
354 Bio~imica ~ ~ h y s i c a  A~a 860 (1986) 354-360 
~ 

BBA 72932 

Effects of lipid fatty acyl chain structure on the actifity 
of the (Ca 2+ + Mg~+)-ATPase 

R.J. Froud a, C.R.A. Earl b, J.M. East a and A.G. L e e  ~* 

~ D ~ a ~ m ~ t  ~ o c h e m ~ t ~ ,  U n i o e ~  ~Southampw~ Southampw~ S09 3TU ~ d  
~ Rower R ~ m h  ~ t u t ~  Greenburn Road, B ~  Aberdee~ AB2 9SB ( ~ )  

(Rec~ved March 26th, 1986) 

Key words: (Ca 2÷ + Mg2+kATPase; Li~d-protein ~teraction; Fluorescence quenc~ng; Phy~no~ phospholi~d; 
Ac~ chin ~rucm~; (Rab~t musc~) 

The (C~ + + Mg2+~ATP~e purified f ~ m  ~ b ~ t  m u ~  s~copl~mic ~ticulum has been ~constim~d imo 
a ~ e s  ~ phosphatid~ch~es ~ the I ~ d  c f f ~ l ~ e  phas~ For phosphatidykholines c o ~ n g  mono- 
unsaturated ~tty acyl ch~n~ optim~ a c f i ~  ~ obse~ed ~ r  a chin  ~n~h  ~ CI~ wi~  ~ n g ~  or sho~er 
chins supporting ~wer a c t i v ~ .  Phospholipids wi~  m e ~ n c h e d  chin  sa~rated fatty a~ds suppo~ 
somewh~ ~wer activities than the co~pond ing  phosph~ipids with mono-unsa~rated fatty ac~s. M~ed 
ch in  phospholipids support ATPase acfi~fies compara~e to those shown by an unm~ed chin  phosph~ipid 
wi~  ~ e  same av~age chin  ~ n ~  Howeve~ ~ e  ~sponse ~ the ATPa~ reconsti~ted wi~  mixed chin 
phosphol~ids to the add~on ~ ~eyl ~coh~ ~ domin~ed by ~ e  ~nge~  fatty ac~ chum Based on their 
abili~ ~ ~s~ace  brominated phospholipid~ ~ t i v e  ~n~ng constan~ ~ ~ e  ATP~e ~ a ~ ~ 
phosphafidylcholines lave been de~rm~ed. Binding ~ ~he ATPase ~ ~rtually unaffected by ~tty acyl chain 
~ n ~ h  or ~ e  p ~ n c e  ~ m~h~ branches. 

In ~ e  f l~d m ~ c  modal ~ ~ e  b i ~ o ~ c ~  
m e m b ~ n ~  memb~ne  proteins ~ e  ~ e d  as 
embedded in a lipid ~ l a y ~  [1]. It seems f ikd~ 
• ~ e ~ r ~  ~ ~ e  acti~fies ~ memb~ne  p r ~ n s  

* To whom ~ p o n ~ e  shoed be addressed. 
A b b ~ n s :  Hepe~ 4-(2-hydroxyethyl)-l~iperazineethane- 
sdphon~ a~d; BRPC, 1,2-di(~l~omoste~wl)pho~ 
p h a t i d ~ ;  C~PC, 1,~my~toleogphosphatidylcho- 
fi~; C~PC, 1 , ~ d i p ~ m i t o l ~ p h ~ p h a t i d ~ ;  C~PC, 
1 , 2 - d i o l ~ p h ~ p h ~ d ~ e ;  C:0-PC, 12-dieic~oyl- 
p h ~ p h ~ d ~ o l i ~ ;  C2~PC , 1 , ~ e ~ p h ~ p ~ f i d ~  
li~; C~P~ 1 , ~ o n ~ p h ~ p h a t i d ~ o l i ~ ;  C~C~P~ 
1-myfistoyl-2-~ylphosphafidylcholi~; C18C~PC, 1-ol~yl- 
2-myf is~ph~phm~ch~e;  3MeC~cP~ 1,~di(~me~yl- 
h~ad~anoyDph~phafid~choHne; M~C1cPC , di- 
ph~ano~ph~phat~ch~e; 4Me~6P~ 1,2-di(~m~hyl- 
hexa~no~h~pha f id~ch~  

