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Molybdenum and plant resistance to viral infection

Abstract. Molybdenum takes an active part in several physiological processes necessary for the
growth and development of plants and other domains of life. Molybdenum participates in
numerous biochemical reactions and lack of this metal may affect the total amount of proteins in
plants. More than fifty Mo-containing enzymes are currently known, although most of them
were found in bacteria. Plants contain Mo-containing enzymes such as nitrate reductase, sulfite
oxidase, aldehyde oxidase, xanthine dehydrogenase, and mitochondrial amidoxime reductase.
Tungsten is another heavy metal, which due to highly similar physico-chemical properties with
Molybdenum may be incorporated instead of the latest as enzyme cofactor, leading to its
inactivation.  In this article, preliminary results from a pilot experiment are shown,
demonstrating the effect of Molybdenum and Tungsten treatment on Nicotiana benthamiana
plants infected with Tomato Bushy Stunt Virus, which refers to viruses parasitizing
economically important crops. This virus infects more than 100 species of monocotyledonous and
dicotyledonous plants from more than 20 different families. Infection of plants with a viral
infection occurs through mechanical damage to the root system; virions in this case can be
transmitted through soil or water. It was found that Molybdenum treatment may lead to
mitigation of otherwise fatal for the host viral infection.
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Introduction

Molybdenum (Mo) is an essential trace mineral for animals, plants and most microorganisms [1].
The importance of molybdenum for living organisms was discovered in 1939 using tomato plants
grown in a specific nutrient solution [2]. Later, molybdenum was discovered as a pterin, a cofactor, in
the active center of more than fifty enzymes involved in the main redox reactions of nitrogen and sulfur,
phytohormone biosynthesis and detoxification of xenobiotics. This catalytic activity converts
molybdenum into an essential trace element for almost all living things [3].

Molybdenum belongs to the rare elements of group VI of the Periodic table of elements. In nature,
molybdenum occurs mainly in the form of an MoO4? anion. In addition, in soils, the molybdate anion is
also the only form of molybdenum available to plants, fungi and bacteria.

As noted above, molybdenum belongs to the group of trace elements, that is, the organism needs it
only in the smallest quantities. However, exceeding a certain amount can lead to toxicity of
molybdenum. About 100 molybdenum compounds are listed in the US Toxic Substances Control Act
[4].

Molybdenum takes an active part in several physiological processes necessary for the growth and
development of plants. Lack of molybdenum reduces the total amount of proteins in plants.
Molybdenum is located in the active center of aldehyde oxidase and plays an important role in plant
development and adaptation to environmental stresses [5]. In plant cells, the average concentration of
molybdenum is 0.2 mg/kg?! dry weight and depends on the presence of molybdate in soils [6].
Molybdenum is a part of metal-containing enzymes (molybdoenzymes), which perform an important
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function both in the metabolism of each organism and in the cycles of carbon, nitrogen and sulfur [7].
More than fifty Mo-containing enzymes are currently known. Most of them were found in bacteria,
while only seven have been identified in eukaryotes [8].

Plants contain Mo-containing enzymes such as nitrate reductase, sulfite oxidase, aldehyde
oxidase, xanthine dehydrogenase, and mitochondrial amidoxime reductase [9]. In addition to pterin,
there is another type of Mo-containing cofactor, which is found only in bacterial nitrogenase, forming
the so-called iron-molybdenum cofactor [10].

Tungsten (W) is another heavy metal that belongs to the VI Group of the Periodic table of
elements. Due to the highly similar physico-chemical properties of W and Mo, some enzymes, which
use the latest as a cofactor, may incorporate W instead, leading to enzyme inactivation [11].

Although numerous researches demonstrated an important role of molybdenum in plants, still
only a few of them are focused on the role of Mo in plants' resistance to viral infections. In this article,
preliminary results from a pilot experiment are shown, demonstrating the effect of Mo and W treatment
on Nicotiana benthamiana plants, infected with Tomato Bushy Stunt Virus (TBSV). TBSV is a member of
the Tombusviridae family, genus Tombusvirus, group IV. Refers to viruses parasitizing economically
important crops. This virus infects more than 100 species of monocotyledonous and dicotyledonous
plants from more than 20 different families [12]. Infection of plants with a viral infection occurs through
mechanical damage to the root system; virions, in this case, can be transmitted through soil or water.

Materials and methods

Plant material. N. benthamiana plants were grown in the growth room in conditions of long-day
photoperiod (16-h light/8-h dark) and 75-80% relative humidity. Temperatures fluctuated from 20 to 27
C and the average temperature during the day was 25 C and 22 C at night. For lighting of growth room
lamps with 2700 K and 6400 K spectrum were used.

Treatments. As treatments, 100 and 500 uM Na2MoO4-2H20 and Na2WO4-2H20O solutions, as
well as their mixture, were used.

