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SUMMARY 

When methylviologen, pyocyanine or low concentrations of phenazine metho- 
sulfate serve as electron carriers, the ratio of post-illumination ATP formation (XE) 
to H + uptake at pH 5-6 is i /5-I /4.  However, under the conditions of the experiments 
only 50-60 % of the XE is trapped as ATP. Therefore the true value of the XE/AH + 
ratio probably approaches 1/2. With these electron carriers there is no XE formation 
at pH 8. In the presence of high concentrations of phenazine methosulfate (_~ o.i mM) 
chloroplasts can develop extremely high levels of XE even at pH 8 although there 
is little or no H + uptake. The highest level of X~. obtained at pH 8 is equivalent to 
i mole ATP trapped per 4 moles of chlorophyll. The value reaches i ATP per 3 chloro- 
phyll at pH 6. 5 (phenazine methosulfate, 0.3 mM). These phenomena associated with 
high phenazine methosulfate concentration depend on the presence of 0.05 M NaC1 
or certain other salts. In the absence of NaC1 there is no XE formation at pH 8 and 
the familiar pH rise is converted into a light-dependent, reversible pH drop. 

INTRODUCTION 

Illuminated chloroplasts cause a reversible rise in the pH of the suspending 
medium 1, 2 and the formation of a high energy state "XE" which is detected as post- 
illumination ATP formation s, 4. Chloroplasts exposed to pH 4 media, containing per- 
mearLt organic acids with appropriate pK's, also produce ATP when transferred to 
pH 8 buffer containing ADP and Pi (ref. 5). It  seems therefore reasonable to equate 
XE, both in the preillumination experiments and in the "acid bath"  experiments, 
to the H + gradient known to exist. Since the formation of such gradients may play 
a crucial role in the phosphorylation process e any information regarding the quantita- 
tive relationships of XE to H + uptake* is important. Preliminary experiments by 
GALMICHE et al. ? gave a ratio of post-illumination ATP formation to H÷ uptake of 
1/5 for pyocyanine systems. However, the theoretical significance of their value is 
somewhat diminished by the lack of data on the efficiency of XE capture. A part of 
this paper represents an extension of the experiments of GALMICHE et aLL Efficiency 

* The  t e r m  " H  + u p t a k e "  used  in th i s  pape r  s imp ly  refers,  for convenience ,  to a decrease in 
H + concen t r a t i on  in t h e  m e d i u m .  There  is no r igorous  proof  t h a t  direct  t r ans loca t ion  of H + is 
invo lved  in t he  l igh t - induced  pH-r i se  p h e n o m e n o n .  
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of XE trapping has been measured and the ratio of XE to z1H + has been determined 
under a variety of conditions. At low pH (5-6) the ratio is almost constant over a 
wide range of conditions, approaching a value of 1/2 if corrected for the efficiency of 
XE trapping. In striking contrast XE at pH 8 ceases to be a function of H + uptake, 
becoming instead dependent on the presence of high concentrations of phenazine 
methosulfate and NaC1. 

MATERIALS AND METHODS 

Chloroplasts 
Fresh leaves of market  spinach (Spinacia oleracea L.) were ground for IO sec 

in a Waring blendor with a medium containing 0.3 M NaC1, I mM MgC12 and 0.04 M 
tr icine-NaOH (pH 7.6). The homogenate was squeezed through cheesecloth and cen- 
trifuged at 2500 × g for 4 rain. The sedimented chloroplasts were washed once (in- 
cluding the brief centrifugation to remove cell debris) with a medium containing 
o.2 M sucrose and i mM MgCI 2, and finally taken up in a small volume of the same 
sucrose MgC12 medium. 

Simultaneous measurements of pH changes and XE 
A stirred chloroplast suspension (2 ml) in a small vial (diameter 1. 5 cm) was 

illuminated in the absence of ADP and Pi and the pH changes were monitored using 
a miniature combination reference-glass electrode (Sargent) and a modified Heath 
recording pH meter. After shutting off the light with a leaf shutter, a strongly buffered 
ADP-S2Pi mixture (pH 8.0) was quickly injected into the suspension. The i32P]ATP 
formed was assayed together with appropriate dark controls by tile method of AVROl~ "s. 
For details of these and related procedures see each figure. The amount of H ÷ moved 
during the light period was computed from the recorded pH changes, using a con- 
version factor obtained by determining, in a duplicate run, the volume of o.ooi M HC1 
necessary to bring the shifted pH back to its original level. The importance of this 
t i tration under continuous illumination for deriving d H + values has been emphasized% 

I t  should be made perfectly clear that  in all the experiments described in the 
paper the pH of the reaction mixtures in the post-illumination phosphorylation stage 
was 8.0. Therefore, whenever a variation in pH is indicated it refers to the pH in 
the preillumination stage (actually the pH before illumination). 

