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ABSTRACT

This study was carried out to investigate the activities of adenosine triphosphatase in maize
and cowpea exposed to crude oil contaminated soil. Total adenosine triphosphatase,
Calcium adenosine triphosphatase, sodium/potassium adenosine triphosphatase and
Magnesium adenosine triphosphatase activities were evaluated in various crude oil fractions.
Cowpea and maize seeds were planted outside inpolythene bags in the department of
Biochemistry, Faculty of life sciences laboratory garden. Adenosine triphosphatase
(ATPase) assay was carried out in the department of Biochemistry and School of basic
medical sciences in university of Benin City, Nigeria. The experiment lasted for a period of
five months. A total of 630 bags, each containing 500g of sandy loam soil, with no known
history of crude oil contamination was used for this study. 300 bags were used for planting
test samples of 2%, 5% 10% crude oil fraction while 30 bags served as control for planting
cowpea and maize respectively. 30 bags containing 500g of soil were collected from a crude
oil contaminated site in Ubeji, Delta State, Nigeria.

The seedlings were harvested after 7, 14, and 21 days post germination and the activities of
adenosine triphosphatase determined. The data obtained were subjected to descriptive
statistic of variance analysis.

The activities of total ATPase, Ca’*-ATPase, Mg*-ATPase, and Na'/K'-ATPase had
significant increase (P<.01) in cowpea compared to control in all the fractions of crude oil but
total ATPase, Ca’’-ATPase, Mg®*-ATPase, and Na'/K'-ATPase in maize had some
significant increase and some significant decrease (P<.01) when compared to control with
increased percentage crude oil contamination. The study indicated that crude oil fraction
affects the activities of adenosine triphosphatase.

Keywords: Crude oil, Maize, Growth parameters, Oxidative stress, Contamination
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1. INTRODUCTION

Crude oil is a colloidal mixture of different hydrocarbons (90%) and non-hydrocarbon
(10%) components [1]. Water and oil are usually considered to be non-miscible. However,
crude oil contains a very small soluble portion referred to as the water soluble fraction
(WSF). The components of crude oil that go into solution make up this WSF. WSF have
been reported to contain 20 aromatic compounds ranging from benzene to dimethyl
phenanthrenes and up to 14 saturated hydrocarbons ranging from C14 to paraffins [2].
Nigeria is an established crude oil exporting nation and it forms the mainstay of its
economy [3]. Various activities in crude oil exploration, storage and transportation lead to
spillage of oil to the environment [4]. This spillage or discharge of crude oil to the
environment causes harmful effects, where it poses serious threat to organisms and
farmland that are linked in a complex food chain that includes humans [5]. The effects of
crude oil on the growth and performance of plants have been reported in many studies
[6,7,8]. Crude oil in soil makes the soil condition unsatisfactory for plant growth. It can
reduce the level of available plant nutrient in contaminated soils [9] and can also raise the
levels of certain elements such as iron and zinc to toxic amounts [10]. Exposure of plants
to crude oil and heavy metal poisoning has been reported to produce reactive oxygen
species (ROS) and other free radicals which induce oxidative stress and cause lipid
peroxidation [11]. Even at an early stage, it can cause a reduction in cell proliferation and
growth. ROS is thought to increase cellular damage through the oxidation of several
macromolecules such as lipids and proteins [12]. However, to cope with ROS activities,
plants have developed antioxidative mechanisms, including superoxide dismutase,
catalase, which are induced whenever there is environmental stress.

Adenosine triphosphatases (ATPases) catalyse the decomposition of Adenosine
triphosphate (ATP) into Adenosine diphosphate (ADP) and free phosphate ion (Pi). The
enzyme is important in transport, signal transduction, protein biosynthesis and cell
differentiation and are believed to mediate energy transfer from ATP to the ion transport
system in plant roots [13,14]

Maize (Zea mays), a typical cereal crop of temperate and subtropical zones is one of the
major sources of carbohydrate consumed in Nigeria.