Plant inoculation. For inoculation in vitro generated transcripts of full length TBSV cDNAs were
used [13]. For this, plasmids containing the inserts were linearized at the 30-end of the viral cDNA
sequence by restriction of the Smal enzyme digest. Transcripts were synthesized using T7 RNA
polymerase, and these transcripts were used for inoculation of plants as previously described [14].
Control plants were mock-inoculated by using a phosphate buffer without viral RNA. Healthy and
infected plants were grown separately in the same conditions.

TBSV detection. The leaves of N. benthamiana were analyzed for the
presence of TBSV virions. Plant tissues were homogenized in TRIS/EDTA (TE) buffer in ratio 1/2
(sample/buffer) on ice, then centrifuged at 10.000 rpm for 20 min. After 15 pl of each sample was mixed
with a 6X Loading buffer. Separation of macromolecules was performed in 1% agarose gel with
ethidium bromide for 45 min with Tris/Borate/EDTA (1xTBE) buffer. UV light used to detect viral
particles in agarose gel. Then capillary transfer was performed onto the nitrocellulose membrane with
TBSV virus-specific polyclonal antibodies.

Results and discussion
To investigate, if Mo and W application may affect the natural counterplay between plants and

plant viruses, one small pilot experiment was implemented in two biological repeats. In this experiment,

14 one-month-old N. benthamiana plants were selected for each repeat. Among selected plants, 7 were
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infected with TBSV transcripts. Then, all plants were divided in pairs, one healthy and one infected in
each. One pair was left untreated as a control, and to the rest the following treatments were applied:
Mo 100 and 500 pM, W 100 and 500 pM, and a mixture of Mo and W 100 and 500 puM solutions. Each
treated plant was daily poured with 25 ml of corresponding solution.

Usually, TBSV infection on N. benthamiana plants results in the appearance of first morphological
signs of infection on 3 day past infection (dpi), and leads to almost complete collapse of the plant by 7

dpi. On Figure 1, photos of plants that were taken at 9 dpi are depicted.

C Mol100 Mo500 W100 W500 Mo100+ Mo500+
W100 W500

Figure 1. Photos of plants at 9 dpi. Upper and lower rows represent plants that were not infected and
infected with TBSV accordingly. Treatments are indicated by columns under photos

As it shown on Figure 1, 500 uM Mo and Mo+W treatments resulted in retarded plant growth. But
most interestingly, N. benthamiana plants, infected with TBSV and treated with 500 pM Mo,
demonstrated no morphological signs of viral infection.

To test, if all inoculated with TBSV transcripts plants were successfully infected, an express method
of TBSV detection in plant tissues was implemented (Figure 2) as we described earlier [15]. TBSV
infection was found in all inoculated plants, although in plants, treated with 500 uM Mo the signal of

virus presence in tissues was weaker by comparison with other treatments and positive control.
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Figure 2. Express method of TBSV detection in plant tissues at 9 dpi. A) TBSV virions in agarose gel.
B) Northern blot assay with TBSV antibodies for detection of TBSV virions

Over 3 weeks after inoculation, still no morphological symptoms were developed in plants infected
by TBSV and treated with 500 uM Mo. Also, plants, treated with 100 and 500 uM Mo+W solutions,
despite severe symptoms of infection started to recover (Figure 3). In addition, healthy plants treated

with 500 Mo and 500 Mo+W solutions demonstrated some retardation in development.
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Figure 3. Photos of plants at 22 dpi
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As shown on Figure 4, plant, treated with 500 uM Mo, was not affected by TBSV infection at 45 dpi
(Fig. 4, B), and had no morphological differences compared to plant, treated with the same solution, but
not infected with TBSV transcripts (Fig. 4, C). Both infected and non-infected 500 uM Mo treated plants
flowered 3-4 days later than healthy control and healthy plants, treated with 100 uM Mo, 100 and 500
1M Mo and Mo+W solutions. Plants, treated with 100 uM Mo, and 100 and 500 uM Mo+W solutions
despite severe symptoms survived TBSV infection, although demonstrated significant retardation in

development. Positive control, or plant, infected with TBSV infection without any treatments, did not
recover with time.
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Figure 4. Photos of plants at 45 dpi. A) Healthy plants. B) Plants, inoculated with TBSV transcripts.
C) Plants, treated with 500 uM Mo solution, healthy on the left side and infected with TBSV on the
right

Conclusion

Molybdenum application may mitigate symptoms of otherwise fatal viral infections in plants.
Additional experiments should be implemented to investigate the interactions between molybdenum
applications, Mo-dependent enzymes and viral infections.
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T. Epraanes
Tozenzetim ynusepcumemi, Llmymeapm, I'epmarus

