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SUMMARY 

I. PhotophosphotTlation and Hill-reaction activity of swiss-chard chloroplasts 
or chloroplast fragments were decreased by irradiation with short-wavelength ultra- 
violet light. 

2. Photophosphorylation was more resistant to irradiation than the Hill reaction. 
3- The presence of ascorbate during irradiation prevented the decrease in Hill 

reaction an~, photophosphorylative activity. Protection was more pronounced for the 
Hill reaction than for photophosphoryiative activity. Compotmd~-- containing SH- 
groups could not replace ascorbate; it is suggested that ascorbate protects mostly 
by reducing qm effective ultraviolet intensity, and in addition by exerting a specific 
effect on the chloroplasts themselves. 

4. By ultraviolet irradiation, it war possible to obtain chloroplast preparations 
which had lost the ability to perform the I~;ll reaction, but still possessed high ptmtc,- 
phosphorylafive activity. Such preparations w:,~¢ he useful in further research. 

5-The endogeneous plastoquinone of chloroplasts was shown 1o be destroyed 
by irradiation. 

6. The activity of irradiated chloroplasts was stimulated by the addition of 
plastoquinone. Howccer, a similar stimulation was obtained on addition of plasto- 
quinone to non-irradiated chloroplasts. 

BiocAim. BiopAy~. A ~ .  66 ( t ~ l  187~--so5 



188 N. SHAVIT, i .  AVRON 

IN TRODUCTION 

Short-wavelen~th~ ultraviolet light (~537 A) has been sh(~wn to . . . . . . .  ~tr,~,glv. i,,l~;b;¢ . . . . . . . . . . .  th ,  
Hill reaction of isolated chloroplasts t. However, the chlorophyll of the chloropl&~ts 
showed no changes in absorption after irradiation, nor was the activity of catalase, 
polyphenol oxidase or cytochrome oxidase seriously decreased. The :ore i. .... ,~., 
absorption was responsible for the inhibitory, effect have not yet been identified. 

In studies of the effect of far- and near-ultraviolet irradiation on mitochondria t, s 
and bacterial systems t, evidence has been obtained for the participation of naphthc~ 
quinones (vitamin K-like compounds) in the phosphorylative pathway of oxidative 
phosphorylation. 

A few years ago, a benzoquinone called plastoquinone, with maximum absorption 
at about 255 mp,  was isolated from plant material 5 and shown to be localized in 
the chloroplasts. I t  was found to restore Hill-reaction ac t iv i t~  and phosphorylative 
activity 7 of chloroplasts which had previously been extracted with organic solvents. 

Th.;s report deals with the effect of ultraviolet light on photopliosphorylation. 
The inhibition of the Hill reaction by ultraviolet irradiation was confirmed, and an 
a t tempt  was made to correlate thc cffcct~ of ultraviolet radiation with the presence 
of plastoquinone in chloroplasts. 

METHODS 

Once-washed chloroplasts from swiss-chard leaves were prepared a.~ previou.~iy 
described $. In order to prepare ascorbate-free chloroplast preparations the fo!!o::4~g 
modifications were introduced: The pellet obtained in the first centrifugation at 
iooo × g was suspended in chilled washing medium (0.04 M sucrose, 0.05 M Tris-HC1, 
O.Ol N NaCI, pH 7.8). The final pellet was suspended in an appropriate volume of 
washing medium or o.I M sucrose solution. 

Irradiation procedur~ 
(a) For small volumes: 0. 5 ml once-washed chloroplast suspensions containing 

~pprox. 2oo pg chlorophyll per ml were placed in 2-ram internal-width Silica cells 
and irradiated with "Mineralight-Model R-5I"  ultraviolet lamp (Ultra-Violet 
Products, Inc. San Gabriel, Calif., U.S.A.) at z cm distance from the lamp in a cold 
room (4 °) for the time indicated. When the protection provided by amorhate against 
irradiation was testetx, a ~econd 2-rruTt Smc~ cell containing water or a solution of 
ascorbate was placed between the cell containing the chloroplasts and the ultraviolet 
lamp. 

(b) For large voiunws: z. 5 mi oi once-washed chloroplast suspensions containing 
approx. 2oo/zig chlorophyll per ml were placed in open Petri dishes, 2 cm in dia. 
The Petri dishes were inserted in the holes of an aluminum plate fixed in an ice 
bucket packed with crushed ice to keep the suspenmon cold during irradiation. The 
ice bucket was p!Lced oa an Eberbach reciprocating shaker which was operated at 
around xoo rev./min. The ultraviolet lamp was placed at a distance of about 4 cm 
from the suspension and the samples irradiated for the time indicated. 

