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Abstract--The composition of the ether lipids of a strain of CaldarieUa acidophita, with respect to the different 
numbers of cyclizations of the biphytanyl components, is shown to differ between the various complex lipid 
classes, but the degree of cyclization increases systematically with the growth temperature in the range 75-89 °. 
The problem of distinguishing adaptive from phyletic features in archaebacterial lipids is considered. 

INTRODUCTION RESULTS 

The preceding paper [1] describes the complex lipid 
composition of CaMariella acidophila, taken as a typi- 
cal member of the Caldariella group of extreme 
thermoacidophiles [2-4] and discusses some aspects of 
the relationships between these organisms and other 

representatives of the arehaebacteria [5]. For the first 
time, in the light of those relationships, it has become 
possible to consider what features of the CaldarieUa 
group are adaptive, and specifically related to the 
extreme habitats from which they have been isolated, 
rather than phyletic, being determined by their 
archaebacterial ancestry. 

For example, the absence of peptidoglycan cell walls 
and the assembly of the cell membrane from ether 
lipids in Caldariella [2, 3] are now seen as general 
archaebacterial features [5], and not as adaptive to 
extreme thermal acid environments. Equally, the pre- 
dominance of ether lipids based on 16,16'-biphytanyl 
chains is seen as phyletic since it is also found in 
several species of Methanobacterium and Methanospiril- 
lure [6, 7]. On the other hand, some of the more 
detailed lipid features of Caldariella may qualify for 
consideration as adaptive since their occurrence is less 
widespread; these include [1] the tendency to cycliza- 
tions within the biphytanyl chains and the presence of 
calditol glycerol tetraethers. 

The MT-4 strain of (7. acidophila can be grown at 
temperatures between 75 and 89 ° with reasonable 
facility, and, as already indicated [1], the mutual pro- 
portions of the different complex lipids which make up 
the cell membrane do not differ significantly in cells 
grown at different temperatures in this range. How- 
ever, within each complex lipid, the mutal proportions 
of the differently cyclized biphytanyl components [1] 
do vary systematically, as is described in the present 
communication. 

The composition of the (24o component mixtures in 
the different complex lipids of C. acidophila strain 
MT-4 growing at 75-89* is presented in Table 1. The 
data can be combined by calculating the 'average 
cyclization' (analogously to average unsaturation) of 
the biphytanyls for each lipid at each temperature, and 
these values are shown in Table 2. 

The analytical data show firstly that there are sig- 
nificant differences in the degree of cyclization in the 
different complex lipids, secondly that there is a 
systematic effect of temperature on the degree of 
cyclization, and thirdly that the magnitude of the 
temperature effect differs in different complex lipids. 

As the growth temperature is increased, all the 
lipids show increasing proportions of the tri- and 
tetracyclie biphytanyls, largely at the expense of the 
acyclic and monocyclic; this effect is seen in each lipid 
and in the total lipid data, which also show that in this 
strain the bicyclic biphytanyl is always the major com- 
ponent. The calditol-containing lipids, 4, 6 and 8, all 
show more extensive cyctization than the diglycerol 
lipids, 3, $ and 7. An observation of particular signifi- 
cance is that the temperature effect is minimal in lipid 
(5), (diglycerol tetraether)*-phosphoinositol, the 
biphytanyl composition of which remains relatively 
constant over the whole temperature range. 

DISCUSSION 

Comparing C. acidophila with those other 
archaebacteria whose membrane lipids have been 
characterized, we can note, firstly, that the biphytanyl 
lipids are absent in the relevant extreme halophiles 
such as Hal,  bacterium where the membrane is based 
on diphytanyl glycerol [9]. Amongst the 
methanogens this is also true of the Methanococcus, 
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Table 1. Biphytanyls (%) in complex lipids 3 4  of C.'acidophila grown at 75-89 ° 

Biphytanyt 
C40H82 C4oHs0 C4oH78 C4oH76 C4oH74 C40H82 C40H80 C40H78 C4oH76 C40H74 

Temp. 3 Lipid 4 
75 ° 3 17 54 21 5 0 5 68 26 1 
80 ° 2 14 52 26 6 0 4 68 25 3 
85* 0 7 49 32 12 0 2 47 38 12 
89 ° 0 4 46 37 13 0 1 46 40 13 

Temp. 5 Lipid 6 
750 10 18 47 17 7 4 14 63 17 2 
80 ° 9 18 46 18 8 2 14 59 20 4 
850 8 17 46 20 8 1 11 47 31 8 
89 ° 8 13 45 24 10 0 1 44 40 14 

