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ABSTRACT

Molybdenum is a key microelement in plant vital functioning. The
microelement can be absorbed by the plants only in the form of molybdate-anion.
The Molybdenum deficiency affects negatively to the most important agricultural
growing. As molybdenum takes part in such vital mechanisms as nitrogen and
sulfur metabolism, plant hormone biosynthesis, and purine banding catabolism.
Molybdenum is included in enzyme content which is called molybdoenzyms.
Having bonded with molybdopterin it creates molybdenum co-factor (Moco) and
gets oxidation-reduction properties. Moco is included in active site of
molybdoenzymes. They take part in sulfur and nitrogen metabolism, and
detrimental compound detoxication. Molybdenum deficiency is characterized by
the slow plant growth, low amount of chlorophyll ascorbic acid capacity.It was
noticed that plants suffering from the molybdenum deficiency can be saved,
sodium molibdate can be used, it can be put directly in the soil or plant leaves can
sprayed with the solution. There are five plant molibdoenzymes which are
currently known: sulfite oxidase (SO), xanthine dehydrogenase (XD), nitrate
reductase (NR), aldehyde oxidase (AO) and mitochondrial amidoxim-regenerative
component. Nitrate reductase catalyzes the first stage of nitrate assimilation,
eucariotic organisms contain three isoforms of the molybdoezimes: A NADH, A
NAD(P)H u NADPH. Xanthine dehydrogenase regulates purine metabolism. XD
increases plant antioxidant ability and slows down leaves aging. Molybdoenzymess
are involved in the process of the stress adaptation, defining of the mechanisms
and their reaction to environmental stress conditions is important for plant stress
resistance.

Key words: molybdenum, molybdoenzymes, sulfite oxidase, nitrate reductase,
molybdenum deficiency, abscicic acid.

INTRODUCTION

All over the world a wide range of soils suffers from the molybdenum deficiency.
The deficiency of the element creates agrarian problem, as it influences crops quality
and brings to loses of vital agricultural crops. The plants which suffer from the
molybdenum deficiency, grow slowly, contain low amount of chlorophyll and ascorbic
acid [1].

Tomato molybdenum deficiency appears as spots on the lower leaves, if the
sickness progresses the necrosis of leaves edges appears, the leaves may roll,
inflorescence drop, fruit do not develop [2]. Sugar beet molybdenum deficiency appears
as light-green leaves, which later get yellow-green coloration, old leaves in the area of
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the tip or leaf stock roll and die. The symptoms move from old to new leaves, the dying
of the apical point is on the 7" or 9™ week. Hordeum molybdenum deficiency appear as
opaque bright-green leaves, their tips become ivory or light-brown, seeds become small.
If the level of deficiency is critical the caulis are getting weaker, leaves dull-green with
brown tips, which are becoming necrotic patches. New leaves are rolled with the
chlorosis signs, seeds do not develop [3].

Leguminous plant molybdenum deficiency looks like nitrogen hunger. Critical
molybdenum deficiency slows down the process of plant growth much, the plants
become dull-green, lives lose their form and die. Tubercules are badly developed or
absent at all [4].

The majority of the changes discussed above are connected to molybdoenzymes
activity decrease. One of the first experiments connected to the molybdenum necessity
for the adequate plant growth was demonstrated with help of tomato plants, which were
grown on the plant culturing units with solution, which did not contain molybdenum.
The plans grown with the molybdenum deficiency showed phenotypes, such as
chlorosis, changes in limb morphology. The first case of molybdenum deficiency was
registered in agriculture on the runs of the South Australia. Later it was noticed that
plants suffering from the molybdenum deficiency can be saved, by using sodium
molybdate in the soil or by spraying the leaves with the solution [5].

In plants molybdenum takes part in nitrogen and sulfur metabolism, plant hormone
biosynthesis, and purine bonds catabolism. The physiosorption is influenced by soil pH,
the ideal pH level for the molybdenum physiosorption is 4 and 5. In acidic sandy soils
the level is not high, thus plants suffer from deficiency in current micronutrient. Adding
of lime and phosphorous fertilizers increases molybdenum availability for plants [6].

