ta HUpKaXx,
BiIMOBIAaI0UM 3a BKJIFOYEHHS Mili B LIepyJI0ILIa3MiH
[39].

loHu xsopy € aoctrepuyHUM e(heKTOPOM Y Mpo-
leci BKJIOUeHHs Miai B anogopmy Fet3. Tomy B
MOMEHT CHUHTe3y (PYHKIIOHAJIbHO aKTUBHOI (hepoK-
cUJa3u HeoOXilHa HajiliHa poOoTa BHYTPIllIHbOKITi-
TUHHUX XJIOpUIHUX KaHatiB. [en GEFI1y S. cerevisiae
Kojye 0ok, IKuil PYHKIIOHYE K XJIOPUAHUIM Ka-
HaJl. Y MyTaHTIB 32 LIUM '€HOM OJHOYACHO Topyllie-
HO TaKOX CUCTeMY BUCOKOa(hiHHOIO TPaHCIIOPTYBaH-
HI iOHIB 3aji3a. JlaHe mopylleHHsI CIIpUYMHEHE He-
MOXJIMBICTIO BKIItoueHHs1 Cu* B anoopmy Fet3, ska
3ayiexXuTh Bin rpucytHocTi Cl™. IHKopropaliist ioHiB
Midi y ¢pepokcuaasy, sika 103piBa€, BiIOyBa€eThCS B
KucjaoMy cepenoBuiii. ITpote 3’sicoBaHoO, 1110 y pasi
HecTayi i0HiB XJIOPY Milb IIOTaHO BKJIIOYAETHCS Y
Fet3 3a oyab-sskoro pH. desaki 0OCHigIHUKU IIPU-
myckamwTh, 110 CI~ MOXYTb 3B’I3yBaTUCh i3 IiJISTH-
KaMu no0mn3y TpusiaepHoro kiacrepy [40]. € mincra-
BUM TaKOX BBaXKaTH, 1O XJOPUIHI KaHAIW MiATPU-
MYIOTh €JeKTPOXiMiUYHMI MOTEHIiadl MiXypliB
Toabmxi. BincyTHicts Cl™ MoOXe cripusiTh 0OMeXKeH-
HIO KOHLIEHTpalii KaTioHiB, Hanpukiaaa H*, y Be3u-
KyJiax, a 1€, Y CBOIO uepry, Npu3BOAUTHU 10 3MiHU
pH i nopyiieHHs ¢pyHKIIOHYBaHHS JAHUX OpraHe
[40].

ITamu, nedextHi 3a reHoM FET3, MOXyTb
BUXXKMBATU, OCKIJIbLKM 3[JaTHi BOMpaTU iOHU 3aji3a
Yyepe3 CUCTeMY HU3bKOa(iHHOIO TPaHCIIOPTYBaHHSL.
I cuctema (puc. 1) TaKoX BUKOPUCTOBYE SIK Cy0-
ctpat Fe?*, ane, Ha BiAMiHy BiI cicTeMu BUCOKOadiH-
HOT'O TPAaHCIIOPTYBaHHSI, BOHA MOX€ TIEPEHOCUTH Ta-
KOX iOHM iHIIMX MeTaliB, 30KpeMa Milli, IMHKY Ta
KoOanbTy [41].

I'en FET4 xonye rinpodo0OHMii 6i10K 3 MoJie-
KyJIsipHOIO Macorw 65 kJla. HammuikoBoi ekcrnpecii
FET4 6yno moctaTHbO 1151 3a0e3MeUYeHHs 3aJ1i30M
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KJIiTUH, nedeKTHUX 3a reHoM FET3, y pa3i Bupo-
LIIyBaHHS Ha CEpPeIOBUILII, 30arayeHOMY i0HaMM LIbOTO
Metany. Brim ren FET4, okpim 3a0e3neueHHsI TpaHC-
MOPTYBaHHSI iOHIB 3aJ1i3a 3a JOCTAaTHLOTO OTO BMiCTY
B cyOCTpaTi, MOXe KOMIIEHCYBaTU MEBHOIO Mipolo
HecTauy 3aJIi3a mij yac IMopylIeHHs CUCTEMU BUCO-
koadiHHOro TpaHcnopTyBaHHs. Tak, 3a HecTaui 3a-
Jliza y KJIiTUHaX fet3A-11TaMy BUSIBJIEHO BEIUKY
kinbkicTs iPHK, TpaHnckpuboBaHoi i3 reHa FET4
[42]. Anani3 ctpykTypu 6inka Fet4 mokasas, 1110 oc-
TaHHil, moxioHo mo Ftrl, Mae 6 TpaHCcMeMOpaHHIX
JomeHiB. Ha choromHi He 10BeIcHO FOMOJIOTIIO LIbOTO
Oinka 3 nepeHocHUKaMu ABC-Ttuny (Ha BigMiHy Bil
TpaHcnopTepa 3ajtiza B Escherichia coli —FeoB [43]);
He BU3HAUEHO TaKOX HASIBHICTh MiCLlb 3B’SI3yBaHHSI
ATP, gxi 6 BKa3zyBau Ha €HEPro3aJeXXHiCTh TpaHC-
MopTyBaHHs, 3ailicHioBaHoro Fet4. Cucrema HU3b-
KoaiHHOTO TPAHCIOPTYBAHHS Y IPiXKIXKiB Ha ChO-
TOJIHi 3aJIMILIAETHCS, TAKUM UMHOM, OJHI€I0 3 Hali-
MEHII BUBYEHUX MPOLIECIiB.

BusiBieHHIO TPeThO1 CUCTEMU NIEPEHOCY iOHIB
3ajli3a y KJIITUHY JIPiXKIXiB S. cerevisiae cripusiiv
JOCTiIKEHHS TPaHCIIOPTYBaHHSI iOHIB MeTalliB y
KJIITMHAX cCaBLiB. Y KiJIbKOX He3aJeXXHUX eKCIIepU-
MeHTax OyJI0 ineHTH(iKoOBaHO TOMOJIOTIUHI TeHM, SIKi
OepyTh y4acTh Yy TPaHCIIOPTYBaHHI iOHIB 3ajii3a B
kuineyHuky. i renu — Nramp2, DMTI1t1a DCTI —
KOJYIOTb OJiTOMEPHi OiJIKM, SIKi TpPaHCIOPTYIOTh iOHU
METaJjliB 3a paxXyHOK OOMiHy i3 IIpoToHaMu. Y BU-
Nnaaky Ae@eKTiB LUX IeHiB CIIOCTEPIra€ThCs aHEMIs
1 TIOpYILIEHHS IPOLIECY BCMOKTYBAaHHS iOHIB 3aJli3a B
IIJTYHKOBO-KUIIIKOBOMY TPaKTi B mk-MUILEH Ta
Oenrpaacekux 1LypiB BinmosigHo [44, 45]. 3a ekc-
npecii B oountax, DCTI npu3BOIUTH 10 30iNbliIe-
HOTO HaJIXOJXKE€HHS B HMX iOHiB 3ajli3a Ta iHILIMX
MeTatiB [44, 14]. Excnpecis Nramp2 y apixkmakax
TaKOX XapaKTePU3Y€EThCSl HAKOIMMYEHHSIM iOHIB 3aJ1i3a
B ixHiX KiiThHaX [46]. S. cerevisiae MalOTb T€HU
SMFIta SMF2, romosnoriuHi reHam Nramp, siKi crio-
4yaTKy OyJIM BU3HAUEHI SIK Ti, 110 KOAYIOTb IIEPEHOC-
HUKM MapraHio [47]. IIpoaykTu LiMX reHiB yTBO-
PIOIOTH TPETIO CUCTEMY TPAHCITOPTYBAHHSI iOHiB 3a-
Jli3a Ha MOBEPXHi KJIITMHU. AHAJIOTIYHO 10 Iepe-
HOCHUKIB poauHu reHiB Nramp, Oisok Smfl
3MiICHIOE TPAHCIIOPTYBAHHS iOHIB 3aJ1i3a, CIIPsKe-
He 3 IepeHocoM MpoToHiB [48] (puc. 1). deneuii y
reHax SMFIta SMF2 cnpi4UHIOIOTh 3aTOCTPEHHS
HaCJIiIKiB HeCTayi 3aj1i3a y ApiKIxKiB, 030aBIeHUX
reHiB FET3 ta FET4 [41].

Ha panHwuii yac 3 BUKOpUCTaHHSAM S. cerevisiae
MpoBeJeHO 0araTo AOCTiIXeHb LIOAO0 BUBYEHHS
TPpaHCIIOPTYBaHHSI iOHIB 3aJ1i3a 3a JOIIOMOI'OI0 CUE-
podopiB. Cunepodopy — 11e HU3LKOMOJIEKYIISIPHI
CMOJIYKH, sIKi crielin¢iyHO 3B’SI3yIOThCSl 3 i0HAMU
TPUBaJIEHTHOTO 3aj1i3a. BoHU CMHTE3yI0ThCS Ta CEK-
peTyloThcsl baraTbMa 6akTepisimu Ta rpubamu. Cu-
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Jnepodopu MaroTh BUCOKY CIIOPiIHEHICTb 10 TpUBa-
JIeHTHoro 3aji3za. KoMmiekce cuaepodopy i3 3aizom
MoOKe OyTH 3aXOIUIeHUI crieur(iYyHUMU CUCTeMaMu
KJITMHHOTO TPaHCIIOPTYBaHHS. binbliicTh 6akTepiii
Ta TpUOiB CUHTE3Y€E MPUHAWMHI OOWH TUIT CUIEPO-
(opiB, MpoTe MOXKe YTBOPIOBATU MEPEHOCHUKHU, CIie-
uMdiuHi K 111 cuaepodopiB, CEKPeTOBaHUX TaHUM
BUJOM, TaK i IJIsI TAKUX, SIKi BUIISTIOTBCS iHIIMMU
BUAaMU. MexaHi3MM HaIXOIKEHHSI MeTaJliB 3a 10-
MOMOTO10 CUAepOdOPiB JOCTATHHO LLIMPOKO OMUCAHO
y NPOKapioTiB, ajie MOPiBHSIHO MaJio BiAOMO IpO BU-
KOPUCTaHHSI iX eyKapiotamu. Cepen IpixKIxKiB cuae-
podopU CUHTE3YIOTbCS ASSIKUMU BUAAMU 3 POAiB
Rhodosporidium, Sporobolomyces ta Sporidiobolus
[49]. Kpim Toro, y npixnxiB Pichia guilliermondii
BUSIBJIEHO PEYOBUHU MENTUAHOL IPUPOIU 3 MOJIe-
Kyssipaoto Macoro 1000—1200 [a, 3naTHi 3B’s13yBa-
™™ Fe’*, 3abe3neuyiount iXHe TTOTTTMHAHHS IPiIKIKO-
BOIO KJIiTUHOIO [50].