W ~ k i ~  pram/ar6 

To wash out compounds present with the chloroplasts during irradiation two 
alternative t reatments  were used. 

Be;xJ~im. hto#kys. Aaa. 06 ~w963~ t87-t95 



EFFECT OF U V  LIGHT ON PHOTOPHOEPHORYLATION I]~ 9 

(a) Repeated washing: 35 ml of the washing medium were added to the irradiated 
oncc-w~ned chloroplast suspensions which were then centrifuged at zoooo :< g for 

-" peii " ' ' 5 rain. lhe  et obtained was resu~pemtcu and ~c.trhu~cu'~ . . . .  a as at,,,~-~" . . . . . .  ,,,,,a .t.~,.~ ~_~t,,,,... 
pellet sue,~oende~ in a small volume of the washing medium- 

(b) Preparation of chloroplast fragments: The irradiated once-washed chloroplast 
suspensions were centrifuged at 2oooo / g for 5 min. They were then fragmented 
by suspension in IO -n M Tris buffer as previously described*. The final pellet was 
suspended in a small volume of washing medium. 

L yophilization procedure 

After . . . .  i~-~dtatlon, " I ml of once-washed chloroplasts in o.I .,, ~ sucrose medium was 
deposited on the inner wall of a 5o-ml centrifuge glass tube, by rotating the tube 
in liquid air, and immediately attached to a lyophilizer. Pressures of Io-" nun Hg 
or less were maintained throughout a drying period of about 3 h. The samples were 
then stored overnight over PrO5 in darkness at - -15 ° in vacuo. 

Plastoquinone extraction and addition procedures 

25 ml of spectral-grade isooctane were added to each tube containing the dry 
chloroplastic material, ground with a glass plunger several times during a I5-min 
period at room temperature followed by centrifugation at 500 × g for 3 rain. The 
extracts were decanted and 2 mt of spectral-grade isooctane containing thc desired 
amount of plastoquinone added. The pellet was ground and the solvent evaporated 
with a rotating flash evaporator connected to an oil vacuum pump through a liquid- 
air trap. 

Extracted chloroplasts were prepared by the same procedure except that  2 ml 
cf spectral-grade ;.sooctane were added in the final step. To non-extracted chloroplasts 
only the final z.o ml of isooctane were added without previous extraction. 

Crystalline plastoquinone was prepared from isolated chloroplasts of swiss chard 
according to the procedure described by CRANE s . 

Photophosphorylative activity was assayed as previously described s, and Hill- 
reaction ~.ctivity with dichlorophenolindophenol as oxidant according to JAGENDORF to. 
Chlorophyll was determined according to AR,'~ON n. 

RESULTS 

Irradiation effects on photophosphorylation and the Hill reaction 

Th~ eff,ct of ultraviolet irradiation on photophosphorylation and the Hill re- 
action of s~,,~s~chard chloroplasts is shown in Fig. x. It is evident that  the Hill reaction 
was more sensitive to ultraviolet light than the phosphorylative activity. The inhi- 
bition of photophosphorylation was m /  due to enhanced ATPase activity since no 
increase in ATP hydrolysis was found in the light or in the dark after ~ d i a t i o u  
causing 50 % inactivation of photophospho~:iation. On the contrary, *~he small 
ATPase activity normally found Is was also reduced by ultraviolet irradiation. 

The difference in sensitivity to ultraviolet irradiation of photophosphorylation 
and the Hill reaction did not significantly change when lower intensities of ultraviolet 
light w~.-e uwd. The extent of inactivation attained vaned  with diffes~nt [smp~atiom 
but the pattern of inactivation illustrated in Fig. I remaisled uachaaged. The 
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inact ivat ion t ime required to cauc~ 50 % inact ivat ion of different chloroplast prepa- 
~at~ii~ was a round xo rain for the Hill reaction and 3o min ~r more for photophos- 
phorylation. However, chloroplast fragme~its were much m,,l'~ ~ensitive to uitrax~oiet 
irradiation. 5 ° % inact ivat ion was a t ta ined  - f te r  only I -2  min for the Hill react:'cn 
and  after 5-xo rain for photophosphorylation.  

