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Water deficit induces changes in H"-ATPase activity
and its gene expression in Zea mays L. roots
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We investigated the functioning and the gene expression of H*-ATPase in the microsomal fraction enriched
with plasmalemma vesicles isolated from roots of two Zea mays cultivars: Dostatok (drought resistant)
and Pereyaslivskiy (moderately tolerant to drought). Both cultivars grew during 21 days under the optimal
water supply (soil moisture — 70 %, control) and during 10 days under the water deficit conditions (soil
moisture — 30 %, experiment). An increase in the H*-ATPase hydrolytic activity in both cultivars under
the water stress has been detected under drought. The enzyme hydrolytic activity is increased by twice in
Dostatok and by1.3 times in Pereyaslivskiy. The H"-ATPase gene expression levels in both cultivars also
increased under water deficit. It is shown that, in roots of both maize cultivars, the increase of four iso-
forms of H™-ATPase gene expression correlates with the increase of the hydrolytic enzyme activity under
water stress conditions. However, these parameters are more sustainable in the drought-resistant cultivar
Dostatok, by allowing one value to use the hydrolytic activity of H*-ATPase as a biomarker of drought resis-
tance for corn varieties.

Keywords: H"-ATPase, microsomal fraction enriched with plasmalemma vesicles, gene expression, water regime,
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Water deficit appears to be the most limiting factor for the crop production. Flowering plants affec-
ted by drought usually survive the harsh environmental conditions, by promptly activating the adap-
tive resistance mechanisms. The plant adaptation to water deficit depends on various traits and me-
chanisms that are involved in such conditions. The plant plasmalemma H*-ATPase is an important
functional protein, which plays a central role in the plant physiology both under normal growth con-
ditions and under abiotic stresses. H"-ATPase is involved in many different physiological processes.
What is more, its activity can be changed by many of physiological factors [1]. A nonspecific response
of plants to stress includes several interrelated mechanisms. We investigated the H*-ATPase func-
tioning and its gene expression in the microsomal fractions enriched with vesicles of plasmalemma
(PM) isolated from roots of maize plants of two cultivars: Dostatok (drought—resistant) and Pe-
reyaslivskiy (moderately tolerant to drought). Plants grew in containers with sand substrate for 21
days. The plants grew under conditions of a sufficient water supply (moisture content of the substrate
was 70 % ) and under conditions of water stress when the substrate moisture was 30 % for 10 days.
Plasmalemma fractions were obtained using the two-phase aqueous polymer technique [2]. The H*-
ATPase hydrolytic activity was determined by the quantity of released inorganic phosphorus in
nmol PO}~ /mg protein / min. H*-ATPase gene expression was assessed on the basis of the mRNA
accumulation, by using Rt—PCR method.
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An increase in the H"-ATPase hydrolytic activity of a plasmalemma root under drought stress
was observed (Dostatok showed increase in 2 times and Pereyaslivskiy — increase by 1.3 times)
(Table 1). The increase of the enzyme activity indicates that plants are under the stress caused by a
water deficit in soil. The obtained data show that drought—resistant cultivar Dostatok is character-
ized by a more stable reaction to water deficit as compared to drought—sensitive cultivar Pere-
yaslivskiy. Abiotic stress conditions cause an increase of the root plasmalemma H*-ATPase hydro-
lytic activity of both investigated plants.

The H"-ATPase plasmalemma activity is regulated not only via the protein molecular activity,
but also through the regulation of its own and regulatory protein genes expression. Plant H*-ATPase
is coded by the multigene family. 4 isoforms of the enzyme (MHA1, MHA2, MHA3, and MHA4)
have been found in Zea mays [3]. Changes of H*-ATPase activity in plasmalemma may result from
H*-ATPase gene expression changes [4, 5]. We showed the presence of four H*-ATPase isoforms
(MHA1, MHA2, MHA3, MHA4) in Dostatok and
Pereyaslivskiy cultivars root cells and investigated
their gene expression patterns. It was revealed
that the H"-ATPase gene expression level in

Table 1. H*-ATPase hydrolytic activity
in plasmalemma isolated from roots of Zea mays
plants grown under different soil moistures

