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A study of the mode of actlon of 3 - (4 -¢h |orophenyl ) - t , l -d imethy |urea  
on photosynthesis 

Photosyn the t i c  inhibi tors  can be classified, according to their  site of action, in three 
broad categories" (a) those act ing exclusively on, or very  close to, a photochemica l  
reaction,  (b) those ac t ing only on a the rma l  step, and  (c) those affecting bo th  photo-  
~L~,t~ica~ ,t~tt t,,c**,,,~. ~tcp~. ~Ve know of no inhibi tor  of the  first type.  Inhibi tors  of 
the second type  are numerous ,  e.g. CN-,  N:(-. HzS, z ,4-dini t ropheno!  etc. In the third  
class are general ly  included compounds  such as pheny lu re thane ,  DCMU or N H 2 O H  
(el. refs. i -3) .  The theoret ical  impl icat ions  for the  mechan i sm of pho tosyn thes i s  of 
the high potency" of CMU as an inhibi tor  p r o m p t e d  us to re invest igate  its mode of 
action. 
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Fig  I. Effect of C M !  T on the w h i t e - l i g h t  i n t e n s i t y  curve of  nxygen  evo lu t i on  in Chiore l ]a .  T e m p e r a -  
t u r e .  2z °. A. u n t r e a t e d  ce l l s ;  B, w i t h  2 -1o - -~M C M U ;  C, w i t h  7" io - -V3I  C M U ;  D, w i t h  2 - i o  - r M  

CMIT:  E .  w i t h  8- zo -e  M C ~ i l ; .  

To tha t  end, we measured  its effect on the pho tosyn the t i c  oxygen  evolut ion in 
Chlordla pyrenoidosa with a bare p l a t i num electrode of the  HAxo  AND BLINKS type  5, 
the electrical ou tpu t  of which was fed into a recordin~ ~ t ivanome te r .  The cells were 
suspended in 75 mM phospha te  buffer (pH 6.9). Monochromat ic  l ight was ob ta ined  
f rom a Bausch  and  L o m b  monochromator .  Light  in tens i ty  was control led wi th  a 
series of neu t r a l  dens i ty  filters. 

Fig. I shows the  effect of various concent ra t ions  of CMU on the ra te  of oxygen 
evolu t ion  at  different light intensit ies.  These results  c lear ly show tha t ,  wi th  concen- 
t ra t ions  below io  -n M, the  l igh t -dependent  port ion of the  curve is modified bu t  not  
the  t empe ra tu r e -dependen t  phase. 

A b b r e v i a t i o n s :  C M U ,  3 - ! 4 - c h l o r o p h e n y l ) - i . t - d i m e t h y l u r e a -  D C M U ,  3 - ( 3 , 4 - d i c h l o r o p h e n y l ) -  
I ,  ~ - d i m e t h y l u r e a .  
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F r o m  concen t r a t i ons  of,abo~rt~-.xlo~a~d--xo-~ 3,*-, CMU behaves  as an inh ib i to r  
of the  first c a t ego ry  as  definetl:raim~e. A~tt ~ o n e e n t r a t k m s  above  to -"  M, it becomes  
an inh ib i to r  of the  t h i rd  ,ca~egox.y, a~tin~g Uoth, on a pho tochemica l  and  a ra te -  
d e t e r m i n i n g  da rk  s tep.  

We nex t  sought  to de te rmim,  wtiit~t~ ligtir~ reac t ion  is b locked in the  low-CMU- 
c~mcentra t ion range,  There~is,ahxatfiy rnudi~ evidence  of a different  na tu re t ,  ~-9 t h a t  
it is the  reac t ion  ca t a lyzed  ihy ttt,~, "."~iorta w a v e l e n g t h "  or " s y s t e m  2 ' ' i °  p i g m e n t  
c,)mplex. We reasoned t h a t ,  ~if x~ l~ i i~ t f i o , ca se ,  an  ac t ion  s p e c t r u m  of inh ib i t ion  
should  show a w a v e l e n g t h  de pentt~m~y.intiitii t ion being g rea tes t  a t  wave l eng th s  for 
which the  ra te  of oxygen  e v o l t r t i ( m i i . ~ t ~ e d ! b y  " s y s t e m  2". In  the  red, m a x i m u m  
inif ibi t ion would  t h e n  o c c u r  a t  :fitomtt ~t~)O~-77oo,m/. where  most  of the  absorp t ion  is 
due to " s y s t e m  I " ,  a n d  t h e ~ r a t e i i s ( t l ~ r f i n o d ! b v  " s y s t e m  2" as shown by  the  ac t ion  
.~pectra of the  Emerson  e n h a n e e m . r t t ~ l !  
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l : ig.  2. E f f e c t  o f  C M [ "  o n  t i l e  a c t  i ~ n ~ e c t a m m ~ o l i o x ~ c g e t t  e v o l u t i o n  in  C h l o r e l l a .  T e m p e r a t u r e ,  20  °. 
.X u n t r e a t e d  c e i l s :  ]3, w i t h  C M I  ~ "¢C ~mct f i~s l~ee~r r tm  o f  i n h i b i t i o n  ( o r d i n a t e "  o,  o f  i n h i b i t i o n )  ' t O  