will depend on the chemic~ structures of the 
phosphofipids in the membran~ The comp~f i f f  
of the fipid compofition of n ~ u r ~  membran~ 
makes t~s  dependency ~ f f i c d t  to study, and thus 
the most detailed information about fipid protein 
inf rac t ions  has come ~om ~ u ~  of fimplified, 
reconstituted membrane sys~m~ confisting of 
f in~e spe~es of phosphofipid and proteim Ufing 
such a sy~em it has been shown that the A TP a~  
acf i¼~ of the ( C ~ + +  MgZ+~ATPase purified 
~om muscle sa~oplasmic ~ f i c d u m  is indepen- 
dent of the f l ~  of the su~oun~ng  p h o s p h ~  
pid, as long as the phosph~ipid ~ m ~ n s  in the 
liq~d-crystalline phase [2]. The acf i~ff  of the 
A T P a ~  ~, howeve~ marke~y dependent on the 
chemic~ ~ru~ure  of the su~ound~g  phosphofi- 
pid, with d io~oy~hosph~id~chof ine  supporting 
the ~ghest a c f i ~  [3-5]. S u r p f i f i n ~  howeve~ 
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there is ~tfle selecti~ty in binding of phospholi- 
pids to the ATPase [4-6]. Here we study the effect 
of phospho~pid fatty ac~ c h i n  ~ngth in more 
d~ail, and Mso ~udy the effect of branched fatty 
acyl ch~n~ 

The ATPase is reconstituted into bilayers of 
defined phosphofipid compofition by mixing the 
purified ATPase with excess phospholipid in 
cholat~ followed by a 1200-f~d dilution into 
buffeL so that the concentration of cholate drops 
much bdow i~ critic~ micelle concen~atio~ fo~ 
ming ffagmen~ of membrane containing the 
ATPase inse~ed inlo bflaye~ with a phospholipid 
compofition predominantly that of the added 
phospholipid [5]. Binding constants of phospholi- 
pids to the ATPase are de~rmined ufing a fluores- 
cence quenching m~hod [5]. When the ATPase is 
reconstituted into bilayers containing the brom- 
ina~d fipid 1,2-di(9,10-dibromos~aroyl)phosphat- 
idylcholine (BRPC), the fluorescence of the tryp- 
tophan refidues of the ATPase is quenched, as a 
result ef binding of the bromina~d phospholipid 
at the fipid-protein interfac~ Addition of a phos- 
pholipid to lhe sys~m which can bind s~on~y to 
the fipid-prot~n in~fface will result in disphc~ 
ment of BRPC from the protein surface and thus 
to an increase in fluorescence in~nfity. Addition 
of a phospholipid to the sy~em which can bind 
only weakly to the fipid-prot~n interface will re- 
sult in disphcement of ~ss BRPC and thus Io a 
smaller increase in fluorescence in~nfity. These 
measurements can be quantita~d readily to ~ e  
rdative ~pid binding constants for the ATPase [5]. 

M a ~ d f l s  ~ d  M ~ h ~ s  

Dimyristoleo~ (Ca~PC), d ~ m i t o l e o ~  (Cx¢ 
PC), ~ c o ~ n o ~  (C2¢PC), dieruco~ (C~-PCL 
dinervonoyl (C24-PC), 1-myristoyl-2-oleo~ 
(C~C~vPC) and 1-oleo~-2-myristo~-phosphati- 
d ~ c h ~ e s  (C~8C~4-PC) were obt~ned from 
Avanfi P~ar Lipids and di~eo~phosphatid~cho- 
line (CI~PC) was obt~ned from Lipid Produc~. 
Lipids were used as obt~ned. Di(9,10-di- 
bromostearo~)phosph~id~chofine (BRPC) was 
s y n t h ~ e d  from C ~ P C  as described in East and 
Lee [5]. 