Plant molybdoenzymes. Having bonded with molybdopterin, molybdenum forms
molybdenum cofactor (Moco) (Fig.1.) and gets reductive-oxidative properties. Moco is
included in active site of molybdoenzymes, for the work they use small strands of
electron transfer and take part in sulfur and nitrogen metabolism, hormone synthesis,
and detrimental compound detoxication [7].
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Fig.1. Two forms of Moco required for the transition in molybdoenzymes family
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Molybdoenzymes X-ray crystallographic analysis shows that cofactor is not
situated outside protein, it is in the depths of a molybdoenzymes, and thanks to its
structure becomes available for the complying substrate. When the amount of
wolframium increases, the activity of molybdoenzymes decreases. Wolframium is
molybdenum’s antagonist as it can change molybdenum in molybdoenzymes, creating
catalytically-active or subactive analogue [8].

Molybdoenzymes in plants are the key molybdoenzymess in nitrate assimilation,
purine metabolism, hormone biosynthesis, and most likely, sulfite detoxication. It is
believed that they take part in the process of stress adaptation and, as a result
understanding of the way they react in environmental stressful situations is vital for
agriculture and for plant stress resistance improvement [9].

Molybdate anion is the only molybdenum form, appearing in soil, which is
available for plants. More than fifty molybdoenzymes are depend on molybdenum
(concentration), there are five types of such enzymes known in plants: sulfite oxidase,
mitochondrial amidoxim-regenerative component, xanthine dehydrogenase, nitrate
reductase, and aldehyde oxidase [10].

Nitrate reductase: functions, isoform, and factors influencing to its activity.
Nitrate reductase (NR) is a vital molybdoenzymes in plant life. It catalyzes the first
stage of nitrate assimilation, turns nitrate into nitrite to be precise [11].

For a long time NR was considered to be the main molybdoenzymes responsible for
nitrogen oxide production in most plants. Nitrogen oxide, regulating growth, developing
metabolism, and leaf aging is incredibly vital in plant existence, it is also responsible
for plant biotic and abiotic stress, protective processes in the fight with pathogenic
agents. However, it is well known fact now that nitrate reductase is not able to produce
nitrogen oxide from nitrite in vitro, when noitrate is in environment. NR is able to
provide NADH electrons in mitochondrial amidoxim-regenerative component (which is
renamed in NR-forming nitrite reductase) for nitrite recovery process up to nitrogen
oxide. NR-forming nitrite reductase produces nitrogen oxide due to electron transport
chain by nitrate reductase from NAD (P) H to heme [12].

There are three isoforms of nitrate reductase in eukaryotic organisms: A NADH-
specific nitrate reductase peculiar to such plants as tomato, tobacco and water-inhabiting
plants. A NAD(P)H is contained in monocotyledonous plants: rice, barley, and corn,
also in coral bean and common birch, and NADPH is in mushrooms. There are all three
forms of isoforms in soybeans. The most of the higher plant are characterized by A
NADH specific isoform. NR is a dimerous protein which consists of two identical
subunits; for the nitrate catalysis reduction process there are three prosthetic groups in
each subunit: the first group is FAD which is located at C-terminus polypeptide, the
second is a gem or Cytb557 which is located in the center, and the third one is MoCo
which is at N-terminal end of a molybdoenzymes (Fig.2.). In the reduced form to ease
the process of nitrate consumption, NR is used by a electron physiological donor,
ferredoxin [13].
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Fig.2. Nitrate reductase structure.

Transformation of non-organic into organic nitrogen form is a process of nitrate
assimilation. About 25% of photosynthetic energy is spent for this process. The
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production of ammonium in chloroplast includes two stages of transportation and two
stages of reconstruction. Transportation stages mean getting of nitrate into a cell and
nitrite into chloroplast. The firs stage of nitrate reconstruction into nitrite is in cytosol, it
catalyzes by nitrate reductase, the second stage is a change from nitrite to ammonium,
catalyzes by nitrite reductase (Fig.3.) [13,14].
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Fig.3. The production of ammonium

In the darkness or when the roots are located in anoxic environment nitrate
reductase activity increases, but nitrite reductase activity decreases, nitrite is collected in
cells, and later it is released into environment. Nitrite is transported either in the form of
protons or in the form of ions. In acid environment nitrogen oxide is formed from the
proton form of nitrite by nonenzymatic reaction: 2HNO2 <NO + NO2 + H20.
Maximum activity of nitrite reductase appears if pH 6.1 is [15].

