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During enrichment of tile 8-hydroxy-2-(di-n-propyl'lmino)tetralin (8-OH-DPAT)-binding serotonin 5-HTIA receptors from :;hcep 
brain gray matter (membrane isolation, detergent solubilization and reconstitution i~to vesicle:,) a consistent and striking 
increase in the composition of saturated flirty acids was obsc|ved in phospholipids which were coisolated with the receptors. A 
rapid procedure ires been developed for the methylation of free and phospholipid linked fatty acids which were thus analyzed by 
gas chromatography-mass spectrometry (GC/MS). Esterification of free fatty acids and transesterification of phospholipid linked 
fatty acids were achieved with 14% boron trifluoride in methanol (BFa-CHaOH) in 20 s and 50 s, respectively, under low power 
microwave irradiation (60 W) with a post-reaction cooling of < 5 min. This is in contrast to the conventional method of heating 
in a boiling water bath for 10-15 min with BFa-CH3OH which is inevitably preceded by time-con3muing and inconvenient 
clamping of vials and followed by cooling for l0 min before the vials can be safely opened. Analysis of fatty acid p~'ofiles in 
phosphatidylethanolamine (PE) and phosphatidylcholine (PC) from egg yolk, phosphatidylinositol (PI) from bovine liver and 
phosphatidylserine (PS) from bovine brain by b,~th techniques showed comparable results. During detergent solubilization of 
sheep brain gray matter, the overall proportion of saturated fatty acids in PE (major lipid), Pl, PC (major lipid) and PS increased 
from 50-60% in sheep brain phospholipids to 70-75% in 1.5% CHAPS solubilized, reconstituted and biologically active 
serotonin 5-HTIA preparati)ns, in sharp contrast, the proportions of saturated fatty acids in 1.5% Triton X-100 solubilized PE 
(48.1%) (major lipid), PI (6~.6%), PC (60.6%) (major lipid) and PS (62.2%) were not significantly different from those in the 
original sheep brain membr~nes. Strikingly, this was coupled with the occurrence of very low levels of 5-HTIA receptor activity in 
the Triton X-100 solubilize;J preparations. The ":bundancc of 5-HTIA sites in the enriched vesicles obtained only from the 
CHAPS-solubilized preparations was further confirmed by specific radlolabeling of a 58-kDa polypeptidc by the 5-HT=A specific 
ligand p.aminophenylethyl-m.trifluoromethylphenylpiparazine (PAPP) which was coupled to a I"~I-labeled, photoreactive, 
heterobifunctional cross-linker, sulfosuccinimidyl-2-(p-azidosalicylamido)ethyl-l,3'-dithiopropionate (SASD). Thus CHAPS- 
solubilized 5-HTtA receptor preparations are depleted in the more rigid lipids such as sphingolipids and cholesterol, (Banerjee et 
al. (1990) Biochim. Biophys. Acta 1044, 305-314), but are enriched in vesicle-stabilizing, phospholipid-linked saturated fatty acids 
which in tm'n probably stabilize the heptahelical, membrane bound 5-HTIA receptor. 

lntroductioa 

Lipids are major constituents of all organisms. While 
neutral lipids, mainly triglycerides are involved in en- 
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ergy storage, phospholipids form the fabric structure of 
a cell membrane. The molecular structure (phospho- 
lipid head groups) as well as association of different 
fatty acids in the glycerol backbone of phospholipids 
determine the physiochemical properties of mem- 
branes including packing density, molecular shape and 
cross sectional characteristics, solid-state behavior and 
thermotropic phase transitions [1,2]. Therefore, struc- 
tural characterization of phospholipids is essential to 
understand the interactions of phospholipids with 
cholesterol, proteins and metal ions, the processes 
which are crucial in maintaining the integrity and func- 
tion of biological membranes [3,4]. 

We have previously shown that 5-HT~,, receptor 
enrichment leads to the enrichment of PC~ PE, PS, PI 
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and PA at the expense of sphingolipids and cholesterol 
[5] and now we test the hypothesis that the composition 
of phospholipids in the vicinity of G-protein linked 
receptors could differ from that in lipids in other 
membrane domains. Coenrichment of specific 
phospholipid(s) has been reported during the solubi- 
lization of proteins like glycophorin [6-8], the erythro- 
cyte anion channel [9], and Na+/K+-ATPase [10]. It 
has also been demonstrated that intrinsic membrane 
proteins are released from erythrocyte ghosts along 
with a mixture of phospholipids, the composition of 
which differs from that of total red cell lipid [11-13]. 
These findings could signify interactions in the intact 
membrane between the extracted proteins and lipids 
and/or  between the nonextracted proteins and lipids, 
which would survive exposure to detergents. Alterna- 
tively, a cosolubilization of specific lipids could reflect 
a similar affinity of a detergent for those proteins and 
lipids which would enter the same micelle indepen- 
dently of each other. This subject has been addressed 
in a systematic study [14] which shows that the pres- 
ence of membrane proteins in red cell ghosts (as com- 
pared to liposomes formed only from red cell lipids) 
increase solubilization of all membrane phospholipids 
and cholesterol by Tr X-100, thus reflecting an aug- 
menting effect of at least certain membrane proteins 
on cosolubilization membrane lipids by detergents. 
However, it is not certain if such an effect would be 
observed during membrane solubilization by a deter- 
g~nt which i~ completely different from Tr X-IO0. 