Cunepodopom IpixIxiB i3 pony Rhodotorula
€ ponoTopyJieBa kuciaora [51]. 3a ximiyHOIO OymO-
BOI0 BOHA € IUIENTUIOM, B SIKOMY YTBOPIOETHCS
JUKETOITiNepa3suHOBUM LUK Yepe3 B3AEMO/IiI0 TBOX
3aymiKiB 6- N -ateTvit-L-(S)-3- N-TimpoKciopHiTHHY.
KoxHa MoJiekyia KUCJIOTU BUCTYTIAE JiraHa0M Mpu
B3a€EMO/Ii1 3 ioHamu 3atiza. [TprpoaHUM € MOETHAHHS
TPUBAJIEHTHOIO 3aj1i3a, B IKOMY Ha JIBa iOHU 3aJli3a
MPpUIaaaEe TPU MOJIEKYJIU POIOTOPYIEBOI KUCIOTHU
[52].

Kpim pogoTopysieBoi KUCIOTH, B KUCIOMY Ce-
peaoBMLII Y TIpEACTaBHUKIB pony Rhodotorula 3a He-
cTayi 3aj1i3a CMHTE3YETHCS 11Ie ONMH cuaepodop —
1-rigpokcu-3-(S)-amMiHO-2-MiMePUIOH, TPU MOJIEKYJIU
SIKOTO 3B’sI3YyI0Th OJUH iOH 3aii3a. [TokazaHo, 1110
HaJXOMXKEHHS i0HIB 3aJ1i3a 3a JOITOMOTIOIO SIK POJIO-
TOPYJIEBOI KUCJIOTH, TaK i 1-rigpokcu-3-(S)-aMiHO-
2-TIiNepUAOHY € EHepro3ajeskHUM Ipoliecom [53].

3aiiizo, 3B’s13aHe i3 cuaepoGopoM, MOXKe IIpo-
HUKATU y KJIITUHY KiJlbKOMa Liisixamu. Tak, BUIli-
JISIIOTh LJISIX HAAXOMXKEHHS 3aJ1i3a, KO BOHO T0-
TpaIUIsi€ y KIITUHY B KOMILIEKC i3 cuaepodopom,
Ta LUISIX, KOJIM iOHU 3aJli3a BiJl’€IHYIOTbCS Bif CU-
JIepodopy i MepPeHOCAThCS Yepe3 UUTOIIa3MaTUYHy
MeMOpaHy crieuudiYHUM OiTKOM-TIepeHOCHUKOM.
SAxuo cunepodop NoTpanuB y KIITUHY, BiH MOXe
3HOBY CEKpPETYBATUCh (PELMKIIOBAHHS) a00 pyiHY-
BaTUCh Y KJIITMHI TiApOJiTUYHUMU (epMEeHTaMMU.
IcHye TakoX KijbKa pi3HUX BUIIiB TPaHCIIOPTYBaH-
Hs1 10HIB 3aJi3a, KOJau cuiaepodop He BXOAUTH Y
KJIiTUHY. B OUIbIIOCTI BUNAAKiB BUJIyYEHHS iOHIB
3aJliza, 3B’s13aHUX cUIEePO(OPOM, BiIOYBAETHCS 11LISI-
XOM iXHbOTO BifHOBJIeHHS. [Tic/is BiTHOBIEHHS iOHU
BUBIJIBHIOIOTHCS i TIPUENHYIOTHCS OO0 OiaKa-mepe-
HOCHHUKA, SKUU TPAHCIIOPTYE iX y KmiTnHy. Takuii
LIJIIX HaAXOXKEHHS 10HIB 3ajiza OMUCAHUU s
OiIBIIOCTI BUMIB IPixKIXKIB i OTpUMaB Ha3BY pelyK-
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LITHOTO 1LLJISIXY 200 MTPSIMOTO YOBHMKOBOTO MEXaHi3-
My, abo “takci” (“taxicab”). BumiasroTh 111e Henpsi-
MWIT YOBHUKOBHI MeXaHi3M, 3a SKUM i0OHU TpUBa-
JISHTHOTO 3aJ1i3a BiITHOBJIIOIOTLCS B MiCIli, Biggajie-
HOMY BiJ OijiKa-TiepeHocHUKa [54, 55].

Excnepumentu 3 apixaxamu Rhodotorula
pilimanae ta Rhodotorula gracilis noka3zanu, 1110 B
HUX HaIXOMXKEHHS 3aJli3a 3a JOMIOMOTI'0I0 POI0TOPY-
JIEBO1 KUCJIOTY HE BiIOYBAa€EThCS PEAYKLIIMTHUM 11LISI -
XOM, MPOTe i caM cuaepodop He TTOTPATUISIE Y KITiITU-
Hy. ABTOpU BBaXaloTh, 110 B HaAXOIXXEHHi Oepe
y4acThb Mpoliec OOMiHY JiraHmaMu, 3ajIeXKHUU Bim
pH. Husbke pH, sike MaloTh OKpeMi MicCLisl LIUTOM -
Jla3MaTU4YHOI MeMOpaHU, CITpUsIE TaK 3BAHOMY B3a€-
MOOOMiHY JliraHIaMu, MiA 4ac SIKOro ioHU 3aii-
3a BiIOKPEMJIIOIOTECS Bin cuaepodopy i IpUEIHY-
IOThCS 10 OijKa-TiepeHocHuKa [53].

Bcranosneno, 1o apixxmxi S. cerevisiae He cH-
Te3yI0Th BIaCHUX cuaepodopiB, Xxo4ya OyJ10 IToMide-
HO, 110 B yMoBax aediuuTy 3amisa S. cerevisiae Bu-
NIISTIOTH ¥ cepenoBuile (payopeclieHTHI (PeHONbHI
cnosykd (aHTpaHilaT i rigpokciaHTpaHinar), sKi
COpUSIIOTh TPAHCIIOPTYBAHHIO 10HIB 3aJj1i3a y KJIiTU-
HU, CTa0iIi3yI04M iX Y CepeaOBUILI POCTY i MiATPU-
MYIOUM Yy BiTHOBJIIEHOMY cTaHi [56]. IIpote S. cere-
visiae MOXyTh 3aCBOIOBaTH 3aj1i30, 3B’s13aHE i3 CU-
nepodopaMy, CHHTe30BaHMMM iHITMMU OpraHi3mMa-
mu [57, 58]. S. cerevisiae MaloTh ABi CUCTEMU TpaHC-
MOpPTYBaHHS iOHIB 3aj1i3a, 3B’S13aHOTO i3 cuIepodo-
paMu: Tiepiia 3ajJeXXuTh Bilg poOOTU CUCTEMU BUCO-
KoadiHHOIO TpaHCIIOPTYBAHHS 3ajli3a, a Apyra Io-
B’s13aHa 3 MIEPEHOCHMKAMMU, SIKi KOIYIOTbCSI T'eHa-
Mu ARN1[59], ARN2/TAF160], ARN3/SITI [61],
ARN4/ENBI [62] i moiernyroTh HaIxoIKeHHS iOHIB
3aJ1i3a, 3aXOILUIEHUX cuaepodopaMu TigpoKcaMaTHO-
ro Ta KatexonaTHoro tuiiB. I[licist Toro, SK KoMm-
TJIEKC 3aJliza i cuaepodopy MPOXOAUTh KPi3b KIITUH-
HY CTiHKY, BiH 3B’sI3y€Tbcs 3 OiiKamu ponuHu Fit,
BOyIOBaHMMU Yy KIJIITMHHY CTiHKY, sIKi BiJIoBina-
I0Th 32 KOHLEHTPYBaHHS i0HIB y IepuIia3MaTuy-
HoMy MpocTopi. loHu 3ajiza, nepeHeceHi cuaepo-
¢dopoM, BUCTYIIAIOTh CyOCTpaTOM [IJISI METaJIOpeayK-
Ta3 KJIITMHHOI NoBepxHi. IToTiM BOHU 3aXOILTIOIOTHCS
i IepeHOCSThCS Y KIITUHY CUCTEMOIO BUCOKOa(DiH-
HOT'O TpaHCIOPTYBaHHS. B iHIlIOMY BUIIAAKY y KJIiTH-
HY NIEPEHOCUTHCS 1IN KOMIUIEKC cuaepodopy 3
METaJIOM, 110 3a0e3IMeYy€EThCsS POOOTOI0 crieludiv-
HUX TMepMea3 — MPOAYKTiB TeHiB 3 poauHu ARN.
YjieHu 1i€i pOOMHM KOIYIOTh OUIKM 3 YOTMpPHAa-
LSITbMa TpaHCMEMOpaHHUMM IUITHKAMU, SIKi (PyHK-
LIIOHYIOTH SIK TIepMeasu, 110 He TiapoaizyoTs ATP,
ajie, MOXJIMBO, 3MiICHIOIOTh CUMIIOPT, TIEPEHOCIUN
OJIHOYACHO TMPOTOHH i TOKPMBAIOYM B TAKUiA CHOCIO
€HeproBUTPATH IIiJl YaC MEePEeHECEHHS APYroro cyo-
crpary [57].

