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KO, ~ord,, Pht~tmp, tem I I: [~hoto,,y,,lcm I I react itm ,.:¢n~ter. Phtfltfir dr,cod protcoly, i,,: (l'cal 

When the i,:olatcd reaction centre of Pholosystem II, reconstituted ~ith the ttnintulc. 2,5-dil~r~unu .t-mcthyl.lvi,,opr~pylj~ ht'nzn- 
quinonc (DBMIB). is exposed tt~ pht~hfinhilfitory illunfinatitm, a I)l-polylleplidc t'lcaktltlwn pl'Odtlcl ~ll 24 kl)a b, detected b) 
immtmobloltmg. In atldition, weaker bands ale also ,tlctcclctl at 17. 13 and Ill klJa. It is stlg, gcslctt I11:11 the 24 klJa 
DI-polypcptidc breakdown producl is the same .:'. '!"~t fir.,,t nbscrvcd in viv~ hy Gr,:cnbcrg ct ~,1. { Ita~7) EMB() J. 6, 2X~,5-2X69. 
IIs appcan|nce in imluted Photosystem II reaction ~:cnttes requires the presence o', an electron a¢ccptor, hut occurs under both 
aerobic and anaerobic conditions. In our in vitro experimental system the photoinduccd degradation of the I)l-polypcptidc to 
the 24 kDa fragment was related m the ft',nctional activity d Ihc reaction centre and the enzymatic nature of the pmtcolysi.,, was 
charactcriscd by a pH optimum of abot t X.|I and by inhibition with pmtcinase ~nhibitors, especially the scrinc-typc soybean 
trypsin inhibitor. The results supp,~rt our earlier findings {Shipton and Barber ( 1991 ) Prec. Natl. Acad. Sci. LISA 88, 6691-0695) 
that thc appearance ol the light-ir.duc,.'d D l-polypcptide breakdown pattern of fragmcn,s occurs as a consequence o~ donor side 
photoinhibition when highly oxidising species accumulate in the reaction cenlrc and bring a~holll ptgmcnt oxidation and 
degradation. We suggest thai it is this selective loss of pigments that induces a conlormational dtangc in the I)l-polypcptidc 
which triggers its autoproleolytic cleavage. 

Introduction 

Recently,  our  knowledge o f  the re la t ionship  be- 
tween the photochemica l  damage  and the tr iggering 
mechanism that  b i ings  about  the degrada t ion  of  the 
D l - p o l y p c p t i d c  of  Photosystem I! (PS 11) has grown. 
The cleavage of  the D I - p o l y p c p t i d e  has been lbttrtd to 
be proteolyt ic  and can be s epa ra t ed  from the photoin-  
duccd  damagc .  Indced,  A , o  ct al. [I] showcd that 
D l - p o l y p e p t i d e  dcg tada t ion  can occur in the dark  after  
a pre i l luminat ion  pt.riod t~.t low tempera tures ,  as long 
as the t empera tu re  is raised. It has bccn argued tha~t 

Abhrevhntiov~s: ('hi, chlorophyll:, I)BMIB, 2,5-d.b.,,mo-3-mulhyl-h 
is~pmpyl-IJ-henzt~qtlinone; FrlR, Fourier transfi~rm infrared; I I.:pe~,. 
N,2-hydmxyethylpiperazinc-N'.ethanc~ulphonic add: Mc~, 2-(N- 
morpholinolelhanesulphonlc acid: PMSF, phcnylmethanc~,ulphonyl 
fluoride; Tricine, N-iris (hydrex~'methyl)methylglycine: SDS-PA(iE, 
sodium dodecyl sulphate pol'cacrylamide gel dectmphoresis 
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the primary site of  p, oteolylic  cleav;,ge in close to the 
a lpha-hel ix  destabi l izing stretch of amino acids, rich in 
glutamate ,  ser ine and threonin¢,  located belweerl puta-  
tive t r ansmcmbrane  segments  IV and V of tile D I- 
p d y p e p t i d e  [2]. h'l agreement  wieh Ihh  prupusal,  'dud- 
Jes with JlltaCl syslL'lllS h.lv,? detected :.1 CIeHvHgC prod-  
uct at 23.5 k l )a  [3,41. A breakdown ImH.It,cl ot similar 
size has alse bectl de tec ted  when p, ola~ted th.ylakoids 
and PS 11 cores were exposed to strong i l lumination 
1151. Althougl l  the precise origin of the 23.5 kl)a  
fragment has recently become a nl;Jlter of , lobate ( Rel. 
6 and Cook.  M. and Barber,  .I., unl3ut~lish,:d data).  
studies with the above in vitro systems have shown that 
the pro tc inasc  responsible for the pho lo induced  degra- 
dat ion of  the l ) l - p d y p e p t i d e  is located in a smichio- 
metr ic  amount  within the PS II ~.orc complex [5]. 3"his 
conclusion has been taken further  in our  work with the 
isolated react ion centre of PS !1, consisting of  only the 
DI -  and D2-polypept ides ,  the subunits  of cy toehmme 
b-559  and the 4.8 kDa producl  of the psl~l gene. We 
have shown that this minimal PS i l  react ion centre 
complex still retains the capacity to hring about the 
protcolytJc cleavage of the DI -po lypep l idc  [8]. In this 
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ll,ll'~¢r ~,t+ + l~.'l'~tHl I t l l ' l h t ' r  t :%llu ' t l rHt+ ' l i l , l l  ~,~,Olk It ~, £h : t r ' ; i t '  

