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Phosphorylation of chloroplast thylakoid membrane proteins, including LHC-I1 and PS  I1 polypeptides D,, D,, CP43 
and the psbH gene product, occurs under plastoquinone-reducing conditions. Dephosphorylation of LHC-I1 and PS I1 
phosphoproteins proceeds under plastoquinone-oxidizing conditions, but with differing kinetics. This study shows that 
phosphorylation sites of PS I1 polypeptides are substrates for exogenous alkaline phosphatase activity, whereas those of 
LHC-I1 are not. By combined use of exogenous and endogenous phosphatase activities four types of thylakoid 
membrane are generated, with (i) both LHC-I1 and PS  I1 polypeptides phosphorylated, (ii) only PS  I1 polypeptides 
phosphorylated, (iii) only LHC-I1 phosphorylated and (iv) neither class of polypeptide phosphorylated. Examination of 
PS  I1 electron transport in each membrane type shows that a mechanism involving phosphorylation of PS I1 
polypeptides specifically is required for PS I1 function at high light intensity. Phosphorylation of LHC-I1 results in an 
inhibition of PS I1 electron transport at limiting light intensity which can therefore be attributed to decreased PS I1 
absorption cross-section. Qn binding is unaffected by phosphorylation in any membrane type, nor are changes in 
function at the donor side of PS I1 involved. The role of PS I1 polypeptide phosphorylation in energy dissipation and 
protection from photoinhibition is discussed. 

Introduction 

Higher plants and green algae are able to vary the 
relative distribution of absorbed excitation energy be- 
tween the photosystems in response to varying light 
regime by the mechanism of State 1-State 2 transitions. 
Selective excitation of Photosystem I1 (PS 11) gives rise 
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to State 2, whereby excitation energy may be redistrib- 
uted in favour of Photosystem I (PS I). Selective excita- 
tion of PS I gives rise to State 1, whereby excitation 
energy distribution to PS I1 is favoured (for a review see 
Ref. 1). 

The molecular mechanism of the transition to State 2 
involves phosphorylation of thylakoid membrane pro- 
teins, in particular LHC-I1 [2]. This protein phosphory- 
lation, which has been observed both in vitro in higher 
plant and green algal chloroplast thylakoid membranes 
[2-41 and in vivo in green algae [3,4], results from the 
action of a protein kinase, the activity of which is 
stimulated by the reduction of an electron transport 
intermediate with a standard redox potential close to 
that of plastoquinone [5,6]. Net reduction of plas- 
toquinone occurs as a result of the selective excitation 
of PS I1 which thereby induces phosphorylation of 
LHC-11. Phosphorylated LHC-I1 then migrates away 
from PS 11, decreasing the antenna size of the photosys- 
tern [7]. This decrease in PS I1 absorption cross-section 
is manifested as decreased PS I1 fluorescence yield at 
room temperature [8] and at 77 K [9], diagnostic for 
















