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OCJTIKCHHIO TIyTaTioHTpancdepas

(GST) mpucBSIYEHO NECATKH THUCAY HaAy-

KOBHX TMpailb. [louaTkoM iX BHBYCHHS

okHa'BBaXkath 1879 pik, Koau Oys10 BCTAaHOBJICHO,

0 TICTS 3TOMOBYBaHHS coOakamM OpoMOeH3eHy,

XJIOpOCH3EHY UM HOMOCH3EHY 13 CeUCTO BUIITSIETHCS

CIPKOBMICHUN MeTabOIT — MEPKANTYpOBa KUCIOTA
[1].

I'myTaTion (GSH) - 2-amiHo-5-{[2-
[(kapOokcumeTHIT)aMiHO]-1-(MEpKaTTOMETHIT)-2-
OKCIeTHJI|aMiHO}-5-OKCHTICHTaHOBA KHCIIOTa BIIEP-
mie OyB Buninenuii J. De Rey-Pailhade y 1888 pori i
Ha3Bauui «philothiony [1]. 3romom i3 apixkaKiB OyB
BuaiIeHNH KpucTtanivauii GSH i BcTaHOBIIEHO, 110
e TPUTICTITHA, KWK TiAPOJi3yeThCs IO TIIIHHY,
TIyTaMIHOBOI KUCJIOTH Ta MUCTEIHY [2].

V kaituai 90% GSH 3HaX0AUTHCS B IUTO30TI,
10% — y mitoxonapisx (exBiBaseHTHO 10-12 MM 3
ypaxyBaHHSIM O00’€My MITOXOHAPii) 1 HEBEIMKHI
BIJICOTOK — B €HJIOIJIA3MATHIHOMY PETHUKYIYMi Ta
sapi. Ilepiox HamiBBUBeAeHHS 1TMTO3015HOT0 GSH
CTAHOBHUTH 2—3 T'OJI, B TOU 9aC SIK MITOXOHIPiaJIbHOTO
GSH — 30 rox. Y 6inbmocti kommapTMenTiB GSH
€ epeBaxHo (¥99%) y BigHOBIEHIN Gopmi, 3a BU-
HSATKOM CHJIOIIJIa3MaTHYHOTO PETHKYyIyMma, Je, B
OCHOBHOMY, € okuciieHa popma GSSG. 3pyIieHHs B
IbOMY OaJlaHCl € TTOKa3HUKOM KJIITHHHOTO OKHCHO-
ro crpecy [3].

Pigenr GSH y meuiHmi mrypiB 3HIKYETHCS
MCIsT 1H’€KIIH TPEeKypCOpiB MEPKANTYPOBOI KHC-
motu [4]. 3okpema, HadTaICH TEPETBOPIOETHC Y
S-(1:2-gurinpo-2-rigpokcu-1-Had TrI) Ty TaTioH,
KA B HUPKAX MePeTBOPIOETHCS B S-(1:2-qurimpo-
2-rigpokcu-1-nHadTn)-L-nucTein, 1mo, B CBOIO
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Yepry, aleTHIIOEThCS 3 YTBOPEHHSIM N-areTwi-S-
(1:2-gurigpo-2-rinpokcu-1-madtum)-L-mincreiny
[5]. ¥ 1961 pomi BCTaHOBJICHO, IIO MPOIEC yTBO-
pennst kon’toratiB GSH i3 ducieHHUMH TTOTIepe/I-
HUKaMH MEPKaNTypOBOi KUCIOTH B TIEUIHII IIYPIiB
KaTajizye y-TiyTaMmiaTpaHcnenTtuaaza [6]. 3romom
OyJ10 BUSIBIICHO €H3UMU, 5K KaTalli3yl0Th HACTYIIHI
TepeTBOPEHHS IINX KOH FOTaTiB Ta BCTAHOBIICHO, IO
MEpKaITypoBa KUCIIOTa HE €IMHA KiHIIEBa CTIOTyKa
ix meperBopeHHs. Ha puc. 1 nmogano y3arajibHeHY
cxemy mporecis [1].

KapumHoreH3p’s13yBaIbHUM  TPOTEIH, SKUH
BUIUTMUTM 3 TIEYIHKH IIypa, CIIOYaTKy Ha3BaJlH
«ligandin» [7] (e BusBuBcs i3oer3uMm GST B [8]).
ITotim GST oTpumana KiJibka Ha3B, MO 3aJEKATH
BiJI cyOCTpaTHOI CrierudiaHOCTI:

1) rmyTaTion S-ankinrpancdepasa (peakitis 3
MOHOTaJIOTEHITOX 1 THUMH aJIKaHiB) [9]

CH,J + GSH — GS-CH, + HJ,

Ta TIyTaTiOH S-amkeH(Iuc-ecTep)TpaHchepa-
3a (peakiis 3 ankeramu) [10] —

CZH5—0;/C-CH=CH-C\QO-C‘?H5 + GSH —»
o) o)
— C2H5-O;/C-?H-CH2-C\§O-CZH5;
O SG 0
2) rnyTation S-apuitpaHcdepasza (peaxuis 3
UUKJTIYHUMHE criofykami) [11] —