Therefore, a comparative study of Tr X-100 with the 
ability of a structurally and othe~,,ise (cmc, charge, 
hydrophobicity, etc.) different detergent such as 
CHAPS to solubilize membrane lipids along with mem- 
brane proteins is essential. The seven-transmembrane- 
helix-containing integral membrane protein, serotonin 
5-HTIA receptor, has been used as a marker, and our 
analysis of both total lipid profile and fatty acid com- 
positions of the constitutent phospholipids by GC/MS 
clearly shows a specific trend in membrane protein and 
lipid cosolubilization by the two detergents tested. 

in order to undertake this task of analyzing a large 
number of phopholipid bands, we had to devise a rapid 
and efficient transesterification method using the tradi- 
tional 14% boron trifluoride in methanol [15] and 
taking advantage of the fact that thc commercially 
available domestic microwave oven can be used to 
accelerate the rate of organic reactions. The high effi- 
ciency of microwave irradiation results in a dramatic 
reduction in reaction time [16] and this has been used 
['or the rapid hydrolysis of bile acid methyl esters, 
pc.prides and proteins [17,18]. Microwave technique has 
also be used to reduce the reaction times for Diels-Al- 
der, Claisen and Ene reactions [19] as well as hydroly- 
sis of benzamide, oxidation of toluene, esterification of 
benzoic acid with methanol and the SN 2 reaction of 

4-cyanophenoxide with benzyl chloride in methanol 
[20]. We now report that it can be used for the transes- 
terification of lipids and we have used the method to 
study fatty acid profiles of phospholipids in detergent 
solubilized preparations. 

Materials and Methods 

Materials. SASD and CHAPS were obtained from 
Pierce (Rockford, IL); Na~-'51 was procured from ICN 
and chloramine T was purchased from Sigma; PAPP, 
serotonin and 8.OH-DPAT were obtained from Re- 
search Biochemicals. Palmitoleic acid, palmitic acid, 
linoleic acid, oleic acid, stearic acid, arachidonic acid 
and their corresponding methyl esters were purchased 
from Sigma (St. Louis, MO). A solution of 14% boron 
trifluoride in methanol and egg yolk phosphatidyl- 
choline were also obtained from Sigma. Phosphatidyl- 
ethanolamine, phosphatidyiserine and phosphatidyl- 
inositol were procured from Avanti Polar-Lipids 
(Alabaster, AL). The microwave oven used for this 
study has a total capacity of 6110 watt (Model M84TMA, 
Amana, IA). Gas chromatography/mass spectrometric 
analysis (GC/MS) were done on a Model 5890 Gas 
Chromatograph coupled to a Model 5970 Mass Selec- 
tive Detector (Hewlett Packard, Palo Alto, CA). The 
capillary column used for the analysis of fatty acid 
methyl esters was fused silica crosslinked with 5% 
phenylmethyl silicone with a 0.33 nm film thickness. 

Transesterification and GC / MS anal.~is. Esterifica- 
tion of fatty acids or transesterification of phospho- 
lipids were carried out in reactivials with a total capac- 
ity of 5 ml and cone capacity of 0.9 ml (Pierce, Rock- 
ford, IL). We added 0.2-0.5 mg of fatty acid or phos- 
pholipids to 2 ml of boron trifluoride in methanol in 
the reaction vials. For the analysis of fatty acid compo- 
sition of phospholipids in serotonin receptor prepara- 
tions, the purified phospholipid band (adsorbed in the 
silica gel) of TLC plates was scraped off and directly 
added to the reagent for transesterification. The reac- 
tion vials were capped under nitrogen with mini inert 
valves. For microwave irradiation, we used the lowest 
power setting of the oven (6{) W) and the time periods 
mentioned in the text. While following the conven- 
tional technique, the vials were heated in a boiling 
water bath for 15 min and then allowed to equilibrate 
at room temperature (23°C) for 20 min. Fatty acid 
methyl esters (FAME) oret~ared from individual fatty 
aL:ids were deliberately extracted in ether instead of 
hexane in order to detect unreacted fatty acid. How- 
ever, FAME prepared from fatty acids showed only 
one spot on TLC, indicating the quantitative conver- 
sion. Therefore, they were analyzed by GC/MS with- 
out further purification. FAME prepared from various 
phospholipids w~re extracted in hexane and purified 
using silica gel columns which were eluted with hex- 



ane/diethyl ether (80:20, by vol). For GC/MS analy- 
sis of FAME, the initial oven temperature of the Gas 
Chromatograph was maintained at 130°C, and after 1 
min of injection, the temperature was raised at a rate 
of 2 C°/min to 200°C, following which the rate of 
heating was increased to 9 C°/min to reach a final 
oven temperature of 280"-C. 

Buffers. Buffer A: 50 mM Tris-HCI (pH 7.4), 0.32 M 
sucrose; Buffer B: 50 mM Tris-HCI (pH 7.4) containing 
l mM EGTA, 5 mM MnCI 2, 5 mM ascorbic acid and 
l0 /.aM pargyline; Buffer C: 25% ethylene glycol in 
Buffer B; Buffer B,,, 21) mM Tris-HCi (pH 7.4), 0.4 mM 
EGTA, 2 mM MnCi 2, 2 mM ascorbic acid and 0.4/z M 
pargyline. 