P h y S i c  add ( > 99% purity) was p~pared from 
phytol by the Dumas-Stass r e a ~ n  as described 
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[7]. 3-Meth~hexadecanoic add ( > 99% purity) was 
made by a multis~p reaction sequence in which 
meth~m~onation of lridec~mes~ate to ~ve 2- 
m~hylpentadecanoic add [8] was followed by 
c h i n  dongation by one carbon [2. 4-M~h~- 
hexadecanoic add (> 99% purity) was synthefised 
¼a the in~rmediate 7-dodec~-y-m~hylbutyrolac- 
tone by the m~hod of Cason et ~. [1~ with 
modification [11]. 

Diphytano~ (M~C16-PC), di(3-m~hylhexad~ 
canoyl)- (3MeCICPC) and di(4-methylhexad~ 
canoyO-phosphafid~chofine (4-MeCICPC) were 
prepared by the m~hod described by H e r m ~ r  
and P~muf [12]. 

(Ca~++ Mg~+)-ATPase was prepared ~om 
~m~e  rabb~ (New Ze~and White) hind ~g 
muscle as described in East and Lee [5]. Lipid 
substitutions were carried out according to the 
methods described in East and Lee [5]. Lipid (1 
~mol) was sonicated to clarity with cholate 
(0.5-0.6 mg) in 40 ~1 of buf~r (250 mM sucros~ 1 
M KC1, 5 mM MgATP and 50 mM potassium 
phosphate (pH 8.0)). ATPase (0.125 mg) in a 
volume of 3-10 ~1 was then added and the mix- 
ture incubated for 1 h at 5°C (for fipid c h i n  
~ngths C1~-C20 ) or incubated for 20 min at room 
~mperature followed by 40 min at 5 o C (for ~pid 
c h i n  ~ngths C~-C~) .  A~er incubation, samples 
were dilu~d with 200 ~1 of buf~r (250 mM 
sucros~ 1 M KCI, and 50 mM potassium pho~ 
pha~ (pH 8.0~ and stored on ice until assayed. 

For ATPase assay, 12 ~1 of the ATPase sample 
was added to 2.45 ml of buf~r (40 mM Hepes 
(pH 7.2~ containing MgSO 4 (5.1 mM), ATP (2.1 
mM), phosphoenolpyruva~ (0.53 mM), EGTA 
(1.02 mM), NADH (0.152 mM), pyruvate kinase 
(7.5 IU) and lactate dehydrogenase (18 IU). In the 
fin~ assay medium, the ATPase concentration 
was 0.02 ~M, the molar ratio of phospholipid to 
ATPase was 950 : 1 and the chola~ concen~ation 
0.01 mg/ml: cholate at this concen~ation has no 
effect on ATPase activity. The same conditions 
were used for ~1 fipid substitutions. A~er incuba- 
tion at 37°C for 10 min, the reaction was started 
by addition of CaCI~ to a tot~ concentration of 
0.92 mM and assayed by the decrease in ab- 
sorbance at 340 nm. For experimen~ with ol~c 
add, ol~c add in m~hanol was added d i r e ~  to 
the ATPase a~er dilution into the assay mixtur~ 
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Oleyl ~cohol, however, because of its insolubifity 
in water, was mixed with hpid in cholate before 
the reconstitufion procedure. 

Fluorescence measurements were made ufing a 
Spex Fluorolog fluofimete~ exalting fluorescence 
at 285 nm and measuring the fluorescence inten- 
fity at 340 nm. For these experiment, 36 ~1 of the 
ATPase samp~ was added to 3 ml of buffer (40 
mM Hepes, 100 mM NaC1, 1 mM EGTA (pH 
7.2)) at 37°C, followed by a 10 min incubation 
before measurement. 