Cowpea (Vigna unguiculata), a typical legume is, on the other hand, one of the major
source of protein consumed in Nigeria since meat protein is beyond the reach of the
‘common man’. Both plants are grown in most agro ecological areas especially in the Niger
Delta region where oil industrial activities are predominant [4]. As a result of the global
warming, increasing economic crisis and high dependence on plant such as cowpea and
maize to generate income and meet the protein and carbohydrate need of humans and
animals, it becomes increasingly important to conserve the major sources of protein and
carbohydrate.

Most studies of the effects of crude oil in plants are mainly on physiological parameters
ranging from percentage germination to plant height, and number of leaves. Also, maize
has been displayed as a variable stress tolerant plant under environmental extremities
ranging from drought or heavy metals [15]. Recently, Olubodun and Eriyamremu [16]
examined the effect of different crude oil fraction on superoxide dismutase and catalase
activity and lipid peroxidation of maize radicle. A wide range of adenosine triphosphatases
(ATPases) is localized in biological systems [17, 18] and there is lack of information on the
effects of crude oil on such biochemical parameters (ATPase activities) as well as the
effects of crude oil fractions (WSF and WIF of crude oil) in plants, since some researchers
have attributed adverse biological effects to dissolved low molecular weight hydrocarbons,
particularly aromatics such as toluene [19]. Also, other researchers considered naphthalene
as a more important source of crude oil toxicity than low molecular weight aromatics [2].

*Tel.: +2348023411948
E-mail address: sabukadi@yahoo.com.



76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

103
104
105
106
107
108
109
110
111

According to another source, low boiling point unsaturated hydrocarbons such as benzene,
toluene, xylene and naphthalene, are the most toxic components in crude oils [2,19]. This
prompted the research to investigate the effects of crude oil and its fractions on the activities
of adenosine triphosphatase in cowpea and maize radicle to make a comparison in both
plants on crude oil contaminated soil from Ubeji, Delta State, Nigeria.

2. MATERIAL AND METHODS

2.1 Study location

The ex situ study was carried out at the University of Benin, Benin City, Edo State, Nigeria
from the month of March to August, 2009. The soil from an uncultivated land with no known
crude oil contamination as well as soil where there was crude oil contamination was
collected from Ubeji, Delta State, Nigeria (same geographic region as the study site.

2.2 Soil Sampling and Pre-treatment

Top soil (0 — 20cm depth) sample was collected from an uncultivated land without
known crude oil contamination at Ubeji, Delta State. Holes were dug at five
different points within the land to a 20cm depth each using plastic spade. Also,
soil from the same community where there was crude oil spillage from a
Bonny light crude oil pipe line (referred to as Ubeji) was collected and used for planting.
The soil samples was collected into polythene bags and taken to the laboratory. A
composite of all the samples was made by mixing thoroughly equal amounts of soil from
each point. The composite soil was weighed into 300 polythene bags such that each bag
contained 500g soil and another 30 bags containing the soil collected from crude oil
spillage site as shown below in table 1:

Table 1: Concentration of Bonny light crude oil con tamination in soil

Group % Contamination Number of bags
Control - 30
2% Whole crude (WC) 2% 30
5% WC 5% 30
10% WC 10% 30
2% Water soluble fraction (W SF) 2% 30
5% WSF 5% 30
10% WSF 10% 30
2% Water insoluble fraction (WIF) 2% 30
5% WIF 5% 30
10% WIF 10% 30
Ubeji THC (74.88mg/kg) 30

2.3 Plant Materials

Maize (Zea mays) and cowpea (Vigna unguiculata) seeds were bought from a local market
in Benin City, Edo State, Nigeria and identified as Dmr-Esr-w and ITA 189 - 288 cultivars
respectively, in the Department of Crop Science, University of Benin, Benin City, Nigeria.
Seed viability was assessed by floatation method. The seeds were placed in a beaker
containing tap water and stirred. The seeds that did not float were regarded as viable
seeds.
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2.4 Crude oil and fractionation

Crude oil (Bonny light, OAPI (American Petroleum Institute) gravity =37) was obtained
from Warri Refinery and Petrochemical Company Delta State, Nigeria. A portion of the
crude oil was fractionated by the method of Anderson et al. [2] into water soluble fraction
(WSF) and water insoluble fraction (WIF). For the fractionation, a 1:2 dilution of 200 ml of
crude oil was put in a 1 litre conical flask and constantly stirred with a magnetic stirrer for
48h. The W SF then separated from the WIF in a separating funnel.

