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Structure-stabilizing effect of albumin on rat ovarian LH/hCG receptors
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Abstract

The stabilizing effect of albumin on structure-functional alteration of LH/hCG receptors was analyzed by thermal
perturbation technique. On exposing the membranes to bovine serum albumin (BSA) the heat inactivation profile of hCG-
binding sites was shifted to a temperature higher by about 5°C (75 values). The receptor destabilizing action of arachidonic
and oleic acids incorporated into ovarian membranes and reversal of this effect when BSA was used as fatty acid scavenger,
may indicate that free fatty acids are responsible for the thermal instability of hCG-binding sites. This presumption was
corroborated by digestion of membranes with phospholipase A, (PLA5). This enzyme exerted effects on the thermal stability
of the receptor protein resembling those observed upon insertion of fatty acids. The membrane fluidization induced by
arachidonic acid can be reversed by BSA. However, alterations of lipid fluidity in membranes were not found to be a
necessary prerequisite for stabilization of the LH/hCG receptor structure. Fluorescence quenching studies indicated that
incorporation of oleic acid or digestion of membrane phospholipids with PLA; elevated the accessibility of fluorophores for
acrylamide. BSA scavenging of free fatty acids approached the quenching rate of control membranes. Analysis of
fluorescence of membranes bound to monodansylcadaverine probe revealed that the negative surface charge derived from
free fatty acids resulted in destabilization of the receptor protein. The effects of free fatty acids on membranes suggest that
altered lipid-protein interactions may directly affect the stability of the LH/hCG receptor structure. © 1999 Elsevier Science
B.V. All rights reserved.

Keywords: LH/hCG receptor; Thermal inactivation; Fluorescence quenching; Fatty acid

1. Introduction tion over the last several years. Previous studies of
hormonal receptors indicated that glycerol had a sta-

The stability of macromolecules in their native bilizing effect on detergent-solubilized ligand-binding
conformation has become a topic of increasing atten- activity. The favorable effect of glycerol on the pres-

ervation of the activity of LH/hCG receptors and on
storage of adenylylcyclase system preparations is well
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acid; OApalmitoyl, oleic acid palmitoyl ester; PLA,, phospholip-

erential hydration of proteins [3]. We demonstrated
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some beneficial effects of glycerol and other osmo-
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that the stimulatory effect of glycerol may be related
to the modified physical state of lipids in the bilayer.
Thermal perturbation was used to monitor structural
changes in receptors [5-7]. Heat inactivation of LH/
hCG-binding sites demonstrated a significant stabili-
zation of the LH/hCG receptor structure when pro-
teoliposomes were reconstituted in the presence of
osmolytes.

Several mammalian cells require the addition of
serum to the culture medium for optimal growth
and protection of cell lines. Plasma components
such as albumin, immunoglobulins and fibronectin
are found to interact with the bilayer, giving rise to
the stabilization effect [8]. In recent years many re-
ports have been published concerning the interaction
of albumin with phospholipid vesicles used as a de-
livery vehicle for drugs, enzymes and antibodies [9].
The higher binding of LH/hCG, as well as of other
proteohormones, to their specific receptors in buffer
containing bovine serum albumin (BSA) is well
known. This report presents considerable evidence
that BSA stabilized the LH/hCG receptor with con-
comitant structural changes, analyzed by heat pertur-
bation technique in its native membrane environ-
ment.

2. Materials and methods
2.1. Materials

Purified hCG (CR 127, 14900 IU mg™') was gen-
erously supplied by NHPP, NIDDK (Bethesda,
MD). Na!®I and ["*C]arachidonic acid were pur-
chased from the Radiochemical Center, Amersham.
Pregnant mare’s serum gonadotropin (PMSG) and
hCG (Praedyn) were from Spofa (Prague). 1,6-Di-
phenyl-1,3,5-hexatriene (DPH), monodansylcadaver-
ine (MDC), cholesterol (CH), phospholipase A,
(PLA,) (from porcine pancreas, 760 U mg™!), oleic
acid (OA), arachidonic acid (AA), stearic acid (SA),
oleic acid palmitoyl ester (OApalmitoyl), L-o-lyso-
phosphatidylcholine palmitoyl (Lyso-PC), bovine al-
bumin, Fraction V, fatty acid free BSA and all other
chemicals were from Sigma. BSA free from fatty
acids was also prepared by the charcoal treatment
procedure of Chen [10].