Proton was estimated using the extinction coef- 
fi~ent ~ven by Hardw~ke and Green [13]. 

R e s ~  

In the lipid titration procedure [1~ the purified 
ATPa~ is ~cub~ed  with a large excess of test 
~ d ,  fol~wed by ~ t i o n  1200-fo~ ~ t o  buffer to 
ensure that most of the c h ~ e  ~ o d ~  away 
from the ~d-pro te in  com~e~ In the &htion 
step, ~ e  membrane ~forms ~ t o  unsexed mem- 
brane ~agment~ so that the ATPase acti¼~ is 
fully uncoupled from the accumdation of C ~  +. 

In TaNe I are fisted ATPa~ activities for the 
ATPa~ reconstituted into various phospholi~d 

TABLE I 

A T P a ~  ACTIVITIES AT 2.1 mm MgATP A N D  37°C AND 

RELATIVE LIPID BINDING CONSTANTS 

Lipid system ATPase Rdafive Bilayer 
acti~ty annular thickness 
0 . U . / m g )  binding (nm) b 

constant a 

Native 18.4 - 
C~4-PC 3.7 0.8 3.8 

Ca6-PC 19.1 1.1 4.3 

Ca8-PC 24.1 1.0 ~ 4.3 

C20-PC 18.2 - 4.6 
C22-PC 11.5 1.3 5.0 

C24-PC 3.3 1.0 5.3 
3Me C~6-PC 17.4 1.0 - 
4Me C~6-PC 16.1 1.0 - 

Me 4 C~6-PC 12.2 0.8 - 
CaaC~8-PC 21.0 - - 

CIsC14-PC 20.4 - - 
C~4-PC/C~8-PC (1 : 1) 17.9 - - 

a Measured rdative to the binding con~ant of C~FPC. 
b Taken from ReL 4. 

~ By definition. 
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~ 1. A T P a ~  a ~ s  0 . U ~ m ~  ~ r  6 e  reconstituted 
A T P a ~  as a ~ n ~ o n  of the concentration of d e ~  Mcoh~, at 
• e given m~ar  ratio of d e ~  ~ h ~  to 1 ~ ,  m o ~ d  at 
37°C and M ~ T P  = 2.1 mM. A T P a ~  r e ~ n s t i ~  ~ ©, 

~ a ~ P ~  ~ ~ P ~  ~ ,  an ~ m ~  ~ x ~  of C ~ P C  

~ d  C ~ P ~  

bilaye~ at 37°C, pH 7.2 with MgATP = 2.1 mM. 
In pre~ous publications it has been shown that 
addition of oloc add or oleyl ~cohol to these 
reconstituted systems can have marked effects on 
acti¼ty [15,16]. Figs. 1-3 fllu~ra~ the effects of 
these molecules on the acti~ty of the ATPase 
reconstituted into bilayers of CI~PC and CI~PC, 
of the mixed lipids C~4Ca~PC and Ca8Ct~PC and 
of a 50 /50  mixture of C~4PC and CI~PC. 

Reconstitution of the ATPase into bilayers of 
the brominated phosphohpid BRPC resul~ in 
quenching of the fluorescence of tryptophan re- 
fidues in the ATPas~ and it has been shown that 
the fluorescence intenfity F' for the ATPase re- 
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Fi~  2. ATPase activities ( I .U. /mg)  for the reconstituted 
ATPase as a function of the concentration of oleyl ~cohol  at 
the given molar ratio of oleyl ~cohol  to fipid, measured at 
3 7 ° C  and MgATP = 2.1 mM. ATPase reconstituted with: O, 
C ~ P C ;  ~ ,  CI~PC; ~, C ~ P C ;  ~ ,  C~C~FPC.  
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~ 3. ATPase a~ifit~s (I.U~mD ~r the r~onstitmed 
ATPase as a ~ncfion of the concentration of ~Oc ac~ at the 
~ven m~ ratio of ~Oc ac~ to tip& measured at 37 °C and 
MgATP = Z1 mM. ATPa~ reconstitu~d with: ~, C~PC; ~ 

C~PC; O, C~C~PC; ~ C:sC~-eC. 

constituted into a mixture of BRPC and a non- 
quenching fipid can be fitted to the equation 

F'=Ug=O~+O~I-A~ * (1) 

where F 0 is the fluorescence intensity in the ab- 
sence of BRPC and F is the fluorescence intenfity 
when the ~action of rites at the fipid-protein 
interface (annular fite~ occupied by BRPC is fa 
[5,15]. 

