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The subunits of specific odor-binding glycoproteins from rat 
olfactory epithelium 
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The specific odor-binding glycoproteins have been isolated from rat olfactory epithelium. They consist of 
two subunits, gp88 and gp55. Subunit gp88 is capable of odorant binding. 
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1. INTRODUCTION 

Odorant binding with the receptor molecules of 
olfactory sensory neurons is universally believed to 
be the first step in vertebrate chemoreception. 
However, the molecular identity of  such molecules 
has not been clearly established. Using binding 
assays or isolation of specific proteins of  olfactory 
cilia, a number of candidates for receptor 
molecules have been suggested but satisfactory 
identification has not been achieved [1-9]. 

It is clear that only simultaneous use of the main 
criteria of the receptor would allow identification 
of the olfactory receptor molecules [10]. Recently, 
using gel chromatography and isoelectric focusing, 
we isolated membrane proteins from rat olfactory 
epithelium possessing a high affinity with two non- 
competing odors, camphor and decanal [11]. 
These proteins have a very similar molecular mass 
( -140 kDa) and isoelectric point (pI 4.9). Ap- 
parently, they constitute a group of  odor-binding 
proteins from olfactory epithelium which have 
very similar properties. These proteins were reveal- 
ed to be tissue-specific to olfactory epithelium on- 

ly. They also exhibit species specificity, being 
present in mammals but not in fish and am- 
phibians. 

Rabbit antibodies have been raised against odor- 
binding proteins [11]. These antibodies block the 
binding of olfactory epithelium preparations with 
both camphor and decanal and irreversibly inhibit 
the physiological response of  the olfactory mucosa 
to both odorants (EOG). 

The properties enumerated suggest that the 
isolated odor-binding proteins could be plausible 
candidates for olfactory receptor molecules. Here, 
the properties of  odor-binding proteins from rat 
olfactory epithelium are investigated. 

2. MATERIALS AND METHODS 

2.1. Antibodies 
Rabbit antibodies were raised against odor- 

binding proteins from rat olfactory epithelium as 
described [11]. The serum titer was 1/6000 as 
determined by ELISA using anti-rabbit IgG perox- 
idase conjugate developed in goat. IgG fraction 
was obtained using a protein A-Sepharose affinity 
column. 
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2.2. Aff ini ty  chromatography 
IgG was coupled to CNBr-activated agarose by 

standard methods and an IgG-agarose affinity col- 
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umn used for purification of  odor-binding protein. 
A fraction of  120-150 kDa of  a Triton X-100 ex- 
tract of the 20000 × g pellet of rat olfactory 
epithelium [11] was applied to the IgG-agarose col- 
umn, which was equilibrated with 50 mM Tris- 
HC1 buffer containing 0.1°70 Triton X-100 and 
0.5 M NaCI. The bound proteins were eluted with 
20 mM glycine-HCl buffer,  pH 2.8, containing 
0.5 M NaC1 and 0.1°70 Triton X-100. 

2.3. Gel chromatography 
An Ultrogel AcA-34 column (1.6 × 100 cm) was 

equilibrated and eluted with 50 mM Tris-HC1, pH 
7.2, containing 0.1% Triton X-100 and 0.1 M 
NaCl. The radioactivity ([3H]camphor or 
[3Hldecanal, 10 -9 M) was added to samples before 
chromatography. 

2.4. Electrophoresis 
Electrophoresis in 10% polyacrylamide gels in 

the presence of SDS and 2-mercaptoethanol was 
carried out using a discontinuous buffer system ac- 
cording to Laemmli [12]. Polypeptides were 
visualized by silver staining [13]. Glycoproteins 
were identified directly on the electrophoresis gel 
by the lectin overlay method [14] with fluores- 
ceinated concanavalin A (Con A). 