2.2. Methods

2.2.1. Preparation of membranes

Luteinized ovaries were produced in 25-day-old
rats (Wistar strain) by s.c. administration of 50 U
PMSG followed 56 h later by 30 IU hCG [4]. Ho-
mogenates of ovaries (100 mg ml™!) in ice-cold buffer
A (25 mM NaH,PO4, 1 mM EDTA, 40 mM NacCl,
pH 7.4) were filtered through six layers of surgical
gauze, centrifuged at 1000 X g for 15 min, and the
supernatant was further centrifuged at 20000Xg
for 30 min. The final membrane preparations were
resuspended in the same buffer [4].

2.2.2. Lipids and BSA treatments

Fatty acids and cholesterol were dissolved in di-
methyl sulfoxide and after addition of buffer A with
3.5% polyvinylpyrrolidone the dispersion was briefly
(15 s) sonicated [6]. Ovarian membranes were incu-
bated at 37°C for 30 min with lipids. Membranes
were washed twice and incubated at 24 or 4°C for
30 min with defatted BSA or at 37°C for 30 min with
PLA; in the presence of 2 mM CaCl,. Finally, mem-
branes were washed twice with buffer A.

2.2.3. Thermal inactivation

Aliquots of membrane-bound receptors were heat
inactivated in a water bath by raising the tempera-
ture at a linear rate of about 1°C/3 min. Membrane
preparations were withdrawn at designated temper-
atures and placed on ice until binding activity deter-
mination [6].

2.2.4. hCG binding assay

In hCG binding assay, 0.1 ml aliquots of ovarian
membranes were incubated for 16 h at 20°C with
0.1 ml buffer A+1 mg ml~! BSA with or without
100-fold excess of unlabeled hCG and 0.1 ml
['>’IIhCG (1-1.5 ng, spec. act. about 2.3 TBq g™ ).
After incubation and centrifugation, the membrane
pellets were washed twice with buffer A [6]. The re-
sults are expressed as ['>’I]hCG specific binding per
mg protein [11].

2.2.5. Fluorescence polarization
Fluorescence polarization was measured by a Per-
kin-Elmer LS-5 luminescence spectrometer, equipped
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with a circulation bath to maintain the sample tem-
perature at 24°C. A solution of 2 mM DPH in tet-
rahydrofuran was dispersed by 1000-fold agitative
dilution in 50 mM phosphate buffer, pH 7.4. Ovarian
membranes (100 ug protein) were incubated at 25°C
for 1 h with 2 ml of DPH in the above buffer [12].

2.2.6. Binding of fluorescence probe
Monodansylcadaverine was dissolved in methanol,
added to the membranes in buffer A. Ovarian mem-
branes were incubated at 24°C for 30 min with 10 uM
MDC. Excitation and emission wavelengths were
330 and 520 nm, respectively. Fp.x was determined
by extrapolating reciprocal plot to infinite protein
concentration [13]. The values of the bound and
free MDC were estimated from fluorescence inten-
sities at each concentration of Fp,,x as described by

Azzi [14]. The dissociation constants (Ky) and the
number of binding sites () were obtained from
Scatchard plots.

2.2.7. Quenching measurements

Quenching studies were carried out at 24°C by
adding small amounts of 5 M acrylamide in buffer
A, pH 7.4. The fluorescence intensity was measured
as a function of quencher concentration at a fixed
emission wavelength of 340 nm. The excitation wave-
length of 280 nm was used. The Stern-Volmer
quenching constant, Ky, was calculated according
to the Stern-Volmer equation Fy/F=1+K,[Q], where
F) is the fluorescence of the unquenched fluorophore
and F is the fluorescence at quencher concentration
[Q] [15,7]. The squares method was used to calculate
K.
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Fig. 1. Heat inactivation profile of LH/hCG receptors. The rat ovarian membrane receptor was heat inactivated in the absence (C) or
presence of follicular fluid (LFF), porcine serum (PS), proteins of PS (PS prec.) or BSA. Control values of binding were about 90 fmol
hCG bound per mg protein. Means of two estimations are shown. The experiments were repeated two or three times with similar

results.
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Fig. 2. Reversibility of fatty acid (2 mM) thermal destabilization of the rat ovarian LH/hCG receptor with BSA (5 mg ml™!). For de-

tails, see legend to Fig. 1.

2.2.8. Data analysis

Data were analyzed by ANOVA followed by Bon-
ferroni’s multiple range test. The results were con-
firmed in 2-3 independent experiments.