Sohlbilization and reconstitution of du, ep brain sero. 
tonin 5-HTt. t receptor Enrichment of the 5-HTIA sites 
in sheep brain gray matter, detergent solubi!ization of 
membranes and chlorol'orm/methanol extraction of 
lipids were carried out as described ca,'lier [5]. Briefly, 
sheep brain gray matter from freshly slaughtered ani- 
mals was polytron-homogenized in ten volumes of 50 
mM Tris-HCI (pH 7.4) containing (].32 M sucrose at 
4°C (this is the homogenate, SBH), the .~:uspension 
centrifuged at 1000 x g for l0 min and the pellet 
obtained was washed three times with deionized water, 
resuspended to a protein concentration of about 8-10 
mg/ml in water (this is the enriched pellet, SBP) and 
stored at -70°C until use. Before detergent solabiliza- 
tion, SBP was centrifuged at 100000 x g for 20 min, 
the supernatant discarded, the pellet resuspended in 
cold (4°C) 59 mM Tris-HC! (pH 7.4) containing 1 mM 
EGTA, 5 mM MnC! 2, 5 mM ascorbic acid and l /zM 
pargyline (buffer B), and the mixture supplemented 
with detergent and serotonm to concentrations of 1.5% 
and l/.tM, respectively. Following gentle stirring at 4°C 
for 31) min, the mixture was centrifuged at 100000 x g, 
the supernatant freed from detergent using a Bio-Bead 
SM2 column (2 ml wet Bio-Bead for every 2-ml deter- 
gent extract) and dialyzed against buffer B containing 
25% ethylene glycol (buffer C). The [3H]8-OH-DPAT- 
binding, solubilized and reconstituted serotonin 5-HT~A 
receptor preparation thus prepared (SBDSE) was cen- 
trifuged at 200000 x g and the vesicular pellet ob- 
tained was either gently resuspended in buffer C (to 
obtain an enriched receptor preparation, SBDSP) or in 
some cases, extracted with 10 ml chloroform/methanol 
(1: 1) for 2 h under nitrogen with stirring. The mixture 
obtained was sonicated, insoluble matter (proteins) re- 
moved by centrifugafion, and the supernatant evapo- 
rated under nitrogen. The residue obtained was dis- 
solved by sonication in 3 ml 2 : 1 chloroform/methanol, 
the mixture centrifuged and the supernatant obtained 
was evaporated under nitrogen to obtain a mixture of 
total lipid which was dissolved in 2:1 chloroform/ 
methanol to obtain a 10 mg/ml crude lipid solution. 
The membrane preparations (sheep brain homogenate, 
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SBH, and enriched membranes, SBP)were extracted 
with l0 volumes of chloroform/methanol (l : l, and 
processed as described ,,bore in order to obtain total 
lipid mixtures which were identified, separated and 
estinzated by high performance thin layer chromatog- 
raphy (HPTLC) along wkh :he total lipid mixtures 
obtained from the deter~ent so!ubilized preparations. 

HPTLC analysis. HPTLC analysis of lipids was con- 
ducted by spotting standard amounts of lipids on the 
same plate along with the SBH-, SBP-, SBDSP-lipids. 
The plates (10 x 10 cm) were developed up to 5 cm 
from the origin with ethyl acetate/1-propanol /  
chloroform/methanol/0.25% KCI (25:25:25: 10:9, 
v/v), dried at room temperature for about 15 min and 
then developed full length with hexane/diethyi e ther /  
acetic acid (75:21:4). After drying the plates, the 
bands were viewed by spraying cupric-phosphoric acid 
charring reagent (11)% CuSO 4 in 8% H~PO4) and 
heating at 180°C for 10 min [5] following wllich the 
lipid bands were quantitated by densitometry as de- 
scribed earlier [5]. For GC/MS analysis, the HPTLC 
plates were partially exposed to iodine and the respec- 
tive lipid bands marked, scraped off and collected from 
the unexposed parts of the plate. 

Binding assay of  the recepr,.)r actit,ity. Tt~e 8-OH- 
DPAT binding activity was assayed by incubltion oi" a 
receptor preparation (protein _< 1 mg) in Buffer B~, at 
23°C in the presence of 1.2 nM ['~H]8-OH-DPAT for 
20 min (total volume 1 ml). Non-specific bin:ling was 
determined in the presence of l0 gM serotoain. The 
bound ligand was separated from the free by filtration 
through 0.3% PEl-soaked G F / B  filter strips and Bran- 
del M 24R cell harvester followed by washes with cold 
(4°C) l0 mM Tris-HC! (pH 7.4), l mM EGTA (3 × 6 
ml) [51. 

Coupling o~ ~ SASD to PAPP and radiolabeling of the 
serotonh~ 5-HTtn receptor. This step and the next were 
carried out in the dark, under a 25 watt red light in a 
fume cupboard [21]. Chloramine T (10 ~i of a 10 
mg/ml solution in DMSO) was added to a reacti-vial 
contairing a mixture of SASD (2.0 /~mol) in DMSO 
(100/.tl), 10 p.! of Na~251 in 0.01 M NaOH and 3 ~1 of 
aqueous KI (3 mg/ml). The vial was immediately stop- 
pered and hand shaken, gently, for 2 min and the 
solution obtained was transferred to a screw-cap test 
tube containing a serotonin 5-HT~A receptor-specific 
ligand, PAPP [22] (0.7 mg, 2.0 ~mol in 0.5 ml) in 0.1 M 
borate buffer (pH 8.4). After 30 min, the total mixture 
was loaded on a sandwich column made of Amber!ite 
IR-45 (-NH a) (5 ml)-glass wool-cellulose phosphate 
(H +) (5 ml) and the column was eluted with deionized 
water. The fractions (! ml) corresponding to the first 
peak of radioactivity (y) (fractions 4-6), which con- 
tained [tESI]SASD-PAPP, were pooled and stored 
frozen in a sealed tube in the dark at -20°C until use. 
Completion of the reaction and purity of the product 
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were checked by silica-gel thin-layer chromatography 
under red light (using 4% methanol in chloroform for 
development) and autoradiography (overnight) at 
-70°C for visualization t,f the spots. Following auto- 
radiography, the plates were stained with iodine to 
detect non-radioactive compounds. The purified sam- 
ple of [i-'51]SASD-PAPP moved as one major spot at 
Rf ~ 0.2. Conversion of PAPP to [ 1251]SASD-PAPP was 
almost quantitative when a 1.5-fold molar excess of 
SASD was used. 