Binding of non-quenching ~pid L and BRPC at 
the annular rites can be described by a series of 
d~placement reactions of the type: 

ATPase. BRPC + L ~ BRPC + ATPase- L (2) 

The relative binding constant of L with respect to 
BRPC, K a, is given by 

[ATP~e. L] . [BRPC] (3) 
ra  [ATPase. BRPC] [L] 

and thus 

A ~ 1/(1 + K~XL) (4) 

where x L ~ the mole ratio of L to BRPC in the 
membran~ Since it is assumed that BRPC and 
C ~ P C  bind equally to the ATPase [5], K~ is also 
equal to the rdative binding constant of L with 
respect to C ~ P C .  

Fig. 4 illus~ates the observed fluorescence 
quenching for the ATPase reconstituted with mix- 
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[NON-BROMINATEO LIPID] 

Fi~ 4. Fluor~cence quenc~ng plus for the ATPase recon- 
stituted with mixtu~s cont~ning BRPC at the ~ven male 
fraction of the non-bromine c o n t ~ n g  t~d:  p~nt~ expefi- 
mentfl; sotd finer theoreficfl c~cuhfions ~ee ~xt). (A) C22- 
PC; (B) 3MeC~cPC; (C) 4MeC~PC; (D) M~C~cPC. Fluo- 
rescence expressed as ( F -  F ~ ) / (  F o - F ~ )  (see ~xt). 

tures of phosphofipids and BRPC, expressed for 
convenience as ( F  - Fmi . ) / ( F  0 - F~i . )  where Fmi n 
and F o are the fluorescence inten~ties observed 
for the ATPase reconstituted with BRPC and 
non-quenching fipid L, respectively, and F is the 
fluorescence inten~ty for the ATPase recon- 
stituted with mixtures of L and BRPC. The figure 
also shows the best fits to Eqns. 1 and 4 with the 
relative binding constants given in Table I. Fig. 5 
illustrates the activity of the ATPase reconstituted 
into fipid mixtures. 

30 

25 

2O 

15 ~ / 
~D % ~  ' ' 

0.0 .2 ,a .6 ,8 1.0 

[8RPC] 

~ g  5. ATPase acd@des ~ U J m ~  for ~e ATPa~ recon- 
stituted ~to phospho~d ~ t u r e s  ~ n ~ w ~  BRPC at the 
~ven m~e ~acdon~ measured at 37~C and M ~ T P =  2,1 
mM: O, 3MeC~PC; ~ 4MeC~PC; ~,  C~rPC; ~,  C~-PC. 
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The gd to liquid-crystalline phase ~anfifion 
~mperatures for 3MeC~¢PC and 4MeC~¢PC were 
de~rmined by measuring the ~mperature depen- 
dence of fluorescence p~arisation of the hydro- 
phobic probe diphen~hexatriene (DPH) incorpo- 
rated into fiposomes of the hpids. A sharp phase 
~anfifion was found for 3MeCI~PC, centred on 
18.5°C. The phase ~anfition for 4 MeC~cPC was 
~ss distincL occurring at appro~matdy 10°C be- 
tween a less ordered gd state and a more ordered 
hquid-crystalline state (Ead, C.R.A., unpubfished 
dataL see a~o ReL 16. Thus these hpids will be in 
the liquid~rystalline sla~ at the ~mperature cf 
our expefiment~ 37°C. The reposed phase ~anfi- 
tion ~mperatures of the other ~pids used are ~so 
such that they will be in the liquid~rystalline 
phase at 37°C [17]. 

