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EFFECT OF SODIUM CHLORIDE AND NITROPRUSSIDE
ON PROTEIN CARBONYL GROUPS CONTENT AND ANTIOXIDANT
ENZYME ACTIVITY IN LEAVES OF CORN SEEDLINGS Zea mays L.
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The effect of sodium nitroprusside (SNP) and sodium chloride (NaCl) on protein carbonyl group con-
tent and activity of antioxidant enzymes was investigated in leaves of maize seedlings. Incubation with NaCl
and SNP+NaCl increased the content of carbonyl proteins after 24 h. Treatment with SNP+NaCl during 48 h
showed lower and after 72 h higher carbonyl protein content than that in the control. Catalase activity was
higher in the leaves of SNP+NaCl-treated than in the leaves of SNP-treated seedlings after 24 h. Ascorbate
peroxidase activity increased after incubation with 0.2 mM SNP for 24 h. Significant increment of guaiacol
peroxidase activity was obtained in all treated groups in comparison with the control after 72 h. Glutathione-
S-transferase activity increased after 48 h seedling treatment with NaCl or SNP and 72 h seedling incubation
with NaCl. Under experimental conditions used, glutathione reductase activity was virtually not affected. It is

proposed that SNP can be used to prevent salt-induced oxidative stress in maize.
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igher plants growing in natural environ-
H ments experience various abiotic stresses.

Soil salinization due to global climate
changes and human agricultural activity is an in-
creasing environmental problem affecting crop
production worldwide. Up to 20% of the world’s
arable lands and about 50% of irrigated lands are
already adversely affected by salinity. Continuous
accumulation of salt in cultivated soils resulting
from human activity increases the significance of
this stressful factor and calls for development of
approaches to solve this problem [1]. Ideally, these
approaches should be based on knowledge of plant
physiology and exploitation of their natural poten-
tial to adapt to high salinity either naturally or
artificially.

Nitric oxide (NO) is an important signalling
molecule in plants participating in transduction of
hormone signals either alone or jointly with reac-
tive oxygen species (ROS) [2]. Besides, NO could
significantly enhance antioxidant capacity by in-
creasing the activity of catalase, ascorbate peroxi-
dase and accumulating proline, in wheat seedlings
under aluminium stress [3]. More recently, NO
was found to reduce aluminium toxicity by pre-
venting development of oxidative stress in Cassia
tora roots [4]. The pre-treatment of roots of cit-
rus plants with nitric oxide increased the activity
of leaf superoxide dismutase, catalase, ascorbate
peroxidase and glutathione reductase [1]. Sodium
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nitroprusside (SNP), commonly used NO donor,
completely prevented leaf chlorosis under iron de-
ficiency and increased chlorophyll content in the
leaves [5].

The effects of salt stress on plants have both
osmotic (cell dehydration) and direct toxic (ion
accumulation) components at the whole organism
and leaf levels [6]. Salinity also reduces the supply
of CO, to leaves, and further depresses already low
CO,/0, in chloroplasts [7]. Although the underly-
ing signalling function of NO has long been masked
by its inherent toxic nature [8], the NO-triggering
defence response during environmental stress now
is widely recognized [9—13]. In addition, there
is the substantial evidence of NO involvement in
redox-mediated priming, in which transient pre-
exposure to NO can increase tolerance against the
subsequent more severe stress [14, 15]. Particularly,
Gossett et al. [16—18] and Hernandez et al. [19]
have demonstrated that the salt stress elicits an
oxidative response in plants, and cotton cultivars,
and the cell lines with elevated levels of antioxidant
enzymes, either constitutive or induced, have been
shown to exhibit greater tolerance to NaCl stress.
Valderrama et al. [10] showed that salinity may
also be accompanied by enhanced production of
NO and other reactive nitrogen species leading to
nitrosative stress.

Recent data by Zhou et al. [20] indicated that
NO serves as a signal in inducing salt tolerance

ISSN 0201 — §470. Ykp. bioxim. ucypn., 2012, m. 84, No 3



Yu. V. VASYLYK, N. M. SEMCHUK, Ok. V. LUSHCHAK, V. I. LUSHCHAK

by increasing the potassium (K) to sodium (Na")
ratio through the increased expression of PM H*-
ATPase activity in two ecotypes of common reed.
In cotton calli, the NaCl-induced stress was ac-
companied by oxidative stress through the increase
in superoxide anion production which may serve as
an early signal molecule [21] for the upregulation
of activity of antioxidant enzymes [16—18]. Nitric
oxide suppressed oxidative damage in the roots of
wheat seedlings under the salt stress [22].

