
3 4 4  

Biochimica et Biophysica Acta, 6 3 4  ( 1 9 8 1 )  3 4 4 - - 3 4 9  
© E l s e v i e r / N o r t h - H o l l a n d  B i o m e d i c a l  P res s  

BBA Repor t  

B B A  4 1 3 3 9  

SALT-INDUCED MICROSCOPIC CHANGES IN CHLOROPHYLL 
FLUORESCENCE DISTRIBUTION IN THE THYLAKOID MEMBRANE 

J. B A R B E R  * a n d  S. M A L K I N  

Department of Biochemistry, The Weizmann Institute of Science, Rehovot (Israel) 

( R e c e i v e d  O c t o b e r  1 3 t h ,  1 9 8 0 )  

Key words: Chlorophyll fluorescence; Pigment-protein domain; Mg 2+ effect; (Thylahoid 
membrane) 

Summary 

Addition of  3 mM MgCI2 to isolated pea thylakoids suspended in a medium 
of low osmotic strength at room temperature induces an increase in chloro- 
phyll fluorescence similar to that  observed with unswollen thylakoids. Fluores- 
cence microscopy indicates that  the MgC12 induced increase in the emission 
intensity involves the formation of  highly fluorescent patches on the swollen 
vesicles. The data seems to give additional support  to the concept  that  salt 
induced chlorophyll  fluorescence changes involves the lateral movement  of  
pigment-proteins within the thylakoid membrane in such a way as to form 
discrete domains. 

Based on a number  of  different types of observations [1--9] a model  for 
explaining salt-induced chlorophyll  fluorescence and thylakoid stacking 
changes has recently been presented [10].  It has been argued that the effect 
of changing the ionic conditions of the suspending medium is to bring about  
reorganisation of pigment-protein complexes by  lateral diffusion within the 
lipid matrix of  the membrane. The conformational  changes seem to be con- 
trolled by variations in the balance Of coulombic repulsive and van der Waals 
attractive forces operating between adjacent membranes and between the 
surfaces of exposed segments of  integral proteins within the same membrane 
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[6,11,12].  Essentially the idea is that when coulombic repulsion is at a maxi- 
mum, then various types of  integral protein complexes, including the pigment- 
proteins, are randomly distributed in the plane of the membrane and no 
membrane stacking occurs. However, manipulation of  the salt level in the sus- 
pending medium, so as to minimise the double-layer repulsive forces, allows 
formation of  discrete pigment-protein domains. It is suggested that  it is the 
product ion of  separate domains for Photosystem I (PS I) and Photosystem 
II (PS II) protein complexes which gives rise to the increase in chlorophyll  
emission due to a decrease in excitation transfer from the PS II to the PSI .  
It is also argued that the creation of electrical charge heterogeneity due to 
domain formation is responsible for the generation of  granal and stromal 
lamellae [10].  

In this communicat ion we present results which may be indicative of  this 
type  of  domain formation using the technique of fluorescence microscopy. The 
work was done using a microscope equipped with a sensitive image-intensified 
video camera, details of  which have been given elsewhere [13].  This approach 
allowed excitation intensities to be used which did not  cause significant photo- 
bleaching of  chlorophyll  during the time of  observation. Experiments were 
conducted with isolated pea thylakoid membranes treated with 5 gM DCMU, 
to avoid fluorescence changes due to variations in the redox state of  PS II, and 
suspended in a solution of  1 mM NaC1 at about  pH 7. This medium was used to 
initially establish the minimum fluorescence condition and to produce swollen 
membranes having salt dependent  fluorescence properties which could be 
studied independently of  large changes in the degree of  stacking. 