Effect of mcocbic acid 
In  the above experiments  ascorbate was omitted from the medium u.~d for 

washing and suspending the chloroplasts because of i t ,  a b ~ r p t i o n  in the ultraviolet 
region and its ox ida t ion- reduc t ion  properties. F.;g. z il lustrates the inact ivat ion 
observed when the chloroplast suspension contained ascorbate during irradiation. 
Photophosphorylat ive ac t iv i ty  was protected to a small extent.  By c~ntrast the Hill 
reaction was more sensitive to irradiat ion in the a b ~ n c e  of ascorbate than in its 
presence. However, it was essential tha t  the ascorbate be present during irradiation 
in order to prevent  rapid inactivat ion.  The addition of ascorbate immediately after 
irradiation did not  restore the act ivi ty  lost. 

The protective action of ascorbate could have been due (a) to its reductive 
capacity, (b) to a lowering of the effective ultraviolet  light reaching the chloroplasts 
(i.e. screening) due to the high absorption of ascorbate in the ultraviolet,  and (c) to 
a direct effect on the chloroplasts, causing thorn to become more resistant to ir- 
radiation. 

The first possibility was tested by  replacing ascorbate with compounds containing 
SH-groups. Table I i l lustrates the results obtained with cysteine, cvsteamine and 
glutathione.  These compounds did not provide protecti,,iL 

TABLE I 

p R O T E C T I O N  O F  C H L O R O P L A S T S  A G A I N S T  I N A C T I V A T I O N  BY U L T R A V I O L E T  L I G H T  

W I T H  R E D U C I N G  C O M P O U N D S  

Once-washed chloroplasts containing 15 ° pg chlorophyll per ml and freshly prepared, neutralized 
solutions of the various compounds indicated in a final concentration of 2. Io -t M, were irradiated 
for lo rain as described under METHODS (a). Assays as described under Pig. I, except that the 
added compounds were washed out as described under MnTHODS and the thrice-washed chloroplasts 
obtained were added to reaction mixtures to give a concentration of 2o-3o pg chlorophyll per 
flask. Non-irradiated chloroplasts (control) values: for photophosphorylation between 30o-400 
pmoles ATP formed per mg chlorophyll per h: for Hill reaction between 6o-13o/~equiv of di- 

chlorophenolindophenol reduced per nag chlorophyll per h 

C o ~ d  pce~'~t % co~tol ~ t  ivily 

during i~radi~v~a I'hotoOIv,splsorylat~,n Ht!l ~o. t ~  

None 53 z 7 
Ascorbate I l I go 4 
C)~teine 59 37 
C)~steam.:ne z 5 Io 
(;lutathione 44 3 ° 

If the protectio, '-" ascorbate was due only to ~r~-ening, similar protection 
should have been obj. . ! whether aso0rbate ~as  Frosent in the irradiated sample 
%ogether with the chlca'oplasts (internaUy). or between the ~ample and the light source 

B~kim.  Bwp~y,. Acta, ¢,o (~,3~ z87-105 
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Fig. 1. Inhibition of photophosphoryla t ionand 
H':.II re~cti.e~ activities by irradiating chloro- 
plasts with ultraviolet light (2537 A) in the ab- 
sence of ascorbate. Once-washed chloroplasts 
containing ~36/*g chlorophyll per ml w-ere ir- 
radiated as described under ~ETHODS (al. The 
reaction mixture for the photophosphorylation 
assay contained the following components in 
pmoles: Tr is-HCl (pH 7.8), 45; NaCI, 60; 
MgClz, ~ z ; sodium ascorbate, 30; ADP (pH 7.81, 
4; sodium-potass ium phosphate (pH 7.8) ~2 
(containing 2. Io * eounts/min of asp) ; phenazine 
methosulphate, 0.09 and chloroplast fragments 
prepared as described under ragrRoos, con- 
taining between i4 -19  pg chlorophyll in a 
total  volume of 3 ml. Reaction time, 2 min;  

