The Journal of
Steroid Biochemistry
&
Molecular Biology

PERGAMON Journal of Steroid Biochemistry & Molecular Biology 86 (2003) 133-141

www.elsevier.com/locate/jsbmb

Binding of the pheromonal steroidesandrost-16-en-3-one, to
membrane-enriched fractions of boar and rat olfactory epithelium;
preliminary evidence for binding protein being a glycoprotein

M.A. Kraevskay&, M.J.P. Higging!, M.T. Wilson®, D.B. Gower**

2 Division of Biochemistry and Molecular Biology, United Medical and Dental Schools, Guy’s Hospital, London SE1 9RT, UK
b Department of Biological Sciences, University of Essex, Central Campus, Wivenhoe Park, Colchester, Essex CO4 3SQ, UK
¢ Department of Forensic Science and Drug Monitoring, Franklin-Wilkins Building, King's College London,
150 Stamford Street, London SE1 9NN, UK

Accepted 17 May 2003
In memoriam: Dr. Maria A. Kraevskaya (Dr. Maria A. Kraevskaya died at thetragically early age of 36 yearson 8 August 1993)

Abstract

A high degree of binding of&-[3H]-androstenone was recorded in membrane-enriched fractions of porcine olfactory tissue. The specific
(i.e. high affinity, low capacity) binding had a meKg approximately 2< 10° M~1. A Hill plot of the data showed a Hill coefficient of
approximately 2, possibly suggesting co-operativity of binding, with binding constants increasing ftat6’8o 1.6 x 10° M~1 with
increasing substrate concentration. The level of specific binding¢fB]-androstenone was nearly 10-fold higher than in corresponding
respiratory tissue preparations and was markedly reduced in the presence of excess (approxiphviteiglabelled ox-androstenone.
Corresponding fractions derived from rat olfactory tissue showed only 25% of the binding recorded for the pig.

After incubation of &-[3H]-androstenone with solubilised olfactory cilial tissue (porcine), gel filtration and chromatography on a typical
“glycoprotein” column (Concanavalin A-Sepharose B) were performed. Specific binding was recorded only in fractions corresponding to
glycoproteins withM, of approximately 70-90 kDa.

In a third series of experiments, fractions containing high concentrations of cilia, some still attached to the dendritic endings (as shown
by electron microscopy) were obtained by a novel method involving stripping them off the nasal epithelium. The basal adenylate cyclase
(AC) activity was very significantly® < 0.01) higher in olfactory, compared with respiratory, cilia; storage #°C for 3 weeks greatly
reduced AC activity. When fresh male and female porcine olfactory cilia preparations were incubated-aittirostenone plus GTP, AC
activity was increased fourfold( < 0.01). However, responses of porcine respiratory cilia were not significant statistically, neither were
changes in basal levels of AC activities in rat olfactory cilia.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction for example, the Ca -shock method2,3], however, has en-
abled researchers to show that the olfactory cilia membranes
During the past 30 years, considerable advances have beegarry the odorant binding proteins as well as the proteins
made in the elucidation of the transduction mechanisms in- involved in the transduction processes. The former appear
volved in olfaction and in the nature of the molecules in- to be transmembrane glycoproteins, €4, while media-
volved in odorant bindindi1]. In earlier work, experiments  tion of the latter processes requires second messengers, e.g.
were generally performed with whole, or crude homogenates c-AMP, inositol trisphosphate, €& ions[5-7]. Many of the
of, olfactory epithelium. The separation of olfactory cilia by, proteins involved, such as the specific olfactory G-protein
(Goif) and ion-channel proteins, have been characterised and
cloned[1,8,9].
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distinguish between thousands of odors, has been sub50Ci/mmole) was obtained from Isocommerz, Dresden,
jected to research scrutiny in recent yefr2-14] It now Germany. Molecular weight markers for chromatography
appears that combinatorial receptor codes occur, in that onewere purchased from Bio-Rad Laboratories Ltd., Maylands
OR recognises multiple odorants and that one odorant isAvenue, Hemel Hempstead, Herts, UK.
recognised by multiple ORs. However, different odorants
are recognised by different combinations of JRS,16] 2.2. Animals