Cl G
Cl Cl
+GSH —» +HCI,
NO, NO,
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Glu

1{‘]“2 ﬂ ﬁ 9 NH CH,COOH HQ,
HC~CH 7CHj; C~NH-GH~ C—NH-CH; COOH Z oG 2 cir cooH
CH
COOH CH, (a) R!S ) CH,
RS (cysteinylelyci RS
; . cysteinylglycine ) )
(glutathione S-conjugate) S-conjugate) (3 ‘mercaprof'acuc
acid - S-conjugate)
Gly«” | ® (pi T(i)
] 0\\
CHyC NH C‘H’ COOH © HZNCIH' COOH © ?“ COOH
CH, < ~ CH, = > CH,
RS ®) RS (h) ) RS
(mercapturic acid) (cysteine-S-conjugate) (3-mercaptopyruvic
_ ) acid - S-conjugate)
(d) pyruvate (k)
( ammonia
CH, R- SH
RS=0 (thiol-compound)
(cysteine-S-conjugale
S-oxide) { (n)
Nﬁ (m Qc’ OH
]
pyruvate (0 ICHZ
MIRSSAES R- SOH R- S-Glu R- S-CH; -«———— RS
(sulfenic acid) (S-glucuronide)  (S-methyl (2-mercaptoacetic
conjugate) acid S-conjugate)

Puc. 1. Moocnuei wnsaxu rkamabonizmy S-xow'rweamie GSH. FEmanu kamanizayii  eH3umis:
(@) y-enymaminmpancnenmudasa; (b) ounenmuoasu. yucmeinineaiyun-ounenmuoasa ma amiHOnenmuodsa
M; (c) yucmeinxon’oeam-N-ayemunmpancgepasa, (d) yucmeinkon iocam-f-niaza; (e) yucmeinkouoeam-
mpauncaminasa ma oxcuoasa L-aminoxucnom; (f) yucmeinxon’rocam-S-okcuoasa, (g) N-deayemunasa;
(h) mpancaminazu, (i) 3-mapxanmonipyeam-S-kor’ioeampedykmasa, (j) Oexapbookcunasa, (k) we He-
oxapakmepuszosanuui  ensum; (l) S-oxcueenasza; (m) ypuounoupocgam-enokyponiimpancpepasa;
(n) S-memunmpancehepasa; (o) dexapooxcunasa;, (p) 3-mepxanmonaxmam-S-KoH oeamoxcuoasa; (q) cyiv-
goxcuopedyxmasa [l] (siomeoproemovcs 3 dozeony Commandeur J. N., Stijntjes G. J., Vermeulen N. P.
Enzymes and transport systems involved in the formation and disposition of glutathione S-conjugates. Role
in bioactivation and detoxication mechanisms of xenobiotics // Pharmacol. Rev. — 1995. — 41. — P. 271-330)

3) rmyTarion S-apankinTpancdepasa (peakuist GSH + R'CH—CHR" — GS-CHR“CHR"-OH
3 apankinrajgoresamu) [10] — C\O/
CH;—CI CH,—SG Ta TIyTaTiOH S-apeHoKcumasa TpaHcepasa
+GSH —» + HCl; [14] -
H H SG
. . . . . . OH
4) S-(rizpokciankin)riayTarioniiaza (peaxuis H
3 eMOKCHAaMM), sKa Majia [Ie Ha3BU IJI i +GSH i
, yTaTioH P —

S-enokcuarpancdepaza [12], S-(rizpokciankin)
LIy TaTiOH-aJKiI-enoken iasa [13] —

24 ISSN 0201 — 8470. Ukr. Biochem. J., 2014, Vol. 86, N 3



0. M. ®E/IELID

Y «Howmenknarypi eHszumiB» 3a 1964 pik
BOHH BiANOBiIHO Manu Homepu: 2.5.1.12; 2.5.1.13;
2.5.1.14 1 4.4.1.7. 3apa3 BUKOPUCTOBYETHCS Ha3Ba
riytationtpancgepasa (2.5.1.18; RX: rayrarion
R-Tpancdepasa). lle rpyma eH3umiB i3 HIUPO-
Kot cyOcTparHoto crienudivnictio. R Moxe Oytu
aripaTHIHUM, apOMATHYHHUM YU T€TEPOLUKIIUHUM
paaukanoMm, a X — cynb(aTHUM, HITPUTHUM abo
ranoigfHuM. EH3MM KaTajiizye TakoX MpHETHAHHS
anmipaTUYHUX ENOKCUJIB Ta apeHokcuaiB 1o GSH
i BIJHOBJICHHS HHMM IOJIOJHITPATIB JIO MOJIONY
Ta HITpUILY, JesKi peakuii i3omepu3amii Ta
B3a€MOOOMIHY nucCyIbdimy [15].

Lumosoneni GSTasu. Bupineni 130eH3UMH
GST i3 meviHky mIypa crovyarky MO3HAYMIH BEJH-
KuMU JlaTuHChbKuMH Jiitepamu A, B, C 1 E [16], a 3
MEYiHKHU JIOAMHA — MAJIMMH I'PEUbKUMH JTITepaMu
a, B, 7, 01¢[17]. Ilicns pocmiakeHHs CyOOAMHUYHOT
Oy/IOBH TO3HAUCHHS 130€H3UMIB CTaJld iHII, Ha-
npuksag GST A [18] — e onnouacHo GST YblYbl
[19], GST A2 [20] i GST 3-3 [21].

