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--,.--Prior to beginning this project we had developed two hypotheses: (1) that receptor protein
in olfactory receptor cells comprise a class of molecules of related structure with a region
common to all and a region specific for a particular odorant class; (2) that interaction
with receptor proteins is only one of several mechanisms by which olfactory neurons are
stimulated by odorants. This project was basically an attempt to test these hypotheses.

Proteins with affinity for compounds related to the odorants, anisole and benzaldehyde,
were isolated from extracts of dog olfactory epithelium by affinity chromatooraphy. They
are referred to as anisole and benzaldehyde b'ihding protein, respectively. They are not
distinguishable by polyacrylamide gel electrophoresis, with molecular weights estimated at
61,000 daltons.
- -Sera from rabbits immunized with each were general inhibitors of mouse olfactory tissue
to odorant stimulation. Monoclonal antibodies were prepared against each protein and
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(ested for ability to alter responses to mouse oTfactory epithelium to odorant stimulation.
Of the 26 antibodies obtained, 3 (12%) were inhibitors only of the responses to the odorant
class bound by the antigen. Presumably, these antibodies are directed against the part of
the molecule against which the odorant binds. Another 9 (35%) were inhibitors of responses
to all three tested odorants. Presumably, these are directed against the part of the mole-
cule that is accessible (not buried in the cell membrane) and is common to all receptor
protein.s The remaining 14 antibodies (54%) were without effect on responses to odorants.
Presumably, these are directed against the part of the molecule that is buried in the cell
membrane, inaccessible to antibodies. -The data are consistent with the hypothesis that
olfactory receptor proteins are members of a structurally related class of which the
anisole and benzaldehyde binding proteins are members. It is difficult to explain the data
in other ways.
bNone of the antibodies reduced the magnitude of the odorant responses by more than 40%.

Therefore, a significant part of the response must be mediated by some pathway other than
initiation by binding of the odorant to the receptor protein. This is consistent with the
hypothesis that there are multiple mechanisms by which odorants stimulat6 olfactory neurons,
interaction with receptor proteins being one of them.
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1. STATEMENT OF THE PROBLEM
Based on work done prior to beginning this project we had

developed two hypotheses related to mechanisms of stimulation of
olfactory receptor neurons. The first is that olfactory receptor
cell responses to odorants can be initiated by a variety of
mechanisms, of which binding the odorant by specific receptor
proteins is only one. This contrasts with a widely held view
that interaction with receptor proteins in cell membranes is the
only significant mechanism by which olfactory neurons are
stimulated. The second is that olfactory receptor proteins
comprise a class of molecules that have structural similarities.
That is, that they are in some ways analogous to antibodies,
molecules with a large region common to all and a much smaller
region in which the antibody specificity resides.

Our approach was to attempt to isolate odorant binding
proteins by affinity chromatography (we had already done so with
one, anisole binding protein), demonstrate that they were
involved in olfactory transduction by preparing antibodies
against them and showing that the antibodies inhibited responses
of olfactory tissue to odorants (also previously accomplished
with anisole binding protein), and attempt to prepare antibodies
that were specific inhibitors of the particular odorant class to

*which the antigen protein had affinity. Such antibodies would
constitute nearly unequivocal demonstration that the proteins
were not only involved in transduction but were actually the
odorant binding molecules through which transduction is
initiated.

2. SUMMARY OF MOST IMPORTANT RESULTS
We isolated anisole binding protein from dog olfactory

epithelium by the method previously reported and immunized
rabbits with it. As had occurred earlier, the rabbit antiserum
was a generalized inhibitor of responses to odorants when
topically applied to mouse olfactory epithelium. Using a
modification of the same procedure we isolated a benzaldehyde
binding protein and immunized rabbits against it. This antiserum
was also a generalized inhibitor of olfactory responses. This is
evidence that both proteins are part of the olfactory
transduction system, perhaps as receptor molecules. The antisera
cross-reacted with both proteins, showing that there are
immunological similarities between them. The proteins had
identical behavior on polyacrylamide gel electrophoresis,
migrating with apparent molecular weight of 61,000 daltons.
However, they are clearly not the same molecule because either
could be completely removed from the extract before isolating the
other. The immunological cross-reactivity and similar molecular
weights are consistent with the hypothesis that they are
structurally related molecules.

We prepared monoclonal antibodies against each protein and
tested the antibodies' ability to affect responses of mouse
olfactory epithelium to odorant stimulation. Of 26 such
antibodies, 3 (12%) were specific inhibitors of responses to the
odorant class to which the antigen had affinity. That is, one
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antibody raised against anisole binding protein was a specific
inhibitor of responses to anisole and had no significant effect
on responses to benzaldehyde or amyl acetate. Two antibodies
raised against benzaldehyde binding protein were specific
inhibitors of responses to benzaldehyde and were without effect
on responses to anisole or amyl acetate. It is difficult to
explain the existence of these antibodies unless anisole and
benzaldehyde binding proteins are, indeed, receptor molecules for
odorants of the anisole and benzaldehyde types, respectively.

Another 9 antibodies (35%) were generalized inhibitors of
olfactory responses. That is, they inhibited responses to all
three of the test odorants more or less equally. If the antigens
are receptor molecules, then these antibodies must be directed
against some part of them that is common to both and to other
odorant receptor proteins. At least, this is by far the simplest
explanation of the data. Obviously, these nine antibodies as
well as the three that were specific inhibitors must be directed
against a part of the molecule that is not buried in the cell
membrane, but is accessible to antibodies on the cell surface.

The remaining 14 antibodies (54%) had no significant effect on
responses of mouse olfactory epithelium to odorants. Since the
other antibodies raised against the same antigens were
inhibitors, it seems reasonable to conclude that these are
directed against a portion of the molecule that is buried in the
cell membrane and not accessible to antibodies.

We can speculate from the relative occurrances of different
types of antibodies that approximately one-tenth of the receptor
molecule is the specific odorant binding portion, and that
approximately one-half is buried in the cell membrane. Clearly,
the data are not adequate for drawing conclusions on these
points; they are simply suggestive.

Finally, it was interesting that none of the antibodies
reduced responses by more than 40%. That is, at least half the
electrophysiological response to odorants was independent of the
pathway blocked by these antibodies. We conclude from this that
binding to the class of related molefcules exemplified by anisole
and benzaldehyde binding proteins is not the only route through
which odorants can stimulate olfactory receptor cells. Perhaps
there are other receptor proteins of dissimilar structure with
which these antibodies do not cross react; perhaps there are
other mechanisms not involving receptor proteins at all (as we
had hypothesized); perhaps both possibilities are true.

In summary, we have isolated two odorant binding proteins from
dog olfactory epithelium. We believe that we have demonstrated
that they are olfactory receptor molecules and are
representatives of a class of structurally related proteins that
includes other olfactory receptor molecules. We have also shown
that interaction of odorants with members of this class is not
the only mechanism by which olfactory receptor cells are
stimulated.
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