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On the existence of receptors to the pheromonal steroid, 
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The binding of the odorant. 5a-androst-16-en-3-one, to porcine nasal tissues, has been investigated using 
methods normally employed for studying both cytosolic and membrane-bound receptors. Sa-Androst-16- 
en-3-one was generally taken up more avidly by homogenates of olfactory (nervous) tissue than by respira- 
tory tissue, but binding to the former was only partially prevented by prior heating or by excess ligand, 
suggesting some degree of specific binding. At low protein concentration, saturable binding was noted but 
these data were not reproducible. The binding of a non-odorant, DHA, was only 24’, that of 5a-androst-l6- 
en-3-one. Using agarose gel electrophoresis, some evidence was obtained for binding protein(s) to the odo- 
rous 16-adrostene in porcine respiratory tissues, that were absent from previously heated tissue. Experi- 
ments with SDS-treated, or cell-membrane-enriched preparations, of nasal epithelium did not show im- 
proved binding of Sa-androst- 16-en-3-one. We conclude that the extreme hydrophobicity of Sa-androst- 16- 
en-3-one is probably responsible for the high degree of non-specific binding noted and for variability In 
results. This is discussed in relation to other known odorous ligand/receptors in olfactory tissue, particularly 

that of 5a-androstan-3-one [IO]. 

Oljaction Sa-Androst-16-en-3-one Porcine 

1. INTRODUCTION 

Many attempts have been made to illustrate the 
presence of high affinity, low capacity binding of 
odorants to olfactory mucosal fractions [ 11, using 
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Pheromone Receptor Steroidal odorant 

techniques employed for insulin receptor studies 
[2] and for cytosolic receptors to steroid hor- 
mones. Amino acids, known to act as olfactory 
stimuli in the rainbow trout (Salmo gairdneri) [3], 
are known to bind to its olfactory tissue [4] and in 
rats, camphor binds to the olfactory epithelium 
with high affinity (&,sc 1.5 x lop9 M) [5]. This 
assay was complicated by less specific binding 
which exhibited a maximum binding capacity 110 
times higher than that of the high-affinity site. 
Similarly, saturable binding of the odorant, 
2-isobutyl-3-methoxypyrazine was demonstrated 
specifically in the olfactory mucosa of cow, rabbit 
and dog, with the Kdlss value in the cow being 8 x 
10m5 M [6]. Receptor proteins to anisole (methox- 
ybenzene) also occur in dog olfactory epithelium 
17-91. 

Using the urinous odorant, SW-androstanone, 
binding studies with crude homogenates of sheep 
olfactory tissue proved to be inconclusive and ir- 
reproducible, due largely to the extreme 
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hydrophobicity of the steroid. Evidence was 
presented [to], however, for the presence of 
specific, saturable binding using 12000 x g super- 
natant fractions. The amount of non-specific bind- 
ing was large so that estimations of an affinity con- 
stant (7.0 x IO8 M-‘) were subject to considerable 
error. 

Because of the pheromona1 importance [I 1,121 
of the urinous _%androstenone, the present work 
was concerned with attempts to detect specific bin- 
ding of this steroid to sow olfactory epith~lium. 

2. MATERIALS AND METHODS 

Materials used were essentially as described 
earher [ 131. Coltagenase from C/o~~rid~u~ 
histal’ticnrm (EC 3.4.24.3) was supplied by Boehr- 
inger, Lewes, Sussex and hydroxyapatite (Biogel 
HTP) by BioRad Laboratories, Richmond, CA. 
Ethmoturbinate and septal epithelium (‘sensory’ 
tissue) and respiratory epit helium (‘non-sensory’ 
tissue) were dissected from sow and gilt nasal 
chambers [ 131. Nasal mucus was collected as 
before [13]. [~w~HJDHA (specific radioactivity 
23 Ci/mmol) was obtained from Amersham Inter- 
national, Bucks. 

