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Summary 

Steady-state electron flux through 
z?Q b 

it 1/2 20 msec) and 
een measured under concomitant rate of NADP reduction 

weak actinic illumination as a function of concentration of 
ferredoxin added to broken chloroplasts isolated from peas. 
At suboptimal concentrations of ferredoxin this P7CO is not 
sufficient to account for the NADP reduction. At high con- 
centrations ferredoxin inhibits the rate of NADP reduction 
without affecting the P700 flux under short wavelength illu- 
mination. Under far red illumination P700 flux is alSO inhi- 
bited by ferredoxin at high concentrations. Addition of 5 mM 
Mg++ increases the rate of NADP reduction at all concentra- 
tions of ferredoxin under both kinds of illumination, while 
P700 flux is inhibited under short wavelength illumination 
and remains unchanged under far red illumination. The results 
indicate that the observed (20 msec) P700 is not involved in 
NADP reduction. 

Introduction ---- 

Kinetic studies on P7Co have revealed three major reduction 

components (1, 2 for review). The usually observed compo- 

nent has t 1/2 around 20 msec, and for the others around 200 

psec and 20/usec. Although these components have been attri- 

buted in terms of the series formulation (Z-scheme) of electron 

transport to the reduction of PToo by electrons from plas- 

tocyanin and cytochrome f i,usec components) and from plasto- 

quinone (msec components), their functional relationship with 
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terminal electron transport (NADP reduction, for instance), 

cyclic electron transport, photophosphorylation, oxidation of 

water and artificial electron donors, etc. has not yet been 

established. In fact, the basic question, whether the compo- 

nents arise from parallel photosystems, is also open. No 

conclusion is possible at this moment because very limited 

data are available on the role of the individual components 

Of p700 in various functions stated above. In this communi- 

cation a P700 component (- 20 msec) has been described that 

is sensitive to the amount of ferredoxin added to isolated 

broken chloroplasts and is not parallel to NADP reduction. 

Materials and Methods -------- 

Class II chloroplasts were isolated as described earlier (3). 
p700 flux and its relaxation time were measured using the 
steady-state relaxation spectrophotometer (4, 5). The extinc- 
tion coefficient for P700 was taken as 65 mM-lcm-1 (6). The 
rate of NADP reduction concomitant with P7OO flux was mea- 
sured by the relaxation spectrophotometer by continuously 
recording the light-dependent change in transmission at 34Onm 
All measurements were made under weak illumination of 3 x 103 
ergs cm-* set-1. Short wavelength illumination was provided 
by filtering the actinic light through a broad band interfe- 
rence filter (Baird Atomic) transmitting between 530 and 640nm 
For far red illumination a narrow band interference filter wit1 
transmission around 696 nm was used. NADP and spinach ferre- 
doxin were purchased from Sigma Chemicals Inc., USA. Crude 
ferredoxin (PEWR) was prepared from spinach chloroplasts 
following Selman (7). 

Results -- 

Figure 1 shows that the rate of NADP reduction (V340) rea- 

ched an optimum value at around 15pl of ferredoxin and 

above this concentration V 340 decreased. At 75/ul V340 

decreased by 40%. The electron flux through Y700 (V700) 

followed a different function of ferredoxin concentration: 

at low concentrations it increased at a lower rate than that 
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Fig.1 'my VT40 and V700 as a function of ferredoxin concen- 
tratlon under weak short wavelength illumination. The 
reaction mixture i2.0 ml) contained 15 mN Tricine-NaOh 
;pH 7.5), 50 mM sucrose, 20 m!Y NzCl, 0.25 NADP, 2.5 DIM 
NH4C1, chlorcplasts of 40,ug chlorophyll equivalent and 
varied amounts of ferredoxin (stock concentration 
2.8 mg/ml). 7 represents relaxation time ?f P700 

0 a& '$700 as a function of crude ferredoxin 
er weak short wavelength illumination. Heac- 

tion conditions same as in Fig.1 except PPNK replaced 
ferredoxin 

of v 
340' attained the maximum value at a concentration about 

three fold higher than that required for VTJO, and remained 

practically unchanged at 75~1. In the low concentration 

range V 340 was considerably higher than V 700' ati in the 

high concentration range VTOO was considerably higher than 

v340. The relaxation time (7) of PToo remained practically 

unchanged (20-25 msec). The commercial ferredoxin used con- 

tained high salt in the solution (I 50 mM Tris). To avoid 

secondary effects, if any, of Tris, crude ferredoxin JPPNR) 
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"340 ana V700 as a function of ferredoxin \A) and 
P NR (B) under weak 696 run illumination. Reaction condi- 
tions same as in Fig.1. Mg++ was added as 5 mM MgC12 

was prepared from spinach in the laboratory. With PPNR the 

results obtained were qualitatively similar jFig.2). The 

amount of PPNR required for optimum V 340 was 75/ul; at 3OOpl 

the inhibition was 50%. V700 reached the maximum value at 

200@, and remained practically unchanged at 300,ul. The 

relaxation time was also independent of PPNR concentration. 