Icri,,c thi,, aiilcllH~qt.'i',l)tlc c,qxi,+'il+ +d the i.t4<~tcd I'S II 
l+¢;It.'l i(HI ~.'L'I| I I t+'. 

Materials and '~|pII'I~LIS 

l h c  I ) 1  ' l ) 2 / c x h , t ' h l , + n l c  i, 3 n u  i t . , I t ' l l t q t  c t . l i l l u  . t~l 

l ' s  II ~ a , ,  i , ~ d a h , ~ l  I i ~ m l  l W a  l h , , I d k t u d  n l t ' m b i + H w , ,  l h c  
l ) l i~ t+ t ' t h l l i "  ll++,++'tl v,;l'+ ,I l l h l t h l l t ' , l l l ~ U l  i l l  l l~, i l  I I I ' , I  I "  

i+iiltt'tl I+~, N+inl+<i and S,m,h I'+I ,iHtl h,+. l+t'++'H tk ' t a i l cd  
l+~,l hat+In,in ct ,il. l illl+ 

Phol,+inhil+il(Ir+~ ligilt t r ea tmen t , ,  x~crc I w r t t . m c d  in 
;I slir,'+rd g]+lS ~, f;I%~. ' | [ : '  i t )  t" xa t r iOl l , ,  t i q i ¢ " ,  ; t n d  Icllll+~u+i';i - 

lure,,  ~r in thcatud in the l igurc  legend,,,  l :or  such 
l l¢ ; i [ l ; :k . ' n t ' . ,  t h e  It . ' : I t ' lH+ll  c t . . l l l r u  f ( H l c c n t r ; , ' i ( i n  COl-r t ' -  

spl+ilttctt ttl , I¢~cl (4 gll ,u t~ ml i chhmIphs  I and the 
I l i+ l l l l , t l  + , t lH)CnSi~ul  It - ' t t i t l : l l  ~ ; I ,  SIF I I1~ |  I ' l i s  p l i + s  _' I l l m  

t~.tltlt+t'xl + l | a l l t~ ' , l d t "  ,M l , l l  B.I) (¢~.c ' t ' lH x ' h t + I C  i l l d i t . ' a l c d ) .  

h i  l h t '  t '%I l t . ' l l l l l c ' I l l  t l t ~ l M l l c d  I~l It, l l  l h t '  pl l  ( l l l l i l l i l l n l  ~li 

i h t '  l l lc '~ikt t i t~,~l i  ~ll l i l t '  I ) l - i l l l l ~ , l~ t ' lH~ i :u '  ~,~,¢ t l l i l i / c ' d  ;i 

i l i n l z t '  i l l  b i i l t c i ~ ,  a l l  ; i l  ,i I i l l l t ' ~ ' l l l l ; i l i l l l l  i l l  SII i l l M .  A I  

IIII 5.il, 5~,. I,.(I , i l i d  t~.g ~ l t ~  b t l l l c r  ~,; i~ t i kc t l ,  l lcpe~ 
I , l i l l , ' i  Io l  pf l  7.11 ; i n t l  7 .q , i n d  l r l t ' i l l u  ; i l  pII  N.II ,U l t l  

