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Abstract

Carcinoembryonic antigen cell adhesion molecule 1 (CEACAMI) is a type 1 transmembrane, homotypic cell adhesion protein
expressed on epithelial and hematopoietic cells. CEACAMI has four major isoforms with three or four immunoglobulin (Ig)-like
ectodomains and either long or short cytoplasmic domains. In a 3D model of breast epithelial cell morphogenesis, CEACAMI plays
an essential role in lumen formation [J. Cell Sci. 112 (1999) 4193]. Two soluble ectodomain isoforms of CEACAMI1 expressed in
myeloma cells were immunologically active and highly glycosylated. The molecular weights of the 3-ecto- and 4-ectodomain iso-
forms were 90 and 110kDa, respectively, and monomers by sedimentation equilibrium centrifugation. Both isoforms were prolate
ellipsoids with axial ratios of 6 for the 3-ecto- and 8 for 4-ectodomain isoforms, respectively, by size exclusion chromatography and
analytical ultracentrifugation. Both isoforms caused a significant reduction in lumen formation when tested in the 3D model culture

system.
© 2004 Elsevier Inc. All rights reserved.
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Carcinoembryonic cell adhesion molecule 1 (CEA-
CAMI1, BGP, CD66a) is a type 1 transmembrane gly-
coprotein belonging to the carcinoembryonic antigen
(CEA) gene family, which in turn is a member of the
immunoglobulin (Ig) gene superfamily [1]. CEACAMI
is a 120-140kDa glycoprotein with over 50% N-linked
glycosylation by weight. It is expressed on the surface of
a variety of epithelial and hematopoietic cells in human,
rat, and mouse [2]. Human CEACAMI1 has four major
isoforms produced by alternative mRNA splicing, in-
cluding three or four Ig-like ectodomains, and long (72
amino acids) or short (14 amino acids) cytoplasmic
domains [3,4].

Murine CEACAM is a homotypic cell adhesion
molecule [5] and a receptor for murine hepatitis virus [6],
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while human CEACAMI is a receptor for Neisseria
gonorrhoeae [7]. CEACAMI expression is reduced in
many cancers. For example, human CEACAMI1 ex-
pression is downregulated in colon [8] and prostate
carcinoma [9], and in 30% of breast tumors [10]. A po-
tential role for CEACAMI as a tumor inhibitor was
shown by reversion of human prostate cancer tumors by
transfection with the rat CEACAMI gene [11] and re-
version of the human mammary carcinoma cell pheno-
type in 3D culture by transfection with the human
CEACAMI gene [12].

CEACAMI depends on the ecto N-domain for its
cell-cell adhesion function [13] and phosphorylation of
the long [14-16] and short [17] cytoplasmic domains for
signal transduction. In addition, a key serine residue in
murine CEACAMI has been identified as a regulator
for insulin clearance in liver in a transgenic mouse model
[18,19]. Recently, we have demonstrated that CEA-
CAM1 plays an essential role in lumen formation for the
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breast epithelial cell line MCF10F grown in a 3D culture
[20], while transfection of CECAMI into the CEA-
CAMI negative breast tumor cell line MCF7 restored
lumen formation [12], suggesting a role for CEACAMI1
expression in mammary morphogenesis.

