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SUMMARY 

I. The effect of antimycin A on photoreactions of isolated chloroplasts in the 
/~M range was shown to depend strongly on chloroplast concentration, pH of reaction 
and duration of preincubation. 

2. Antimycin A was shown to be an uncoupler of photophosphorylation and 
an inhibitor of electron transport.  The latter act ivi ty sets in at lower concentrations, 
but both activities overlap to a considerable extent. 

3. The inhibition of electron transport  by  antimycin A is potentiated by  high 
pH and by  the presence of uncouplers. 

4. The uncoupling activity of antimycin A was manifested by  inhibiting ATP 
synthesis (noncyclic and cyclic), stimulation of electron flow and stimulation of the 
dark decay of the proton pump. 

5. The two effects of antimycin A can be separated by the addition of serum 
albumin, which presumably removes part  of the inhibitor from the reaction mixture. 

INTRODUCTION 

Antimycin A is a well-known inhibitor of electron transport  in oxidative 
phosphorylation whose site of inhibition is generally considered to be located between 
cytochrome b and c (ref. I). Low concentrations of this compound were shown to 
inhibit endogenous cyclic phosphorylation in bacterial chromatophores ~. The effect 
of antimycin A on isolated chloroplasts, however, is not clear. WHATLEY et al. 3 found 
no effect on phosphorylation supported by  FMN or vi tamin K in the #M concentration 
range. But later it was shown by  BALTSCHEFFSKY 4 that  antimycin A in slightly higher 
concentrations did inhibit cyclic phosphorylation. BAMBERGER et al. s reported that  
antimycin A, at 0.i  mM, inhibits ATP formation coupled to NADP + reduction, 
without inhibiting the latter. 

TAGAWA et al. e have shown that  I0 /zM antimycin A inhibited strongly ferre- 
doxin cyclic phosphorylation, claiming that  this inhibition is specific for the above- 
mentioned reaction. Several reactions in whole algae, which are supposedly dependent 
on cyclic endogenous phosphorylation, were also shown to be inhibited by  this 

Abbreviations: PMS, phenazine methosulfate; DCIP, 2,6-dichlorophenolindophenol; 
DCMU, 3- (3,4-diehlorophenyl)- i, i-dimethylurea. 
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compound 7-9. On the other hand, IZAWA et al. 1° have recently found, that,  at low 
light intensity, any type of phosphorylation is inhibited. The latter authors envisage 
antimycin A as an inhibitor of electron transport  which does not affect the basal 
electron flow. This interpretation was adopted by HIND AND OLSON n ,  who found that  
antimycin A inhibited the photoreduction of cytochrome f but did not inhibit the 
photoreduction or photooxidation of cytochrome b 6. 

We reinvestigated the effect of antimycin A on photoreactions of isolated 
chloroplasts and found it to inhibit electron flow in the #M range, whereas at some- 
what higher concentration (in the IO #M range), it exhibits uncoupling activity as 
well. Both effects strongly depend upon reaction conditions. 

MATEI~IALS AND METHODS 

Chloroplasts were prepared from lettuce (Lactuce sat iva var. romaine). 3o g of 
leaves were blended in a 22o-V Waring Blendor for 20 sec at 12o V, in IOO ml of 
medium containing 0. 4 M sucrose, o.oi M NaC1, o.oi M Tris, 0.05 M ascorbate and 
o.I  % human serum albumin. The pH of this mixture was brought to 8.0. The homoge- 
hate was filtered through gauze and was centrifuged at low speed. The chloroplast 
pellet was then collected by centrifuging for 7 min at 15oo × g, suspended in 
5 mM Tris-o.oI  % human serum albumin (pH 8.o), centrifuged again for 7 rain 
at 12000 × g and resuspended finally in 0. 4 M sucrose, o.oi M Tris (pH 8.o), 
o.oi M NaC1, 0. 7 To serum albumin, at a chlorophyll concentration of approx. 0. 5 
mg/ml. The beneficial effect of serum albumin was reported recently in detail TM. In 
several experiments (stated in the text), tris(hydroxymethyl)methylglycine (Tricine) 
buffer was used instead of Tris. 