In several laboratories, including our own, a search has
been made for a specific protein(s) which might bind the  Mature pigs (1-2 years) were housed at the Agriculture
odorous steroid,&-androst-16-en-3-onedsandrostenone).  and Food Research Institute, Babraham, Cambridge, UK
Although this compound was isolated from boar testis 60 and adult (approximately 1 year old) grey rats in the Ani-
years agq17], it was not until 1971 that its importance mal House facilities at United Medical and Dental Schools
as a releaser pheromone in the pig was real[8&}i and (UMDS, Guy’s Campus). Immediately after slaughter, ol-
later as a primer pheromor{@9]. These effects are now factory tissue was taken from the ethmoturbinate of the nasal
known [20] to be mediated via the olfactory system and cavity and septum of pigi5]. Respiratory tissue was taken
not via the vomeronasal organ. Since the mid-1980s, thefrom the mid-part of the nasal passage, at 4-10cm distance
importance of &-androstenone and the related steroids, from the entry to the nasal cavity. Olfactory tissues of the
4,16-androstadien-3-one andx-androstenol, as human rats were taken similarly. Membrane-enriched fractions were
pheromones has been exploied,22] prepared as below.

The extreme hydrophobicity ofcbandrostenone has hin-
dered progress, to some extent, in studies of specific binding2.3. Preparation of olfactory and respiratory
proteins. It has been difficult to characterise small degreesmembrane-enriched fractions and cilia
of specific (i.e. saturable and displacable) binding in the
presence of very high non-specific bindifg3]. In the 2.3.1. Membrane-enriched fractions
present work therefore, we wished to achieve the following  The olfactory (O) and respiratory (R) porcine epithelium
goals: was cut into small pieces, placed in buffer (A) (10 mM
Tris—HCI, pH 8.0, 150 mM NacCl, 2mM EDTA and 1 mM
PMSF) and homogenised at 024 using a Polytron ho-
mogeniser. The homogenate was centrifuged twice at
1500 x g for 10 min and the supernatant then centrifuged
at 100,000x g for 40 min to obtain a membrane-enriched
fraction (O1, R1) and cytosolic fraction (02, R2). The
membrane pellet was suspended in buffer A and either
used immediately or stored at70°C. Protein content of
membrane-enriched fraction and cytosols was determined
according to Bradford26]. These fractions were used in
binding studies $ection 2.4.

(a) Utilise membrane-enriched olfactory preparations, ob-
tained from the pig and, for comparison, the rat, in or-
der to study the specific binding ofx&androstenone in
more detail.

(b) Prepare cilia-rich fractions (Boekhoff et §4], modi-
fied), which have been used for binding studies and for
partial characterisation of the proteins involved as gly-
coproteins of approximately 70—90 kDa.

(c) Explore the possibility of c-AMP being involved in
transduction mechanisms forafandrostenone. For
these studies, highly purified olfactory cilia prepara-
tions have been obtained by a method utilising the

adhesive properties of charged cellulose and other filter 2.3.2. Cilia

Cilia-enriched fractions were obtained by a modification

membranes. of the method of Boekhoff et aJ24]. Porcine olfactory and
respiratory tissues were cut into small portions and bathed
2. Materials and methods for 3h in Ringer solution (2mM HEPES, 112 mM NaCl,
3.4mM KCI, 2.4mM NaHCQ, 1.2mM MgSQ, pH 7.4),
2.1. Materials and chemicals washed twice with Ringer solution containing 2mM EDTA