%, 
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Fig. z. Inh ib i t i on  of photophosphory la t ion  and 
llill-reaction activities by irradiating chloro- 
l,lasts with ultraviolet light (~537 ~) in the  
presence of ascorbate. Once-washed chloro- 
plasts containing I z 7 Pg chlorophyll per ml and 
sodium aseorbate at  a concentration of z- I o  - s  M 
were irradiated as described under METHODS (a). 
Assays as de~r ibed  ander Fig. I, except tha t  
chloroplast fragments containing between 
l o - i  3 Pg chlorophyll were added to each flask. 
Control values: for photophosphorylation 86o 
pmoles .A.TP formed per mg chlorophyll per h;  
and for Hill reaction i9o #equiv of dichloro- 
phenolindophenol reduced per mg chlorophyll 

per h. 

light intensity, Izoooo lux; temperature, I5°; gas phase, air. Perchloric acid was added to a final 
concentration of 3 %, the reaction mixtures centrifuged, and the supernatant  analyzed for its 
~sP~ATP content as already describedL The reaction mixture for the Hill-reaction assay con- 
~ained, in pmoles: dichlorophenolindophenol, o.o75: sodium-potass ium phosphate (pH 7.8), loo:  
and chloroplast fragments cont~.ining between 14-19 pg chlorophyll in a total  volume ot 3 ml. 
Reaction time, periods of 15 .~rc: light intensity, 6o0oo lux; temperature, 2z °" g,~s phase, air. 
Absorption at  61o m# was measured before and after exposure to light in a Unicam SP-6oo 
spectrophotometer, and rates calculated from the initial linear par t  of the curve, loo on the 
~rdinat~ - ~ r ~ e . ~ F ~  ,% a photophosphorylative activity of 5z6pmoles  ATP formed per mg 
cldorophyii per ~,. and to a Hilbreaction activity of 304/4equiv of dichlorophenolindophenol 

reduced per mg chlorophyll per h. 

( ex te rna l ly ) .  As  c a n  b e  s een  f r o m  T a b l e  l I  ; t  a p p e a r s  t h a t  a l a rge  p o r t i o n  of t h e  

p r o t e c t i o n  p r o v i d e d  b y  a s c o r b a t e  c o u l d  b e  o b t , t ' a e d  e x t e r n a l l y  a t  a c o n c e n t r a t i o n  
e q u a l  t o  t h a t  u s e d  i n t e r n a l l y .  H o w e v e r ,  i t  is  d/t~,.cult t o  c a l c u l a t e  t h e  i n t e r n a l  c o n c e n -  

t r a t i o n  of  a s c o r b a t e  w h i c h  wil l  p r o v i d e  p r o t e c t i o n ,  o n l y  b y  u l t r a v i o l e t  a b s o r p t i o n ,  

t o  a n  e x t e n t  e q u a l  t o  t h a t  o b t a i n e d  w i t h  a g i v e n  c o n c e n t r a t i o n  t e s t e d  e x t e r n a l l y .  

I t  is  o b v i o u s  t h a t  t h e  r a d i a t i o n  r e a c h i n g  t h e  c h l o r o p l a s t s  is h i g h e r  Ice a g i v e n  i n t e r n a l  

a s c o r b a t e  c o n c e n t r a t i o n  t h a n  w h e n  t h e  s a m e  c o n c e n t r a t i o n  of  a s c o r b a t e  is  u s e d  

B/cci/m. ~ys. Aa~, 66 |=963) t87-~9~ 
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T A B L E  II 

C O M P A R I S O ~  O F  T H E  P R O T E C T I O N  P R O V I D E D  B~" A S C O R B A T E  '. ' , 'HEN P R E S E N T  

T O ~ E T H E R  W I T H  OR EXTER. ' qAL TO T H E  CHLOROPI .AS%5 

Once-washed  ch lorop las t s  con ta in ing  ~64-! 75/gg chlorophyl l  per  ml and  o.oz M sod ium as-x)rbat-  
where  indicated,  were i r rad ia ted  for t5 m m  as  descr ibed unde r  u E t n o . s  /at. Assays  as  described 
unde r  Fig. t excep t  t h a t  th r ice -washed  chloroplas ts  con ta in ing  1~--22 !~g chlorophyll  were a,~aed 
te each flask; non- i r r ad ia ted  ch loroplas t s  (control) va lues :  for p h o t o p h o s p h o r y ~ t ; o n  , . t~ .,, 
5 ~°-75o/tmoles A T P  | o r m e d  per  m g  chlorophyl l  per  h : for Hill react ion between ~ ~o- ~ - o / t e q u i v  

of d ich lorophenol indophenol  reduced per  m g  chh~r*~phyll per h. 