3. RESULTS 

Fig. 1 depicts SDS gel electrophoretic patterns of 
odor-binding proteins from rat olfactory 
epithelium isolated using the IgG-agarose column. 
Silver staining revealed two major bands - 88 and 
55 kDa. Fig.1 also shows the glycoprotein patterns 
visualized by binding of the mannose-specific lec- 
tin Con A to the electrophoretic gel. The patterns 
demonstrate that these two major bands visualized 
with silver are glycoproteins (gp88 and gp55). 

The molecular mass of  odor-binding proteins is 
-140  kDa (see section 1) which approximates to 
the sum of  the masses of  gp88 and gp55 revealed 
after SDS gel electrophoresis. Most probably, 
these polypeptides are the subunits of  the same 
glycoproteins (140 kDa). They will henceforth be 
designated gp88/55. 

The bound proteins to the IgG column were 
eluted at low pH (pH 2.8) which might result in 
their partial denaturation, being responsible for 
the inability to bind [3Hlcamphor and 
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Fig.1. SDS gel electrophoretic pattern. Total, Triton 
X-100 extract of the 20000 × g pellet; gp88/55, purified 
odor-binding glycoprotein; SILVER, silver staining; 
Con A, binding of fluorescein-labeled concanavalin A 

to gp88/55. 

[3H]decanal. Nevertheless, the component capable 
of  binding ligand was isolated after gel 
chromatography of these proteins on Ultrogel 
AcA-34 in the presence of  Triton X-100 (fig.2). 
However, the result obtained was unexpected. Ac- 

136 68 43 21 

E2s4 1 I ) 1 epm 

O. 03- "0- Radioactivity I - 2000 

-- ~54 

I 0.02-~ 
- 1000 

O.Oi- 

O 30 60 0 
Fraction number 

Fig.2. Gel chromatography of gp88/55 on an Ultrogel 
AcA-34 column. ( ) E254; (t~-------Q) radioactivity. 
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Fig.3. SDS gel electrophoretic patterns of the fraction 
from gel chromatography. 

to gp88/55 f rom rat. If  this is really so, then all of  
them may represent the class of  olfactory receptor 
molecules. 

Binding activity was demonstrated in the gp88 
subunit but was not found in gp55. Further work 
is required to determine whether the gp88/55 com- 
plex or only the gp88 subunit is the olfactory recep- 
tor. The relative stability of  the gp88/55 complex, 
demonstrated by gel chromatography and isoelec- 
tric focusing, suggests it to be a receptor. (Thus, if 
the function of  gp88 is clear, then that of  gp55 is 
unknown.)  On the other hand, the possibility can- 
not be excluded that the formation of  the relatively 
stable complex gp88/55 is an artefact of  isolation. 
However,  in our opinion, this is very unlikely, 
most important  of  all, because of their content be- 
ing insufficient in the olfactory epithelium. 

cording to chromatography on Ultrogel AcA-34, 
the molecular mass of  the odor-binding compo- 
nent was lower ( - 9 0  kDa), compared to that of  
odor-binding protein that had been isolated 
previously ( -140  kDa) [11]. In fig.2 this is in- 
dicated by the arrow. Fig.3 depicts the SDS gel 
electrophoretic patterns of  the fractions shown on 
the chromatogram.  As shown in fig.3, the frac- 
tions able to bind ligands contained subunit gp88 
only. Probably,  gp55 does not bind stimuli. The 
data obtained suggest that the gp88/55 complex 
obviously dissociates at acidic pH values during af- 
finity chromatography at pH 2.8. It is therefore 
supposed that ionic forces contribute to the forma- 
tion of  the gp88/55 complex. 

4. DISCUSSION 

As has been indicated, glycoprotein gp88/55 
isolated f rom rat olfactory epithelium exhibits a 
number of  the properties of  olfactory receptor 
molecules. Glycoproteins with similar properties 
have been found by Lancet 's  group in frog (gp55 
and gp58) and rat (gp85 and gp55) olfactory cilia 
[9]. According to some of  the properties, they con- 
sider glycoproteins (especially gp95) to be the most 
probable candidates for receptor molecules. These 
glycoproteins are likely to be functionally identical 
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