3apa3 y Ha3Bi i130€H3UMIB 3a3HAYAIOTh 1X KJIAC
Ta cyooaunnuny OynoBy [22]. [Ticns GST craBisTh
JITEPY, sIKa BKa3ye Kiac i30eH3umy: A —a, M — p,
P-n,S-—06,T-0,Z-( O - o, K-« Iorim
CTaBJIATH JIBI HU(PH, 10 03HAYAIOTH CyOOIMHUIILL.
OCKiJbKH 130€H3UMH Pi3HHX BU[IB OpraHi3MiB He
30iraroThcs, TO IJIsl TIO3HAYEHHSI BUAY MOXe OyTH
BUKopuctanuil mpedike: r — rat, h — human, b —
bovine, p — pig, m — mouse, rb — rabbit, gp — guinea
pig [1]. Hanpukiian, Buninena 3 nedinku mypa GST
A [18] — ue rGSTM3-3.

B OCHOBI cydacHoi kyacudikarii
i3oerm3umiB  GST, 3ampomonoBanoi y 1985 poui
[23], € BiamiHHOCTI 3HaueHb pl Ta CTPYKTypHi i
¢yskuionansHi  moaidHocTi. [luTozompHi  GST
pO3ALTIIIM HA 3 KJIacH:

o — ocHOBHI 130eH3umu (pl > 8,0): a, B, v, 01 ¢€
moauay, 1-112-2 mypa ta MI mumii;

U — 130€H3UMH, OJIM3BKI 70 HEUTpPaJIbHUX
(pl = 7,0-8,0): u mroguum, 3-3 i 4-4 nrypa Ta MIII
MMUIIII;

7 — kucii i3oen3umu (pl < 7,0): © mogunu, 7-7
mypa i MII mumi.

I3oer3um  GST 5-5 (E) [16] HeoOximgHO
Oyno 6 BimHectu mo kmacy p (pl = 7,3), ane Bin
BIIPI3HSAETbCA ~ CYOCTpaTHOW  CHEeUU(IUHICTIO.
Tomy GST 5-5 1 GST 12-12, BuisicHi 3 MUTO30EO
nevinku mypa, Ta GST 0, BugineHuit 3 TUTO30110
MEYIHKH JIFOJUHU, BiJIHECEHO JI0 HOBOrO Kiacy 0
[24]. Lli i30€H3UMU BiAMOBITHO CTAHOBJSATDH JIMILE
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0,002, 0,02 1 0,003% 3aranbHOI KUJIBKOCTI PO3YHH-
HUX MPOTEIHIB NEYiHKH.

I30en3um GST knacy ¢ Brepiie BUIITUIH 13
TpaBHOI cucTeMH HUXK4YMX XpebetHux [25]. [lotim
Jo 1poro kiacy BigHecnu PGDS (prostaglandin D,
synthase), sIKy BUIIJHIN 13 cene3iHKu nrypa [26].

[30en3um knacy { — ne GSTZ1-1 mronunwm [27].

Jlo kitacy ® BiHEeCTW BUIIICHHUHA 3 MEYiHKH
monuam i30eH3uM GST o [28].

IcayroTh mie inmi knacu i3oeHzuMiB GST, ski
BHSBJICHO B PI3HHX OpraHi3Max, ajie He y CCaBIIiB
[29]. Iz ©Oakrepiii Bumis Escherichia, Proteus,
Pseudomonas, Klebsiella, Enterobacter, Serratia,
Burkholderia Ta Rhodococcus BUmiIEeHO 1 O4uIIe-
HO 130¢opMmu kiacy B [30], 3 komax — kmacy o [29]
(cnouarky ioro no3naganmu GST1-1 a6o GSTI [31]),
i3 apixmkiB — kmacy v (GSTY1 Ta GSTY2) [32], 3
pocnuH — KkiaciB ¢ i T [29] (cnoyaTky iX mo3Haya-
mn GST1-1 abo GSTI ta GST2-1 a6o GSTIII [33]) i
kiacy A (GSTL1 ta GSTL2) [34]. OkpeMi i30eH3UMU
GST ccaBuiB Ta iHIIMX OpraHi3MiB MOXYTh OyTH
BIJIHECEHUMH JI0 OJTHAKOBHMX KJaciB [29].

Mimoxonopianena  GST. 13 marpukcy
MITOXOHJIpiH Te4iHKM 1ypiB OyB BHAIICHHH
i3oensum GST 13-13, sxuii crovatky BiJHECITH
0 Kiacy O uepe3 BHCOKY CTYIiHb TOMOJOTiT
aAMIHOKUCJIOTHHX 3aiummKkiB [35]. 3rogoM 1Irto
i3obopmy GSTKI1-1 BigHECIHn 10 HOBOTO KIacy K
[36].