to dissolve the mucus. The medium was then replaced with

Regenerated cellulose and ‘Zeta Probe’ filter mem- ice-cold Ringer solution supplemented with 10 mM CgCl
branes were obtained from Sartorius, GmbH, Géttingen and tissues were gently stirred for 20 min. The deciliated
and Biorad, UK, respectively. Concanavalin A-Sepharose epithelia were removed by centrifugation for 10 min at
4B anda-methylb-mannopyranoside were purchased from 5000x g The supernatant was collected and the tissue was
Sigma Chemical Co., Fancy Road, Poole, Dorset, UK. This incubated again with a solution containing 10 mM GCacCl
company also provided theophyllin, GTP, dithiothreitol, for 20 min. The deciliated epithelium was precipitated by
Triton X-100, CHAPS ([(3-chloroamidopropyl) dimethyl centrifugation and the supernatants containing the detached
amoniol]-1-propane sulphonate) and HEPE3N'-Z- cilia were combined and layered on top of agueous sucrose
hydroxyl-piperazineN'-2-ethane-sulphonic acid). Mini-  (45%, w/v). After centrifugation for 1 h at 100,000¢ at
mal essential medium (MEM) came from Gibco, UK 4°C, the white band of purified cilia at the interphase was
and S-[4,5-°H]-androstenone (specific radioactivity ~collected. The cilia were diluted with Ringer solution and
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the amount of radioactivity remaining in the supernatant
or membrane-enriched fractions in the presence of excess
(approximately JuM) unlabelled ™-androstenone. The
value chosen was nearly 1000 times greater than the av-
erage K5 of binding (seeSection 3.1 Specific binding
was determined as the difference in counts bound in pres-
ence (non-specific binding) and absence (total binding)
of excess unlabelled cbandrostenone, as above. Bound
and free $H]-androstenone in membrane-enriched frac-
tions O1, R1, were separated with Whatman GF/B glass
fibre filter papers. Filters were previously stored in 20 mM
Tris—HCI buffer, pH 7.5 with 1% BSA and 150 mM NacCl
for 30min and washed after filtration (10 ml/min) with
20 mM Tris—HCI buffer, pH 7.5, containing 150 mM NaCl
and 0.05% Tween 20. For cytosolic fractions 02 and R2,
bound and free &[3H]-androstenone were separated by

Fig. 1. Electron micrograph of material stripped from the surface of the charcoal adsorption method as previously described
porcine olfactory epithelium with regenerated cellulose acetate, showing [23,25,28]

numerous cilia, some attached to dendritic knobs. Reproduced with per-
mission from Henderson et gR7], 1992, Biochemical Society Transac-
tions 20, 352S, copyright The Biochemical Society.

2.4.1. Analysis of binding data (Hill plots)

The binding curve inFig. 2 curve 3 was transformed
using a Hill plot. This requires the values of bound steroid
pelleted by centrifugation at 100,000¢ for 20 min. This (pmol/mg) to be estimated at saturating concentration of
procedure was repeated to wash sucrose from the cilia, therfree steroid. This was achieved from a reciprocal plot (i.e.
the pellet was suspended in Ringer solution and kept at1/[bound steroid] versus 1/[free steroid]) and extrapolat-

—70°C. ing to the ordinate where the value 1/[bound sterqid]
may be found. Hence, the value of [bound stergigl]is
2.3.3. Highly purified cilia preparation calculated. Using this value the fractional saturatidfh,