Fig. 2 shows the  expectet t~aa~-~m~ti~d/~Eendency:  the re  is a m i n i m u m  of inhi-  
bi t ion a t  650 mt~ and  a llm~,ximxmn~tt6~o~mt, z I n  some e x p e r i m e n t s  we have  been 
able to get  60-65 % of ~inhibttion ~ ~fO~ m ~  a n d  no inh ib i t ion  a t  all a t  65o mtz. 
These  resul ts  conf i rm a n d  e . x t e n l f ~ o k l s ~ ' ~ z a t i o n s  m a d e  b y  DU','SENS et a13  ° with  
I )CMU on the  red a lga ! P ~ h m ~ i B i m n .  

To  summar ize ,  w e : m a y - m , , ~ ~ :  . in, the r ange  of 5" IO-S M - I o - e  M, inh ib i t s  
the  " sho r t  w a v e l e n g t h "  l i g l ~ r t ~ t i i n m . ~ l i n ~ o n ~ o r  close to  t he  photoche_m_Aca! step. 
At h igher  c o n c e n t r a t i o n s ; i t : a  • - -  t rot t ing d a r k  s tep.  This  s t ep  is p robab ly  
not  s i t u a t e d  in  t he  Calvin. e y ~ l e , ~ i ~ b 3 ~  t h e  r iCO,  f ixat ion p a t t e r n s  ob t a ined  
wi th  and  w i t h o a t  C M U ~ i n . ~ ~ m ~ u m d i ~ .  t t~:(ref,  xa). 

Conceivably ,  i t  is ! b e t w ~ n t t i z e t t ~ , l ~ i o t ~ , ~ h e m i c a l  reac t ions ,  a t  t h e  level  of a 
c y t o c h r o m e  for example .  I l n t f l i i s ~ , ~ T a N . . ' ~ o b s e r v a t i o n  t h a t  u r e t h a n e  inh ib i t s  
the  r educ t ion  of c y t o c h r o m e c c ~ ~ ~ 0 n ~ m a y  M re l evan t  ~3. 

Biochim. Biophys. Acta. 69 (1963) 4 3 8 - 4 4  ° 



_~.a.D + . : < E L i M : N  Ab:~. 7"~{.~1"1(: a, 

" } ' t  I 7 : r ' q b A C ' r O  D +  ~X" i l i + : ' f :" i ~ e  'V+ it ++' IV ' t : ,r 2 { " + ' ) :  r e  i . + + j { '  r : + ~ ~ i 2 6 0 " - - i ; 7 ~ . + t ~  i n  ~{~4+<.,,++:+ 

- t x e  ~ ) J ! c , z o c a e z r t l c a 2  :p ' -~c : t~_ ,z t  .-. +i{+-, ' : t . , i  at - + } t t t t e ! t ~ I p ~ l l q , ! t . - . - ~ i ! ~ e e  :~t. IOL~L +>£t~G'Y.~. , ¢  

• nag_ml t l~e  - m ~ i i e m  - h a a i  r f l a t  :-p, tutr~, , i  --t, • , t~du¢ ,~  tt~i[ t t i x ~ b ~ t l t ~ t t  : i t  - a&i l t [ l [{ [} [ [%.  { [ ~ ~ t [ 

: n t e n s : t : ' .  ~ ~ ] s J : ~l  , u  ' ~ n  1 I "1 " ' 1 73 'X[  + "~''r ItV" : ) [ x~ t t } t=} tWr t t tC :~ [  - . " e ~ . ' : l v n t  : ' : : t i t  i )V : . : [ + ~ + : i i t V ~  

~g ".,.t .Li . 'TS.- t~ ,t. T r ~  .~.I~ ~]~1~: ":ILeI"L~"-;I.-;LII. '~;.{-r ~,-~.'.~::+. 

