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Abstract-Photoinduced peroxidation of thylakoid lipids in wheat chloroplasts is correlated with thylakoid membrane 
disorganisation as probed by Chl. a fluorescence during aging of cell free organelles. Manganese, at its different redox 
states, modulates lipid peroxidation differently with its consequent effect on Chl. D fluorescence. 

INTRODUCHON 

Lipid peroxidation is one of the major factors leading to 
the disorganisation of membrane structure [l] and loss in 
photochemical activities during aging of chloroplasts in 
oitro [2-53. Cations, namely Ca2 + and Mg2 +, are known 
to enhance membrane lipid peroxidation by screening 
surface negative charge of the thylakoid membrane [6-S] 
which makes the membrane permeable to .O; [9], the 
primary reactive species for peroxidation. Manganese 
ions could also screen the surface negative charge of the 
thylakoid membrane. But because of its variable multiple 
oxidation states, its action is likely to be different from 
that of other divalent cations like Ca2 + and Mgz + . Effect 
of exogeneous Mn2’ on lipid peroxidation and the 
consequent effect of the process on thylakoid membrane 
disorganisation has not yet been systematicalally studied 
during aging although a preliminary report on its role in 
thylakoid lipid peroxidation is recently examined by us 
ClOl. 

In this paper an attempt is made to examine whether 
there exists any correlation between the effect of exogen- 
ous Mn2 + at its different redox states on photoperoxid- 
ation of membrane lipids and structural disorganisation 
of thylakoid membrane in wheat chloroplasts as probed 
by Chl. a fluorescence. 

RESULTS AND DISCUSSION 

Aging of cell free wheat chloroplasts is characterized by 
rapid loss of DCPIP photoreduction by the isolated 
organelles [lo]. Aging causes an increase in the level of 
thylakoid membrane lipid peroxidation (Table 1). 
Manganese, which exists as Mn’+ at neutral pH and in 
mixed oxidation state of Mn2+, Mn’+ and Mn*+ a1 pH 
9.0 [ 10, 111, stimulated peroxidation at both the pH 7.0 
and 9.0 (Table 1). It is already proposed [lo] that 
depending on the stability of ‘0; at pH 7.0 and 9.0 [ 123, it 
can generate other potent species such as 102, ,OH and 
H201 in the reaction system leading to peroxidation. At 
pH 7.0, Mn2+ may be oxidised to Mn’+ by the oxidiscd 
species accumulated at the donor side of PS I1 with 

simultaneous generation of .Oi. Mn3 +, being unstable 
may return to Mn2+ with oxidation of ‘0; to ‘02. At pH 
9.0 photoinduced oxidation of Mn2+ to Mn” by the 
oxidised centers a1 the donor side of PS I1 [lo] may also 
lead to the formation of ‘0; which may give rise to H202 
and .OH [lo]. The immediate enhancement of lipid 
peroxidation at 3 hr in pH 9.0 may be attributed to the 
reaction of 0: - (peroxide) generated by the pH induced 
oxidation of Mn2’ to Mn’+ as shown in Eqn 1. 

Mn2+ +0,+40H- + Mn(OH),+O$-. (1) 

The room temperature fluorescence spectra of freshly 
isolated chloroplasts either at pH 7.0 and 9.0 shows a 
distinct peak at 685 nm (F& and a shoulder at 735 nm 
(F,& (Fig. 1). On aging of isolated chloroplasts, there is a 
significant decline of Fhs5 and FTJ5. And at 6 hr of aging, 
F735 almost disappears which could be due to the faster 
disorganisation of PS I than PS 11 of thylakoid mem- 
branes. In addition, the decline of F,,, is faster at pH 9.0 
than at pH 7.0 (Table 2). This can be explained in the term 
of interaction between PS II reaction center and reactive 
oxygen species that participate in thylakoid lipid peroxid- 
ation. It is proposed that Fh8, emission may arise either 
from the fluorescence of an exciton reinjected back in PS 
II core antenna or from a direct decay of the excited 
reaction center of PS 11 (P&J [13, 143. At pH 7.0, the 
oxidised reaction centers generated by the damage of 
oxygenevolving system as reported by us earlier [lo] may be 
utilised in oxidising ‘0; to ‘02. But at pH 9.0, the entry of 
the O;to the side of PS II reaction centre at the inner side 
of thylakoid membrane is relatively less because of a 
negatively charged potential barrier at the outer surface of 
thylakoid. It seems that as aging proceeds, relatively more 
oxidised centers (D’) accumulates at side of PS 11 at 
pH 9.0 leading to lowering of fluorescence emission at 
F 685. 