, N ~  l ) t l t l c t ' ) l  I l l ; l l h ~ i t l c  x~,i~ ; i d t l c d  , i l  l i l t '  t l~ t l ; i l  c t l ncm l l -  

i r l i l i ~ l n  ( l l  _ ~ n i M .  t i c , l l - l i l l c l c d  I~ t ' l i t > l i  l i h c r  K ( i l i  

~hit¢ Iighi (B(IO() ~ 1 '  I l l  ~ i )  x~,;i~ I~t . ' l i i~r ; i l¢t l  b )  ,111 

i l l t ' i l l i t l , : n t ' c ' i i l  1 4 c \ i l u ~  f iSII  I l l , l i p .  1 t 1¢  c'l~'t ' l l~lll  ' , i t '¢cl l t t ) r .  

I ) I IMt l I .  ~ i i ~  i i~t. 'd i l l  ;I t ' i l n t ' ¢ n l r a l i l l l i  i l l  21111 h i M .  I;1 

Ih t '  c k , w r i i n c n l  ~1 I ' i # .  +~. a i l , i c r o b i c "  t ' i t n t f i l i o n ~  ~ ' c r ¢  

achicxud  I+$ the ,ithlititul ~I Ill mM gluer+st, 11.2 mg  
ml i cal,ilm, c and  I).2 nlg lul ~ gltlc~su oxid;isc,  i I I l d  

t h e  c u ~ ¢ I I ¢  +,S;l', r ¢ l ) C ; l l t * t l i ~  l lunhcd +',ilh i l i t r < ) g t - n  prior 
h~ dh~mlnaliq,n, lhc Im+Icimisc inhibilors phcnyl- 
nlclham'sull)h~mvl lhmridc (PMSI.}, antipain, I-:4)4 and 
l+l icnanlruoim,  ' **,,,n,;h:,';]r:+'~' L~iL, lna) were ;ill used  in 
;lll ++!tjllinlol;Ir k'OI1¢¢II1!';1|iOI1 with the I 'e I ic t iOI1 CCIIII '~'. 

Pll, mlt'hcmh:al activity ol Ihc PS II rcactitm ccntrcs 
'+'+a +, xn~.',~SinlCd III D,'+o w;Ly.~: ( J )  CJ l ; i rg+ s+,. ' .parati() l l  W:l.'., 

Iolh,v, cd a'. lhc rcduclhm o[ silictmllllyl'..lalc (250/~M)  
u.,in~ I ~g  ml i ( 'hi and I mM Mn( ' l+ as an electron 
donor .  Th i s  a b s o r p t i o n  c h a n g e  was  folh)wcd at  5(XI nm. 
A blue-green fihcr (Schotl BGtS)protected lh¢ photo- 
multiplier a0d a red cut-off fi lter (Schott RG665) pru- 
vidcd the actinit" light: (2) rcduclh)r of cytochmm¢ 
h-55tl was lullov+cd as an abn()rpli~,n i nc rease  at 559 nnl 
~i lh 4 Y M  I ) B M I B  and I mM Mn( ' [ ,  :IS ;.I don(~r to 
ImX(i. I'.~ II l u ' i l ¢ l H i l l  ¢ c n l r c s  w c r c  pI '¢SL' I I |  ; i l  ;.i ~ : l ' l l i i l ( ) -  

phyll conccntr'alion ~d3 /~g  ml ~. All  absoqmtm mca- 
~ulcmcnt5 w crc pcrf(irmcd un a Pcrkiml::Imcr 55:' 
nl~ct ' l loph(Hl)m¢lcr  at ]()"('. 

I(I I=) l?<; polyaco'hmlidc gradient gels conlaining 6 
M ul-ua m'crt" used for analysis t)l" the polypci'~lid¢ 
conq+,lsilion t+l sanlplcs, ( i¢ls w e r e  pl'¢parcd for Im- 
nlun<+hlgiCal assays using western blotting [1 I ]. Profile.,+ 
of separated polypcplides were clcctrophoretically 
transferred onto nitrocclhllosc and dctccted using rab- 
bit prir, r:r. :niibodics to the' DI-polypcplide from pro- 
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~+,l~ +H bh,r ,q .m l,m,- ,m++hu t~+t I{I (nit illm} h, silt+,+'+. ,llJ bl.,';tk,.h+,~+ P l+,t,ltlut i +, tlcl.~,, tt+'tl b} ++ i ) l  Altli',Clill+) ;F', dc ' , c r i lwd  l'qk"..i~+tlsly 12-1]. 



