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Table 1

Tac fatzy acid composition of zerobic and lipid-depleted anacrobic yeast m:tochondria.

Mitaochondria Cyg Cio Cyz Cia3
Acrabic < 1 < 1 I -
Anaerobic 2 i3 i3 14

Cie Cis Cia:1 Cis-1 Ura?
(%)
8 2 53 35 T

37 8 ) 4 2

Fatty acids expressed as percentage of the tetal fatty acid. The fatty acids are denoiled by the convention, number of carbon

atoms:number of doudble bonds.

2 Unsuturated fatty acid. Mitochondrial fatty acids were determined by gas chromuatography of thre awthyl esters. Methylation
was carried eut in metharolic HCE at 61F for 2 hr. A Perkin—Elmer F-11 gas chromatogtaph and a polyethylene glycol suc-
<inate columa operating at 180° was used to separate the methyl esters.

However, some differences as compared fo F -
ATPase were observed. Firstly, the break points in
the Arrhenius plots for aerobic mitochondria was in
the range 13--15° which was significarstly lower than
that observed with Fy-AlPase, 17—19° (fig. 1). On
the oth21 hand, ihe break point for succinate dehy-
drogenase in promitochondria, 24 26°, was similar
to that observed for promitochondnal F-ATPase
(cf. fig. 1). The energies of activation above and be-
low the transition terrperatures lor succinate dehy-
drogenase were similar to that observed for the Fo-
ATPase. ’

33. Furry acid composition of mitochondria and
promitochondria

Temperature-induced changes in activation eneryy
of mitochondrizi membrane bound cozymes have
been suggesied as resulting from phase transitions in
the lipid components of the membrane |6, 7). It
has recently been reported that the lipid composition
of mitochondria tsolated from aerobically and anaer-
obically grown veast cells are different {3, 12].
Table 1 shows the fatty acid composition of mito-
chondria isolated from ethanol grown acrobic celis
and from glucose repressed, lipid-depleted anaerobic
cells. Striking differences in the fatty acid composi-
tion were observed. The fatty acids of aerobic yeast
netochondria were almost exclusively unsarurated,
consisting of 54% palmitoleic and 35% oleic acid. On
the other hand, the fatty acids of promitochondria
were almost exclusively sasurated. The saturated
fatty acids stearic and patmitic accounting for about
ene half ané short chain fatty acids (Cyg—C 4) for

122

the other half of the total saturated fatty acids. We
have recently proposed that a good criterion for the
degree of anaerobiosis in yeast.cells grown in the
absence of lipid-supplements is the percentage of un-
saturated fatty acids which for glucose grown cells
is about 10% [5].

4. Discussion

The temperature dependent changes in activation
enerpy of the mitochondrial membrane-bound en-
zymes succinale dehydrogenase and F-ATPase have
becn shoun to be significantly different in acrobic
veast mitochondria. We have recently reported that
respiratory enzymes, includicg cytochrome ¢ oxi-
dase, of yeast mitochondria all have a similar transi-
tion temperature in Archenius plats of about 13°
[13]. Ainsworth et al. [14] have also recently re-
ported that cytochrome ¢ vxidase in yeast mito-
chondria has a transition temperature at §—11° de-
pending on the farty acid composttion of the cells.
The transition tempera.ure of 2bout 18° for yeast
F-ATPase appears, therefore, to be an exception
and may reflect a different lipid or protein environ-
ment for this coniplier. us compared to other ment-
brane-bound cnzymes in yeast mitochondria [13].
A transition temperature of about 18° for F -
ATPasc in beef heart mitochondria has also recently
been reported [15].

The transition temperature for succinate dehy-
drogenase and other respiratory enzymes of yeast
mitachondria {13] is about B—10° lower than that
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reported for mzmunalizn mitoc:ondria [6, 15] but are
gmilar to that reported for chilling-sensitive plant
mitochondria [16] . There is some correlation be-
tween the transition temperature and the fatty acid
composition of yeast mitochondria (table 1) and chill-
ing-sensitive plant mitochondria {17]. Aerobtc-yeast
miitochondria have a high percentage of unsaturated
fatty acid (85—90%) consisting of almost exclusively
the monounsaturated fatty acids palmitoleic and oleic.
Chilling-sznsitive plant mitochondria, while having 2
less unsaturated fatty acid content (60—70%), are
characteriscd by linoleic and linolenic acids, fatty
acids with two and thige doubic bonds, respectively.
Hence, although the percentage of unsaturation is
higher in yeast mitochondria, the presence of polyun-
saturated fatty acids in plant mitochordria weuld
compensaie for this difference and thus the degree of
ursaturation would be similar. The hisher tempera-
ture breaks observed in mammalian mitochondria

{6, 15] may similarly be correlated with the degree of
unsaturation of the farty acids [18].

It has becn reported that promitochondria in anaer-
obic yeast cells are biochemically and morphologically
distinct from that of aerobic mitochondria 13--5].
The present studics indicate that promitochondrial
membranes in the lipid-deplketed anaerohic cell are
much less fluid thaa that of aerobic mitochondria as
shown by the higher transition temperatures. The low-
er tlexibility of the promitochondrial inentbranes may
be a possible explanation for the difficulties encoun-
terad in the isolation of intact structaies from the
lipid-depleted anacrobic ccll {3, 4} . Furthcrmore, the
increase in activation energy at about 24—26° may
alzo explain the inability of yeast cells to undergo
more than a few cell divisions in anaerobic lipid-de-
pieted erowth conditions at temperatures of 20° or
below (Watson, unpublished resuitz).

The importance of unsaturated fatty acids in deter-
mining phase transitions in membranes has been re-
ceittly emiphasised by stedies on Mycoplasma laidlawii
and mutants of Eschierichia coli [19-24] . These in-
vestigations have shown that the more saturatad the
fu1ty acid of the membrane lipids, the higher the
phase transition temperature, presumably duc to a
chanpe of the membrane lipids from a liquid to a
more crystalline phase. By analogy, therefore, it is
possible to explain the presen? results as due Lo the
high degree of saturation of the fatty acids of the
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membrane lipids of promitochondria. However, the
transition temperature in promitochondrial men-
branes is only a few degrees higsher than that obscrved
in rat liver mitochondria [6] which have a very aigh
degree of unsaturated fatty acid {18]. In addition it
would be difficult to explain the different transirion
femperatures observed, in the same membrane, for
F}-ATPase and succinate dehydrogenase in aerobic
yeast mitochondria unless one postulaies a heteroge-
neous distribution of lipids within the membrane or
that some other factors, eg. lipid —protein interactions.
may affect the transition temperatures. Several other
chservations, such as the disparity in the transition
temperature in £. coli mutants as determnined by
Xray diffraction and by Arrhenius plots {24] and tie
report that electrostatic lipid—protein interactions
may play a role in detenmining phase transitions in

8 lafdlawii [25] , would sugaest some caution as to
the interpretation of transition temperatures in mem-
branes as being due exclusively to phase changes in
the membranc Lipids. We are currently investizgating
the role of other interactions, such as lipid —protein
and lipid ~lipid, which may contribetc an important
part in detennining the nature of phase transitions in
yveast mitochondrial membranes.
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