Discuss~n 

The results p ~ n ~ d  in Table I show that the 
Nn&ng constants of ~ o ~ M ~ ~ s  to. the 
f i ~ w ~ o n  ~ r ~  of the ATPase are indepen- 
dent of ~ a c t  c h i n  ~n~h  and are u n M ~ e d  
by ~e  presence of m e ~  branches ~ the ch~n~ 
The lack of dependence on c h i n  leng~ has been 
d e m o n s ~ e d  p ~ o u ~ y  by Caffrey and F~gen- 
son [~ ufing a fimilar fluorescence quenching 
m~hod but emplo~ng s ~ b d ~ d  p h o ~ h ~  
pids. The lack of ef~ct of m~h~  branches is Mso 
~ s f i n ~  It has been shown that di- 
~ ~ o ~ ~  p m ~  a m ~  
than u s u ~  expanded b~ay~, and that there is a 
loss of the gel to ~ ~ t ~  phase transE 
fion, bo~ p ~ m a ~ y  as a consequence of the 
presence of the four m e ~  groups ~ong the 
c h i n  [18]. Al~ough the meth~ group~ ~ ~  
seem to affect pac ing  in the Hpid bflayer ~ey 
e%denfly do not affect pacing of Hpid and pro- 
t~n.  

S~ce ~e  ~ b b s  ~ee energy of exposure of 
hydrophob~ re,dues to wa~r is high [1~, it is 
u ~ k d y  that any ~ s m ~  b~ween the thickn~s 
of the hydrophobic p o ~ o ~  of ~e  ATP~e and of 
the h~d bHayer ~ l l  reset in s ~ f i c a n t  exposure 
of these re~ons to waeE R a ~ ,  chang~ ~ con- 
~rmation of e~her the p r ~ n  or the ~ d  can be 
expec~d to m i s u s e  any ~ s m ~  in thickn~a 
The ATPa~ contains a numb~ of w ~ e f i ~ d  

hydrophobic a-helic~ sequences flanked by 
charged refidues [2~ so that it seems hkdy that 
the 'thicknesg cf the hydrophobi~ membran~ 
penetrant part of the ATPase will be fimihrly wall 
defined. In genera, a ~ru~ur~ change in the 
ATPase causing ~ change in its hydrophobic thick- 
ness by several A will then be unlikdy However, 
the ATPase is thought to e~st in two different 
conformations E~ and E 2. In the E 1 conformation, 
c~oum binding rites are of high affinity and 
exposed to the outride surface of the sarcoplasmic 
reticulum whereas in the E 2 conformation, the 
c~dum binding rites are of low affinity and ex- 
posed to the infide surface: ~anfition between the 
E 1 and E 2 conformations constitutes the transport 
event [21]. It has been suggesmd that the equi- 
hbrium constant E~/E2 can be determined Kom 
measuremen~ of the fluorescence of the ATPase 
modified with fluorescon isothiocyanate (ReL 21; 
Froud, R.J., East, J.M., Jone~ O.T. and Le~ A.G., 
unpublished observationS. The equilibrium con- 
stant E1/E ~ has been found to change ~om 0.4 
for the ATPase reconsfitu~d with C ~ P C  to 5.2 
for Ihe ATPase r e c o n ~ u ~ d  with C~PC,  at pH 
7, implying a difference in rdative affinity of the 
E 1 and E~ conformations for C ~ P C  and Ca~PC 
(Froud, R.J., East, J.M., Jones, O.T. and Le~ 
A.G., unpubhshed observationg. The equi~brium 
in this sys~m can be defined by the following 
scheme: 

