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Phytochrome spectrum of Pisum leaves and stems 

Repor t s  in this  journaP  and elsewhere 2,3 indicate  t ha t  the  phy toch rome  differ- 
ence spec t rum ob ta ined  on e t io la ted  Pisum (pea) leaves, or  ex t rac t s  of them, differs 
subs tan t i a l ly  from corresponding spec t ra  ob ta ined  from other  sources, including 
P isum stems. These in teres t ing  observat ions  seemed to accord with  suggestions made  
b y  the wr i te r  (ref. 4, P- 318), and  a t t e m p t s  were immed ia t e ly  made  to confirm them 
in this  l abora tory .  This communica t ion  summarizes  the  failure of these a t t empts .  

At  first, i t  seemed unnecessary  to repea t  the  earl ier  procedures  precisely,  par-  
t i cu la r ly  in view of the  l ikel ihood (see later)  t ha t  t hey  might  in t roduce  errors. A differ- 
ence of the  magni tude  repor ted  z in phy tochrome  spect ra  should be easi ly de tec ted  
by  more  s t ra igh t - forward  methods ,  so the  following were adopted .  Seedlings of Pisum 
sativum cv. Alaska  were grown for 7 days  in to ta l  darkness  at  abou t  26 ° (ref. 5). 
Samples  of s tem tissue consisted of 20-50 5-mm segments  cut  jus t  below the apical  
hook, while leaf samples  comprised  15-5o apical  buds  cut  jus t  above  the hook and  
excluding as much s tem tissue as possible. I m m e d i a t e l y  af ter  cut t ing,  the  samples  
were packed  in cyl indr ical  a luminum cells 14 m m  in d iamete r  (cf. ref. 5), held  on ice 
for abou t  i o  min,  then exposed on ice to lO-3O rain of white  incandescent  l ight ,  
abou t  45ooo lux,  to sa tu ra te  p ro toch lorophyl l  conversion. Spec t ra  were then  t aken  
a t  ice t empera tu re  using the Biospect  Model 61 (Agricul tural  Special t ies  Co., Beltsvil le,  
Md.), a s ingle-beam recording spec t ropho tomete r  capable  of measur ing  at  high ab-  
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sorbances. First, the sample was saturated with red light (about 66o nm) 5 and a 
spectrum obtained; then it was saturated with far-red light 5 and a second spectrum 
obtained. These operations were repeated several times. Subtraction of the values on 
each red-saturated spectrum from the corresponding values on the immediately sub- 
sequent far-red saturated spectrum, at intervals of 5 nm, gave difference spectra 
which can be assumed to represent Pr minus Prr. 

Because of the single-beam mode, difference spectra obtained in this way are 
only relative. However, lack of an absolute baseline presents no problem. The two 
difference spectra reported for leaves and stems can be distinguished adequately in 
the following terms, which are derived from measurements of Fig. I in ref. I without 
reference to the baseline. Curve b, the "normal"  spectrum of stem segments, shows 
a peak in AA at about 665 nm. If the differences AA65o nm--/IA600nm, A]A6~0nm 
--LJA600 nm and dA600 nm--xJA780 nm are calculated from this curve and converted to 
percentages of the maximum absorbance differences--(/IAmax--L]Amln) that  is, 
total A(AA)--they are 22, 29 and 70, respectively. Curve a, the "abnormal"  leaf 
curve, shows a red peak at about 650 nm, and the corresponding differences, again 
as percentages of total A(AA), are 15, 9 and 82, reflecting the very different shape 
of the curve. 

The indicated parameters were calculated for the difference spectra obtained 
as described above on leaves and stems. Actual magnitudes of the spectra used were 
such that  total A (dA) ranged from 0.040 to 0.060. The results were unequivocal. The 
parameters derived from stem tissue agreed excellently with those expected. For 
example, in a typical experiment, mean values for /IA65onm--ZlA6oonm, ~lA66onm 
--zJA600nm and dA600 nm--/lA730nm, as percentages of the maximum total A(AA), 
were 21, 31 and 64. Leaf tissues, however, gave essentially the same va lues - - in  a 
typical experiment, they were 23, 31 and 69 , agreeing well with the stems and quite 
distinct from the 15, 9 and 82 expected, notably in peak position. In short, it proved 
quite impossible to distinguish between the phytochrome in etiolated leaf and stem 
tissue of Alaska pea seedlings by these methods: no abnormal difference spectra 
were found. 

I t  thus became necessary to investigate possible sources of the discrepancy 
between these results. First, seedlings of the variety used in earlier work (Pisum, 
var. Krombek, from Nunhem Zaden N.V., Holland) when tested by  the above 
methods, were indistinguishable from Alaska. Next, radically different procedures, 
resembling those used in the earlier work 1, were adopted. Samples were harvested in 
dim green light, given several minutes of red light and then allowed to stand for 
lO-3O rain in darkness at about 26 °, after which the first spectrum was taken. They 
were then immediately saturated with far-red and the second spectrum taken, all 
at  2o-26 °. Such a procedure does not, of course, give the true photochemical phyto- 
chrome difference spectrum. Rather, it gives a difference between the maximum level 
of Pr  (the second spectrum) and a level of Ptr reduced by  both destruction and 
reversion4, 6 during the lO-3O min of darkness. Nevertheless, such data were obtained; 
while the variability in the results with leaf tissue was extremely high, such differences 
in shape as appeared to exist between the spectra of leaves and stems were still not 
in the direction expected, since the 65o-nm values in the leaf spectra were, if anything, 
reduced rather than increased. Otherwise, the spectra resembled those obtained by  
the first method. In summary,  while the observations reported for stem tissue are 
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easy to confirm, no method so far tried in this laboratory has served to obtain the 
abnormal difference spectra reported 1 3 for leaf tissue. 

I t  is difficult to provide a convincing explanation for data  one cannot reproduce. 
All that  is certain is that,  if there was indeed a difference attributable to phytochrome 
in the spectra of leaf and stem tissues as reported, it is not a general phenomenon, 
and is clearly absent in the variety Alaska. However, the methods adopted here were 
deliberately designed to exclude complications due to the photoconversion of proto- 
chlorophyll and the subsequent nonphotochemical spectral changes4,6, 7, while the 
methods that  yielded the abnormal spectra, at high temperatures and with no initial 
photosaturation, seem more susceptible to such interference. In this laboratory, as 
noted, the variability of the spectra derived from leaf tissue by these methods is 
very great, and there may  also be varietal differences. All such variation seems to 
disappear when the samples are kept on ice and vigorously photosaturated. As for 
the fact that  the abnormal spectra can apparently be obtained in extracts, it has in 
fact been acknowledged 3 that  extraction media similar to those used are known to 
extract photoconvertible protochlorophyll. Hence, in view of the high levels of proto- 
chlorophyll present in etiolated pea leaves, and most others as well, much more 
rigorous evidence will be necessary before the concept of a "leaf" phytochrome, 
differing from that  in stems and coleoptiles, can be accepted. 
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