Sulfite oxidase, (EC 1.8.3.1) third molybdoenzyme is an enzyme in the mitochondria of all eukaryotes.
It oxidizes sulfite to sulfate and, via cytochrome c, transfers the electrons produced to the electron transport
chain, allowing generation of ATP in oxidative phosphorylation.

The recently discovered mammalian fourth molybdenum containing protein mARC1 is capable of
reducing N-hydroxylated compounds. It was named mARC because the N-reduction of amidoxime structures
was initially studied using this isolated mitochondrial enzyme. Upon reconstitution with cytochrome b, and
bs reductase, benzamidoxime, pentamidine, and diminazene amidoximes, N-hydroxymelagatran,
guanoxabenz, and N-hydroxydebrisoquine are efficiently reduced. These substances are amidoxime/N-
hydroxyguanidine prodrugs, leading to improved bioavailability compared to the active amidines/guanidines.
Thus, the recombinant enzyme allows prediction about in vivo reduction of N-hydroxylated prodrugs.
Furthermore, the prodrug principle is not dependent on cytochrome P450 enzymes [3].

All hitherto analyzed mammalian genomes harbor two mARC genes: molybdenum cofactor (Moco)
sulfurase C-terminal domain MOSC1 and MOSC2. Proteins encoded by these genes represent the simplest
eukaryotic molybdenum enzymes, in that they bind only the Moco. It is also suggested that they are members
of a new family of molybdenum enzymes. mARC and its N-reductive enzyme system plays a major role in
drug metabolism, especially in the activation of so-called "amidoxime-prodrugs" and in the detoxification of
N-hydroxylated xenobiotics, though its physiological relevance is largely unknown [4].

Thus, molybdenum is an essential trace element for virtually all life forms. It functions as a cofactor
for a number of enzymes that catalyze important chemical transformations in the global carbon, nitrogen, and
sulfur cycles. At least 50 molybdenum-containing enzymes are now known in bacteria, plants and animals.
Thus, molybdenum-dependent enzymes are not only required for the health of the Earth's people, but for the
health of its ecosystems as well. Humans require very small amounts. Plants are common sources of
molybdenum for animals and human. However, the amount of molybdenum in plants varies with how much is
in the soil.

Linxian is a small region in northern China where the incidence of cancer of the esophagus and
stomach is very high (10 times higher than the average in China and 100 times higher than the average in the
U.S. The soil in this region is low in molybdenum and other mineral elements, so dietary molybdenum is also
low. Increased intake of nitrosamines, which are known carcinogens, may be one of a number of dietary and
environmental factors that contributes to the development of gastroesophageal cancer in this population. Plants
require molybdenum to synthesize nitrate reductase, a molybdoenzyme necessary for converting nitrates from
the soil to amino acids. When soil molybdenum content is low, plant conversion of nitrates to nitrosamines
increases, resulting in increased nitrosamine exposure for those who consume the plants. Adding molybdenum
to the soil in the form of ammonium molybdenate may help decrease the risk of gastroesophageal cancer by
limiting nitrosamine exposure.

1. Alikulov, Z. A.; L'Vov N, P.; Kretovich, V. L. 1980. Nitrate and nitrite reductase activity of milk xanthine oxidase.
Biokhimiia. 45:1714-1718. (1980).

2. Beedham C. 1985. Molybdenum hydroxylases as a drug-metabolizing enzymes. Drug Metabolism Review. 16 (1-2): 119156.

3. Griinewald, S., Wahl, B., Bittner, F., Hungeling, H., Kanzow, S., Kotthaus, J., Schwering, U., Mendel. R.R., and B. Clement.
2009. The fourth molybdenum containing human enzyme mARC: cloning and reduction of N-dydroxylated structures. J. Med. Chem.
51,8173 —8177.

4. Havemeyer A., Lang J., Clement B. 2009. The fourth mammalian molybdenum enzyme mARC: current state of research.

Drug Metabolism Reviews. Publisher Taylor & Francis. 123-134.

5. Li, H.T., Samouilov, A., Liu, X. P., and Zweier, J. L., Characterization of the magnitude and kinetics of xanthine oxidase-
catalyzed nitrite reduction - Evaluation of its role in nitric oxide generation in anoxic tissues, Journal of Biological Chemistry, 2001,
276, 24482-24489.

