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the spectra of both P S I  and PS 2 particles is more difficult to assign. In the P S I  
fraction derivative band f can be ascribed to chlorophyll a 680 which has an absorption 
maximum at about 678 nm at --196°. In the PS 2 fraction, band f is due to a pigment 
which appears as a small shoulder in the absorption spectrum between 680 and 685 nm. 
Derivative band f in the PS 2 particles thus appears to be due to small amounts of 
a PS 2-associated pigment with an absorption maximum near 684 nm, rather than 
to a contamination by PS i. Derivative bands g and h are readily assigned to PS I. 
In addition, there is a broad absorption band between 700 and 720 nm which is 
associated with the PS i particles. 

Not all of the absorption bands found in spinach are ubiquitous to green photo- 
synthetic systems. Low-temperature derivative spectra of Scenedesmus and Chlorella 
do not show bands a, c, e (data not shown). 
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Light-induced spectroscopic changes in the 600-m~ region in leaves of a 
higher plant and in Chlorella 

We have previously observed* light-induced absorbance changes in the 6oo-m/, 
region in green plants and algae which were attributed to variations in the redox 
state of the copper-protein plastocyanin discovered by KATOH et al3. In these ex- 
periments we have made measurements in vivo on leaves of a higher plant and on 
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Chlorella. In spite of the fact that  the changes around 6oo mtz are often small, rather 
slow, and complicated by other changes, the difference spectra in this region suggest 
that  there is a contribution of a specific substance, which may be plastocyanin. In 
addition, measurements of absorbance changes with the sample within an integrating 
sphere showed that  the possible contribution of light-induced scattering changes to 
our measurements in the 6oo-m/z region was negligible. 

Light-induced changes of absorbance were measured on Chlorella pyrenoidosa 
in an open cuvette or by placing leaves of wild cucumber, Marah (Echinocystis) 
fabaceus, on a lucite light pipe above the photomultiplier (EMI 9558B) of the appa- 
ratus described previously 1. Since the samples were placed directly on top of the 
light pipe, a large angle of scattered light was reflected into the photomultiplier and 
the apparatus was thus relatively insensitive to light-induced changes of scattered 
light which would appear as light-induced absorbance changes. In order to differ- 
entiate more carefully between light-induced scattering changes and true absorbance 
changes, the measurements were repeated but with the same sample held inside an 
integrating sphere having a diameter of 25 cm. With this arrangement, scattered 
light eventually reaches the photomultiplier by multiple reflections within the sphere. 
Thus a scattering change will disappear or be greatly diminished when the sample 
is inside the sphere but a light-induced ahsorbance change will be unaffected (except 
for increased "noise" caused by a higher voltage applied to the photomultiplier). 

Fig. i shows examples of light-induced absorbance changes at 565 and 595 m/~ 
made with leaves of wild cucumber inside and outside the integrating sphere. Since 
the sphere had no effect on these changes, we concluded that  the light-induced in- 
creases of absorbance at these two wavelengths represent true absorbance changes. 
The intensities, wavelengths and band widths of the measuring beam and the actinic 
beams were kept unchanged for the two sets of experiments (i.e. inside and outside 
the sphere). The possible contribution of chlorophyll fluorescence or of fluorescence 
of the filters placed over the photomultiplier was checked and found to be unde- 
tectable. (Fluorescence was determined with the measuring beam turned off.) 

Fig. I shows that  the steady-state absorbance changes are larger at 565 in/, 
than at 595 m/~ and that  the immediate dark "decay" of the absorbance change 
following far-red illumination is quite different depending on wavelength. Actually, 
an immediate decay is seen at 565 m/~ but at 595 m/, there is first a slow increase 
of absorbance upon turning off the light and only afterwards is a decay seen. 

We have determined the slowly "decaying" component by plotting Vt/AS as 
a function of wavelength (where Vl is the initial off-rate and AS the steady-state 
deflection). The resulting spectrum (Fig. 2), measured in the sphere, was compared 
with the oxidized-minus-reduced spectrum of purified spinach plastocyanin 3. In order 
to make this comparison possible, KATOH'S spectrum was replotted by measuring 
the relative slopes of the absorption band at 5-mtz intervals, multiplying by an ap- 
propriate constant factor and replotting the absorption curve with these corrected 
values. This allows one to trace the spectrum starting from the maximum without 
needing to know the actual peak height in actual absorbance units. The in vivo VI/AS 
spectrum, if due to a unique substance, even with several absorption bands, would 
give an horizontal line. If other substances with different kinetic characteristics are 
present, they will distort this line, giving more or less pronounced maxima or minima 
which would nearly correspond, as a first approximation, to their absorption bands. 
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Of course comparisons of VI/AS spectra with true absorption spectra must be inter- 
preted with care: a correspondence between the two spectra allows a tentative 
attribution of the Vt/AS band to a particular substance, but the absence of a corre- 
spondence does not rule out a correlation because there may  be interference by  other 
substances having much different kinetics or large overlapping of their absorption 
bands. The Vi/AS spectrum shows some correspondence to KATOH'S plastocyanin 
curve plotted as described above. However, the spectrum of the cucumber leaf is 
broader than that  of plastocyanin, especially on the short-wavelength side and is 
shifted about 5 m~ to shorter wavelengths. I t  is clear that  there is interference with 
neighboring absorbance changes such as the one near 565 mt~ which occurs in leaves. 

