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Summary 

The temperatures of the lipid phase transition at which the solid phase 
disappears were determined by using the X-ray diffraction method  in thyla- 
koid membranes of the blue-green alga, Anacystis nidulans. The tempera- 
tures were determined as 26 and 16°C for cells grown at 38 and 28 ° C, respec- 
tively. 

There have been several investigations on the lipid phase transition in 
intact cells and thylakoid membranes of the blue-green alga, Anacystis nidu- 
lans. In the results, the lipid phase transition is accompanied by the charac- 
teristic changes in various photosynthet ic  activities, such as the photosyn- 
thetic electron transport  reactions, the pigment state 1--state 2 shift, 02 evo- 
lution, the intensity of delayed fluorescence of chlorophyll  a and the phos- 
phorylat ion reactions [ 1--3']. These changes occur at temperatures between 
21 and 24°C for 38°C-grown cells and between 12 and 15°C for 28°C-grown 
cells. The transition temperatures  determined from spin-labelling and chloro- 
phyll a fluorescence are 24 and 25°C for 38°C-grown cells and 13°C for 
28 ° C-grown cells [ 1, 4 ].  The present paper describes X-ray diffraction stu- 
dies on the lipid phase transition of  thylakoid membranes isolated f rom A. 
nidulans grown at two different temperatures.  

*To  w h o m  correspondence  should be addressed. 

A b b r e v i a t i o n :  Tes,  N-tr i s (hydroxymethy l )methy l -2 -aminoethanesu l fon ic  acid. 
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The thylakoid membranes from A. nidulans grown at 38 and 28°C were 
prepared according to the procedure of  Ono and Murata [3, 5] with the fol- 
lowing modifications: the lysozyme-treated cells were ruptured with a French 
pressure cell and the thylakoid membranes were purified by sucrose gradient 
centrifugation. For  X-ray diffraction measurement,  the membranes were 
washed in 0.6 M sucrose, 5 mM MgC12,10 mM NaC1, 15 mM Tes/NaOH buf- 
fer (pH 7.0) and centrifuged at 220 000 × g for more than 12 h. The resul- 
tant pellets were sealed into thin-walled glass capillaries, 1.5 mm in diameter. 

The X-ray diffraction procedure was the same as that  employed in pre- 
vious studies of  membrane fragments isolated from Escherichia coli [6] .  

Fig. I shows the X-ray diffraction patterns of  the thylakoid membranes 
isolated from 38 ° C-grown cells. A sharp reflection at the Bragg spacing of  
4.2 A appears at low temperatures and disappears when the temperature 
reaches 27.5°C, above which only a broad peak is present at the approximate 
spacing of  4.5 A. This broad peak coexists with the sharp reflection below 
25 ° C. This fact indicates the coexistence of  the solid (or ordered) and the 
fluid (or disordered) phases, as generally observed in membranes of  a multi- 
componen t  lipid [ 7].  

Below, we shall call the temperature at which the 4.2 A reflection dis- 
appears the transition temperature and denote  it as Tf. This is the tempera- 
ture at which all the lipid bilayer in the membrane turns into the fluid state. 
The transition temperature,  Tf, was determined as the temperature at which 
the integrated intensity of  the sharp reflection at 4.2 A becomes zero, as 
seen in Fig. 2. Details of  the procedure are described in the previous paper 
[6] .  From Fig. 2a and b, the Tf values were estimated to be 26°C for 38°C - 
grown cells and 16°C for 28°C-grown cells. These lipid transition tempera- 
tures are in good agreement with the values determined using other  methods 
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Fig.  1. X-ray  di f f rac t i o n  pat terns  o f  the  t h y l a k o i d  m e m b r a n e s  f r o m  3 8 ° C - g r o w n  A. n idulans  cel ls  ob-  
served at va r ious  t e m p e r a t u r e s .  R e c o r d e d  w i t h  a pos i t ion-sens i t ive  propor t iona l  counter .  Abscissa:  in- 
verse  of  spacing,  1/d  = 2s inO/k,  where  28 is the  d i f f rac t ion  angle a n d  k is the  wave l ength  ( 1 . 5 4 2  A).  
The dashed l ine indicates  b a c k g r o u n d  scat ter ing  by  b u f f e r  s o l u t i o n  at 35 ° C. 
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Fig. 2. Temperature  dependence  o f  the integrated intensi ty  o f  the 4.2 A sharp ref lect ion in Fig. I .  (a) 
Plot for the thy lako id  membranes  isolated from 38°C-grown cells  and (b) f rom 28°C-grown cells, T f  is 
the transit ion temperature  of  l ipids. The integrated intens i ty  is normal ized  for  the intens i ty  o f  the 4.2 
A peak at the l o w e s t  temperature  o f  the exper iment ,  --20°C. 

[ 1--4].  These results indicate that the lipids in the thylakoid membranes are 
entirely in the fluid state at the growth temperatures. Sato et al. [8] reported 
that the ratio of saturation to unsaturation of  the fatty acid components in 
the thylakoid membranes from A. nidulans increases as the growth tempera- 
ture increases from 22°C to 28 or 38 ° C. Unsaturated hydrocarbon chains of  
lipids have the tendency to disturb the arrangement of saturated hydrocar- 
bon chains in the lipid membranes, and to lower Tf, as demonstrated in syn- 
thetic lipid membranes [9, 10] .  In this respect, our X-ray results coincide 
with the result of  Sato et al. [8] .  The biological significance of the difference 
of 12°C between the growth and lipid phase transition temperatures is as yet 
unclear. 
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Physiological Science and to Mr. H. Nakayama of Department of  Biophysical 
Engineering, Osaka University for their advice in the course of the present 
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