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The isolated D 1 / D 2 / c y t  b-559 reaction centre complex of Photosystem II has been shown to possess an 
endopeptidase activity which has been investigated using synthetic substrates and proteinase inhibitors. Substrate 
specificity and inhibition by serine type proteinase inhibitors suggest that the endopeptidase is of a serine type. 
Divalent cations, especially calcium, enhanced the activity of the intrinsic peptidase which also showed pH and 
temperature optima of 8.2 and 37 ° C respectively. Treatment with strong light had little or no effect on the enzyme 
activity. 

The reaction centre of Photosystem II (PS II) con- 
sists of a heterodimer of the D1 and D2 polypeptides 
[1] and can be isolated as a minimal .functional unit 
[2,3]. In many ways this reaction centre is comparable 
with the reaction centre of purple bacteria [4,5]. There 
are, however, two main differences. The primary donor 
P680, in its oxidised state, has a potential of about 1.17 
V, while the corresponding oxidising potential for the 
bacterial system is lower, being around 0.4 to 0.5 V 
[6,7]. The other significant difference is that, unlike its 
bacterial counterpart the L-subunit, the D1 polypep- 
tide shows a light-dependent rapid turnover [8]. The 
reason for this turnover has been linked to the fact that 
PS II can be easily photodamaged, especially at high 
light intensities [9]. 

It is generally agreed that the degradation of the D1 
protein is a secondary process resulting from deleteri- 
ous and unavoidable photochemical processes occur- 
ring within the reaction centre [10]. Several studies 
indicate that the initial proteolytic cleavage occurs in a 
domain from Arg-238 to I1e-248 which is on the C- 
terminal side of a proposed a-helical destabilising re- 
gion from Arg-225 to Arg-238 [11-13]. The fact that 
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the cleavage of the D1 protein can occur in the dark 
following a preillumination at low temperatures and 
that its efficiency is increased by raising the tempera- 
ture, indicates the enzymic nature of the process and 
dismisses the possibility of direct photocleavage reac- 
tions [10]. 

Several studies have indicated that the proteinase 
responsible for the initial cleavage of the D1 protein is 
bound to the thylakoid membrane [10,14] and is an 
intimate part of the PS II complex [15]. More recently, 
it has been found that the specific proteolytic break- 
down can occur in isolated reaction centres of PS II 
consisting only of the D1 and D2 polypeptides, the a- 
and /3-subunits of cytochrome b-559 and the product 
of the psbI  gene [16]. This surprising result therefore 
suggested that the reaction centre contained an intrin- 
sic peptidase activity. With this concept in mind we 
examined whether the isolated reaction centre showed 
any proteinase activity using artificial substrates and, 
indeed, we have shown that such activity exists. 

The D 1 / D 2 / c y t  b-559 reaction centre complex was 
isolated and characterised as previously reported [17]. 
Endopeptidase activity was assayed initially by azoca- 
sein hydrolase activity as described by Preston et al. 
[18]. The reaction mixture, consisting of 0.05 ml of 
enzyme solution or reaction centre preparation in 
Mcllvain's citric acid/disodium phosphate buffer (pH 
6.0), with 10 mM 2-decamercaptoethanol, was mixed 
with 0.35 ml azocasein substrate (1.4%) solution, also 
in Mcllvaine's buffer (pH 6.0). The final concentration 
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of enzymes and reaction centres was 8 p.g ml -~ and 2 
/xg Chl m1-1. After incubation at 37°C for 3 h, the 
unreacted protein was precipitated with 0.5 ml 10% 
trichloroacetic acid (TCA) and the amount of azo-dye 
released by the hydrolysis of the substrate was mea- 
sured at 440 nm after incubating for 10 min with 0.5 ml 
0.5 M NaOH. One unit of the enzyme activity was 
expressed as one unit change in absorbance at 440 nm. 

N-Benzoyl-L-isoleucyl-L-glutamyl-L-glycyl-L-arginine- 
4-nitroanilide (BIGGAN), a synthetic oligopeptide, was 
also used as a substrate to assay for D1/D2/cyt  b-559 
proteinase activity. The endopeptidase activity with 
this substrate was measured as described by Claeson et 
al. [19]. The reaction mixture containing 0.8 ml of 50 
mM Tris (pH 8.2) and 20 mM Ca 2 ÷ was equilibrated to 
37 °C and then 0.1 ml of enzyme or reaction centre 
added. After a further incubation of about 5 rain at 
37 o C, 0.1 ml of a 1 mM substrate solution was added. 
The level of enzyme and reaction centre in the 1 ml 
reaction cuvette was 0.8 p.g and 5 p,g Chl respectively. 
The change in absorbance at 405 nm was recorded 
using either a Shimadzu UV MPS2000 or a PW2000 
spectrophotometer. 

