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ABSTRACT: The inhibitory glycine receptor (GlyR) is a ligand-gated chloride channel protein that occurs 
in developmentally regulated isoforms in the vertebrate central nervous system. Monoclonal antibodies (mAbs) 
against the GlyR distinguish neonatal and adult GlyR proteins by identifying distinct a subunit variants 
within these receptor isoforms. Here, bacterially expressed fusion proteins of the rat GlyR a1 subunit were 
used to localize the major antigenic epitopes of this protein within its N-terminal 105 amino acids. Synthetic 
peptides allowed further fine mapping of two mAb binding domains. MAb 2b, specific for the adult a1 
subunit, bound to a peptide corresponding to amino acids 1-10, whereas mAb 4a, which recognizes both 
neonatal and adult GlyR isoforms, reacted with a peptide representing residues 96-105 of the a1 polypeptide. 
These data define unique and common antigenic epitopes on GlyR a subunit variants. 

T h e  inhibitory glycine receptor (GlyR)' of mammalian spinal 
cord is a ligand-gated chloride channel composed of two types 
( a  and p) of homologous membrane-spanning subunits (Betz 
& Becker, 1988; Langosch et al., 1988; Betz, 1990). Immu- 
nological, pharmacological, and molecular cloning data in- 
dicate considerable subtype diversity of the ligand-binding a 
subunit of this receptor. Upon affinity purification from adult 
mammalian spinal cord, it displays an apparent molecular 
weight of 48K (Pfeiffer et al., 1982; Graham et al., 1985; 
Becker et al., 1986). In newborn rodents, a neonatal receptor 
species predominates which differs from the adult GlyR in 
binding affinity for the selective antagonist strychnine and 
apparent M ,  (49K) of its a subunit (Becker et al., 1988). 
Recently, complementary and genomic DNAs encoding four 
variants of the N subunit have been isolated from rodents and 
man and shown to represent transcripts of distinct genes 
(Grenningloh et al., 1987, 1990a; J .  Kuhse, V. Schmieden, and 
H. Betz, submitted for publication; B. Matzenbach, Y. Maulet, 
H. Betz, unpublished data). In case of the adult type a subunit 
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[now termed a l ;  see Greenningloh et al. (1990a)], alternative 
splicing further extends GlyR a subunit heterogeneity (Malosio 
et al., submitted for publication). 

Previous biochemical (Schmitt et al., 1987; Becker et al., 
1988) and immunocytochemical (Triller et al., 1985, 1987; 
Altschuler et al., 1986; Araki et al., 1988; Van den Pol & 
Gorcs, 1988) studies of the postsynaptic GlyR complex have 
relied on the use of monoclonal antibodies (mAbs) for iden- 
tifying specific receptor polypeptides. In particular, a quan- 
titative dot receptor assay (DORA) has been employed to 
quantify a subunit levels in different brain regions and disease 
states (Becker et al., 1986, 1989). Moreover, differences in 
antigenic epitopes have been exploited to define neonatal and 
adult GlyR isoforms in primary cultures of spinal cord (Hoch 
et al., 1989) and mutant animals ((2.-M. Becker and H. Betz, 
submitted for publication). Whereas on immunoblots the a1 
subunit characteristic of the adult GlyR reacts with three 
mAbs ( l a ,  2b, and 4a) obtained by immunization with af- 
finity-purified native receptor (Pfeiffer et al., 1984), the 
neonatal a subunit variant is only recognized by mAb 4a 
(Becker et al., 1988), suggesting variations in a subunit pri- 
mary structure to underly these antigenic differences. To 
further define their molecular basis, we now have mapped the 
binding sites of different antibodies recognizing the a1 subunit 
of the adult rat GlyR by using bacterial fusion proteins and 

' Abbreviations: DORA, dot receptor assay; ELISA, enzyme-linked 
immunoassay; GlyR, inhibitory glycine receptor: mAb, monoclonal an- 
tibody: PNF, proximal N-terminal fragment; DNF, distal N-terminal 
fragment; ICF, intracellular fragment. 
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synthetic peptides, Our data indicate that N-terminal sequence 
heterogeneity accounts for the different immunological 
properties of neonatal and adult GlyR isoforms. 