It:in genera ted  by expression of the pshA gcnc in i-, 
('off [12]. As ,+htw+'n in Rt:f. 12. this polyt:hmaI ~,ntibody 
'.,bowed :1 high spe¢ifi¢ily to the I ) l  i',nl3,r)¢ptidc anti 
did n,+l t:ros.~-rcm.'t wilh ~+thcr I),',; II pn~l¢ins. Alkaline 
phosrjllal:lsc t:olljug;llt:tl ,,+ccond;try antih,)tlic~, (Sigm;nl 
wt:rc lhcn en'~ploycd, l'olh~wcd tlireetly lb culour th.',,cl+ 
t~pmcllt ip, ing lhe al+propri:~le chrtm]ogcnie sllhslriHes. 
Timc-t:tmrsc.,, t.,=~ri,:d t)u! lt+r the r)urptv, c o l  t:~,upari- 
Stil l w ~ r u  FUll O11 the  ~illl112 gc l  and  b l o l t e d  (m i t t  tHh. 
shc¢t ~ r rfilrt>cclh;lo,++ which could I I  +n bc treated in a 
ul l i form manner  throughout  lhc western hlot l i l l+  pro- 
cedure. Western blots were scanned to qttantify the 
fl~rmation of the 24 kl)a major hreakd~wn fragment, 
using at Shimadzu gel sc .nncr (('S-(J3III. 

Results 

Fig, IA shows thai in buffer  containing no added 
electron aet:eptor, tht: exposurt: of tht: inItialed PS II 
reaction centre  to photoinhihit¢~ry light h.'ads Io i, grad- 
I,al h~ss of t,lc l ) l -polypt: l ) t ide with l)o t)l+vi,)us i,l}pt:;ll- 
tinct.' of hrcakdowll ptodu¢Is. II seems lhat under lh¢,,,c 
t 'onditions lhc photoinduct:d loss of Dl-polypcpt idt :  in 
the 30 kl)a  region is due to aggregat ion as detec ted  by 
sodium dodceyl sulphate polyacrylamidt: gel elct:+ 

,";7 

Inqfl~(+r¢,,i,. ( ." ;DS+I'A(i I :)u., i , l~ {'~,,ml;,,,,,+u hie,, ..htil l 
mg 1131. ]h~s,t.~.'x'¢I L, '+~+ht:ll I)I'HMIH i', l " , " , 'n t  .~'. ;,,, 