Temp. 7 Lipid 8 
75 ° 11 26 46 13 4 5 21 56 17 1 
80 ° 10 21 45 19 5 3 16 55 22 3 
85 ° 5 16 43 27 7 2 12 55 25 6 
89 ° 1 13 42 34 9 0 7 48 34 11 

b 

Methanosarcina group [7]. However ,  in Methanobact- 
erium and Methanospirillum the phytanyl diethers and 
biphytanyl te traethers  are found together [6, 7]. Al-  
legedly, the latter are based only on the acyclic 
biphytanyl type (9), and the proport ion of the 
biphytanyl tetraethers is not  related to the wide- 
ranging tempera ture  opt ima of these methanogens  [6]. 
A m o n g  the thermoacidophiles  of the Caldariella 
group, only the biphytanyl te t raether  lipids are found, 
but here there are differences in the degree of cycliza- 
tion, which do run parallel  to the temperature  opt ima 
of the different isolates. Thus in Thermoplasma, grown 
at 59 °, and Sul[olobus, grown at 70 °, the proport ions 
of acyclic: monocyclic:  bicyclic C4o components  in the 
diglycerol lipids are 65 : 32 : 2 and 30 : 32:  38, respec- 
tively [4]. This suggests that the extent  of cyclizations 
in the biphytanyls could qualify as a tempera ture-  
related adaptive feature;  the present  data support  this 
view by showing the phenotypic aspect of this same 
variation. 

Membranes  based on the tetraethers 1 and 2 are 
necessarily monolayer  structures, formally analogous 
to the conventional  bilayer but  with pairs of 
covalently-l inked hydrophobic  chains extending right 

Table 2. Average cyclization* of C4o compo- 
nents in C. acidophila complex lipids 

Temperature 
Lipid 750 80 ° 85 ° 89 ° 

3 2.09 2.20 2.51 2.61 
4 2.23 2.26 2.60 2.66 
$ 1.94 1.97 2.04 2.16 
6 1.99 2.10 2.34 2.68 
7 1.74 1.89 2.15 2.38 
8 1.88 2.06 2.20 2.48 

Total 
lipids 1.94 2.10 2.31 2.52 

* [% Monocyclic + 2 x % bicyclic + 3 × % tri- 
cyclic + 4 x % tetracyclic] x 10 -2. 

through the membrane .  Such a membrane  already 
possesses considerable added stiffness and rigidity, e.g. 
in its containing effect on membrane  proteins. How-  
ever,  because of its biosynthesis [10] it cannot  be 
modified in adaptat ion to higher temperature  environ-  
ments by the same means as are open to eubacteria 
with bilayer membranes  based on glycerol diesters, 
increases in chain-length [11] and/or  the incorporat ion 
of specially bulky end-groups in the fatty acids [12]. 
The primary effects of such changes are to raise the 
transition temperatures  ( 'melt ing points ')  of the 
layered assembly, and the same effect can be achieved 
in the te traether  structure by introducing the observed 
cyclizations into the biphytanyl chains. Each such cyc- 
lization in the chain considerably decreases the avail- 
able modes of flexing and of rotation. Though the 
mechanism of this cyclization is unknown, chemical 
arguments  based on detailed te t raether  structures [13] 
suggest that it occurs at a middle stage in te t raether  
synthesis, e.g. in an intermediate  diglycerol dibis- 
geranylgeranyl te traether;  the present work establishes 
the temperature  response of the relevant  enzyme 
system. 

The varying degrees of cyclization in the different 
complex lipids are interesting but  not  at present  exp- 
licable. Those containing calditol are more  cyclized; 
those containing phosphoinositol  are less cyclized, and 
the diglycerol te t raether  phosphoinositol  (5) shows 
minimum temperature  effects. Whether  the phos-  
phoinositol  lipids have a special biosynthetic or  mem-  
brane function remains to be ascertained. 

E X P E ~ I ~ r I ' A L  

The cultures of C. acidophila were grown, and the lipids 
worked up as already described [1]. Analysis of the C40 
components in the individual lipid categories was approached 
by way of the parent diglycerol tetraethers (1) and calditol 
glycerol tetraethers (2) as follows. Neutral lipids. Not ana- 
lysed. Glycolipids. The (diglycerol tetraether)-galactose- 
glucose (3) and the (calditol glycerol tetraether)-glucoside (4) 
were not separated as such, but hydrolysed with HCI-MeOH 
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6 
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7 
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to a mixture of diglycerol tetraethers and calditol glycerol 
tetraethers, which were then separated by TLC on Si gel in 
CHCI3-MeOH (9:1) (Rf 0.9 and 0.5, respectively). (Dig- 
lycerol tetraether)-phosphoinositol (5) was separated and hy- 
drolysed [1] to the parent diglycerol tetraether, and reco- 
vered by TLC as above. 

(Calditol glycerol tetraether)-glucoside sulphate (6) was 
separated and hydrolysed [1] to the parent calditol glycerol 

tetraether and recovered by TLC as above. [(Diglycerol 
tetraether)-galactose-glucose)]-phosphoinositol (7) and [(cal- 
ditol glycerol tetraether)-glucoside]-phosphoinositol (8) were 
not separated as such, but after hydrolysis, as for 3 and 4 
above. With each complex lipid type thus converted into the 
component tetraether 1 or 2, the latter were cleaved with HI 
and the C4o di-iodides converted into the C40 hydrocarbons 
by treatment with excess LiAIH 4 as previously described [4]. 
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The C4o hydrocarbons thus obtained are [8] C4oHs2 (acyc- 
lic) (9), C4oHso (monocyclic) (10), C4oH78 (bicyclic) (U), 
C4oH76 (tryciclic) (12), and C4oH74 (tetracyclic) (13); the 
mixtures of these were analysed quantitatively by GLC as 
previously described [4, 8]. 
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