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ABSTRACT: In this investigation an attempt has been made to study the effect of mercury (5-20 µM), or nickel 
(20-100 µM) as partial electron transport activities using maize thylakoid as experimental system. Between two 
photosystems, photosystem II catalyzed electron transport is more sensitive to heavy metal ions when compare to 
that of photosystem I. Between Hg or Ni, mercury seems potent inhibitor of Hill reaction and induces around 50% 
loss at 15µM and 50 µM respectively. Photosystem I catalyzed electron transport is more sensitive to the action of 
mercury than that of Ni. Thus two selected heavy metal ions show the action differently on electron transport in 
maize thylakoid membranes.  
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INTRODUCTION 
Heavy metals are phytotoxic, leads to environmental pollution and as plant can easily assimilate the heavy metals 
like Zn, Cd, Ag, Cr, Ni [1,2,3]. In addition to this, chlorophyll biosynthesis is inhibited by these metals in higher 
plants eg: Pb or Hg [4, 5] Cr [6] Ag [7]. These heavy metals are known to interfere with a variety of photochemical 
functions at multiple sites [8,9]. The photosystem (PS) II supported electron transport activity is more susceptible 
to heavy metals like Hg2+ [10, 11] Cr6+ [12]. PS I catalysed electron transport is less sensitive compare to that of PS 
II. To know the mechanism of electron transport in thylakoids, Tripathy and Mohanty (1981) stabilised the 
chloroplast membrane with glutaraldehyde (GA) [13]. Under Zn and Pb stress they have seen the damage even 
after fixation with GA. It indicates that the inhibition in electron transport is not due to alteration in the thylakoids 
but it could be due to loss of electron transport activity. Therefore in this investigation an attempt has been made to 
characterize the effect of selected metal ions (Hg/Ni) effect on photosynthetic electron transport by isolating the 
thylakoid membranes from maize leaves and then exposing them to selected heavy metals. The effect of selected 
heavy metals was studied using polarography in terms of partial electron transport measurements to identify the 
target site in photosynthetic apparatus in maize thylakoids. 
 
MATERIALS AND METHODS 
Maize seedlings were raised on petri plates under continuous white light (16 Wm-2) at 25oC. Half strength 
Hoagland solution was supplied at 4-day intervals to the seedlings. Thylakoids have been isolated from 8-day old 
seedlings and they were exposed to different concentrations of Hg (5-20 µM) or Ni (20-80 µM) for 5min in dark 
.The chloroplast isolation and the polarographic measurement of the partial photochemical activities were done as 
described earlier [14] with slight modifications. The assay mixture for the measurement of whole chain electron 
transport activity contained reaction buffer, 0.5 mM MV and 1 mM Na-azide. The assay mixture for the 
measurement of PS II mediated oxygen evolution activity contained 0.5 mM PBQ in three ml of the 25mM 
reaction buffer. For measurement of  PS I activity, the reaction mixture contained 0.1 mM DCPIP, 5mM ascorbate 
, 1 mM azide, 0.010 mM DCMU and 0.5 mM MV. In all these assays chloroplasts equivalent to 30 µg was used. 
The assays were conducted at 25oC under saturating light intensity (400Wm-2).  
 