P.A. Anwioaesa, I'.JK. bunanoea, A.H. Koycaxmemosa
OLIEHKA YCTOMYMBOCTHU 'EHOTHUIIOB NIIEHUIIbI K CBUHIIY U IUHKY JIJIS
CO3JIAHHMSA DKOJIOTHYECKHW YA CTOM TEXHOJIOIMU EE BO3JIEJIBIBAHUS
(Kazaxckuit HallMOHAJIBHBIN YHUBEPCUTET UM. aiib-Dapadu)

B nacmosuweil pabome npedcmasnena oyenka ycmouyugoCmu K C6UHYY U YUHKY DA3IUYHBIX 2EHOMUNOS O3UMOU NULEHUYb
6 1abopamophbix ycaogusx. IIposedennvlii CKpUHUHS NO360UNL BbIAGUNL YCHIOUYUBLIE U YYECIBUMENbHbLE (POPMUBL.

Haubonee octpas mpobiema, pelieHiue KOTOPOi NMeeT MPaKTUIecKoe 3HAYCHHUE, SIBIISICTCS 3arpsI3HEHNE
TSOKETBIMA  METaJJIaMH ~ arpOIeHO30B BONM3M KPYMHBIX MPOMBINUICHHBIX I1eHTPoB. OTAeabHBIE cOopTa
Pa3NIUYHBIX BUAOB MPOJOBOJBCTBEHHBIX KYJBTYP MPOSBISIOT CYIICCTBEHHBIC PA3NIUYMsA MO YCTOHUHUBOCTH K
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NEHCTBUIO TIOYBEHHBIX 3arps3HUTENCH[1,2]. DTH uX CBOMCTBA MOYKHO HCITOJIB30BaTh B DKOJIOTHYECKH YHCTOM
MIPOM3BOJICTBE, MMONOMpas Haubosiee ycTONHYMBBIE (GOPMBI, M0 HAKAIUIMBAIOUINE TSKENble METaJlIbl,
MOJy4aTh KOJOTHYECKH O€30MacHyl0 MPOMYKIHI0. MeTalioyCcTOHYMBEIE (OPMBI  TaKKe€ MOTYT CIY>XKUTh
JIOHOpaMU TIPH CO3JaHWHU TOJICPAHTHBIX K 3arpsA3HHUTENSIM COPTOB pacTeHmid [2]. BocTtouno-Kaszaxcranckmii
PETMOH XapaKTepU3yeTcsl HAIMYMEM OOJNBIIOr0 YHCla TEXHOTCHHBIX 3arpsi3HUTENEH, CpeIy KOTOPBIX
JAUIUPYIOWasl POJib MPUHAIEKHUT TsHKETIbIM MeTamiam[3]. B cBs3u ¢ 3TUM ObUIM HCCIEIOBaHbl pa3IHYHbIC
TEHOTHIBl  O3WMOHM  IIIEHWIBI, BaXXHOW  CEINbCKOXO3AHCTBEHHOHW  KyNbTYpPBI, [IJS  BBISBICHHA
METAJIOYCTOMYMBEIX BHIOB C LEIbI0 WX JalbHEHIIEro WCIHOJIb30BAHUA B OSKOJOTHYECKH YHCTOM
MPOM3BOJICTBE W CENEKIMOHHOM Tpolecce. [Ipeapinyiye uccieoBanus ObUIM TPOBEICHBI Ha Pa3IMYHBIX
TeHOTHUIIaX U3 MUPOBOI KOJUIEKIIMH, B IIPEICTABICHHOM HCCIIEIOBAaHUH OBLTH B3ATHI T€HOTHUITBI U3 KOJUICKIIHH
Bocrouno-Kazaxcranckoro HUM censckoro xossiictea (BKHUMCX). DOTe TeHOTHIBI TPEICTaBISIOT
00JIb11I01 HHTEpEC, TaK KaK OHU palloHHpOBaHbI B pernoHe Bocrounoro Kazaxcrana.

Takum o00pa3oM, OOBEKTaMH HWCCIECAOBAHMS CTaJIM Pa3IUYHbIE TEHOTUIBl O3MMOHM IIICHUIBI,
paiioHupoBanHble B peruoHe Boctounoro Kasaxcrama: Cubunka, bynaBa, MuponoBckas 808, MwuHr-2,
116/271. DxcniepiMeHTBl OBLIH BBIOJHEHBI Ha 7-CYTOYHBIX TPOPOCTKAX, BHIPAIICHHBIX HA ITHTATEIbHOM
cmecu, copepkamieit 0,1MM CaSO,, nonst Pb B xonunentpanuu 200 u 400 mr/n (B Buge conu Pb (NO;),) mwin
noubl Zn B kxoHneHtpauuu 200 u 400 mr/n (B Buge comm ZnSQ,). M3MepeHne poCTOBBIX IMOKa3aTese
MIPOBOAMIIOCH OOIIETIPUHATHIMU MeTOAaMu. MH/IeKC TOepaHTHOCTH WK K03 pHuIneHT Y UIKHHCa BBIYHCIISITH
o popmyine: [=ly/le, e Lye— IpUPOCT KOpHEH Ha PacTBOPE C UCCIIEAYEMbIM METAIOM, |- MPUPOCT KOpHEH
Ha pacTBope 0e3 Meramal4].

