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A cellular membrane affinity chromatography (CMAC) column has been created using cellular membrane
fragments from a 1321N1 cell line stably transfected with the P2Y; receptor. The CMAC(1321N1pay1)
column contained functional P2Y; and histamine 1 receptors, which independently bound receptor-
specific ligands. The data obtained with the CMAC(1321N1p2y1) column demonstrate that multiple-G-
protein coupled receptor (GPCR) columns can be developed and used to probe interactions with the
immobilized receptors and that endogenously expressed GPCRs can be used to create CMAC columns. The
results also establish that the histamine 1 receptor can be immobilized with retention of ligand-specific

Published by Elsevier B.V.

1. Introduction

Cellular membrane affinity chromatography (CMAC) is an exper-
imental approach based upon the creation of chromatographic
columns packed with liquid chromatographic stationary phases
that contain immobilized cellular membrane fragments. It has been
demonstrated that CMAC columns can be used to characterize the
binding of small molecules to receptors, ion channels and trans-
porters contained within the immobilized membranes including
the determination of binding affinities (Kg), the number of active
binding sites on the column (Bmax) and functional properties (ECsq
and ICsqg values). The preparation and use of the CMAC approach
has been recently reviewed [1,2].

We have reported the use of the CMAC approach to study lig-
and binding to G-protein coupled receptors (GPCRs). GPCRs are the
largest class of cell surface receptors involved in intracellular sig-
naling pathways and are key targets in drug discovery programs [3].
We have previously described CMAC columns containing functional
GPCRs (CMAC(GPCR)) columns developed using stably transfected
cells lines expressing d-opioid and k-opioid receptors [4], the 3,-
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adrenergic receptor [5] and the P2Y; purinergic receptor [6]. It
was demonstrated that the CMAC(GPCR) columns could be used
for the online screening for GPCR agonists and competitive antago-
nists using frontal displacement chromatography techniques [4-6].
In addition, Massolini and co-workers have recently demonstrated
that a CMAC column containing a P2Y-like receptor, GPR17, tran-
siently expressed in 1321N1 cells can be employed with rapid
frontal affinity chromatography to simultaneously screen mixtures
of compounds for potential ligands to this newly identified puriner-
gic receptor [7].

The CMAC column used for the initial studies of the P2Y; recep-
tor was prepared using membrane fragments obtained from a stably
transfected 1321N1 astrocytoma cell line, the CMAC(1321N1pyy1)
column [6]. This column was only used to characterize lig-
and binding to the P2Y;. However, it is reasonable to assume
that the immobilized 1321N1pyy; membranes contained other
endogenously expressed GPCRs, which had also been functionally
immobilized within the CMAC(1321N1p,y ) column. This possibil-
ity was suggested by recent data that demonstrated that CMAC
columns prepared from native, i.e. non-transfected, 1321N1 and
A172 astrocytoma cell lines contained four functional and inde-
pendently active ligand-gated ion channels [8]. In order to test
this hypothesis, we have investigated whether a second GPCR,
the histamine subtype 1 receptor (H{R), was also present in the
CMAC(1321N1pyyq ) column, if the column could be used to identify
H;Rligands and if the expression of the P2Y; receptor in the 1321N1
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cell line altered the characteristics of the H{R. The H{R was chosen
for study based upon previous studies demonstrating that mem-
branes obtained from the 1321N1 cell line contained functional
HiRs [9].

2. Experimental
2.1. Materials

Radio-labeled marker ligands [3H]-mepyramine, [3H]-2-
MeSADP and [3H]-4-methylhistamne were obtained from
GE Healthcare (Buckinghamshire, UK) and histamine, 4-
methylhistamine, mepyramine and 2-MeSADP were obtained from
Fisher Scientific/Tocris Bioscience (Ellisville, MO). HEPES, Nacl,
2-mercaptoethanol, Tris-HCI, benzamidine, MgCl,, CaCly, MgSQy4,
aprotinin, leupeptin, tosyl-amido-2-phenylethyl-chloromethyl
ketone (TPCK), phenyl methyl sulfonyl fluoride (PMSF), adeno-
sine triphosphate (ATP), n-octyl-B-p-glucopyranoside, glycerol,
ethylenediaminetetraacetic acid (EDTA) and Trizma were pur-
chased from Sigma-Aldrich Co. (St. Louis, MO). The immobilized
artificial membrane PC stationary phase (IAM-PC, 12 um, 300A)
was purchased from Regis Chemicals, Grove, IL).