3. Results

In our previous study, we reported that follicular
fluid isolated from preovulatory follicles of porcine
ovary (LFF) induced formation of LH/hCG recep-
tors [16]. Fig. 1A shows that rat ovarian LH/hCG
receptor can be stabilized in the presence of LFF
during heat inactivation. The heat inactivation pro-
cedure represents a temperature-dependent loss of
LH/hCG-binding sites that can be expressed in terms
of their Ty value, i.e. the temperature at which 50%
of initial binding capacity is preserved [5,6]. The T’
value of about 52°C in control membranes increased
to almost 56°C in LH/hCG receptors heat inacti-
vated in the presence of 10% LFF. However, the
same stabilizing effect was observed when ovarian
membranes were treated in the presence of porcine
serum or isolated proteins after ethanol precipitation
(Fig. 1B). Addition of some plasma components to
ovarian membranes showed that BSA had a stabiliz-
ing effect on the LH/hCG receptor structure. Ther-
mal inactivation of the receptor with different con-

centrations of BSA showed that T, values were
higher by approx. 5°C in the presence of the maximal
effective dose of 5 mg ml~! (Fig. 1C,D). The stabi-
lizing effect of BSA was not dependent on its pres-
ence in the course of thermal inactivation. The effect
was similar when membranes were just preincubated
for 30 min at 24 or 4°C (Fig. 2A). The binding ex-
periments with ['*I]BSA documented that ovarian
membranes did not exhibit specific albumin-binding
sites and that albumin absorbed on membranes could
be effectively washed out (data not shown).

It is well known that BSA strongly interacts with
free fatty acids. Such extraction of FFA might alter
the stability of ovarian receptors. Fig. 2B shows that
preincubation of ovarian membranes with 2 mM
concentration of fatty acids decreased the Ty values
by more than 9°C. Addition of OA palmitoyl ester to
membrane receptors had, however, no effect. Ther-
mal destabilization of the LH/hCG receptor with OA
could be fully inverted by treatment with BSA (Fig.
2B). Removal of fatty acids from membranes was
analyzed by incorporating ['*CJAA into membranes.
After separation of ['*C]AA associated with mem-
branes most of the radioactivity was removed with
5 mg ml~! of BSA at 24 or 4°C (Fig. 3). Thus the
interaction of albumin with ovarian membranes re-
sults in extraction of free fatty acids, leading to sta-
bilization of LH/hCG receptors. Cholesterol is a vital
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Fig. 3. Removal of AA from membranes by increasing concen-
trations of BSA. Ovarian membranes containing ['*C]JAA were
incubated with BSA for 30 min at 24°C (full line) or at 4°C
(dotted line). After washing membranes were solubilized in Sol-
uene-100. Means of three estimations are shown.

lipid constituent of membranes. However, cholesterol
or cholesteryl-hemisuccinate had no beneficial effect
on the AA heat inactivation profile of LH/hCG-
binding sites (Fig. 4A). Thermal inactivation of the

LH/hCG receptor is a quick process. Incubation of
untreated membranes at a constant temperature of
48°C resulted after 5 min in an about 25% loss of
binding sites, while membranes containing OA exhib-
ited an almost 90% decrease. Thermal destabilization
of the LH/hCG receptor was completely reversed by
treatment with BSA (Fig. 4B).

Treatment of ovarian membranes with PLA, re-
sulted in hydrolysis of phospholipids with a concom-
itant decrease of hCG-binding activity [17,18]. The
hydrolysis was accompanied by formation of fatty
acids and lysophosphatides. Fig. SA shows that di-
gestion of ovarian membranes with PLA, diminished
in a dose dependent manner the stability of the LH/
hCG receptor. Thermal destabilization of hCG-bind-
ing sites could be reversed by BSA. Albumin binds
fatty acids as well as lysophosphatides [17]; however,
heat inactivation of the receptor appeared to be little
affected by lysophosphatide (Fig. 4A). Endogenous
regulation of PLA activity is a complex mechanism,
with several factors modulating its activity. Calcium
is a leading candidate. Stimulation of endogenous
PLA activity by 10 mM calcium caused a decrease
of Tsy by about 5°C compared to controls incubated
with the calcium chelator EGTA. The presence of the
same concentration of magnesium had no effect.
Treatment of incubated membranes with BSA stabi-
lized the receptor over the control values, presum-
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Fig. 4. Effect of fatty acids (2 mM), cholesterol (0.5 mg ml~') and lysophosphatidylcholine (1 mM) on stability of the receptor (A)
and time-dependent heat inactivation of LH/hCG receptors at a constant temperature of 48°C (B). Membranes were treated as de-
scribed in the legend to Fig. 1.
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Fig. 5. Reversing effect of BSA (5 mg ml™") on changes induced by phospholipase A, and Ca*" at thermal inactivation of LH/hCG
receptors. (A) Ovarian membranes were first preincubated with 0.2-1.0 U ml~' PLA, in buffer A containing 2 mM CaCl, for 30 min
at 37°C. Membranes were then washed twice and submitted to heat inactivation. (B) Membranes were inactivated in the presence of

10 mM CaCl, or MgCl,.

ably as the result of extraction of fatty acids con-
tained in the membranes (Fig. 5B).