Radiolabeling of the serotonin 5-HT~a sites was 
carried out by incubating SBDSP (200 p l, approx. 0.4 
mg protein) for 20 rain at 23°C with 50 ttl of 
[~'~I]SASD-PAPP (corresponds to approx. 80 nmol 
PAPP and 100000 cpm/min) in Buffer B,, (total vol- 
ume 0.8 ml) in the absence and presence of 2 /zmol 
(20-fold excess) and 10 pmol (10(l-fold excess) of 8- 
OH-DPAT, and then cooled in ice for 10 rain. The 
samples were then irradiated at 36b nm fl)r 10 min at 
4"C using a hand held UV lamp (MINERALIGHT) 
placed at a distance of 8 cm from the samples. A 
control sample containing no displacer was left covered 
in the dark. The resulting mixtures were filtered 
through Bio-Gel P-2 columns (2 ml each) under cen- 
trifugation (using a table-top centrifuge) and the eftla- 
ents were analyzed by SDS-PAGE as follows. 

SDS-PAGE analysis. The radioh:beled samples ~ 100 
/~1 of each), the laC-labeleO protein: sta,daids ant!the 
affinity chromatography fractions were treated with 
0.625 M Tris-HC! (pH 6.8), 20 mM DTT, I% SDS and 
10% glycerol for 3 min at 100°C. After 0.1% SDS- 
PAGE (10%), the dried gels were subjected to auto- 
radiography at -700C. Silw:r staining of a gel run to 
compare protein profiles of the total reconstituted 
preparation (SBDSE), the enriched vesicular pellet 
(SBDSP) and the extra-vesicular supernatant (SBDSS), 
all obtained from CHAPS-treatntent of membranes 
(SBP) was carried out using a Bio-Rad silver stain kit. 

Confirmation of ~'esicle formation by electron mi- 
croscopy. The vesicles in SBDSE were centrifuged at 
21)0000 x g for 20 min to obtain a pellet (SBDSP) 
which was fixed with 2% glutaraldehyde in 0.12 M 
Tris-HCI (pH 7.3) a~ld then treated with 1% OsO4. 
Following this, the pellet was embedded in epoxy resin, 
carefully cut and made into thin sections which were 
treated with uranyl acetate and Reynolds' lead citrate. 
Electron microscopy was carried at 60 keV using a 
Philips 2(11 electron microscope. 

crowave irradiation for various time periods and the 
products were analyzed by HPTLC-charring (Fig. 1). 
These experiments showed that microwave radiation 
under the lowest power setting was sufficient to drive 
the esterification of free fatty acids to completion in 20 
s, and the yield was quantit~fi,:c 1,y both conventional 
and microw~,ve irradiation methods. Coinjection of au- 

.thentic methyloleate and oleic acid-methylation prod- 
ucts obtained by both conventional and microwave 
irradiation methods produced a single gas chromato- 
graph peak, and also mass spectra of both the products 
were identical (Fig. 2) thus establishing microwave- 
accelerated esterification as an effective alternative of 
the conventional method of heating. 

Palmitoleic acid, palmitic acid, linoleic acid, oleic 
acid, stearic acid and arachidonic acid were converted 
to their corresponding methyl esters using 14% boron 
trifluoride in methanol under microwave irradiation. 
After the reaction, an ether extract of the crude prod- 
uct showed a single spot following TLC, corresponding 
to a fatty acid methyl ester standard, indicating a 
complete conversion of the acid to its methyl ester 
under microwave irradiation. The esterified acid was 
then further analyzed by GC/MS in order to compare 
its gas chromatographic retention time and mass spec- 
tral characteristics with an authentic sample. For each 
fatty acid methyl ester thus synthesized, the retention 
time and mass spectral fragmentation pattern was com- 
pared with an authentic sample (Table !). Moreover, 
coinjection of fatty acid methyl ester prepared under 
microwave irradiation with the corresponding authen- 
tic sample produced only one peak in the total ion 
chromatogram and the same mass spectral fragmenta- 
tion pattern, clearly indicating that the synthetic prod- 

Meoleate.~ i ~  ~o-, ~ ~  
Oleic acid ,e ~ , ,  

Results 

Esterification of fatty acids 
In order to determine the time of completion of 

esterification under microwave irradiation a mixture of 
three fatty acids was subjected to BF3-CH3OH treat- 
ment by both conventional method and under mi- 

I 2 3 4 5 6 

Fig. 1. Time-course of fatty acid esterification by BF3-CH.aOH treat- 
ment under low power microwave irradiation. HPTLC profile o! 
esterification products of free fatty acids: lanes 1 (lipid standards, 
oleic acid and methyl oleate), 2 (time '0', reaction quenched before 
microwave irradiation), 3 (2 s), 4 (8 s), 5 (16 s), 6 (20 s). The plate was 

developed using hexane/ethyl Hher/acefic acid (73:24: i, v/v). 



uct and the authentic sample have the same chemical 
identity. 