25 Soil treatment

The composite soils were treated with either distilled water (control); whole crude (WC),
water soluble fraction (WSF) of the crude oil; or with the water insoluble fractions (WIF) of
the crude oil in the laboratory. The soil in the bags contaminated with whole crude (WC),
water soluble fraction (WSF), and water insoluble fractions (WIF) were mixed
thoroughly in their respective polythene bags containing 500g top soil with the aid of a
plastic spade. Soil of 500g was treated with 10ml, 25ml and 50ml of crude oil to obtain 2, 5
and 10% v/w crude oil contamination.

In each bag, three (3) viable maize or cowpea seeds were planted. Equal amounts of
seeds that emerged were harvested at day 7, day 14 and day 21. Growth parameters were
assessed after each harvest.

2.6 Planting of seeds and germination studies

The seeds were planted by a modified version of Vavrek and Campbell [20]. Three seeds
of each plant were sown in each bag of soil with a depth of about 1-2 cm. The time and
number of seeds that germinated from each bag were noted and the percentage
germination in each treatment was calculated using the formula:

Percentage germination = number of seeds that germinated x 100
number of seeds sown

2.7 Biochemical assays

lation of , "

A modification of Douce et. al. [21] was used for the isolation of mitochondria from the
radicle of the germinating maize and cowpea seedling. The radicle was homogenized in
ice-cold extraction medium (Sucrose 0.25 M, EDTA 5 mM, EGTA 1 mM, dithioerythritol
1 mM, BSA 0.1%, polyclar-AT 0.6%, in HEPES-TRIS 10 mM pH.7.4). The homogenate
was filtered with a clean white cloth and the mitochondria immediately separated from
the cytoplasmic fraction by centrifugation at 15,000g for 10 min. The resulting crude
mitochondrial pellet was resuspended in a solution (Sucrose 0.25 M, EDTA 5 mM, EGTA
1 mM, BSA 0.1% in HEPES-TRIS 10 mM, pH.7.4) and centrifuged at 600g for 5 minutes to
remove nuclei and heavy cell debris. This washing procedure was repeated twice. The
washed crude mitochondrial pellet were resuspended in another solution (Sucrose 0.25 M,
EGTA 30 mM, in HEPES-TRIS 10 mM, pH.7.4) and stored in ice. The samples obtained
were subsequently used for the determination of ATPases.

2.7.2 Measurement of ATPase

ATPase was measured according to the method of Matsukawa and Takiguchi [22]. Activity
of ATPase was determined by measuring the amount of inorganic phosphate liberated
following incubation with 25 mM disodium ATP. The inorganic phosphate liberated was
estimated according to the method of Fiske and Subarrow [23]. The reaction mixture (final
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volume 2 ml, including 0:1 ml enzyme extract) for the assay of total ATPase activity
contained tris-HCI buffer, pH 7.4, 50 mM; MgCl,, 5 mM; NaCl, 100 mM; KCI, 20 mM; ATP, 5
mM. For Mg®*-ATPase assay the mixture was as above, but without NaCl and KCI. The
reaction was initiated by the addition of the enzyme extract. The mixture was incubated for
10 min, and terminated by addition of 2 ml cold 10% trichloroacetic acid (TCA).

After centrifugation at 1000 rpm for 10 min, the Pi liberated from ATP was determined.
Na'/K*-ATPase activity, was calculated by subtracting Mgz+-ATPase activity from total
ATPase activity, and expressed as micromole of free phosphate (Pi) released min~ (mg
protein)_l. The standard reaction mixture for Ca**-ATPase in a final volume of 2 ml contained
50 mM tris-HCI buffer, pH 7.4; 3 mM CaCl,, 3 mM ATP; and 0.1 ml of the appropriate
enzyme solution. The experimental protocol was as reported for Na'/K*-ATPase and Mg**-
ATPase activities and was expressed.