EXPERIMENTAL PROCEDURES 
Materials. MAbs against purified rat GlyR (Pfeiffer et al., 

1984) were produced in hybridoma culture. MAbs la  and 4a 
were precipitated from the culture supernatants with 40% 
(w/v) (NH4)2S04 and dialyzed against phosphate-buffered 
saline. MAb 2b was affinity-purified on protein A-Sepharose 
(Pharmacia). A polyclonal antiserum, AS-1, raised against 
purified GlyR has been described previously (Pfeiffer, 1983; 
Hoch et al., 1989). The protein concentrations of the mAb 
preparations used were as follows: mAb la, 14 mg/mL; mAb 
2b, 0.15 mg/mL; mAb 4a, 42 mg/mL. 

Anti-mouse lgGs were obtained from Dianova, and anti- 
mouse and anti-rabbit lgGs coupled to alkaline phosphatase, 
from Promega. Peptide 96-1 05 was purchased from Multiple 
Peptide Systems, and peptides 1-10 and 67-81 were syn- 
thesized by Dr. R. R. Pipkorn, ZMBH. Peptides 1-10 and 
67-8 1 contained an additional C-terminal tyrosine residue, 
and peptide 96-105 was amidated at  the C-terminus. The 
expression vector pEX 34 allowing C-terminal fusions to a 
12-kb MS2 polymerase fragment (Strebel et al., 1986) and 
polyclonal rabbit antisera against &galactosidase and MS2 
polymerase were kindly provided by Dr. E. Beck. The ex- 
pression vector pEX 3 containing multiple cloning sites after 
a cro lac Z coding fragment covering 117 kDa of bacterial 
protein sequence (Stanley & Luzio, 1984) and Escherichia 
coli strain Pop 2136 were a gift of Dr. K. Stanley. [3H]- 
Strychnine was from Amersham, fixed Staphylococcus aureus 
cells (Pansorbin) were from Calbiochem, and nitrocellulose 
membranes were from Schleicher and Schull. 

Cloning and Expression of GlyR Fusion Proteins. For 
obtaining a fragment (ICF) corresponding to the loop between 
putative transmembrane helices 3 and 4 of the a1 subunit, 
clone G R  1.6 (Grenningloh et al., 1987) was digested with 
Sau3A and Hincll. The resulting DNA fragment (nucleotides 
933-1 181) was blunt-ended and cloned into the SmaI site of 
pEX 3. 

Two fragments of the CUI subunit cDNA encompassing the 
proximal (PNF; nucleotides 1-336) and distal (DNF; nu- 
cleotides 430-654) parts of the N-terminal domain were 
generated by digestion of clone GR 1.6.1 (Grenningloh et al., 
1987) with Haelll. Withstanding direct cloning into pEX 34, 
PNF was ligated into the Smal site of pTZ 18 R (Pharmacia) 
after generation of blunt ends and introduced into E. coli 
BMH. PNF was then excised with EcoRI and PstI and re- 
cloned into the corresponding restriction sites of pEX 34b. In 
addition, blunt-ended PNF was cloned into the SmaI site of 
pEX I .  DNF was ligated into the PstI site of pEX 34 c, which 
had been blunt-ended with T4 polymerase. 

The correct orientation of the fragments was confirmed by 
restriction analysis and sequencing or, in the case of ICF, by 
hybridization with a 24-mer oligonucleotide overlapping the 
region of ligation of lac Z and the 5’ end of the cloned frag- 
ment. Expression of fusion proteins was performed as de- 
scribed by Zabeau and Stanley (1982) and enrichment of 
fusion proteins according to Schloss et al. (1988). 

Western Blotting. Enriched fusion proteins were separated 
on 15%, or 7-1 5% SDS-polyacrylamide gels (Laemmli, 1970). 
Proteins were blotted onto nitrocellulose (Kyhse-Andersen, 
1984) and visualized after transfer using Ponceau S (Rehm 
et al., 1986). For immunodetection the blots were incubated 
with the respective antibody diluted in TBB [50 mM Tris-HCI, 
pH 8.0, 150 mM NaCI, 0.1% (w/v) Nonidet P-40, 1% (w/v) 
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bovine serum albumin] for 2 h after blocking by a 30-min 
incubation with TBB. Thereafter, the blots were washed with 
TBS (TBB without Nonidet P-40 and BSA), TWB (TBB 
without BSA), and TBB for 10 min each and subsequently 
reacted for 30 min with anti-mouse IgG, or anti-rabbit IgG, 
coupled to alkaline phosphatase (both diluted 1:7500 in TBB). 
After three washings with TBS, TWB, and again TBS, sub- 
strate solution was added [0.33 pg/mL nitroblue tetrazolium 
[50 mg/mL in 70% (v/v) dimethylformamide] and 0.17 
wg/mL 5-bromo-4-chloroindolyl phosphate (50 mg/mL in 
dimethylformamide) diluted in 0.1 M Tris-HC1, pH 9.5, 0.1 
M NaCI, and 5 mM MgC12]. Color development was allowed 
to proceed for 5-20 min. 