[IpoTe B MITOXOHIPISIX BUSBICHO 130CH3UMH,
SKi KJIacu(iKyIOTh SK IMUTO30JbHI: o-, U- [37] Ta
n-xnacy [38]. Ha mpukmamgi GSTA4-4 rimoTeTHaHO
MIPUITYCKAIOTh, IO CYOOJWHHWIII B ITUTO30J1 Ma-
FOTh JBa MUISXH: 1) 3aTUMIATHCH B IIUTO30J1 dUe-
pe3 yTBOPEHHS TUMEpiB, SIKi HE TPAHCHOPTYIOThb-
csl; 2) TPaHCHOPTYBAaTHUCh B MITOXOHApIi Ticis
rinepdochopunysannss Hsp70, mo 3amobirae
MIBUAKIA JuMepu3alii B IHUTO30J1 1 POOUTH iX
TPAHCMOPTYBAHHSI MOXJIMBHM. TpaHCHOPTYBaHHS
3pocTae 3i 301IbIICHHSM BHPOOHUIITBA aKTUBHUX
dbopm kucuro. ToOto MitoxoHapianbHi GSTa3u
BIJIIrpalOTh KJIIOYOBY POJIb Y 3aXUCTi F€HETUYHOI 1
MeTabOJIIYHOT cUCTEM MITOXOHpiH [39].

MAPEG. 130eH3uM BHWJIUICHUH 3 MIiKPOCOM
MEYiHKU Imypa BiapizHgeTsest Bix i3odpopm GST
A, B i C [40, 41] i #ioro Oymo BiJTHECEHO A0 POJH-
Hn MAPEG (membrane-associated proteins in
eicosanoid and glutathione metabolism).

Lls1 pomyrHa CKITama€eThes 13 MIECTH MPOTEIHIB
mogunu: FLAP, LTC,S, MGST2, MGST3, MGST1
ta MGSTI-LI. IX MOXHa TONITUTH HA YOTUPH
niarpynu [42, 43].
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FLAP (5-lipoxygenase-activating protein) —
FIMOTEeTUYHO JIONMYCKAKTh, MO0 BiH € MOCTavalb-
HUKOM CcyOcTpaTy [Jisi S-TMINOKCHUTEHas3n siKa
karanmisye ytsopenHs LTA, 3 apaxinoHOBOi KmucC-
notu [43]. 3a nii S-miNOKCHreHa3w YTBOPIOETHCS
S-rigponepokcieiiko3aTeTpacHOEBa KUC-
nota (5-HPETE), mo perymoe akTHBHICTH
S-ninokcurenasu [44]|. AKTUBHICTh I[bOTO €H3UMY
nop’s3aHa 3 akTuBHicTIO LTA -cunrasu [45].

LTC,S (leukotriene C, synthase) karamizye
3p’a3yBanns LTA, 3 GSH [43]. Lle enunuii eH3uM re-
MaTONOETUYHHX KIIITHH, IO KaTaTi3ye IO peaKiito
[46]. LTC,S ne BusBnsc akTMBHICTb 3 1-xy0p-2,4-
nuHiTpoOeHzeHoMm [47] i mae 31% romouiorii B
amMiHOKuUCIOTHIN OynoBi i3 FLAP [48]. Bcranosie-
Ho, mo cunrte3 LTC, karanizyroTh reTrepomMepH, 1o
cknanarorhbes i3 FLAP ta LTC S, a cuntes LTB, —
romomepu FLAP [49]. LTC,S xaranizye ocHOBHMI
cunre3 LTC, B memOpanax JjereHb JIOAMHU Ta
eo3uHodinbHuX HL-60 kiiTuHax [43].

Y MikpocoMax MEYiHKU Ta EHAOTETialbHUX
kinituHax cunres LTC, xaramisyrore MGST2
(microsomal glutathione S-transferase 2) Ta
MGST3 (microsomal glutathione S-transferase 3)
[50]. B enporemianbHUX KIITHHAX IIi MPOIECU
BiIOYBAIOTHCS 32 y4acTio JIedKkouuTis [S1].

MGST2 ta MGST3 Takox katanizyrots GSH
3aJIe)KHE BITHOBIICHHS S-TiAponepokcieiiko3areTpa-
€HOEBOI KHUCIOTH JI0 S-TiApoelKo3aTeTpaecHOEBOI
KUCJIOTH, B ToH camuii yac FLAP ta LTC,S ne Bu-
SIBJISIIOTH TIEPOKCHUIa3Hy akTuBHiCT. MGST2 Ta
MGST3 He karanizytots neperBopenHsi 1-Cl-2.4-
IuHiTpoOeH3eHy. BoHn MoxyTh OpaTu yd4acTp y
JICTOKCUKAIIiT KCCHOOIOTUKIB Ta (UM) 3aXUIIATH BiJ
IIKJIMBUX METAOOIITIB, IO YTBOPIOIOTHCS Yy pasi
OKCUJATUBHOTO cTpecy [43].

MGST3 wmae 22%-ny noniouicts 3 MGST1 B
aMIHOKHCJIOTHOMY cKiafi, 36%- 3 MGST2, 20%- 3
FLAP i 27%-ny 3 LTCA4S [52].