2.2. Cell lines

The human 1321N1 astrocytoma cell line was obtained
from European Collection of Cell Cultures (Sigma-Aldrich) and
the 1321N1 astrocytoma cell line stably transfected with P2Y;
{1321N1pyy; } was donated by K. Harden (Department of Medicine,
University of North Carolina). The cells were seeded in T-150 culture
flasks (Fisher Scientific) with Dulbecco’s modified Eagle’s medium
(DMEM) containing 4 mM glutamine and 4.5 g/l glucose (Mediat-
ech, Inc., Herndon, VA) supplemented with 10% fetal bovine serum
(Fetal Clone III, Hyclone, Logan, UT), penicillin (100 U/ml, Mediat-
ech), streptomycin (100 pg/ml, Mediatech) and maintained at 37 °C
in a humidified atmosphere containing 5% CO,. The cells were sub-
cultured or harvested for experiments at ~90% confluence and the
medium was replaced at 3-4 day intervals. Cell pellets were stored
frozen at —80°C until use.

2.3. Preparation of CMAC(1321N1pyy;) and CMAC(1321N1)
columns

The CMAC columns were prepared following previously
described procedures [2,6]. In brief, about 107 cells from the
1321N1 or 1321N1pyy; cell line were homogenized in 10ml
of HEPES buffer [20mM, pH 8.0] containing 500 mM Nacl,
5mM 2-mercaptoethanol, 100 wM benzamidine, 10 pwg/ml aprotin,
10 pg/ml leupeptin, 50 pg/ml TCPK, 100 pwg/ml PMSF and 100 pM
ATP for 3 x30s at a setting of 11 on a model PT-2100 homoge-
nizer (Kinematica, Luzern, Switzerland). The resulting homogenate
was centrifuged at 700 x g at 4°C for 5min and the pellet dis-
carded. The supernatant was further centrifuged at 27,000 rpm
at 4°C for 30 min. The supernatant was discarded and the pel-
let re-suspended in 10ml of HEPES buffer [20mM, pH 8.0]
containing 2% (w/v) n-octyl-B-p-glucopyranoside, 500 mM Nacl,
5 mM 2-mercaptoethanol, 100 M benzamidine, 10 p.g/ml aprotin,
10 pg/ml leupeptin, 50 pwg/ml TCPK, 100 pg/ml PMSF, 100 .M ATP
and 10% glycerol. The mixture was rotated in an orbit shaker at
150 rpm for 18 h at 4°C and then centrifuged at 27,000 rpm at 4°C
for 25 min. The resultant supernatant was mixed with 200 mg of
IAM-PC and rotated in an orbit shaker at 150 rpm at room tempera-
ture for 1 h and then dialyzed against HEPES buffer [20 mM, pH 8.0]
containing 500 mM NaCl and 1mM EDTA buffer for 24h at 4°C.
The mixture was then centrifuged at 700 x g at 4°C for 3 min, the
resulting pellet was washed with Tris-HCl [ 10 mM, pH 7.5] contain-

ing 1 mM MgCl,, centrifuged at 400 rpm at 4°C for 3 min and the
stationary phase was packed into a Tricorn 5/20 column (GE Health-
care, UK) yielding a 150 mm x 5 mm (i.d.) chromatographic bed.

2.4. Chromatographic studies

The CMAC(1321N1pyy;) and CMAC(1321N1) columns were
placed in a frontal affinity chromatography system and competitive
displacement studies were carried out using previously described
techniques, cf. [2,6]. Briefly the system consisted of a manual FPLC
injection valve, 50-ml superloop both obtained from (Amersham
Biotechnology), CMAC column, LC-10AD HPLC pump (Shimadzu
Inc.) and an online radioactive/scintillation flow detector (IN/US,
Tampa, FL). Solutions of the marker and test ligands were pre-
pared in the running buffer, Tris—-HCI [10 mM, pH 7.5] containing
1mM MgCl,, and 10 ml samples were placed in the superloop,
pumped across the CMAC column at a flow rate of 0.2 ml/min and
monitored through a 250 .l flow cell with the radioflow detec-
tor. The scintillation flow rate was 0.8 ml/min. The breakthrough
volume of the marker was calculated using the retention times
at the midpoint of the chromatographic curves and the effect on
the breakthrough volumes produced by increasing displacer con-
centrations was used to calculate the dissociation constant (Ky)
and number of binding sites (Bmax) of the displacer as previ-
ously described, c.f. [2]. The marker concentrations were 50 pM for
[3H]-mepyramine and 1nM for [3H]-2-MeSADP and 100 pM [3H]-
4-Methyl Histamine. The displacer concentrations for unlabeled
mepyramine were 100 nM, 5nM, 2 nM, and 0.5 nM while for unla-
beled 2-MeSADP were 200 nM, 150 nM, 100 nM and 50 nM, and for
unlabeled 4-Methyl histamine were 500 pM, 1nM, 50 nM and for
Histamine were 0.5 uM, 1 M, 5 M, 50 M and 100 M.

