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alterations in the activities of antioxidant enzyme and protein
accumulation

M. Nasir Khan*, M. Mobin, Zahid Khorshid Abbas aKtalid A. ALMutairi

Department of Biology, Faculty of Science, University of Tabuk, Tabuk-71491, Saudi
Arabia

ABSTRACT

Any change in climatic conditions affects growtidgsroductivity directly or indirectly.
The present study was carried out to investigagarttpact of varying climatic conditions
of Tabuk region of Saudi Arabia on the performaatd&eucrium polium plants Plants
were collected under varying environmental condgi@f February, May, August and
November 2014. Performance of the plants was asgesderms of fresh weight (FW)
and dry weight (DW), leaf chlorophyll content (Chtarbonic anhydrase (CA) activity,
hydrogen peroxide (#D,) content, leaf relative water content (LRWC), watds of
antioxidant enzymes viz. superoxide dismutase (S@B{alase (CAT) and peroxidase
(POX) and leaf protein content. The results shoat flants collected during August
gave lower values for all the studied parametecepixHO, content which was highest.
Therefore, climatic conditions of November wererfdunost suitable for proper growth
and development of plants, as exhibited by high@ues of most of the parameters
except HO, content which gave lowest values during NovemBé&nts sampled during
November gave 24.8%, 61.8%, 48.1% and 12.0% higaleres for FW, DW, total Chl
content and activity of CA enzyme, respectivelrtithe plants collected during August
which gave lowest values for these parameters. M@ plants collected during
November again gave 0.5%, 66.4%, 34.6% and 53.8Wehivalues for SOD, CAT and
POX and leaf protein content, respectively, thandlants collected during August. Thus,
the present study suggested that the climatic tondi of Tabuk region during

November suited best for the growth and developroEfgucrium polium plants.
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1. INTRODUCTION

Uncontrolled anthropogenic activities coupled wigktreme exploitation of natural
resources severely galvanized atmospherig €Dcentrations to 387 ppm and predicted
to fall in the range 550-900 ppm by the end of ®fst century [1]. Excessive
accumulation of C@absorbs heat leaving the earth’s atmosphere¢kattrin increasing
surface temperatures and wider swings in weathé&ichware likely to reduce the
performance of land plants [2,3], and expectedhttsse severe loss to genetic diversity by
2080 [4]. High temperature stress induces sevehglsiplogical, biochemical and
molecular responses in several plants [5], whicreeskly affect the plants and also at the
same time help the plants to adapt to such comditiglevated temperature and enhanced
solar radiations contribute to the accumulationcbemically active molecules and
reactive oxygen species (ROS) in plant cells. Queduction of ROS causes pigment
bleaching, lipid peroxidation, protein damage, tnetion of enzyme activities [6],
which ultimately culminate in the alterations in tat@olism and structure of plants,
especially cell membranes and many basic physicdébgiprocesses such as
photosynthesis, respiration, and water relations ¢hlorophyll is considered as one of
the crucial factors in determining the performamdea plant, while chloroplasts are
extremely prone to ROS production that may cauaetivation of chloroplast enzymes
leading to the reduction in the rate of photosysihé8]. Carbonic anhydrase (CA) is the
enzyme that regulates the availability of £® ribulosebisphosphate carboxylase

(rubisco) by catalyzing the reversible hydratiorCad, [9].

However, to cope with such stressful environmergahditions plants are
equipped with a system of defense, orchestrateaitwork of antioxidant enzymes and
various proteins. Of these, the antioxidants sup@eodismutase (SOD), catalase (CAT)
and peroxidase (POX) have been shown to protectplagainst ROS. Enzyme SOD
dismutates superoxide radicals tedd, and CAT and POX further detoxify,B; into

water and oxygen [10].
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Tabuk, the northwestern province of Saudi Arabsgacharacterized by highly
varied environmental conditions from extreme caldektreme hot which significantly
affect the performance of plants throughout ther.y@aucrium polium L. (family
Lamiaceae) is a dwarf, pubescent and aromatic spagsessing oval leaves with
aromatic margins and dense heads of white flowHns. plant has been used for over
2000 years in traditional medicine of Arabian Penla due to its diuretic, hypoglycemic,
diaphoretic, antipyretic, antispasmodic and chajggagoroperties [11-13]. Although
several studies under controlled conditions havenhgerformed to study the impact of
temperature on various attributes of plants, tbdysbf the impact of natural temperature
and environmental fluctuations on growth, physiataand biochemical attributes of

plants will be of crucial importance.