MGST1 (microsomal glutathione S-trans-
ferase 1) — ne mikpocomanbna GST, Buainena mie
y 1982 p., sy Toxi [41] BijiHECTH 10 HOBOIO Kia-
cy. KoskHa cy0oauHuUIIsI 130€H3UMY CKJIAJA€ThCS 13
YOTUPBOX 0-CHipalieil, BOyIOBaHUX Yy MeMOpaHy.
N- i C-kiHIEBI JIISHKW Ta JAUISTHKA, 10 3B’SI3y€
a-cmipaii 2 i 3, po3MilieHi 330BHI, a JBI JiJISHKH,
o 3B’sI3y0Th o-crmipani 1 1 2 Tta 3 i 4 3Haxo-
nsateest Beepenuni [53]. Lg i3odopma cTaHOBHUTH
2,5-3% wmikpocomansHux npoTeiniB [41]. Bona
katanizye GSH-3amexxHe BiZHOBJIEHHS OKPEMHX
TiAPONEepPOKCUAIB JiMiJgiB, TaKMX SK OpraHiuHi
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TiPONEePOKCUAM, Ti1APONEPOKCHIN >KUPHHUX KHUC-
JOT Ta rigponepokcuau (ocdomimiais [54, 55],
BUSIBJISIE HU3bKY aKTHBHICTB J0 €HOKCUIIB [56] Ta
He karanisye nepersopenns LTA, y LTC, [57]. To6-
To (yHKIIis B 000X OpraHenax — 1e HelTpasizamis
NEepOKCU[IB JIMiMIB Ta 3BSI3yBaHHS 1HIIUX
peakuiliHo3naTHUX iHTepMeniaTiB 3 GSH [58].

MGST1-L1 (microsomal glutathione
S-transferase 1-like 1) — e mepma Ha3zBa LBHOTO
i3oeH3umy, skuit mae 38% romouorii i3 MGSTI
[52]. TlopiBHsuibHUIT  aHaNi3  HYKJICOTHJHOI
mocaigosuocti renie MGST1-L1, PIG12 ta PGE-
CUHTA3M TI0Ka3aB, 110 BOHU ijieHTHYHI [59]. 3apa3
BUKOpUCTOBYeThbcss HazBa MPGES-1 (microsomal
prostaglandin E synthase-1) [60] abo PGESI. Enzum
karanisye GSH-3anexune mepersopenns PGH, y
PGE, i He BUsBJIs€ aKTUBHICTB i3 TAKUMU CyOCTpa-
tamu GST sk n-HiTpodeHeTHI OpoMiT Ta eTakpu-
HOBa KucjoTa [61].

Hns GSTa3 nronunau cyOcTparamu € 45 crno-
JayK [62] 1 HOBI JOCIIJKEHHS III¢ TONOBHIOBATH-
MYyTh el CIHCOK. «YHiIBepCaIbHUM» CyOCTpaTOM
panime BBaxancs 1-xjop-2,4-AMHITPOOCH3EH, TPO-
Te OuIbiricTs GSTa3 BIAHOCHO 10 HHOIO HEAKTUBHI
[63]. SAxio i30en3umu GSTA3-3 [64], GSTP1-1 [65]
1 GSTM1-1 [66] i3 IeUiHKU TOAUHU BUSIBISIOTH BU-
COKY aKTHUBHICTb A0 LbOro cyocTpaty, To y GSTO1-
1 BoHa y coTHi paziB meHma [67]. ¥ GSTP7-7 i3
HUPOK HIypa HallBUIa aKTUBHICTH IO €TAKPUHOBOI
kuciotu [68], a y GSTTS-5 3 1uT030/110 MEYiHKU
mypa — a0 1,2-emnokcu-3-(N-HiTpodeHokcn)mpona-
Hy [24].

AKTHUBHICTh 130€H3UMIB BIJIPI3HSETHCS Y
pizaux opranizmiB. Y GSTKI-1 monunu [69] 3
1-x510p-2,4-MMHITPOOCH3EHOM BOHA 3HAYHO HHIKYA,
HiX y mypa i mumii [70], a 3 eTaKpHHOBOIO KUCIIO-
TOIO0, HaBIAKH, OLJIbIIIA.

[lepokcunaszna aktuBhicth GST  Bigirpae
BXXJIUBY POJIb B PEIOKC-KOHTPOJI TPAHCKPHUITLIi
rediB [71]. Y reni GST € kceHOOIOTHK- Ta
AHTUOKCHJIAHTBIIMOBITAIbHI TINHKU [72], yepes
SIKI 3IMCHIOETHCSI aKTHUBAIlis TpaHCKpUMIi [62].
XpomocomHiii tokaizaiiii renis GST, ix ckiagy Ta
CTPYKTYPI IPUCBSYEHO OaraTo mpab.