Transesterification of phospholipids 
Under low power microwave irradiation, transesteri- 

fication of PE was complete in 50 s (Fig. 3), and from 
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similar experiments it was also observed that the trans- 
esterification profiles of PC~ P! and PS w~re identical 
to that observed for PE. Transesterification of egg 
phosphatidylcholine, ~:)hosphatidylcthanolamine, as well 
as phosphatidylserin~ (bovine brain) and phosphatidyl- 
inositoi obtained from bovine liver, by both microwave 
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TABLE I 

Retention times and mass spectral characteristics of authentic samples ~nd fatty acid methyl esters synthesized under mk,rowm'e irradiation 

Fatty acid methyl ester Retention time Mass spectral characteristics (m / z ) 

standard microwave standard microwave 

Methyl palmitate 20.98 21.00 270 ( M  + ) 270 ( M  * ) 
74 (base) 74 (base) 

Methyl palmitolate 19.97 19.98 268 (M + ) 268 (M + ) 
74 (base) 74 (base) 

Methyl stearate 29.61 29.86 298 (M + ) 298 (M + ) 
74 (base) 74 (base) 

Methyl oleate 28.45 28.24 296 (M + ) 296 (M + ) 
55 (base) 55 (base) 

Methyl linoleate 28.02 28.03 294 (M + ) 294 (M ~ ) 
67 (base) 67 (base) 

Methyl arachidonate 35.26 35.32 318 ( M  ' ) 318 ( M  ~ ) 
79 (base) 79 (base) 

technique and conventional technique provided com- 
parable results (Table !1). Individual compositions of 
various fatty acids obtained by both techniques were 
not statistically different (independent t-test, two- 
tailed). Interestingly, the total proportion of unsatu- 
rated fatty acids often tgnds to be higher (although not 
statistically significant) by microwave technique as 
compared to the conventional method. This might be 
attributable to little better stability of unsaturated fatty 
acyl chains during transesterification under microwave 

irradiation, and thus it offers one more jttstification I'or 
the use of microwave accelerated transestcrification. 

Phospholipid-linked fatty acids m serotonin recei,~tor 
membrane and ve:dcle preparations 

The phospholipids obtained from ali sheep brain 
serotonin receptor preparations contained r~rimarily PE 
(major lipid), PI, PC (major lipid) and Pq as deter- 
mined by HPTLC technique. Fatty acid profiles of 
individual phospholipids were studied in triplicate by 

TABLE I! 

Fatty acid conq~siticm~ of t'arious phospholipids 

Fatty acid Percent of total fittty acids ' 

egg bovine liver egg bovine brain 
PE Pl PC PS 

oInv " micro t~ cony a micro b ,.onv '* micro i,, ('x,,~, '* micro l, 

Palmitoleic 
(16: I) 11,8 (0,21 0.8 ((1.2) - - 0.6 (0.2) 0.8 (0.3) - - 

Palm(tic 

(16:0) 37,6(3.4) 34,4 ( i .5)  42.4(!.71 40 .9 ( I . I )  31.8(2.51 31.3 (I.4) i.8 (0.1) i.7(11.31 
Stearic 

( 18:0) 12,4 (0,8) 12,3 (0,8) 19,8 (2,2) 16.5 ( 1.41 15,6 (1.31 14.3 (0.8) 48.2 (0.9) 48.0 (0.6) 
Oleic 

( 18: I ) 41,8 (3,0) 43,9 (1.7) 32.4 (I,7) 35,9 (1,6) 33.4 (3.9) 32.7 (1.6) 47.9 (0.8) 48.2 (0.3) 
Linoleic 

(18:2) 6,4(1,1) 7.2 (2.4) 5,6 (1.2) 6 .9 ( I . I )  13.4 (1.3) Ib.0(2.11 - - 
Arachidonic 

(20:4) I,I (11,11 1,4 (0,2) - - 5.1 (0.4) 5.0 (0.3} 2.1 (0.1) 2.1 ((;.,~) 

Saturated 

fatty acids 49,9 (4,2) 46.7 (!,2) 62.3 (3.6) 57. I ( 1.5 ) 47.4 (2.5) 45.7 ( 1.21 50.0 (0.9) 49.7 (0.5) 
Unsaturated 

fat~' acids 50,1 (4,2) 53,3 (!,2) 37,7 (3.5) 42.9 (!.5) 52.6 (2.5) 54.3 (I.21 50.0 (0.9) 50.3 (0.51 

a Transesterification by conventional technique. 
b Transesterification under microwave irradiation. 

c S~:~Mard deviation in either case is shown in parentheses, n = 3). From independent t-test analysis the difference in results obtained by the 
two methods was found to be insignificant for each fatty acid. 
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FiB. 3. Tin)e-course of transesterification of phospholipids by B F r  
Cl taO !t under low power microwave irradiation, l tPTLC profile of 
transesterification products of PE: hines 1 (10 s), 2 (20 s), 3 (31) s), 4 
(411 s), 5 (50 s), 6 (61) s). The plate was first deveioped up to R t. 0.8 
using ethyl aceta te / l -propanol /chloroform/methanol /0 .25% KCI 
(aq): 25 :25 :20 : !5 :9  dried and then developed full length using 

hexane/ethyl ether acetic acid 175:21:4, v/v). 
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TABLE !I! 