2.5. Membrane binding studies

Equilibrium binding of [3H]-mepyramine and [3H]-4-
methylhistamne and Histamine to 1321N1 cell membranes was
determined using previously described filtration binding assay
with slight modifications [9]. Briefly, GF/C filters were pre-soaked
for 30 min in a 0.5% solution of Polyethyleneimine (PEI). Filters
were placed on a Millipore filtration unit (XX2702550, Millipore
Corporation, Bedford, MA) and a gentle (15 mmHg) vacuum was
applied to remove excess moisture. 1321N1 cell membranes were
suspended in HEPES buffer [10 mM, pH 7.4] containing 5 mM MgCl,
(final concentration 4mg protein/ml, final volume 400 wl) and
incubated for 30 min at room temperature with increasing concen-
trations of [3H]-mepyramine (final concentrations 0.5nM, 2nM,
5nM, 10nM, 20nM and 40 nM) or [3H]-4-methylhistamne (final
concentrations 5nM, 10 nM, 25 nM, 50 nM, 75 nM, and 150 nM) or
10 nM [3H]-Mepyramine with varying concentrations of Histamine
(1nM, 50nM, 100nM, 250nM, 500nM, 1pM, 5uM, 10 uM)
pre-incubated for 10 min. A 400 ul aliquot of the solution was
distributed over the surface of the filter, a vacuum was reapplied
to allow the solution to permeate the filter and the filters were
washed with 2 x 3ml Tris—-HCI [10 mM, pH 7.5] containing 5 mM
MgCl,. The radioactivity retained by the filters was counted in a
liquid scintillation counter. Non-specific binding was determined
in the presence of 2 wM tripolidine hydrochloride for Mepyramine
and 2 pM 4-Methyl Histamine for 4-Methyl Histamine and 1 mM
Histamine for Histamine. Curve fitting and parameter estimation
were performed using Graph pad Prism v4.0 software (San Diego,
CA). All assays were carried out in triplicate.

3. Results and discussion

The presence of functional P2Y; receptors on the
CMAC(1321N1p,y1) column used in this study was established by
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Table 1

The binding affinities (K4 values) for 2-MeSADP, mepyramine and histamine deter-
mined on the CMAC(1321N1p,y1 ) and CMAC(1321N1) columns using frontal affinity
chromatography and filtration assays.

Ligand/Receptor CMAC(1321N1p2y1) CMAC(1321N1) Filtration assay
K4 (nM) K4 (nM) K; (nM)
2-MeSADP (P2Y;) 88.5 No binding 50 [6]
Mepyramine (H;R) 29 7.7 16.1
Histamine (H;R) 7400 5500 1300

passing a 1nM concentration of the characterized P2Y; agonist
[3H]-2-MeSADP through the column. As has been previously
reported, the experiment produced the expected frontal chro-
matographic curve that contained an initial relatively flat section,
representing binding to specific and non-specific sites on the
membrane fragment, followed by vertical breakthrough, repre-
senting the process of saturating the receptor, and a plateau region,
representing saturation of the receptor [2,6]. The columns were
stable for 6-8 weeks. The addition of increasing concentrations of
2-MeSADP, from 50 nM to 200 nM, produced corresponding reduc-
tions in the breakthrough volumes which were used to calculate
the observed affinity, K4 value, for 2-MeSADP. The calculated value
was 88.5nM, Table 1, which was consistent with the previously
reported Ky of 50nM [11] and 186.4nM [6] calculated using
standard membrane binding and CMAC approaches, respectively.

The expression of H{R in the 1321N1pyy; and 1321N1 cell
lines was confirmed by Western blot and confocal microscopy
studies (data not shown). The presence of functional H;Rs
on the CMAC(1321N1pyy;) column was established by passing
a 100pM concentration of the characterized H{R antagonist
[3H]-mepyramine through the column. The expected frontal chro-
matographic curve was observed, Fig. 1, and the addition of
increasing concentrations of mepyramine, from 0.5nM to 20 nM,
produced corresponding reductions in the breakthrough volumes,
Fig. 1. The calculated Ky value of mepyramine was 2.9 nM, Table 1,
which was consistent with the Ky value of 16.1 nM obtained by fil-
tration assay using tripolidine to determine non-specific binding
[9]. When histamine was used as the displacer, the calculated affin-
ity of histamine for the immobilized H;R was 7.4 uM which was
consistent with the K; value obtained of 1.30 .M determined from
filtration assays using 1mM Histamine for non-specific binding
[9], Table 1. The results indicate that the CMAC(1321N1pyy;) col-
umn contained functional H{R, which could be used to determine
the binding affinities of H1R agonists (histamine) and antagonists
(mepyramine).

