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The  influence of the herbicide, D C M U ,  on the 
oxygen-evolving system of photosynthesis 

A new herbicide, 3-(3,4-dichlorophenyl)-I,z-dimethylurea (DCMU), is such a powerful inhibitor of 
the reduction of 2,6-dichlorophenolindophenol by chloroplasts that ,  according to WESSELS 1, 
2. Io-TM is sufficient to cut the reaction rate in half. This concentration is lower than  tha t  of the 
chlorophyll present in WESSEL'S experiments.  The affinity of the new inhibitor for some specific 
reaction component  in the chloroplast-Hill reaction mus t  be very high. 

At present, poisons of photosynthesis ,  effective in very low concentrations, can be divided into 
two classes: Those which mainly inhibit  the reduction of carbon dioxide (e.g., cyanide, sulfide, 
azide) and those which stop the evolution of oxygen (e.g., NHzOH, napthoquinones,  o-phenan- 
throline). Only the latter poisons are strong inhibitors of chloroplast reactions, i.e., Hill reaction. 
WESSEL'S experiments indicated tha t  DCMU had to be classified with this second group of inhibi- 
tors. I ts  chemical s tructure however, is so unlike tha t  of the substances cyanide, hydroxylamine,  
or napthoquinone tha t  it seemed useful to consider the existence of a third class of poisons tha t  
perhaps would not  act on either of the  known sensitive parts  of the photosynthet ic  mechanism, but  
ra ther  function like a narcotic, e.g., phenylurethane,  and affect the photochemical apparatus.  

Whether  a certain effect is restricted to the  mechanism of oxygen evolution can be easily 
tested with algae adapted to do photoreduction with hydrogen. In Scenedesmus  and some other 
hydrogenase-containing algae, photochemistry  and the reduction of carbon dioxide may  continue 
under  conditions where oxygen evolution is virtually eliminated (2, 3, 4, 5). As a result, those 
poisons which normally inhibit  oxygen evolution in photosynthesis  have no effect on photo- 
reduction but  do prevent  the  deadaptat ion of the algae which normally occurs at  high light inten- 
sities. A poison reacting with the chlorophyll directly should, on the other hand, be an inhibitor of 
all types of photochemical activity including photolysis. 

The effect of DCMU upon photosynthesis  and photoreduction of adapted Scenedesmus  at  
different light intensities is shown in Figure i. Photosynthesis  is reduced to about  one-half by 
5 × Io-7~I DCMU and becomes completely inhibited in the presence of 3 × Io-SM DCMU. 
Inhibit ion occurs at  all light intensities, which is typical for poisons of the hydroxylamine type. 
After adaptat ion to hydrogen, the effect of DCMU disappears. Photoreduction is not inhibited, but  
the  usual reversion to photosynthesis  at  higher light intensities is prevented by 3 × Io -eM 
DCMU. Reversion to photosynthesis  does occur, however, in 5 × Io-TM DCMU, but  at  a much 
higher light intensi ty (3o00 lux) than  the control (i 200 lux). Thus, effects caused by this  subst i tuted 
urea are surprisingly similar to those reported by GAFFRON for o-phenanthroline, napthoquinone,  
etc., except tha t  the potency of DCMU in stopping oxygen evolution surpasses tha t  of the other 
poisons. Apparent ly DCMU reacts specifically with some intermediate chemical or enzyme con- 
cerned with the production of oxygen in photosynthesis.  

Recently, KESSLER 5 has shown tha t  the reversible inhibition of photosynthesis,  which 
PIRSON e found in manganese-deficient algae, can be traced to the oxygen-producing mechanism. 
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Fig. I. Rates  of photoreduction and photosynthesis  at various light intensities for Scenedesmus  D s 
with and without  DCMU. Manometric readings correspond to oxygen production in photosynthesis  
(corrected for respiration) and to absorption of carbon dioxide and hydrogen for photoreduction. 
Exper imental  conditions: phosphate  buffer, o. 15 M, pH 6.85; gas phase, air + 4 % COs for photo- 
synthesis  and 96 % H s + 4 % COs, purified by a "Deoxo" cartridge, for photoreduction. Dark 
period for adapta t ion  was 16 h;  periods of 15 min for each light intensity.  Temperature :  25 °. 
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Ankistrodesmus braunii f rom manganese -def ic ien t  cu l tures  re ta in  a ve ry  good pho to reduc ing  
abi l i ty  despi te  t he  fact  t h a t  t h e y  h a v e  litt le capac i ty  for evolv ing  oxygen.  The  possibi l i ty  t h a t  
the  poison,  DCMU, m i g h t  be  reac t ing  wi th  e i ther  Mn ++ or Fe  ++ necessa ry  for oxygen  p roduc t ion  
was  tes ted  by  add ing  an  apprec iab ly  large q u a n t i t y  (2 × Io -3M)  of t hese  ions to a suspens ion  
of a lgae which  had  been t r ea t ed  wi th  t he  inhibi tor .  I n  ne i ther  case was  the re  a reversa l  of t he  
inh ib i t ion  of pho tosyn thes i s .  