c le f ' t r im  ~icct'F~ltH ++hlrill~ lilt.' i l h l l l l l l l a l t n l l ,  l h '  by,'., ~,I 
[)l-l+tdYpCl+tid¢ i, ;Isst~t'ialt:d v, ith the ;IPlW.~ran ,: ~,I ;~ 
l)l-l',d~l+Cl'~lidc Iraglncnl h.'ivilw an al+patcnl Fnt~h.'ttu- 
k,r nta,,', t,n ~I).";+PA(iI'. ~'+I 24 kl)a (Fig. II~), ()then 
IOWt:IL'n|~IccIIhlI-Wt:i.u.I'II l)l-l+O[+','l+Cl+lidc bt~akd, w,n 
I+)rodu+,.'l'.,. ,it :d. 'Rl I  17, I.t ilTILI i() k l ) a ,  illt,.' ;list'+ l+l+t:S,clll 
!',ul :~rc rm.c  dit+ticult to '.intn~disc (Fig. I ( L  i hi: &~rk 
br,~',ad band e,b~,crvt:d ut al',mt 5u k[) i l  J,i [ i i~. ~ i~ 
artif:Lt:tual and not cort,',isl¢lllly seen in our ~t:M¢l'n 
hh~ts using tht: nan]t: l ) l -polypcpt idt :  ;u+til'+od+v. The 
¢~rigiq of Ibis .:~l'lililCl IS t l l lk l1OWll hu t  lV[;lle~, lit, life..' 
nlt:th'+)dtflt~!w ol (fill ilnlnt~n(~h~gical ,irull,.,scs. I11 tl6s 
CXl1¢rilllelll II partially masks the pt)sitil+n ~*i the I)1 /I)+" 
helerodimcr and als~ m~:kc,, it di f l icuh It) tlctccl ;l ~ 
; Iggr t :ga l t :d  Males. Tht: alq}¢arance ,tel the I~lq~l('+in 
du¢cd I)l-t',rcakd~,~.n I r~wn~¢lltn with I}IIMII~; l~¢,,,,.'~t 
is Vt:l'~, t:¢,}IlSiMUIII ,1t1,.[ h:r,. b,UCll I¢0.1HIL'd p lu , ,~m '  I~, h I 
l . ' ,ol i l l t :d rt: i icl i~+n c¢ l l l r cn  I,"+i. ,'\1',~ " , i r | l i l~t l -n l / t 'd  l ) l  
l+~olYlWl+lidc l+rcaktlov+n l~r~.It,cl,, hl+c bcun tfl+,,cr.ud 
when isol:~ted tl+~lakoid,, [11 or l't,; II ~.'t+Ic,, [5,1 vcrt :  
subjcCtt:d It) '.,ln,,n+~ illt,rnilt;,aiott. Ir] the c~,+,c of tht: 
isoh~led I)S IX l,...w';Oll £¢.+'lltrk-., xv+,+.' h~vt: +.,howtn pr,.",i- 
ously that th:  artifict'=i utt:ctrt)n acccptor '.,=iic(wmd}l'~- 
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date cut rcpl,tcc I)BMIB [~} : + c;tn dcc~lpla~toquincmc 
(d;tl,, rl(}l prc~,entcd~ in (~rdcr l(~ <~t~tain Ihe breakdown 
pattern shown h~ Fig. IB ~tt,u ('. Note that ~'estern 
bh~tting also detected a weak band at about 40 kDa of 
unknown origin [~]. A cummon lcaturc of Ibis type of 
experiment i~ that widl increasing time of i l luminatio- 
the non-degradeJ D l-polypcpt~de gradually increases 
in apparcnt molecular mass cm SDS-PAGE. This modi- 
fication occurs whether an electron acceptor is present 
or not and probably relates to conformational changes 
of thc type detected by FTI R spectroscopy [14]. 

The level of the 24 kDa breakdown fragmcnt was 
lout,! IO be related to the light intensity of the pn.illu- 
minatitm (data nt)t shot, n). and it could easily bc 
dctccvcd after 30 s i n  of illumination by intensities 
:omparablc to full sunlight (I(NHI-2()IM)/aE m : s ~). 
In contrast, the cleavage of the Dl-polyp,:ptidc to the 
24 kDa fragment was not ;~bsolutcly dependent on the 
prc~,cncc of oxygen, although the rdtc (}f appearance of 
this I ragmc~+~ was qightly rctardcd ur~dcr anaerobic 
ctmditions (Fig. 2). It has a!so bccn observed that 
illumination in the presence of an electron acceptor 
~md a frcc radica[ .',cavcnger (propyl gallatc. 511{I /aM) 
causes no rctardatitm in the appc~:ranec o. ~ the 24 kDa 
breakdown product (data not .,;hown). ~ e  therefore 
c<mcludc thai the difference between anaerobic and 
aerobic conditions probably relates to O,  acting as an 
electron acceptor and competing wilt+ the quinone-de- 
pendent c:'tochromc h-559 protective ,.3clc [8]. 

Fig. 3 gives the rcsuhs of an cxpcrimcnl de:signed to 
test ~hcthcr  degradation tsf Di t() the 2.1 kDa fragment 
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Fig. 3. i..mcs I and 2 shot.  a v,c,,tcrn bh~t for I)l+rclated p~)ly- 
peptidc., m the PS II reaction centre after 30 min t~f photoinhibitor~, 
illumination in the prc~,ence ~f 2IN+/aM I )BMIB at 2 l i e .  The sample 
shown in lane 2 had. prior to Ihi~, treatment,  been ilium:hated 
~i thout  an acceplor or dtmor ~ith light at an inten,,ity ot 6,(NI() # E  
m ~ ,~ I to decrea.,,e its photochemica! aclivity b~ 5tlr~ (as measured 

by Mn-"" ---, ,,ilicomolybdale electron transport  ~. 
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Fig. 4. Tempera tu re  dependence  of  the appearance  of the 24 kDa 
breakd~wn fragmenl of  DI .  The data are derived from den. , i lometer 

~,cam, ~f an o'-DI ~'estern bh)t. 