Ccrr~fl,,~,¢~l~ p ¢ ~  % tong"o! .~, .t''rt~. y 
during itrc, di~'.on 

I~, .nglly E.tte.~dly Photopkr, s p ~ ! a q ~ . n  th!,'.rc~lt,m 

None W a t e r  5 z o 
None  Ascorba te  85 '~7 
Ascorba te  ~,Vater 9 ° 98 

externally.  Therefore, the fact tha t  even when the ~ame concentrat ion of ascorbate 
w a s  u s e d  i n t e r n a l l y  a n d  e x t e r n a l l y ,  i n t e r n a l  p r o t e c t i o n  wa.~ m o r e  pffi : i e n t ,  c o u l d  be  

e x p l a i n e d  b y  p o s t u l a t i n g  t h a t  a s c o r b a t e  e x e r t s  a d i r e c t  e f f e c t  o n  t h e  c h l o r o p l a s t s  

t h e m s e l v e s  o v e r  a n d  a b o v e  p r o t e c t i o n  b y  a b s o r p t i o n  o t  u l t r a v i o l e t  l i g h t .  

0.6 I I ' ! o.a|. ' 

0.1[ 

0.5 L- o.s- o. u\ 
t o.3- ', 

o.4L :: 
°z00 7 

-" ", \ - - -  I r rochoted : 

0.2a- - ! 

o , - - - -  2_  _..L____.I . . . . .  , t ___  2 ___A____.~___._ . i____;  
k~o 241o I ~ o  2,.Io 3o0 I120 34o .'16o ~¢,..~ 4oo 

Wov~er~jtt. (mr') 

Fig. 3. Absorp t ion  s p e c t r u m  of crude pe t ro leum 
e the r  ex t r ac t s  of non- i r rad ia ted  and  i r radia ted  
chloroplasts .  Once-washed  chloropl&sts con- 
t a ln ing  1 5 6 p g  chlorophyl l  per ml  were ir- 
rad ia ted  for 60 rain as descr ibed under  METHODS 
(a). After  i r radiat ion the  samples  were cen-  
t r i fuged a t  2000o ~ g for lo rain. The  pellets  
ob ta ined  were washed  twice s~ith 35 ml  of cold 
wate r  and  cent r i fuged for io min  at  2oooo × g. 
The  final pellets were suspended  in a smal l  
vo lume  of cold water  and  lyophilized. The  dl T 
ch loroplas t s  ob ta ined  were ex t rac ted  wi th  pe- 
t ro leum e ther  (3o-4 o ' )  according to BtSHO#. 
The  pe t ro leum e the r  ex t r ac t s  ob ta ined  were 
evapora t ed  to d rynes s  unde r  reduced p r e ~ u r e .  
The  res idues  were re-dissolved in a t~nlu to  
e thano l  a. ,d thesr  absorp t ion  spec t rum recorded 

in a F~x~k, mn  DK spec t rophotometer .  

C o ~ , ~  of i ~ n t i o n  by altravio~ irr,~lia~n with plasto,luinoat 
The absecption spectrum of petroleum ether extracts of non-irradiated dD" 

~ t s  is illustrated in Fig. 3- On addition of a few crystals of KBH, the peak 
at 254 mla disappear~ and simultaneously a new peak ~ith lower absorbancy at 

Biockim. Btopkys. ,4¢~a. 66 (19b$~ 187- I95 
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about  29 o m #  appeared. This change corresponds to the reduction of plastoquinone 
as previously, described s. Petroleum ether extracts .~,"r -~:a"" cMoroplasts which had been 
irradiated for 6o rrAn and were almost total ly inhibi ted gave a different spectrum 
in the ultraviolet region (Fig. 3). Peak absorption was a t  about  27o m/~ and  remained 
unchanged after the addit ion of KBH 4 or subsequent  addit ion of AgtO. These results 
were interpreted as indicating destruction of the plastoquinone present in the chloro- 
plasts by  irradiation with ultraviolet  light. 