,"_aborg~to~r: :de L~/ao~o.sq'mtae.s~ :. .~,~ " . . . .  " + '  r '4~': " " . 

• : ~ , ~ : - ~ :  ~ ' ~ ]  : i ~ .  ~ I + . : - I i - ~ - : ,  :~ ~. ~ L , . . ~ , : . . .  '. ~ ~,~-.,~ +'~. 

: .  ~" . ~ i : 2 1 1 ) ( 1 1 ' , ,  ~ ~ i ; I )  , ' [+ ~ " { t ' : : .  , ~ ".:. ]I~.', ":':e ~ ' , . . " ~ I t ~ l ; ~ : . ~  . .  ~ ' t - , ~ ,  

. ~ " ~ , : .  " I l l .  ~ ,  ¢~g ? ' ,  + 7 . ~, , , t ~  , . ,  
. , .  

• ~ ~.~:T'.IlIV'--:I(, ".  ' " i '  T . . . .  ¢:{ ~£La~} ~ J% . . . . . . .  ' ~ a t J # ] '  'a~ <4t~g ~ ' ' ' .br  

l~ , -+:  x-;. " ~  " r . . . .  + | g - ~ g q .  ~ . . ' i ~ g > , ~  ~ . 4 1  ~. "¢.. ar'~,. " ( . + . . % ~ "  \ ' , l i t t t r  ' i V :  T , . p , I  ' , , / .  

.':__ I l I + t p : L I + p I , , .  " . + g l l F , + . . y : , +  ~(  :,t: r '  ' +11~.~ 

+; ~ ~ +'V'~.~"'.~;'~;{. '+ ":~; .'~ .'|7~g ,{, , ' ;  +< " -; - <>:~. .:fl:, ,:r~ : . ¢ : , , . i ~ , ~ . : ~  i .¢+ , 

r ' - ' ,  - - - 

< 

i . ~ .  : .  i i ; : ~ v ; ,  " + 

" , .  \ 

n a t u r e  o f  t h i s  t o x i t . ' i t v  is n o t  d e a r .  L~ h ~ s  a d s ~  b~,~,n t e ~ x t e d  ~ t h a ~  t-~,~ ~~t~ +~d~p: 

t o  a h i g h  t _ ~ T o s i r i e  i n t a k e .  T h i s  a ~ k ~ p t , t ~ k , ~  i s  i ~ | i x ' ~ t ~ e ~ |  b y  ~a t - r ~ t t - t t  t~ ,  t ~ v ~ , t  ~-x~ t - ~ h ~ . ~  

l e v e l s  o f  i n t e r m e d i m "  m e t a b o l i t e s  of  tvr~,sit le  ~md is ~ x , r ~ , ~ t e d  w~th <m tm'~v~,~- t~ 
~mrowth ra te .  H o w e v e r .  l i t t l e  is k n o w n  atbout t h e  a l twlmm.~ut  of  thi.~ Ad~piaii~,t~. ~ i ~ - c  
a s c o r b i c  e.cid i s  k n o w n  t o  h a v e  at r o h ,  i n  t V l ' t x ~ i i l l t '  m ~ , l i d ~ l i s m  ~, i t  , ~ t -vmrd  w m ~ l h w h ~ h -  

t o  e x a m i n e  w h e t h e r  t h e  b i o s y n t h e s i s  of  a.~¢~rbiv m, id b v  t i r e  th't,r li.~.~tlr.-~ ~[ ~ ! ~  ~.~ 

affected d u r i n g  f e e d i n g  t o x i c  i m l o u n t s  t,t tvros int ,  itlld il |tt,  f it i l i lpt~lthut l i ,  t|l~+~ ~. h igh  
amounts of tyrosine. 

I n  o u r  e x p e r i m e n t s ,  a l b i n o  rat:~ of  e i t h e r  s e x .  w e i g h i n g  ,t o--.So g wt;re. |l~¢~d. t:i!c~: 
w e r e  f ed  a b a s a l  d i e t  containing. .  {) o~, cast , in pl't',v,,',,,I, . . . . . .  ~,,,.,,r~liltR . . . . .  t*, t-lV:.N tt~.~ ct vtJ. I 

l l i oCh im,  l!~o[~hy.~, filet+l, J'O i lOik' l i  i I ~  14~ 