Cepen niponykTiB reHiB ARN I-4 Halikpallie BUB-
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yeHo OiJiok Arn3, skuii € ¢pepiokcamiH-b-nepmea-
3010. [IpunyckawoTb ABa MOXJIMBUX LILISIXW HAJIXO-
JKeHHS 3ai1i3a 3a goromoroto Arn3. Iepiumii 3 HUX —
Arn3, 3HaXOASITYMCh Ha KJIITUHHIN MOBEPXHi, MoJjer-
LIIyE HAJXOMXXKEHHS i0HiB 3aJj1i3a, 3B’SI3aHUX i3 cuIe-
podopoM. Hpyruit — KOMIUIEKC 3aj1i3a 3 cuaepodo-
POM MOXKe TOTPATUISITU Y KJIITUHY LUISIXOM €HIOLIU-
TO3Y, NIepelalouM MOTiM 3aXOIJIEHI EHIOLUUTO3HUMU
MixypLsiMy ioHM 3ajii3a anapaTtoBi I'oapaxki. KoM-
IJIEKC CIOYaTKy MPUKPITUIIOETHCS 10 OiJika, a B MOo-
JaJibllIOMy, BIMHAIOUMCh Pa3oM 3 IIa3MaTUYHOIO
MeMOpPaHOI0, TPAHCJIOKYEThCS B CEPEANHY KITIITUHMU.
Bracnigok BruHaHHs MeMOpaHu B 00J1acTi Oiika Arn
(GopMy€eTbCS €HAOLUMTO3HUI MiXypelb, SIKUMH,
BPELUTI-PELLT, BiIIIHYPOBYETHCS BijJl MOBEPXHi KIIiTU-
HU, DOTpaIJIsiioun B UUTO30Jb. [Ipu 11boMy OisoK
pPa3oM 3 KOMIUIEKCOM OIMUHSIETbCS B CEPEeIUHI Mixyp-
w1 1nsx HagxomKeHHs 10HIB 3aJ1i3a, IMOMiOHMIA 10
OIrcaHoro Buille, GyHKIIIOHYE 3a ITOCTaYaHHS 3aJTi-
30M TKaHUH ccaBliB. Tak moka3zaHo, 1110 iHTpaBe3U-
KYJISIpHE 3aJ1i30 BUBIILHIOETHCS Y KIIITMHAX CCABIIiB
y pa3i HaIXOMXKEHHs Horo i3 TpaHchepruHoM. TpaHc-
¢depuH, SKUIl MEPeHOCUTh iOHU MeTaly, Ipu-
KPIIUIIOETHCS A0 TpaHC(EpUHOBOTO pelenTopa Ha
LIMTOIJIa3MaTUYHiIA MeMOpaHi i MOTiM LMl KOM-
IJIEKC MOTpAILIs€ B CEPeIUHY KIITUHMU 1ILISIXOM €H-
nJomuro3y. TpaHcdepuH Bimgae ioHM 3aj1i3a B €HI0-
LHUTO3HOMY Mixypi. ITicas BimHOBIEHHS iOHU 3aTi-
3a MepeTUHAIOTh MEMOpPaHy €HI0COMU 3a JOTIOMO-
rolo Buile3ragaHoi nepmeasu DMT1 [57].

3rimHo 3 HeIaBHIMU TIOBIAOMJIEHHSIMU, Y BiTHOB-
JICHHi i HaaAXOoKeHHi 3aJj1i3a, 3B’13aHOro 3 (hepiok-
caminoM b, 6epe yuacts pepupenykrasa Fre3p. Bona
HeoOXiHa TaKOX JJIs1 POCTY KJIITUH 3a MPUCYTHOCTI
dbepuxpomy, TpualeTuiadysapuHiny C ta pogoTo-
PYyJIeBOI KMCJIOTH 3a BigcyTHocTi OikiB Frel ta Fre2.
OpnHak 1Jis1 BiTHOBJIEHHS iOHIB 3aJjli3a, 3B’ SI3aHUX 3
€HTEPOOAKTUHOM — CUIEepO(GOPOM KaTeX0JaTHOIO
TUITY — IIOTPiOHA aKTUBHICTb (pepupenykra3u Frel
a6o Fre2. @epupenykrasa Fredp noseriiye Hagxo-
JIDKeHHSI 10HIB, 3aXOIIJICHUX POAOTOPYJIEBOIO KMCJIO-
TOIO 3a IIPUCYTHOCTI BUCOKMX KOHIEHTpALlili JaHOTO
cunepodopy [63].

s nii TpaHcnioprepa Arnlp noBeneHO MexXaHi3M
pelvkioBaHHs. Arnlp Ta Arn3p eKcnpecyroThes B
MOAiOHMX OO0 €HAOCOM BHYTPIlIHbOKJIITUHHUX Be-
3uKyjaax. ITokazaHo, 1110 3a BiICyTHOCTI crieLugid-
Horo cyocTtparty — ¢epuxpomy — Arnlp copTyeThbes
npsimMo 3 amapaty I'onbaxi 1o eHmocoMax, aje He
MEePEHOCUThCS 10 LIUTOIUIa3MaTUYHOI MeMOpaHu. 3a
HU3bKUX KOHLIEHTpaLili pepuxpomy Arnlp TpaHc-
MOPTYETHCA 10 MEMOPAHU;, 32 BUCOKUX — TTiCJISI 3JUTTS
€HJI0COMM 3 MeMOpaHOIO i BUXOMy Ha30BHi Arnlp
LLIBUAKO BOUPAETHCS 3HOB Y CEPEAUHY KIIITUHU LLLJISI-
XOM eHJIOoLMTO3y. 3apa3 3’sicoBaHoO, 1110 Arnlp Mmae
JIBa Miclg 3 pi3HOIO aiHHICTIO IJIS1 IpUETHAHHS
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depuxpomy. IIponemMoHcTpoBaHoO, 1110 (peprxpoM, pa-
30M i3 3aXOIJICHUMU i0OHAMU 3aji3a, MoTparise B
CeperHY KJIITUHU i HAKOMTMYYETHCS B LIMTO30.1i (Ha
BiIMiHY BiJ BiJIbHOTO BiJ MeTaily hepuxpomy). Ta-
KUM YUHOM, (hepuxpomM Oepe ydacTb y 3aracaHHi
3ati3a y KJ1iTiHi. B pa3i morpedu 3a5i30 jerko Mooi-
JIi3yeThed 3 hepuxpoMy [64].

HeonaBHi gociiakeHHs MoKa3aiu, 110 Yy Hal-
XOJIK€HHI 3B’s13aHOTrO0 i3 cuaepodopamMu 3aji3a IeB-
HY POJIb BiJlirpaloTh TAKOX MaHOIPOTEIHU KIIITUH-
HOI CTiHKM, 30KpeMa Ti, 1110 KoayloTkest reHaMu FIT 1,
FIT2Ta FIT3. 11i 6inky BOyI0BaHi y KIIITUHHY CTiHKY
yepe3 Tiiko3uwidochaTuanIiHO3UTUIHY SIKipHY
JIISTHKY i OepyTh Y4acTh y IPOXOJKEHHI CUAEpO-
(opiB yepes KIITUHHY CTIHKY Ta 32 YTPUMaHHS iX Y
MEePUILIA3MAaTUYHOMY TTpOCTOpi [63].

IleBHyY poJib y 3a0e3meueHHi IpixKIXiB 3a1i30M
BiirpaloTb MpoMiXHi npoaykTu Hukiy Kpedbca —
JIMMOHHA, MOJIOUHA, STHTapHa KUCJIOTH, AKi TEK MO-
KYTh YTBOPIOBATH XeJIATH 3 iOHAMH TPUBAJICHTHOTO
3aji3a [56]. 3acBOeHHS iOHIB 3a/i3a 3 KOMIUIEKCIB
i3 LIMTPAaTOM, MaJlaTOM, CYKLIMHATOM i OKcajoaleTa-
TOM JochimkeHo y P. guilliermondii [66]. Busine-
HO, IO TOTJIWHAHHS iOHIB 3aji3a 3 KOMITJIEKCY 3
LIATPATOM € aKTUBHIM TPAHCITOPTYBAaHHSM. 3IaTHICTh
Io moriauHaHH Fe’t 3a yyacTio IMTpaTy BUSIBICHO
takoxX y BuniB C. boidinii, S. cerevisiae, Deba-
ryomyces kloeckeri, C. utilis, Hansenula polymorpha
[67].

MoXMBICTb NOTJIMHAHHS 10HIB 3aJ1i3a i3 KOM-
IUIEKCIB 3 aecepiokcamiHoMm b, KomporeHoM, poao-
TOPYJIEBOIO KUCJIOTOI0, a TakoX 3 EJITA omucaHa
nns P. guilliermondii. HaliBuila IBUAKICTb TTOTIN-
HaHHS CIIOCTEPIra€ThCs y pa3i BUKOPUCTaHHS (epi-
okciaminy b ta pomoropyseBoi kuciaoru [67].

31aTHICTh 10 MO3aKJIITUHHOTO BilIHOBJEHHS
3aj1i3a, XeJaToOBaHOro cuaepodopaMu, JOCTiIKEHO
takoX y P. guilliermondii, P. pinus, C. boidinii,
D. kloeckeri, C. famata, H. polymorpha, C. crusei.
HaiiBuiia ¢pepypenykrasHa akTUBHICTh KITITUH P. guil-
liermondii mpocTexXyBanach, KOJU BUKOPUCTOBYBA-
1 sk cyocrpat Fe’t-pomoropyneBy kuciaoty [68].