In Fig. 1 it can be seen that under the low osmotic conditions employed 
the addition of  3 mM MgC12 caused a significant increase in the yield of  chloro- 
phyll fluorescence monitored at 685 nm. This change has slower kinetics than 
similar changes induced at normal osmotic strength (e.g. 300 mosmoles). 
Inspection of  the membranes in this dilute salt containing medium by phase 
microscopy, showed them to consist of  'blebs' budding off  from a central 
mass of  membranes as shown in Fig. 2A. The membranes which consti tute 
these blebs contain chlorophyll  as observed by fluorescence microscopy (see 
Fig. 2B). In some cases the blebs became detached from the parent membrane 
system and existed as isolated vesicles. Although the formation of  these blebs 
and isolated vesicles occurred in response to the low osmotic strength of  the 
medium their appearance was slow, taking at least 30 min at room temperature 
and considerably longer times when kept  on ice. It could be that their growth 
requires the  donation of  lipid and protein from the parent membranes which 
would account  not  only for their slow formation but  for the fact that  they 
maintain ionic permeabili ty .properties similar to those of  normal thylakoids 
even though there has been a dramatic increase in surface area [14].  Alterna- 
tively they may arise from a complicated unfolding of  the parent membrane 
system. When 3 mM MgClz was added to the sample it was found that the blebs 
still persisted but  there seemed to be an increase in the number of highly 
fluorescent patches on their surfaces (see Fig. 2D). To demonstrate  this 
phenomenon more convincingly, studies were conducted on vesicles which had 
become detached from their 'parent '  membrane system. This was advantageous 
because it avoided the interference of  the brightly fluorescing region resulting 
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Fig .  1. I nc r ea se  in  c h l o r o p h y l l  f l u o r e s c e n c e  y ie ld  f r o m  t h y l a k o i d  m e m b r a n e s ,  i so la ted  f r o m  peas  by  a 
m e t h o d  g iven  in R e f .  13 i n d u c e d  on  a d d i t i o n  o f  3 m M  MgC12. T h e  m e m b r a n e s  w e r e  s u s p e n d e d  fo r  one  

h o u r  at  r o o m  t e m p e r a t u r e  in  1 m M  NaC1 plus  5 pM D C M U  b e f o r e  c a r r y i n g  ou t  t he  a d d i t i o n  o f  MgC12. 
T h e  e x c i t a t i o n  l igh t  was  4 6 0  rum (slit  w i d t h  20  n m )  and  the  e m i s s i o n  w a s  m e a s u r e d  at  685  n m  (slit w i d t h  

2 n m ) .  The  e x p e r i m e n t  w a s  c o n d u c t e d  in  a 1 -cm c u v e t t e  us ing  a P e r k i n - E l m e r  M P F 4 4 A  s p e c t r o f l u o r i -  

m e t e r .  

from the high chlorophyll  concentrat ion associated with the folded membranes 
which also appeared to give indications of patching depending on the plane 
of view (see Fig. 2B). 

In the absence of Mg 2÷ it was common to find isolated vesicles having an 
even distribution of chlorophyll fluorescence as shown in Fig. 3 A and B. The 
uniformity of the fluorescence could be checked by focusing at different planes 
through the vesicle which also established whether it was still associated with 
the highly fluorescing folded membrane system from which it was derived. 
After adding a few mmoles of Mg 2÷ it was not  possible to find the type of 
vesicles observed before its addition, but  instead vesicles showing patches of 
strong fluorescence as shown in Fig. 3 C and D. These patches of intense 
fluorescence were shown to be widely distributed on the membrane surface 
by focusing at different planes through the vesicle. 

These observations seem to give support to the ideas briefly given above, but 
presented in detail elsewhere [10], that  the addition of MgC12, and other salts, 
bring about segregation of different types of  chlorophyll protein complexes 
into discrete domains. Whether membrane folding occurs  at the sites of 
increased fluorescence could not  be clearly resolved but  may be expected based 
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on the close correlation between salt induced chlorophyll  fluorescence and 
membrane stacking changes Observed with thylakoids suspended in media of 
high osmotic strength [10].  An indication of  this effect  was seen by comparing 
phase contrast  and fluorescence images on the same sample (see for example 
Fig. 2C and D). It was noted that where ever a fluorescent patch occurred there 
was a corresponding dark region in the phase contrast image indicative of  an 
increase of  material. 

The concept  of  clustering of  integral proteins is not  novel to the photo- 
synthetic membrane and is well established for many animal systems where the 
process is controlled by such events as the binding of  antibodies, lectins and 
hormones [15,16].  Although our observation could be due to other effects 
specifically associated with the use of a swollen membrane suspension, the 
possibility that  lateral protein diffusion occurs to create the highly fluorescent 
patches would emphasise the non-rigidity of  the thylakoid membrane of  higher 
plants and focus at tention on the importance of  lipid fluidity in normal photo- 
synthetic functioning, a point  already emphasised from freeze-fracture micro- 
scopy [7--9].  

One of  us (J.B.) wishes to acknowledge the Royal  Society for funds to 
enable his visit to Israel to undertake the work described. Thanks also go to 
Shlomo Gershon for his technical help and to Joseph Schlessinger, both for 
allowing us to use his fluorescence microscope facilities and for helpful dis- 
cussions. 
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