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SUMMARY 

Stroma lamellae prepared by the French press method from spinach chloro- 
plasts are similar to other Photosystem I fractions in showing a decline in quantum 
yield at less than 7oo nm. Evidence is presented which suggests that the inactive 
chlorophyll in stroma lamellae may be in part due to the presence of regions of mem- 
brane synthesis in the stroma lamellae fraction. 

INTRODUCTION 

Previous studies on action spectra of Photosystem I fractions prepared from 
chloroplasts by detergents showed reduced quantum yields at 68o nm compared with 
longer wavelengths 1-a. A similar decline in quantum yields at short wavelengths for a 
Photosystem I reaction occurs in chloroplasts isolated from variegated regions of a 
tobacco mutant 4. These mutant chloroplasts contain mostly stroma lamellae and 
only Photosystem I. In this communication we report a similar wavelength depen- 
dence of quantum yields for NADP + reduction in a Photosystem I fraction prepared 
from spinach chloroplasts by the French press method 5. This Photosystem I fraction 
corresponds to the stroma lamellae of the intact chloroplasts~, 6. 

MATERIALS AND METHODS 

Chloroplasts and chloroplast fractions were prepared according to the method 
described previously 5. Chlorophylls were determined according to the method of 
ARNON 7. Photosystem I I  activity was measured by monitoring the reduction of 
dichlorophenolindophenol (DCIP) at 58o nm. The reaction mixture for DCIP Hill 
reaction contained o.o5 M potassium phosphate (pH 7.4), o.oi M KC1, neutralized 
methylamine IOO/~moles/ml. The concentration of DCIP was adjusted such that its 
absorption at 58o nm was o.25-o.3. Sufficient chloroplasts or chloroplast fragments 
were added to give an absorbance of o.3-o. 4 for the actinic wavelength from 65o to 
69o nm. For measurements at 7oo and 7Io nm the absorbance was o.I-o.2 for tlle 
actinic beam. NADP+ reduction was monitored at 34o nm. The conditions of assay 
were the same as described by ANDERSON AND BOARDMAN 8. Ferredoxin, NADP + 

Abbreviations:  DCIP, dichlorophenolindophenol ; DPC, diphenylcarbazide, DCM[ r , 
3 (3,4 dichlorophenyl)-i ,  i -dimethylurea.  
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reductase and plastocyanin prepared according to the methods of TAGAWA AND 
A R N O N  9, SHIN et al. 1° and KATOH et al. n ,  respectively, were added in saturating amount 
to the reaction mixture. 

All the measurements were carried out on a Cary 14 spectrophotometer equip- 
ped with a scattered transmission accessory 12. Actinic light was supplied by a Bausch 
and Lomb 500 mm red blaze grating monochrometer operated with 3-ram slits 
yielding a half band width of IO nm. A Coming 2-58 filter was placed in the actinic 
beam. For each wavelength, rate measurements of 6 light intensities in duplicate 
were taken. The quantum requirements were extrapolated to zero intensity and these 
zero intensity requirements are reported here. Quantum yields at 700 nm and lower 
are accurate to ± lO% Quantum yields at 71o nm are accurate to ± 20%. 

RESULTS 

We showed previously that the I6oK fraction centrifugally isolated from 
French press treated spinach chloroplasts possesses only Photosystem I activity 5. 
We also showed that the I6oK fraction consists of stroma lamellaeS, 6. Since this 
fraction did not possess detectable Photosystem I I  activity we anticipated that the 
quantum yield for NADP+ photoreduction would be constant with wavelength. The 
data given in Columns 5 and 6 of Table I indicate that our initial hypothesis is in- 
correct. Though the quantum yields for NADP + reduction by the I6oK fraction are 
o.9-I.O at 71o nm, quantum yields are invariably less at shorter wavelengths. A 
minimum is constantly observed between 670 and 680 rim. We observe that the 
quantum yield at 650 nm is usually higher than the quantum yield at 670 dr 68o nm. 