Light and carbohydrates influence nitrate reductase at the level of transcription and
translation. It was proved that short non-stop green light exposure (48 hours) in
combination with red and blue lights decreases the nitrate content. Thus, red and blue
lights are photosynthesis promotoring agents, while green light affects positively to
nitrate reductase gene expression [16]. The same way, in darkness adjusted tobacco
plants Tex-Mex, sucrose, glycose, and fructose strengthen nitrate reductase expression.
During days and nights nitrate reductase gene expression changes with help of
transcriptional or post-transcriptional regulations. The level of nitrate reductase
informational riziform increases at night, reaches its peak at the dawn, and gradually
decreases during the day. Low temperatures and draught influence nitrate reductase
gene expression and decreases daily activation of these genes in tomatoes, yet draught
decreases the level of nitrate reductase informational riziform in corn leaves. Apart from
the environment factors, plant hormonesalso influence nitrate reductase expression [17].
Cytokinins increase the nitrate reductase activity in many plants. Thus, cytokinins
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increased nitrate reductase activity in cabbage stem piths explants, wheat and barley
germs, and cut out cucumber seed lobes [18].

Dormin also leads to nitrate reductase activity stimulation, if potato tuber pieces
have been treated for 22 hours in advance, at zero ectogenous nitrates level the nitrate
reductase activity increases and the content of endogenous nitrates increases as well.
Pre-treatment with the solution containing dormin and actinomycin D, affects the best
stimulation of NR [19].

Therefore, NR catalyzes the stage of nitrate transformation into nitrite. There are
three isoforms of nitrate reductase in eukaryotic organisms: A NADH, A NAD(P)H u
NADPH. Green light affects positively to nitrate reductase gene expression. Cytokinins
and dormin increase activity of the enzyme as well. Environmental factors such as low
temperature and draught decrease activity of NR in plant leaves.

The role of mitochondrial amidaxim reductase is not learned in detail yet, the well
known fact is plant genomes contain two isoforms of the given molybdoenzyme [20].

Xanthine dehydrogenase: functions, construction, and role in plant life.
Xanthine dehydrogenase (XD) is a molybdoenzyme which regulates purine metabolism.
It catalyzes 2,6,8-trioxypurine formation from xanthine and hypoxanthine, and later
allantoin and allantoat synthesis with help of chain of metabolic reactions (Fig.4.).
Xanthine dehydrogenase activity increase boosts rice antioxidative capability and slows
down the aging process of rice leaves. By doing so, this enzyme improves the
photosynthesis products collection and increases the yield [21].
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Fig.4. Xanthine dehydrogenase catalyzes uric acid formation

XD is a homodimeric enzyme, its molecular weight is 285,000; it consists of two
subunits, molecular weight of each one is 141,000. Holoenzyme contains 1.7 (£ 0.7)
gram-mol of molybdenum and 8.1 (+ 2.0) gram-mol of ferrum / gram-mol of enzyme,
the enzyme itself contains FMN in the role of flavin, thus it is milybdo-ferro-flavo
enzyme. Animal XD and mushroom XD is also milybdo-ferro-flavo enzyme with a
FAD as a flavin [22].

Xanthine dehydrogenase is required for fixed nitrogen assimilation in grain-bean
cultures. 2,6,8-trioxypurine, which is formed in the process of reaction, that is catalyzed
by xanthine dehydrogenase, it is precursor substance for ureide, allantoin, allantoat. In
turn these elements transfer nitrogen in bean cultures. Conducted researches, in vitro
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have shown that in kidney beans xanthine dehydrogenase can act as dehydrogenase or
as oxidase. To be precise it can either protect from oxidative radicals, or vice versa,
produce them [23]. The same way, in the pattern plant, Arabidopsis thaliana, affected
by powdery mildew, xanthine dehydrogenase, plays two roles, functions as oxidase
along with NADPH oxidases RbohD and RbohF, producing superoxide, which
transforms into hydrogen peroxide. Hydrogen peroxide supports resistance of the
harmed cells to the powdery mildew. At the same time this molybdoenzyme functions
as dehydrogenase which is producing 2,6,8-trioxypurine to capture hydrogen from
chloroplasts, which were under stress, thus, it protects a plant from oxidative damage
caused by stress [24].