To determine if the observed binding interactions with the P2Y;
and HqR represented independent functioning of the two GPCRs,
the ability of the P2Y; marker 2-MeSADP to displace the H{R
marker mepyramine and the ability of mepyramine to displace 2-
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Fig. 1. The chromatographic traces produced by [*H]-mepyramine [50 pM] on the
CMAC(1321N1p2y1 ) column after the addition of mepyramine to the running buffer
in 0.5nM, 2 nM, 5nM and 100 nM concentrations.
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Fig. 2. The chromatographic traces observed on the CMAC(1321N1p,y;) column in
which: A. The frontal curves produced by [3H]-mepyramine [1nM] alone, curve
a, and after the addition of 2-MeSADP [10 wM] to the running buffer, curve b; B.
The frontal curves produced by [3H]-2-MeSADP [1 nM] alone, curve c, and after the
addition of mepyramine [1 wM] to the running buffer, curve d.

MeSADP was investigated using the CMAC(1321N1pyy;) column.
When 50 pM [3H]-mepyramine was used as the marker ligand, the
addition of 10 wM 2-MeSADP to the mobile phase had no effect on
the breakthrough volume of mepyramine, Fig. 2A. The same effect
was observed when the marker ligand was 1nM [3H]-2-MeSADP
and 1 wM mepyramine was added to the mobile phase, Fig. 2B.
The results indicate that on the CMAC(1321N1pyy;) column, the
immobilized P2Y; and H1R receptors bind receptor specific ligands
independently of each other.

In order to determine if the expression of H{R was affected
by the transfection of the cDNA encoding the P2Y; receptor, a
CMAC(1321N1) column was created using membrane fragments
obtained from native 1321N1 cells and the same solubilization and
immobilization buffers used to create the CMAC(1321N1pyy;) col-
umn. When [3H]-2-MeSADP was added to the mobile phase, no
specific retention was observed indicating that the P2Y; recep-
tor was not present in the non-transfected 1321N1 cell line nor
functioning on the column, which is consistent with previous data
[6,10]. The addition of [H]-mepyramine to the mobile phase pro-
duced the expected frontal chromatographic curve and competitive
displacement studies were used to calculate the Ky values for the
binding of mepyramine and histamine to the H;R, 7.7nM and
5.5 wM, respectively, Table 1. The histamine subtype selectivity of
the CMAC(1321N1) column was established by chromatography
of the Hy-histamine receptor-selective agonist 4-methylhistamine
[11]. No specific retention was observed indicating that the column
could distinguish between H;{R and H4R ligands (data not shown).
This result was confirmed by cellular membrane binding studies
which demonstrated 4-mehtylhistamine did not specifically bind
to 1321N1 cellular membranes (data not shown).

The data from the frontal affinity chromatography studies
with mepyramine were used to determine the number (Bmax) of
active HyRreceptors on the CMAC(1321N1p,y; ) and CMAC(1321N1)
columns, and the calculated Bmax values were 4 and 15 pmol,
respectively. The results from the chromatographic studies demon-
strate that there were no significant differences between the
K4 and Bmax values determined using the CMAC(1321N1) and
CMAC(1321N1p,y1) columns and indicate that the expression and
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activity of the H{R endogenously expressed in the 1321N1 cell line
was not affected by the presence of the transfected P2Y; receptor.
The same results were obtained when the CMAC(1321N1) column
was prepared using solubilization and immobilization buffers that
did not contain 100 wM ATP (data not shown), indicating that the
presence of ATP had no effect on the immobilization and activity of
the H{R.

4. Conclusions

The results from this study demonstrate that for the first time
the co-immobilization of two GPCRs on the CMAC(1321N1pyyq ) col-
umn has been carried out. And both the immobilized P2Y; and
H; receptors retained their ability to independently bind receptor-
selective ligands. The data establish that multiple-GPCR columns
can be created as online screens with the ability to probe multiple
targets in a single chromatographic assay. The results also establish
that functional CMAC columns can be created using endogenously
expressed GPCRs and is the initial report of the functional immo-
bilization of the H{R within a chromatographic system. The ability
to create CMAC columns from endogenously expressed GPCRs also
presents the possibility that the CMAC approach can be used to
study the expression, function and interrelationship of multiple
GPCRs in target cell lines.
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