Acting on the assumption that  inhibi t ion of the photoreactions of the c|doro- 
plasts was due chiefly to a destr{tJ ction of their  plastoquinone,  we tried to reactivate 
the irradiated chloroplasts by  addit ion of crystall ine plastoquinone. Table I i I  show,~ 
the results of a few typical experiments in  which plastoquinone was added to ir- 
radiated or irradiated and extracted chloroplast preparations. Considerable variation 
occurred between experiments. However. it was observed in several experiments  tha t  
the addit ion of plastoquinone restored par t  of the inhibi t ion brought  about  by  ir- 
radiat ion or extraction of the chloroplasts. In  addit ion it can be seen in Table I I I  
. ,tat a considerable s t imulat ion of non-treated dry chloroplast preparat ions had also 
occurred~ This s t imulat ion complicates the simple explanat ion tha t  plastoquinone 
restored act ivi ty  after irradiation. I t  is in agreement with the per se s t imulat ion 
bypl~,s toquinone recently reported by  FRIEND AND REDFEARN is. The reactivation 

TABLE III 

RF.STORATION OF ACTIVITY BY ADDITION OF PLASTO~UINONE TO IRRADIATED 
OR EXTRACTED CHLOROPLASTS 

Once-washed chloroplasts in o.I M sucrose were irradiated as de~cri~cd and~r ~IETHODS (b). Ex- 
traction and rea'ddition procedures were as described in mETaODS. Assays aS described under 
Fig. i except that chlorop~,yll concentration waS 30-5o pg in a total volume of 3 ml. The molar 
ratio of plastoquinone to chlorophyll was o.2. Expt. r: T~ ~ o.hlorophyil concentration during 
irradiation waS 34 ° jug/ml; irradiation time 30 min. The control value corresponds to ~38/,mnles 
ATP formed per mg chlorophyll per h. Expt. 2: The chlorophyll concentration during irradiation 
waS 285/~g/ml: irradiation time 3 ° min. Control value corresponds to 72/Jmoles ATP formed 
per mg chlorophyll per h, and ioo t~equiv of dichlorophenolindophenol reduced per mg chlorophyll 
per h. Expt. 3: Chlorophyll concentration during irradiation waS 23o#g/ml; irradiation time 
3o rain. Control value corresponds to tI3/Jmoles ATP formed per mg chlorophyll per h and 

1 io//equiv of dichlorophenolindophenol reduced per mg chlorophyll per h. 

Treatment 

% control activi:y 

Pkoto~ospkorMat~oct Hill r~tctioM 

Etpt. No. • 2 3 -~" # 

Control (untreate'!) (too) (1oo) (ion) (IOO) (too) 
Control plus piast~quinone 126 130 IOO 144 too 

E x t r a c t i o n  ~q . . . .  
Extraction plus plastoquinone ? s . . . . .  

Irradiation 46 54 26 72: 4o* 
Irradiation plus plastoquinone 69 83 26 I2O 4o" 
Irradiation and extraction 46 . . . .  
Irradiation. extraction plus plastoquinone 61 . . . . .  

" In order to be able to measure Hill-react/on activity with irradiated tample~ time of ir- 
radiation was _ - . ' ~ . ~  t o  5 mLn. 
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by addition oi plastoquinone after irradiation seems to be relatt-d t,, the stimulation 
in the non-irra.~ia'.ed sam..p!es. IA'~en no such stimulatitm was observed, the irradiated 
samples were also unaffected. 

C~ ,~ -  l* reported that  the plastoquinone present in the chloroplasts couM be 
oxidized by treatraent with o.o3 M ferricyanide in the dark. Since the ~:xidi,xd [orm 
of plastoquinone is the one which absorbs around 254 mtz. we checked the pos.,, ,m~ 
of accelerating the destruction of the plastoquinone in tile chloroplasts by its pre- 
oxidation. However, no faster rates of inactivation were attained by irradiation of 
chloroplast suspensions pre-treated with ferricyanide. 

DISCUSSION 

The inhibition of photosynthesis, photoreduction (with hydrogen as reductant) and 
the Hill reaction (with quinone as oxidant) by short-wavelength ultraviolet irradiation 
has been previously noted l, i~. In this paper evidence is presented for the inclusion 
of the photophosphorylative activity of chloroplasts in this list. The latter activity, 
however, was more resistant to irradiation than the Hill roartion, By" rn~ans of ultra- 
violet irradiation we could obtain chloroplasts which had lost their ability to perform 
the Hill reaction with dichlorophenolindopbenol as oxidant, but ~till possessed a 
significant part of their phospho .rylative activity. This separati:m may be useful as 
a tool for further research. 