MoanbaeH xoHe ©CiMaIKTepAiH BUPYCTBIK MH(pEKIMsIFa TO31MAiairi

Anaarma. Moanbaen eciMaikrepain >koHe Oacka cadadapbIHBIH ©Cyi MeH JaMyblHa Ka’KeTTi
OipHeme (puU3NOAOIMAABIK IIporiecTepre OeAceHAl Karbicagbl. MoamOaeH KeITereH OMOXMMUSABIK,
peakiusAapra KaTblcaAbl )KoHe Oy MeTaaAblH JKeTicreyi eciMaikTepaeri aKybI34apAblH JKaAIlbl CAHbIHA
acep etyi MyMmKiH. Kasipri yaksrrra Kypameiaaa Mo Oap eayaen actam gpepmeHTTep Oeariai, gereHMeH
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0JapAabIH Kelmiairi 6akTepusasapgan TaOblaraH. OciMaikTepde HUTpaTpeayKTasa, CyabPUTOKCHAA3A,
aAbAerns, oKcuAasa, KCaHTUH AeTMApOreHas3a >KoHe MUTOXOHAPUAABIK aMUAOKCUMpeayKTasa CUAKTBI
Mo Gap ¢epmentrep Gap. Boardppam — aa ayelp Meraaa, oa mMoambAeHMeH ©3iHIH (PU3MKAABIK-
XMMISIABIK KacueTTepiHe OaliaaHBICTBI ©Te yKcac Keaedi. MyHaarbl (pepMeHTTIH >KaHama (PaKTOpPEI
peTiHAe COHFBICBLIHBIH OPHBIHA KOCBLAYBI MYMKiH, OY/A OHBIH MHaKTUBaLMACBIHA oKeledi. bya makaaasa
MIAOTTBHIK DKCIIePUMEHTTIH aA/bIH-ala HoTUKeepi KeATipiareH.

Tyiin cesaep: moandaen, TBSV, ecimaik, Bupyc, BUpycka Te3iMAiiK, JKYKIIaABIABIK,.

T. Epraanes
Tozenzetimexuii ynusepcumem, LImymeapm, Iepmarua

MoanbaeH 1 ycTOMIMBOCTD pacTeHNIA K BUPYCHOM MHQeKIIIN

AnnoTtammst. MoanbaeH HOpMHMMaeT akTMBHOe ydacTue B HECKOABKMX (PU3MOAOTMIECKIX
Ipolieccax, HeOOXOAMMBIX AAsl POCTa UM Pa3BUTMS pacTeHuilt u B Apyrnx cpepax >XusHu. MoandaeH
y4acTByeT BO MHOIMX OMOXMMMWYECKNX peaKIVsAX, X HeAOCTaTOK DTOTO MeTalla MOXKeT IOBAMATL Ha
o011ree KOAM4IeCTBO OeAKOB B pacTeHIsIX. B HacTos1Iee BpeMsI M3BeCTHO 0oee IATuAecAT PepMeHTOB,
cogep>kamiux Mo, XxoTs1 00ABIIMHCTBO 13 HIX ObL10 OOHapy>KeHO B OakTepsix. Pactenns cogep>xat Mo-
cogepkamue QepMeHTH, Takue KaK HHUTpaTpedyKrasza, CyAb(pUTOKCMAa3a, aAbAeIMAOKCHAA3a,
KCaHTMHAETVAPOTeHa3a I MUTOXOHApPHaAbHas aMIAOKCHUMpeyKTasa. BoabdpaM - erie 0AMH TsKeABIN
MeTaAa, KOTOPHBIN M3-3a OYeHb CXOXMX (PUBMKO-XMMUYECKUX CBOMCTB C MOAMOAEHOM MOJKET OBITh
BKAIOYEeH BMeCTO II0CAeJHero B KadecTBe KoakTopa (pepMeHTa, UTO NPUBOAUT K €0 MHaKTUBanum. B
DTOI CTaThe MOKa3aHbI IpeJBapUTeAbHble pe3yAbTaThl IIMAOTHOTIO HKCIIePUMeHTa, AeMOHCTPUPYIOIIEero
BAUSAHME 00pabOTKM MoAMOAeHOM U BoabdpamMoM Ha pacteHus Nicotiana benthamiana, 3apaskenHsie
BUPYCOM TOMAaTHOTO KyCTapHUKa, KOTOPBbIII OTHOCUTCA K BUpycaM, HapasUTUPYIOIINM Ha
DKOHOMMYECKM Ba’KHBIX KyAbTypax. OTOT BuUpyC mnopaxkaer ©Ooaee 100 BUAOB OAHOAOABHBIX W
ABYJAOABHBIX pacTeHmMii u3 0Ooaee yeM 20 pasAMYHBIX CeMeNCTB. 3apa’keHue pacTeHUIl BUPYCHON
nHQeKImeln IIPOUCXOAUT depe3 MexaHnJecKoe ITOBpeXKAeHle KOPHEeBOI CUCTeMBI; BUPUOHBI B 9TOM
cAydyae MOTYT IepejaBaThbCsl yepe3 IIOYBY MAM BOAy. Bplao ycraHOBAEHO, 4TO AedeHMe MOAMOAEHOM
MOKeT IIPUBECTM K CMATYEHUIO II0CAeACTBUIL, B IPOTMBHOM CAydae CMepPTeAbHBIX AAsl XO3sAMHa
BUPYCHOM MH(DEKIUI.

Karouesnie caoBa: Mmoanbaen, TBSV, pacrenue, Bupyc, BUpycoycTONUYMBOCTD, MH(PEKITUSL.
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