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The effect of temperature on native microsomal membrane vesicles isolated from Tetrahymena is investi- 
gated by wide angle X-ray diffraction. A 4.2 ~, reflection, typical for lipids in the crystalline state, can be 
recorded in the temperature range between 0°C and 350C. Quantitative evaluation of this reflection reveals a 
broad thermotropic 'two-stage' liquid crystalline~crystalline lipid phase separation with a 'breakpoint' at 
approx. 18°C. This 'breakpoint' coincides with the emergence of lipid-protein segregations in endomem- 
branes of intact Tetrahymena cells as previously visualized by freeze-etch electron microscopy. 

The molecular organisation of biomembranes 
critically depends on temperature. In particular, 
the membrane lipids can undergo reversible liquid 
crystalline ~ crystalline phase transitions a n d / o r  
separations, respectively [1-3]. Such lipid phase 
changes in turn have dramatic consequences for 
the conformation and distribution of proteins in 
membranes. Altered protein distribution, for ex- 
ample, can be directly visualized in different mem- 
branes of a wide variety of cells by freeze-etch 
electronmicroscopy (e.g. [4]). This method reveals 
thermotropic lipid-protein segregations, manifest- 
ing themselves as the emergence of smooth do- 
mains on membrane fracture faces. To date, how- 
ever, it is not yet clear (at least in eukaryotic 
membranes) whether such lipid-protein segrega- 
tions relate to the onset or the completion of a 
lipid phase transition or even occur during a broad 
lipid phase separation. 

In the unicellular eukaryote Tetrahymena, for 
example, we previously observed, that temperature 
lowering from the optimal growth temperature of 
28 to 5°C induces the appearance of smooth do- 
mains on the fracture faces of different endomem- 
branes below 18 ° C [5-8]. In order to correlate 
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these lipid-protein segregations with the lipid state 
in membranes we now investigate native micro- 
somal membranes isolated from Tetrahymena by 
wide angle X-ray diffraction. This method allows 
the direct detection of at least crystalline lipids in 
membranes. 

Axenic 15 1 cultures of the ciliate protozon Te- 
trahymena pyriformis (amicronucleate strain GL) 
were grown at 28°C and harvested during the 
logarithmic growth phase as described previously 
[9]. The cells were disrupted at 28°C in a French 
press (3000 lb / inch 2) and then smooth micro- 
somal membrane vesicles (average diameter: - 150 
nm) were isolated as detailed previously [10]. 
Wide-angle X-ray diffraction patterns of the 
vesicles were recorded using a rotating anode gen- 
erator, running at 45 kV and 200 mA. The spatial 
distribution of the diffracted X-ray intensity was 
one-dimensionally registered with a position sensi- 
tive proportional counter with a curved counter 
wire. This special counter, constructed by Kreutz, 
allows the registration of diffracted intensity free 
from parallactic distortions even at high angles. 

Fig. 1A shows representative wide-angle X-ray 
diffraction patterns of the microsomal vesicles at 
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Fig. I. Wide angle X-ray diffraction patterns of native micro- 
somal membrane  vesicles at different temperatures between 0 
and 35°C. The spectra were registered by a curved PSP-counter 
and stored in a multichannel analyser [14]. Exposure time 
2000 s. 

different temperatures. At 0°C, we can observe a 
clear 4.2 ~, reflection. The integral intensity of this 
reflection is directly proportional to the number of 
lipids in the crystalline state, more precisely to the 
number of fatty acid residues arranged in two-di- 
mensional hexagonal lattice (s). This proportional- 
ity is valid regardless whether the scattered inten- 
sity is caused by coherent diffraction of one large 
lattice or by incoherent superposition of the indi- 
vidual diffraction of many smaller lattice domains 
[111.. 

Upon raising the temperature, the intensity of 
this reflection decreases and has almost completely 
disappeared at 35°C. Concomitantly, we observe 
an increase of the scattered intensity in the 4.6 ,~ 
region (Fig. 1B). This diffuse 4.6 A reflection is 
characteristic for disordered lipids in the liquid 
crystalline state. We therefore conclude that the 
lipids are majorly transferred from the crystalline 
into the liquid crystalline state upon raising the 
temperature from 0 to 35°C. This transformation 
is fully reversible. 

A quantitative evaluation of this lipid transfor- 
mation can be performed only with the 4.2 ,~ 
reflection under our experimental conditions. The 
reason is that a reliable background subtraction 
can be done only with the 4.2 ,~ reflection. In 
contrast, the statistical error of a quantitative 
evaluation of the 4.6 ,~ reflection would be too 
large since this reflection is very diffuse. Moreover, 
the signal-to-noise ratio cannot be considerably 
reduced by longer exposure times since the mem- 
brane vesicles are stable only for a few hours. 