HccnenoBanne renotumos u3 kojuiekimn BKHUMCX mokazano, 9To ucclieyeMble TEHOTHITHI 0 POCTY
HaJ3eMHBIX OPTaHOB NPH BHICOKOH KOHIICHTpPAIlMM CBHMHIIA MOXXHO pAaCIOJIOKUThH CIEAYIOIUM 00pa3oM:
Cubunka>MupoHnosckas 808 > bBynaBa >Munr-2 >Komcomonbckas 56 (pucynok 1). Haubonee ycroiiunBbiMu
K JISHICTBHIO CBUHIIA CPEIU MCCIIEAYEMBIX TEHOTHIIOB MOYXXHO CUHTATh MPOPOCTKHA COPTOB O3UMOW TIICHUIIBI
Muponosckas —808 1 CnbuHka, HanboJee YyYBCTBUTEIBLHEIMH - cOpT KoMcoMombckas 56.

Koadduuument YunkuHca WM HHICKC TOJIEPAHTHOCTH HAMOOJNBINMN NPH HHU3KOHW KOHIEHTpAIMU
CBUHIIA Y copToB MupoHnosckoit 808 n Cubunka, cpemnnue y coptoB Komcomonbckas 56 m  bymasa,
HaUMEHBIIUH y copTa O3uUMON mImeHUIl Munr-2. Ilpu BBICOKOH KOHIICHTpAIMHd CBUHIIA HAHOOJBIIHE
ko3 dumentsr Yuikuaca y copra Muponosckas 808 u Cubunka, cpennue y reHoturioB Komcomonbckas 56
n bynaBa u Haumenbwmmii y Munr-2. Ilo pe3ynpTaraM HCCI€AOBaHUSA POCTa KOpPHEH IpPU Pa3INYHBIX
KOHIIEHTpAIMsIX CBUHIA B Cpele BBIPAIIMBAaHUS W HMHIEKCA TOJEPAHTHOCTH MOXKHO BBIAETUTH  COpTa
Muponosckass 808 u CubuHkKa Kak TEHOTHNBI ¢ HaumOosiee YCTOMYMBOM KOPHEBOM CHCTEMOH K
HeOIaronpusATHOMY ACUCTBHIO CBUHIIA.

JlnrHa KopHeH yMeHbIanach B cienyromeM mnopsiake: MupoHoBckast 808 >Cubunka> bynasa > MuHr-
2 > KoMmcomodnbckas 56.

Takum 06pa3oM, CyJsi MO POCTY HAJ3EMHBIX OPraHOB, HanOoJiee YCTOWYMBBIMU K JACWCTBUIO CBHUHIIA
CPeIH HCCIIeTyeMbIX TeHOTHIIOB MOKHO CYHTATh COpPTa 03MMOi mineHuIsl Muponosckas —808 u CubuHKa,
HanboJiee TyBCTBUTEIBHEIM - copT KomMcomombckas 56.

MpopocTkun

:Ilg OMwp-a 808
:Ilg ] BMuHr- 2
s 11
° g’ -] BCubnHKa
4+
2 T4 L s BKom- 56
KOHTPOIb Pb 200mr/n Pb 400mr/n Bbynasa

FeHoTunbl:1-MupoHn-a 808, 2-MuHr-2, 3-CuéuHka, 4-Komcom-s 56, 5-
Bynasa

Pucynok 1 - BiusHue cBUHIIA HA (OPMUPOBAHKE BBICOTHI IPOPOCTKOB Y PA3IUYHBIX TEHOTHITOB MIICHUIIBI
n3 xoiuteknuu BKHUNCX
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WccnenoBanme reHotunoB n3 kouiekimd BKHUWCX moka3zano, 9To MO poCTy HAaI3eMHBIX OpPTaHOB
MIPH BHICOKOW KOHIICHTPAITMU ITUHKA TEHOTHIIBI MOXHO PACIOJIOKHUTH CICAYIONMM o0pa3oM: MupoHOBCKas
808 >Cubunka> bymnasa > Komcomoinbckas 56 > MuHr-2 (pUCYHOK 2).