Dot Receptor Assay (DORA) with Fusion Proteins. For 
quantitation of antibody binding, a dot assay was used (Becker 
et al., 1989). Fusion proteins were diluted in application buffer 
[OS% (w/v) sodium desoxycholate, 50 mM Tris-HCI, pH 7.4, 
150 mM NaC1, 20% (v/v) methanol] and applied to nitro- 
cellulose by using a dot blot apparatus (Schleicher and Schull, 
Minifold I ) .  After drying and blocking of unspecific binding, 
the nitrocellulose sheets were reacted with antibodies and 
washed as described for the Western blot procedure. Then 
the dots were punched out into a microtiter plate and incubated 
with 10 mM p-nitrophenyl phosphate dissolved in 0.1 M Tris, 
pH 9.5, 0.1 M NaC1, and 5 mM MgCI2, for 15-30 min. The 
substrate solution was transferred into another microtiter plate, 
and the reaction product was quantified by measuring the OD 
at 405 nm in an ELISA reader. 

Peptide ELISA. Binding of antibodies to synthetic peptides 
was determined by an ELISA procedure. Peptides were 
dissolved in 0.1 M NaHC03,  pH 9.5, at a concentration of 
0.1 mg/mL and absorbed onto plastic microtiter plates by 
overnight incubation at 4 O C  (100 pL/well). Incubation with 
antibodies was performed as described above for the DORA 
procedure. With the peptide ELISA, the enzyme reaction was 
allowed to proceed for 10-300 min. 

Immunoprecipitation Experiments. Detergent extracts were 
prepared from adult rat spinal cord as described previously 
(Becker et al., 1988). To increase the pH value and to reduce 
the salt concentration, extracts were then diluted with 1 volume 
of 25 mM KP, buffer, pH 9.0. To 1-mL aliquots of this diluted 
extract was added 1.5 pg of mAb 2b preincubated for 2 h with 
different amounts of peptide. After overnight incubation at 
4 OC, immunocomplexes were precipitated by addition of 1 
pL of anti-mouse IgG and 100 pL of a 10% suspension of fixed 
S. aureus cells (Pansorbin). Bound antibodies and antigen 
were collected by centrifugation at  2000g for 5 min. The 
supernatants were removed, and the pellets were washed four 
times with washing buffer [25 mM KPi, pH 8.0, 0.5 M KC1, 
1% (w/v) Triton X-100, 2.5 mM phosphatidylcholine, and 
protease inhibitors as described in Pfeiffer et al. (1982)l. Both 
supernatants and pellets were then tested for their [3H]- 
strychnine binding capacity. 

High-affinity binding of 
[3H] strychnine to detergent extracts and immunocomplexes 
bound to Pansorbin was determined by a filtration assay 
(Pfeiffer & Betz, 1981). All values are the mean of triplicate 
determinations and are corrected for unspecific binding de- 
termined in the presence of 10 mM glycine. 

RESULTS 
For an initial localization of antigenic epitopes on the a1 

subunit of the rat GlyR, three different fragments of the 
cDNA clones GR 1-6 and 1-6-1 (Grenningloh et al., 1987) 
were used for construction of expression plasmids. A proximal 
N-terminal fragment encompassing bp 1-336 (PNF), a distal 

Strychnine Binding Assay. 
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FIGURE 1: Physical map of the C U I  GlyR cDNA and localization of 
fragments used for construction of fusion proteins. PN F, proximal 
N-terminal fragment; DN F, distal N-terminal fragment; ICF, in- 
tracellular fragmcnt. Structural features of the CUI subunit: SP, part 
of the signal peptide encoded by GlyR clone 1.6 (Grenningloh et al., 
1987): M 1-M4. proposed transmembrane regions. Restriction sites 
(H. Haelll; S. Sau3A; HI, Hincll) used for isolation of the fragments 
arc indicatcd. 