The actinic light (560-700 nm, approx. 500 kergs/sec per cm ~) was provided 
from a 75o-W slide projector. The temperature was 20 °. 

RESULTS 

Time-course of pH changes and XE formation 
Fig. I illustrates typical time-courses of XE formation and decay at pH 6.0 

(initial pH) compared with the time-courses of pH changes assayed under identical 
conditions. Clearly both process have similar kinetics except for the fact that  under 
the conditions employed the pH rise occurring in the first illumination period involves 
an irreversible (or only very slowly reversible) change which does not seem to be 
related in any way to XE. A second illumination given after a I-  or 2-rain dark period 
induces almost the same amount of XE and a smaller, reversible pH rise superimposed 
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on the new pH level. Therefore the XE/~H + ratio becomes appreciably greater in 
the second light period. Also, the similarity of the kinetics of the two processes is 
now even more evident. (Both processes are approximately first order with a decay 
half-time of about 20 sec under the conditions given in Fig. I.) For these reasons 
estimation of the X E / / 1 H  + ratio was based on the data from the second illumination 
period when the starting pH was below 6.3. Above this pH the irreversible portion 
of the pH change becomes smaller, almost disappearing at pH 6.5. 

This pH-dependent, irreversible portion of the H + uptake (which is probably 
related with "pH gush" described elsewhere 1°) is independent of the presence of 
exogenous electron carriers and therefore becomes a quite small proportion of the 
total when phenazine methosulfate or pyocyanine mediates very large pH changes 
(Fig. IA). 

i I I I I I I I l I I I I I 
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Fig. i .  T ime-courses  of t he  p H  change  and  of XE fo rmat ion  and  decay.  The  b roken  lines ( . . . . .  ) 
indica te  t he  e s t ima t ed  levels of t he  " i r revers ib le"  p H  shif t  which  does no t  seem to  be  re la ted  
to  XE. B, r epresen t s  an  e x t r e m e  case in which  t he  i rreversible p H  change  is a large por t ion  of 
t h e  to ta l  p H  change.  T he  bold ver t ica l  ar rows ( $ ) indica te  t he  va lues  of A H  + and  X~. t a k e n  for 
t h e  c o m p u t a t i o n  of XE/AH + rat ios.  T he  A H  + curves  are reproduced  f rom ac tua l  p H  t rac ings  to  
which  A H + scales (de te rmined  by  t i t r a t i on  in t he  l ight ;  see MATERIALS A N D  METHODS) were appl ied 
for easier  compar i son  wi th  XE. U n d e r  these  condi t ions  an  increase in buffer ing capac i ty  of 15-2o % 
was observed  when  t he  p H  rise reached  m a x i m u m ,  and  therefore  t he  scales are s l igh t ly  e x p a n d e d  
a t  t he  beg inn ing  of i l l umina t ion  and  toward  t he  end of t he  da rk  period.  The  reac t ion  m i x t u r e  
(2 ml) cons is ted  of o.I M sucrose,  I m M  MgC1 v 0.05 M NaC1, ch loroplas ts  con ta in ing  i o o / , g  
ch lorophyl l  and  e i ther  5 #M  pyocyan i ne  or o. i m M  phenaz ine  m e t h o s u l f a t e  or o. i m M  m e t h y l -  
viologen.  The  ini t ia l  p H  was  6.0. The  t ime-course  of XE fo rma t ion  was  de t e rmined  in a series of 
ident ica l  reac t ion  m i x t u r e s  b y  in jec t ing  a buffered ADP-3~P l mix tu re .  The  buffered ADP-~2P i 
m i x t u r e  (i ml) con ta ined  o. i  M sucrose,  i m M  MgC12, o.o 5 M NaC1, o.2 M t r i c i n e - N a O H  (pH 8.0), 
2o m M  Na2H32PO 4 and  2 m M  ADP .  The  pos t - i l l umina t ion  p h o s p h o r y l a t i o n  was  t e r m i n a t e d  by  
add ing  I ml  of o. 5 M HC10 4 20 sec a f te r  t he  add i t ion  of A D P  and  3~Pl. For  o the r  condi t ions ,  
s e e  M A T E R I A L S  A N D  M E T H O D S .  PMS = phenaz ine  me thosu l fa t e .  