2.1. Separation of bound and free steroid 
Homogenates (auto, w/v) of heated (60°C for 

10 min) respiratory tissue were prepared in TEMP 
buffer (Tris, 10 mM; EDTA, 1 M; 2-mercapto- 
ethanol, 0.1% (v/v); 1,3-propanediol, 1% (v/v), 
pH 7.4). Portions (0.2 ml) were incubated with Scu- 
[5,6-3HJandrostenone (10 nmoI/I) at 4°C in a firm2 
volume of 0.4 ml at a protein concentration of 
1.7 mg/ml [14]. Charcoal suspensions (2OOhl), 
containing Dextran T70 and BSA, each 0.4% 
(w/v), were added to the incubation mixture, with 
a 3 s agitation time and IO min standing time, 
before centrifugation at 2000 x g for 10 min. 
Radioactivity in the supernatant was assessed; this 
treatment removed 91% steroid. In the absence of 
any tissue fraction, this ‘charcoal efficiency’ was 
98.3% and, in subsequent studies, this figure was 
assessed at each concentration of Scu-androstenone 
and was corrected for in the calculation of bound 
steroid. It was found essentiai to prepare the char- 
coal fresh in order to keep the figure above 95%. 

2.2. Binding of Sc&H]androsrenone in the 
presence and absence of excess non- 
radioactive steroid 

Homogenates (10%) w/v) of sensory and 
respiratory tissue in TEMP buffer were subjected 
to a preliminary digestion by collagenase (0. f @Too, 
w/v) before incubation (I ml, 1.7 mg protein), in 
dupticate, with an equal volume of buffer contain- 
ing 5cY-[3H]androstenone (0.25 nmoV1) for 30 min 
at 4°C. Parallel incubations were carried out con- 
taining radioactive steroid plus coId Scu- 
androstenone (63 nmoI/l). The incubated samples 
were centrifuged at 4000 x g for 10 min to remove 
cell debris, and portions (0.4 ml) of the superna- 
tant subjected to charcoal treatment as in section 
2.1. Radioactivity in the supernatant was assessed 
and expressed as the percentage of that in the 
original incubation. The contribution of specific 
sites was calculated as the total charcoal-resistant 
radioactivity recovered from incubations contain- 
ing 5tu-[3H]androstenone only, less that recovered 
in the presence of excess cold steroid. 

2.3. Preparation of a ~e~~ra~e-e~ric~ed fraction 
from sow olfactory epi~~e~i~~ 

Homogenates of sow olfactory epithehum (sec- 
tion 2.1) were filtered through gauze and then cen- 
trifuged at 7300 x g for 30 min; the pellet 
(designated fraction P) [ 1 S] is thought to be mem- 
brane-enriched. Separation of bound and free 5~ 
androstenone here and in section 2.4 was achieved 
using hydroxyapatite [ 161. 

2.4. ~re~araiion of an SDS extract of sow 
olfactory epirkeirium 

Homogenates of sow olfactory epithe~ium (sec- 
tion 2.1) were centrifuged (30000 x g, 30 min), 
giving a ‘detergent-free’ extract. The pellet was re- 
homogenized in TEMP buffer (pH 7.4) contaj~ng 
SDS (0.1 %, w/v) 17) and centrifuged at 30000 x g 
for 30 min. The supernatant is referred to as ‘SDS 
extract’. 

2.5. Separation of bound and free steroid by 
e~ectro~~o~es~s 

After incubation of porcine nasal tissue prepara- 
tions and mucus with 5cu-[3H]androstenone, elec- 
trophoresis on Agarose slab gels was performed 
(131. 
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3. RESULTS AND DISCUSSION 3.2. Binding of Sa-fH]androstenone over a wide 
range of steroid concentrations 

3.1. Binding of 5a-CHJandrostenone to sensory 
and non-sensory porcine nasal tissues 

Table 1 shows that homogenates of sensory 
tissue exhibited 38% charcoal-resistant binding at 
a concentration of 5a-[3H]androstenone of 
0.25 nmol/l. When excess unlabelled steroid was 
present this value was reduced to 18%, indicating 
that 20% of the binding at the lower ligand con- 
centration was of the specific type. Heating sen- 
sory tissue reduced the percentage of specific bind- 
ing by more than 50% but heated sensory and non- 
sensory homogenates also exhibited a proportion 
of ‘specific’ binding. Since specific steroid recep- 
tors show a high degree of thermolability, it is 
unlikely that any such components were present in 
the heated preparation. However, there is a 
possibility that receptors for endogenous steroids, 
such as Scu-DHT and oestradiol-170 are present 
[17,18]. The most likely explanation for the find- 
ing of ‘specific’ binding in the control tissues is a 
methodological one, since the concentration of 
unlabelled 5a-androstenone used was very high 
(63 nmol/l) and it has been reported that, at con- 
centrations greater than lOO-fold that of the label, 
radio-inert ligand may partially compete for bind- 
ing, even to components of relatively low affinity, 
thus reducing the level of binding of radioactive 
ligand and causing an overestimation of specific 
binding [ 191. 

