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Abstract

Effects of eight heavy metals (Ag, Cd, Cr, Cu,KiglPb and Zn) on nitrate redu ctase activity
of Echhornia crassipesand Pistia stratioteswere investigated. Plantlets were grown
hydroponically in quarter-strength Hoagland’s satut and supplemented with 0, 0.1, 0.3,
0.5,1.0,3.0 and 5.0 mM of each of the metal8fareeks. The results showed that heavy
metals, depending on the nature, concentratio ngurdtion of exposure inhibit the activity of
the enzyme. Low concentration (0.1mM) of zinc atdiy the enzyme activity Ex crassipes
while 0.1 and 0.3mM ofthe same metal boosted nlagnee activity irP. stratiotesMoreover,

the inhibitory effect of mercury was most severe.
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I ntroduction

Nitrogen is one of the important mineral elememisplants; hence its metabolism by plants
after absorption is an essential phenomenon irtsplaMitrogen is an essential consttuent of
proteins, nucleic acids and chlorophyl among athel herefore, processes like protein,
nucleic acids and chlorophyl synthesis are related nirogen metabolsm.  Nirate is
considered to be the major source of inorganiogai for most angiosperms (Pibeam and
Kirkby, 1992).

Nitrate absorbed by plnts are normaly reducedammonium before incorporaton nto
nirogen contaning compounds ncludng amino agiéan et al, 2002). The first step on the
nirate reduction process is catalyzed by the eezyittate reductase (NR). It is an essential
plant enzyme in nitrogen assimiation and was thet fecognized example of substrate-
inducible enzyme in plants (Lexat al, 2002). Activty of this enzyme is consideredkie a

imitng factor for growth, development, and pmteproduction in plants (Solomonson and
Barber, 1990). Nitrate reductase actmvty (NRA) swaments have long been used to

indicate the effect of changes in the environmemtao plant's capacty to assmiate nitrate
nirogen (Fredeemet al, 1991).

When plants are subjected to stress, their vithibfgomes weaker, the longer the stress is
maintaned.  When the limit of the plnts abiily adust is reached, hitherto latent damage

develops into chronic disease or ireversible ynjdrarcher, 1981). Heavy metak are among
the most dangerous stress factors that has rectieedttention of environmental biologists in
recent times (Larcher, 1995).

Toxic levels of some heaw metals appear as atreSutnvronmental poliution due to the
technology of mining, heaw vehicular traffic, stingl manufacturing, and agricultural
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actimties in natural and agricultural areas (Oneklal, 2000). The toxcity of these heavy
metals to plants varies with individual metal armhoentrations. Inducton of leaf chlorosis,
reduction of biomass producton and nutritional iigudnave been observed on crops grown in
sois contaminated wih moderate levek of heawtalme(Clisterset al, 1999). Howewer,
studies partcularly of biochemical and mokeculesels are required for the subject to be
understood.

Sihce poluton caused by heavy metals 5 on theease in the environment, it is necessary
to understand how plant metabolisms respond to Rgkls of heaw metals. Although
nirogen plays a central role in plant metaboiditie information is available regarding the
influence of heaw metals on nitrogen metabalisnhis Tpaper reported heavy metaktinduced

changes n nitrate reductase activty Eithhornia crasspes andPistia stratiotes the two
most widespread water plants in Nigerian watersoider to contribute to the existing

knowledge regarding this subject n the tropics.

M aterials and methods
Plants collection and treatments

Whole plants ofE. crassipegMart) Solms-Laubach ané. stratiotesL. were collected from
Oba dam, Unwersity of Ibadan, Ibadan Oyo Statgeié and were washed thoroughly under
a runnng tap water. They were grown and propagiiedt weeks hydroponicaly in quarter-
strength Hoagland’s solution containngN]): 1.25 Ca(Ng,, 1.5 KN, 0.5 KHPQ, 0.5
MgSQ: and 0.25 NaCl, angf): 11.5 HBOg3, 2.3 MnC4, 0.026 HMoO4 and 11.2 Fe-EDTA.
Nutrients were replenished at intervals of 5 ddysughout the duration of the study. Plants
of simiar size were selected for the experment.

Heaw metals were suppied as salts at varying estrations (0.1, 0.3, 0.5, 1.0, 3.0 and
5.0mM) as AgNQ (Ag), CANQG), (Cd), KLrO, (Cr), CuSQ (Cu), HgC} (Hg), NiSQ, (Ni),
Pb(NG;), (Pb) and ZnSQ (Zn). Nutrient solution devoid of any of these tale served as
control. Both the control and the treated solstisnere maintained at pH 5.5 using M. Bf
either HCI or NaOH.