We determined the integral intensity of this 
reflection according to the method detailed in 
Fig. 2. The quantitative evaluation of the 4.2 ,~ 
reflection as a function of temperature (Fig. 3) 
indicates: (i) The total number of crystalline lipids 
decreases with increasing temperature. Obviously 
a broad thermotropic crystalline ~- liquid-crystal- 
line lipid phase separation occurs in the membrane 
over the whole temperature range between 0 and 
35°C. Such a broad phase separation rather than a 
cooperative phase transition is expected due to the 
very heterogenous lipid composition of the Tetra- 
hymena microsomal membranes [10]. (ii) Con- 
spicuously, crystalline lipid domains coexist with 
liquid crystalline lipids in the membrane even at 
the optimal growth temperature of the cells at 
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Fig. 2. Method used for the determination of the integral 
intensity of the 4.2 A reflection. Integral intensity •4.2 of the 4.2 
A reflection: 

•4.2 ----/tot --(BI + B2 ) ~"  

n r nl kl  

14.2 = ~ C(k)-- ~ C(k)- ~ C(k) 
k = n l  k = k  o k = n  r 

where C(k)=number of counts registered in channel No. k 

k°=-nl 2 

n --  h i )  
k]=nr+ 2 

28°C. In this context it is noteworthy that crystal- 
line lipids are present at 28°C regardless whether 
the membranes are stepwise warmed up from 0 to 
35°C or are first equilibrated at 35°C and then 
recooled. (iii) The crystalline ~ liquid-crystalline 
phase separation is not linear but rather 'biseg- 
mental ' ,  i.e. it occurs in a two-stage process with a 
breakpoint  at approximately 18°C. Such a break- 
point could be reproduced in each out of eight 
membrane  isolations. Incidentally, such a break- 
point cannot be revealed in membrane  prepara- 
tions which are derived from cells broken at 4°C 
in a French press or in a Potter-Elvejhem homo- 
genisator  or which are prefixed with 2% 
glutaraldehyde. 

The temperature response of the membrane re- 
sembles that of extracted lipids. In fact, lipids 
extracted from Tetrahymena microsomal mem- 
branes can also undergo a broad thermotropic 
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Fig. 3. Temperature dependence of the integral intensity of the 
4.2 ,~ reflection. Values are averages from four different mem- 
brane fractions. 

two-stage phase separation with a breakpoint at 
approx. 16°C [12]. This breakpoint was attributed 
to an abrupt lipid redistribution due to a change in 
the compositional quality of the lipids transformed 
from the crystalline into the liquid crystalline state 
below and above the breakpoint (cf. also Ref. 13). 
It  is therefore conceivable that the breakpoint in 
native membranes reflects a similar lipid redistri- 
bution. 

In any case, it is conspicuous that the tempera- 
ture range of the breakpoint in the lipid phase 
separation in native membranes coincides with the 
onset of thermotropic lipid-protein segregations in 
endomembranes of intact Tetrahymena cells [5-8]. 
This indicates that the lipid-protein segregations 



do not relate to the onset or completion of a rather 
cooperative phase transition, but occur during a 
broad phase separation. We suggest that the lipid- 
protein segregations are induced by an abrupt 
change in the interaction between the two coexist- 
ing crystalline and liquid crystalline lipid phases. 

References 

1 Melchior, D.L. and Steim, J.M. (1978) Prog. Surf. Mem- 
brane Sci. 13, 211-413. 

20verath,  P. and Thilo, L. (1978) in MPT International 
Reviews of Science: Biochemistry of Cell Walls and Mem- 
branes, Vol. 2, 1-66, University Park Press, Baltimore 

3 Quinn, P.J. (1981) Progr. Biophys. Biol. 38, 1-104. 
4 Verkleij, A.J. and Ververgaert, P.H.J.T. (1978) Biochim. 

Biophys. Acta 515, 303-327. 
5 Speth, V. and Wunderlich, F. (1973) Biochim. Biophys. 

Acta 281,621-628 

309 

6 Wunderlich, F., Speth, V., Batz, W. and Kleinig, H. (1973) 
Biochim. Biophys. Acta 298, 39-49. 

7 Wunderlich, F., Batz, W., Speth, V. and Wallach, D.F.H. 
(1974) J. Cell. Biol. 61,633-640. 

8 Wunderllch, F., Ronai, A., Speth, V., Seelig, J. and Blume, 
A. (1975) Biochemistry 14, 3730-3735 

9 Herlan, G., Quevedo, R. and Wunderlich, F. (1978) Exp. 
Cell. Res. 115, 103-110 

10 Ronai, A. and Wunderlich, F. (1975) J. Membrane Biol. 24, 
381-399 

i 1 Vainshtein,  B.K. (1966) in Diffraction of X-Rays by Chain 
Molecules, Elsevier Publishing Company, Amsterdam, 
London, New York 

12 Wunderlich, F., Kreutz, W., Mahler, P., Ronai, A. and 
Heppeler, G. (1978) Biochemistry 17, 2005-2010 

13 Dickens, B.F., Martin, C.E., King, G.P., Turner, J.S. and 
Thompson, G.A. (1980) Biochim. Biophys. Acta 598, 217- 
236 

14 Funk, J., Wunderlich, F. and Kreutz, W. (1982) J. Mol. 
Biol., in the press 