T A B L E  I 

QUANTUM YIELDS (ELECTRON EQUIVALENTS PER ABSORBED QUANTUM) OF N A D P +  PHOTOREDUCTION 
FROM ASCORBATE plus D C I P  COUPLE 

Wavelength Original French press 1oK 16oK fraction i6oK fraction 
(nm) fraction fraction (I5oo lb/irzch 2) (r5oo lb/inch 2) 

650 - -  __  o.15 0.48 0.40 
660 0.28 o.13 o.21 o.4o o.48 
670 0.24 0.28 0.34 
680 0.28 o.12 o . I  4 o.31 o.36 
69o 0.45 0.45 0.48 0.36 0"59 
70o ~ I . O O  0.43 - -  o .59 0.67 
710 - -  - -  - -  o.91 I.OO 

This result was obtained whether we used the same chlorophyll concentration at all 
wavelengths or whether we adjusted chlorophyll concentration to give the same 
absorbed intensities. These results indicate that over half the chlorophylls in the I6oK 
fraction are not involved in NADP + reduction. At 680 nm only 30-40°0 of the total 
absorption is coupled to the Photosystem I reaction. This raises a question regarding the 
function of the remaining chlorophyll in these isolated stroma lamellae. One could 
argue that the chlorophylls not coupled to NADP~ reduction may belong only to 
damaged photosystems. Alternately the inactive chlorophyll may reside in a site of 
membrane synthesis in which the photosystems are functionally incomplete. 
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~UANTUM YIELDS (ELECTRON E~UIVALENTS PER ABSORBED ~)UANTUM) OF D C I P  PHOTOREDUCTION 
BY ]:RENCtt PRESS FRACTIONS 

H'avelcngth Original ~)uantum yield 

French press zoN fraction zoN fraclion 
fraction (60o0  lb/inch 2) (15oo lb/inch 2) 
(6oo0 lb/inch 2) 

~)5 o 0 .43  o. 17 0 .14  0 .20  
6 ( )0 0 . 2 2  

6 7 0  o. t 9 
6 8 o  0 .34  o .o  9 o ~ I 0 .2o  
6 0 0  o. ~ 8 

7oo 0.23 0 . 1 5  0 . 2 2  o .  I 2 

7 1 o  o .  I 2  o . I  5 0 . 2 5  

In order to investigate the first possibility, the damage caused by the French 
press was assayed by determining quantum yields for NADP+ reduction and DCIP 
reduction before and after treatment. The 2nd and 3rd columns of Tables I and II  
show the quantum yields for Photosystem I and Photosystem II  reactions before and 
after French press disruption. Data for the original chloroplasts before disruption are 
similar to those already published ~2-~". There is 5o°6 loss in the quantum yield for 
NADP + reduction after the treatment particularly at shorter wavelengths (66o and 
68o nm). A nmch greater loss in quantum yield of DCIP reduction occurs due to 
French p%ss disruption. The fact that long wavelength quantum yields of the x6oK 
fraction approach ~ suggests that Frenci~ press treatment does not destroy Photo- 
system I reaction centers of this fraction. However, uncoupling of the Photosystem [ 
chlorophylls absorbing at short wavelengths from the Photosystem I reaction center 
may have occurred due to the French press treatment. 

The quantum yield of DCIP reduction was studied in a ;oK fraction obtained 
by using high (6ooo lb/inch 2) or low pressures (15oo lb/inch 2) during French press 
disruption. Higher pressure treatment causes decreased efficiency of a component 
absorbing in the 68o-nm region. Values as low as o.o 7 for the quantum yield of DCIP 
reduction at 68o nm were observed for the IoK fraction after high pressure treatment. 
The facts that the IoK fraction shows lower quantum yields than original chloroplasts 
for DCIP Hill reaction and in addition is unable to completely photoreduce the 
quencher of Photosystem II  fluorescence (Q)~7 indicate that damage to Photosystenl II  
has occurred. The IoK fraction is also quite inefficient in NADP+ reduction. The sum 
of the quantum yields of Photosystem I and Photosystem II  reactions in the xol{ 
fraction is less than o.5 at wavelengths 68o nm and lower indicating that over 5o % 
of the absorption is not coupled to either reaction. On the basis of these data we con- 
dude that the uncoupled chlorophyll in the zoK fraction originates from damaged 
photosystems. 