Cmpykmypa GST m-kjacy € TUIIOBA JIsS
BCIX IIUTO30JbHUX i130e¢H3uMiB. CyOonuHwMIIS,
BU/IIJICHA 3 JIETCHb CBHHI, Ma€ J[Ba Pi3HUX JIOMEHU |
i II. N-kinneBuit qomen [ (3anumiku 1-74) MicTuTh
HEHTpaJIbHE MACMO 3 YOTHPHOX P-CTPYKTYp 1 Tpu
a-cripani. Tpu B-ctpykrypu 1 (Bamumku 3-7), 3
(3anuinku 52-55) i 4 (3anuniku 58—61) cripsmoBaHi
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AQHTHUNApaNeIbHO 0 [-CTPYKTYpH 2 (3aJIMLIKK
29-32). Cnipanbp aB (3anmumku 38—43) 00’ennye
B-ctpykrypu 2 i 3, P-ctpykrypa 1 3’enHana 3i
cripaiio oA, a B-ctpykrypa 4 — 3i cinipauio oC.
Leit noMeH 3’€HaHUI KOPOTKOK UISHKOW (3a-
muniku 75—-80) i3 OuibmuM C-KiHIeBUM JoMeHOM 11
(3anmumku 81-207), sskuii MicTHTB 5 a-cripasieid: oD
(Bamumku 81-107), oE (3anumku 109-132), oF (3a-
mukn 148-163), oG (3amumku 172-182) i aH (3a-
muky 185-192) Ta 4 B-3ruHm, ane He B-CTPYKTYpH
(zamumku 140-141, 164-167, 168—171 i 196-199).
o ocrannboi croipam oH npuennana C-kiHiena
ninsaka (3anumku 193—-197). Coipani oE ta oF
cniony4ae S-mofiOHa finsHka (3anmuiuku 134-147)
[73].

Monexkyna  GST  #w-xmacy € Jqume-
pom 00y pHOT bopmu po3mipom
5,58M x 5,2 M x 4,5 um. CyOonuHwuIll 3°€THaHI, TO-
JIOBHUM YHHOM, T'1Ip0(OOHUMH 3aTTUIIKAMH CTPYK-
Typu B4 1 cipani aC gomeny | onHiel cyboaunmIi
1 aHTHUIapayenbHO CIPSIMOBAHOIO TIAPOI0 CHipajen
aD i oE nomeny Il npyroi cy6oquuwmmi [73].

Oco6nuBicTio B ctpykTypi GST p-kmacy €
HAsIBHICTH JIOBroOi METIi, TaK 3BAHOI «-TIETIi» (3a-
ik 33—42) Mik B-CTPyKTYyporo 2 Ta CHipajuiio
aB. ¥ GST o-knacy € BiIMIHHOCTI Y CTPYKTYpi
C-KIHIICBOI TUISTHKH — IIPUCY THS IOJIaTKOBA JICB’sITa
a-cripais [74].

CyOomnunuiii GST € KIHETHMYHO He3aJekHI
omHa BiJ OOHOI, TOOTO €H3MM Ma€ JBa AKTHUBHI
HEHTPH Yy JuMepi, sKi (YHKIIOHYIOTH OKpe-
Mo. O0unBi cyboauuuii marTh GSH-3Bs13yr0uy
ninsHky (G-caiT), SKU 3HAXOAUTHCS HA JIOMEHI 1,
Ta JUISHKY JUisl  3B’A3yBaHHA  TrigpodoOHUX
enektpodineHux cyberpariB (H-caiit) [75]. Cy0-
ctpar- Ta GSH-3B’s13yr04i AUISTHKK PO3MillIeHi Mo-
pyu [74]. Y GSTP1-1 mronunu B 38’13yBanHi GSH
Oepyth yuactb Tyr-8, Arg-14, Lys-45, GIn-52, ta
Ser-66 (puc. 2) [76].

[lopiBHSIHHST HYKJICOTHUIHOI IOCIIiIOBHOCTI
reriB GST pi3HUX BUIIB OpraHi3MiB MoOKa3a-
JI0, IO €BOJIFOIIIHO mepmium OyB 0O-kiac. Lle Ta-
KO TIATBEpPIKYE HH3bKa CTYIiHb TOMOJIOTI]
aAMIHOKHCJIOTHOI  IOCJIiIOBHOCTI  TIOPIBHSHO 3
130€H3MMaMH 0-, - Ta T-KJacis [77].

Hutosonbri  GST-a3u  eBOJIOIIOHYBAIU
3 TiopemokcuHy. Y HHUX 3’sBUBci JomeH I
(=130  amiHOKHCIIOT), SKHH BIANOBiTaE  3a
3BSI3yBaHHS 3  €JEKTPOPUIBHUMHU CcyOcTpaTa-
mu. MitoxonapianeHa GST  eBomonionyBana
IHIIUM [IISXOM — JOMEH, SKWUH BIAIOBiZa€ 3a
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3B’SI3yBaHHs 3 eJeKTpodiNbHUMH cybcTparaMu
(=142 aMiHOKHMCIIOTH) 3’IBHBCS MICHsI B-CTPYKTYpH
2, BcepenuHi qomeny I (puc. 3) [69].

VY ccaBuiB moisiekyina GST, B OCHOBHOMY, €
romonumepoM [78]. BuHSATKOM € MikpocoMalibHa
GST, sika € Tpumepom [79], Ta TpPUMEPHI MOJICKYIU
FLAP-LTC,S i FLAP [49].