Table I: Molecular Weights of Fusion Proteins" 
M. (K) 

construct calculated observed 

a 
A 

bed 

I !  
e f g  

- 200 - -2 
-1  16 
- 93 

pEX I .  cnipty 1 I7 116 
PEX I-PNF 129 139 
PEX 3-ICF 126 I39 
pEX 34 c, empty 12 14 

DEX 34 b-PNF 26 25 
PEX 34 C-DNF 20 21 

B 
a bed e f g  

- 200 

" Apparent molecular weights were determined by SDS-polyacryl- 
amide gel clcctrophoresis using molecular weight markers (Rio-Rad). 

N-terminal piece containing bp 430-654 (DNF), and a 
fragment encoding the putative intracellular domain (bp 
933-1 181; ICF) were subcloned into pEX vectors for pro- 
duction of fusion proteins (Figure I ) .  Expression of the 
resulting constructs and enrichment of the corresponding cro 
lac Z-PY F, cro lac Z-ICF, MS2-PNF, and MS2-DNF fu- 
sion proteins (for the apparent and calculated molecular 
weights scc Table 1) then provided antigen for Western blots 
and DORA antibody binding assays. 

Four different antibody preparations recognizing the (Y 1 
subunit on Wcstcrn blots were used for epitope mapping, Le., 
mAbs GlyR la, 2b, and 4a (Pfeiffer et al., 1984) and a po- 
lyclonal rabbit antiserum, AS-l (Pfeiffer, 1983; Hoch et al., 
1989). All antibodies had been obtained by immunization with 
affinity-purified native GlyR from rat spinal cord. None of 
the antibodies recognized the MS2-DNF fusion protein on 
immunoblots after enrichment from lysates of induced bacteria 
(data not shown; see also Figure 3B). All, however, stained 
the cro lac Z-PNF and MS2-PNF proteins under the same 
conditions (Figure 2A and data not shown). I n  case of the 
cro lac Z-PN F fusion protein (Figure 2A), besides the 138- 
kDa protein an addditional major band of 129 kDa was rec- 
ognized by the anti-&galactosidase antiserum, mAb 2b and 
AS1 (lancs c, c, and g ) ,  but not by mAbs la  and 4a (lanes 
d and f). This staining pattern indicates that the 129-kDa 
polypeptide is generated from the 138-kDa protein by pro- 
teolytic removal of a C-terminal fragment which contains the 
epitopes for mAbs l a  and 4a. Therefore, the epitopes of mAb 
2b and AS1 must rcsidc closer to the N-terminus of the a1 
subunit than those of the other two GlyR antibodies. 

The AS-1 antiserum also recognized the cro lac Z-ICF 
fusion protein (Figure 2B). None of the GlyR antibodies 
stained control preparations of cro lac Z (Figure 2C) or MS2 
(not shown) protcins. Thcsc data suggested that the major 
immunogcnic epitopes of the mature rat a1 subunit reside 
within its first 105 amino acid residues. 

This conclusion was corroborated further by quantitative 
immunoassays using the DORA method (Becker et al., 1989). 
To cxcludc unspecific staining of the prominent fusion protein 
bands scen on our Western blots, all antibodies were titrated 
against thc fusion proteins enriched by differential extraction. 
Parallel prcparations of cro lac Z and MS2 proteins obtained 

-116 

- 93 

' a  b c  d 
I 

-116 

- 93 

-66 

FIGURE 2: Western blot of fusion proteins. Expression of the cro lac 
Z-PNF fusion protein (A), the cro lac Z-ICF fusion protein (B), and 
cro lac Z (C) was induced in E. coli cultures, and enriched fusion 
proteins were separated on a 7-1 5% SDS-polyacrylamide gel. After 
transfer to nitrocellulose, strips of the blot were stained with Ponceau 
S to visualize the protein pattern (a) and subsequently reacted with 
the following antibodies: (b) no antibody; (c) anti-@-galactosidase; 
(d) mAb la  (1:200); (e) mAb 2b (1: lOO);  (f) mAb4a (1500); (8) 
AS 1 (l:750). Note that in (A) all antibodies stain a major band 
of M, 139K. The additional band of 129K seen in (A), lanes c, e, 
and g, is not recognized by mAbs l a  and 4a and thus corresponds 
to a C-terminal degradation product of the fusion protein. The band 
of 65K seen in (A-C), lane g, and in (B), lane b, represents unspecific 
staining. The substrate reactions were incubated for the same time 
with all antibodies except in case of the controls without first antibody 
(b), where incubation times were twice as long to highlight unspecific 
reactivity. 

from induced empty pEX 3 and pEX 34 b vectors served as 
controls for unspecific binding. Figure 3A-C shows that all 
mAbs indeed bound specifically to the PNF region. AS-1 also 
recognized the same fragment, but in addition displayed sig- 
nificant reactivity with ICF (see summarized data in Figure 
3D). 