Until recently, little effort has been made to relate the
structural properties of CEACAMI to its various
functions. The main obstacle to such studies has been
the inability to express large amounts of the highly
glycosylated glycoprotein in tissue culture and the fact
that it is a type I transmembrane protein. In the case of
CEA which is a GPI-linked glycoprotein and can be
obtained in a soluble form, electron microscopy studies
have described CEA as a rod shaped macromolecule
with dimensions of 9nm x 40 nm [21]. A three-dimen-
sional structure for CEA was predicted based on mul-
tiple sequence alignment with Ig fold structures [22]
followed by an X-ray and neutron solution scattering
study revealing an elongated molecule with a zig-zag
arrangement of the Ig domains [23]. CEA in solution
had a length of 27-33nm and an X-ray radius of gy-
ration Rg of 8nm, consistent with an extended ar-
rangement of seven domains. In contrast, the structure
of CEACAMI1 has been little studied, but it has been
predicted to exist as either cis or trans dimers on the cell
surface. A recombinant soluble isoform of murine
CEACAMIa consisting of the extracellular domains 1
and 4 has been characterized by X-ray crystallography
[24]. However, little is known about the biophysical
characteristics of CEACAMI1 and how these charac-
teristics might be related to its functions. To charac-
terize the properties of the more natural four and three
extracellular domain isoforms of human CEACAMI,
we expressed both human CEACAMI isoforms as
soluble recombinant proteins in NSO myeloma cells.
Analytical ultracentrifugation of the affinity-purified
proteins revealed that both isoforms exist as monomers
in solution with a molecular weight of 90 kDa for the
three domain isoform and 110 kDa for the four domain
isoform. Both determined masses are in good agreement
with the expected molecular weights for the post-
translationally glycosylated isoforms of the proteins.
Size exclusion chromatography and analytical ultra-
centrifugation further revealed that both soluble
CEACAMI isoforms are expressed as prolate ellipsoids
with an axial ratio of 6 for the 3 domain isoform and 8
for the 4 domain isoform. Finally, both soluble iso-
forms showed biological activity in our 3D culture
system of mammary morphogenesis. The availability of
these recombinant constructs should facilitate studying
the role of the two major ectodomain isoforms in the
function of CEACAMI. The novel aspects of this study
are directed at the problem of expressing and purifying
highly glycosyated glycoproteins and the problem of
characterization of them by conventional biophysical
approaches.

Materials and methods

Construction of recombinant soluble CEACAMI. The extracellular
domains of the full-length four domain CEACAMI1-4L cDNA [25]
were amplified using the forward primer BSRVN (5-TTGATATC
GTGACAGAGCAGCCGTGCTCGA-3) and the reverse primer
BSRVC (5-TTGATATCTTACCCGGGTGAGAGGCCATTTTCT
TG-3'). The primers introduced a stop codon after amino acid 364
(Gly) and added EcoRYV sites to both the 5’ and 3’ untranslated regions
of the resulting recombinant gene fragment. Additionally, the reverse
primer introduced two silent mutations converting the Pro (363) Gly
(364) sequence (CCGGGA) to a Smal site (CCCGGG). The fragment
was ligated into EcoRYV restricted pBluescript vector (Stratagene) and
the correct DNA sequence was verified. The recombinant CEACAM1-
4 cDNA was ligated into Smal restricted pEE12 expression vector [26].
The resulting plasmid pL.202.9 was used for expression of soluble four
domain CEACAM1 (CEACAM1-4sol). Soluble three domain CEA-
CAM1 (CEACAMI-3sol) was constructed using the QuikChange
Site-Directed Mutagenesis Kit (Stratagene) using the p.202.9 plasmid
as a template. The forward BGPAB primer (5-ACAGTCAAGAC
GATCATAGTCACTCATCACCATCACCATCACTAACTAAGTC
CAGTAGTAGCAAAG-3) and the reverse -GPAB primer (5'-CTT
TGCTACTACTGGACTTAGTTAGTGATGGTGATGGTGATGA
GTGACTATGATCGTCTTGACTGT-3') were designed to introduce
a Hisg-tag and a following stop codon after amino acid 255 (Thr).
Introduction of the mutation was verified by DNA sequencing, and the
resulting plasmid pBSAB5 was used for CEACAM1-3sol expression.

Transfection and expression of soluble CEACAMI. The expression
vectors pL202.9 (CEACAMI1-4so0l) and pBSABS (CEACAMI1-3sol)
were transfected into NSO myeloma cells by electroporation. Trans-
fected cells were incubated for 3 days at 37 °C in DMEM high glucose
media (JRH Biosciences) containing 10% (v/v) FCS, 2mM vr-gluta-
mine, and antibiotics. Viable cells were grown in 96-well microtiter
plates at 5 x 10° cells/ml in L-glutamine deficient DMEM high glucose
media containing 10% (v/v) dialyzed FCS, 2% (v/v) GS supplements
(JRH Biosciences), and antibiotics. Expanded colonies were assayed
for expression of the transfected protein and individual clones were
isolated by serial dilution in 96-well microtiter plates.

