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In the heavy fraction of deoxycholate-treated spinach chloroplasts the chlorophyll an  activity is 
high and the chlorophyll a\ activity is low when no artificial electron donor is added. The addition 
of the photosystem I donor system N-methyl-phenazonium sulphate plus sodium ascorbate (PMS +  
Asc) leads to a complete reactivation of the chlorophyll ai reaction. The addition of the photo­
system II donor system p-benzohydroquinone plus sodium ascorbate (HQ +  Asc) leads to an inhibi­
tion of the chlorophyll an  activity.

From these results we conclude:
1. Besides an interruption of the linear electron flow between the two photosystems deoxycholate- 

treatment leads to a block of the electron flow from water to photosystem II.
2. In deoxycholate-treated chloroplasts the linear electron flow in photosystem II just like in Tris­

washed, heat-treated or aged chloroplasts, is replaced by a cyclic one.

Introduction

The detergent sodium deoxycholate has been found 
to be a very good agent to disintegrate chloroplasts 
However, Bril et a l. 1 found neither a P 700  bleach­
ing nor HILL-activity (2,6-dichlorophenol-indo- 
phenol reduction) in the 10 000 X g  fraction of de- 
oxycholate-treated spinach chloroplasts. Van Gorkom 
et a l. 2 reported that deoxycholate-treated spinach 
chloroplasts can be reactivated w ith different a r ti­
ficial electron donors and acceptors, but that they 
do not evolve 0 2 . In these subchloroplasts photo­
system II has been studied by means of light minus 
dark difference spectra 2.

In this paper the photoreactions of P 700  (chloro­
phyll ai in our term inology) and P 680  (chlorophyll 
aji) have been investigated in the lO O O O xg frac­
tion of deoxycholate-treated spinach chloroplasts by 
means of their absorbance changes. Gläser et al. 3 
found that the chlorophyll an reaction has a biphasic 
kinetics. Besides the well known 200 /is  absorbance 
change 4 they observed a fast com ponent with a half- 
life of approx. 35 //s. In this paper only the 200 jus- 
component of chlorophyll an has been investigated.

Materials and Methods

Stripped spinach chloroplasts were isolated as 
described elsew here5. Subchloroplast fragm ents

Abbreviations: DCMU, 3-(3,4-dichlorophenyl) -1,1-dimethyl- 
urea; PMS, N-methyl-phenazonium sulphate; TPB, tetra- 
phenylboran.

enriched in photosystem II have been prepared as 
follows. Sodium  deoxycholate (2 g) was added to 
500 ml chloroplast suspension containing 1 0 0 / /M  

chlorophyll, 0 .4  M sucrose, 0.15 m KC1 and 0.05 M 
Tris-HCl-buffer pH 8 . This suspension was stored in 
the cold (0 °C) and the dark for 30 min. The pellet 
obtained by a 30 min centrifugation at 10 0 0 0 x g  
was resuspended in 25 ml Tricine-HCl-buffer 0.02 M, 
pH 7.4, containing 0.4 M sucrose, 10 mM NaCl, 2 mM 
MgClo and 5% dim ethyl sulfoxide.

The m easurem ents of the absorbance changes were 
perform ed by the repetitive flash technique described 
in 4. Excitation: 385 — 500 nm (2 mm BG 28 +  2 mm 
KG 2 from  Schott) for m easurem ents between 600 
and 720 nm, 610 —710 nm (4 mm RG 6 1 0 +  2 mm 
KG 2 from  Schott) for m easurem ents between 400 
and 580 nm, sa turating  flashes of 20 /<s duration, 
repetition rate 10 Hz. The electrical band width 
ranged from  0.1 Hz to 37 kHz. The optical path 
length through the cuvette was 1.2 mm. The band 
width of the m onitoring light (grating  monochrom a­
tor) was 5 nm, and the intensity about 50 ergs • 
cm “ 2 , s _1. The tem perature of the sample was 22 °C. 
The chlorophyll concentration was 100 juM. Except 
where noted the sample contained 0.05 M Tris-HCl- 
buffer pH 7.2, 100 jum benzyl viologen and 500 /<M 
potassium  ferricyanide resp. as electron acceptor, 
and 2 mM N H 4C1 as phosphorylation uncoupler. 
F u rthe r details are given in the legends of the 
figures.
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Results