Wild cucumber(leaf) 

Af 595nm: 565nm: At Without integr~ing sphere 

i With integrating sph = ~ 4  
. . . .  o..:, . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  , , , , .  

0 5 I0 15 0 5 I0 IS 
Time.sec 

-I.0 

-I.5 

5.50 

I 

592 

• x x \  

• • \ x  

/ 

1 I 
i 

t I I I I I I 

6OO 
Waveleng¢ h,m/~ 

Fig. i .  Kinet ics  of l igh t - induced  absorbance  changes  a t  595 and  565 m #  m e a s u r e d  wi th  a leaf of 
wild c u c u m b e r  (M. fabaceus) with in  and  w i t h o u t  an  i n t eg ra t i ng  sphere.  H a l f - b a n d  wid th  of t he  
m e a s u r i n g  wave l eng t h  was 5 m/~. An  upward  deflection cor responds  to an  increase  of absorbance .  
Inc iden t  act inic  l ight  (on and  off arrows) was 709 m/~, IO 200 erg ( =  6 nanoEins t e in ) ,  cm -~- sec -1. 
R o o m  t e m p e r a t u r e  (22% air. Notice t he  difference in the  off-kinetics a t  565 and  595 m# .  

Fig. 2. S p e c t r u m  (mean va lues  of 4 -6  consecut ive  m e a s u r e m e n t s  a t  each wave leng th)  for t he  
slowly " d e c a y i n g "  abso rbance  change  following 7o9-m# act inic  l ight  (same i n t ens i t y  and  con- 
di t ions  as for Fig. i) in a leaf of wild cucumber .  The  m e a s u r e m e n t s  were m a d e  wi th  t he  sample  
in an  in teg ra t ing  sphere.  The  o rd ina te  is t he  re la t ive  " r a t e  c o n s t a n t "  (Vt/A S, see text)  of t he  
change  when  act inic  l ight  is t u r n e d  off. A c o m p u t e d  oxidized-minus-reduced s p e c t r u m  of sp inach  
p l a s tocyan in  is p lo t ted  for compar i son  (see text) .  

This change is probably produced in part  by a b-type cytochrome but another sub- 
stance appears to contribute to this change. 

The difference spectrum in Chlorella for the steady-state absorbance change 
(AS) is given in Fig. 3- In Chlorella the changes near 565 m~ are smaller in relation 
to those near 600 m'~ than in leaves. The spectrum of the slowly "decaying" com- 
ponent of Chlorella was determined as described for leaves and is given in Fig. 4- 

As pointed out above, light-induced absorbance changes caused by  plastocyanin 
are often difficult to detect for several reasons. The extinction coefficient of plasto- 
cyanin is low, only about half of that  of the a-band of cytochrome f. Moreover, the 
absorbance band of the oxidized-minus-reduced spectrum of plastocyanin is very 
broad with a half-band of about ioo m/~. Also, in chloroplast preparations, part  of 
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the plastocyanin may be washed out during extraction. Finally, depending on the 
organism, the absorption changes caused by plastoeyanin can be masked by other 
large changes in nearby spectral regions as was shown here for Marah and Chlorella. 
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Fig. 3- Light-minus-dark difference s p e c t r u m  for the  s t e ady - s t a t e  absorbance  change  p roduced  
in C. pyrenoidosa by  7o9-m/~ act inic  l ight  (same in tens i ty  and  condi t ions  as for Fig. i). The  half-  
band  wid th  of the  m e a s u r i n g  wave l eng t h  was  4 my .  

Fig. 4. S p e c t r u m  for the  slowly " d e c a y i n g "  abso rbance  change  following 7o9-my actinic l ight  
wi th  Chlorella (same in tens i ty  and  condi t ions  as for Fig. I). The  ord ina te  is the  re la t ive " r a t e  
c o n s t a n t "  as in Fig. 2. The  oxidized-minus-reduced s p e c t r u m  of sp inach  p l a s tocyan in  is p lo t ted  
for compar ison .  

Although it is difficult to prove with certainty that the light-induced absorbance 
changes in the 6oo-m/~ region are really due only to plastocyanin, there are enough 
suggestions that this copper protein may contribute to the observed spectroscopic 
phenomena. 
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