Protein purification. Supernatants of confluent CEACAMI1-4sol
and CEACAM 1-3sol cultures were collected, centrifuged at 3000 rpm
for 15min to remove cell debris, and stored at 4 °C. Stored superna-
tants were pooled prior to purification, adjusted to pH 7.5 using 1M
NaOH, and subjected to two filtration steps using 0.4 and 0.2 um
cellulose acetate filters. For CEACAMI1-4sol, 500ml of filtrate were
passed over an affinity column using the murine CD66 specific
monoclonal antibody T84.1 [27] immobilized on Poros EP epoxide
resin (Applied Biosystems) on a BioCad Sprint liquid chromatography
system (Applied Biosystems) at a flow rate of 0.5ml/min and moni-
tored at 280nm. The column was washed with PBS until a stable
baseline was reached, and the captured protein was eluted with 12 mM
HCl/0.15M NaCl. The eluate was adjusted to pH 7 using 1 M Tris
base. For CEACAM1-3sol, 500 ml of filtrate was loaded at a flow rate
of 0.5ml/min on a Ni-NTA affinity column and monitored at 280 nm.
Following the loading step the column was washed with PBS until a
stable baseline was reached, and the captured protein was eluted using
an imidazole gradient (0-0.1 M imidazole in 0.15M NaCl/pH 7.4).
Purified CEACAM1-4s0l and CEACAM1-3sol were dialyzed against
dH,0 at 4°C, lyophilized, and stored at 4°C.

Gel electrophoresis and Western blot analysis. Purified CEACAM1-
4sol and CEACAM1-3sol (3.2 pug each) were analyzed by one-dimen-
sional SDS-polyacrylamide (SDS-PAGE) or native gel electrophoresis
on precast 8-16% Tris—glycine gradient gels (Invitrogen). For SDS—
PAGE the proteins were mixed with 6x SDS sample buffer containing
0.35M Tris—HCI, pH 6.8, 30% (v/v) glycerol, 10% (w/v) SDS, 0.6 M
DTT, and 0.01% (w/v) bromophenol blue, heated to 95°C for 5min,
and gel separated as previously described [28]. For native gel
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electrophoresis the purified proteins were mixed with 6x non-dena-
turing sample buffer containing 0.35M Tris—HCI, pH 6.8, 30% (v/v)
glycerol, and 0.01% (w/v) bromophenol blue, and directly loaded on
the gel. The native gel electrophoresis was performed in Tris base
(24mM) and glycine (192mM) buffer. Gel separated proteins were
either silver stained or transferred onto PVDF membranes (BioRad)
using a semidry blotting system (BioRad). Blotted membranes were
probed with mAb T84.1.

Size exclusion chromatography. Purified CEACAMI1-4sol and
CEACAMI1-3sol were run individually (7.2 ug each) on a Superdex
200 HR10/30 size exclusion chromatography column (AP Biotech) and
eluted with PBS (pH 7.4) at a flow rate of 0.5ml/min on an Akta
Explorer 10 liquid chromatography system (AP Biotech). Elution was
monitored at 280 nm. Molecular weight and molecular sizes were de-
termined using a commercial SEC standard (BioRad) or a mixture of
proteins with known Stokes radii.

Sedimentation velocity analysis. Velocity sedimentation was per-
formed in a Beckman XL-A analytical ultracentrifuge (Beckman) in
0.0375M NacCl, 0.025M sodium phosphate, pH 7.0, and at 20°C.
Recombinant CEACAMI1-4sol was analyzed at 52,000 rpm at a pro-
tein concentration of 0.36 mg/mL. Scans were taken at 8 min intervals.
The scans were analyzed at a wavelength of 280 nm. Partial specific
volume (v) was calculated by assuming that the carbohydrate content
was 50% high mannose (7 mannose and 2 N-acetylglucosamine resi-
dues per unit) and 50% complex (5 N-acetylglucosamine, 3 mannose, 3
galactose, 3 silaic acid, and 1 fucose residues per unit). The calculated v
for the carbohydrate was 0.625mL/g and v for the protein was as-
sumed to be 0.725mL/g. The average value used in the calculations
was 0.675 mL/g, assuming 50% carbohydrates by weight. Recombinant
CEACAM1-3s0l was analyzed at 53,000 rpm at a protein concentra-
tion of 0.5mg/mL, and scans were taken at 12 min intervals. A partial
specific volume (v) of 0.690mL/g was calculated based on carbohy-
drate content and amino acid sequence. Sedimentation coefficients
were calculated from measurements of the center of the symmetrical
boundaries as a function of time and were corrected to the viscosity
(n/ny = 1.0174) and density (d = 1.0029 g/mL) of water to obtain sy,.
All sedimentation coefficients are reported as sy, in Svedbergs
(10-1s).