In this work we hypothesized that NO-donor
sodium nitroprusside might improve plant adapta-
tion under normal physiological and stress condi-
tions. For this purposes we investigated the effects
of SNP in the control conditions and under salt
stress induced by sodium chloride in seedlings
of maize Zea mays L. The latter one was used in
concentration of 100 mM which is rather high for
this salt-sensitive plant, but we expected this ap-
proach might disclose SNP potential to prevent
deleterious salt effects. Since it is known that the
salt stress induces secondary oxidative stress, we
carried out the investigation of some parameters of
this stress as well as the activity of antioxidant and
associated enzymes.

Materials and Methods

Plants and reagents. Seeds of maize hybrid
Kharkivskiy 195 MB (Zea mays L.) were used
for the experiments. The chemicals were ob-
tained from Sigma (USA), Fluka (Germany) and
Reakhim (Russia). Other chemicals were of the
highest purity available.

Plant material and growth conditions. Maize
seeds were allowed to soak for 24 h in tap water
at 25 °C and then germinated under a wet cloth
for 3 days. The germinated seeds were transferred
in Hoagland solution [23] and grown for 5 days at
6700 lux of light intensity, 16/8 h day/night regime
and temperature 26 °C.

Treatment with sodium nitroprusside and so-
dium chloride. Ten-day-old maize seedlings
were treated with 0.2 mM sodium nitroprusside
(Na,[Fe(CN),NOJ), 100 mM sodium chloride
(NaCl) or their combination in Hoagland solu-
tion. Sodium chloride in concentration of 100 mM
was used as described previously by Kurylenko and
Palladina [24]. Solutions were changed every 24 h.
The plants were incubated for 24, 48 and 72 h.

Enzyme activity assay. Leaves of maize seed-
lings were ground in liquid nitrogen and stored
in liquid nitrogen until use. Leaves powder was
supplemented 1 : 10 (w/v) with 50 mM potassi-
um-phosphate (KPi) buffer (pH 7.0) containing
0.5 mM EDTA and 1.0 mM phenylmethylsulfo-
nylfluoride. Ascorbic acid (1 mM) was added to
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KPi buffer in the case of ascorbate peroxidase
(APX) assay. The homogenates were centrifuged at
13,200 g for 15 min at 4 °C. The resulted superna-
tants were used for the experiments. The activity
of catalase (1.11.1.6) was measured spectrophoto-
metrically at 240 nm [25]. Guaiacol peroxidase
(GuPX, 1.11.1.7) activity was assayed spectropho-
tometrically following the increase in absorbance
at 470 nm wavelength due to guaiacol oxidation
(e = 26,600 M-'cm™) [26]. Ascorbate peroxidase
(APX; 1.11.1.11) activity was measured spectropho-
tometrically following the decrease of absorbance
at 290 nm (¢ = 2.80 M-'cm™') [26]. Glutathione
reductase (GR; 1.6.4.2) activity was assayed spec-
trophotometrically following the decrease in ab-
sorbance at 340 nm (¢ = 6.22 mM-'cm™) due to
oxidation of NADPH, according to Halliwell
and Foyer [27]. Glutathione-S-transferase (GST,
2.5.1.18) activity was measured by monitoring the
formation of adduct between glutathione (GSH)
and 1-chloro-2,4-dinitrobenzene at 340 nm
(e = 9.6 mM-cm) [28].

Measurement of protein carbonyl level. The con-
tent of protein carbonyl groups (CP) was evaluated
with 2,4-dinitrophenylhydrazine according to the
method described previously [29] and modified by
Lushchak et al. [30].

Protein measurements and statistics. The pro-
tein content was determined according to Bradford
method with Coomassie Brilliant Blue R-250 [31]
with bovine serum albumin as a standard. Experi-
mental data are expressed as mean + SEM, and
statistical testing used the Student z-test for com-
parison of two means or ANOVA followed by post-
hoc Dunnet’s test to compare several experimental
groups against a single control.