A series of experiments was carried out to deter-
mine whether the changes in thermal stability of LH/
hCG receptors were linked with alterations in the
physical state of membranes. Fig. 6 illustrates that
the destabilizing effect of AA on the LH/hCG recep-
tor is not associated with the ordering of the lipid
environment in which the receptor is embedded. In-
sertion of AA into ovarian membranes significantly
(P<0.001) decreased membrane lipid rigidity and
BSA reversed this effect. The same effect was found
with cholesterol, in which, however, stabilization of
LH/hCG receptor structure was not observed (Fig.
4A). Moreover, preincubation of membranes with
cholesterol or methyl-B-cyclodextrin (20 and 60 mg
ml~!), which was found to selectively extract choles-
terol from the plasma membrane [19], had no effect
on thermal inactivation of the LH/hCG receptor
(data not shown). On monitoring protein-lipid inter-
action, further valuable information can be obtained
by quenching experiments. We used acrylamide, a
neutral dynamic quencher, to see whether fatty acid
modified the quenching of protein fluorescence. The
Stern-Volmer quenching constant (Kg,) determined
from the Stern-Volmer plots for control and OA-

treated membranes was found to be 2.8 M~ and
6.9 M™!, respectively, indicating that OA increased
the accessibility of fluorophores for acrylamide (Fig.
7A). Extraction of OA with BSA was comparable to
the quenching of BSA-treated membranes (4.7 M™!
vs. 45 M™!). Preincubation of membranes with

0.3} N

HH

POLARIZATION

C AA AA+BSA AA+CH BSA

Fig. 6. Effect of lipids on fluorescence polarization of DPH
probe in ovarian membranes. Membranes were treated as de-
scribed in the legend to Fig. 4A.
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as described in the legend to Fig. 5. After washing, the quenching of protein fluorescence was estimated. Means of two estimations

are shown.

PLA, resulted in a similar dose-dependent increase in
the accessibility of ovarian fluorophores and in a
comparable BSA inverting effect (Fig. 7B).

Free fatty acids may provide a negative surface
charge to the membrane bilayer [20]. Evaluation of
the membrane-bound fluorescence probe MDC re-
vealed a distinct difference in the fluorescence inten-
sities in BSA-treated membranes compared to con-
trols. This difference may be explained by the altered
binding capacity of the ovarian membrane resulting
from a decreased negative surface charge. The fluo-
rescence of the MDC probe carrying a positive
charge was decreased. The number of binding sites
and receptor affinity of MDC derived from Scatch-
ard plots were decreased after extraction of mem-
brane free fatty acids with BSA (Fig. 8).

4. Discussion

The results of this study showed that albumin had
a stabilizing effect on rat ovarian LH/hCG receptor
structure. Thermal perturbation methods were used
to monitor structural changes in the receptor. Heat
inactivation of hormone-binding sites on the receptor
molecule provides a direct approach to evaluate al-
terations of receptor conformation which occur as a

N
max Kd
_1 _
20 L (umol.l ) ( umol.mg )
—~ c 12 2.2 44
|
éﬂ BSA 7.2 3.1 15
= 16 [
[=3]
=
o
<
a 12
Z
)
o
m
&) 8
a
=
4 P
1 | 1 | |
0 10 20 30 40 50

MDC BOUND (umol.mgﬁ])