Estimation of e~ficiency of XE capture 
There is no technical difficulty in determining the apparent XE/AH + ratio. 

However, the apparent ratio does not mean much unless we know how efficiently we 
are capturing the XE as ATP. In the present study an estimate of this efficiency was 
made as follows: The processes taking place during the period of post-illumination 
phosphorylation (pH 8) can be considered as a first approximation to be 
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kd kf 
Xinactive < XE. total :> A T F  ( =  XE. obs.) 

"decay" ADP, Pi 

w h e r e  kd and kr represent the first-order rate constants of the two reactions, decay 
and ATP formation, competing with each other for the common "substrate",  XE,total .  
I t  is easily seen that  if kd = k~ the efficiency of XE trapping is 5 ° %. For a general 
case, XE.obs . /XE. to ta l  = kf/(kd @ kf). The combined rate constant kd + kr can be cal- 
culated from the apparent  kinetics of dark ATP formation obtained by adding ADP 
and Pi (with pH 8 buffer) at zero time in the dark and terminating the reaction 
after different periods of incubation. The rate constant kd can be computed directly 
from the dark decay kinetics obtained by adding pH 8 buffer alone at zero time in 
the dark and delaying the addition of ADP and Pi.  In this latter procedure the term 
i n v o l v i n g  kf (i.e. krJ(kd--kf)), being common to all the points, is cancelled out. The 
data obtained conform closely to the expected behavior of the model. From these 
data the efficiency of XE capture was estimated to be 5 6 ~: 6 °o. (For details, see 
Fig. 2). An efficiency of a similar order has been suggested by JAGENDORF AND HIND ~1 
based on more indirect evidence. 

I t  should be noted here that  the above treatments assume that  the concurrent 
ATP synthesis does not affect the rate constant (kd) of the decay process observable 
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Fig. 2. Apparen t  kinetics of post- i l luminat ion phosphoryla t ion  (Curve A) and XE decay (Curve B) 
at  p H  8.0. Exper inlents  were performed using a series of identical reaction mixtures  i l luminated 
at p H  6. 3 (unbuffered) for 3 ° sec which was long enough to establish the s teady-s ta te  level of X~. 
In  Curve A, a buffered ADP-:32Pi mixture  (pH 8.0) was added to the stirred chloroplast  suspension 
immediately after shu t t ing  off the light and the [a2p]ATP formed was determined after  the indi- 
cated lengths of t ime of incubat ion by te rminat ing  the reaction by  a quick injection of HCIO 4. 
In  Curve B, the buffer mixture  alone (sucrose, MgCI 2, NaC1, tricine; p H  8.o; see Fig. I) (O ± ), 
or buffer mixture  phts ADP (55 A), or buffer mixture  plus a2pi ((1 £k) was added immediately 
af ter  shu t t ing  off the light, and A D P  plus agPi or a2Pi or A D P  was added after  the indicated 
lengths of t ime of delay to complete the phosphoryla t ion  reaction mixture.  ATP format ion was 
te rminated  after 2o see incubation.  Circles, phenazine methosulfate;  triangles, pycocyanine. The 
combined rate  cons tant  kd + k f  obtained from Curve A was o.76 sec -1 and the m a x i m u m  range 
of values of ka est imated from Curve B was 0.34 ± 0.04; hence kf = 0.42 ± o.o 4. The efficiency 
of t rapping  of XE under  the present  conditions was thus  est imated to be (0.42 :t: o.o4)/o.76 =- 
56 ± 6 %. For explanation,  see text .  Details of experimental  conditions are given under MATEmALS 
.aND METHODS and Fig. ~. 
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in the absence of ATP formation. There are no crucial experimental data to support 
this assumption, but  neither is there any evidence which suggests that the decay 
process is mechanistically related to the process of ATP synthesis. The presence of 
ADP or Pl alone (added at zero time in the dark with pH 8 buffer) did not alter 
the rate of decay to any significant extent. 

A prototype of the above method has been suggested by JAGENDORF AND 

URIBE 5. 