Results and Discussion

Levels of protein carbonyl groups. The forma-
tion of additional protein carbonyl groups (CP),
resulting from oxidative modification of arginine,
cysteine, proline, lysine, histidine and other amino
acid residues, is widely used and is a very popular
marker of oxidative stress [32, 33]. Under maize
seedling exposure for 24 h to 100 mM NaCl, 58%
increase in leaf CP content was found (Fig. 1).
Similar results were obtained with citrus plants af-
ter 16 h treatment with 150 mM NaCl [1]. However,
in our work at this time 0.2 mM SNP virtually did
not affect CP content, but when we applied jointly
SNP and NaCl, the CP level was higher than that
in the control plants. At the first stage of incuba-
tion, i.e. at 24 h, SNP application partially pro-
tected maize seedlings against salt-induced stress.

No significant changes in CP leaf content
were found in seedlings incubated for 48 and 72 h
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Fig. 1. Effects of 0.2 mM SNP and 100 mM NaCl
and their combination on the content of carbonyl pro-
teins in maize leaves for 24, 48 and 72 h. Data are
means £ S.EM (n = 3). @b Significantly differ-
ent as compared to a, b and c groups respectively
(P <0.05)

with 0.2 mM SNP and 100 mM NacCl alone or in
combination (Fig. 1). But when the plants were af-
fected by the combination of these two chemicals,
a 43% decrease at 48 h exposure and 44% increase
at 72 h one were found in the leaf CP content.
That seems somewhat strange that at these two ex-
posures the effects were opposite and at the mo-
ment we cannot provide any reasonable explana-
tion of this phenomenon. It is clear that on the
first day of maize seedling treatment, at the level
of leaf CP content, SNP showed protective effect
against NaCl-induced ROS-promoted oxidation
of proteins. At further exposure the picture looks
uncertain and would probably need additional in-
vestigation.

Hydrogen peroxide-detoxifying enzymes. Hy-
drogen peroxide-detoxifying enzymes form the first
line of high molecular mass antioxidants. Catala-
ses and peroxidases such as ascorbate peroxidase
and guaiacol peroxidase are supposed to be pri-
mary H,O,-scavenging enzymes in plants [34].

In our experiments, after 24 h exposure of
maize seedlings we observed only 43% higher cata-
lase activity in the leaves of SNP+NaCl-treated
ones than in those of SNP-treated maize seedlings
(Fig. 2, A). Earlier Vital et al. [35] showed that
the addition of 0.2 mM SNP to 150 mM NacCl
incubation media increased significantly the cata-
lase activity compared to 150 mM NaCl in cot-
ton calli after 2 h exposure. The longer treatment
of maize seedlings for 48 and 72 h did not result
in leaf catalase activity changes. Our results do
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Fig. 2. Effects of 0.2 mM SNP and 100 mM NaCl
on the activity of catalase (A), ascorbate peroxidase,
APX (B) and guaiacol peroxidase, GuPx (C) in
maize leaves for 24, 48 and 72 h. Data are means *
S.E.M (n = 3). ¢* Significantly different as compared
to a and b groups respectively (P < 0.05)

not correspond to ones received by Tanou et al.
[1] in citrus plants. They showed that treatment
with 100 mM SNP increased the catalase activi-
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ty, treatment with 150 mM NaCl decreased the
catalase activity and their combination decreased
the enzyme activity as compared to control after
16-days exposure. Kurylenko and Palladina [36]
showed that 100 mM NaCl decreased the catalase
activity after 3-days exposure. Interestingly, maize
seedling incubation with 0.2 mM SNP for 24 h
increased the leaf ascorbate peroxidase (APX) ac-
tivity by 43%, but neither NaCl-treated groups, nor
those incubated jointly with NaCl and SNP were
different from the control one (Fig. 2, B). Further
seedling incubation with the chemicals alone or in
combination did not show any significant differen-
ces. Tian and Lei [37] showed that wheat seedling
treatment with 0.2 mM SNP during 7-days expo-
sure activated antioxidant enzymes under drought,
UV-B radiation, and combined stresses.

Peroxidases, particularly, guaiacol peroxidase
are very important players in the antioxidant sys-
tem. In our hands, maize seedling exposure for 24
and 48 h to either 0.2 mM SNP or 100 mM NaCl
as well as their combination did not affect leaf
GuPX activity (Fig. 2, C). However, the extension
of exposure time to 72 h increased significantly the
leaf GuPX activity in all treated groups in com-
parison with the control, but there was no signifi-
cant difference between them. Results of Vital et
al. [35] showed that in cotton calli an addition of
0.2 mM SNP to 150 mM NacCl significantly in-
creased GuPX activity as compared to 150 mM
NaCl after 2 h exposure.