Chlorophyll was determined according to the procedure of ARNON 13. Ferri- 
cyanide reduction was measured either by loss of absorption at 420 nm of the de- 
proteinized solution, by measuring the appearance of ferrocyanide 1. or by  continuous 
recording of the decrease in absorbance with a Cary 15 spectrophotometer as previous- 
ly described TM. Occasionally it was also tested by  following 02 evolution with an 
oxygen electrode. NADP + photoreduction was followed by  measuring increase of 
absorbance at 34 ° nm. Ferredoxin was prepared and purified from mangold leaves ~s. 
Phosphorylation was measured by following 32p incorporation into ATP according to 
AVRON TM. Light-induced proton uptake was measured by a radiometer pH electrode 
connected to a recorder. The pH changes were calibrated by  addition of a standard 
acid to the reaction mixture. 

Antimycin A was purchased either from Sigma or from Calbiochem. I t  was 
dissolved with ethanol to a concentration of 4 mM. The maximal final concentration 
of ethanol in the reaction mixture was 1%. All other reagents were of analytical 
grade. 

RESULTS 

The effect of antimycin A on NADP + photoreduction and its coupled ATP for- 
mation is presented in Fig. I. Both processes are inhibited by  this compound; how- 
ever, with increasing concentrations of antimycin A, ATP formation is inhibited more 
than electron transport, and P/e 2 (see ref. 17 for notation) is correspondingly reduced. 
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From the results of Fig. 2A it can be seen that  the inhibition of NADP + photo- 
reduction by  antimycin A increases markedly when the concentration of chlorophyll 
in the reaction mixture is decreased. The differential effect of antimycin A on electron 
transport  and on ATP formation may  be seen in Fig. 2B. At the lower concentration 
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Fig. I. Effect of an t imycin  A on N A D P  + photoreduct ion and its coupled ATP formation.  The 
reaction mix ture  contained in 3.o ml the  following in/*moles:  Tris (pH 8.o), 5o; NaC1, 70; PI, IO; 
ADP, 3; NADP+, 0.75; and ferredoxin, O.Ol 5. I t  also contained chloroplasts equivalent  to 21 /zg 
chlorophyll.  Ant imycin  A was added prior to i l luminat ion at  concentrat ions as specified. The 
reaction mix ture  was i l luminated for 2 min  by  a I5O-W bulb shielded by  a water  ba th  providing 
3500 ft candles at  the level of the test  tubes. 

Fig. 2. Effect of an t imycin  A on N A D P  + photoreduct ion and ATP format ion at  various chloro- 
plast  concentrat ions.  Exper imenta l  condit ions as in Fig. I, except tha t  the concentrat ions of 
chloroplasts were varied as indicated. 

range (7-1o ffM) of antimycin A added, the P/e 2 is not affected but electron transport  
is inhibited (compare with 2A), whereas at somewhat higher concentrations of anti- 
mycin A, the P/e~ is progressively lowered. The decrease of P/e, becomes also more 
severe upon lowering the chlorophyll concentration. We Suggest that  antimycin A is 
an electron transport  inhibi~r  and an uncoupler, with both activities overlapping to 
a considerable extent, but  the la t te r  sets in at a slightly higher concentration. 

The inhibition of electron transport  increases markedly with increase in pH of 
the reaction mixture (Table I). The decrease in P/e 2 on the other hand, does not show 
such a dependence. The larger inhibition of NADP + reduction at high pH might be 
due to a faster permeation of the inhibitor to its site of action, since by  preincubating 
the reaction mixture at pH 8.0, there is a marked inhibition of NADP + reduction 
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TABLE I 

EFFECT OF ANTIMYCIN A ON NADP + REDUCTION AND P/e 2 AS A FUNCTION OF pH 

Tr i s -P i  (each a t  17 mM) was t i t ra ted  to the specified pH.  Ant imycin  A, where indicated, was 
added at  I5 pM, 5 rain before the  onset  of the reaction. The reaction mix ture  contained chloro- 
plasts  equivalent  to 18 /~g chlorophyll.  Otherwise,  exper imental  condit ions as in Fig. I. 