2.8 Quiality Control and Assurance

In order to ensure the accuracy and reliability of the results obtained, all reagents used for
the preparation of standard solutions and analysis were analytical grades (BDH or Sigma).
All glasses and plastics used were acid-washed.

Buck Scientific standard solutions (Buck Scientific Inc.) were used to calibrate the
Spectrophotometer. Procedural blank samples were subjected to similar extraction method
using the same amounts of reagents.

29 Statistical analysis

The result of the study was expressed as mean + standard error of mean (SEM).
Analysis of variance was used to test for differences in the groups, while Duncan’s
multiple comparisons test was used to determine significant differences between means.
The Instat-Graphpad software, San Diego, California, USA, was used for this analysis. A
P<.01 was considered statistically significant

3. RESULTS AND DISCUSSION

3.1 Effect of crude oil and its fractions on adenos ine

triphosphatase (ATPase) activities of the radicle o f cowpea

There were increased ATPase activities in almost all the values obtained (table 2) as the
percentage contamination of the crude oil and its fractions increased in cowpea, and this
was found to be significant (p<.01) between (2-10%) relative to the control value. As the

plants grew, the ATPase activity also increased. The activated Ca2+-ATPase activity will

lead to increasing Ca2+ ion absorption or influx into the plant. Ca2+ has been reported to
maintain membrane integrity and protect the plant from the injurious effects of hydrogen

ion (H+), high salts and other potentially toxic ions present in the contaminated environment
[24]. This increased influx of Ca2+ helped to cushion the damaging effect of the slight
increase in lipid peroxidation observed during the study (result not shown) [16].

The increased Mg * ATPase may cause increased influx of Mg * jon into the plant. The
increased influx may also protect the plant against the damaging effect of lipid
peroxidation by maintaining membrane integrity as well as stimulating Na*/k*t
ATPase activity for carbohydrate metabolism, hence, providing energy for metabolic
processes in the growing plant and facilitating osmotic adjustment [26,27].

The increased activity of Na*/K* ATPase may have been a result of increased influx of

Mg2+ ion. Increased Na'/K* ATPase activity in turn increases absorption of Na*/K*
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203 coupled to ATP hydrolysis, and generates electrochemical gradients across the cell
204 membrane [17, 18, 27].

205 K™ ion has been reported to increase carbohydrate metabolism by translocating sugars,
206 help to increase stomata opening, regulate the water in the plant cell by preventing loss of
207  water that may physiologically dry the plant [24].

208  The significant increase in ATPase activity in the values obtained as the concentrations of
209 the crude oil increased in cowpea relative to the control value may be a result of
210 increasing concentrations of M92 and. ATP complex (Mg-ATP) and decreasmg
211 concentranons of ATP, or activation by Mg * and monovalent cations (K+ >Rbt >cst >
212 Nat > Li ) [25]. The non-significant decrease in ATPase activity observed at some
213 concentrations, for example cowpea on 7DPG at 2% concentration, magnesium ATPase
214 (Mg2 ATPase) activity of WIF(0.15) and calcium ATPase (Ca2+ ATPase) activity of WC
215 (0.05) relative to the control (0.17) (Table 2) may be due to the presence of divalent
216 catlon(s) other than M92+ which could e|ther partlally substitute for M92 (i.e an and
217 ) be ineffective or inhibitory (i.e Ni<* , Zn< 7, and Ca +) to the enzyme and thus
218 prevent maximum stimulation by monovalent cations (K >Rb* > cs™ > Na' > L ) ora
219 decreaselincrease in optimum conditions of pH and temperature for maximum activity or
220 the presence of substrates other than ATP (i.e mono-, di-, and triphosphatases) since the
221 enzyme exhibited a clear preference for ATP as the substrate over other nucleoside [26].