Fractions containing high concentrations of cilia, some (Y = [bound steroid]/[bound steroiglhy) was calculated as
still attached to dendritic endings (as shown by electron a function of free steroid and this in turn used to construct
microscopy), were prepared by a novel method. Pieces ofa Hill Plot, log(Y/(1 — Y)) versus log[free steroidFig. 3).
regenerated cellulose ‘Zeta Probe’ filter membranes were Hill plots are particularly useful in the analysis of
pressed gently on to the exposed surfaces of olfactorybinding data. Simple binding processes yield straight
and respiratory mucosae of freshly killed rat and pig, then lines of slope (Hill coefficient,h) equal to unity and
stripped away, as we have described earf]. Filters where a slopeh, greater than unity is observed this pro-
were washed briefly in culture medium (MEM), buffered vides unequivocal evidence for positive co-operativity of
at pH 7.2 with HEPES, to remove debris. The resulting binding.
preparations were shown to contain a high concentration of The mechanism of co-operativity is generally framed in
identifiable olfactory cilia, often still attached to dendritic terms of a two state model (R and T states) in which the
endings Fig. 1). In preliminary assayf27], a-tubulin was equilibrium between the states is shifted during a ligand
shown to be present in olfactory cilia preparations consistent titration from almost all T state in favor of R state by virtue
with the cilia being of neural origin (data not given). These of the higher affinity of the R state for the ligand (here a
‘Zeta Probe’ preparations were then used for adenylate steroid). This model predicts that data collected from binding

cyclase (AC) estimation. studies on a co-operative system, when transformed by a
Hill plot, follows a trajectory that, at low concentrations of

2.4. Binding of &-[4,5-3H]-androstenone to olfactory ligand, is asymptotic to the T state binding curve (linear with

and respiratory membrane fractions h = 1) and at high concentrations of ligand is asymptotic to

the R state curve (also linear with= 1). In Fig. 3the T

Binding to membrane-enriched and cytosolic frac- state asymptote has been estimated by extrapolation of the
tions O1, O2 and R1, R2 (prepared asSections 2.3.1  data while the R state asymptote has been estimated from
and 2.3.2 was measured basically as described earlier the symmetry of the plot.
[16,19,20] 5a-[3H]-Androstenone (0-25nM) was incu- The value of log[free steroid] when lgg/(1 — Y)) =0
bated at 0—4 C for 1 h with the tissue sample (ju@Qrotein gives the value of log, whereK is the dissociation equi-
per sample), with or without excess M) of unlabelled librium constant. This property has been used to estimate
Sa-androstenone. The total volume of samples for incuba- these values for the R and T states and to give a mean value
tion was 0.5ml. Non-specific binding was determined as for the receptor.



136 M.A. Kraevskaya et al./Journal of Steroid Biochemistry & Molecular Biology 86 (2003) 133-141

18 4 12 -
16
10 A
14 A 1
=) =)
g £
T 121 3 8-
S <] 2
z g
£ 104 e
o
.'g 3 é 6
o 8- 1)
5 ®
© e}
c
g 6 - ° g 4 4
m 2 m
4 4
2 4
21 k‘/b——t\a\i__‘
0 T T T ) 0 . ; ; .
0 5 10 15 20 0 5 10 15 20
Free steroid (nmoles) Free steroid (nmoles)

Fig. 2. Binding of m-[4,5-3H]-androst-16-en-3-one to porcine nasal tissue fractions. Porcine olfactory O1 (left) and respiratory (R1) (right)
membrane-enriched fractions were prepared as describ&kdtion 2.3.1 Solubilised tissues were incubated with-BFH]-androstenone (0—-25nM)
with/without a 250-fold excess of unlabelled-Bndrostenone at 0°€ for 60 min; 100ug protein per sample. (1) Total bindin@®§; (2) non-specific

binding (@), determined as the amount of radioactivity remaining in the supernatant (after charcoal treatment and centrifugation) in presence of excess
(1 M) of unlabelled steroid; (3) specific bindingh() (determined as the difference in radioactivity found in presence and absence of excess unlabelled
steroid).