Faro, acid composition of phosphatidylethanolamine (PE), Phospha- 
rldylinositol ( PI ), phosphatidylcholim. (PC) and phospha tidylserine ( PS ) 
of sh:'ep brab~ enriched membranes (SBP) contabmzg the serotonin 
5-1tTtA reccptor 

Fatty acid Percent of total fatty acids a 

q PE PI PC PS 

Myristic 
(14:0) 1.4 (0.2) 2.9 (0.4) 5.1 (0.3) 0.5 (0.1) 

Pentadecanoic 
(15:0) - 1.310.1) 2.7 ~n..5) - 

Palmitic 
(16:0) 20.3 (I.0) 36.6(3.0) 378(1.I)) 36.912.6) 

Palmitoleic 
(16: I) 6.6 (0.3) !1).8 (I.9) 12.1)(i.¢)) 9.7 (1.1) 

Stcark 
118:1)) 29.1(1.2) 23.8(2.3) 11.8(11.6) 22,711.3) 

Oleic 
(18:!)  35.4(2.5) 22.4(I.I)  29.411.2) 20.7(2.9) 

Linoleic 
(18:2) 2.0(0.2) - 3.1 {0.2) 

Arachidonic acid 
( 2 0 : 4 )  3.2 tu .4)  2.1 (0.3) 1.1 (0.2) 6.3 (0.5) 

Saturated 
fattyacids 50.8(2.1) 64.6(1.4) 57.511.5) 60.1 (1.5) 

" Standard deviation is showa in parentheses (n = 3). 

TABLE IV 

Fatty acM composition qf the detergent-solubilized and reconstituwd sheep brain preparations 

F~lty acids Percent of total fi~tty acids " 

PE PI PC PS 

[~H]8-OH-DPAT 
binding 
(cpm/nlg protein) 

( C H A P S )  
14:0 0.8 (0.3) 5.7 ( 1.4 ) 0.5 (0. ! ) 0.4 (0. I ) 
15 :(! - 3.5 (0.7) - - 
16:{) 45.1 (2.6) 32.1 (3.4) 50.8 (I.9) 43.1 (1.3) 
lfi:l 0.5 (0.2) 8.5 (1.2) 0.7 {0.I) 1.1 10.2) 
18:0 18.8 (0.9) 32.3 (2.6) 21.2 ({).6) 33.6 (1.8) 
18: I 30.8 (0.9) 17.5 (1.2) 26.8 (1.4) 21.5 (2.1) 
20:1 4.1 (0.4) 0.5 (0.1) - - 

Saturated 
fatty acids" 64.7 (2.1) 73.6 (2.2) 72.5 (i .5) 77. ! (2.5) 

(Tr X- 100) 
14:0 1.2 (0.3) 0.6 (0.2) - - 
16:0 12.011.9) 26.5 (3.3) 40.3 (0.8) 19.0 (1.8) 
16:1 1.3 (0.2) 7.7 (i.0) 1.9 (0.4) 4.1 (1.0) 
18:0 34.9 (0.7) 36.5 (4. ! ) 20.3 (0.7) 43.2 ~ l.a, 
18:1 39.8 (0.7) 25.8 (3.1) 35.4 (1.1) 32.1 11.4) 
18: 2 0.7 (0.2) - - - 
20:4 9.9 (1.5) 2.9 (0.5) 2.0 (0.1) !.6 (0.3) 

Saturated 
fatty acids h 48.1 (2.8) 63.6 (2.6) 60.6 (I.4) 62.2 (2.5) 

12551 ( ± 350) 

.~41J t :I: i 7) 

a Overall proportion of saturated fatty acids in each phospholipid was significantly higher than that in SBP. 
b Overall proportion of saturated Jr  unsaturated fatty acids in each pho~pholipid was not significantly different from that in SBP. 
c Standard deviation (n = 3) is st  own in parentheses and significance of data was assessed by independent t-test. 
d Binding assays were carried out in triplicate using 50-100 ~tl of each solubilized and reconstituted preparation in the presence of 1.15 nM 

[" H]8-OI,-DPAT and 2.75.105 cpm/sample  [5]. 
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transesterification under microwave irradiation (Table 
lll). 

In the enriched sheep brain membranes (SBP), the 
major fatty acids f:)und in PE, PI, PC and PS were 
palmitole~c, palmitiC, linoleic, oleic and stearic. Arachi- 
donic acid and o~her polyunsaturated fatty acids were 
minor components. Only small amounts of pentade- 
canoic acid were present in PI and PC, and the propor- 
tions of fatty acids in the SBP-phospholipids were 
similar to those of the iipids present in the crude 
homogenate obtained from sheep brain gray matter 
(SBH). The overall proportions of phospholipid-linked 
saturated fatty acids were 50.8% (PE), 64.6% (PI), 
57.5% (PC) and 60,1% (PS). 