p H  N A D P  + reduction Pie 2 

pmoleslmg chlorophyll per h 

-- antimyein + antimvcin 

% of control -- antimycin + antimycin 

6. 5 28 33 118 0.98 o.14 
7.0 89 78 87 I.OO 0.26 
7.5 I43 lO2 71 i . i o  o.65 
8.o 133 26 20 1.o8 0.28 
8.5 62 4 6 o.93 o.oi 
9.o 36 o o 

T A B L E  I I  

EFFECT OF p H  DURING PREINCUBATION AND DURING THE REACTION PROPER, ON INHIBITION OF 
N A D P  + REDUCTION BY ANTIMYCIN A 

The reaction mix ture  contained in a total  volume of 3.o ml the following in/*moles : N A D P  +, o. 5 ; 
NaC1, 7o; Tris, 5o; PI, IO; and an t imyc in  A where indicated, o.o225. I t  also contained a sa tura t ing  
a m o u n t  of ferredoxin and chloroplasts equivalent  to 18 pg  chlorophyll.  The pre incubat ion  was 
performed for 5 min. Otherwise exper imenta l  condit ions as in Fig. I. 

p H  of  p H  of 
preineubation experiment 

N A D P  + photoreduction (izmoles N A D P  + 
reduced per mg chlorophyll per h) 

-- antimycin + antimycin (7.5 t TM) 

8 8 147 51 
8 7 59 36 
7 7 57 57 
7 8 135 12o 

even at pH 7.o, whereas without such a preincubation there is none (Table II). The 
inhibition by antimycin A is a time-dependent process. It  increases with increasing 
time of preincubation of the chloroplasts with it (Fig. 3). 

Antimycin A inhibited electron transport more severely in the presence of un- 
couplers or after t reatment with EDTA (Table III). 

The effect of antimycin A on ferricyanide reduction and on the accompanying 
ATP formation is described in Fig. 4. At pH 8.5, both in de presence and absence of 
phosphorylating reagents, ferricyanide reduction is inhibited. At pH 7.5 antimycin A 
behaves as a typical uncoupler, inhibiting ATP formation while stimulating electron 
transport. 

The pH optimum of "uncoupled" electron flow is known to shift toward a more 
acidic pH (ref. 17). This is clearly the case with ant~mycin A as well (Fig. 5). The 
crossover point for the basal electron flow curve and the "uncoupled one" in the pres- 
ence of 30/zM antimycin A is at pH 7.8. 

The effect of antimycin A on cyclic ATP formation is shown in Fig. 6. 50 % 
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inhibition with phenazine methosulfate (PMS) is obtained at 4 /,M antimycin A. 
ATP formation with 2,6-dichlorophenolindophenol (DCIP)-ascorbate is also inhibited 
while electron transport from DCIPH= to NADP + is slightly stimulated. The rate of 
ATP formation and the inhibition by antimycin A do not depend on the presence of 
NADP+ (data not shown), indicating that even in the presence of the acceptor, the 
electron flow is of the cyclic type. 
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Fig. 3. T i m e  course  of i nh ib i t i on  by  a n t i m y c i n  A. The  reac t ion  m i x t u r e  con ta ined  in  3.o ml  t h e  
fol lowing in dumoles: Tr ic ine  (pH 8.5), 5 o, or  Tr is  (pH 8.o), 50; NaC1, 7o; N A D P  +, 0.75 ; a n d  ferre- 
doxin ,  O.Ol 5. I t  also con ta ined  ch loroplas t s  e q u i v a l e n t  to  2o /~g  chlorophyl l  a n d  a n t i m y c i n  A a t  
22 /*M where  ind ica ted ,  added  a t  d i f ferent  t i m e  in t e rva l s  before t he  onse t  of react ion.  O the rwise  
e x p e r i m e n t a l  cond i t ions  as in  Fig.  I. 