The ratio of XE formed to H + taken up at pH 5-6 
At pH 5-6, with any electron carrier tested (pyocyanine, phenazine metho- 

sulfate or methylviologen) the ratio of ATP trapped to H ÷ accumulated shows a 
relatively constant value of 1/5-1/4. This is in good agreement with the value of 1/5 
for pyocyanine reported by GALMICHE et al. 7, and is also close to the value cited for 
acid-bath phosphorylation (XE/~H ÷ = 1/3 with succinic acid as H + carrier; ref. 5)- 
If one corrects these ratios for the estimated efficiency of X~ capture (5 6 To) the values 
fall near 1/2.5 (Table I). Although there is no compelling reason for assuming that  
the denominator is an integer, the values seem high enough to suggest that the theo- 
retical value of the ratio may be 1/2. 

T A B L E  I 

STOICHIOMETRIC RELATIONSHIP BETWEEN XE AND H + AT p H  5-6  

Electron carrier Conch. Initial A H  + XE X E / A H  + 
(l~M) p H  (nmoles) * (nmoles 

A TP) * Observed Corrected* * 

P y o c y a n i n e  5 5.°  27.6 6.2 i /4.5 i [2.5 
5 6.o 53.o 11.2 I/4. 7 1/2.6 

ioo 5.8 4o.0 9.7 I /4 . I  I/2.3 
Phenaz ine  m e t h o s u l f a t e  7 6.0 46.4 lO. 7 I/4. 3 i /2.  4 

ioo  5.5 53-5 11.2 i /4 .8 1/2. 7 
Methylv io logen  IOO 5.8 3 ° .3 6.9 i /4.4 I/2.5 

ioo  6.0 3o.6 6. 7 I/4.6 1/2.6 

E n d o g e n o u s  - -  5.9 24.8 6.2 i / 4 . °  I/2.2 

* The  va lues  for A H + and  XE are for t he  whole reac t ion  m i x t u r e  (2 ml) con ta in ing  chloroplas ts  
e q u i v a l e n t  to ioo /~g  chlorophyl l .  T he  resu l t s  shown  here  were f rom several  se ts  of e x p e r i m e n t s  
wi th  different  ch loroplas t  p repara t ions .  For  condi t ions ,  see MATERIALS AND METHODS and  Fig. I. 

** Corrected for t he  e s t i m a t e d  efficiency of t r app i ng  of XE, 56 % (see t ex t  and  Fig. 2). 

The XE/AH + ratio rapidly decreases as the pH exceeds 6, becoming practically 
zero at pH 7.5 where active H ÷ uptake nevertheless continues (see data for pyocyanine 
in Fig. 3)- The picture is completely different, however, if a high concentration of 
phenazine methosulfate is employed as electron carrier (see below). 

Effect of high concentrations of phenazine methosulfate and NaCl 
Phenazine methosulfate at >_- o.I mM elicits phenomena not observed with any 

of the other electron carriers tested, including phenazine methosulfate itself at low 
concentrations (<  IO ~M). In the presence of such high concentrations of phenazine 
methosulfate : 
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(i) An exceptionally high level of XE is formed. The highest value of XE gives 
i mole of ATP actually trapped for 3 moles chlorophyll (pH 6.5, o.3 mM phenazine 
methosulfate), a value 3 times as high as any heretofore reported for light-induced 
XE (Fig. 4). We have not estimated the efficiency of XE trapping under these extreme 
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Fig. 3- A. Amoun t s  of H* taken up and XE t rapped  as ATP at various pH 's .  Exper imenta l  
conditions were as in Fig. I except for the variat ions in the initial p H  indicated. The p H  values 
refer to the dark p H  levels before the i l lumination period. (I11 exper iments  at  or below p H  6 the 
da ta  are for the second i l lumination period. See the first section of RESULTS.) B. Observed XE/z]H + 
rat ios and the ratios corrected for the efficiency (5 6 ± 6 %) of XE trapping.  For the est imation 
of this X~ efficiency, see text  and Fig. 2. PMS = phenazine methosulfate.  
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Fig. 4. Dependence of XE format ion on high concentrat ions of phenazine methosulfa te  (PMS). 
Conditions for the exper iments  at  p H  6. 5 were the same as in Fig. i except for the var iat ions 
in the concentrat ion of phenazine methosulfa te  and pyocyanine.  This par t icular  set  of exper iments  
wi th  phenazine methosulfa te  involving prei l luminat ion at p H  8 were conducted using a buffered 
sys tem:  the reaction mix ture  for prei l luminat ion (2 ml) contained o.i  M sucrose, o.o 5 M NaC1, 
I mM MgCla, 0.0 3 M t r i c ine -NaOH (pH 8.0), chloroplasts with ioo/, .g chlorophyll ,  and the  indi- 
cated concentrat ions  of phenazine methosulfate.  I l luminat ion time, 3 ° sec. Conditions for the 
post- i l luminat ion phosphoryla t ion  stage were the same as in Fig. i. 