The results in table 1, using sensory tissues, in- 
dicated that there might be some specific binding 
of 5a-[3H]androstenone, 50% of which could be 
displaced by adding excess unlabelled ligand. Fig. 1 
shows the effects on binding of a wide range of 
ligand concentrations. In sensory tissue, 25% of 
the total steroid appeared in the charcoal-resistant 
fraction at 25°C and this value was reduced to 
10% at 4°C. Charcoal-resistant binding was reduc- 
ed in heated sensory tissue to a level similar to that 
seen in non-sensory tissue fractions. However, in 
no case was the binding shown to be saturable over 
the concentration range used. 

3.3. Charcoal-resistant binding at 4°C as a 
function of protein concentration 

The results depicted in fig.1 suggested that the 
binding was non-saturable because the protein 
concentration chosen (0.85 mg/ml) was too high. 
With a wider range of cold steroid concentration 
and lower protein concentrations (0.43 mg/ml), a 
50% drop in the proportion of charcoal-resistant 
binding was noted (fig.2A,B). Further reduction in 
the protein concentration had little effect on bind- 
ing at high total steroid concentrations but, at the 
lowest protein level (0.21 mg/ml), a slight curve 
was discernible at low steroid concentrations, sug- 
gesting saturable binding. Heating the sensory 
homogenates reduced the level of binding at the 

Table 1 

Percentage charcoal-resistant binding of Sa-[3H]androstenone to porcine nasal epithelium in the presence and absence 
of excess unlabelled steroid 

Tissue type Charcoal-resistant binding (070) Specific binding 

(Q) 
Plus 5a-[3H]androstenone Plus 5a-[3H]androstenone 

(0.25 nmol/l) (0.25 nmol/l) and cold 
5a-androstenone (63 nmol/l) 

Sensory 38 18 20 

Heated sensory 17 8 9 

Non-sensory 35 24 11 

Heated non-sensory 21 12 9 

Homogenates (lo%, w/v) in TEMP buffer of sensory and non-sensory porcine nasal tissues (1 ml, 1.7 mg protein) were 
incubated for 30 min at 4°C with TEMP buffer (1 ml) containing 5cu-[3H]androstenone. Parallel incubations were also 
carried out in the presence of excess unlabelled Scu-androstenone. All experiments were done in duplicate. Incubated 
samples were centrifuged at 4000 x g for 10 min and the supernatants subjected to charcoal treatment (see section 2) 
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Total 5a-Androstenone concnhmoli) 

Fig. 1. Effect of %x-androstenone on charcoal-resistant 
binding of the steroid to sow nasal epithelium. 
Homogenates (lo%, w/v) in TEMP buffer of sow 4 
nasal epithelium (final protein concentration 
0.85 mg/ml) were incubated at 25’C (closed symbols) 
and 4OC (open symbols) for 40 min with SW 
[3H]androstenone plus increasing quantities of the 
unlabelIed steroid. Bound and free steroid were 
separated using charcoal and then centrifuging (see 
section 2). (A) Sensory nasal epithelium, (B) heated 
(60°C for 10 min) sensory nasal epithelium, (C) non- 

sensory nasal epithehum. 

highest protein concentration by half but this bind- 
ing appeared unaffected by lowering of protein 
concentration. It should be stressed that, in repeat 

experiments, similar levels of charcoal-resistant 
binding were obtained but the curve for sensory 
tissue at a protein concentration of 0.21 mglmi 
was not reproducible. 

Although the sensory epithelial homogenates of 
this sow (sow 5) exhibited the same levels of 
charcoal-resistant binding as those of sow 4 (fig. l), 
the non-sensory tissue fractions (fig.2C) 
demonstrated a higher capacity of binding, up to 
75% of steroid remaining in the supernatant after 
charcoal treatment of those incubations containing 
the highest protein concentration. Such binding 
was linearly reduced by lowering the protein con- 
tent of the incubations to 0.43 mg/ml, but a curve 
was discernible at 0.21 mglml. 