2.5. Gel chromatography (30cm x 1cm) of Superose 12 (Pharmacia, Sweden) at
0-4°C. These were equilibrated with buffer A, containing
In order to investigate which proteins bound ie-FH]- Triton X-100 (1%, w/v). Cilia-enriched fractions were used

androstenone in the incubations described above, gelas it was expected that high concentrations of proteins that
exclusion chromatography was carried out on a column could be involved in binding would be presei® 4] and
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Fig. 3. Hill plot of the data from specific binding curve 3 Bfg. 2 The asymptotes to each end of the data curve are estimated and give binding
constants of & 107 and 16 x 10° M~1. Y is defined as the ‘fractional saturation’, i.e. fraction of total binding sites bound with steroid at a given steroid
concentration. The point at which the data curve intersects the log[steroid] axis provides a value for thé;roédinding, 2x 108 M~1.
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hence give a better chance in isolation and purification
studies. Accordingly, fractions (2ml each) were applied
to the columns and eluted with 30 mM Tris—HCI, pH 8.0,
containing 150 mM NaCl and Triton X-100 (1%, w/v) at
a flow rate of 0.5ml/min; fractions (1 ml each) were col-
lected. Portions (20Ql) of each fraction were used for
3H-content and protein determination while the proteins
in the remainders were monitored on SDS-polyacrylamide
gels (10 or 5-15% gradienf29], with detection of protein
bands using Coomassie Blue.

2.6. Separation and detection of glycoproteins

After solubilisation of cilia-rich fractions with Triton
X-100 (0.5%, w/v) in 10 mM phosphate buffer for 40 min
at 0-4°C, followed by centrifugation at 100,000 g for
20 min, supernatants were diluted to contain 0.1% of Tri-
ton X-100. They were then loaded on to ‘glycoprotein’
columns (5ml) of Concanavalin A-Sepharose 4B, pre-
viously equilibrated with 10 mM phosphate buffer con-
taining Triton X-100 (0.1%, w/v). Elution was effected
with 5 volumes of 0.25Ma-methylp-mannopyranoside
in phosphate buffer containing Triton X-100 (0.1%, wi/v)
to provide a fraction containing glycoproteins. These
glycoprotein fractions were dialysed against 10 mM
phosphate buffer containing Triton X-100 (0.1%, wi/v),
freeze-dried, diluted with 1 ml of the same buffer and
centrifuged at 20,00 g for 15min. Supernatants were
incubated with 20 mM &-[3H]-androstenone with or with-
out a 250-fold excess of unlabelledindrostenone for
60 min at 0—4C as above. Each fraction was subjected to
gelfiltration chromatography on Superose-12 which had
been equilibrated in the same buffer, fractions (1 ml) being
collected.

2.7. Measurement of adenylate cyclase: mediation of
c-AMP in Sx-androstenone effect

Pieces of ‘Zeta Probe’ paper with blotted, purified
cilia (Section 2.3.3 were incubated in 10@l of incu-
bation medium (50 mM Tris—HCI, pH 7.5, 1 mM dithio-
threitol, 1 mM EDTA, 10 mM MgSQ@, 5mM theophyllin,
1mM ATP), containing 0.1mM GTP, for 10min at
37°C in absence (basal level) and presence @iMVb

S5a-androst-16-en-3-one. Reactions were stopped by ad-

dition of 100wl of ethanol and 20Q.l of chloroform,
vortex-mixed, stored in ice for 10 min, and centrifuged for
15min at 2000rpm. Adenylate cyclase activity in 20

water/ethanol fraction (after evaporation) was determined

by the method of concurrent binding by c-AMP-binding
protein (c-AMP-KIT, Amersham). The rest of the medium

137
3. Results

3.1. Binding of &-[3H]-androstenone to fractions of pig
and rat nasal tissues

Table 1shows that highest levels of specific binding of
5a-[3H]-androstenone were found in fractions of porcine ol-
factory tissue enriched with plasma membranes (01). The
level of binding (7986 fmol/mg) in fraction O1 (pig) was al-
most 10-fold higher (834 fmol/mg) than in the correspond-
ing respiratory fraction (R1). Membrane-enriched fraction
O1 from the rat also showed some specific binding but this
was only 25% that of O1 obtained from the pig. It is also
worth noting the appreciable binding recorded in porcine
cytosol (02, R2).