- 66 
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FIGURE 3: DORA with different fusion proteins. Five micrograms each of enriched cro lac Z-PNF (O), MS2-DNF (O) ,  or cro lac Z-ICF 
(A) fusion proteins was dotted onto nitrocellulose and reacted with the indicated dilutions of (A) mAb la, (B) mAb 2b, and (C) mAb 4a. 
(D) Summary of DORA experiments with different antibodies. To each dot, 1 pg each of the following fusion proteins was applied: open 
bars, MS2-DNF; hatched bars, MS2-PNF; black bars, cro lac Z-PNF; vertically stripped bars, cro lac Z-ICF; and dotted bars, cro lac Z. 
All antibodies were diluted 100-fold. Reactivities are indicated as percent of the control value obtained with MS2 protein purified from bacteria 
transformcd with pEX 34c. All values represent the mean hSD of two determinations. 

To more precisely localize the mAb epitopes within the PNF 
region, thrcc synthetic peptides corresponding to defined PNF 
segments were tested in a peptide ELISA: (i) peptide 1-10 
corresponding to amino acids 1-10 of the mature rat a1 
subunit has previously been shown to be immunogenic 
(Grenningloh et al., 1987); (ii) a peptide containing amino 
acids 67-81 [this region was chosen because it is rich in 
chargcd rcsidues, contains two prolines and tyrosines each, and 
corresponds in position to the main immunogenic region of the 
homologous a subunit of the muscle nicotinic acetylcholine 
receptor (Tzartos & Lindstrom, 198O)l; and (iii) a peptide 
encompassing residues 96-1 05. Previous protease digestion 
experiments with primary cultures (Hoch et al., 1989) had 
suggested that thc mAb 4a epitope resides at the C-terminal 
end of PNF (see Discussion). Indeed, peptide 96-105 was 
recognized by mAb 4a, but not by the other antibodies (Figure 
4A). MAb 2b in contrast gave a positive reaction with peptide 
1-1 0 only (Figure 4B). None of the mAbs bound to peptide 
67-81 (not shown). 

To confirm the conclusion obtained by peptide ELISA, 
immunoprccipitation experiments were in addition performed. 
Of the mAbs studied, only mAb 2b reacts with native GlyR 
and has been employed for selective immunoprecipitation of 
the adult rcccptor isoform (Becker et al., 1988). Precipitation 
by mAb 2b of [3H ]strychnine binding sites from detergent 
extracts of spinal cord membranes prepared from adult rats 
was prevcnted by adding the MS2-PNF fusion protein (50 
pg/mL; data not shown) or peptide 1-10 (Figure 5). Also, 

binding of this mAb to spinal cord membranes in a membrane 
immunoassay (Hoch et al., 1989) was completely inhibited 
by 5 pg/mL peptide 1-10 (not shown). These data corroborate 
the N-terminal localization of the mAb 2b epitope. 