2. Peryasuis TpaHCnopTYBaHHS iOHIB 3ai3a
y APLKIKIB HA PiBHI TPaHCKpUMIIiT

dakTopoM, SIKMIA PETYIIIOE TPAHCKPUIILIiIO Oa-
raThbOX I'eHiB, ITOB’SI3aHMX i3 IIPOLIECOM TPaHCIIOp-
TYBaHHS 10HIB 3aJli3a y KJIITUHY, € 3rajaHuii BUILE
outoK Aftl, akuii ckinamaeTses 3 690 aMiHOKUCIOT i
Mae MousiekysipHy Macy 98 k/la. Bin konyeTbes re-
HoM AFT1, mo 3HaxoauThes y xpomocomi VII reHo-
My S. cerevisiae. BCcTaHOBJIEHO iIEHTUYHICTb TaHOTO
reHa 3 reHoM RCS1, BiaIoOBiJaJbHUM 3a PETYIISILiio
PO3MIpY KIIITUHU IPiXKIXKiB [69].

Criouatky BUSIBUIH, 1110 Aft1l iHOyKye ekcrnpe-
cito reHiB Metanopeaykras FREI i FRE2 B ymoBax
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nediuurty ioHiB 3aniza [70]. CxeMaTU4YHO peryJsi-
uito exkcnpecii reHiB FREI-FRE7 daxktopoM Aftl
npeacTaBieHo Ha puc. 2. Tak, Bigomo, 1o Aftl a6-
COJIIOTHO HeOOXimHUU aj1s akTuBalii reHiB FREZ2 i
FRE3, Toni sik reun FREIi FRE7 HopMaJbHO €KC-
MpecyloThes i 3a BiacyTHocTi Aftl, a renn FRE4-
FREG6 TiabKy 4aCTKOBO 3aJIeXXaTh Bill JaAHOTO pery-
asgropa [19] (xou Ha pUCYHKY 1Li TeHU 00’€aHaHO
pasom 3 FRE21i FRE3). BtiM nmomiueHo, 1110 TOYKOBI
MyTauii B AFT1 MOXyTb MPU3BOAUTU 10 MOCTIAHOI
excripecii rena FREI [71].

3apa3 BimoMo, 1110 3a HecTayi ioHiB 3aJIi3a OiJIoK
Aft] 3B’I3y€TbCsI 3 HYKJICOTHUIHOIO MOCIIiJOBHICTIO
PyPu-CACCC-Pu y npomMoTopi reHis, siki BiH pe-
rymoe (puc. 2). s reniB FRE2 ta FRE3 3B’513y-
BaHHS Aft] 3 mpoMOTOpPOM MOBHE i TOCKOHAJIE, TOII
K y ipoMoTopax FRE4- FREG6 Aftl He 3B’I3yeThest
3 OCTaHHIM, ITyPUHOBUM 3aJIUIITKOM 3a3HAYeHOI 10~
ciigoBHOCTI [19].

3apa3 IIpUITYCKAEThC, 1110 i0HU 3a1i3a MOXYThb
3B’s1I3yBaTUCh Oe3rnocepeaHbo 3 Aftl 3a B3aemonii 3
nochinoBHicTio Cys-x-Cys. [lns miaTBepakKeHHs Ha-
BOJAUTHCS (pakT, 1110 3aMiHA OJHOTO 3 LIMCTETHOBUX
3aJIMIIKIB JaHOI MOCimoBHOCTI, a came Cys-291, Bene
JIo TIPUTTMHEHHS aKTUBaLlil TpaHcKpumniii. HemaBHo
TaKOX MOKa3aHo, 1110 3a HeCTayi 3aJli3a B TTOXXMUBHO-
My cepenoBulli ¢akTop Aftl, mpucyTHiil y uuTO-
TJ1a3Mi, TIEPEMIIYEThCS B SIAPO, e aKYMYJTIOETHCS i
aKTUBYE TPAHCKPUIILiIO IiAKOHTPOJbHUX TI'EHIiB
(reniB-MileHeit). Jlokanizauist ¢pakropa Aftl B sapi
perymoerbcss NES-nogionum nmomeHom (NES —
nuclear export signal) — 30arayeHo0 3ajJUIIKaMU
JIMLIMHY aMiHOKKCJIOTHOIO ITOCJIiIOBHICTIO, 10 SIKOI
MPUETHYETHCS OUIOK-eKCIOPTUH. MyTallil JUISTHK!
reHa AFT1, ska konye NES-nomeH, npu3BoasTh 10
3aTPUMMKU TPaHCKpPUIILIiiHOrO (pakTOopa B sIApi i, Ta-
KMM YMHOM, 0 MOCTifAHOI eKCIIpecii reHiB-Milie-
HEM, sKa B LIbOMY BUMAIKy BiZOYBAa€TbCS HABITh Y
pasi JoCTaTHBHOI KOHLIEHTpallil i0HiB 3aii3a [72, 73].

Ha cboroaHi Binomo, 1110 y S. cerevisiae, okpiMm
reHiB FRE2-FRE6, B Aftl-perynoH BXOASITh iHIII
T€HU, TIPUYETHI IO HAIXOIXKEHHS iOHiB 3ai3a y
KJIITUHY, a caMe: TeHU, SIKi KOAYIOTh KOMITOHEHTH
CHCTEMM BUCOKOA(PiHHOIO TpaHcHopTyBaHHs — FET3
ta FTRI; reHu, 3B’s13aHi 3 HAAXOJKEHHSIM CUIEPO-
dopiB, — ARNI-4ta FITI-3, 3 TpaHCIIOPTYBAaHHSIM
iOHIB 3aJj1i3a yepe3 BaKyossipHy MeMOpany — FETS
Ta FTHI, 3 BK/IIOYEHHIM IiOHIB MiAi B anmoOijIoK
Fet3 — Ccc2ta ATX1, 3 yTBOpEeHHSIM 3a1i30-cipua-
Hux kaacrepiB — ISUI, ISU2 towo [4, 36, 37, 57,
65, 70, 74, 75]. HenromaBHO OMMCAaHO TaKOX edek-
TH, MOB’s13aHi 3 peryJisiiieto 6ikom Aftl reHiB Bu-
coko0a()iHHOIO TPaHCIIOPTYBAaHHS i0HIB 3aji3a. Tak,
MyTaHTHUI 3a AFT] 1utam OyB HE3MATHUIM 3/1iICHIO-
BaTU OMXaJbHUIA MeTaboJi3M, 110 MPOSIBIISIIOChH Y
MOPYIIEHHI MOro poCTy Ha TaKUX CyOcTpaTax, SIK
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eTaHoJI, Iilepos uu mipysat. [Ipote 1ieit mram Hop-
MaJIbHO PiC Ha cepeloBUIIaX 3 IIIIOK03010 Ta PpyK-
TO3010, SIKi MOXYTb 3aCBOIOBATUCS IIJISIXOM OPOJIiH-
Hs. JloBeaeHo, 1110 Taka 0COOJMBICTh CIPUYMHEHA
MOTaHUM 3aCBOEHHSIM 3aJli3a, OCKIiJIbKM PICT ITOKpa-
1LIyBaBCs Y pa3i J0JaBaHHS B MOXUBHE CEPEIOBUILIEC
iOHiB IBOBAJICHTHOTO 3aJTi3a.

LlikaBuM croCTepeXKeHHSIM € Te, 1110 HaJIUII-
KoOBa eKkcripecis reHa AFT[ npu3BoAUTb A0 3YITUHKU
KJITUHHOTO LMKy Ha cranii G, [74]. Buasuiocs,
10 el epeKT He CIPUUYMHEHUN TOKCUYHICTIO aHi
3aJj1i3a, aHi Mizgi yepe3 30iIblIeHe HaaXOMKEeHHS LIIX
meTaniB. e cBimunTh mpo y4yacth ¢pakropa Aftl B
IHIIIMX, HI3K 3aCBOEHHS 3aJli3a, KIITUHHMX Mpoliecax.

BusiBuniocst Takox, 110 y pa3i BUPOLLYBaHHS
Ha cepeloBUllli 3 ITIOKO3010 MYTaHTHI KJIITUHU 3
ajesieM aft1-Al, BinnoBigaJabHUM 3a YTBOPEHHS TOJTi-
nenTtuny Aftl, moszoasiaeHoro 250 aMiHOKMCIOTHUX
3ajuilKiB i3 C-KiHLIsl, Oibli 32 po3MipaMu, HixX
KJIITUHU AukKoro Tumy. [Ipuyomy ueit peHOTUIT HE
CrHoCTepiraeTbcs B MyTaHTa aft1-A5, B sikoro Aftl
He CUHTE3yeTbCsl B3arai. JlomaBaHHSI B MOXUBHE
cepeloBHIIE Cyab(paTy 3ajiza pa3oM i3 XeJIaToOpoM
¢epo3rHOM MPU3BOAUTH A0 3MEHILEHHS KJIITUH B
aft1-AI-1raMy 10 po3MipiB, XapaKTepHUX I KJIITUH
nukoro tumny [74]. Paniuie Oyno momivyeHo, 11O
CIOBUIbHEHHS MPOXOIKEHH cTalii G, KIITUHHOrO
LIMKJTY TPU3BOAUTD 10 30iIbIIEHHS PO3MipiB KIiTU-
Hu [69]. [1oBHA BiACYTHICTh iOHIB 3ajli3a CIIpUYM-
HIOE 3YyNMHKY KIITMHHOTO LUKy Ha cranii G, Tak
caMo, SIK 11€ BimOyBa€eThCs 3a AeillUTy TaKUX eJie-
MEHTIB sIK a30T, ¢ocop Ta cipka.