~ l V p ~  K~ ~ p ~  

~ P ~  ~ ~ P ~ E ~  

where KE1 and Km are Mn~ng constants of 
C1~PC rdative to CI~PC for ~e  E 1 and E 2 

con~rmadon~ r ~ p ~ t i v d ~  and K1 and ~ a~ 
the ~ f i u m  constants E1/E~ ~ r  the ATPa~ 
~ c o n s f i ~ d  ~ C ~ P C  and ClcPC, respec- 
tivdy. The ~perimemM~ me~u~d  Mn~ng con- 
stant for C ~ P C  rdative to C~PC,  K',  is #yen 
by: 

K ' =  ( K ~  + ~ K ~ ) / ( 1  + ~ )  

With K~ = 0.4 and K 2 = 5.2, KE1 = 13 KEZ and 
K '  -- 4.4 KE2. K '  has been determined to be 0.83 



[5] so that K m =  2.5 and K m =  0.2. These v~ues 
indicate a ~ronger binding of CI~PC rdative to 
C I ~ P C  to the E1 conformation but a weaker 
binding of C ~ P C  compared to C ~ P C  to the E~ 
conformation, suggesting that the hydrophob~ 
thickness of the ATPase ~ ~ss in the E~ confor- 
mation than in the E 2 conformation. It is, there- 
fo, e, interesting lhat tim~resolved X-ray diffra~ 
tion ~udies have been in~rpr~ed as showing that 
the volume of the hydrophob~ portion of the 
ATPase ~ greater in the phosphor~a~d E 2 con- 
formation than in the E~ conformation [22]. 

The rdative binding constan~ of CI~PC and 
C ~ P C  for the E~ and E: conformations of the 
ATPase derived above correspond to very small 
differences in the ~ee ener~es of binding of C ~  
PC and C ~ P C  to the ATPase. The rdafive bind- 
ing constan~ hsted in Tab~ I suggest that ~ee 
ener~es of binding to the ATPase are g e n e r ~  
hrgdy independent of fatty acyl c h i n  s~uctur~ 
Since ~ee ener~es of di~ortion of proteins can be 
expected to be larg~ the above resul~ suggest that 
it must be the bflayer that di~o~s to match the 
hydrophob~ thickness of the ATPase. Lewis and 
En~eman [23] have sugges~d that only small ~ee 
energy changes are inv~ved in thickening or thin- 
ning a bilayer. 

Because the changes in free energy for the 
~anfitions between the E~ and E 2 conformations 
and b~ween the corresponding phosphorylated 
forms is small, and because changes in the rates of 
these ~anfitions cause fignificant changes in 
ATPase acti~ty, small dif~rences in the binding 
ener~es of phospholipids to these two conforma- 
tions can cause large changes in ATPase acfi~ty 
[21]. The data in Table I indeed shows that the 
acti~ty of the ATPase is markedly dependent on 
the chemic~ structure of the hpid fa~y ac~ chins.  
We find that the highest acti~ty is supposed by 
C~8-PC, with Other longer or shorter fatty ac~ 
ch ins  supporting lower actifity. This is in gener~ 
agreement with earlier ~udies [3,4] except that 
Caffrey and Fdgenson [4] repo~ that the acti~ties 
in C ~ P C  and C~-PC are fi~ually identic~ and 
Johannsson et ~. [3] repo~ that the highest activ- 
ity is supposed by C2~PC. The data in Table I 
shows that the methyl-branched derivatives 
3MeCI~PC and 4MeClcPC suppo~ slightly lower 
activities th~n C ~ P C  and that the actifity of 
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diphytano~phosphatid~chofine (M~ClePC) ~ 
confiderably lower than expe~ed. This presuma- 
bly reflects a rdativdy poor interaction of the 
phytyl chain with the protein surfac~ The pres- 
ence of the large bromine atoms in BRPC may 
fimihrly expl~n the lower activity for the ATPase 
reconsfitu~d with BRPC than with CI~PC (Fi~ 
5). 