222  The significant inhibition of sodium/potassium ATPase (Na+/K+ ATPase) activity of WIF
223 (0.01) on 21DPG (Table 2), may be a result of inhibition by Ca2+. The inhibition by Ca2+

224 of K -ATPase of oat roots suggested by Balke et al. [28] to be uncompetitive, was an
225 interference with the ATP- Mg-enzyme complex which would require action on the inside

226 of the cell. However, it may be possible that Ca2+ competes at K*-sites on the ATPase

227 to inhibit K influx. The inhibitory effects of Ca2+ on K -ATPase at relatively low
228 concentration as observed by Leonard and Hotchkiss [26] suggested that levels of free

229 ca®? 2+
230 regulatory effect on ion transport rates [29, 30] Ca

in cells were low, and that Ca® concentrations in the cytoplasm could have a

2+ may inhibit ATPase by interfering

231  with the ATP Mg-enzyme complex which in turn prevents M92+ translocation, which may
232 lead to its deficiency in the plant.

233 At 5% contamination, magnesium ATPase (Mg ATPase) activity of WC (0.11, 0.12 and
234  0.13 respectively) was significantly inhibited on 7, 14 and 21 DPG relative to control (0.17,
235 0.21 and 0.22 respectively) (Table 2). This inhibition may be a result of the effect of
236 inorganic ions on the plant ATPase which is reported to either slightly stimulate or
237 inhibit its activity and/or the possibility that all fractions contain a variety of membrane
238 structures and the existence of more than one ATPase associated with different
239 membrane structures in each fraction. It can be inferred that the cell wall fraction of
240  ATPase is most expressed hence the relative inhibition and there won't be suifficient Mg *
241  stimulated ATPase to account for the Mg2 that needs to be absorbed in the plant roots
242 [28]. There will be reduced absorption of Mg * and the protective potential of the cat|0ns
243  will be reduced. This may lead to damage of membrane and deactivation of Na it
244 ATPase.

245 At 10% contamination, sodium/potassium ATPase (Na+/K+ ATPase) activity of WSF
246 (0.14) was significantly inhibited on 7 DPG relative to control (0.17) (Table 2). The result
247 of this study is similar to the findings of Senthil-Nathan et. al. [31] who observed significant
248 inhibition of ATPase activity in different animal species exposed to different contaminants.
249 Muzzanti et al. [32] reported that reduction in Na® +K*-ATPase is a reflection of the
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gualitative alterations of the phospholipid components of cells. Rauchova et al. [33]
established that changes in membrane microviscosity can affect kinetic characteristics of
membrane-bound enzymes. It is possible that the decreased ATPase activities may be
responsible for the slight increase in lipid peroxidation observed in the study (results not
shown) [16].
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Table 2: Effects of crude oil and its fractions on

adenosine triphosphatase activities of cowpea radic le

Control | Whole crude Water soluble fraction Water insol
2% 5% 10% 2% 5% 10% 2% 50

Number of | 100 100 100 100 100 100 100 100 1C
seeds
planted
% 100 60 47 37 72 59 42 56 4¢
germinatio
n
7 days after germination
Total 0.40 0.89 + 0.58 3.25 1.41 2.01 0.70 1.99 2.
ATPase +0.102 | 0.09P | 10120 | 1018 +023% | +023¢ | £013°¢ | 20879 | 1c
(umole/mg/
min)
Mg<™ 0.17 0.59 + 0.11 0.53 0.68 1.02 0.21 0.15 0.
ATPase +0.15% | 0.15P +0.24P +0.15 +0.24% | +020¢ | 2015% | 20632 |
(umole/mg/
min)
ca‘’ 0.06 0.05 + 0.10 0.95 0.16 0.64 0.37 0.09 0.
ATPase +0.212 | 0.182 +0.15° +0.30 +009P | +012¢ | 4012¢ | £0.10°¢ | 4c
(umole/mg/
min)
Na /K" 0.17 0.23 + 0.37 1.78 0.55 0.35 0.14 1.75 1.
ATPase 0122 | 024P | 1000P | 2009 +024¢ | 2021 | £026C | 20069 | xC
(umole/mg/
min)
14 days after germination
Total 0.45 1.09 0.63 3.47 1.14 6.52 1.62 5.86 4.
ATPase +0232 | +010P | 2031P | 1021 +020¢ | +009¢ | £027¢ | 20109 | xc
(umole/mg/
min)
Mg<™ 0.21 0.66 0.12 1.06 0.43 0.98 0.48 0.74 2.
ATPase +0152 | +0.40P | +0.44P +0.12 +040¢ | 015 | 4035¢ | 40109 | 4c
(umole/mg/
min)
cat” 0.03 0.06 0.11 1.02 0.16 2.84 0.52 0.46 0.
ATPase +0062 | x0.10P | +0.12P +0.35 +020¢ | 015 | 4031¢ | +0.109 | 4
(umole/mg/
min)
Na'/K* 0.21 0.37 0.39 1.39 0.56 2.89 0.62 4.65 3.
ATPase +0182 | +01P 018" | 010 +07¢ | 055 | £015° | 20109 | +c
(umole/mg/
min)
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21 days after germination