YMoBH, 3a IKMX TUMYACOBO a00 OCTaTOYHO 3y-
MUHSETHCS PICT KIIITUHU, 3yMOBIIOIOTH pocdhopu-
nyBaHHS Aftl. DochoputyBaHHSI TAKOXK BiOYBAEThCSI
y pasi 3MiHu MeTabo01i3My 3 OpOAUJILHOIO TUIIY Ha
NUXaJIbHUM, HAMPUKIIA/ 32 BAKOPUCTAHHS KJIITUHA-
MM He30pOIKYBaHUX IKepes Byrjewlo. OcTaHHE
BimOyBa€eTHCS 1O 3aKiHYEHHI €KCITOHEHIIIMHOTO POC-
Ty KyJbTYpU, KOJIM YTUIi30BaHA Maiixke BCsI TJIIOKO-
3a i3 MoxXMBHOTO cepenopulla. MochoprnboBaHUM
OiIOK 3aJIMIIAEThCS J0 cTalioHapHoi ¢a3u. I1ix yac
MepEeHECeHH:I KJIITUH Ha €TaHOJI-[JIiLEepOJIOBe cepe-
JIOBUILIE, KOJIM TUMYACOBO MPU3YNUHSIETHCS iXHii
pict, Aftl mepexoguth y rinepdocdopuiiboBaHy
dopmy 3 moaekyasipHoio Macow 100 xJla. B ueit
MOMeHT excnipecisi reHiB FREI, FRE2Tta FET3 npu-
NUHSETHCS. BoHa iHIYKY€EThCS HeCTauyelo iOHIB 3aj1iza
TiJIBKY TOi, KOJIU PiCT BiTHOBIOEThCS 1 Aft] 3HOBY
nedocdoputyeThes. Ll 00cTaBUHYI 103BOJISIIOTH BBa-
Katu, 1o ¢ochopuiyBaHHS MOXe OYTH OCHOBOIO
MeXaHi3My, 3a SKUM BiOyBa€Thcs iHakTUBallist Aftl.
HeuonaBHo BCTaHOBJEHO HASIBHICTh Mapajiora reHa
AFTI, axwit Komye POIyKT i3 416 aMiHOKUCIOTHHIX
3aJIMILKIB, iICHTUUYHUM OiKy Aftl [74].

HasBnicts reHa AFT2, inentuuHoro AFT1, BBa-
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>KalOTh HACIIAKOM AYyIUJIiKallil TeHOMY IIpelIKiB Cy-
yacHux S. cerevisiae [76]. Tak, reH AFTI 3Haxo-
auThest y xpoMmocoMi VII, Toni sk iioro myrmoikar-
Huit BapianT YPL202c (Ha3BaHuii AFTZ2) 3HaxOnUThHCS
y xpomocomi XVI. O6uaBa reHu, sIK BXKe Ha ChO-
roJIHi BilOMO, BUKOHYIOTh Pi3Hi, ajie MmepexpecHi
dynkuii [77].

BcranosneHo, Hanpukian, 1o Aft2p, sk i iioro
napaJor, paxkrop Aftl, € akTmBaTOpOM TpaHCKPUIILIil,
SIKMIA pearye Ha 3ai1i30. Cepe TeHiB, eKCITPECisT IKMX
aKTUBYETbCS y KIIITUHAX 3 MYTAaHTHUM ajejieM
AFT2- [, 3HalineHo reHu, SIKi peryamtoThes Aftl
(FIT1, FIT3, FTRI, FTHI, FREI, FET5, TIS1]),
Ta TeHU, SIKi peryJioloThesl (haKTOPOM, UYTJIMBUM 10
umHKY — Zapl (ZRT1ta YOL154w) [76]. BusBieHo
TaKOX T€HU, sSIKi HE PETYJIIOITHCS aHi aKTUBATOPOM
Aftl, aHi aktuBatopoMm Zapl (MRS4, UBCS, PRBI,
ECM4). TloBHuii nepesiik reHiB, Mpo siKi BioMO,
110 BOHU aKTUBYIOTHCS MPOAYKTOM reHa AFT2- %,
HaBeJEHO B TAOJIMIII.

Iram, noz6asnaeHuii Aftl ta Aft2, € yyTIuBi-
LLIMM 10 HecTadi i0HiB 3aj1i3a, HiXX IITaM, ITo30aBJie-
Huil Tinbku Aftl [78]. ¥ ToMy X LMK ekcnepu-
MEHTiB OyJIO M0Ka3aHo, 1110 HEMOBHi (hopMu OijKiB
Aftl ta Aft2 3B’s13y10Tb TOI camuii pparment JTHK
in vitro. [llonpasaa, BUSIBJEHO BiAMiHHOCTI y CTy-
MeHi peryisiii reHiB MeTaboi3My 3aiiza OiikamMu
Aftl ta Aft2. [TpunyckatoTh, 110 6ig0K Aft2 Moxe
BimirpaBatu crieuu@iuyHy pojib y MOOLIi3allil iOHiB
3aj1i3a, HAKOIMMYEHUX Y CepeIrHi KJIITUHU, OCO0IN-
BO B YMOBaX HeCTauyi OCTaHHiX Y HaBKOJUIIHbOMY
cepenoBuii [76].

3. JlesiKi acnieKTH BUKOPUCTAHHS 3aJ1i3a Ha
NOTPeOH KT THHH

3aiizo, K BiioMoO, BXOAUTh IO CKjiady Oara-
ThOX (pepMeHTIB ab0 € KopaKTopoM y epMeHTa-
TUBHUX Mpoliecax. Y ckiamai GepMeHTIB 3a1i30 MOXxe
nepeOyBaTy y BUIJISIAL 3a/1i30-CipyaHOTo KjacTepa
Yy OYyTU BKJIIOUYEHUM Yy ITOPQPipUHOBE Kijblle remy.
o remBMicHUX (D€pPMEHTIB BiTHOCSITHCS KaTanasu,
repokcuaasu, Gepupeaykra3u, IUTOXPOMHU, TOIIIO.
Y rpyny Fe-S-06inkiB BxongaTh pepMeHTH, SIKi KaTa-
JIi3yI0Th peakilii nukiny Kpedca (cykuuHaTaerigpo-
reHasa, akoHiTasa, (pymapasa); Ti, 1110 O€pyTh y4acThb
B CUHTE3i JIi3WHY (TOMOaKOHiTa3a) i MeTioHiHy (i30-
MpoITiJIManarizoMepasa), a TakoX iHIi 6iku [79].

SIK npukian, B JaHOMY OIJISIAL MU PO3IJISIHEMO
JIMILIE OMH 3i IUISIXiB YTUIIi3allil 3a1i3a, a TOUHille
JIesIKi acrieKTy (hopMyBaHHSI 3aJ1i30-CipyaHUX LIEHTPIiB
y IpLKIXOBiM KiaiThHi. Tak, Ha CHOrOAHI BiZOMO
YUMaJIO I'€HiB, IPOAYKTU SIKUX 3adisiHi y ¢opmy-
BaHHi Fe-S-uentpiB. Lle, 3okpema, renu ATMI,
SSQ1, NFS1, NFUI, ISUI 1a ISU2, a Takox YAHI
[75, 80—83]. HemogaBHO OyJ10 AOCTIIXKEHO 11Ie ABa
TeHU, sIKi 6epyThb y4yacTb y LboMy Tipoleci — IS4 1
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lenu, sxi akmugyromocsa npooykmom eena AFT2- 1%

I'en [Mpoxykr abo dyHKIis
FIT3 MaHonpoTeiH KIITHHHOI CTIHKH
YOL154 Zn-MeTanonpoTeasa
ZRTI Binox-nepeHOoCHUK y cucTeMi BUCOKOAa(hiHHOTO TPAHCHIOPTYBAHHS IIUHKY
FITI MaHonpoTeiH KIITHHHOI CTIHKH
ECM4 CTpyKTypHHUH OLTOK KINITHHHOI CTIHKH
YOLO0S83 OyHKIIIsA HEBiTOMa
UBC8 VYOixiTHHKOH IoroBaHui pepMeHT
YJR0OS87 DepmenT, moAiOHU 10 iHAO0NIaMIH-2,3-110KCUTeHa3H
MRS4 UsneH poauHU MITOXOHAPiaJbHIX HEPECHOCHHUKIB €JICKTPOHIB
TIS11 Binok poguan T1S
FTRI Binok-nepeHOCHUK y CUCTEMi BUCOKOA(iHHOTO TPaHCIIOPTYBAHHS 3ajIi3a
FTHI [TepeHocHUK 3aiTi3a y BaKyOJIsX
LAP4 Bakyomnspaa aminonentunasa I
PRBI Baxkyonsipua nporeaza b
GRX1 I'morapenokcun
AHPI ATNKUTTApOTIepOKCHAPE IyKTa3a
HCRI Mo>xuBHit KOMIIOHEHT (hakTopa enoHramii Tpancssmii elF3
FETS5 MiznpBMicHa OKCHIa3a BaKyoJeH
PEP4 Baxyonsipna nporeinaza A
YDL124 OyHKIIisA HeBiTOMa
FRE] Mertanopenykrasa KIITHHHOI TOBEpXHi
SMF3 [TepenocHuK 3aii3a y Bakyossax