Glutathione-related enzymes. Glutathione and
glutathione-related enzymes are actively involved
in maintaining the redox status in plants [38]. At
24 h maize seedling exposure to SNP, NaCl or
their combination did not affect the activity of glu-
tathione-S-transferase in maize leaves (Fig. 3, A).
However, a significant increase (53%) of the activi-
ty was found after 48 h seedling treatment with
100 mM NaCl and 0.2 mM SNP, whereas both
these components alone did not affect the activity.
At 72 h seedling incubation with 100 mM NacCl re-
sulted in 59% higher GST leaf activity than that in
the control group, which was cancelled by simul-
taneous incubation with NaCl and SNP. Previous
studies demonstrated that nitric oxide stimulated
GST gene expression in soybean plants exposed to
pathogens [39].

Under experimental conditions used, glu-
tathione reductase activity of maize leaf seedlings
was almost unaffected (Fig. 3, B). The exceptions
were only 28% difference at 24 h exposure between
leaf GR activity in SNP and SNP+NaCl-treated
seedlings while in the latter case it was higher, and
at 72 h exposure the salt-treated seedlings dem-
onstrated 38% higher activity than those of the
control. The latter effects were reversed by SNP
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Fig. 3. Effects of 0.2 mM SNP and 100 mM NaCl
and their combination on the activity of glutathione-
S-transferase, GST (A) and glutathione reductase,
GR (B) in maize leaves for 24, 48 and 72 h. Data are
means £ S.E.M (n = 3). ¢* Significantly different as
compared to a and b groups respectively (P < 0.05)

addition to NaCl. Similar results were obtained by
Vital et al. [35]. They demonstrated that addition
of 0.2 mM SNP to 150 mM NaCl significantly de-
creased GR activity in comparison with treatment
by NaCl only during 48 h in cotton calli. Tanou et
al. [1] showed that both 100 uM SNP and 150 mM
NaCl increased GR activity in the leaves of citrus
plants after 48 h of exposure in comparison with
the control.

The results obtained in this work let us to
propose that either sodium nitroprusside or some
of products of its decomposition increased the an-
tioxidant capacity of Zea mays L. seedlings under
salt-induced stress. That can enhance total plant
resistance to this and may be to other stresses be-
cause the oxidative stress commonly accompanies
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any substantial stress directly or secondarily. Since
SNP is a commonly used donor of nitric oxide, the
latter could be responsible for the described effects.
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BIIJIMB HITPOIIPYCUAY TA
XJIOPUJY HATPIIO HA BMICT
KAPBOHIJIBHUX I'PYII IPOTEIHIB TA
AKTUBHICTb AHTUOKCUJAHTHUX
EH3UMIB Y JIUCTKAX ITPOPOCTKIB
KYKYPYI3U Zea mays L.
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HocnigxeHo BmiuB Hitponpycuay (SNP) ta
XJIOPUAY HATpil0 Ha BMICT KapOOHiJbHUX TI'PyI
MNPOTEIHIB Ta AaKTUBHICTb AHTUOKCUIAHTHUX
€H3UMiB y JIMCTKAX MPOPOCTKiB KyKypya3u. O0-
pobka mnpopoctkiB 100 MM NaCl migBulyBaja
KOHIIGHTpallil0 KapOOHiIJbHUX TPyl MPOTEiHIB
yepe3 24 roxa. InkyGauiss mpopoctkis 3 100 MM
NaCl ta SNP+NaCl nicns 48 roam 3HUXYBaia,
a micas 72 rog — MigBUINYBaja KOHLEHTpalilo
KapOOHIJIBHUX TPYIl NPOTEIHIB MOPiBHSIHO 3 KOH-
TposieM. AKTHUBHICTb Karajazu Oyja BUIIOI B
nuctkax, iHkyooBaHux 3 SNP+NaCl nopiBHSIHO 3
JIMCTKAaMU MPOPOCTKiB, 06podiaeHuMu SNP mpo-
TIrom 24 roi. AKTUBHICTb acKopOaTnepoKcuaasu
OyJia BULLOIO Ticjsi 00podku mpopocTtkiB 0,2 MM
SNP mnpotsirom 24 rox. BiporimHe 3pocTaHHS
AKTMBHOCTI I'BasiKOJINEPOKCUAA3U CIIOCTEPiraaocs
B yCiX JOCTiIHUX I'pyax uepe3 72 rof. AKTUBHICTb
rIyTatioH-S-TpaHcdepasu Oyna BUILOK MicCs
48 rom y mpopocTKax, obpobseHux SNP, Ta
nicast 72 rog — y MpopocTKax, siKi iHKyOyBaiu
Ha cepenoBuili 3 NaCl. 3a gochimxXyBaHUX
YMOB aKTHMBHICTb MJIYTaTiOHPEAyKTa3u B JIUCT-
Kax TPOPOCTKiB KYKYpPYA3U, NPaAKTUYHO HE
3MiHIOBanachk. Ilpunyckaerbes, mo SNP wmoxe
OyTH BUKOPUCTAHMIA IJ1s1 MOMEPEaKEHHSI PO3BUT-
KY OKCUIATMBHOIO CTPECY KYKYpyI3U, CIIpUUYMHE-
HOT'O COJIbOBUM CTPECOM.