In sharp contrast, after membrane solubilization with 
CHAPS followed by removal of detergent and rcconsti- 
tutien in the cosolubilized lipids, it was found that the 
proportions of saturated fatty acids in the CHAPS- 
solui~ilized membrane lipids were sigaificantly higher: 
()4.3t:~,e/~ for PE, 73,6')~ for PI, 72.5c~ for PC and 
77.1% tbr PS (Table IV). The CHAPS-solubilized 
preparations thus obtained also displayed high and 
consistent ['~H]8-OH-DPAT binding activity as re- 
ported curlier [5] even after repeated centrifugal sepa- 
ration of the lipid vesicles containing the 5-HTIA sitcs 
followed by gentle resuspension. Membrane solubiliza- 
tion in a similar way using Triton X-i(}(} followed by 
reconstitution, yielded a similar, vesicle-containing 
preparation. However, the extracted phopholipids con- 
tained saturated fatty acids in the proportions of 48. i g 
for PE, 63,6q~, lbr PI, h(|.6~ for PC, and 62.2~; for PS 
which were not significantly higher than the fatty acid 
proportions in the SBP-phospholipids. Interestingly, 
the Triton X-10(}-solubilizcd preparations contained 
virtually no 5-HT~a sites as shown by negligible [~H]8- 
OH-DPAT binding. For both detergents the solubiliza- 
tion was carried out at an optimum concentration (hw 
the solubilization of both proteins and lipids)of I.SC~i, 
the details of which will be published elsewhere. 

The polypeptides which were retained by the bio- 
logically active (['~H]8-OH-DPAT binding) vesicles ob- 
tained after SBP-s~lubilization by CHAPS followed by 
detergent remtwal, reconstitution by dialysis (unen- 
riched vesicles, SBDSE) and two cycles of centrifugal 
separation of the vesicles thus obtained (200-2000 A 
from electron microscopy, electron micrograph no~ 
shown for brevity) at 2(X)0(X)xg ~enriched vesicles, 
SBDSP) were analyzed by reducing 0.1¢~ SDS-PAGE 
(Fig, 4a, lanes 3 and 4) and compared with the pol~- 
peptides in the unenriched vesicles (SBDSE) and the 
biologically inactive (['~H]8-OH-DPAT binding) first 
supernatural ~SBDSS) obtained after separation of vesio 
cles. The enriched vesicles (SBDSP) displayed ~ broad 
band at 58 kDa and two other major polypeptide bands 
at 40 kDa and 35 kDa, and large amounts of poly- 
peptides which were not retained in ~he vesicles were 

1 2 3 4 5MrXl 'z3u 
0 -3 ~ ~  
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Fig. 4. The serolonin 5-1|Tla receptor ix firmly associated with 
vesicles formed from coisolated lipids. (al (l, l g  SI)S-I)AGE (l(|r.:~ 
acl.'ylamkle) of enriched membranes (SBI)) (lane I, .~ p.g protein), 
('llAPS-m)lul~ilizcd and recon:,liluled preparation (SIIDSI~.)Uane 2, 
12 #g proteinl, enriched 5-111"u, , and lipid preparation (SBI)SP) 
obtained after t~,vo rounds of 200000 x g .,,epatation of vesicles from 
SBI)SE (lanes 3 and 4. 12 ~g prolein/lane), tile rirsl ,,~upernatant 
(SBDSS) obtained from SBDSE after 2(|()(lllll x g separation of vesi- 
cles (lane 5, 12 p.g protein), and ~'~C-labelcd protein slandards 
(autoradiogram strip obtained from the same gel) (lane 6). Following 
silver shrining major polypeptide bands were observed at 58 kDa, 40 
kDa and 35 kDa (a doublelL (b)(I.Ig; SDS-PAGE (10g; acr)lamide) 
of polypeplide,, radiolabeled by [I:~I]SASD-PAPP i,! the enriched 
vesicles (SBDSI)): radiolal~eling of the 5-11Tt. x sites was carrk:d out 
in the al~seace (hines 3 and 4~ and tile presence of 20-fifld (lane 2) 
and I(NMold (hmc I ) excess of ~-OII-DPAT. Molecular weight ot the 
radiolahelcd I'Jallt[,~ were determined wilh respect to 14('-Ialleicd 
slaadard proteins (lane 5), Specit'ic radiolabeling of a 5~-kDa 
pol~pcptidc is ol~served, and it exaclK' corresponds in molecular 
"..~ :ight to tIle 58-kl)a silver stained I~and as obtained in (a} after 

SDS.I)AGI - of Ihe enriched vesicles (SBDSP). 

found in the first supernatant (SBDSS). Upon radiola- 
beling of the enriched vesicles (SBDSP) using the hct- 
erobifunctional cross-linking agent SASD which was 
coupled to the serotonin 5-HT~A receptor-specific iig- 
and PAPP [22], only a 58 kDa polypeptidc band was 
found to be radiolabelcd. The labeling could be dis- 
placed by increasing concentrations of a different sero- 
tonin 5-HTIA receptor-specific ligand, 8.OH-DPA'F 
(Fig. 4b). Therefore, the polypeptide band at 58 kDa 
contains the serotonin 5-HT~A receptor protein as at 
least one of its components. Since it is unlikely to have 
a large number of polypeptidcs with the same molecu- 
lar weight (58 kDa), it is most probable that a protein 
complex (receptor + G-proteins + other proteins) 
formed by the serotonin 5-HT~A receptor and a few 
other polypeptides (Fig. 4a, lanes 3 and 4) is tightly 
associated with the lipids in the enriched vesicle.~ 
(SBDSP). 