In the 10 000 X g  fraction of deoxycholate-treated 
chloroplasts the chlorophyll an reaction is fully 
active in the presence of ferricyanide as well as in 
the presence of benzyl viologen (Fig. 1 ). Compared
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Fig. 1. Changes of absorbance at 690 nm in the 10 000xg  
fraction of deoxycholate-treated spinach chloroplasts. a. In 
the presence of benzyl viologen (BV). Top: no artificial 
electron donor; center: 100/ym TPB as electron donor; bot­
tom: 50 jUM H Q +2 mM Asc as electron donor, b. In the 
presence of potassium ferricyanide (FeCy). Top: no artificial

electron donor; center: 100 jum  TPB as electron donor.

to untreated chloroplasts6 the half-life time is in ­
creased from approx. 160 /is  to approx. 200 //s. 
A fter the addition of 100 /<M te traphenylboran 
(T P B ), which is an electron donor to photosystem 
II 7’7a, the chlorophyll an absorbance changes are 
alm ost abolished. The concentration of TPB for 
half inactivation is 6 — 8 //M. Also the addition of 
50  f iM  p-benzohydroquinone (HQ) plus 2 m M  so­
dium  ascorbate (Asc) leads to an almost complete 
inhibition  of the chlorophyll an absorbance changes. 
The addition of 4 / /M DCMU abolishes the absorb­
ance changes of chlorophyll an completely (not 
shown in Fig. 1).

T he difference spectrum of the absorbance changes 
w ith a half-life of approx. 200 /is  in deoxycholate- 
treated chloroplasts is shown in Fig. 2. The absorb­
ance changes are maximal at 434 nm and at 685 nm, 
which is characteristic for chlorophyll a n 6’ 8. Com­
pared  with the difference spectrum in untreated 
chloroplasts 6 the red maximum is shifted 2 nm to a 
shorter wavelength.

The increase of the half-life of the chlorophyll an 
absorbance changes and the blue-shift of the red 
m axim um  of the chlorophyll an difference spectrum 
are in agreement with the results reported in 9.

wavelength

Fig. 2. Absorbance changes with a life time of approx. 
200 fis  as a function of the wavelength in the 10 000 x g 
fraction of deoxycholate-treated spinach chloroplasts in the 

presence of ferricyanide.

C h lorophyll a /

In  the absence of an electron donor the chloro­
phyll ai reaction is inactivated nearly completely in 
deoxycholate-treated chloroplasts (see Fig. 3 ) . The

Fig. 3. Changes of absorbance at 705 nm in the 10 000 x g 
fraction of deoxycholate-treated spinach chloroplasts in the 
presence of benzyl viologen. a. Top: no artificial electron 
donor; bottom: 4 0 /m  PMS plus 2 mM Asc as electron 
donor, b. 50 /um HQ+  2 mM  Asc as electron donor. Top: 

repetition rate 10 Hz; bottom: repetition rate 2 Hz.

addition  of 40 / /M PMS plus 2 mM Asc leads to a 
reactivation of the chlorophyll ai reaction. W hen 
50 /<M HQ plus 2 mM Asc is added, the extent of the 
chlorophyll ai absorbance changes is about 20% 
com pared to untreated chloroplasts when the repeti­
tion rate  is 10 Hz, but about 75% when the repeti­
tion rate is 2 Hz.

The difference spectrum  of chlorophyll ai in the 
10 000  X g  fraction  of deoxycholate-treated chloro­
plasts is shown in Fig. 4. F or these measurem ents 
the electron donor system PMS +  Asc was used. The 
chlorophyll ai absorbance changes are maximal at 
434  nm in the blue region and at 685 and 705 nm in
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w avelength

Fig. 4. Absorbance changes with a life time of approx.
10 ms as a function of the wavelength in the lOOOOxg 
fraction of deoxycholate-treated spinach chloroplasts. 
Electron acceptor: 10 0 //m benzyl viologen, electron 

donor: 50 / / m PMS +  2 mM Asc.

the red. The shape of this difference spectrum  with 
the characteristic double-band in the red agrees with 
previous work with digitonin-treated and Triton-X- 
treated chloroplasts 10-13. The ratio  A I/I  (705 nm) : 
A I/1  (685 nm) is approx. 2 .