Sedimentation equilibrium analysis. Sedimentation equilibrium ex-
periments were performed in a Beckman XL-A analytical ultracentri-
fuge (Beckman), in 0.0375M NaCl, 0.025M sodium phosphate, pH
7.0, and at 20°C. Recombinant CEACAMI1-4sol was analyzed at
8500rpm at a protein concentration of 0.36 mg/mL for 36h. Re-
combinant CEACAMI1-3sol was analyzed at 12,000 rpm at a protein
concentration of 0.32mg/mL for 40h. The scans were analyzed at a
wavelength of 280 and 235nm, respectively, and at 20°C. A wave-
length of 235nm was employed for some of the experiments due to
limited quantities of protein.

Calculation of frictional coefficients and axial ratios. Frictional co-
efficients and axial ratios for both recombinant soluble CEACAMI
isoforms were calculated using the data derived from the sedimentation
velocity and sedimentation equilibrium experiments using the formula:

o M*3(1 —vp)
N6mn(1 + (w/vp))"> (3v/4nN)' (£ /£o)

where s is the sedimentation coefficient (x10'?) determined from sed-
imentation velocity analysis, M is the molecular mass determined from
sedimentation equilibrium analysis, N is Avogadro’s number
(6.02 x 10%), v is the partial specific volume of the molecule, p is the
density of the solvent (4 = 1.0029 g/mL), 7 is the viscosity of the sol-
vent (n/n, = 1.0174), and w = 0.7 (hydration in g water/g protein).
Three-dimensional culture. Cells (2.5 x 10°) were plated in a thick
layer (1 mm) of Matrigel (BD) in the 2-well chamber slides (Nunc).
Solidified Matrigel was overlaid with 2 ml/well of mammary epithelial
cell growth medium (MEGM) supplemented with SingleQuots (Clo-
netics). Cells were grown in Matrigel as described previously [12].
All treatments were added to the media and changed every other day.

Cells grown in Matrigel were scored for the presence or absence of
lumens. Statistical analysis was done by the z? test.

Results and discussion
Expression and purification of soluble CEACAM1

Recombinant CEACAM 1-3sol and CEACAM1-4sol
were expressed as secreted proteins in NSO myeloma
cells and purified by one-step chromatography from the
supernatants of selected clones. The presence of a Hisg-
tag allowed the purification of CEACAM1-3sol by Ni-
NTA chromatography, while CEACAMI1-4sol was
purified on an antibody-affinity column using the im-
mobilized CD66 specific mAb T84.1. The purity of both
recombinant soluble CEACAMI1 isoforms was assessed
by SDS-PAGE and Western blot analysis (Fig. 1).
CEACAMI1-3s0l gave a major diffuse band with an
estimated molecular weight of 90kDa, in line with the
expected molecular weight of three glycosylated Ig-like
extracellular domains with nine N-glycosylation sites.
Similarly, CEACAM1-4sol had an estimated molecular
weight of 110kDa, as expected for four glycosylated
Ig-like extracellular domains.

CEACAMI1-3s0l and CEACAMI1—4sol are monomers in
solution

Previous studies have shown that CEACAMI acts as
a homotypic cell-cell adhesion molecule with predicted
cis and trans homodimer formation at the cell surface
[2]. To investigate whether CEACAM1-3so0l and CEA-
CAM1-4sol exhibited formation of non-covalent di-
mers, both soluble CEACAMI isoforms were analyzed
by size exclusion chromatography (SEC) on a Superdex
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Fig. 1. SDS-PAGE and Western blot analysis of soluble CEACAM1
isoforms. Purified CEACAMI1-3sol (lane 1) and CEACAMI1-4sol
(lane 2) were run on 8-16% gradient Tris—glycine gels (Invitrogen) and
silver stained or transferred to PVDF membrane for subsequent im-
munoblotting. (A) Soluble CEACAMI isoforms were run under re-
ducing conditions on an SDS gel. (B) Western blot analysis of purified
soluble CEACAMI isoforms. Note. the additional band at 50 kDa for
CEACAMI1-4sol is due to trace amounts of co-eluted T84.1 heavy
chain from the affinity column.
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Fig. 2. Size exclusion chromatography of soluble CEACAMI1 isoforms. Purified CEACAM1soll and CEACAM1sol2 were run individually (7.2 pg
each) on a Superdex 200 HR10/30 column (Amersham-Pharmacia) and eluted with PBS (pH 7.4) at a flow rate of 0.5 ml/min. Protein elution was
monitored at 280 nm. (A) Superimposed elution profiles of CEACAMI1-3sol (1; dashed line) and CEACAM 1-4sol (2; solid line). (B) Determination
of the molecular weight of CEACAMI1-3sol (1; 210kDa) and CEACAMI1-4sol (2; 240kDa) using the BioRad SEC calibration standard. (C)
Determination of the Stokes radii of CEACAMI1-3sol (1; 53 A) and CEACAM1-4sol (2; 56 A) using a mixture of proteins with known Stokes radii