In one experiment, the encouraging initial results for
porcine olfactory and respiratory tissues (01, O2) were
analysed in more detaiF{g. 2) in order to study the influ-
ence of increasing the concentration of free steroid present.
Curve 3 clearly shows a plateau for bound steroid with in-
creasing free steroid concentration, entirely consistent with
saturation of receptors, i.e. specific binding of low capacity.
No such plateau is seen for total or non-specific binding
(curves 1 and 2). Moreover, the values of bound steroid for
saturation are identical to those found in our initial experi-
ments Table J). Fig. 2B (curve3) shows similar results for
porcine respiratory tissue, but with saturation values being
almost 10 times less than iRig. 2A, as anticipated for
non-neural tissueT@ble 1. As curves 1 and 2 were clearly
linear, with no indications of plateau even at high concen-
trations of free steroid, we believed that it was unnecessary
to study these in any more detail.

A Hill plot (Fig. 3), obtained from these data (see
Section 2.4.1 exhibited a Hill coefficient lf) of approxi-
mately 2, possibly suggesting co-operativity of binding. The
binding affinity increased from & 10’ M~1 (T state) to
1.6x10° M~1 (R state) as substrate concentration increased.

Table 1
Specific binding of &-[4,5-H]-androst-16-en-3-one by membrane-
enriched fractions of pig and rat olfactory (O) and pig respiratory (R)
tissues

Fraction Specific binding (fmol/mg protein)
(n=3y

01, membrane-enriched, pig 7986618

02, cytosol, pig 2080t 98

R1, membrane-enriched, pig 83478

R2, cytosol, pig 2080t 95

01, membrane-enriched, rat 2016106

Fractions were obtained as describedSection 2.3.1 After solubilisa-
tion where necessary, fractions were incubated wit¥H]-androstenone
(20 nmol/l) with/without a 250-fold excess of unlabelled-&ndrostenone.

was evaporated in a Speed Vacuum Concentrator (Sa-Specific binding is the difference in binding radioactivity in the ab-

vant, Hicksville, USA) and proteins solubilised using
3% CHAPS (40min), and dialysed against water (16 h).

sence or presence of the excess unlabelled steroid. Bound and free
5a-[3H]-androstenone were separated by charcoal (for soluble fractions)
or with Whatman GF/B glass fibre filters for membrane fractions. For

Samples were freeze-dried and used for protein assaysher details, seSection 2.4

[26].

2The values are meah S.D.
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Fig. 4. Analytical gel chromatography of porcine olfactory cilia-enriched
fractions. Cilia fractions were prepared as describedSéttion 2.3.2
Solubilised extracts (Triton X-100, 1%, w/v) were incubated with
5a-[3H]-androstenone (se8ection 2.5 before being subjected to col-
umn chromatography on Superose 12. Fractions (1 ml) eluted with 30 mM
Tris—HCI, pH 8.0, containing 150 mM NaCl and Triton X-100 (1%, w/v),
were collected and portions analysed for protein and radioactivity (bold
line). (1) Elution position of bovine serum albumit{( 69 kDa); (2)
ovalbumin M, 46 kDa).

3.2. Fractionation of proteins involved in binding
5a-androstenone

In pilot studies, solubilised cilia-enriched fractions (pre-
pared as inSection 2.3.2 and previously incubated with
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cubation with &-[3H]-androstenone, the solubilised ‘cilia’
fractions, were subjected to column chromatography on
Concanavalin A-Sepharose B, providing fractions which
contained glycoproteins (se®ection 3. Gel-filtration of
these on Superose 12 provided fractions containing gly-
coproteins, high levels of specific (displaceable) binding
of 5a-[3H]-androstenone being found only in fractions
12.0-12.5ml. These corresponded to olfactory cilia glyco-
proteins ofM; approximately 70-90 kDaH{g. 5).

