Volume 32, nimber 1

FEBS LETTERS

May 1973

LIPID- PROTEIN INTERACTIONS IN MEMBRANES:
ARRHENIUS PLOTS AND HILL PLOTS |
IN MEMBRANE-BOUND (Ca2* }-ATPASE OF ESCHERICHIA COLI

Faunstino SINERIZ and Ricarde N. FALIAS
Jastiiute de Puimiea Bioldpica, Facnltad de Rioguimics, Duhcica ¥ Farmacia,
Untrersitded Naciona] de Tucumdn, Chaceburo 462, Teorrain, Aneniing

and

, Rafil Z. TRUCCO
Ciiedre de Mivrobivlogiz Indusizial, Depariamento de Tecnologia Farmacéutica,
Farulind e Farmacia y Bioguinica, Universidad de Burnos Aires,
Junin 858, Buenos Afres, Argenring

Received 8 March 1973

1. Introduction

Corrzlations between different phwsiologieal
parameters and the fa*ty acul composition of the
membranes of unsaturated fatty acid suxotrophs of
Escherichia coli have been investigated in recen? years
[3]. Different thermal phase transitions were found in
phospholipids from membranes obiained by growing
cells in oleiz and linolenin acid supplemented media
by studies in phospholipid monolayers and by Xeray’
diffraction technigues [2, 3]). This last method con-
firmed the existence of different transition points for
the phase changes of the lip¥ds in intact membranes of
cells grown with oleic and linolenic acids as supple-
ments {3]. The range of Tem'peramrs during which
transition oceurs was 19—29° and 56—~46° for oleic

acid and linolenic acid, respectively. With membranes -

of these same czlis, differences were found in the
Azrhenius plois of growth rates [2] and of several
membrane-associated functions: 1} 1ransport systems

[2—4] and ii} respiratory systems [2, 3}. On the other .

hand, recent studies by Mavis et 4l [5) reported no
differences in the Arrhenius plots of three enzymes
Eound 1o membranes from cells grown with olei¢ and -
finolenic acid, suggestmg in this c¢r<e a lack of mﬂuence
of the lipid phase transitions on the enzyme. We -
studled the tem pcrature deimdence ef the (Caz* £

.30_‘

ATPase (EC 3.6.1.3) of the E. colf auxotroph LO10

grown with oleic and Jinolenic acid. From the point
of vies of ternperature dependence, the enzyme falls

. into the last case shown above. However, the presence

of lipid—protein interaction had been detected by the
study of the allosteric transitions [6]. In the present
report, we provide direct evidence of the methodolo-
gical tmporiance that acguires the study of allosteric
transitions of membrane-bound enzymes in the svalu-

‘ation of protein—iipid inferaciions.

2. Materials and methods

Strain L01C, an unsaturated fatty acid suxotroph
of F. eoli |71 was grown agrobically at 37° ina
defatted L. broth [8] containing 0.05% Triton X-100.
The unsaturated fatty acid supplements were added
as potassium szlts to give a coneentration of 0,02%

-in’ the medium. Membranes were pIered essentr:ﬁly

according, to the procedurs of Evans [9].
{Ca?*)-ATPas¢ aciivity of the membrane was

~ measured as described previously [8]. Ixﬂnbmon by .

sodium was recorded in the range from 0 to 130 M

~of NaCl. Changes of activity with temperature were. -

measured betwezn 107 and 46°. The vatues of n

'_(imm ﬁm Hil :?]Ltsl and acuvatn,n energles (Ea) of
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Fip. 1. Arrhenivs plois of the {Ca®)-ATPase, Membrane-

bound enzyme: Medinm supplemented with oleic (#——8),

and lnolenic acid (o—oc—=), Soluble enzyme: Madiom supple-

mented with Ynolenic acid {#—a&——a), v iz initial velocity

expressed as mole Pifhr.

the Arrhenivs plots were calculaied by the least square
method with the use of a computer. Intercepts (T1)
werte alsp found by computation.

Solubilization of the {Ca?H)-ATPase was carried
out by washing twice the membranes wiih 10 mM Tris-
HZ buffer, pH 7.4 and once more with the same buffer
1 mM. After each washing step, membranes were spun
at 30,000 g for 20 min, The three washings were
pooled ang referred to as soluble enzyme. The activity
remained in the supemnatani after centrifuging at
100,000 g for 1 hr, No differences in the specific
activities of the soluble and particulaie enzy:ne were
noticeabls.
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Fig. 2. Inhibition by Na” of the (Ca®*}-ATPare a1 58°. Mem-
branes from cells grown with oleic {»—=—) and jinolenic
acids {o—o—>5). ‘

3, Resulis

The Arrhenivs plots of the (Ca?*)-ATPare activity
from membranes of exlls grown in 2 mediur supple-
menied with oleic and Inolenic acid ars shown in fig. 1.
Lipid phass transitions do not alter the position of the
break and the vaives of the aclivallon energies under
and below the transitions. An additional proof that the
conformational chenge induced by the tem seratare
is noi influenced by the lipid phase is obiained by the
study of the soluble form of the enzyme. No differ-
gnee in the Arthening plois is observed beiween the
membrane-bound and the scluble enzyme. These facis
indicate thet the breaks and slopes are inherent 1o con-
formationa: changes ir the protein itself and that they
arz not inflaenced by ihe fatty acid composizion of
the membrane. The effect of Na¥ inhibition on the
{Ca?* Y ATVase from oleic and linclenic membranes it
shown i fig. 2. Hill plots with slopes of —©.6 and
—2.3 are obtained. The dependence on the membzrans
of the allosteric behavior is lnst when the enzyms is
solubilized [, 10].

Table 1 :
Values of the activation enesgies, transition points and Hill coefficients of the (Ca®*)-ATPzse,
: Supplémeni Eal Eall . Ti o : p
' to medium Reaifmole Kealimole ) o
Oleic {4)* 117 = 1.5 234225 312212 1602 0.05
- Linolenic {4) 1082 1.0 214209 31.7=:11 - 223 =D0S
i n.s. o T M, n.s. . p < 0.001

~ *®1n parentheses is the mmber of preparations. .
- *® Values are expressed as the mean = 8.EM.
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Results of several determinations of activation
energies, transition poinds and Hill coefficients are
presented in table 1. ' |

Differences were significant only for the values of n,

4, Discussion

Several features of the changes of the Arrhenius
plots distinguish them from the changes in the slopes
of the Hill plets.

The former reflect influences on the catalytic site
while the latter refer to regulatory sites.

All the papers dealing with physicochemical meth-
ods for the study of lipid—protein interactions in intact
membrane stress the fact that these methods are not
sensitive enongh for specitic cases because their resuits
ars statistic, that is, the measurements reflect the
overall contributions of ali the proteins and/or of the
lipid bilayer as a whole [11—13]. The study of Arrhen-

ius and Hill plots of enzymes imbedded in the membrane

might reflect interactions with the surrounding lipid
envivonment st & moze speeific level In the case of the
(Ca=*)-ATPase from £. coli, the influence of the lipid
composition is put in evidence only by means of the
Hill plots. This different respoase (o both methods
could be due to the fact that the ATPase from £ coli
behaves, according to the model of Singer et al. [14],
as a “'peripheral® protein since it can be easily removed
from the membrane. In this case a feeble enzyme—
membrane interaction would arise. This interaction is
detected by means of iie regulatory site for Na™ while
the study of temperature Jependsnce fails in this
purpose. This Tact indicates that the study of the
allosteric behavior of membrane-bound enzyme might
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be a very sensitive pmbE 1c evaluate ]]pjﬂHPIOTBln
interactions,
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