Knmo4oBi cJioBa: aHTUOKCUIAHTHI €H3U-
MU, HITPOIIPYCHUJ HATPil0, OKCUJATUBHUI CTpeEC,
MPOPOCTKU KYKYPYA3U, COJILOBUIL CTpEC.
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WccnemoBanmn  BAWSHWE  HUTPOIPYCCUIA
(SNP) u xjopuga HaTpusi Ha CoAecpXaHUE Kap-
OOHMJIBHBIX TPYMI MPOTEMHOB M AaKTUBHOCTb
AHTUOKCUIAHTHBIX SH3UMOB B JIUCTBSIX MPOPOCT-
KOB KyKypy3bl. O06pabdoTrka mpopoctkoB 100 MM
NaCl yBenuuuBasa KOHUEHTpaALUIO KapOOHUJIb-
HBIX TPyIn MpoTerHOB uepe3 24 4. MHKyOauus
npopoctkoB ¢ 100 MM NaCl u SNP+NaCl noce
48 4 cHUXKaJja, a mocje 72 4 — yBeJM4YMnBajaa KOH-
LIEHTpaLMIo KapOOHWJIBHBIX TPYIN IO CpaBHEe-
HUIO C KOHTpoJieM. AKTUBHOCTb KaTaJia3bl Oblja
BBEIIIIE B JINCTBSIX MTPOPOCTKOB, MHKYOMPOBAHHBIX
¢ SNP+NaCl B TeueHue 24 4. AKTUBHOCTb aCKOp-
OaTnepokcuaasbl Oblia BhIlIe MOCaAe 0OpabOTKHU
0,2 MM SNP B TeueHue 24 4. JlocToBepHOE yBe-
JIMYeHWE aKTUBHOCTHM TBasIKOJMEPOKCHIA3bl Ha-
0JII0MaIoCh BO BCEX MCCIIEAOBAHHBIX TPYTIIAaX 4e-
pe3 72 4. AKTUBHOCTb IJTyTaTUOH-S-TpaHchepasbl
Oblj1a BblllIe TToc/ie 48 4 MHKYOAllMU MPOPOCTKOB C
SNP, u Huzxe — nocie 72 4 B IpopocTKax, KOTO-
pbie nHKYOUpoBanu Ha cpene ¢ NaCl. B uccnenye-
MBIX YCJIOBUSIX aKTUBHOCTbH TJTyTaTMOHPEIYKTa3bl
B JIMCTBSIX TIPOPOCTOB KYKYpPYy3bl IPAKTUUECKH
He m3MeHsutack. IIpeanomaraercst, yto SNP mo-
KET OBITh WCITONB30BaH IJIs TIPEIYIIPEKICHMS
OKHWCJIUTEJbHOTO CTpecca, BbI3BAHHOIO COJIEBBIM
CTPECCOM.

KrnmouyeBbie ciaoBa: aHTMOKCHIAHTHBIC
3H3UMBbI, HUTPOIIPYCCUL HATPHSI, OKMCIUTEIbHBII
CTpecc, MPOPOCTKU KYKYPY3bI, COJIEBOI CTpecc.
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