Fig. 4. Effect  of a n t i m y c i n  A on fe r r i cyan ide  r educ t ion  a n d  A T P  fo rma t ion .  A. The  r eac t ion  
m i x t u r e  con ta ined  in 3.0 ml  t h e  fol lowing zn/*moles :  Tr i c ine  (pH 8.5), 5o; NaC1, 70; fer r icyanide ,  
1.8; and  w h e n  ind ica ted ,  also MgC12, 5; ADP,  3; and  Pt, IO. I n  add i t i on  i t  con t a ined  ch loroplas t s  
equ iva l en t  to 36 /*g chlorophyl l .  A n t i m y c i n  A was  added  a t  concen t r a t i ons  as ind ica ted ,  5 m i n  
before t he  onse t  of t he  react ion.  Fe r r i cyan ide  was  added  i m m e d i a t e l y  before t u r n i n g  t h e  l i gh t  on.  
I l l u m i n a t i o n  was  by  whi te  l i gh t  (p rov id ing  3ooo f t  cand les  a t  t he  level of t he  vessel).  E lec t ron  
flow was  m e a s u r e d  b y  fol lowing Oz evo lu t ion  w i t h  a Clark o x y g e n  electrode a t t a c h e d  to  a Gi lson 
oxygraph .  The  ra te  of t h e  r eac t ion  was  ca lcu la ted  f rom the  slope of t h e  recorded t races .  B. T h e  
reac t ion  m i x t u r e  was  t he  s ame  as in A, excep t  t h a t  t he  Tr ic ine  buffer  added  was  a t  p H  7.5 a n d  
when  A T P  fo rma t ion  was  measu red ,  32p was  also inc luded.  The  t e s t  t u b e s  were i l l u m i n a t e d  for 
3 m i n  w i th  whi te  l i gh t  (p rov id ing  300o ft  candles  a t  t h e  level of t he  t e s t  tubes) .  Fe r r i cyan ide  
r educ t ion  was  m e a s u r e d  b y  loss of abso rp t ion  a t  42o rim. The  a c t i v i t y  of t h e  controls ,  i n /~mo le s /mg  
chlorophyl l  per  h, were as fol lowing:  r educ t ion  of fe r r icyanide ,  ioo;  r educ t ion  of f e r r i cyan ide  in  
t he  presence  of p h o s p h o r y l a t i n g  reagents ,  i5o;  f o rma t ion  of ATP,  75. 

Antimycin A was reported to be highly inhibitory to cyclic electron flow of 
ferredoxint We observed indeed a somewhat higher susceptibility of this reaction of 
antimycin A, obtaining 50 % inhibition by 5/,M in the presence of a high concentra- 
tion of chloroplasts (7 ° / ,g  chlorophyll per ml). Part of this higher sensitivity is due 
to the presence of 3(3,4-dichlorophenyl)-I,I-dimethylurea (DCMU) in the reaction 
mixture. 

The effect of antimycin A on the lightAnduced proton uptake is described in 
Table IV. The extent and the initial rate of formation were inhibited by antimycin A, 
whereas the dark decay is stimulated. This stimulation of the dark decay can also 
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T A B L E  I I I  

EFFECT OF ANTIMYC1N A ON " U N C O U P L E D "  ELECTRON FLOW 

ExpL, z: The  reac t ion  m i x t u r e  con ta ined  in 3 ml  t he  following in /*moles :  Tr is  (pH 8.o), 5o; NaCI, 
7o; and  fer r icyanide ,  1.8. I t  also con ta ined  chloroplas ts  equ iva l en t  to  20 /*g chlorophyl l .  Ferri-  
c y a n i d e  r educ t ion  was  assessed  by  m e a s u r i n g  O 3 evolu t ion  w i th  a Clark o x y g e n  electrode a t t a c h e d  
to  a Gilson oxygraph .  T he  ra tes  of t he  reac t ion  of t he  cont ro ls  and  af ter  add i t i on  of a n t i m y c i n  A 
(i 5 /*M) were ca lcu la ted  f rom t he  slopes of t he  recorded traces.  Expt .  2: Chloroplas ts  isolated as 
u sua l  were i n c u b a t e d  a t  a concen t r a t i on  of 30 /*g /ml  in o.75 mM E D T A  (pH 8) for 2o m i n  a t  o °. 
T h e y  were cen t r i fuged  for io  m i n  a t  I7OOO × g, r e suspended  in dis t i l led  water ,  centr i fuged,  
r e su spended  aga in  in  dis t i l led wate r  and  cent r i fuged.  T h e y  were f inally r e suspended  as descr ibed 
in MATERIALS AND METHODS. The  controls  were in i t ia l ly  i ncuba t ed  in o.75 m M  Tric ine  (pH 8.0) and  
o therwise  were t r ea ted  as descr ibed above.  The  reac t ion  m i x t u r e  was  as in Exp t .  i .  Fe r r i cyan ide  
r educ t ion  was  m e a s u r e d  b y  record ing  c o n t i n u o u s l y  t he  decrease in abso rbance  a t  42o n m  wi th  
a Cary  spec t ropho tomete r .  