Biochim. Biophys. Acta, 223 (197 o) 165-173 



A T P  FORMATION CAPACITY (XE) AND H + UPTAKE 171 

conditions. It would not be surprising if future studies revealed that the size of X~ 
pool can equal the amount of chlorophyll. 

(ii) XE does not disappear at pH 7.5 or even at pH 8. 4. In fact with o.i mM 
phenazine methosulfate an X~ yield of I ATP per Io chlorophylls is routinely observed 
at pH 8 (Fig. 3) and more than half as much at pH 8. 4. The XE at pH 8 reaches 
I ATP trapped for 4 chlorophylls when the phenazine methosulfate concentration is 
raised to 0.3 mM (Fig. 4), a value very similar to the highest yield of acid-induced X~ 
(ref. 5). 

(iv) XE formation at pH 8 is totally dependent on the presence of high concen- 
trations of NaC1, See below. 

Effect of NaCt omission on XE and H + uptake 
It should be noted that all of the experiments described above were conducted 

with 0.05 M NaCI present. Omission of this NaC1 only mildly depresses (by at most 
30 %) the pH rise and XE formation if the electron carrier is pyocyanine or low 
concentrations of phenazine methosulfate (<Io/~M). (The MgC12 which is always 
present at i mM is sufficient to maintain membrane integrity and satisfies the C1- 
requirements of the electron transport system.) However, as indicated above, the 
phenomena associated with high phenazine methosulfate require high NaC1 (optimum 
o.o5-o.1 M). In the absence of NaC1 both X~ formation and H + uptake are 80 % 
suppressed at pH 6.5. At pH 8, omission of the NaC1 completely suppresses XE for- 
mation and the pH rise in the medium is now converted into a pH drop (Fig. 5). 
The extent of this reversible pH drop, equivalent to 30-4 ° nmoles H + per IOO/~g 
chlorophyll, is similar in magnitude to the more familiar pH rise at pH 8 with pyo- 
eyanine. Re-addition of 0.05 M NaC1 obliterates the pH drop, sometimes converting 
it into a small pH rise, and reactivates XE formation (Table II and Fig. 5). 

Light on I 30  ~.ecl,_l NoCI X E 
l oddedd ~f°rmed 

O.05M 

off 

1 off 

Fig. 5. Light-induced pH drop in the presence of o.~ mM phenaeine methosul/ate  and its pre- 
vention by NaCI. The pH level before il lumination was 8.o. The extent  of the  pH drop was about 
o.r 5 pH unit.  The values of X• (obtained after 3 ° sec illumination) are for lOO ,ug chlorophyll. 
The composition of reaction mixtures  for preillumination stage was as in Fig. I except for the 
omission and re-addition of NaC1. Conditions for the post-illumination phosphorylation stage 
were the same as in Fig. 1. 

Below pH 6, however, both XE formation and H + uptake in the presence of 
high phenazine methosulfate becomes less dependent on NaC1 and the correlation 
between XE and H+ uptake becomes more evident. At pH 5 the high-phenazine 
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THE YIELDS OF X E AND Z ] H  + AT p t {  8 . 0  UNDER VARIOUS CONDITIONS 

S. IZAWA 

Electron carrier Conch. N aC l  AH+ X E  
(ItM) (0.o 5 3I) (nmoles) * (nmoles 

A TP) * 

Xs/AH+ 

P h e n a z i n e  m e t h o s u l f a t c  

P y o c y a n i n e  

M e t h y l v i o l o g e n  

F e r r i c y a n i d e  

5 24.2 0. 5 0.02 
5 @ 2 1 . 2  0.  9 0 . 0  4 

IOO --  - - 4 2 . 5  0. 7 ~-- 
IOO @ 0 . I * * *  IO .2  (0C) 

5 --  23.4 0.2 o .o i  
5 ~ 31.5 0.2 o.o1 

I O O  - -  2 6 . 0  0. 3 o .o t  
i o o  b 37.0 0. 4 O.Ol 

IOO 6.0 0. 3 0.0 5 
IOO 4- 8.6 0.2 0.02 

i oo  - -  § 0.8 
IO0  @- § 0 .  4 - - -  

* T h e  v a l u e s  are  for t h e  w h o l e  r e a c t i o n  m i x t u r e  (2 ml)  c o n t a i n i n g  c h l o r o p l a s t s  e q u i v a l e n t  
to  IOO/~g c h l o r o p h y l l .  P r e i l l u m i n a t i o n  t i m e ,  3 ° sec. For  e x p e r i m e n t a l  c o n d i t i o n s ,  see MATERIALS 
AND METHODS a n d  Fig .  I.  