Above all mentioned before in transgenic plants Arabidopsis thaliana with “silent
genes” xanthine dehydrogenase AtXDH1 and AtXDH2 there was the fact, that sudden
decrease of XD protein level leads to quick extra xanthine accumulation and slow
growth phenotype, in this case development of fruit and seed crop-producing power is
worsen even in normal conditions of growing. XD inactivation leads to early leaves
ageing process and quick chlorophyll cleavage. This experimental work proves the
importance of XD at the time of plant growing and development, and also in
physiological processes of leaf ageing [25].

XD plays an important role in adaptation of Arabidopsis thaliana in the period of
draught, as enzyme knock down leads to accumulation of extra hydrogen peroxide level
in transgenic plantlets in comparison with wild plantlets. Increasing of the level oxygen
active forms (OAF) influences to lower resistance level in the periods of draught, as
OAF level exceeds the tolerance level of XD suppress lines, which leads to remediless
oxidative damage. This damage leads to intense cells death. Therefore, XD activity
suppression creates arabidopsises sensitive to draught [26].

The experiment with barley, which was grown in Hoagland medium, showed that
XD activity increases in all parts of a plant if sodium molybdate concentration increases
up to 100 mcM/liter in nutritional medium, whilst activity in leaves does not change
much. Activity of the enzyme in root extract increased a bit if the level of sodium
tungstate increases up to 1mcM/liter, yet further increase of concentration leads to
decrease of activity. In other words, activity of XD in barley increases if molybdate and
some amount of concentration tungstate are added [27]. It does not metter which XD
substrate catalyzes OAF, thanks to inner activity of NADH oxidase. XD produces OAF
in a FAD-containing domain by NADH oxidation. Being supported in conditions of
hypoxia the reaction depends on pH and the level of oxygen [28].

OAF is a side product of plant aerobic metabolism it forms in chloroplasts,
mitochondrions, and peroxisomas. OAF causes remediless DNA damage and cells
death, but also works as important signal molecules, which are regulatin normal plant
growth and reaction to stress [29].

According to everything mentioned above, XD catalizes 2,6,8-trioxypurine
formation from xanthine and hypoxanthine, and later allantoin and allantoat synthesis.
This molybden enzyme is necessary for fixed nitrogen assimilation in a grain of a bean
plant. It increases plant antioxidative capability and slows down leaves ageing,
influences directly to fruit development and seed fertility. XD helps to draught
adaptation process if small amount of molybdate and tungstate concentration are added.

CONCLUSION

To sum up the digest, the importance of molybdenum for plants was shown. In case
of molybdenum deficiency plant leaves morphology changes, seeds develop poorly,
flowering is broken, growth of plants slows down. The micro element is included in
several enzymes which are called molybdoenzimes. Having bonded with
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molybdopterin, molybdenum form molybdenum cofactor (Moco). It gets reductive-
oxidative properties. Moco is included in the active site of molyubdoenzymes, they
take part in sulfur and nitrogen metabolism, hormone synthesis, harmful bonds
detoxification.