as a calibration standard.

200 HR10/30 column. Both isoforms exhibited a single
peak (Fig. 2A) with apparent molecular weights of 210
and 240kDa for CEACAMI-3sol and CEACAMI-
4sol, respectively. In both cases the molecular weights
determined by SEC were about twofold higher than
those determined by SDS-PAGE. The difference in
these findings could be explained either by nearly com-
plete dimer formation of soluble CEACAM1 molecules,
which would be separated into monomers under the
denaturing conditions of SDS-PAGE, or by a non-
globular shape during SEC elution. Since SEC separates
proteins according to their molecular size and shape
rather than their molecular weight (Fig. 2B), we first
established the Stokes radius of the two soluble isoforms
using calibrants of known Stokes radii (Fig. 2C).
Compared to bovine serum albumin, a globular 66 kDa
protein with a Stokes radius of 35.5 A, or yeast alcohol
dehydrogenase, a globular 150kDa protein with a
Stokes radius of 46 A, the Stokes radii calculated for
CEACAMI1-3s0l and —4sol were 53 and 56 A, respec-
tively, indicating that both soluble isoforms were elon-
gated rather than globular proteins. When both
isoforms were subjected to sedimentation equilibrium
experiments in an analytical ultracentrifuge (Figs. 3A
and B), molecular weights of 90,000 and 110,000 Da

were obtained for the —3sol and —4sol isoforms,
respectively, confirming the results of the SDS-PAGE
analysis.

CEACAMI-3sol and CEACAMI—4sol are prolate
ellipsoids in solution

To obtain more conclusive information about the
shape of these molecules, we performed sedimentation
velocity experiments on both soluble CEACAMI1 iso-
forms. The sedimentation coefficients obtained from
these experiments in combination with the results of the
previous sedimentation equilibrium experiments allow a
calculation of the frictional coefficients and the axial
ratios, which are measures of the molecular asymmetry
of the analyzed molecules. A corrected s value of 5.17
was obtained for CEACAMI1-3so0l (Fig. 3D), with a
frictional ratio, fify of 1.32. This compares to 1.14 for
ribonuclease, a globular protein, and 2.38 for fibrinogen,
a prolate ellipsoid. Using a table derived by Cantor and
Schimmel [29], which illustrates the relation of the fric-
tional ratio of a protein to its axial ratio a/b, where ¢ and
b are the major and minor axes of the prolate ellipsoid,
respectively, we conclude that CEACAMI1-3sol is a
prolate ellipsoid with an axial ratio of 6. Similarly,
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Fig. 3. Sedimentation velocity and equilibrium analysis of soluble CEACAMI1 isoforms. Sedimentation velocity and equilibrium experiments were
performed in a Beckman XL-A ultracentrifuge. Sedimentation coefficients were calculated from the sedimentation profiles by measuring the centers
of the symmetrical boundaries. (A) Analysis of CEACAMI1-3sol (0.5 mg/ml) was performed at 53,000 rpm and 20 °C at 12 min intervals. (B) Analysis
of CEACAM1-4so0l (0.36 mg/ml) was performed at 52,000 rpm and 20 °C at 8 min intervals. For sedimentation equilibrium experiments, lower panels
show data plotted as absorbance (280 nm) vs. radial distance (cm) and upper panels show plots of best-fit residuals vs. radial distance. (C) Analysis of
CEACAMI1-3s0l (0.32 mg/ml) was performed at 12,000 rpm and 20 °C for 40 h. Using a boundary best fit with a single exponential a molecular
weight of 90,000 Da was calculated. (D) Analysis of CEACAMI1-4sol (0.36 mg/ml) was performed at 8500 rpm and 20 °C for 36 h. A molecular
weight of 110,000 Da was calculated using a boundary best fit with a single exponential.