Figure 3 illustrates the dependency of V340 and P700 on 

ferredoxin and PPNR concentration under far red illumination. 

AS compared to the observations with short wavelength illu- 

mination, the following major differences are to be noted: 

'- v700 was inhibited at the higher concentrations of ferre- 

doxin and PPNR; 2. the concentration of ferredoxin or PPNR 

required for optimum V 340 Or v700 
was significantly less, the 

effect being more predominant with V700; 3. v700 was always 

significantly higher than V 340' 
Other differences with res- 

pect to effects of Mg++ are described below: 
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Effects of Ngf+ on V and V700 as a function of 
%%'under weak short wavel?!$th illumination. Reaction 
conditions same as in Fig.1. 'MgC12 was added at 5 mM 

Photosynthetic electron transport is known to be sensitive 

to the absence of cations (8 for review). Figure 4 and 

Figure 3A describe some interesting effects of Pig++ on V 
340 

and v700 as a function of ferredoxin and PPBR concentrations 

under short wavelength and far red illumination respectively. 

Under short wavelength illumination jFig.4) V340 was stimu- 

lated as much as six-fold at the limiting concentrations 

of PPNR; at optimum concentration the stimulation reached 

a minimum of about two-fold, which increased to five-fold at 

high inhibitory concentration. V700, on the other hand, decrea- 

sed four to six-fold by Mg++ in the range of PPNR used. 

Rurainski et al - ,.f (9) and Bose (IO) have also observed a two- 

fold increase of V340 and about five-fold decrease of V 
700 
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by Mg++ under short wavelength illumination. Under far red 

illumination (Fig.sA), the magnitude of stimulation of V340 

by Mg++ was around two-fold and was much less sensitive to 

ferredoxin concentration. More interestingly, VT00 under far 

red illumination was practically insensitive to Mg ++ . 

Discussion ---- 

Rurainski et al - -') (9) and Rurainski and Hoch (II) have obser- 

ved that NADP reduction was not parallel to the observed 

(20 msec) PToo turnover as a function O.f cation concentra- 

tion in isolated chloroplasts. In fact, they found, upon 

addition of cations, a stoichiometry between the increase in 

the yidld of NADP reduction and the decrease in the yield of 

p700 turnover. They proposed that the observed (20 msec) P7oo 

was in competition with the reduction of NADP and that the 

divalent cations switched quanta from one photosystem to the 

other. Following Haehnel's observation (I) that PToo is redu- 

ced after a strong actinic flash with two fast reduction com- 

ponents (w20psec and - 200,usec) along with the usually 

observed (- 20 msec) component, it has been further proposed 

(2) that the,usec components, not the msec one, are involved 

in NADP reduction. 

The above observations indicate that the role of PYoo has 

become an open question. Because of lack of sufficient data 

no conclusion can be reached at this moment. This communica- 

tion provides several informative data regarding the behaviour 

of 20 msec P7oo as a function of ferredoxin concentration 

under varied condition of illumination and cation concentration. 

The observations that at limiting concentrations of ferre- 
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doxin V700 was not sufficient to account for V 340 and at high 

concentrations of ferredoxin V 700 was not parallel to V34C 

(Fig.1 and 2) give strong support to the msec P7OC being 

not involved in NAW reduction. The proposal that these two 

photosystems (NADP reduction and 20 msec P700) are different 

is supported by the observation that the concentrations 

required for optimal V 700 
and V 340 were significantly diffe- 

rent. 

The observations with far red illumination suggest further 

that the sensitization characteristics of the proposed photo- 

systems are not identical, because 1. the concentrations of 

ferredoxin required for optimum yield of either V70C or V34C 

were different in two kinds of illumination, 2. V700 as a 

function of ferredoxin concentration behaved differently in 

two kinds of illumination, 3. Mg++ stimulation obeyed dif- 

ferent functions of ferredoxin concentration (insets of Fig.4 

and Fig.3A) and (4) Mg++ effects on V700 were quite diffe- 

rent in two kinds of illumination. 
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