was dependent ~.)n the photochemical activity of the 
isolated reaction centre complex. Photochemical activ- 
ity of the isolated complex can rapidly be inhibited by 
short periods of illumination in the absence of any 
electron donors or aceeptors, in this figure it can be 
seen Ihat when such pretreatment was used to de- 
crease the reaction centre electron transfer activity by 
5t)"; (mcasurcd as the rate of electron flow from Mn 21 
to siEicomolybdate; (see Ref. 15)}, the appearance of 
the 24 kDa product during subsequent illumination in 
the presence of DBMIB was significantly retarded. 
This ~csult indicates that the generation of the 24 kDa 
fragment is dependent  on reaction centres initially 
being photochemically active. 

Fig. 4 shows that the degradation of the Dl-poly- 
pcptidc to the 24 kDa fragment dttrin~ illumination in 
the presence of 200/,tM DBM1B is temperature-sensi- 
tive during the initial 30 s i n  of treatment, This result 
supports the findings of others working on larger parti- 
clc~. who found that the degradation of the Dl-poly- 
pcptidc in isolated thylakoids and PS II cores was 
significantly influenced by temperature over the same 
rangc [I.5]. Wc did ob,~erve, however, that with longer 
illumination timcs the effect of the two different tem- 
peratures, bccamc less obvious. We have a l ~  checked 
the pH optimum for the degradation process and found 
it to he about pH 8.0. As can be seen in Fig. 5, this is 
not the pH optimum for charge separation in the 
isolated complex as measured by DBMIB-dependent  
photoreduction of  cytochrome b-559 (this being pH 
7-7.5). Therefore,  it seems that although the Dl-poly- 
peptide cleavage activity of the reaction centre com- 
plex is dependent on its photochemical activity, the 
proteolytic event can be partially separated from this 
activity based on pH optima. A similar pH optimum 
(pH 8.2) has tecently been found for an intrinsic en- 
dopeptidase activity of the iso,ated PS I1 reaction cen- 
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Fig. 5. The oH dependency of the breakdown of the DI-r~*lypeptidc lo lhe "*4 kl)a Ira,:meal. ailtt c,~;irgc ',Cl~,tt.lla~f~ ~t~.tn~.ll~ ol the D~.~I 1toil t'~ 11 
reaction centre complex i'~ shown. At each pit value (between 5.() and ~.5) illuminalion v,a,~ pcr|ormcd h~r 3t~ and 45 mm at 2{I (' 'I hc~c "~lnq~ltt.'~ 
were analysed by SDS-PA(iE and western hloltinL.' and the re,,ulling hhll wlr~ ~,canned tilt quanl l t lcd l I l l ,n  I~t lhe 21 kl);~ hre~lktto~,~,n p / ~ d t l c !  pc ,sk  

area (see graph). Each poin! on the graph is lhc average of the Iv, o bh~! lane'- h~r each nil I~tinl ('h~,rgc ~tq~dr:llton acIP.tl~ i~1 |ht.'~,~ " '~,mpl~:,~ v, r, 
measured prior to ilium(natron, u,,ing Mn: '  ;,,, an elcclron dom*r and I)I'IMIB a*, an ,teen, ~r, The: t~:duccd q:* iJ Ionc  t|onillc~ clcctr,n,, t~ 

cytochrome h-3. ~1 and aclivily ol lhe ¢enlrc ~, wa,. me~,urcd a,, The r~lle ~f inl!i~.tl rctlt~tclto~ t,f thi ' ,  c~,!tr~'hrt~m< mt~n,'~c~r~:d .:t! 55 ~1 fire 

tre d e t e c t e d  using an e x o g e n o u s  p e p t i d e  subs t r a t ,  [16]. 