There is no doubt that a large portion of the protection bv ascorbate was a result 
of its absorption of ultraviolet light. However, its higher efficiency when present with 
the chloroplasts, points to a specific action of ascorbate, in addition to the screening 
effect. The reason why the Hill reaction was protected to a larger extent than photo- 
phosphorylation is not clear. A 1-~ssible explanation is that a factor which participates 
in the Hill reaction and is not needed or is not rate determining in the case of photo- 
phosphorylation, was strongly affected by ultraviolet light. Ascorbate may protect 
this factor from inactivation. 

We at te t .pted to relate the inactivation of photophosphory,lation and the Hill 
reaction to the destruction of plastoquinone by ultraviolet irradiation. As found by 
BIsnO| ,~ a correlation ~ould be shown between inactivation of the Hill reaction and 
the level of plastoquinone in the chloroplasts. However, we could not achieve a 
specific restoration of the irradiation-damage by addition of plastt~luinone. It there- 
fore appears that the inactivation by _,hort-wavelength ultraviolet irradiation was 
due to destruction of other factors in addition to the plastoquinone. 

A stimulation of non-treated chloroplasts by plastoquinone was fo, md. The simple 
interpretation of extraction and readdition experiment#, ? as well as the irradiation 
and readdition experiments reported herewith is complicated by this stimulation. 
It must be taken into consideration when assigning a p~;ssible role to plastoquinone 
in photophosphoD'lation or the Hill reaction. 

ACKNOWLEDGEMENTS 

We would like to acknowle~e the a_~sistance of Mrs. F. ITSHAK in the prepar~'.ion 
of cr~.,stalline plastoquinone and of Mrs. H. LAI Ea in the spectrophotometric measure- 
merits. 



EFFECT OF U V  LIGHT ON PHOTOPHOSPHORYLATION x95  

T h e  r e s e a r c h  r e p o r t e d  in t h i s  d o c u m e n t  h a s  b e e n  s p o n s o r e d  in  p a r t ,  b y  g r a n t s  

t o  o n e  of  u s  (M. A.) f r o m  t h e  C h a r l e s  F .  K e t t e r ~ n g  F o u n d a t i o n  a n d  b y  t h e  A i r  F o r c e  

O.~...:0 o f  Sc ien t i f i c  R e . a r c h ,  O . A . R . ,  t h r o u g h  t h e  E u r o p e a n  O ~ c e ,  A e r o s p a c e  R ,~- 

s e a r c h ,  U .S .  A i r  F o r c e .  

R E F E R E N ( ' E S  

I A..%. HOLT, 1. A. BR.OOKS A~D W, A. ARNOLD, J, Gen. Ph.vsiol., 34 (1051~ 027. 
z X~', \V. ANDERSON AND D. DALLAM, J. Biol. Chem., 234 (t959) 409 . 
a R. E. BEY•R, J, Bi.ol. Chem., 234 (1959) C88, 
4 A. F. BRODtE AND J. BALLANTINE, J. Biol. Chem., 235 (196o) 226. 
6 F. L. CRANE, Plant Physiol., 34 (t959) t28. 
a N. I. BisHop, Proc. Natl..4cad..~ci. l ' .S . ,  4.5 (1959) I~ t ) .  
7 D. W. KROC.~A.~.~, Biochem. Biophys. Res. Commun., 4 (lOt)l) 275, 
s M. AVRON, .4hal. Biochem., 2 (tg01) 535. 
9 M. AVRO.~, Biochim. BiopM's..4eta, 4o (19{)o) 2.57. 

xo A. T. JAOENDORF, Arch. Biochem. Biophys., {)2 (t95~,) t41 
It D. I. ARNON. Plant Ph)siol., 24 (1940) 1. 
1." M. Av~ o.~, J. Biol. Chem., 237 (t962} z o l l .  
ts j .  FRIENI~ ~ D  E. R. REDFE^RN, Biochem. J.,  82 (t0¢,21 138. 
14 }7 L CRa.NE, B. EHRLICH AND L. 1'. KI6GEL, Biochet~t. Biophys. lies. Commun., 3 (1960) 37. 
15 E.T.  RABINOWIICIt, Photosynthesis and Related Processes, Vol. 2, Par t  2, Interscience, New York, 

x056, pp. 1614~ t92t .  
it  N. [. BISHOP, in Ciba Symposium on Ouinones in Electron Transport, J. and A. Chmchill ,  London,  

IOt, l. p. 385 

Biochim. Biophys..4cta, Oo (;963) 187-x95 