To learn more'  abou t  the  place where  DCMU acts ,  we have  raised some  manganese-def ic ien t  
A nkistrodesmus and  repea ted  KESSLER'S e x p e r i m e n t  which  gave  t he  ve ry  h igh  ra tes  of pho to reduc -  
t ion.  T r e a t m e n t  of these  algae wi th  the  concen t ra t ions  of DCMU used above  gave  the  resul ts  
i l lus t ra ted  in Fig. 2. 
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Fig. 2. R a t e s  of pho to reduc t ion  
and  p h o t o s y n t h e s i s  for no rma l  
and  manganese-def ic ien t  Anki-  
strodesmus braunii at  va r ious  l ight  
in tensi t ies .  E x p e r i m e n t a l  condi-  
t ions  were o therwise  identical  to 
Fig. I. DCMU concen t ra t ion  was  

3 '  IO-e M.  

I t  should  be po in ted  ou t  how specifically DCMU acts  on t he  o x y g e n  evolving s y s t e m  in green 
p lan ts .  Ne i the r  resp i ra t ion  of Jiving cells nor  t he  decompos i t ion  of h y d r o g e n  peroxide  by  ca ta lase  is 
affected by  concen t ra t ions  of DCMU t h a t  s top  pho tosyn thes i s .  Of course,  t he  nega t ive  ou tcome  of 
t he  e x p e r i m e n t s  wi th  added  m e t a l  ions  does no t  preclude t he  par t i c ipa t ion  of m a n g a n e s e  and /o r  
i ron in t he  o x y g e n  p roduc t ion  and  the i r  possible  inh ib i t ion  by  DCMU.  The  reac t iv i ty  of the  in- 
organic  fo rms  of iron and  m a n g a n e s e  m a y  easi ly be  qu i te  different  f rom t h a t  in the i r  p roper ly  bound  
s ta te ,  where  steric fac tors  m a y  render  t h e m  h igh ly  suscept ib le  to inhib i t ion  by  th is  p o i s o n  

Not  ye t  fully unde r s t ood  are  t he  c i r cums t ances  wh ich  de te rmine  t he  m a x i m u m  ra tes  of 
pho to r educ t i on  a t t a inab le  and  w h y  these  ra tes  v a r y  so consp icuous ly  wi th  different  w a y s  of 
t r e a t m e n t .  The  h ighes t  capac i ty  for pho t o r educ t i on  in our  algae repor ted  so far  is t h a t  observed  by  
KESSLER in his  manganese -de f i c i en t  cul tures .  T he  r emova l  of an  essent ia l  ca ta ly t ic  c o m p o u n d  
a p p a r e n t l y  opens  t he  w a y  to pho t o r educ t i on  more  comple te ly  t h a n  t he  blocking of a ca t a ly s t  
t h r o u g h  i ts  i nac t iva t i on  by  a poison.  

The  fac t  t h a t  p h o t o r e d u c t i o n  in the  deficient a lgae  is no t  inh ib i ted  by  DCMU (Fig. 2) indi- 
ca tes  t h a t  e i ther  DCMU inter feres  wi th  a reac t ion  following t he  ac t ion  of Mn ++ or t h a t  t he  poison 
p ins  down a ca t a ly s t  useful  in bo t h  p a t h w a y s ,  p robab ly  in i ts  oxidized form. U n d e r  condi t ions  
of m a n g a n e s e  deficiency, a g rea te r  pa r t  of a ca t a ly s t  useful  bo th  in the  p a t h  to oxygen  and  in 
t h a t  to hyd rogenase  can  be reduced and  t h u s  be p u t  into service for pho toreduc t ion .  
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