Th is  s a m e  s tudy ind ica ted  that  the  act ivi ty  cou ld  bc 

r e d u c e d  by inhib i tors  o f  se r ine - type  p ro te inases .  Us(rig 

PS 11 cores .  Vi rg in  et  al. [17] have  a l ~  found  tha t  the  
p h o t o d e g r a d a t i o n  o f  the  D l - p o l y p e p t i d e  cou ld  be in- 

h ib i ted  by ~ r i n e - t y p e  p r o t e i n a s e  inhibi tors .  Fo r  this 

r eason  we t e s t ed  a r ange  o f  p r o t e i n a s e  inhibi tors  to see 

w h e t h e r  a s imi lar  inh ib i t ion  o f  the  a p p e a r a n c e  o f  the 
24 k D a  f r a g m e n t  wou ld  o c c u r  in the  is~lateti  PS !1 

r eac t ion  cen t r e .  In a g r e e m e n t  wi th  p rev ious  f indings,  
we found  tha t  s ignif icant  inh ib i t ion  o f  D I - p o l y p e p t i d e  

b r e a k d o w n  cou ld  be o b ~ r v e d  if p r o t e i n a s e  inh ib i tors  

w e r e  p resen t ,  wi th  the  most  s t r ik ing resul ts  be ing  ob-  
t a i n e d  wi th  P M S F  and  soybean  trypsin inhibi tors  (Ta-  

ble  !). 

Discuss ion  

Our r~.~ults indicate that v,'hen an effective electron 
aeceptor is present, such as D B M I B ,  i l luminat ion of  
the i~)lated PS II  reaction ee.-.tre brings about a degra- 
dation of  the  D I - r m l y p c p t i d e  yiehJing a cha rac te r i s t i c  
b r e a k d o w n  pa t t e rn ,  d o m i n a t e d  in ou r  i m m t m o b l o t s  by 

a f r agmen t  o f  about  24 kDa.  No  such pa t t e rn  is ob-  
sc rved  in the  abscnce  o f  ,in accep tor .  A 24 k D a  frag- 

m e n t  has also b e e n  d e t e c t e d  in o t h e r  e x p e r i m e n t s  
involving m o r e  complex  in vi t ro  sys tems [1.5] and  may 
bc the  same  D I - f r a g m e n :  a~ thai  obse rved  in vivo 

(Refs .  3 and  4: C ( ~ k  and  Barb~.r. unpub l i shed  results).  
The  a p p e a r a n c e  o f  this f r agmen t  can occu r  u n d e r  

ae rob ic  and a n a e r o b i c  cond i t ions  and  is una f f ec t ed  by 
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the presence of a free ~;~dical sca,~enger. Proteolytic 
cleavage seems to bc brought ab, out b~, a serinc-typc 
cndopcptidasc acgvity [16,t7] with a pH cmtimum at 
about Is.0. 1"hat Ihc photoinduced loss of Dl-poly- 
pcptidc b, inhibited at pH values below 7 has also bccn 
shown by Rcisman and Ohad [18]. Wc conclude, as we 
did previously [8]. that the cndopcptidase activity is 
located within ',he isolated Pc, 11 reaction comte  eom- 
p!cx itself, indicating that one or more of its compo- 
nents (Dt .  D2, , aod fl subunits of cytochrome b-55t* 
or product of  the psbi gone) is able to protcolytically 
cleave the D l-polypcplid~ as a result of photochemical 
damage. 

Wc have p,cviously shown that in the presence of 
DBMIB. the action of strong illumination is to cause 
initially an oxidation and subsequent destruction of the 
/3-carotenes bound to the isolated PS !i reaction centre 
complex [It,q. This irreversible loss of /3-carotene is 
ais'.) accompanied by the degradation of chlorophylls. 
especially those :~pecies that absorb at 68(1 n m  [211]. The 
loss o f  l h c x c  p i g m e n t s  w o u l d  b e  e x p e c t e d  to  b r i n g  

a b o u t  c o n f o r m a t i o n a l  changc . s  t ha t  c o u l d  t r i g g e r  i ) l -  

d e g r a d a t i o n ,  p e r h a p s  a l h ) w i n g  a s c r i n c  r c , d d u c  to  i n t e r -  

ac t  w i th  a p e p t i d e  l i n k a g e  .so as  to  f a c i l i t a t e  t h e  p m t e o -  

lyric clca~,'agc. W h e r e  t h e  ac t i ve  s c r i n c  is l o c a t e d  a n d  

h o w  p r e c i s e l y  t h e  p r o t c o l y t i c  e v e n t s  l e a d  to  D l - b r z a k -  

d o w n  h a v e  yet  t o  bc  e l u c i d a t e d .  C l e a r l y ,  f u r t h e r  s t u d i e s  

w i t h  t h e  i s o l a t e d  r e a c t i o n  c e n t r e  o f  PS 11 s h o u l d  y i e ld  

new and valuable information to answer these key 
qucsth)m,. 
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