Tta 1SA2 [84]. BuasneHno, mo aeneuii ISAI ta 1SA2
BEIYyTh [10 MiABUILIEHHS KOHLIEHTpallii i0HiB 3aj1i3a B
MiTOXOHIpisIX. MyTaHTH isa IA Ta isa2A HaKonuvy-
I0Th MyTallii B MitoxoHapianbHiii JHK, 110 nosic-
HIOIOTH HiABUILIEHUM BMiCTOM BiJIbHUX 10HIB 3aji3a
y ixHiXx MiToxoHapisx [84]. IIpn LbOMY KIITUHU
3a3HAIOTh OKCUAATUBHOTO CTPECY Yepe3 YTBOPEHHS
BEJIMKOI KiJIbKOCTi BiJIbHUX paAuKaJiB, 10 KaTalli-
3yeTbesd Fe?*. BiarykomM BiabHOPaAUKAJIbHOIO MO-
LIKOXKEHHSI MiTOXOHIPili MOXe OYyTH TaKOX 4acT-
KOBE 3HV>KEHHSI aKTUBHOCTI MaJlaTAeTiIporeHasu, K
3HAWAEHO y 3ralaHuX MyTaHTiB [84].
IMTpunyckaetrbes, 1o 6inku Isal ta Isa2 mo-
XKYyTh MOCTayaTH iOHM 3aji3a B MicClle CUHTE3y
Fe-S-knacrepiB. O6uaBa 6iky1 MalOTh CUTHAJbHY
MOCJIiTOBHICTh, 3a JOIMMOMOI'0IO SIKOI BUBHAYAETHCS
IXHS KiHLIeBa JoKaJi3allis y KJIiThHi. JloBeneHo, 1110
B Isal Ta Isa2 curHanmpHuMU € mepiri 61 aGo 56
aMiHOKMCJIOTHUX 3aJIUILKIB N-KiHLS BiAIOBIAHO. 3a
TPaHCHOPTYBaHHS 000X OUIKIB y MATPUKC MITOXOHIpIiA
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BiAMOBIZAIOTh aMiHOKMCIOTHI 3aymmku 1—31. 3a
BiICYTHOCTI LIMX 3aJIMIIKIiB OIKM HAKOIIUYYIOThCS B
MixkMeMOpaHHOMY TMpocTopi MiToxoHapii. [Tpuryc-
Ka€eThCs, 110 Isa-OuIKKM MOXYTh TPAaHCIIOPTYBATU 3a-
JIi30 B MiTOXOHpii Tak, 110 Isa2 mocTyrnoBo nocra-
Yyae i0HM 3aJli3a B MAaTPUKC MIiTOXOHJIPiii 32 JOITIOMO-
roio OiIKa-nepeHOCHUKA Y BHYTPillIHiil MeMOpaHi, a
Isal y marpukci mie sk JOHOp iOHIB 3aji3a, nepe-
XOIUIIOIOUM OCTaHHI 1 MOCTavyalouu ixX AIsl 30MpaHHs
Fe-S-xnacrepiB [84].

Ha xopuctb Toro, 1o 6iiku Isal Ta Isa2 Buc-
TYHaloTh JOHOPaMU ISl 30UPaHHS 3a1i30-CipyaHuX
LIEHTPIB, € HASIBHICTb TPhOX LIUCTETHOBUX 3AJIUIIIKIB,
3HAMIEHUX TaKOX Y TOMOJIOTIYHUX OiIKaxX OakTepiii
(6inok IscA Azotobacter vinelandii [85]), HemaTon,
pociauH Ta rpubiB. BBaxkaeTbcs Takox, 110 1 3a-
JIMIIKYU YTBOPIOIOTh LEHTP MJISl 3B’SI3yBaHHS iOHIB
3aJti3a.

3a aHaizy oOMiHYy 3aji3a B MiTOXOHPisIX HE
MOXHa He TOPKHYTUCS BiIKPUTTS romoJora ¢pa-
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TaKCUHY Yy ApixXIXax. 3apa3 BUBYEHHS LIbOTO TTOJIi-
MENnTUIY CTAHOBUTH OAMH i3 HAMPSIMiB AOCTiIKEHb
00OMiHy 3aJli3a Ha ApixXaXoBiil Moaeni. binok dpa-
TaKCWH, 3HAMIEHUI B OpraHi3Mi JIIOIUHU, CKIaIA€Th-
cst 3 210 aMiHOKMCIIOTHUX 3aIMIIKIB. Mloro Hecraya,
3yMOBJIEHAa MyTalli€l0 B OAHOMY 3 iHTPOHIB Te¢Ha
FRDA, npu3BoaUTh 10 PO3BUTKY CITaJKOBOi XBOPO-
6u — arakcii @pigpixa [6].

AHaJIi3 reHOMY APiKIKiB JO3BOJIMB BUSBUTU
romoJior ¢ppatakcuHy — 6iok Yfhl, skuii KonyeThb-
ca reHoMm YFHI (yeast frataxin homolog). Bxe B
MepIIMX TOCTIIKEHHSIX OYJI0 BUZHAYEHO, 1110 JPikKIIXKi,
B SIKMX iHakTHBOBaHO YFHI, moraHo pocTyTh Ha
CepeloBHUILIAX i3 He30pOIKYBaHUMU IKEpeSIaMU BYT-
JIeLt0, 1110 CBiTYUTh Mpo Ae(eKT y MiTOXOHApPiaab-
HoOMYy auxaHHi |3, 86, 87].

®parakcuH Ta 6ig0K Yfhl mpikmKiB — MiTO-
XOHIpianbHi 6i1kK. [XxHIO TOKAaNi3alli0 BcTaHOBE-
HO 3a JI0ITOMOTI010 SIK MapKepa 3eJIieHOro (hJyopec-
LIEHTHOrO OijiKa (B aHIIOMOBHUX BUJAHHSIX BiH MO-
3HavaeTbesl sk GFP — green fluorescent protein).
Jlutg poro podum iHcepliro reHa, sskuii konye GFP,
y aistHKy Mixk YFH I Ta iioro mpoMoTopoM. Takum
YUHOM, Nipu ekcnpecii YFH I cuHTe3yeThCs ribpu-
Huii Ginok, sikuii ckinagaetbest 3 Ythlp ta GFP (dayo-
peclLieHTHa MiTKa). Y KJIiITUHAX APiKIKiB riOpuIHUIA
OiJIOK JIOKaJTi3yeThCS B MiTOXOHAPisiX, ToAdi ik GFP,
SIKILIO CUHTEe3YeThcsl okpeMo Bia Yfhlp, posmnomi-
JISIETHCS MO BCilt KiaiTuHi. I'iOpuaHuii ppaTakCuH-
GI1yopecLIieHTHUI KOMILIEKC Y KyJIbTMBOBAHUX KJTiTH-
HaX TaKOX KOHILEHTPYETHhCS B MITOXOHAPisAxX [6].
Byno takox nomiuyeHo, 1110 KIITUHU APiXKIXKIB, 1103~
OaBieHi reHa YFHI, HakonuuywoTb y 2—3 pasu
Oijibliie iOHIB 3aJli3a, aHiXK KJIIITUHU IUKOro TUITY, a
ixHi MiToxoHapii MicTsATh y 10—20 paziB Oiiblile 3a-
miza [87].

3aBasKy HEIOAABHIM TOCIiIKEHHSIM IOCSITHYTO
3HAYHMX YCHIXiB y po3yMiHHi ¢yHKIIil Oinka Yfhl.
Tak, BcTaHOBJIEHO, 1110 3a IMPUCYTHOCTI KMCHIO Ta
ioniB Fe?* Yfh1 akTUBY€ETBCS i B KiJTbKa CTamiii 301~
paeTbed B 48-cydooquHUYHUN MynbTUMED (a-48), B
sgkoMy MicTuThest 2400 aToMiB 3aj1iza B LISHTpax po3-
MipoM 2—4 HM, CTPYKTYPHO IOHIOHUX 10 3aji30-
BMiCHMX LEHTpiB (deputuHy [88]. Pamiyc Bchoro
MYJIETUMEPHOTO KOMIUIEKCY CKiIaaae 0u3bko 11 HM,
a itoro monekyiasgpHa maca 840 x/la [89]. MynbTu-
mep Yfhl (rmo3Havaetbcs sik mYfhl) 30upaeTnes y
NIBi TTOCJTIIAOBHI CTaii, TO€IHAaHi 3 OKMCJICHHSIM iOHiB
3amiza. @epoKcumasHa peakilis, 0 KaTali3yeThCs
mYthl, 3abe3rneuye crafito 30MpaHHA (3 BUXOIOM
CyOONMHMIB O Ta 0,), a Jaji MOCIiIOBHO BinOy-
BA€ETHCS TOBiJIbHE aBTOOKMCJIEHHS 10HIB 3ai3a, sIKi
BXOJSITh Y MYJIbTUMEP. ABTOOKUCJICHHSI CITPUSIE 30U~
PaHHIO OJIITOMEPHUX CYOOAMHUIIB O ;. 3JTEKHO Bil
iOHHOTO OTOUEHHSI, MOCTaAiiiHe 30MpaHHS TTPU3BO-
IUTH 010 HakommuyeHHs 50—75 ioHiB 3ayii3a B OIHIN
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cyoonmuui. ITokazaHo, 1110 “3ai1i3Hi” IEHTPU IO~
MepiB (hpaTakCUHY APIXKIXKIB 30MpaloThCs in vitro
MoAioHO A0 (ppaTaKCUHY JIOAUHMU i 10 PepUTUHO-
BUX LHeHTpiB. [TogiMepHUii hpaTakCUH JIOIUHU Ta
JIPiXIXKIB MiCTUTh (DepUTiApPUT — OioMiHepalbHY
CHOJIYKY, 10 CKJIay SIKOi BXOASITh OKTaeIpU OKCH-
ny/rigpokcuay 3aniza. Ha BinmiHy Bin ¢eputuny,
(bpaTaKCUHOBI LIEHTPU CKJIAJAIOTHCS 3 YK€ MaTUX
KpUILITaIMKiB pepuriaputy [90].