RESULTS AD DISCUSSION 
In this present study, effect of selected heavy metals (Hg/Ni) on photosynthetic electron transport has been 
analyzed by using oxygen electrode. After isolation of thylakoid from maize they were incubated for 5min under 
constant stirring with either Hg (5-20 µM) or Ni(20-80 µM) before they measuring the partial electron transport 
activities. Control thylakoid membrane exhibited the whole chain electron transport activity (H2O→MV) level to 
176 µmoles O2 mg Chl-1 h-1 (Table 1).  
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Mercury treatment caused concentrations dependent inhibits and at 10µM almost 42% loss was noticed in whole 
chain electron transport activity. Further rise of concentrations of mercury to 20 µM brought 82% inhibition. But 
with Ni treatment, 56% loss in WCE was observed with 60 µM of concentrates of Ni. Thus there is a difference in 
the sensitivity of WCE and mercury seems to be potent inhibitor. To verify above proposition individual electron 
transport assays mediated by either PS II or PS I has been made. Control activity mediated by PS II in untreated 
samples showed 226 µmoles of O2 evolved (Table 3 and 4). The treatment mercury caused 58% loss in Hill activity 
with 15 µM concentrations. The possible reasons for the loss of PS II activity could be either alterations at OEC or 
reducing side of PS II [10]. But when the treatment was given with Ni (20- 80 µM), 45% loss was observed with 
40 µM concentration of Ni. The reason for the loss in PS II activity cause alterations at WOC of PS II in maize 
thylakoids as each suggests by  Tripathy and Mohanty [13]. To determine the variation in susceptibility of PS II 
and PS I, the electron transport mediated by PS I has been measured using reduced DCPIP as donor and MV as an 
acceptor (Table 5 and 6). Control thylakoids membranes exhibited the PS I catalyzed electron transport activity 
equal to that of 354 µmoles of O2 consumed. The treatment of thylakoids with mercury induced 52% loss in PS I 
catalyzed electron transport of maize system. The possible reasons for the loss of PS I activity could be 
replacement of Cu by Hg in Pcy as indicated by Katoh and Takamiya [15] . But surprisingly with Ni treatment 
only marginal inhibition was noticed even at 60 µM of Ni concentrations in PS I catalysed electron transport. Thus 
both mercury and nickel are showing differential effects on both PS II /PS I electron transport activity based on the 
nature and concentration of heavy metal used during the treatment.  
 
Table 1: Effect of mercury on whole chain electron transport of thylakoid membranes isolated from maize 

leaves. 

 

 

 

 

 

Table 2: Effect of Nickel on whole chain electron transport of thylakoid membranes isolated from 
maize leaves. 

 

 

 

 

 

Table 3: Effect of mercury on photosystem II catalyzed electron transport of thylakoid membranes isolated 
from maize leaves. 
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Concentration 
µM 

Whole chain electron transport activity 
(H2O → MV) µ moles of O2 consumed mg Chl-1   h-1 

Percent 
loss 

Control 
5 
10 
15 
20 

176 ± 14 
133 ± 11 
102 ± 9 
58  ± 4 
32  ±2 

0 
24 
42 
67 
82 

Concentration 
µM 

Whole chain electron transport activity 
(H2O → MV) µ moles of O2 consumed mg Chl-1  h-1 Percent loss 

Control 
20 
40 
60 
80 

178 ± 16 
146 ± 11 
117 ± 10 
78  ± 6 
59  ± 4

0 
18 
34 
56 
77 

Concentration 
µM 

PS II catalyzed electron transport activity 
(H2O →PBQ) µ moles of O2 evolved mg Chl-1   h-1 Percent loss 

Control 
5 
10 
15 
20 

223 
174 
136 
94 
65 

0 
22 
39 
58 
71 
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Table 4: Effect of Nickel on photosystem II catalyzed electron transport of thylakoid membranes isolated 
from maize leaves. 

 

 

 

 

 

Table 5: Effect of mercury on photosystem I catalyzed electron transport in thylakoid membranes isolated 
from maize leaves. 

 

 

 

 

 

Table 6: Effect of Nickel on photosystem I catalyzed electron transport in thylakoid membranes isolated 
from maize leaves. 
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Concentration 
µM 

PS II catalyzed electron transport activity 
(H2O →PBQ) µ moles of O2  evolved  mg Chl-1   h-1  Percent loss 

Control 
20 
40 
60 
80 

226 
176 
124 
84 
50 

0 
22 
45 
63 
78 

Concentration 
µM 

PS I catalyzed electron transport activity 
(DCPIPH2→MV)µ moles of O2 consumed mg 

Chl-1   h-1 
Percent loss 

Control 
5 
10 
15 
20 

354 
311 
276 
223 
153 

0 
12 
22 
37 
52 

Concentration 
µM 

PS I catalyzed electron transport activity 
(DCPIPH2→MV)  µ moles of O2  consumed mg 

Chl-1   h-1 
Percent loss 

Control 
20 
40 
60 
80 

352 
327 
310 
289 
281 

0 
7 
12 
18 
20 
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