Expt. A ddition 
No. 

Ferricyanide reduction (l~eguiv reduced per mg 
chlorophyll per h) 

--antimycin + antimycin 

I None  475 368 
NH4CI, 3 m M  648 216 
Atebr ine ,  20/*M 520 16o 
Gramic id ine ,  i o / * M  648 152 

2 Control  50o 35 ° 
E D T A - t r e a t e d  chloroplas ts  735 338 

NADP 4 reduct ion 

100 

§ 
6c 

ATP fo rmat ion  
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Fig. 5. Effect  of a n t i m y c i n  A on fe r r icyan ide  r educ t ion  as a func t ion  of pH.  The  reac t ion  m i x t u r e  
con ta ined  in I.O ml  t he  following in  /*moles: buffer  N ,N-b i s (2 -hyd roxye thy l )g lyc ine (b i c ine ) -  
malea te ,  17 (of each), a t  t he  specified p H ;  NaCI, 2o; and  fer r icyanide ,  o.6. I t  also con ta ined  
chloroplas ts  equ iva l en t  to 6. 4 /*g chlorophyll .  A n t i m y c i n  A where  ind ica ted  was added,  5 m in  
before t he  onse t  of t he  reac t ion  a t  3 ° /*M.  T he  reac t ion  m i x t u r e  was i l l umina t ed  for 2 min .  Pho to-  
r educ t ion  was  assessed  by  m e a s u r i n g  appea rance  of fer rocyanide .  

Fig. 6. Effect  of a n t i m y c i n  A on cyclic phosphory la t ion .  The  reac t ion  m i x t u r e  for PMS phosphor -  
y la t ion  con ta ined  in 3 ml  t he  fol lowing i n / *mo l e s :  Tr is  (pH 8.o), 5o; NaCI, 7o; MgC1 v 5; PI, IO; 
ADP,  3; and  PMS, o.o9. I t  con t a ined  also 3~p and  chloroplas ts  equ iva l en t  to 19 /*g chlorophyll .  
A n t i m y c i n  A was  added  a t  a concen t r a t i on  as specified. I t  was  p r e incuba t ed  wi th  t he  reac t ion  
m i x t u r e  for 5 rain. I l l u m i n a t i o n  for 2 m i n  was  p rov ided  by  whi te  l igh t  (35oo ft  candles).  The  
reac t ion  m i x t u r e  for D C I P  p h o s p h o r y l a t i o n  was  the  same  as above,  except  t h a t  i n s t ead  of PMS 
it con t a ined  t he  following in /*moles :  NADP+,  o.75; fer redoxin ,  o.o15; DCIP ,  0.75; ascorbate ,  15; 
and  DCMU, 0,oo 3. I l l u m i n a t i o n  as above.  The  control  ac t iv i t ies  in /*moles/mE chlorophyl l  per  h 
were as fol lowing: for PMS phosphory la t ion ,  595; for a s c o r b a t e - D C I P  phosphory la t ion ,  65; for 
N A D P  + reduct ion ,  7 o. 
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T A B L E  IV 

EFFECT OF ANTIMYCIN A ON THE PROTON PUMP 

The  reac t ion  m i x t u r e  con ta ined  in  2.0 ml :  0.03 / tmole PMS, ioo  / ,moles  NaC1 a n d  ch loroplas t s  
equ iva l en t  to 29 ktg chlorophyl l .  T he  ini t ia l  p H  of t he  reac t ion  m i x t u r e  was  a d j u s t e d  to 6.1. A 
wide b a n d  of red l igh t  was  p rov ided  b y  a 5oo-W projector ,  w h i c h  was  filtered t h r o u g h  a Corning  
2-6o filter. The  p H  e x t e n t  of t he  cont ro l  was  a b o u t  0.25 p H  uni t .  M e a s u r e m e n t s  were m a d e  as 
descr ibed in MATERIALS AND METHODS. A n t i m y c i n  A was  added  5 m i n  before i l lumina t ion ,  excep t  
in Co lumn  4, where  i t  was  added  i m m e d i a t e l y  a f te r  t u r n i n g  off t h e  l ight .  