F erricyanide reduction

The 10 000 X g  fraction of deoxycholate-treated 
chloroplasts shows no ferricyanide reduction in the 
light. Even the addition of 100 jiim TPB does not 
lead to an electron flow from this donor to fe rri­
cyanide via  chlorophyll an-

Discussion

The experim ents reported in this paper have 
shown:

1. W hen no artificial donor is added to the 
10 000 X g  fraction of deoxycholate-treated chloro­
plasts the chlorophyll an  reaction is fully active and 
sensitive to DCMU in the presence of benzyl violo­
gen as well as in the presence of ferricyanide. The 
addition of the photosystem II donors TPB and 
HQ +  Asc resp. leads to an inactivation of the chloro­
phyll a]i reaction.

2. W hen no artificial donor is added to the
10 000 X g  fraction of deoxycholate-treated chloro­
plasts to chlorophyll ai activity is very low. The 
addition of the photosystem I donor PMS +  Asc 
leads to a complete reactivation of the chlorophyll ai 
reaction. The addition of HQ +  Asc has the same 
effects, is, however, less effective.

Though the inhibition of the chlorophyll an reac­
tion by artificial electron donors of photosystem  II 
is in agreem ent with the results of van Gorkom 
et al. 2, this fact seems to be a contradiction in term s. 
However, this behaviour of chlorophyll an becomes

intelligible in the light of the model of the electron 
flow in photosystem II, which we proposed in 6.

Because in the 10000 X g  fraction of deoxycholate- 
treated chloroplasts there is no linear electron flow 
from  water to ferricyanide, the chlorophyll an  reac­
tion, however, is fully active, there m ust exist a 
cyclic electron flow in photosystem II. In our model 
of photosystem  II the condition for this cyclic elec­
tron flow is that photosystem II is in the state 
XChlY1+Y2+ (resp. X C hlD +Y ^Y ./, when the 35 / /s- 
com ponent of chlorophyll a n 3t 16 is taken into ac­
count) just before an exciting flash is fired (see 
Fig. 5) *. This condition applies to chloroplasts in

Fig. 5. Simplified scheme of the electron transport in the 
lOOOOxg fraction of deoxycholate-treated spinach chloro­
plasts. The primary electron donor pool of chlorophyll a i , 

PD, includes cytochrome f and plastocyanin.

which the linear electron flow is blocked between the 
w atersplitting site and photosystem II. Therefore, we 
conclude that deoxycholate-treatment just as Tris- 
treatm ent, heat-treatm ent, and aging of the chloro­
plasts leads to an in terruption  of the linear electron 
flow between the w atersplitting site and Y2 (see 
Fig. 5 ) .

However, in contrast to Tris-washed, heat-treated 
or aged chloroplasts in deoxycholate-treated chloro-

* Reduced X has been identified as a special plastosemi- 
quinone anion 14’ 15, Chi is chlorophyll a n , and Yt and Y2 
are unidentified electron carriers in photosystem II.



G. Döring • Deoxycholate-Treated Chloroplasts 67

plasts the addition of the photosystem II donor 
HQ +  Asc (or TPB resp.) does not lead to a linear 
electron flow from  the donor via  chlorophyll an and 
chlorophyll ai to benzyl viologen. The reason for this 
behaviour is that a second reaction site of deoxy- 
d io late is located between the two photosystem s 1? 2. 
V an Gorkom et al. 2 have shown that in  the presence 
of an artificial donor to photosystem II the plasto- 
quinone pool PQ is reduced in the light, but the 
reoxidation of PQ in the dark is very slow even in 
the presence of ferricyanide. This has been confirmed 
by our finding that there is no ferricyanide reduction 
in the light under these conditions. Therefore, it 
follows that the reoxidation of PQ in the dark is ob­
structed in the 10 000 x g  fraction of deoxycholate- 
treated chloroplasts (see Fig. 5 ). In  this regard 
deoxycholate behaves sim ilar as digitonin. The 
decisive difference to digitonin is, however, that 
deoxycholate-treatment interrupts the linear electron 
flow not only between the two photosystems but also 
between the watersplitting site and photosystem  II.

U nder these conditions it is clear that the add i­
tion of the photosystem II donor HQ +  Asc or TPB 
resp. to deoxycholate-treated subchloroplasts leads to 
an inhibition of cyclic electron flow in photosystem
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