Ha nepmwmx cragisix 30upanHst mYfhl 3aiizo,
He JIy>Ke MIlIHO 3B’si3aHe 3 OiJIKOM, JIerKo MoOiJi-
3YETHCS XeJlaTropaMu abo hepoxenarasoro (AJisl CUH-
Te3y remy). [lepeHeceHHs i0HiB 3aji3a, 3B’ sI3aHUX 3
mYfhl, 10 akTUBHUX LIEHTPIB (hepoxesaTasu Bigdy-
BA€ETHCS 32 MPUCYTHOCTI LUTpaATy — (pi3ioIoriyHOrO
XeJiaTopa IBOBaJIeHTHOTO 3ajida [91]. Skio ioHu
3aj1iza He TePeHOCIThCS SIKUMOCh JIiTaHI0M, OKHC-
JICHHS X TIPOAOBXKYEThCS JOTH, TIOKM Fe?* ToBHICTIO
He nepeiine y Fe’' i craHe MEHII HOCTYITHIIIIIM.
Takum ymHOM, Yepe3 34aTHICTb A0 MOCTaAiiHOro
3oupanHsl Yfhl moxe ¢yHKIIIOHYBaTH sIK 3aji30-
LIarepoH abo K OiI0K, sIKMit 3amacae 3amizo [89].

4. TokcuunicTh ioHiB 3adi3a i Mmexani3mu ii
3amo0iranug

Tonu 3aiza MOXyTb CIIPUMYMHIOBATU 3aru0OeIb
KJIITUHU, KOJIU PiBEHb 1X MepeBUILYE (Pi3i0JIOTIUHY
MoTpedy OCTAHHKOI. € JaHi, 1110 HAKOIMMYEHHSI OijIbILIe
Hixk 1 HAaHOMOJIb iOHIB 3ajli3a Ha 1 MJIH. OpPiXIXKO-
BUX KJIITUH € JIETAJILHUM JIJIsI OcTaHHiX [92]. 3apa3
BBaXKa€ThCs, 1110 TOKCUYHICTh iOHIB 3aj1i3a 3yMOBJIe-
Ha, HacaMIepe, IXHbOIO 3MaTHICTIO CIIPUSITU YTBO-
PEHHIO aKTUBOBAHUX (hOPM KUCHIO B peakilisix DeH-
toHa i I'abepa-Beiica [93, 94]. Tomy cBOEpiTHUM
HAaIIPSIMOM Y JOCTiIKEHHi CUCTEM, SIKi KEPYIOTb IIPO-
LiecaMM HaIXOIXKEHHS, pO3IOoAiLy, YIWii3allii, pe-
yTUJIi3allii Ta 3aracaHHs iOHIB 3aJli3a, € 3’sICyBaHHS
pOJIi TIeBHMX OiJIKiB y 3am00iraHHi y KJIiTUHI BUIbHO-
paguKaabHOro oKucaeHHs. I1po 3B’S130K TOKCUYHOCTI
IOHIB 3aji3a 3 aKTMBOBAaHMMM (opMaMu KUCHIO
CBITUUTH BUIA YYTJIMBICTb APLKIXKIiB, He(PEKTHUX
3a IEBHUMM aHTUOKCUIAHTHUMU (PepMeHTaMu, 10
ioHiB 3anmiza. Tak, P. BicbHilbKa 3i ciBaBTOpaMu
rokasaia, 1o aedeKkT 3a IIUTO30JIbHOI0 CYIePOK-
cupaucmyTasoro (CO/l) 3yMOBIIIOE TillepUYyT/IMBICTh
npixmxkiB mo aii Fe?* [95]. [Ipore, 11i ioHn He BIUIA-
BalOTh HAa BUKMBAHHS JIPiXKIXKIB i3 medekramu 3a
LIMTO30JILHOIO i IEPOKCUCOMAJIBHOIO KaTaiazaMu, a
TaKOX 32 LIMTOXPOM-C-TIEPOKCHUIA3010. ABTOPH TIPH-
IMyCTUJIM, 110 Y ApiKIXiB, nedekTHux 3a Cu/Zn-
CO]/l, Bullla IBUIKICTb BiZHOBJIEeHHS ioHiB Fe’*,
SKe 3OiCHIOETBCS CymnepoKcHuaaHioHoM [95]. ¥V
Hallliii JabopaTopii BCTAaHOBJIEHO, 110 Ae(DEKTHI 3a
LIMTO30JIbHOIO KATaIa3010 APLKIKi, BUPOLLIEHI 3a IPU-
cytHocTi 500 MKM cynbdaty 3ajiza, MalTh y 2
pasu Buiy aktuBHicTe COJl i y 2 pa3u BUILMIA
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piBeHb MTPOAYKTIB MEPOKCUIHOIO OKUCICHHSI JIMiIiB,
HiX y KOHTpoJIi [96].

MDeHOTUTT ITaMiB, Ae(EeKTHUX 3a TICBHUMM aH-
TUOKCUAAHTHUMU (hepMEHTaMU, 3HAUHO 3aJIEXXUTD Bill
TpaHCIIOPTYBaHHS ioHIB 3aimi3a. Jocaigyu Ha npix-
Jkax i bakrepisix, nedektHux 3a Cu/Zn-CO/, mo-
Kazaju, 110 CyNepOKCUA-aHiOH Y MiIBUILEHIA KOH-
LIeHTpaLii MOOiTi3ye 3a71i30 i3 BaKyOJISIpHUX 3amaciB
[97]. 3anizo, BUJlydeHe B TaKuii CIOCiIO, HE TiIbKU
HE BUKOPUCTOBYETHCS ITOBTOPHO JIsI OIOCMHTE3Y, ajie
i 3maTHe OpaTu ydacTb y reHepalil aKTMBOBaHUX
(hopM KHCHIO, SIKi TTOLLIKOKYIOTH KOMIIOHEHTH KJTiTU-
Hu [98]. Hanpuxian, JI. KopcoHn ta criBaBT. [99]
BUSIBWIM, 1110 APiKAXi, Ae(PEKTHIi 32 LIUTO30JIbHOIO
CO/J (sod14), maroTh (pparMeHTOBaHI BaKyoOJIi ITif
yac BUPOILLYBaHHS B acpoOHMUX yMoBax. JlocmiaHu-
KU TIPUITYCTWIN, 1110 (DparMeHTallisl 3yMOBJIEHA OKMC-
HUM TMOIIKOIKEHHSIM BaKyoJISIpHUX OiJIKiB, KaTali-
30BaHUM ioHaMM 3aii3a. [HakTuBauist reHa FET3,
SIKUI Koaye epokcuaasy, 3adisHy y BUCoOKoadiH-
HOMY TpaHCIIOPTYBaHHi iOHiB 3aJli3a, Maja 6 ooMe-
JKyBaTW HaAXOMXEHHS ix y kiituny. I miiicHo, y
MoJABiAHOrO MyTaHTa sod IAfet3A Gyau HOpMaJlbHi
Bakyodi [99].

JoBeaeHo, 1110 CYIepoKCUI-aHiOH 3AaTHUI BU-
BiIbHATH ioHM 3aii3a 3 Fe—S-xmactepis [100]. Cyk-
uuHataerigporeHasa (CIIIN) i akoHiTaza LMKy TpU-
KapOOHOBUX KUCJIOT, a TAKOX TOMOAKOHiTa3a, sika
Oepe yJacThb y CMHTE3i Ji3uHy — Oinku 3 4Fe—4S-
KjacTepamu. PyliHyBaHHS LIMX KJIACTEpiB 3a Mii Cy-
MEePOKCUIAHIOHY MIPU3BOAUTD IO iHAKTUBALIIL JaHUX
¢epMEeHTIB y IpLKIXKiB, N1e(EeKTHUX 3a CYIIEPOKCHI-
aucMmyrasamu. I1poTe B eKcriepMMeHTax in vitro cy-
MEPOKCUA-aHIOH JIMIIE HE3HAYHOIO MipOIO iHaKTH-
Bye CJII' [101]. HaTomicTb Oys0 noka3ano, 1o CJI
e(PEeKTUBHO iHAKTUBYEThCS TiAPOKCUIPAIUKAIOM
(uur. 3a [101]). I[IpunyckarooTs, 1o iHakTusariss CIATI
in vivo Moxe OyTH 3yMOBJIEHA HE CTiJIbKU PYHHY-
BaHHSIM Fe—S-kiacrepiB, CKiJIbKM TiZpoKCUIpaan-
KaJIoM, SIKMI YTBOPIOEThCS B peakilii denToHa. B
pedpexkrHux 3a COJl kiTMHAX iMOBIPHICTh peakilii
denToHa migBuIeHa. Lle MOSICHIOETBCSA THM, IO
BUBIJIBHEHHS 3aJjli3a i3 3aj1i30cipyaHuX KJIacTepiB,
cnpuyrHioBane O, ”, MPU3BOAUTH 0 3pOCTAHHS y
KJITUHI KOHIIEHTpallil “BiibHOro” 3aiiza. Moro ionu
MOXYTh OpaTu y4dacTh y reHepaunii “OH B peakuiii
denHTOHA, IO, MOXKIIMBO, i TPU3BOIUTH IO iIHAKTH-
Bauil CAI in vivo. OKMcHa iHaKTUBaLlis [JIIOKO30-
6-bochatnerinporenasu (I'6MDAT") Moxe OYyTH IIpH-
YMHOIO ayKCOTPO(HOCTI 32 METIOHIHOM sod I-nedeKT-
Hux ppixmxiB. [6M/I" Bimirpae BaxkjauBY posib y
CHUHTE3I CIPKOBMiCHUX aMiHOKHCJIOT (LIUCTEiHY Ta Me-
tioHiHy) [102]. K. Cnekap 3i criBaBT. BUBHAYWNIIN,
o apixmki, gedextHi gk 3a 6T, Tak i 3a
Cu/Zn-CO]/] € aykcorpopHUMHU 3a MeTiOHiHOM [103].
Hamii mocnimkeHHST HigTBEPIXKYIOThb MOXJIMBICTD
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okucHoi iHakTuBauii [6D/TI y S. cerevisiae in vivo,
a Takox in vitro [104, 105].