Fig. 8. Scatchard plot of the binding of monodansylcadaverine
(MDC) to ovarian membranes. Membranes were incubated
without or with BSA (5 mg ml~!) and fluorescence intensity of
MDC was estimated at various concentrations of MDC and
fixed amounts of membrane protein (0.4 mg) at 24°C. The dis-
sociation constant (K4q) and the number of binding sites (V) of
MDC were obtained as described in Section 2.2.
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result of hormone binding or perturbation of mem-
brane bilayer [5-7]. Previously, we showed that the
model of thermal inactivation of hCG-binding sites
on the ovarian membrane receptor yielded informa-
tion similar to that obtained by differential scanning
calorimetry [6]. The observed thermal transition was
found to be sensitive to the presence of hCG, supply-
ing further evidence on specific structural changes of
the receptor. Thermal stabilization of the LH/hCG
receptor produced by BSA caused an increase in 7’
values by about 5°C. However, the differences in
binding activity were not associated with any alter-
ation of the relative affinity of the receptor for hCG
(data not shown). Albumin is known to bind free
fatty acids and lysophosphatides and to remove
them from the lipid bilayer. The receptor destabiliz-
ing effect of fatty acids incorporated into ovarian
membranes and the reversal of this activity by defat-
ted albumin corroborates the hypothesis that free
fatty acids are responsible for the thermal instability
of hCG-binding sites. The stability of the receptor
was only slightly affected after insertion of lysophos-
phatides. The role of fatty acids was further strength-
ened by experiments with phospholipase A,. PLA,
cleaves acyl chains from the sn-2 position of the glyc-
erol backbone of the phospholipid, yielding free fatty
acids (predominantly arachidonic acid) and lyso-
phosphatides. The resulting lysophospholipid may
then be further degraded by a lysophospholipase to
fatty acids. The results reported here indicate that
the hydrolysis of sn-2 ester bonds of phospholipids
by PLA; produced effects on the thermal stability of
hCG-binding sites resembling those observed upon
insertion of free fatty acids. The inhibitory effect of
PLA; was reversed upon removal of phospholipid
by-products from the membranes with BSA [17].
However, free fatty acids in membranes may be pro-
duced not only by PLA, but also by other hydro-
lases, such as triacylglycerol lipase, cholesterol ester-
ase and acylcarnitine hydrolase. The free fatty acid
content in the membrane actually represents a bal-
ance between the release of acids by hydrolysis and
their reesterification by acyl transferases. It is highly
conceivable that free fatty acids released from mem-
brane phospholipids have physiological roles, distinct
from their role as precursors in the formation of
prostaglandins.

There have been many attempts to show that mod-

ulation of the physical state of the lipid matrix in
membranes may affect the accessibility and function
of receptors. Thus the activities of serotonin, insulin,
prolactin and LH/hCG receptors were found to be
affected by changes in the order of membrane lipids
[21,22,12]. Free fatty acids have a pronounced effect
also on the activity of several integral membrane
proteins, such as enzymes or receptors [12]. The flu-
orescence polarization results of this study show that
the membrane fluidization induced by arachidonic
acid can be reversed by BSA. However, the rigidify-
ing effect of cholesterol, similar to that of BSA, did
not change the destabilizing activity of arachidonic
acid on the receptor. The results suggest that alter-
ations of lipid fluidity in ovarian membranes may
not be a necessary prerequisite for stabilization of
the LH/hCG receptor structure. The cholesterol-
LH/hCG interaction is especially interesting. As a
structural membrane component, cholesterol is in-
volved in the preservation of cell integrity and mem-
brane fluidity. And yet, despite the widely accepted
assumption that cholesterol plays an important role
in maintaining the functional state of receptors [5],
our results showed that neither addition nor removal
of cholesterol from ovarian membranes had any ef-
fect on the thermal stability of the LH/hCG receptor.

Specific lipid-protein and lipid-lipid interactions
result in a precisely controlled dynamic architecture
of membrane components. The intrinsic fluorescence
of protein appears to be a valuable probe in moni-
toring protein conformation and protein-lipid inter-
action. Quenching experiments indicated that free
fatty acids elevated the accessibility of fluorophores
for acrylamide. An increased quenching rate gener-
ally suggests exposure of tryptophanyl residues and
changes in the dynamics of the protein matrix sur-
rounding such residues [15]. The extracellular do-
main in the rat luteal LH/hCG receptor contains a
tryptophan residue (amino acid 297). The second
tryptophan molecule is located at the first connecting
loop [23]. In addition to extracellular regions of the
receptor, Roche et al. [24] identified an extracellular
connecting loop as an additional potential hormone
contact site. Recently, we demonstrated that modifi-
cation of tryptophan residues was associated with
destabilization of the LH/hCG receptor structure
[25]. The clean-cut effect of free fatty acids on ovar-
ian membranes suggests that the altered lipid-protein
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interactions are directly affecting the stability of the
LH/hCG receptor structure. This effect may be
caused by the presence of a net negative surface
charge provided by free fatty acids [20]. This assump-
tion is supported by binding studies with the fluores-
cence probe monodansylcadaverine. The reduced flu-
orescence intensity of MDC in membranes induced
by free fatty acids was caused by an increase in the
dissociation constant as well as a decrease in the
number of binding sites of MDC. These results cor-
respond with the established finding that the MDC
probe occupies preferentially anionic binding sites.
Removal of free fatty acids with BSA would cause
the membranes to lose their negative surface charge,
thus promoting stabilization of the LH/hCG receptor
structure.
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