Although several studies under controlled cond#idrave been performed to
study the impact of temperature on various attebudf plants but to study the impact of
natural temperature and environmental fluctuatiamms growth, physiological and
biochemical attributes of plants will be of cruciatportance which will explore new
insight in to response of plants to their environtaé oscillations. The present
investigation was carried out to evaluate the respoof T. polium plants to varying

climatic conditions in terms of growth, physiologi@and biochemical parameters.

2. MATERIALS AND METHODS
2.1.Study area and plant collection

The study was conducted in Tabuk region (760 maewre sea level; 28°22'N,
36°36'E), the northwestern province of Saudi AraBiathe collection site five wildly
grown healthy plants were collected randomly ofi d8y of February, May, August and
November 2014. Environmental data of the collectiba is given in Table 1.

2.2. Study of growth parameters

Growth parameters of the collected plant specinvesr® assessed in terms of fresh and
dry weight. To determine fresh weight, plants weaprooted and washed to remove
surface-adhered soil particles. Dry weight of panis recorded after drying the plants

at 80 °C for 24 h in a hot air oven.
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Table 1.Climatic characteristics of the study area dufowy months of the study

Collection Maximum Minimum Mean Average  Relative L
, : . Radiation
time temperature temperature temperature rain fall humidity (mm day’)
(C) (C) Q) (mm)  (Max) Y
February 21.62 6.41 13.83 0.12 41.82 5.87
May 33.58 16.45 25.59 0 25.39 8.71
August 37.68 19.81 29.13 0 22.58 8.28
November 25.54 10.15 17.41 0.21 43.53 4.72

2.3. Estimation of physiological and biochemical pameters

The activity of CA (E.C. 4.2.1.1) in fresh leavesasvmeasured using the method
described by Dwivedi and Randhawa [14]. The enzyaun#vity was estimated by

titrating reaction mixture against 0.05 N HCI usingethyl red as an indicator. The
enzyme was expressed as UM &G leaf FW &,

Chlorophyll (Chl) content in fresh leaves was deiieed with 100% acetone
using the method of Lichtenthaler and Buschmann. [The optical density of the
pigment solution was recorded at 662, 645 nm terdehe Chla and Chlb content,
respectively, on a spectrophotometer (CE 2021,|G@ambridge, England).

Response of plants to oxidative stress was detednin terms of hydrogen
peroxide (HO,;) content which was determined according to Vel&kost al. [16].
Homogenate of fresh leaves was centrifuged at 02;0® for 15 min, and 0.5 mL of the
supernatant was added to 0.5 mL of 10 mM potasgibosphate buffer (pH 7.0) and 1
mL of 1 M potassium iodide. The absorbance of sugtant was recorded at 390 nm
using a spectrophotometer (CE 2021, Cecil, Camébrigggland).

To evaluate water status of plants, leaf relativaew content (LRWC) was
measured by the method of Yamasaki and Dillenbtij. [Values for leaf FW, turgid
weight (TW) and DW were used to calculate LRWC ggime equation below:

LRWC (%) = [(FW-DW)/(TW-DW)] X 100

To determine the activities of antioxidant enzymdsaf tissues were
homogenized with three volumes (w/v) of an ice-ceidraction buffer (50 mM Tris—
HCI, pH 7.8, 1 mM EDTA, 1 mM MgGland 1.5% (w/w) polyvinylpyrrolidone). The
homogenate was centrifuged at 15,000 g for 20 t¥h°&. The supernatant was used as
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the crude extract for the assay of enzyme actsuithectivities of SOD (E.C. 1.15.1.1),
CAT (E.C. 1.11.1.6), and POX (E.C. 1.11.1.7) werdednined by the method of
Beauchamp and Fridovich [18], Cakmak and Marschit@; and Upadhyaya et al. [20],
respectively. Total leaf protein content was deteed according to Bradford [21] using
bovine serum albumin as a standard.

The chemicals used for the analyses of varioushpetexrs were supplied by Loba

Chemie Pvt. Limited, Mumbai, India.

2.4. Statistical analysis

Five replicates were taken in to account. Data veeadyzed statistically using SPSS-17
statistical software (SPSS Inc., Chicago, IL, US®jhen F value was found to be
significant at 5% level of probability, least sificant difference (LSD) was calculated.

Standard error of the replicates was also caladilate

3. RESULTS AND DISCUSSION

The results exhibit that temperature has a sigmfieffect on growth, physiological and

biochemical attributes oF. polium.