Cyuachi nocmimkenHss GSTa3 ¢okycyroTbes
Ha iX poii B MpOTEIH—TIPOTETHOBIN B3aeMoii, CUT-
HaJIBHUX MeXaHi3MaX, OKHCHOMY CTpeci, ekcrpecii
reriB Ta ix perymoBaHHi [80]. ¥ kiiTuHI posb
GST mnonsrae B 3a0e3neueHH] OKUCHO-BITHOBHOT'O
rOMEOCTa3y UIUISIXOM  BIJIHOBJICHHSI  3aJIMIIKIB
LUCTEIHY MPOTEiHIB, M0 3amnobirae ix nerpanarii
icis Jii eHJOreHHOro (OKHCHOrO ab0 HITPaTHOro
CTPECY) YU €K30T'€HHOr0 (KCEHOOI0THUKH) (paKTOpiB
Ta y 3BSM3yBaHHI JraHjAiB JUIsl PeryJIIOBaHHS
KiHazHUX 1UIsxiB (3okpema JNK), ToOTO curHaib-
HUX MEXaHi3MiB BHJKMBaHHS Ta 3aruOeni KIITHH
[81].

Haitbinpmnii iHTEpec ist KJIIHIYHOIO 3a-
CTOCYBaHHSI Ma€ Ha/JIMIIKOBA eKcipecis i30popm
GST, mo TICHO MOB’s3aHAa 3 paHHIM [OYaTKOM
pI3HUX 3aXBOpIOBaHb, SIKi BHUHUKAIOTh BHACIIJIOK
NOpYIIEHHs AeTOKCcHKalii kaHueporeHis. Lle e ox-
HUM 3 OCHOBHHUX 3aXHMCHUX MEXaHI3MIiB MOMYJIAILIT
1HJyKOBAaHOTO PEaKTUBHUMHU MeTaboIiTaMH OKHC-
HOTO TIOIIKOJKEHHS, OCOOIMBO T'€HOTOKCHYHOI'O
[82].

Pi3Hi myxJMHU JTIOAMHM, SK MPaBHUIIO, €KC-
npecytoTs Bucokuil piBenb GSTPI1-1 mopiBHsiHO 3
HABKOJUIIHIMH TKaHHHaMHU. OTKe, piBeHb eKcpecii
GSTPI-1 € mapkepom po3BUTKY paky [83]. V pa3si
3aCTOCYBaHHS MPOTHNYXJMHHUX npemnapaTiB GST
3MIMCHIOE IETOKCUKAIIIMHY (PYHKI[I}0, YUM 3aXHILAE
3JI0KICHI KJITHHU 1 3HWXKYE eeKTHBHICTh Oara-
THOX JIIKapChKUX cnonyk [84]. Xoua i3opopmu o- i
0-kacy A€MOHCTPYIOTH OiIbIIY CHOPiIHEHICTH 10
cyOCTpaTiB, IKUMH € MPOTHUITYXJIMHHI Mpenaparu,
Hixk GSTPI-1, mpoTe ocTaHHS BIJIMBA€E HA CHTHAJIBbHI
[IJISIXH, [0 BIANOBIJAIOTH 32 BHIKMBAHHS KJITUH
[85]. BcTaHoBiIeHO B3a€MO3B’SI30K MiK T'€HOTHUIIOM
GST Al, O1 [86], P1 [87], M1 i T1 [88] Ta po3But-
KOM paky a00 e()eKTUBHICTIO HOTO JIIKyBaHHSL.

[IpoTe He nuIe TEHETUYHI 3MiHH € TPUYUHOIO
BUHUKHEHHS Ta pO3BUTKY paky. [loeneno [89], mo
MeTUJyBaHHs mnpomoTtopa reny GSTPI mnepenye
KaHILIEpPOreHe3y MPOCTaTH 1 BiAirpae BaXKJIMBY POJIb
y MIpOrpecyBaHHi paKy.

Busuenns metunysanss JJHK sik 6iomapkepi
Ma€ BEJIMKWW TMOTEHLIal [Js BHUKOPUCTAHHS B
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HELIXo2

HELIXo2

Puc. 2. Cmpyxmypa comooumeprnoi GSTPI-1 nioounu. Kosicna cyooounuys, npedcmasniena @ 3e1eHOMY i 4epeo-
HOMY KObOpI, ckaadacmuvcesa 3 210 aminokucromuux 3anuwxis [76] (6iomeoproemuvcs 3 003601y Hegazy U. M.,

Mannervik B., Stenberg G. // J. Biol. Chem. — 2004. — 279. — P. 9586—9596)

KJIIHIYHIN AIarHOCTUIll, ajié MPaKTUYHE BUKOPH-
CTaHHS Hapa3i oOMexeHe. YacTKOBO 11 TIOB’s13aHE 3
HEIOCTAaTHHOO Yy TIIMBICTIO Ta CHEHU(IYHICTIO IHO-
ro TEeCTy JJIs JIarHOCTUKH, & MOXKJIMBO MU IlIe HE
Ma€eMO JIOCTATHIX 3HaHb MIO/I0 TEHOMY Ta IPOIIECiB
metunyBanus JJTHK [90].