Addition Extent Initial rate of t½ of t½ of 
(l~equiv H + per formation decay decay 
mg chlorophyll) (ApH/e sec) (sec) (sec) 

None  1.55 o . ioo  6.0 5.5 
A n t i m y c i n  A, I I  /~M 1.28 o.o95 4.o 4.5 
A n t i m y c i n  A, 2 2 / , M  0.43 0.055 1.5 4.0 
A n t i m y c i n  A, 33/~M o. Io  o.o2o 1. 7 3.5 

T A B L E  V 

R E S T O R A T I O N  OF P / e  2 BY S E R U M  ALBUMIN 

The  reac t ion  m i x t u r e  con t a i ned  in a to ta l  v o l u m e  of 3 ml  t he  fol lowing in /*moles: Tricine,  5 ° 
(pH 8.5); NaC1, 70; MgC12, 5; ADP ,  3; P1, 9; a n d  fe r r icyanide ,  1.8. I t  also con ta ined  ch loroplas t s  
equ iva l en t  to  18 / ,g chlorophyl l .  The  reac t ion  m i x t u r e  was  p r e i n c u b a t e d  for 5 m i n  in  da rknes s  
a t  room t e m p e r a t u r e  w i t h  or w i t h o u t  15 /~M a u t i m y c i n  A. H u m a n  s e r u m  a l b u m i n  was  added  
a t  t he  end  of t he  p re - incuba t ion  pr ior  to  i l l umina t ion .  I l l u m i n a t i o n  t ime ,  2 min .  Fe r r i cyan ide  
r educ t ion  was  a s sayed  b y  m e a s u r i n g  t he  decrease  in  abso rbance  of t h e  depro te in ized  solut ion.  

Albumin Control + A ntimycin A 
added 
(mg/ml) Ferricyanide A TP P/e~ Ferricyanide A TP Pie 2 

reduction formation reduction formation 

(l~moleslmg chlorophyll per h) (l~moles]mg chlorophyll per h) 

o 965 422 0.88 262 17 o.13 
0.7 955 367 0.77 425 78 0.37 
1. 7 IOOO 382 o.76 455 I iO 0.48 
2.3 97 ° 413 o.85 41o 13o 0.64 

be seen when the compound is added to the reaction mixture after the light is turned 
off (last column of Table IV). 

Separation of the uncoupling effect from the inhibitory effect of antimycin A 
was achieved by adding serum albumin. As shown in Table V, addition of serum 
albumin after preincubation with antimycin A, increased electron flow by 56 % and 
ATP formation by 670 %. This separation might be due to a partial removal of anti- 
mycin A by serum albumin. 

DISCUSSION 

It  has been shown in the present work that  antimycin A has two activities in 
isolated chloroplasts: it inhibits electron transport and, in addition, exhibits un- 
coupling activity. However, at variance with other uncouplers which were shown 
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to inhibit electron transport at higher concentrations 17, antimycin A actually starts 
to inhibit electron flow (and therefore its coupled ATP formation) at lower concentra- 
tions than it acts as an uncoupler (Fig. 2). At higher concentrations both activities 
overlap to a considerable extent. 

The inhibition of electron transport by antimycin A is strongly dependent on 
chlorophyll concentration, the duration of preincubation and pH of reaction. The 
decrease of inhibitory activity with increase in chlorophyll concentration indicates a 
strong partitioning of antimycin in favor of chloroplast material. Since inhibition 
increases with the duration of preincubation of antimycin with the chloroplasts 
(Fig. 3), it is possible that  this compound has to permeate through a barrier prior to 
its action on electron flow. A lag in the inhibition by antimycin A and dependence on 
pH have been reported also for mitochondria electron transport TM, but, in the latter, 
the extent of inhibition decreased when the pH of the reaction mixture was raised. 