Regarding growth parameters, highest fresh weaghtdry weight was recorded
in the plants collected during November, wheredmtp collected during August gave
lowest value and were statistically similar to fants sampled in Mayl.. polium plants
collected in November gave 24.8% and 61.8% higladmes for fresh and dry weight,
respectively, than the plants collected in Augusiclv gave lowest values (Table 2).
Higher values of fresh and dry weights during Nolemcan be explained on the basis of
climatic characteristics (Table 1) such as optintemperature, improved rain fall and
humidity, and suppressed solar radiations, alleleedlectively provided suitable growth
conditions to the plants which ultimately contridaditto enhanced fresh weight and dry
matter accumulation. On the other hand, duringéngaining month lower rain falls and
humidity but higher level of temperature and sotatiations adversely affected growth
of plants as witnessed by lower values of fresh dngl weights (Table 2). Low

temperature has been shown as one of the impodidatdrs that limits growth and



143 productivity of plants by inhibiting biosyntheticctavities and normal function of

144  physiological processes [22]. It is well documentbdt temperature lower than the

145 normal level may lead to chilling injuries that asflected in the form of chlorosis and

146  browning of leaves [23] as shown by the lower valoé Chl content (Table 2) which

147  ultimately contributed to reduced fresh and dry ghés under lower temperature. In

148  contrast to low temperature, high temperature stedso adversely affects growth of

149  plants by reducing water content (Fig. 1B) Chl eomt(Table 2) and inducing oxidative

150  stress leading to losses in growth and productiitylants [24, 25].

151  Table 2.Impact of variable climatic conditions on fresh gl#i, dry weight, Chl content and CA

152  activity of Teucrium polium collected in four different months

(;ollection Fresh Dry Chl-a Chl-b Total Chl Chl-a:b

time weight weight (mg/g FW)  (mg/g FW) (mg/g FW) activity
@) @) (umol CO, kg ™

leaf FW s%)

February 42.71+1.21 12.83+0.71 1.44+0.07 1.20+0.132.64+0.17  1.20+0.02 389.07+3.56

May 39.10+£1.13 10.66+0.83 1.11+0.08 0.86+0.09 1e0& 1.29+0.07 366.25+4.12
August 37.64+0.86 9.73+0.66 1.09+0.02 0.74£0.04 340301 1.47+0.04 351.41+3.29
November 46.95+0.92 15.75%£1.24 1.52+0.05 1.19+0.062.71+0.03  1.28+0.01 393.54+2.32
LSD at 5% 3.59 2.07 0.06 0.09 0.04 0.05 5.82
153 Data are mean of five independent replicates (3S.E.

154 Chlorophyll is one of the important parametersl@termining growth and yield

155  performance of a plant. Table 2 shows a significhfiérence in Chl, Chlb, total Chl

156  content and Chéb ratio in response to seasonal variations. Highasites of these

157  attributes were recorded in the month of Novemiescept Chla:b ratio which was

158  highest in August, whereas, lowest values forlake Chl characteristics were recorded

159  during August, except Cla:b ratio that was lowest during February. An increase

160  39.4%, 60.8%, 48.1% in Clal- Chlb and total Chl content was recorded, respectively,

161  during November as compared with the plants cabbah August (Table 2). The results

162 indicate that Chb is more sensitive than Chlto the climatic fluctuations. Exposure of

163  plants to UV-B radiation, low temperature, largardal temperature variations adversely

164  affect chlorophyll biosynthesis [26], furthermoea enhanced activity of chlorophyllase,

165 the enzyme responsible for the degradation of oplayll molecule, has been recorded in

166 plants exposed to several environmental stressgs lHghest enzyme activity of CA
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was registered in the month of November, being at \pith the plants sampled in
February. However, lowest enzyme activity was rdedrin August followed by May.
Plants collected in November gave 12.0% higher C#vidy than the plants sampled
during August (Table 2). The enzyme CA which caealyreversible hydration of GO
and maintained its constant supply to rubisco,ltedun optimum rate of photosynthesis
and thus more dry matter accumulation in the pldiable 2). Our results are in
agreement with the findings of Hayat et al. [28]ombserved a significant decrease in

CA activity in the plants grown under high temparatstress.