** A l i g h t - i n d u c e d  r e v e r s i b l e  p H  drop  (see t e x t ) .  
*** T h i s  v a l u e  is h i g h l y  v a r i a b l e  b u t  is c o n s i s t e n t l y  v e r y  s m a l l  ( <  I o nnloles) .  

A n  i r r e v e r s i b l e  p H  drop  due  to  f e r r i c y a n i d e  r e d u c t i o n .  

methosulfate systems have a NaC1 dependence which is not very different from the 
dependence of pyocyanine or low-phenazine methosulfate systems. 

In their earlier observations SHEN AND SHEN 3 did, in fact, detect a significant 
amount of XE at pH 7.8. These observations, which until now had not been confirmed 
in other laboratories, can probably be explained in terms of the reaction mixture used. 
Their system contained fairly high phenazine methosulfate concentration (50 #M) and 
0.3 M NaC1. 

DISCUSSION 

At pH's between 5 and 6 illuminated chloroplasts attain the capacity (XE) to 
form I ATP molecule for every 4 or 5 H÷ accumulated, regardless of the electron 
acceptor used. Moreover the kinetics of the decay of the H ÷ gradient and XE are 
very similar. These observations strongly suggest that, at least at these pH's, XE for- 
mation and the pH rise in the medium are two manifestations of a single phenomenon, 
development of an ion gradient across the lamellar membranes. This possibility has 
been discussed in detaiP. 

When the efficiency of XE capture is taken into account it is seen that the 
true value of the XE/AH + ratio is very likely 1/2. This is the stoichiometry predicted 
by the chemiosmotic hypothesis 6. Although the reported values of the ratio of H + 
taken up to electron transported are diverse 1°,12-16, all of the data agree that the 
H+/e - is certainly not less than I.O even at pH 8. Thus, if we assume that the mecha- 
nism of photophosphorylation consists of an electron transport-driven H ÷ accumu- 
lation followed by a utilization of the ion gradient for ATP formation, a realistic 
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s to ich iomet ry  of pho tophosphory la t ion  (P/e=- = i ,  a t  least) can be compu ted  from 
the  d a t a  for these two components  of the  react ion.  Unfo r tuna t e ly  th is  compu ta t ion  
appl ies  the  value  of the  ra t io  XE/AH + = 1/2 de te rmined  at  p H  6 to  the  op t ima l  
pho tophosphory l a t i on  condi t ions (pH 8). Ac tua l ly  the  ra t io  is far too low ( <  1/2o) 
a t  p H  8 and,  indeed,  a t  this  p H  the  re la t ion of the  ba re ly  de tec tab le  XE to H ÷ u p t a k e  
is obscure (Table II). 

A very  large amoun t  of X~, is formed at  p H  8 under  special  condit ions,  t ha t  is, 
in the  presence of high concent ra t ions  of bo th  phenazine  methosu l fa te  and  NaC1. 
(A brief screening ind ica ted  t ha t  NaCI, KC1, NaBr ,  KNO 8, sodmm ci t ra te ,  etc., are 
s imi la r ly  effective.) There  is l i t t le  or no H + up t ake  under  these condit ions.  Recen t  
expe r imen t s  have  shown tha t  under  the  same condit ions i l luminat ion  of chloroplas ts  
causes a rapid ,  sa l t -dependen t  up t ake  of phenazine  methosu l fa te  and  a ne t  reduc t ion  
of a por t ion  of phenazine  methosul fa te .  If  this  reduc t ion  takes  place inside the  lameUar 
membranes ,  an in te rna l  acidif icat ion could occur:  H20  + PMS ÷ -+ 1/2 0 2 + P M S H  
+ H + (PMS : phenazine methosulfa te)  and  a large H + grad ien t  might  therefore  resul t  
wi thou t  any  change in the  p H  of the  ex te rna l  medium.  This hypothes is  is now being 
examined .  
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