The uncoupling activity of antimycin A is manifested by the following pheno- 
mena: (a) decrease in P/e2 and inhibition of cyclic phosphorylation; (b) inhibition of 
the proton pump, most significantly stimulation of dark decay of the pH gradient 
(compare with the effect of other uncouplers on pH gradient (ref. 17) ) ; (c) stimulation 
of electron transport. 

Decrease in P/e 2 was shown with both NADP + and ferricyanide (Figs. i, 2, 4 B 
and Tables I and V). Antimycin A was shown to inhibit also cyclic ATP formation 
with DCIP-ascorbate and PMS (Fig. 6). 

In view of the high susceptibility of ferredoxin cyclic photophosphorylation 
reported by TAGAWA et al. 6, it was of interest to study this reaction. We have found 
indeed that ferredoxin cyclic photophosphorylation is somewhat more sensitive to 
antimycin A than is PMS photophosphorylation. At 4-5 #M antimycin A, the former 
reaction was inhibited 63 %, whereas the latter was only inhibited 31%. We have 
noted, however, that addition of DCMU, which is usually included in the reaction 
mixture e and which by itself has no effect, increases the inhibition caused by anti- 
mycin A. The higher sensitivity of cyclic ferredoxin photophosphorylation might be 
due to an involvement of an additional sensitive site in this reaction (perhaps cyto- 
chrome b) which is by-passed in the presence of other cofactors e. IZAWA et al. 1°, on the 
other hand, have concluded that  the higher inhibition takes place in any phospho- 
rylation which is limited by the rate of electron transport and which they claim 
characterizes the ferredoxin cyclic phosphorylation. 

Stimulation of electron flow can be shown only at a pH below 7.8 (Figs. 4 B and 
5, Table I), whereas at higher pH's  the inhibitory effect of antimycin A is predominant 
(Figs. 3 and 5). 

The dual effect of antimycin A and the dependence on chlorophyll concentration 
can explain some of the conflicting results reported previously. Thus, inhibition of 
ATP formation during NADP+ reduction with no effect on the latter 5, could be 
due to the uncoupling effect of antimycin A and its activity as an electron flow 
inhibitor. 

Contrary to the report of IZAWA et al. ~°, antimycin A does inhibit "basal" 
electron flow, namely electron flow in absence of phosphorylating reagents (Tables II, 
III ,  Figs. 3, 4 A and 5). The insensitivity of basal electron transport to antimycin A 
reported by IZAWA et al. 1° may be explained by assuming that  under their conditions 
(preparation of chloroplasts, buffer used, range of inhibitor concentrations etc.) the 
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two effects of antimycin A on electron flow: stimulation due to uncoupling and in- 
hibition, cancelled each other. This could be so only if the crossover point between 
stimulation and inhibition is shifted in their preparation toward a higher pH. We 
also observed, however, a slight increase in the susceptibility of electron flow to the 
inhibitor upon addition of the phosphorylating reagents (Fig. 4A). It is possible that 
this higher sensitivity to antimycin A in the presence of phosphorylating reagents, 
uncouplers (Table III) or at high pH which has been assumed as causing uncoupling 19, 
may be due to changes in permeability, which increase the accessibility of antimycin A 
to the component sensitive to antimycin A. Drastic structural changes in chloroplast 
thylakoids caused by uncouplers have been reported by IZAWA AND GooI)20. 

The interference of antimycin A with ATP formation can be reversed and 
separated from its effect on electron transport by using serum albumin (Table V). 
This can be explained by assuming that the carrier of electron transport inhibited by 
antimycin A is located behind a permeability barrier, whereas the coupling site is 
exterior to it. It can, however, result from a difference in the affinity of the two sites 
toward the inhibitor. It is probable that albumin removes part of antimycin A. 

While this work was in progress, it has been shown by HIND ~1 that antimycin A 
stimulates NADP÷ reduction at pH 7.0 and reduces ATP/NADPH at pH 8.3, in 
complete agreement with the results reported herewith. 
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