Phosphofipids cont~ning methyl-branched fauy 
adds occur in the tissue hpids of animus ~ven 
di~s including phosphohpids cont~ning methyl- 
branched fatty adds [2~. Phytanic add is found 
in quantity in tissue hpids of humans ha~ng the 
xare neurolo~c~ disorder, Refsum's Disease [25]. 
Phospholipids with meth~-branched fatty ac~ 
ch ins  exhibit decreased gd to hquid crystalline 
phase ~an~tion ~mperatures compared to the 
corresponding phospholipids cont~ning un- 
branched saturated fatty adds. The phase Uan~- 
tion ~mperature for dip~mitoylphosphatid~cho- 
hne is at 42°C (see ReL 17), and for 3MeC~¢PC, 
and 4MeC~¢PC at 18.5°C and approx. 10°C, 
respectivd~ It has been sugges~d that meth~- 
branched saturated fatty adds can act like un- 
saturated fatty adds in prokaryotic m~ro- 
organisms to m~nt~n the membrane in the hquid 
cryst~fine phase [26,27]. We show here (Table I) 
that these methyl-branched saturated faay adds 
are able to support reasonable acti¼fies for the 
ATPase, at a ~mperature where dip~mitoyl- 
phosphatidylchofine would suppo~ a very low a~ 
fi¼ty [1~. 

The acti~fies supposed by the mixed c h i n  
phospholipids 1-myri~oyl-2-o~oylphosphati- 
dy~hohne and 1-o~oyl-2-myristoylphosphati- 
dylcholine are dose to that expe~ed for C~¢PC 
(which has the same average c h i n  ~ngth), which 
in turn is dose to that supported by an equimolar 
mixture of C ~ P C  and C~PC:  the acti~ties in 
these sys~ms are not dose to the average v~ue 
observed for the C ~ P C  and C ~ P C  sy~ems (13.9 
I.U./mg). In this sense therefore, the impo~ance 
of the ~pid fatty acyl chins  could be said to be to 
de~rmine the thickness of the ~pid bilayer. How- 
eve5 other expefimen~ suggest that it is not useful 
to characterise the membrane by an 'effec~ve' 
average thickness. In pre~ous ~udies it has been 
shown that addition cf ol~c add or ole~ ~cohol 
to the reconstituted ATPase can have marked 
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effects on ATPase acti~ty, depending on the 
phospholipids present in the membrane (ReL 15; 
Froud, R.J., EasL LM., Jones, O.T. and Lee, A.G., 
unpubfished observations). Fig. 3 shows that the 
effect of oldc a~d on the activity of the ATPase 
reconstituted with the mixed c h i n  hpids Ca4C~ 
PC and C~sC~cPC are closer to effects on the 
ATPase reconstituted with C ~ P C  than with C~¢ 
PC. This is ~so apparent in Figs. 1 and 2 which 
show the effect of addition of oleyl ~cohol. It is 
dear  that the response to oleyl ~cohol of the 
ATPase reconstituted in an equimolar mixture of 
C ~ P C  and Ct~PC is ~milar to that seen with 
C~cPC, ~though the acti~ties are con~stenfly 
lower (Fig. 2). The response of the ATPase recon- 
stituted with C ~ C ~ P C  and C~sC~4-PC, howeveL 
are unlike those seen for the ATPase reconstituted 
with C~¢PC and ag~n are fike those observed for 
the ATPase reconstituted with Ct~PC. For the 
mixed c h i n  fipid it is dear  that the oleyl chain is 
ha~ng the dominant effect on acti~ty. In the case 
of the mixed c h i n  fipids, therefore, a description 
of the membrane in terms of an average c h i n  
length or thickness would not be hdpful. If inter- 
action of phospholipid fatty acyl c h i n s  with 
membrane protons does involve some di~orfion 
of the phospholipid to match the protein surface 
then phospholipid with one Ca4 and one C~8 c h i n  
is not equiv~ent to a phosphohpid with two C~6 
ch ins .  

Despi~ the non-equivalence of the fatty acyl 
c h i n s  at the 1- and 2-portions of the phospholi- 
pid [28], the activity of the ATPase is independent 
of the positions of the C~4 and Ca8 c h i n s  in the 
mixed fipid (Tab~ I). 
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