Total 0.48 133 072 093 = 332 380 | 571 170
ATPase +0.352 | £1.20 +0.172 +0.23 +0.10° | 20.10 +067°% | 20.12
(umole/mg/

min)

Mg<™ 0.22 078 = 013 112 | 048:0. | 030 115:0.2 142
ATPase +0.402 | £0.42 +0.12 +0.10 37°¢ +0.10°¢ B +0.10
(umole/mg/

min)

ca‘’ 0.02 013 = 012 111 019 2.33 1.15 027
ATPase +0.172 | 20.18 +0.09 +0.30 +0.10¢ | 20.10¢ | #1.00¢ | 0.10
(umole/mg/

min)

Na /K" 0.24 054 = 047 L70 = 264:0. | 118 333:01 001
ATPase +0.192 | 20.22 +0.30 +0.10 36°¢ +0.10¢ | 7€ +0.12
(umole/mg/

min)

307

308  Values are means of 4 determinations + S.E.M. Means carrying different notations are

309  statistically different at P<.01. ATPase (= Adenosine triphosphatase) activity is expressed as
310 pmole of free phosphate (Pi) released min~" (mg protein)_l.

311
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3.2 Effect of crude oil and its fractions on adenos  ine triphosphatase (ATPase)
activities of the radicle of maize

In maize radicle, the effect of the contaminants on ATPase activity, which decreased as
the concentration of the crude oil increased relative to control values, evidences that the
plant may be undergoing oxidative stress. There was significant (p<.01) decrease in the
activity of the enzyme in soil contaminated with 2-10% of crude oil in the maize radicle
except in some instances, where significant increase was evident. For example, calcium

ATPase (Ca2+ ATPase) activity on 7, 14 and 21 days post germination (DPG, 0.49, 0.97
and 1.05 respectively) for 2% WC increased significantly (p<.01) relative to the control

(0.21, 0.73 and 0.73 respectively) (Table 3). The increased or activated Ca2+—ATPase

activity may lead to an increased Ca2+ ion absorption or influx into the plant since Caz+
has been reported to maintain membrane integrity and protect the plant from the injurious

effects of hydrogen ion (H+), high salts and other potentially toxic ions present in the

contaminated environment [24]. This increased influx of Ca2+ may help to cushion the
damaging effect of the slight increase in lipid peroxidation (result not shown) observed

during the study. Sodium/potassium ATPase (Na+/K+ ATPase) activity of maize radicle
cultivated on Ubeji crude oil spillage soil on 7, 14 and 21 DPG (2.39, 4.83, 2.68
respectively) increased significantly (p<.01) relative to the control (1.32, 2.46, 2.10

respectively) (Table 3). K* ion has been reported to increase carbohydrate metabolism
by translocating sugars, help to increase stomata opening, regulate the water in plant cell

by preventing loss of water that may physiologically dry the plant [24]. Increased Na*/K*
ATPase activity means increased ion absorption, hence increased protection, increased
adaptation, and/or increased compensation for the peroxidation process or oxidative
damage that may have occurred because of the crude oil contamination [13, 14, 24].
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Table 3: Effects of crude oil and its fractions on

maize radicle

adenosine triphosphatase activities of

Control | Whole crude Water soluble fraction Water insol
2% 5% 10% 2% 5% 10% 2% 59