Molybdoenzimes take part in the processes of stress adaptation and as a result play
important role for the agriculture.
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ABCTPAKT

Moaubaen eociMaikTepaiH TipmIviirinae Herisri MHKpPO3JeMeHT 00JibII
Tadbl1agbl. OciMIIKTep OChI MHKPO3JEMEHTTI TeK MOJH0AaT-aHWOH TYpiHae
ciHipeni. MoJymn0aeHHIH KeTicmeywnijiiri aca MaHbI3Abl ayblLl IAPYAIIBLIBIFBI
AaKbLIIApbIHA 3USAHABI dcep ereli, cebedi MomOaeH eciMaiKkTepae a30T, KYKIpT
MeTa00Im3Mi, ociMaik TOPMOHIAPbIHBIH omocuHTe3i MEH NypHH
KOCBUIBICTAPBIHBIH KATA00JM3Mi CHSIKTHI MAaHBI3Abl MeXaHU3MAepre KaTbICAbl.
Moaubaen moaubaodgepMeHTTEp JAeNn aTajJaTbilH (epMEHTTEpPAIH KypaMbIHA
kipeai. On1 mMomogonTepuHMeH OailiaHbIchIn, MoaudaeH kopakTopbiH (Moco)
KYpPaiabl K9He TOTBIFY-TOTBIKCBHI3JaHY KacueTTepiHe wue Oouaaabl. Moco
MOJM010(epMEHTTEPAiH AKTHBTI CATHIHBIH KypaMbiHa Kipeai. OJiap KyKipT nen
azor Mera0oJmM3MiHe, TOPMOHJAAP CHHTe3iHe, 3HSAHIAbI KOCBLIBICTAPIbI
YBITChI3IaHABIPYFa KaTbicaAbl. MoIn0aeHHIH xKeTicneyminiri eciMaikrepain 6asy
ocyiMeH, XJIOPOQM/IJI MeH acKOpPOMH KbIIMKbLILI MeOJIIEePiHiH a3 00JybIMeH
cunarranaabl. Tonbipakka HATPUH MOJIHOAATHIH KOJIJIaHY HeMece OChl epiTiHaini
JKANBIPBIKTAPFa IIALLY AapKbLIbl MOJIMOJEHHIH :KeTicmeymiiri OaiiKaJaTbIH
eciMaikTepai cakTanm Kajgyra O00JATBIHABIFbI AHBIKTAJIbI. Bec eocimaik
MoJMON0H3uMAepi Oeariii: cynbpur okcuaaza (CO), KcaHTHMH JeruaporeHasa
(KAI'), auTparpenykrasa (HP), anbaerun okcugasa (AQ) koHe MUTOXOHAPUSIIBIK
aMHJIOKCUM-KAJINbIHA KeaTipymi kommnoHeHT. Hwurtparpenykraza Hurparrap
ACCMMWJIALMSACHIHBIH OipiHIII CATBICBIH KaTajau3deili, 7yKapuoTThIK aF3ajapaa
ockl MoanOaopepmeHTTiH YiI H30popmackl Kamtbliran: A NADH, A NAD(P)H u
NADPH. KcanTunaerugporesasa mnypunaep Mertadoausmin perreiiai. KA
OCiMIIKTepIiH AHTHOKCHIAHTTHIK KaOLIeTiH apTThIPaAbl KOHE KalbIPpaAKTAPIAbIH
eckipyin 0astyaaTanabl.

MoumnonodgepmenTTep  Kyiideqdicke Oeiiimaeny mnpoueciHe TapTbLIadbI,
0JIapAblH  CBIPTKbl OPTAHbIH KYi3eJic JKaFlaililapblHA  peaKUUsIChIHBIH
MeXaHU3MIEPiH aHBIKTAay OCIMAIKTEepAiH Ky#3edicKe TO3IMALTIIH KaKCapTy YIIiH
MAaHbI3/bI.

Herisri ce3nep: moanbaodepmentrep, cyJbGuUT 0KCHIA3a, HUTPATPEAyKTAa3a,
MOJINO/IeH KeTicneymiairi, a0ciu3 KbIMKbLIbI.
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YYACTHE MOJIMBJO®EPMEHTOB B BUOXUMHNYECKHUX
INPOOECCAX PACTEHUU

Toxamesa /I.C., HypoexoBa 7K.A., AkbacoBa A.)K., Omapos P.T.