DISCUSSION 
Here, antigenic epitopes recognized by different mono- and 

plyclonal antibodies on the a1 subunit of the rat GlyR were 
localized by using bacterial fusion constructs and synthetic 
peptides. AI1 mAbs and serum AS-I bound to the PNF fusion 
proteins, indicating that this region of the extracellular domain 
contains the major antigenic epitopes of the mature protein. 
Serum AS-1 in addition showed some reaction with sequences 
in the intracellular loop domain between transmembrane 
segments M3 and M4, a region that is highly immunogenic 
in other ligand-gated ion channel proteins (Ratnam et al., 
1986). The epitopes of mAbs 2b and 4a could be more pre- 
cisely defined by using synthetic peptides. MAb 4a recognizes 
a sequence between amino acids 96 and 105; mAb 2b binds 
to the very N-terminal 10 residues of the mature a1 subunit. 
In  view of the comparatively high antibody concentrations 
required for detection of peptide immunoreactivity (Figure 4), 
the epitopes of both antibodies might in fact include residues 
and/or conformational determinants not present in our pep- 
tides. The mAb la  epitope, although not precisely localized, 
must reside between residues 1 I and 95 of the a1 polypeptide. 
A map of antibody binding sites on the rat GlyR a1 subunit 
deduced from our data is given in Figure 6. 
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F I G U R E  4: Peptide ELlSA with mAbs la (O), 2b (A), and 4a (0). 
Microtiter plates were coated with peptide 96-105 (A), or peptide 
1-10 (B), and reacted with the indicated dilutions of the mAbs. 
Reactions wcrc developed for 4 h (A) or 1 h (B), respectively. 
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F I G U R E  5: Inhibition by peptide 1-10 of GlyR immunoprecipitation 
with mAb 2b. GlyR was precipitated from detergent extracts of rat 
spinal cord by the addition of mAb 2b (1.5 wg per sample) that had 
bccn preincubated with various concentrations of peptide 1-10. The 
cxtcnt of receptor precipitation was monitored by determining 
['Hlstrychnine binding in the supernatant (W) and in the pellet (0). 
['HIStrychnine binding is indicated as percent of binding sites in a 
control precipitation where no peptide was added. All values represent 
the mean =tSD of triplicate determinations. 

It is interesting to compare these epitope mapping results 
to previous proteolysis experiments on membrane-bound GlyR. 
All mAbs investigated in this study bind to the N-terminal 
105 amino acids of the a1 subunit, thus defining this region 
as a particularly accessible and/or antigenic domain. In 
agreement with this conclusion, tryptic digestion readily re- 
moves 11-12 kDa from the extracellular part of GlyR a 
subunits (Graham et al., 1983; Hoch et al., 1989). Under these 
conditions, the mAb 4a epitope is preserved on the truncated 
membrane-bound receptor (Hoch et al., 1989). Assuming that 

96 

FIGURE 6: Map of antigenic epitopes on a model of the GlyR CUI 
subunit. The transmembrane topology of the polypeptide is assumed 
to correspond to that of nAChR proteins (Nda  et al., 1983). Numbers 
correspond to amino acid positions in the mature a1 protein. Hy- 
drophilic regions used for construction of fusion proteins are indicated 
by bold lines. Putative disulfide bridges are shown. 

in analogy to other ligand-gated ion channel proteins (Noda 
et al., 1983) the loop between transmembrane segments M3 
and M4 is located intracellularly, tryptic cleavage most likely 
occurs after lysine 95 of the a1 polypeptide. This is consistent 
with our assignment of the mAb 4a epitope. 

Comparison of the mAb binding regions defined here with 
the available GlyR cDNA sequences reveals that the mAb 4a 
epitope is absolutely conserved in all sequenced a subunit 
variants (Grenningloh et al., 1987, 1990a; J .  Kuhse, V. 
Schmieden, and H. Betz, submitted for publication). Indeed, 
in biochemical studies both neonatal and adult GlyR isoforms 
have been shown to bind this antibody (Becker et al., 1988; 
Hoch et al., 1989). Also, mAb 4a stains synapses not only 
in spinal cord but also in higher brain regions including rat 
and human cortex (E. Naas, H. Schroder, K. Zilles, C.-M. 
Becker, H. Betz, and H. Gnahn, submitted for publication). 
Thus, other a subunit variants may be expressed in those areas 
of the central nervous system. Furthermore, the 58-kDa GlyR 
/3 subunit shows only a single amino acid excange in its cor- 
responding region (Grenningloh et al., 1990b). Interestingly, 
in purified GlyR preparations mAb 4a also stains the /3 po- 
lypeptide (Pfeiffer et al., 1984). In contrast, the N-terminal 
sequence recognized by mAb 2b is highly variable among 
different GlyR subunits, a finding that explains the selectivity 
of this antibody for the a 1  polypeptide present in adult rat 
spinal cord and brain stem (Becker et al., 1988, 1989). In 
other words, mAbs 4a and 2b define common and unique 
epitopes on the a 1  subunit of the rat GlyR. These antibodies 
therefore should be of considerable value in further classifi- 
cation of novel isoforms of this ligand-gated ion channel 
protein. 

ADDED IN PROOF 
The following papers cited as "submitted for publication" 

are now in press: Kuhse et al. (1990), Malosio et al. (1991), 
and Kuhse et al. (1991). 
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