Number of (100 100 100 100 100 100 100 100 10C
seeds
planted
% germinatio 100 70 54 37 36 65 42 63 47
n
7 days after germination
Total ATPase [1.30+ [2.30+ 2.05 2.34 1.49+0. [1.75 1.48 1.81 1.5
Er;iz‘)o'e/mgl 0028  0.01°  +0.01P +0012  01¢ +001¢  004¢ 10079 ko
Ma2* 077+ 0.26+ 0.55 0.54 0.30 0.05 0.06 0.28 0.0
g b b b b c c c
ATPase 0.102  |0.04 +0.01 +0.02 +0.09 +0.02 +0.01 +0.01 +0.
(COmole/mg/
min)
cas’ 0.21+0.021/0.49+0.10° [1.03+0.01° 0.59+0.01° 0.13+0.01°1.26+0.01° 0.36+0.02° |0.08+0.010.0
ATPase
(umole/mg/
min)
Na' /K™ 032+ [1.54+ 0.47 1.21 1.06+0. [0.45+0.0 [1.06+0.0 [1.46 0.4
ATPase 0602 0.06°  +001P +0012  02°€ oD 0@ +0020 P
(umole/mg/
min)
14 days after germination
Total 2.34 2.39 2.12 2.81 1.91+0. [3.16 1.84 1.89 3.2
ATPase 40702 #0012  +0.01P +001P  01P +001¢ 2006  2001° ko
(umole/mg/
min)
Ma2* 0.30 0.25 0.31 1.05 0.35+0. 0.34+0.0 0.25+0.0 0.20 0.0
9 b a a a ab
ATPase +0.75% 10012 +0.012 +0.01 10 1 1 +30 +0.
(umole/mg/ min)
calt 0.73 0.97 1.07 1.04 0.21 1.05+0.0 0.39 0.03 2.7
ATPase +0012 +001P  +0.06P +006° 4001 1° +001° #0019 0.
(umole/mg/ min)
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391
392

393

394

395
396
397
398
399
400
401
402
403
404
405

406

407
408
409
410
411
412

413

415
416

et 131 117 0.74 0.72 135 1.77 121 1.76 04

a /K

ATPase +0038 0.01P  l0.01P +001?  4010P #200° k0.02¢  x0.07PC¢ 0.

(umole/mg/

min)

21 days after germination

Total 2.25 254 2.20 1.92 2.01:0. 1258 2.07 3.02 23

ATPase +0062 10.01P  +0.01P +001P  01¢ +001¢  2067¢ 20019 ko

(umole/mg/

min)

o2t 0.42 0.16 0.20 0.60 0.2240. 0.34 0.34 0.11 02
g

ATPase 10012 001  k001P  |001?  02€ +0.03¢  10.03°¢ 0019 0

(umole/mg/ min)

a2t 0.73 1.05 1.22 0.72 0.30£0. 058 0.29 0.12 0.4
TPase +0012  007°  +001® 0012 o€ +001¢  x001?  +0019 Lo

(umole/mg/

min)

et 210 132 0.79 0.59 1.76:0. [1.60 0.45 3.66 16
a /K

ATPase +0012 w007P  l0.01P +001P  01¢ +002¢  2002¢ 20309 ko

(umole/mg/

min)

Values are means of 4 determinations [ S.E.M. Means carrying different notations are
statistically different at P<.01. ATPase (= Adenosine triphosphatase) activity is expressed as

pmole of free phosphate (Pi) released min~* (mg protein)_l.

4. CONCLUSION

The study showed increased ATPase activities (P<.01) (total ATPase, Ca**-ATPase, Mg**-
ATPase, and Na'/K'-ATPase) in cowpea compared to control in almost all the fractions of
crude oil as percentage contamination increased. However, there was significant decrease
(P<.01) in Mgz+-ATPase activities of cowpea radicle in WC fraction of crude oil contaminated
soil. In maize radicle, however, ATPase activities (total ATPase, Ca’*-ATPase, Mgz+-
ATPase, and Na'/K'-ATPase) did not follow a regular trend as there was significant
increase (P<.01) as well as significant decrease when compared to control in all the fractions
of crude oil as percentage contamination increased. The study, therefore, indicated that the
activities of adenosine triphosphatase was affected by the various crude oil fractions, an
indication that mitochondria energy production and viability may be reduced.
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