It is clear from Fig. 1A that elevation in temper@ has a concomitant increase in
H,O, content which reached at its highest in the maftiAugustwhich reached its
highest value in the month of August, however, ¢heslues were at par with that of the
values recorded in May. On the other hand, in Ndy&ma decline in kD, content was
recorded which exhibited parity to the level ofQ4 content recorded in February.
During highest temperature of August, an increas8801% in HO, content was
recorded as compared with the lowest values redorde November (Fig. 1A).
Temperature stresses such as heat, cold or freemmgthe major causes of ROS
production in plants that cause cellular damageuttin peroxidation of lipids, proteins,
nucleic acids and Chl bleaching [29, 30] leadindoses to growth and yield of plants.
Moreover, enhanced UV radiations significantly cimite to over production of D, in
plants. Table 1 indicates higher values of radmtialuring the colder and higher
temperature conditions of February, May and Augwsich might have contributed to

higher accumulation of #D, content during these months (Fig. 1A).

Results show that variation in temperature hasifstignt impact on water status
of plants. LRWC in the month of November was 57.49¢ther than the values recorded
in any month during the study. On contrary, lowestter content of 39.20% was
registered in the month of August (Fig. 1B). Valoé$ RWC recorded during November
were almost similar to that of the value registareBebruary. Increasing temperature has
direct impact on stomatal conductance, a transpiraate and leaf water potential which

directly affects water status of plants [31]. Maren higher rainfall and humidity, and



196
197

198

199

200

201

202

203

204

205
206

207

208
209
210
211
212
213
214
215
216
217
218
219
220
221
222

lower temperature during November (Table 1) mayehéacilitated the plants with

reduced transpiration rate which resulted in impbwater status of the plants (Fig 1B).
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Figure 1. Impact of variable climatic conditions on®} content (A), leaf relative water content
(LRWC) (B) in Teucrium polium during four different months (Vertical bars + S.E.

Efficiency of plants to counteract abiotic strasgduced oxidative stress was
evaluated by determining the activities of anti@xitlenzymes (SOD, CAT and POX).
Results show a parallel increase in the activibleantioxidant enzymes with an increase
in temperature from February to May, while a dexlin the activities was noted in
August reaching the lowest levels compared toha&llvalues recorded in any month (Fig
2A). However, in November an increase of 10.5%4%6and 34.6% was recorded in the
activities of SOD, CAT and POX, respectively, thdére lowest values recorded in
August. To cope with stress induced oxidative stretants are equipped with a system
of antioxidative enzymes such as SOD, CAT and POMese are chloroplastic or
cytosolic enzymes which detoxify ,B,. SOD converts superoxide radicals teObl
while CAT and POX dismutate J, into water and oxygen. Activities of antioxidant
enzymes have been shown to increase in respons$egliotemperature stress [32];
however, Yong et al. [33] observed that exposurstiaiwberry plants to low temperature
stress initially enhanced the level of ROS and sgbently the activities of antioxidant

enzymes; however, at later stages of low temperatiess, a decrease or no change in
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enzyme activities was recorded. Thus, lower leMeHgO, content under the lower
temperature of November was due to enhanced aesivaf SOD, CAT and POX, while
reverse is true for the plants collected during ésigwhich gave higher level of.B,
content coupled with suppressed activities of aidetive enzymes (Fig. 2A).
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Figure 2. Impact of variable climatic conditions on actiggiof SOD, CAT and POX (A) and leaf

protein content (B) iffeucrium polium during four different months (Vertical bars + S.E.

Perusal of data shows that leaf protein contestt @khibits a significant variation
under varying climatic conditions of the four mositiPlants collected during the highest
recorded temperature of August, being statisticatiyial with the values recorded in
May, exhibit lowest leaf protein content, wheredaighest protein content was recorded
during the month of November. PlantsTofpolium during November gave 53.3% more
protein content than the plants sampled during Augehich being at par with values
recorded during February, gave the lowest valuags @B). Our results corroborate the
findings of Das et al. [34] who observed a decreag®otein concentration in the plants
exposed to high temperature stress. High temperatauses membrane injuries,
depletion of cell reserves and loss of catalytitivaes of enzymes [7]; all these
contributed to reduced activities of CA, SOD, CAidaPOX enzymes and enhanced
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accumulation of KO, which ultimately resulted in reduced fresh and @ejights of the

plants grown under high temperature conditions.
4. CONCLUSION

On the basis of assessment of growth, physiologindl biochemical parameters, it can
be concluded that temperature and humidity of Ndyamwas found better than in
August to ensure proper growth and developmeiit pblium plants.
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