In contrast, exogenous Mn2 + stimulates aging induced 
loss in Fea5 emission at pH 7.0 whereas at pH 9.0 it 
stimulates FhBJ only at the intial phase but retards Fdss at 
6 hr of aging. The Mn’ + induced decline of FbB5 emission 
could be either due to the accumulation of oxidised 
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1.94 1.94 1.94 1.94 
4.64 6.91 5.66 10.31 
1.42 14.51 6.91 12.50 
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Table 1. Effect of Ma’ ’ on malondialdehyde (MDA) formation IIY 

during aging of cell free chloroplasts in light (1) AtpH7.0 DPmPhQ - DP&,phQ 

Aging pH 7.0 pH 9.0 DPm PhQ 

L DPmPhQ 1 
I 
I 

‘01 - Peroxidltion 

Table 2. Effect of Mn” on Fb8, emission during aging of ccll hv 
(2) At pH 9.0 DPmPhQ - DP&PhQ 

T 
DPmPhQ 

fru chloroplasts 

Aging pH 7.0 pH 9.0 

(hr) F 685 F 685 
(arbitrary units) (arbitary units) 

Control Mn’+ Control Mn* + 

0 112 110 100 102 
3 65.6 45.2 45.2 36.3 
6 48.2 16 25.3 26.9 

DPaso PhQ 

(HzO1,0H,etc.) Pmxidation 

(------indiuta rctrrdrtion of F~scmissfon) 

r 
pH 7.0 

wavelength (fun) 

685 

pH 9.0 
685 
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Fig. 1. Qualitative change in Chl. a fluorescemx spectra of isolated chloroplasts excited at 4M nm at pH 7.0 and 
9.0. Thechloroplasts equivalent to 5-7 &ml of chlorophyll in 50 mM Tris-HCI buffer containing 175 mM NaCl are 

tskm for scanning. 0 hr aging (-_X 6 hr of aging (---). 

species at the donor side of PS II and/or peroxidation sible because of the relative instability of MCI’* [lo] and 
induced structural modification of thylakoid membranes. such a process may logically lead to an accumulation of 
At pH 7.0, the reduction of oxidked centersat PS II (D’) D+ resulting thereby a stimulation in the loss of Fe*5 
by the oxidation of Mn*+ to Mn3+ may not be irrever- emission. At pH 9.0, photoinduced reduction of oxidised 
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centers at the donor side af PS II by the oxidation of 
MnZ * to Mn’+ [93 is irrversible and such a process may 
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At pIi 7.0, Mn2 + induced generation of IO2 rapidly 

d&organ&s the thylakoid membrane system by peroxi- 
dation [lo] which could lead to the Lowering of F6eS 
emission, But at pH 9.0, although Mn2+ induced peroxi- 
dation is significant at 6 hr of aging, the emission is 
retarded. A significant loss induced by Mn*+ in Fbs5 
emission at 3 hr could be correlated to high rate of 
peroxidation induced by Q 22 - (Eqn 1) formed at pH 9.0 
[HI]. At pH 9.9 it is proposed that both Mn3’ induced 
photo~r~xidation and Mn’ + induced reduction of D+ 
occur sjmuitaneously and the peroxidation induced disor- 
ganisation predominates the other process at 3 hr. The 
manganese induced enhancement of lipid peroxidation 
and the consequent elTect on the lowering of Fas5 
emissian at pH 7.0 and 9.0 may be proposed as in Scheme 
I. 
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