Trypsin and endopeptidase Lys-C were taken as 
checks for proteinase activities. Synthetic substrates 
were used for characterising the enzyme as described 
by Sarath et al. [20]. For controls the enzymes and the 
reaction centre were denatured by heating for 5 min in 
boiling water or given a mild treatment with acid. 
Inhibitors for endopeptidases, phenylmethanesulpho- 
nyl fluoride (PMSF), tosyl-lysine chloromethyl ketone 
(TLCK), antipain, leupeptin, soybean trypsin inhibitor, 
iodoacetate and 1,10-phenanthroline, were used at fi- 
nal concentrations of 1 raM, 10 /zM, 10 /~M, 100 
~g/ml ,  100/~M, 100/~g/ml and 10 mM respectively. 
All the chemicals used were AnalaR grade. 

As Table I shows, using azocasein hydrolysis as an 
assay, an endopeptidase activity was detected with the 
isolated D1/D2/cyt  b-559 reaction centre complex as 
well as with trypsin and with Lys-C. Acid and heat 
denaturation of the enzymes and the reaction centre 
gave no detectable amount of released azo-dye. This is 
the first report to show endopeptidase activity with the 
isolated PS II reaction centre complex. Therefore this 
activity was characterised using specific proteinase in- 
hibitors. The inhibitor of metallic endopeptidase activ- 
ity, 1,10-phenanthroline, had marginal effects on all 
the three proteinase activities. However, the inhibitors, 
TLCK, antipain and leupeptin, inhibited the azocasein 
proteolysis associated with isolated reaction centres by 
more than 50%. These inhibitors are known to act 
upon serine- and/or  cysteine-type enzymes [21]. As the 
enzyme activity in the D1/D2/cyt  b-559 complex, like 
that of trypsin and Lys-C, was inhibited less by iodoac- 
etate, it is probable that the effect of these inhibitors 
could be through their action on a serine-type en- 

TABLE I 

Endopeptidase activity of D1/D2 /cyt  b-559 complex, trypsin and 
endopeptidase Lys-C with azocasein as substrate, without or with 
proteinase inhibitors 

The data are mean values of three separate samples with 3-5 
replicates in each sample. 

Treatment D 1 / D 2 / c y t  Trypsin b Lys-C c 
b-559 a 

Control ( - inhibitor) 100 100 100 
+ 1,10-phenanthroline 98 97 100 
+ TLCK 43 - - 
+ leupeptin 21 - - 
+ antipain 27 - - 
+ trypsin inhibitor 

(soybean) 15 6 4 
+ iodoacetate 69 87 92 

a 5.367_+0.903 A44 o (mg Chl) -1 h -1. 
b 14.52_+0.46 A4a o (mg protein) -1 h -a. 
c 56.53_+3.48 A44o (nag protein) -1 h -1. 

dopeptidase in the isolated reaction-centre complex. In 
support of this, it was found that the soybean trypsin 
inhibitor, specific for serine-type endopeptidases, 
strongly inhibited the enzyme activity of the reaction 
centre. 

Further studies were conducted with synthetic sub- 
strates to characterise the endopeptidase activity of the 
D1/D2/cyt  b-559 complex. In general, all serine-type 
proteinase substrates tested were hydrolysed after in- 
cubation with the isolated reaction-centre complex. 
Substrates with 4-nitroanilide conjugates were found to 
give the greatest activity, with N-benzoyl-L-isoleucyl-L- 
glutamyl-L-glycyl-L-arginine-4-nitroanilide (BIGGAN) 
being better than others tested. The endopeptidase 
activity of the D1/D2/cyt  b-559 complex using BIG- 
GAN was estimated to be 0.2% of the trypsin activity 
(see Table II). This estimate was calculated on a mole 

TABLE II 

Effect of endopeptidase inhibitors on the proteolytic activity of D1/D2 
/cytochrome b-559 complex and trypsin on N-benzoyl-L-isoleucyl-L- 
glyamyl-L-glycyl-L-arginine-4-nitroanilide 

Incubation with the inhibitors was at 4 ° C  for at least 1 h before 

conducting the assay. 

Treatment D 1 / D 2 / c y t  b-559 a Trypsin u 

Control ( -  inhibitor) 100 1013 
+ 1,10-phenanthroline 99 97 
+ leupeptin 10 0 
+ antipain 26 0 
+ trypsin inhibitor (soybean) 8 0 

Heat-denatured enzyme 1 0 

Control activities: 
a 1' 109 nkat mo l -  ~ rain-  1. 
b 471-109 nkat mo l -  i min-  ~; where (16.3 x 103 × a A) /A t  = nka t /  

litre (see Ref. 22). 
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Fig. 1. pH (a) and temperature  (b) sensitivity of  the endopeptidase 
activity of  the isolated PS II reaction centre using N-benzoyl-L-iso- 

leucyl-L-glutamyl-L-glycyl-L-arginine-4-nitroanilide as the substrate.  

basis assuming the PS II reaction centre binds six 
chlorophyll molecules. 