Experimental plants (in triplcates) were placed motrient solution (1 lire) supplemented
with one of the metals under investigaton. Theednental set-up was maintaned for 3
weeks in a screen house, nursery section of theariegnt of Botany and Microbiology,
University of Ibadan. The substrate assay soldmmained 1 ml each of 0.1M KNO15 ml

I1 propan-1-ol and 0.1M potassium phosphate buffer 7b)

Collection and Preparation of Homogenates
Fresh leaves of plants were harvested weekly aocbufhly washed under a running tap
water. Homogenates of leaves were prepared byingrificesh leaves (0.5g) in distiled water

(10 m) folowed by fitraton using Labsman No itef paper. The fitrate was utiized for
enzyme assays (De Bitial, 2003).

Assay of Nitrate Reductase Activity
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Assay of nitrate reductase activity was performekbviing the method described by Faih
al. (2002). Homogenates (1 ml) was mixed with thestake (3ml) folowed by incubation at
room temperature (26) in the dark for 1hour in a test tube. Thereafienl of the reaction
mixture was transferred into a clean test tube, Ent 1% (w/v) sulphaniic acid (1 ml) and
0.2M naphthyenedamine (1 ml) were added. The timaanixture was thoroughly shaken
and left to stand for 1 hour for colour formation.The blank contained substrate (1 ml), 1%
(w/V) sulphaniic acid (Im) and 1ml of 0.2M naphtimediamine. The reaction miture was
alowed to stand for 1 hour for colour formatiorheTabsorbance was read at 540 nm on Cam-
Spec M105 spectrophotometer. The values were ebtarom a standard calbration curve
generated using solutions of Sodium nirite. Oni efnnirate reductase activity was defined
as umol NO, produced per gram fresh weight per hour. Protenteot was determined
according to the method of Bradford (1976) usingifigo serum abumin as a standard.

Statistical analysis

Data analyses were performed using SAS version (8A8S Institute, 1989). Analysis of
variance (ANOVA) was performed on experimental defar mean separations, Duncan’s
Muliple Range Test (DMRT) was used at®.05 (Little and Hil, 1978).

Results and Discussion

Nitrate reductase actmMty was significanty <(P0.05) inhibted at metals concentrations
>0.3nM. This observation was true for all the metals pkanc. Low level of Zn (OrhM)
induced higher level of NRA when compared with ttantrol E. crassipeswhie 0.1 and
0.3nM Zn concentrations induced higher kvel of the myactvity than the contraP.
stratiotes It was observed that, enzyme actvity decreaseth vincrease in metal
concentrations and the duration of expostecrassipesandP. stratiotestreated with 0.61M
Ag had their NRA reduced from 5A@13 and 3.960.31 umol ¢! fresh kaf weight at the
end of the first week to 4.80.52 and 2.980.32 umol g' fresh leaf weights respectively at
the end of the third week. The contrie. crassipeshowever exhibited reduced enzyme
activity during the second week and increasedfis@nily during the third week (Figs. 1 and
2). The contral nitrate reductase actvity Bn crassipeswas 13.4%0.35 umal gt fresh leaf
weight. This value is sgnificantly €9.05) greater than 7.2@.55, 9.130.29, 8.8%0.24 and
0.83t0.12 umal g* fresh leaf weight recorded for plants treated WithmM Ag, Cd, Cu and
Hg (Figs.1 and 2)Pistia stratiotesexposed to OrBM Ag, Cr, Hg, Niand Pb had NRA values
of 5.82t0.21, 9.330.19, 2.230.09, 3.1#0.12 and 7.H#0.10 umol g! fresh weight
respectively. These values were signifcanthe@®5) lower than 10.#0.26 umol gt fresh
weight obtaned for the control (Figs. 3 and 4).

The increase in nirate reductase activity compdcethe control plants caused by the low
concentrations of Zn could be attrbuted to theityalif Zn to provide a more balanced

nutrient requirement for optmum vitalty of theapls. The decrease in nitrate reductase
activity at the second week of the experiment cddd as a resut of stress caused by
inadequate nutrients in the medum. The interactibrthese heaw metals with the enzyme
could be as a resuit of the metals binding to tbevea sites of the enzyme involved n the

cataltic activity or structural integrity of thenmyme. The results of the present study have
shown that the effect heavy metal has on nitrogetaloolism is dependent on the nature of
the metal the concentration to which the plant veaposed and the duration of exposure.
Conclusively, high kevels of these metals inhibirate reductase actiity iE. crassipesand

P. stratiotestherefore their abilties to metabolize absorbedogeén were greatly hindered.
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Figure 1: Nitrate reductase activityuwinol g fresh weight) ofE. crassipesreated with
Ag, Cd,Crand Cu.
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Figure 2: Nitrate reductase activitywnol g fresh weight) ofE. crassipesreated with
Hg, Ni, Pband Zn.
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Figure 3: Nitrate reductase activityunol g* fresh weight) ofP. stratiotestreated wih
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Figure 4: Nitrate reductase actvityuol g fresh weight) ofP. stratiotesreated with
Hg, Ni, Pband Zn.