D I S C U S S I O N  

The quantum yield studies of French press fractions show that the treatment of 
chlorot)lasts with the French press results in damage to both Photosystem I and Photo- 
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system I I  in the total homogenate. These studies also show that  the I6oK fraction 
which possesses no Photosystem I I  activity possesses efficient Photosystem I at long 
wavelengths. However, at shorter wavelengths over half the chlorophyll is not 
coupled to Photosystem I. Our results and those in the literature enable us to eliminate 
some possible explanations for the uncoupled chlorophylls in the I6oK fraction. 

First, several experiments indicate that  these inactive chlorophylls do not 
result from a damaged Photosystem II.  Our study of variable fluorescence reported 
in the accompanying paper 17 shows that  while the total amount of quencher Q in a 
ctfloroplast preparation is not altered by French press treatment,  Q is present in 
negligible amounts in the I6oK fraction. Another observation supporting our conten- 
tion that  the inactive ctflorophylls of the I6oK fraction do not result from a damaged 
Photosystem I I  is that  the diphenyl carbazide (DPC) to DCIP reaction 18 is not only 
very slow, but is relatively insensitive to high concentrations of 3-(3,4 dichlorophenyl)- 
I , I -dimethylurea (DCMU). On the other hand, electrophoresis and cytochrome data 
indicate that  some components of Photosystem I I  are present in the i6oK fraction 5. 
These observations can be explained if stroma lamellae contain a developing Photo- 
system I I  which is completed upon folding of the lamellae to form grana 19. 

Second, there is some evidence in the literature which may indicate the un- 
coupled chlorophyll in the I6o K fraction does not result from a damagedPhotosystemI.  
HOMANN AND SCHMID 4 have isolated ctfloroplasts containing primarily stroma lamel- 
lae from the variegated regions of a tobacco mutant.  These stroma lamellae show a 
similar decline in quantum yield for Photosystem I at shorter wavelengths. The 
mutant  chloroplasts were subjected only to ordinary chloroplast isolation procedures 
and neither to the French press nor to detergents. If these stroma lamellae isolated 
from the mutant  are suitable models for the stroma lamellae of normal grana con- 
taining chloroplasts, the decline in Photosystem I quantum yields at short wavelengths 
suggests that  the presence of uncoupled chlorophylls is an inherent characteristic of 
stroma lamellae. 

Preparations by detergent techniques of what we interpret to be stronla lamel- 
lae fractions also demonstrate a decline in quantum yields at shorter wavelenghts. 
The studies by SCHWARTZ 2, VIREDENBERG AND SLOOTEN 1 have shown that  quantum 
yields for Photosystem I in digitonin Photosystem I fractions decline at shorter 
wavelengths. VERNOX et al. 3 also reported a decline in quantum yield of NADP + 
reduction at shorter wavelengths in a Photosystem I fraction obtained by triton 
treatment observing lowest efficiencies between 67o and 68o nm. We conclude that  the 
uncoupled chlorophylls in the I6oK fraction are not due primarily to damage but are 
part  of a developing membrane system. I t  is conceivable that  the incompletely 
developed photosystems in the stroma lamellae may be completed on folding to form 
grana. Such a scheme for development fits the data on development of structure and 
function during greening in which stroma lamellae containing primarily Photosystem I 
activity precede the formation of grana and Photosystem I1 (refs. 2o-22). 
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