3.3. Adenylate cyclase activity of nasal fractions

Basal levels of AC activity Table 2 were some three-
fold higher (P < 0.01) in porcine olfactory, than in respi-
ratory, purified cilia prepared by the ‘Zeta Probe’ method
(Section 2.3.3 the sex of the animal made no significant
difference to the results. Storage of olfactory cilia samples
at —70°C for 3 weeks resulted in approximately 50% €
0.01) reduction in activity. The AC activity of olfactory cilia
of female rats was approximately twofold high@r € 0.05)
than in porcine olfactory cilia.

Table 2also summarises the changes in AC activity in
response to &androstenone (5 10-®mol/l) and GTP
(10 %mol/l). Fresh male and female pig olfactory cilia
showed substantial increasa? € 0.01) in AC activity; in
contrast, there was no significant response with respiratory
cilia. The responses with stored olfactory cilia prepara-

3H-androstenone, were subjected to gel filtration on Super-tions (3 weeks at-70°C) were reduced but still highly

ose 12 columns. Two major protein peaks were obtained
which bound with the labelled steroidM{ approximately
45-90kDa) Fig. 4). In attempts to increase the yield of
protein, and to determine if this was glycoprotein, further
solubilised cilia-enriched fractions were prepared. After in-

significant (P < 0.01), bearing in mind the reduced basal
levels. Fresh male rat olfactory cilia had an AC activity
almost twice ¢ < 0.05) that of corresponding porcine

preparations, although rat respiratory cilia had only half the
activity; there was no significant response with either
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Fig. 5. Chromatographic purification of the glycoprotein fraction. After using column chromatography on SuperBig 4R the major fractions binding

[3H]-androstenone were subjected to chromatography on a ‘glycoprotein’ column of Concanavalin A-Sepharose 4B and the glycoprotein fraain subject

to gel filtration on Superose 12, yielding various glycoproteins. Specific binding of radioactivity was noted only in fractions 12.0-12.5 mindamgespo
to glycoproteins ofM; approximately 70-90 kDa. For further details, s®ections 2.5 and 2.§1) Elution position of pre-stainefl-galactosidaseM;

133 kDa); (2) bovine serum albuminif 69 kDa); (3) ovalbumin i, 46 kDa).
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Table 2
Adenylate cyclase (AC) activity in porcine and rat olfactory and respiratory cilia-enriched fractions
Sample AC activity (pmol/min/mg proteinp (= 3)? P-value

Basal Level Level in presence ofv&androstenone

Fresh, porcine olfactory (male) 936 237 2670+ 287 <0.01*
Fresh, porcine olfactory (female) 86D 280 3110+ 980 0.0F*
Porcine, olfactory (female), 3 weeks,70°C 440 + 46 1548+ 210 0.0%*
Fresh, porcine respiratory (female) 371 298+ 61 <0.01*
Fresh, rat olfactory (male) 1478 256 1264+ 246 N.S., 0.46
Fresh, rat respiratory (male) 424 126 413+ 76 N.S., 0.8

AC activity of porcine cilia-enriched fractions (prepared by the ‘Zeta Probe’ method) was measured as descBibetibirs 2.3.3 and 2.7**) Highly
significant; () significant; (N.S.) not significant. Statistical comparison (two tatledst) were for fresh porcine olfactory, male vs. female pig basal
levels: N.S.,P > 0.5 and in presence ofobandrosterone: N.SP > 0.5. Fresh vs. frozen female bas&!P < 0.01 and in presence ofe5androsterone;

**P < 0.01. Basal levels: pig vs. rat olfactory;P = 0.04, and respiratory: P
aThe values are meah S.D.

olfactory or respiratory cilia preparations of rats to the
presence of @androstenone.

4. Discussion

4.1. Binding of r-androstenone to porcine and
rat nasal membrane-enriched fractions

In the present work, the use of membrane-enriched frac-

=0.02.