Dostatok root cells increased under the water H*-ATPase hydrolytic activity
deficit conditions. MHA2 and MHA4 isoform Soil (nmol PO,? /mg protein/min)
genes demonstrated the highest expression level moisture, i

o . . o ultivars
under water deficit (6.44 and 2.78 relative units,
respectively). Whereas isoform MHA3 demon- Dostatok Pereyaslivskiy
§tratied a shgh.tly lowgr %ene expression level (1:78 70 995 67 + 59 8 117.93 + 27.05
in relative units), and the MHAT gene expression 30 449.0 = 59 59 156.88 + 64.65
level was undetectable. Under the control condi-

ISSN 1025-6415. [lon. HAH Yxpainu. 2016. Ne 10 85



MHA 1 MHA 3 MHA 4

B Soil moisture 70 % Fig. 3. RT-PCR analysis of gene expression of four
[ Soil moisture 30 % H*-ATPase isoforms in roots of Pereyaslivskiy cultivar
under soil moisture of 70 % (7) and 30 % (2)

oo
T

D
T

mRNA accumulation (in units)
o IS
T T

|
J_‘ r Fig. 4. mRNA accumulation levels of four H"-ATPase
0 . . . isoforms in root of Pereyaslivskiy cultivar under diffe-

MHA1 MHA?2 MHA3 MHA4 rent soil moisture

tions (soil moisture — 70 % ), MHA2 and MHA4 isoforms also demonstrated the higher gene expres-
sion level (5.22 and 2.33 in relative units, respectively) as compared to MHA3 and MHA7 (1.56 and
0.98 in relative units, respectively) (Fig. 1, 2).

Under the water stress MHA2 and MHA4 isoform genes in Pereyaslivskiy cultivar also de-
monstrated a higher expression level (7.91 and 5.24 in relative units, respectively) comparing to
MHA3 and MHA1T isoforms (1.9 and 0.5 relative units, respectively). Under the control conditions
(soil moisture — 70 % ), MHA2 and MHA4 isoforms demonstrated gene expression levels of 5.38
and 5.03 relative units, MHA3 and MHA7 — 1.82 and 1.53 in relative units, respectively (Figs 3, 4).

Thus, the gene expression of all four isoforms of H*-ATPase in root cells of Zea mays increased,
when plants were exposed to a water deficit. The data correlated with our results obtained for the
H*-ATPase hydrolytic activity in roots of both cultivars. The results demonstrate that the H"-ATPase
hydrolytic activity increases under water stress. It is known that MHA 7 gene expresses at the very
low levels in all types of maize tissue [6]. Our results confirmed low level of the MHA 7 gene expres-
sion in root cells and indicate that MHAT gene plays an insignificant role in the electrochemical
potential formation in plasmalemma. The highest expression level was observed for MHA2 gene in
both plant cultivars. This gene is considered to be the basic common H*-ATPase isoform with high
expression level in root cells [7]. MHA4 gene also demonstrated the high expression level in studies.
Similar results were demonstrated in the study of the influence of nitrates on the H*-ATPase gene
expression in Zea mays root cells [3]. It is believed that there are four paths of H*-ATPase activity
regulation: at the transcriptional level, covalent regulation, allosteric regulation, and lipid regula-
tion [8]. We suppose that the plasmalemma H"-ATPase resistant mechanisms, which are activated
by different stresses in root cells of both investigated cultivars, are is regulated by the gene expres-
sion. MHA2 and MHA4 isoform genes showed the highest expression level, and they obviously play a
crucial role in stress responses. It is shown that, in roots of both maize cultivars, the increase of four
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isoforms of H*-ATPase gene expression correlates with on increase of the hydrolytic enzyme activity
under water stress conditions. However, these parameters are more sustainable in the drought-
resistant cultivar Dostatok, by allowing are to use the hydrolytic activity of H"-ATPase as a bio-
marker of the drought resistance for corn varieties.
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3MIHU AKTUBHOCTI H*-AT®asu TA EKCITPECII [T TEHIB
Y KOPEHAX ZEA MAYS L., IHZIYKOBAHI BOJAHUM JEDIINTOM