Discussion 

A rapid method for transesterification of fatty acids 
GC/MS analysis of fatty acids present in every 

phospholipid band involved transesterification followed 



by extraction of the product and immediate injection 
(in order to avoid oxidation of polyunsaturated fatty 
acids) into the GC/MS system. The conventional 
method of transesterification involves a lengthy process 
of heating a water bath to 100°C and heating the 
reacti-vial containing the reaction mixture for 15 min 
using various clamping arrangements and finally, once 
the reaction is complete, a wait of 10 rain until the 
contents of the vial come to atmospheric pressure. 
When the reaction is carried out within 20-5i) s in a 
microwave oven, the contents, which are not heated as 
much as in the conventional technique, come to atmo- 
spheric pressure within 3-5 min, and one can save at 
least 30 min per sample. The sample can then be 
extracted, purified and injected into the GC/MS appa- 
ratus immediately after the reaction without storage, in 
order to obtain the most reliable results. 

Differential sohlbilization o1' iduJs/dudil~ids by 7)'iton X- 
100 and CitAPS 

The total amount of phospholipids extracted from a 
2.3-ml aliquot of SBP containing 20 mg protein was 6.3 
mg for CHAPS (7 mg of solubilized protein) and only 
2.3 nag fi~r Tr X-100 (10 mg of solubilized protein), as 
determined by densitometry [5]. Th!8 was not sufficient 
to explain the large difference in [3H]8-OH-DPAT 
binding activity between the solubilized and reconsti- 
tuted preparations obtained using these two detergents 
(Table IV). Therefore, it is thought provoking to note 
that the highly active, CHAPS-solubilized and reconsti- 
tuted preparation of 5-HTnA sites (SBDSP) also con- 
tains strikingly higher proportions of phospholipid- 
linked saturated fatty acids which might be expected to 
stabilize membrane and vesicular structurc~ more than 
the c/s-double-bonded unsaturated fatty acids. Cou- 
pled With this is the fact that only a few major poly- 
peptides along with the serotonin 5-HTnA receptor 
protein are retained by the enriched vesicles {SBDSP) 
(Fig. 4a). Implications of this could be that an integral 
membrane protein such as the serolonin 5-HTnA recep- 
tor, which contains seven transmembra,~e helices, and 
some other associated proteins (these p,oteins contain 
GTP-binding activity and adenylate cyclase activity) 
(Banerjee et al., unpublished observation) are so 
mongly associated with the membrane stabilizing, sat- 
urated-fatty acid containing phospholipids that those 
lipids co-solubilize along with the receptor. Thus fur- 
ther separation of the lipid vesicles by centrifugation 
followed by gentle rcsuspcnsion would lead m total 
retention of the serotonin 5-HTtA receptt, r and the 
associated proteins. Such co-0urification of G-proteins 
along with adenosine A1 receptors [23] and fatty acids 
along with the fl-adrenergic receptors [24] have been 
documented before, and enhancement of overall lipid 
solubilization by detergent-solubilized proteins has also 
been reported by McDonald [14]. 
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The second alternative could be /h,tt CHAPS, be- 
cause of its ability to preferentia!!y ,,olubilize satu- 
rated-fatty acid containing phosphoglyct, rides which can 
form tighter and stabler vesicles than the cis douhle 
bondec' ansaturated-fatty acid containing phosphoglyc- 
erides, is able to produce such vesicles where solubi- 
lized, integral membrane proteins are stabilized and 
efficiently reconstituted. This, in combination with the 
superior ability of CHAPS to solubilize the heptaheli- 
cal, G-protein bound receptors, prob,:lbly given rise to 
the large difference in [3H]8-OH-DPAT binding activ- 
ity of the CHAPS- and Tr X-100-solubilized and recon- 
stituted preparations. 

There is a finite possibility of preferential stabiliza- 
tion of the serotonin 5-HTtA receptor by CHAPS which 
could be unrelated to the co-solubilization of lipids, 
since Mestikawy and co-workers reported the solubi- 
lization of the serotonin 5-HT~A receptors front rat 
brain using 0.5% CHAPS without the following step of 
reconsitution of the solubilized receptor in lipid vesi- 
cles [25]. However, in contrast, a soluble form of the 
bavine brain serotonin 5-HT t receptor was successfully 
obtained only after reconsitution in non-endogeneous 
phospholipid vesictes [26]. In our hands, the sheep 
brain serotonia 5-HT~A receptor was obtained in a 
soluble form only when it was solubilized along with 
endogeneous lipids at 1.5-2% CHAPS and the solubi- 
iized [3H]8-OH-DPAT binding activity was three-fold 
higher when the receptor was preliganded (with ! /zM 
serotonin or 8-OH-DPAT) before solubilization. A 
[3H]8-OH-DPAT binding assay of the detergent-ex- 
Irac;. immcdiatc!y after solubilization with 0.5% or 
higher concentrations of CHAPS (the receptor cannot 
bc prcliganded in the absence of either post-sdubiliza- 
lion dialysis or gel filtration which removes the ligand 
and frees the receptor for ligand-binding) never pro- 
duced any discernible activity [5]. 

Finally, we could never recover any [~ H]8-OH-DPAT 
binding activity by reconstitution in vesicles formed 
from non-endogeneous lipids ( P E / P C / P S / P I /  
cholesterol) added in the same proportion as in the 
active vesicles but to a 1.5% CHAPS solubilized prepa- 
ration which had been delipidated by Sephacryl-200 gel 
filtration chromatography. This strongly suggests that 
there is indeed a lipid-receptor association which could 
be essential for maintaining biological activity of the 
sheep brain 5-HT~A receptor. While studies with more 
detergents are required to reach a firm conclusion, our 
present report gives a new perspective about CHAPS 
which ha~ been widely used in recent times for the 
solubilization of various receptors [5,23,27,2~]. 
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