sedimentation velocity analysis of CEACAMI1-4sol
gives a corrected s value of 5.6 and a frictional ratio fIf,
of 1.43 for CEACAM1-4sol (Fig. 3D). Using these data
we calculate an axial ratio of 8§ for CEACAMI1-4sol.
The results of the analytical ultracentrifugation experi-
ments therefore indicate that while both isoforms exist
as monomers in solution (at the concentrations used),
their ellipsoid shape and their large axial ratio cause
them to show elution characteristics in SEC that are
similar to those of globular molecules twice their mo-
lecular weight. The elongated shape of these soluble
isoforms of CEACAMI1 agrees with the shape deter-
mined for human CEA [23] and the two domain struc-
ture of murine CEACAMI1 [24].

The inability of homotypic cell adhesion molecules to
form dimers in solution is not unusual. The classic ex-
ample is soluble E-cadherin for which dimers were not
obtained over a wide range of concentrations [30]. In
order to demonstrate dimers in a crystal structure, it was
necessary to make soluble E-cadherin fusion proteins
with a dimerization domain [31] or disulfide-linked di-
mers [32]. On the other hand, cis dimers were obtained

for N-CAM [33] and C-CAM [34], with implications for
formation of trans dimers between two cells. It should
be noted that the absence of dimers in solution does not
rule out dimerization at the cell surface where unusually
high concentrations of spatially constrained membrane
oriented molecules are achieved. In order to compare
CEACAMI ectodomains to other cadherins, it may be
necessary to also fuse them to a dimerization domain.
Nonetheless, our data demonstrate that the soluble
forms of CEACAMI are elongated monomers in solu-
tion, similar to the structure of other cadherins.

CEACAMI-3s0l and CEACAMI—4sol inhibit Ilumen
formation in a 3D culture model

To test the recombinant soluble CEACAMI isoforms
in a biologically relevant assay, both ioforms were ad-
ded to cultures of CEACAMI1-4S transfected MCF-7
cells in a 3D Matrigel assay system (Table 1). Compared
to the untreated control, continued incubation of the
cells with the soluble isoforms for 12 days resulted in a
reduction of lumen formation from 65.0% (control) to
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Table 1

Effect of soluble CEACAMLI on acini formation
Cell Treatment Amount (uM) % Lumen N P value
MCF7/CEACAM1-4S None — 65.0 226
MCF7/CEACAM1-4S 3sol 0.4 49.5 189 <0.01
MCF7/CEACAM1-4S 4sol 0.4 40.7 131 <0.001

CEACAM1-4S transfected MCF7 cells (2.5 x 10° per well) were grown in Matrigel in the presence of indicated amounts of CEACAMI1-3sol
(3s0l) or CEACAM 1-4sol (4sol). After 12 days the cells were fixed, embedded in paraffin, stained with anti-CEACAM1 mAb 4D1C2, and scored for
lumen formation. N, number of colonies scored. P values were calculated by x> test compared to the non-treated control.

49.5% (P < 0.01), or 40.7% (P < 0.001) for CEA-
CAMI1-3sol or CEACAMI-4sol, respectively. Al-
though limited quantities of both recombinant soluble
CEACAMI1 isoforms prevented us from performing
dose-response studies, the reduction of lumen formation
by CEACAMI1-4sol is similar to our previously re-
ported effect of soluble CEACAM1-4sol on lumen for-
mation using the breast cell line MCF10F in the
Matrigel assay [20]. Therefore, we now demonstrate that
both soluble CEACAMI isoforms have a similar effect
on lumen formation in our test system, with the possible
conclusion that the —3sol isoform is less effective than
the —4sol isoform when inhibiting cells transfected with
the —4S isoform. We can also conclude that both iso-
forms are sufficently folded and biologically active to
cause a disruption of inter- and intracellular CEACAMI1
interactions at the cell surface of MCF7/CEACAM1-4S
cells, which ultimately leads to a decrease in their ability
to form glandular structures in a basal membrane en-
vironment. Thus, monomer soluble isoforms are able to
interact with membrane bound forms in whatever state
of aggregation present.
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