Hocridonceno gynxyionyeanns H -ATDasu ¢ mixpocomanviiil ppaxuii, séazaueniii gppazmenmamu niasmaremu (IIM) 3
xopenie 21-00606ux pociun Kyxypyosu deox copmie: Jocmamox (nocyxocmitixuit) ma Ilepescuiecokuil (e nocyxocmii-
Kuil), AKi 3pocmaiu 3a ymog docmamubozo 6o0osabesneuenis, npu oiozocmi cybcmpamy 70 % ma 3a ymoe 6001020
deivumy, npomsizom 10 0i6, npu onozocmi cyéecmpamy 30 %, a maxoic excnpeciio zenie ypozo ensumy. Busiereno nio-
suwens 2ioporimuunoi axmuenocmi H-AT@asu 6 [IM 3 kopenis kyxkypyosu 3a ymos nocyxu 606iui 6 copmy JJocmamox i
e 1,3 pasa — e copmy Ilepesicriecokuil. Bcmanosieno, wo pisenv excnpecii zenis y 060x copmie 3a ymos 600H020
Oepivqumy 6ye suwgum, HIJC 3a YMOG D0CMaAMHBLOZ0 80003abe3NeUeHISL, W0 KOPENIOE 3 OaHUMU ZIOPOLIMUUHOi AKmueHocmi
eH3UMY, KA MaKodxc Oyra 6uwoio 6 ymosax depivumy éodu. Hpuuomy ui noxaswuxy maiu Ginvu cmaiui xapakmep y
nocyxocmitixozo copmy /locmamox, wo dae nidcmasgy GuKopucmosysamu 3nauenns 2ioporimuunoi axmusnocmi H'-
ATDasu s biomaprep nocyxocmitikocmi copmie Kykypyo3u.

Kntouoei cnosa: H*-AT@asa, mikpocomanvra ppaxyis, 36azavena Qpazmenmamii niasmaiemi, eKcnpecis zenie, 600Hul
pesxcum, Zea mays L.
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N3MEHEHVA AKTUBHOCTU H*-AT®azet 1 SKCIIPECCUU EE TEHOB
B KOPHAX ZEA MAYS L., UHAYINPOBAHHDBIE BOJJHBIM JEOUIINTOM

IIposedenviucciedosanus pynxyuonuposanus H* -ATDaszvi 6 Mukpocomanviot ppakiuu, 0602auennoi ppazmenmamu
naasmanremmol (IIM) u3 xopneii 21-cymounvix pacmenuti kKykypy3sot 0syx copmos: Jocmamox (3acyxoycmoiueoiii) u
Ilepescrosckuii (e 3acyxoycmotuueslil), KOMopvle POCIU 6 YCIOBUAX OCAMOUH020 600000ecneuetust, NPu GLANCHOCU
cyb6ecmpama 70 % u 6 ycrosusix 600H0z0 Oepuuuma, Ha npomsixcenuu 10 cymox, npu eraxcrocmu cyécmpama 30 %, a
MaKice IKCNPECCU 26HOB IMO20 IHUMA. YCanos61eHo nosviuenue euoporumuvecxkol akmusrnocmu H-AT@asvr ¢ IIM u3
KOpHEll KYKYPY3bL 8 YCI08USX 3acyxu 6 0sa pasa y copma Jfocmamox u ¢ 1,3 pasza y copma Iepesicaoscruii. lokasano, umo
YPOBEHb IKCNPECCUU 2eHO8 Y 000UX COPMOE 8 YCLOBUSX 800H020 Oepuyuma vl 6ojee BbICOKUM, YeM 6 YCLOBUX docma-
Moun020 600006eCneUeHUs, YMO KOPPEAUPYem ¢ OAHHbIMU N0 ONPeOeeHUI0 2UOPOIUMUYECKOL AKMUBHOCU IHIUMA,
Komopas maxice 6vLia 60iee BbICOKOU 6 YCA06UAX depuruma co0vL. [Ipuuém amu noxasamenu umenu 6ojee Ycmouuussli
xapaxmep y 3acyxoycmouuusozo copma J[ocmamox, 4mo no3oanem ucnoib308ams 3HAUCHUsL ZUOPOTUMUUECKOU AKMUG-
nocmu H*-AT®asvt 6 kauecmee Guomapkepa 3acyxoycmotiuugocmis Copmos KyYKypysvl.

Knoueevte cnosa: H'-ATDasa, muxpocomanrvhas ppakius, 060zauwenias Qpazmenmami nia3mMaremMmol, IKCNPeccus.
2e106, 600nbLL pexcum, Zea mays L.
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