(5a-DHT) for androgen-target tissues, e.g. rat prostate, when
the K was found to be % 101°M~1 [33].

The finding that the Hill coefficient approached a value
of 2 (Fig. 3 suggests the possibility of positive co-
operativity of binding, theK, increasing from 8x 10’
to 1.6 x 10°M~1 with increasing substrate concentration
(seeSection 2.4.1. This phenomenon has not been noted
before for m-androstenone, to our knowledge, but the ef-
fect is consistent with the known pheromonal actions of
S5a-androstenong18,19] when small increases in steroid

tions has resulted in steroid binding results which have beenconcentration can result in large increases in physiological
far more consistent than those obtained using crude tissueeffects. The perception of the odor of this steroid by humans

homogenateg3]. Previously, large amounts of non-specific

binding of Sx-androstenone have been recorded, partly be-

can be learned by repeated exposure (unpublished results
from this laboratory). The cellular and molecular basis of

cause of the non-purified homogenate used and partly be-odor adaptation have also been studied recqdB4y.

cause of the extreme hydrophobicity ok-androstenone.
This characteristic of the steroid is clearly shown by the

Table lalso records some specific binding of-&ndroste-
none in cytosolic fractions obtained from porcine ol-

marked linear increase in binding, with no suggestion of sat- factory (02) and respiratory (R2) tissue, a phenomenon

uration fig. 2 curve 2). The porcine membrane-enriched
olfactory fraction (O1) Table 1), showed specific binding
andFig. 2 curve 3 was consistent with this. It is unfortunate
that, through constraints of time, this latter experiment could
only be performed once. Nonetheless, it is gratifying that
the plateau (saturation values for specific bindiRigj. 2A
and B curve 3) are virtually identical to the corresponding
specific binding data iflable 1 Furthermore, analysis of the
data Fig. 2, curve 3) by Hill plot Fig. 3 yielded a mean
Ka of 2 x 18 M~ which compares well with, of 8.4 x

108 M~ recorded earlief29] and indicates that our data are
of good quality. For &-androstan-3-one, a saturated ana-
logue of mx-androstenone which also has a potent “urinous”
odor, aKq of approximately 18M—1 was obtained using the
rough membrane fraction of porcine olfactory tis436].
With crude homogenates of sheep olfactory tissuk, af
7x10° M~ was recorded for the saturated analoffig. In
both these studi€80,31], 5a-androstenone effectively dis-
placed x-androstanone from binding sites. In 1982], we
showed that th&, for 5a-androstenone binding to human
testicular cytosols was:810° M~1, but this degree of bind-
ing is less tight than that shown bw&lihydrotestosterone

which has been noted earli¢B4]. It is difficult to ex-
plain this phenomenon unless the steroid is binding to
cytosolic/microsomal enzymes present in these fractions.
In earlier work[35,36], our group recorded the presence
of 3a(p)-hydroxysteroid dehydrogenasesa(B)-HSDs),
which can catalyse the reduction oft-Bndrostenone to
the corresponding alcoholsefandrost-16-en<®(B)-ol, the
3B-isomer having a less potent odor than the-gcohol
or the initial 3-oxo compound. In addition, the existence
and activity of cytochrome P-450-dependent oxidases
[37,38] may also bind to &-androstenone, resulting in its
metabolism, thus giving a diminution of the olfactory sig-
nal (as is known to be the case for other odordB8).
Whether the cytosolic fractions could have been contami-
nated by very small fragments of membrane-rich material
as a result of the homogenisation/centrifugation process
may provide another explanation.

It is also significant that the binding okx®androstenone
to rat membrane-enriched fraction (O1) is appreciable but
only approximately 25% of the corresponding porcine (O1)
value (2016 compared with 7986 fmol/mg tissu&lgle J).
Although the primer and releaser pheromonal effects of
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