MPOPOCTKU
a1
16
14 . 2
12 +—
10 +—
s 81— @3
(5]
6 +4—]
PREN NS EEeE . v EEEEEREER o EEE NSV SR — . P a4
- -
KoHTpone Zn 200mr/n Zn400muin B85
FeHoTUNbIl: 1-MUpoHoBCcKaA 808, 2-MuHr-2, 3-CubuHka, 4-Komcomoneckan 56;
EynaBea

Pucynox 2 - Biusiaue nuaKa Ha GOPMUPOBAHUE BBICOTHI IPOPOCTKOB Y PA3TUIHBIX TEHOTHUIIOB IIITEHHUTIBI
xomreximn BKHUMCX

JnuHa kopHed mpu 3TOM KOHILIEHTpAllMM IIMHKA yMEHbIIAllach B CliellylolleM Mopsake: bynasa
>Muponosckas 808 > Komcomorbckast 56 > Munr-2 >CubuHka.

Cyns mo pocTy Hag3eMHBIX OpPTaHOB, HanOoiee YCTOWYMBBIMUA K LUHKY CPEIH UCCIEAyEeMbIX BUIIOB
MOXKHO cyHTaTh copTa MupoHoBckas 808 um CubmnHka. CiemyeT OTMETHTh, YTO KOPHHM pPACTCHHU copTa
03uMoOi1 mimeHnnsl bynasa Obu1u Hanboee yCTOMUMBBIMY K I€HCTBUIO IIMHKA, HANOO0JIee YyBCTBUTEIBHBIMU —
copra CuOuHKa.

Ilo pesynpTaram HccIEIOBaHUM MOXKHO CHAENATh BBIBOA, YTO  IIO IOKA3aTessIM POCTa HAaA3E€MHBIX
OpraHoB, HanOoyee YCTOHYMBBIMH K JEHCTBUIO CBHMHIIA CPEIU MCCIEAYCMbIX I'€HOTHUIIOB SBJISIOTCS COpTa
03uMoii mimennil MuponoBckas —808 u Cubunka, Hanboiee YyBCTBUTENIBHBIM - cOpT KomcoMonbckas 56. B
OTHOUICHWH IIMHKA, Haubojee YCTOMYMBBIMH CpEeId HCCIEIyeMBbIX TE€HOTHUIIOB TakKe SBIIOTCS CcopTa
Muponosckas 808 u Cubunka. Hanbosnee 9yBCTBUTENTFHBIMU OKa3aJIMCh MPOPOCTKH COPTAMUHT-2 W KOpHH
copra CubuHKa.

Takum 00pa3oM, Cyst MO POCTY HAaA3EMHBIX OpraHOB, HauOoJiee YCTOWYHMBBIMUA K ACHCTBHIO 000MX
HCCIIEAyEeMbIX METaJUIOB (CBHHIY M LUHKY) CpPeOu HCCIEeIyEeMBbIX I'€HOTHUIIOB MOXHO CUYHMTaTh HPOPOCTKH
COpTOB 03UMOi1 TimreHuIbl MupoHoBckas 808 u CnbOmaka. Hanbombimuit mATEpEC IS HAC TPEICTaBIAET POCT
Ha/I3eMHBIX OPTraHOB,TaK KaK YCTOWYMBOCTh Ha/I3€MHBIX OPraHOB CBHETENHCTBYET O TOM, UTO B HaJ3E€MHBIE
OpraHbl MOCTYMAEeT MANOTKENIBIX METAUIOB WIM YCHEIIHO pPaboTaloT 3alUTHBIC MEXaHU3MbI CBSI3bIBAHUS
WA OpYyrod HX MHAKTHBAaLUH. Majoe KOJIMYECTBO MOJBIXKHBIX (JOPM TSDKENBIX METAJUIOB B HAA3EMHBIX
OpraHax TOBOPHUT O TOM, YTO B 3€pHO, KOTOPOE SIBJIIETCS TOBAPHOM YaCThIO MIIEHHIIBI, TAKXKE MOCTYIUICHHE
OyzeT MUHUMAaJIbHBIM.
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dokck

JKymvicma 3epmxananvlk cabakma KublcmulK OuOaiiobly apmypii 2eHOmMunmepiniy Mulpblul NeH Kaaativlea mo3iMOLiniciHe

bazanay kepcemineen. JKypeizineen 3epmmeynep Hamudicecinoe mesimoi JHcoHe ce3imman mypiep anblHObL.
skeksk

In the present rabotepredstavlena sustainability assessment to lead and zinc with different genotypes of winter wheat in the
laboratory. Screening revealed a stable and sensitive forms of.
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