Hochimxenns, nposeieHi B uikapHi JKe-
HEBCHKOTO YHIBEPCHUTETY, MOKa3alld, 10 3a J0-
nomororo GSTP MokHa TOYHO BCTAHOBUTH 4Yac
micist iHCynnbTy B Oinbin Hixk 50% maunientis. [pu-
IyCKalOTh, 10 B MaiOyTHHOMY I JO3BOJIHTH
30IJBIINTH YHUCJIO TAIIEHTIB, AKi MOTPEeOYyIOTh
TPOMOOIII3HCY, ajle HE OTPUMYIOTH IO MPOIETYPY
yepe3 HeBU3HAuEHICTh vacy micis incynsry. GSTP
Majla Kpamie JiarHOCTHYHE 3Ha4deHHs cepen 29
JociipKeHnx 6iomapkepis [91].

28

GST  BUKOPHCTOBYIOTH  JIsl  PO3POOKH
peKOMOIHAaHTHUX BakUWH. Tak, Hampukiajg, OT-
pUMaHO BakUMHY ISl iMyHi3alii CBHHEH NpPOTH
LUCTUIEPKO3Y, 10 JO3BOJIMTH 3HM3UTH IEPEAady
30yJHHUKA JIIOAMHI Ta TONEPEIUTH PO3BUTOK 3aXBO-
proBanHs [92].

VY pocaun GST mae Taky camy 1€ TOKCUKALIHHY
(yHKLII0, K 1 B KJIITHHAX TBAPHH, 30KpeMa 3aXULIA€
BiJl opraniyHux 3a0pyxaHioBadiB. OOpoOka HaCiHHS
MIIeHUII repOiuugaMu Tepel MHOCiBOM 1HIYKYeE
GST, mo 103BoJIsI€ TPOPOCTH ILOMY HACIHHIO B 3a-
OpyIOHEHOMY IPYHTI, AKMH MICTUB HaTy 1 HU3KY
BRXXKHUX MeTaiB [93].

['myTatioHOBI KOH1OraTH €, 30KpeMa, IMornepe/-
HHUKaMU 3-MepKanTorekcaH-1-oiy, sk Hajgae BH-
HaMm apomar rpeindpyta adbo mapaxyiii. biocunres
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Puc. 3. Iopisuanus emopunnoi cmpykmypu yumo3sonvhoi (a) ma mimoxouopianvhoi (6) eaymamion-
mpancpepasu [69] (sBiomeopioemucs 3 003601y Robinson A., Huttley G. A., Booth H. S., Board P. G. // Biochem.

J.—2004. - 379. — P. 541-552)

IIi€1 CIIOTYKH aKTUBYETHCS B yMOBaX cTpecy abo 3a
nii maroreny [94].

3 gacy BIIKPHUTTSA CH3UMY MHUHYJO BXKE IIO-
Hax mBCTOMTTA. ChOrofHI € HOBI mMyOmiKaIlii THX
HayKoBIIiB [80, 95 Ta iH.], IKi MOYWHATIA BUBUCHHS
GST i ganm HampsM YUCICHHUM TOCIIIKCHHSM.
ITocTiifHO BIIKPUBAIOTHCS HOBI BJIACTHBOCTI Ta
(hyHKIIT i€l pOAUHU MPOTEiHIB, KA B MalOyTHHO-
My Oyne moTpeOyBaTd MEPIOAUIHOTO CHCTEMHOTO
aHaizy.

CTPYKTYPA U ®PYHKIIUHN
IVTYTATUOHTPAHC®EPA3

O. M. ®eoey

JIbBOBCKUMI HAllMOHAJIBHBIM YHUBEPCUTET
BETEPUHAPHON MEIUIIMHBI 1 OMOTEXHOJIOTUMA
nM. C. 3. I'’xunxkoro, Ykpanna;
e-mail: olehfedets@gmail.com

B 0030pe 0000mieHsl gaHHble O Kiaccugu-
KallM¥, HOMEHKJIAType, CTPYKType, cyOcTpaTHOU
Crieli(UYHOCTH U POJIHM MHOTOYHCICHHBIX H30-
9H3MMOB TJIyTaTHOHTpaHC(epasbl Ha KIETOYHBIC
¢ynkuuu. Co BpeMeHH OTKPBITHS SH3MMa MPOILLIO
6oxnee 50 neT. DTO ceMeHCTBO MPOTEHHOB, KOTOPOE
MOCTOSTHHO TOIOJIHSAETCS, HACTOJIBKO pa3HOoOpa3s-
HO II0 CBOEMY COCTaBy, 4TO emeé Joiro Oyaer Tpe-
00BaTh CHCTEMHOT'0 aHAJIN3a.

KnioueBbpie ciaoBa: rryraruoHTpanche-
pasa, U303H3UMBI, CTPYKTYpPa, CBOWCTBA, (DY HKITHH.
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STRUCTURE AND FUNCTIONS OF
GLUTATHIONE TRANSFERASES

O. M. Fedets

Stepan Gzhytskyi Lviv National University
of Veterinary Medicine and Biotechnologies, Ukraine;
e-mail: olehfedets@gmail.com

Data about classification, nomenclature, struc-
ture, substrate specificity and role of many glu-
tathione transferase’s isoenzymes in cell functions
have been summarised. The enzyme has been dis-
covered more than 50 years ago. This family of pro-
teins is updated continuously. It has very different
composition and will have demand for system analy-
sis for many years.

Key words: glutathione transferase,
isozymes, structure, properties, functions.
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