The pH and temperature optima for the endopepti- 
dase activity of PS II reaction-centre complex using 
BIGGAN as substrate were found to be 8.2 and 37 ° C, 
respectively (Fig. 1). Similar pH and temperature op- 
tima were reported for trypsin activity on this substrate 
[22]. The Lineweaver-Burk plot for the enzyme activity 
of the D1/D2/cy t  b-559 complex showed a K m value 
of 0.05 mM and a Vma x of 11 AA mg Ch1-1 min -1. The 
reaction, however, was stimulated by the presence of 
Ca 2+. Without Ca 2+ the trypsin activity was 75% of the 
control value compared to only 36% with the 
D1/D2/cy t  b-559 complex. Similarly, other divalent 
cations, especially Mg z+, could also enhance the pro- 
teinase activity of the reaction centre. 

The endopeptidase activities of the reaction centre 
complex on BIGGAN were compared with those of 
trypsin in the presence of several proteinase inhibitors 
(Table II). The insensitivity of the reactions to 1,10- 
phenanthroline was consistent with the data shown in 
Table I. Also, both the proteolytic activities were shown 
to be equally sensitive to PMSF and TLCK (data not 
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shown). The comparable sensitivity of the reaction- 
centre complex and trypsin to soybean-trypsin in- 
hibitor, leupeptin and antipain, as well as PMSF and 
TLCK, suggests that the enzymic activity associated 
with the D1/D2/cyt  b-559 complex is a serine-pro- 
teinase. It is possible that this proteolytic activity is 
associated in some way with the degradation of the 
Dl-polypeptide during its turnover. With this in mind 
we checked whether the peptidase activity could be 
enhanced by high light treatment known to cause D1 
degradation [16], but we found no increase in activity. 

In this paper we present, to our knowledge, the first 
report that the isolated PS II reaction centre, consist- 
ing of the D1 and D2 polypeptides, the apoproteins of 
cytochrome b-559 and the product of the psbI gene, 
possesses a serine-type peptidase activity. With the 
substrates tested the activity is very low as compared 
with well known serine-type proteinases such as trypsin. 
The possibility that the activity was due to contamina- 
tion by exogenous proteinase was eliminated by carry- 
ing out further purifications involving sucrose density 
gradients and by subjecting the isolated reaction centre 
to resuspension after centrifugation. We therefore con- 
clude that the endopeptidase activity is an intrinsic 
property of the PS II reaction-centre proteins. All the 
polypeptides of the isolated complex contain serine 
residues but none is totally conserved in the psbI 
protein or in the alpha and beta subunits of cy- 
tochrome b-559 between species. However, in the case 
of the D1/D2 heterodimer, 18 serine residues are 
highly conserved in the D1 polypeptide and 13 in the 
D2 polypeptide. Neither the unconserved nor con- 
served serines in the subunits are associated with 
amino-acid sequences typical of known serine-type 
peptidases, so it is difficult to identify at this stage on 
which subunit the active site is located. 

It is tempting to speculate that the peptidase activity 
that we have identified plays some role in the degrada- 
tion of the D1 polypeptide. Bearing in mind that the 
initial proteolytic cleavage occurs in the hydrophilic 
domain around Arg-238 near to the QB binding site 
[11-13] then conserved serines of particular interest 
are likely to be located on the outer surface of the 
reaction centre complex. Candidates are serine residues 
23, 232 and 264 on the D1 polypeptide and 34, 246 and 
263 on the D2 polypeptide. If our speculation is cor- 
rect, the photoinduced damage that brings about pro- 
teolytic degradation of the D1 polypeptide does so by 
inducing a conformational change which allows the 
hydroxyl of the serine residue to act as a nucleophile to 
the carboxyl of the peptide bond. This conformation- 
dependent proteolytic event could be contained just 
within the D1 polypeptide itself or involve an active 
site on the D2 polypeptide. The observation that the 
peptidase activity using artificial substrate is not stimu- 
lated by preillumination with strong light suggests that 
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the  p r o p o s e d  con fo rma t iona l  change  p re sen t s  the  
c leavage si te on  the  D1 to the  active se r ine  r a the r  than  
act ivat ing the  cata lyt ic  si te itself. Clear ly,  these  impor-  
t an t  new f indings  n e e d  fu r the r  s tudy to es tabl ish  
whe the r  or  not  they  have any r e l e v a n c e  to the  r ap id  
tu rnover  of  the  D1 po lypep t ide .  I ndeed ,  B. A n d e r s s o n  
and co l leagues  (pe r sona l  communica t i on )  have recent ly  
found  tha t  the  p h o t o i n d u c e d  d e g r a d a t i o n  of  the  D1 
p o l y p e p t i d e  in thy lako id  m e m b r a n e s  of  sp inach  in- 
volves a se r ine - type  p ro te inase .  
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