Eepasuiickuti Hayuonanvnwiii ynusepcumem um. JI.H. I'ymunesa,
Kagheopa buomexnoiocuy U MUKPOOUOIO2UU

va.Kascumyrana, 13, o. Hyp-Cynman, 010000, Kazaxcman
dana041193@mail.ru

ABCTPAKT

MoJin0aen siBJjsieTcsl KJIKYEBbIM MHUKPO3JIEMEHTOM B KH3HeAesATEeJbHOCTH
pactenuii. J{aHHBIH MHMKPO03JIeMEHT MO:KeT ObITh YCBOGH PACTEHHSIMHM B JIHIIb
¢popme MomMOIaT-aHMOHA. HexBaTka moJmOaeHa oka3piBaeT mnaryoHoe
BO3/1eliCTBME HA MEPBOCTENEHHbIE CeJIbCKOX0351liCTBEHHbIE KYJIbTYPbI, OCKOJIbKY
Yy pacTeHuii MOJIHMOAECH NPUHMUMAaeT y4YacTHe B TAKHX Ba’KHbIX MEXaHHM3MaX KakK
MeTa00/1M3M a30Ta, cepbl, OMOCHHTE3 PACTUTEJbHBIX T'OPMOHOB M KaTA00/H3M
IYPUHOBBIX coeAuHeHHH. Moun0aeH BXOAMT B COCTAB (PEPMEHTOB, HA3BAHHBIX
MosuoaopepmMenTamMu. OH, CBA3BIBAsICh ¢ MOJMOJONTEPUHOM 00pa3yeT Ko(akTop
mosubaeHa (Moco) u npuodperaeT OKHCJIUTEIbHO-BOCCTAHOBUTEIbHbIE CBOMCTBA.
Moco BXOAUT B COCTAB AKTHUBHOIO caiita Mon6a10¢pepMenToB. OHU Yy4aCTBYOT B
MeTa0o0JIM3Me cepbl M a30Ta, CHHTe3¢ TIOPMOHOB, JAETOKCHKAIMM BpPEIHBIX
coequHeHuii. Jlepuuut MoOJIMOJEHA O0XapPAKTepPUM30BaH MeNJEHHbIM POCTOM
pacTeHuii, cojep:KAaHMEM HHU3KO0e KOJHMYECTBO XJIOPOoPmiiIa M acKOPpOMHOBOM
KHCJI0ThI. bBbLI0 00HapyxkeHO, 4YTO pacTeHHMs, CcTpajawinue JAepUIUTOM
MOJIM0/IeHA MOKHO CHACTH, NPUMEHSAA MOJUOAAT HATPUS B MOYBY WJIH
ONPBLICKUBAsI JIMCThS J3TUM PpacTBOpoM. W3BeCTHO MNATH PaCTUTEIbHBIX
MOJIN0103H3MMOB: cyabdur okcuaaza (CO), kcantun naermaporenasza (KAI),
nurtparpeaykraza (HP), aabaerun oxcupaza (AO) M MHUTOXOHAPHAJILHBIH
aMH/IOKCHM-BOCCTAHABJIMBAOIIMH KOMIOHeHT. HuTtparpenykrasa katajausupyer
NepByI0 CTAAMK ACCHMWIALUMH HHUTPATOB, JYKAPHOTHYECKHE OPraHU3MbI
coxepxar Tpu u30(popmbl JaHHOro moaudaopepmenta: A NADH, A NAD(P)H n
NADPH. KcanTungerugporeHasa peryjupyer Meradoausm nypuHoB. KIAI'
NMOBBIMIACT AHTHOKCHIAAHTHYI0 CIHOCOOHOCTH PACTEHHH W 3aMelJisieT CTapeHHe
JucrtbeB. MouaudnogepMeHTsl BOBJIEYeHbI B MpoLecC aJanTallid K cTpeccy,
ompeaejiecHHe MEXaHM3MOB MX PEaKIUH HA CTPecCOBbIe YCJI0BHUS BHEUIHEH cpeabl
BAKHBI /ISl YJIYyYIIIEHUS CTPECCOYCTOMYMBOCTH PACTEHMIA.

KuroueBsble cioBa: Mon010¢epMeHThI, CYJIb(UT OKCHAA3a, HUTPATPEAYKTA3a,
aepuuUT MoJIMOIEHA, A0CIIU30Bas KUCJI0TA.
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