BBaxkaeTbcsl, 110 HafiliHe (PYHKILIOHYBaHHS
CUCTEM TpaHCHOPTYBAHHS i yTUJi3alliil ioOHiB 3ali-
3a — OJIMH i3 MeXaHi3MiB 3aro0iraHHsI OKCUIaTUB-
HOTO CTPECY, PO3BUTKY SIKOTO CITPUSIE TaHUI MeTall.
OKpiM TOTO, € TIOBiIOMJIEHHSI, 1110 MibBMiCHa OK-
cuaasa apixaxiB Fet3 6epe yyacTb y JeTOKCUKallii
ioHiB Mini, Ik aHTHokcuaaHt [31]. Lle moxe OyTu
LIJIKOM MWMOBipHUM, OCKiJIbKY BiJOMO, 1110 TOMOJIOT
JIaHoro Oinka B JTIOAMHU — LEpyJIONJIa3MiH — Oepe
y4JacTh y JIiKBigalii BitbHUX pagukaiis [106]. Llika-
BUM € i TOI (paKkT, 110 IIPOMOTOPHU TeHiB (epupe-
JIyKTa3, JOKaJIi30BaHUX Ha KJIITUHHII MOBEPXHi, Ma-
I0Tb MicCLIe /151 3B’SI3yBaHHSI TPAHCKPUIILIiiTHOTO (hak-
Topa Yapl, 3amistHOro y BifIlOBimi Ha OKCUIATUBHUIA
crpec [74]. Takox mmoka3aHo, 110 0ioK Atx1, skuit
MEePEHOCUTh Millb JO BHYTPIlIHbOKIITUHHOI ATP-
asu Ccc2, 6epe yyacTh y 3aXMCTi KJIITUHU Bim Adii
H,0,T1a O, [93]. fIk 3ragyBanocs Bulle, 00KUIBa
Ha3BaHi OiJIKM BaXXJIMBI 151 30MpaHHS i J03piBaHHS
(yHkuioHaNbHOT oKcuaasu Fet3 i BxoasiTh 10 cKiia-
ny Aftl-peryiony.

IlikaBuM y 1IbOMY BiHOIIIEHHi € HasIBHIiCTb y
perysoHi Aft2 nesskux reHiB, BiIITOBigaJIbHUX 32 CUH-
Te3 (hepMEHTIB aHTUOKCUIAHTHOI'O 3aXUCTY, a caMe:
AHPI, axkuii koaye TiopeaokcuHnepokcuaasy Il,
NpUYeTHY 110 cTiiikocti mpotn H,O,T1a Mn*", i GRX4,
SIKMI KOIYE TJIIoTapeaoKcuH [78].

OKCHIATUBHUI CTpeCc MOXe OyTH MPUIMHOIO
JIMXaJIbHOI HEIOCTAaTHOCTI y 1ITaMiB, 1e(EeKTHUX 3a
reHamu YFH1i ATM1 [80]. ABTopY BBaXKarOTh, 1110
3a BiICYTHOCTI (ppaTaKCHUHY 3a/1i30 HAKOIIUYYETHCS
B MITOXOHPIiSIX ¥ (hOpMi, HEAOCTYIHIN AJ1s1 OioCHH-
TeTUYHUX IpoleciB. HakonuyeHe B MiTOXOHAPISIX
3aJ1i30 MOXe OpaTy y4acTb B OKMCHUX MoaudiKalli-
SIX BCIX KOMIIOHEHTIB JaHUX OpraHes, BKIIOYalouH i
JHK. Curyaliist, aHajoriyHa 1oiHO OIMMCaHiii, cro-
cTepiraerbecs ISl APiXKIXKIB, Ae(EeKTHUX 3a TEHOM
ATM 1, sxnii konye 610k Atm1, 1110 MPUYETHUI 10
3oupanHs Fe-S-xiactepis [80].

5. Ilincymku T2 nepcnekTHBH

ITincymoByloun cKazaHe BUILE, CJIif IiaKpec-
JINTH, 1110 BaXXJIMBa POJib 3aJ1i3a B OKUCHO-BiTHOB-
HUX peakllisiX opraHiamy i, mopsia 3 IUM, MOro Io-
TeHIiliHa TOKCUYHICTb €, IMOBIpHO, IIPUYMHOIO HaI-
3BMYAlHO CKJIAAHMX i TOHKMX MEXaHi3MiB OOMiHY
poro Metany. CUCTeMU HaIXOMKEHHS, 3aITacaHHs
Ta yTUJi3allil i0HiB 3a1i3a moOyI0BaHi Ta B3aEMOY3-
rOJIK€Hi TaKMM YMHOM, 1110, 3 OIHOIO OOKY, 3a1o0i-
rafloTh HAUTMIIIKOBOMY HAKOMMMYEHHIO, a, 3 iHIIIOTO,
3a0€3Me4YyI0Th YTPMMaHHS X Yy HETOKCUYHIl (hopMi.
IMopyiieHHs Oyab-sKOI JaHKW JaHOI MEpexKi CIIpy-
YUHIOE, V BUIAIKY APiXKIXIB, cepiio3Hi AedeKTu
pPOCTY Ta IUXaHHS, a Y JIIOAWMHU — HU3KY CIIaIKOBUX
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XBOPOO, TaKMX gK aTakcis ®pinpixa, xsopobda Binbco-
Ha, xBopoba MeHke Touo. [ToniGHicTh cucTem, 3a-
IisSTHUX B OOMiHi 3ajliza y APiXKIXIiB i JIOAUHU, €
CBIIUEHHSM IXHbOI €BOJIIOLIIHHOI JABHUHU, & TAKOX
1€ pa3 IiATBEePIXYE 3PYUYHICTb i TOULIbHICTh BU-
KOPUCTaHHSA S. cerevisiae IK MOJEIBHOTO 00’€KTY B
JTOCITIIKEHHSX IILOTO HarpsiMy. B rmomasbiioMy comin
BCTAHOBUTH CITiBBiTHOIIECHHS MiX BUCOKO- Ta HU3b-
KoaiHHOIO CHUCTeMaMU TPaHCIIOPTYBAHHSI iOHIB 3a-
JIi3a, a TAaKOX y4acTio cuaepodopiB B 0OMiHi 3aJ1i3a.
Po3yMiHHSI TOHKHUX MEXaHi3MiB, SIKi IOIIEPEIKYIOTh
TepeHaKOMMYCHHS 3aJTi3a B YMOBaX OT0 HAIUIHIIIKY
B CEpEIOBMIII, a TAKOX 3aJI0BOJICHHS ITOTped y pasi
oro nediluTy, OKpiM BChOro, MOXe OYTH KI0UOM
10 pO3YyMIHHSI TOTO, SIK IMiATPUMYETHCS OajlaHC MixX
MU 1npouecamu. OcoOJMBO BaXKJIMBOIO € TaKOX
npobJjieMa peryssilii BMICTy iOHIB 3ajli3a, 34aTHUX
OpaTu y4acTb y BiIbHOpaAuKaabHUX Mpoliecax. TyT
HEMOXJIMBO TIEPEOLiHUTH POJIb IPIKIXKIB SIK MO-
JIeJIbHOTO 00’ €KTa JIJIsi BUBYEHHS BiJIbHOpaAUKaJlb-
HUX IIPOLIECIB Y KJIITUHAX €yKapPiOTiB, SIKi € JOCUTh
CKJIATHUMM.

ABtopu mupo BasuHi JIxx. Kamnany, B. Ky-
norri, JI. Binre, T. bininbcbki, C. EiiBepi Ta JI. Koc-
MaHy 3a IIPUCJIaHi KOIIil ixHix myOJiiKalliii, a TaKoxX
peLEeH3eHTY 3a BUCOKOIIpodeCiiitHU i 1oOpo3udIn-
BUIA aHAJIi3 PYKOIUCY, 110 iCTOTHO MOKpPallUI0 BUK-
JIaIeHHS MaTepiaiy.

IRON METABOLISM IN THE YEAST
D. V. Gospodaryov, V. I. Lushchak

Vassyl Stefanyk Precarpathian National University,
Ivano-Frankivsk, Ukraine;
e-mail: lushchak@pu.if.ua

Summary

Current data concerning transport, storage and
utilization of iron in the yeast cells, particularly Sac-
charomyces cerevisiae are summarized in the paper.
It has been marked that iron uptake in the cells
provides by high affinity system, it function is car-
ried out by protein complex Fet3-Ftrl, and Fet4,
protein with low affinity to iron ion. The both sys-
tems utilize Fe(II). Furthermore, the active site of
the protein Frel is exposed on the outer side of
plasmalemma. This protein, due to ferrireductase
activity, provides availability of Fe(III) to the cell.
The information regards to participation of si-
derophores and metal-proton plasma membrane ex-
changers Smfl in iron transport is brought. Particu-
lar attention is given to regulation of expression of
the genes, coding the iron metabolic systems. Some
aspects of iron utilization for Fe-S-containing en-
zymes synthesis are lighted. It has been concluded
that the yeast is a perspective subject for studying
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balance of living organisms between iron essentiality
and its ability to trigger free radical reactions.

Key words: yeast Saccharomyces cerevi-
siae, iron ion transport, Aft-proteins.
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