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Summary 

The rate of cooling to 77 K appears to be a determining factor in obtain- 
ing valid low temperature emission spectra of photosynthetic organisms. 
Evidence is shown that the usual method of cooling the algae or chloroplasts 
in suspension leads to artefacts in the spectra and considerable discrepancies 
in quantitative determinations. 

The fluorescence spectra of photosynthetic organisms, when taken at the 
temperature of liquid nitrogen, provide a frequently used criterion for the 
evaluation of the underlying pigment systems. Thus, fluorescence emission 
spectra at 77 K have been used to assign fragmented ~thylakoids into those 
particle fractions containing both pigment systems and those possessing pre- 
dominantly Photosystem I (see the review by Goedheer, [ 1] ). Another ap- 
plication of the method is the determination of energy distribution between 
the various photosystems prominent in current research [2, 3]. 

In this communication, attention is drawn to the rate of cooling, one of 
the various parameters influencing the measured spectra. If the freezing 
process is too slow, biological membranes are considerably damaged by crystal- 
lization and osmotic processes connected with their structural water [4]. 
Since the microenvironment of the pigment complexes within the thylakoid 
membrane is the main parameter determining the obtained fluorescence 
spectra, while absorption characteristics are much less affected, the impor- 
tance of a membrane preparation undamaged during cooling is evident [5]. 
To avoid distortions and artefacts in the spectra, the cooling rate of the 
specimen should be at least around 104 degrees/s [6, 7]. 

It was noticed that the photosynthetic organisms and organeUes for 
many of the published spectra were frozen as an aqueous suspension, normal- 
ly in cuvettes of 2 mm width. Water, however, can be assumed to act as an 
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insulator under these circumstances, since it possesses a relatively low thermal 
conductivity (0.001340 cal/s per cm 2 at 273 K). In order to cool down to the 
temperature of liquid nitrogen, the heat of the suspended organelles has to be 
removed across the thermal barrier of the surrounding medium and, in many 
cases, that of the plexiglas covers of the sample mount as well. A cooling rate 
much slower than the 104 K/s required, with ensuing damage to the pigment~ 
containing membrane, can be expected. 

A demonstration of this point is given in Fig. 1, which shows the effect of 
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Fig,  1. R a t i o  o f  l o n g  w a v e l e n g t h  ( P h o t o s y s t e m  I)  t o  s h o r t  w a v e l e n g t h  ( P h o t o s ] s t e m  II) e m i s s i o n ,  t a k e n  
at  l iquid  I'42 t e m p e r a t u r e ,  as a f u n c t i o n  of  the spac ing  o f  the  cu v e t t e  used .  Chlorel ia  au tospore$  f r o m  
fu l ly  s y n c h r o n i z e d  c u l t u r e s  we re  u s e d  i n  t h e  determinat ion .  T h e  dis tance  b e t w e e n  the t w o  p lex ig las  
w i n d o w  panes  of  the  c u v e t t e  was  a l t e r ed  b y  the  use of  b rass  spacers  o f  ~ p p r o p r l a t e  thickness .  In  the  
reference ( a t  0 m m  s p a c i n g )  t h e  a lgae  we re  a d s o r b e d  t o  a double  layer o f  cheesec lo th  m o u n t e d  o n  t w o  
in ter loe]Hng p o l y p r o p y l e n e  rings. Ch lo rophy l l  c o n c e n t r a U o n / c m  2 exposed  stt]cface a rea  was  a b o u t  equal  
in all ins tances ,  app rox .  2.1 ~g. T h e  p r o b e s  were  coo led  d o w n  b y  i m m e r s i o n  in l iquid  N 2. E x c i t a t i o n  a t  
595 n m .  See ref.  S for  f u r t h e r  details .  

increasing the rate of cooling by reducing the thickness of the aqueous suspen- 
sion, on the relation of the Photosystem I (F72s) to II emission (F~86)in 
C h l o r e l l a  . The lowest ratio, indicating a relatively intact membrane, is ob- 
tained if the sample is adsorbed on cheesecloth and thus in direct contact with 
the surrounding liquid nitrogen. The use of melting nitrogen with such samples 
(in order to avoid the Leidenfrost phenomenon) did not significantly alter the 
ratio obtained with the cheesecloth method. Fully synchronized autospores of 
C h l o r e U a  have been used in the experiment shown to avoid any side effects 
which might be introduced by damaged chloroplasts. Similar results, however, 
were obtained with spinach plastids as well (see column 1 in Table I). 

The cooling rate constitutes an important factor in quantitative measure- 
ments. An example of this is the calculation of the fraction of absorbed light 
funneled into Photosystem II (~) and Photosystem I (a) of chloroplasts, re- 
ported by Buffer and Kitajima [3]. In Table I these calculations have been 
repeated with sets of experimental data obtained from the same chloroplast 
preparation. The only difference in the various determinations was the freez- 
ing rate, altered by increasing the average thickness of the aqueous layer 
between chloroplast and liquid N2. Care was taken that the chlorophyll 
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content  was identical and low enough in all probes to avoid concentration 
artefacts. 

As can be seen from the data, not  only the ratio F732/F68s was consider- 
ably influenced, but the value of a, the fraction of  harvested light channeled 
into Photosystem I (~ + ~ = 1) as well. This result clearly shows that  an experi- 
mental determination of energy distribution using the spectral properties at 
liquid N2 temperature remains doubtful  as long as the artefacts of freezing are 
not  properly considered. It is, however, notewor thy that  the ratio of  a in the 
absence and presence of Mg 2 +, a measure of the Mg effect  first described by 
Murata [2], is similar in all circumstances. 

In summary, the data suggest that  all quantitative interpretations based 
on spectral data obtained with aqueous suspension have to be viewed with 
serious reservations. 

The studies were supported by a grant of the Deutsche Forschungs- 
gemeinschaft. 
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