3.4. Birding of ~~-andro~tenone to an SDS- 
extract of sow olfactory epithelium 

Since there is evidence to indicate that receptor 
proteins are components of the cell membrane, 
solubilization using detergents may be required to 
obtain a sufficiently pure extract and thereby 
reduce non-specific binding, which is high in our 
work and in that of others [S,lO]. However, the 
data (not shown) showed a linear increase in bound 
5cu-[3H]androstenone with increasing ligand 
(2.2-42.3 nmol/l) in the incubation medium, in- 
dicating that specific binding moieties were not 
associated with the cell membranes. 

3.5. Binding of 5~-andro~te~o~e to a cell 
membrane-enriched fraction of sow olfactory 
e~ithefi~~ 

When the membrane-enriched fraction (P) from 
sow olfactory epithelium (section 2.3) was in- 
cubated with 5a-[3H]androstenone (8-116 nmol/l) 
in the presence or absence of 100 times the concen- 
tration of un~abelled Sa-androstenone, no dif- 
ferences were noted in the percentage binding of 
the ligand compared with the homogenate or frac- 
tion S [15]. Neither was there clear evidence for 
competition for binding sites by unlabelled 5@- 
androstenone, as would be expected if specific 
binding were present in the membrane-enriched 
preparation. 

3.6. Comparison of binding of ~~-a~dro~te~o~e 
with that of pregnenolone and DHA 

Over the concentration range of O-50 nmol/l, 
the binding of pregnenolone to sensory and non- 
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sensory epithelial homogenates was unaffected by 
heating (unlike that of Sa-androstenone) and was 
5-30% that of Scu-androstenone [ 131. Here, at 
steroid concentrations of 100 nmol/l, DHA bind- 
ing was less than 2% that of SW-androstenone, 
when a detergent-free extract of sow olfactory 
epithelium was examined (section 2.4), indicating a 
degree of specificity of Sa-androstenone. 

3.7. Electrophoresis of porcine nasal tissues and 
nasal mucus after Sw[3Hlandrostenone 
incubation 

Agarose gel electrophoresis of sensory tissues or 

i -0 20 40 55 

Total SW-Androstenone concn. (nmol/l) 

Fig.2. Effect of protein concentration on charcoal- 
resistant binding of 5a-[3H]androstenone to sow nasal 
epithelium. Homogenates of nasal epithelium (sow 5), 
containing protein at concentrations of 0.85 mg/ml 
(closed symbols), 0.43 mg/ml (open symbols) (A and B) 
or 0.21 mg/ml (half-closed symbols) (C), were incubated 
at 4°C for 40 min with 5cu-[3H]androstenone. For 

further details see section 2 and fig.1 legend. 

sensory tissue mucus did not reveal any significant 
differences between non-heated and heated tissues 
[13]. In the present work, however, a peak of 
radioactivity was noted at + 1.7 to + 2.0 cm in 
preparations of respiratory tissue (fig.3) and of 
respiratory mucus (not shown). These peaks were 
not noted in similar extracts from control tissue or 
mucus that had been heated previously. It is possi- 
ble that respiratory tissue secretes some component 
which specifically binds to 5a-androstenone; the 
flow of mucus would then cause the complex to 
come into contact with the olfactory epithelium, a 
receptor with higher affinity possibly competing 
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Fig.3. Agarose gel electrophoresis of sow respiratory 
tissue fractions previously incubated with SLY- 
[3H]androstenone. A portion of the 12000 x g 
supernatant of sow respiratory epithelium was incubated 
with Scu-[‘Hlandrostenone (final concentration, 
85 nmol/l) for 2 h at 4°C. A 20~1 portion of the 
incubate (containing 38 pg protein) was electrophoresed 
on an agarose slab gel (131. Protein (-) was scanned 
using a densitometer and radioactivity in gel slices was 
estimated for both non-heated (---) and heated (. - .) 

tissue. 

there for steroid binding. Such a mechanism would 
aid the passage of the hydrophobic pheromone 
through the watery mucus. Interactions have 
previously been demonstrated between odorant 
molecules and olfactory mucus; a 15fold increase 
in water-solubility of octane was noted after 
passage through the frog olfactory sac [20]. A 
similar, though more pronounced, form of 
16-androstene binding has been shown to occur in 
boar submaxillary, but not parotid, saliva [21]. 

Our present results may be compared with 
preliminary results of Persaud et al. [22], who used 
very similar methods and conditions to those 
described here (section 3.2) and found that the 
binding of Sa-androstanone was linearly related to 
the total steroid concentration. It was only at lower 
concentrations (0.02-l .O nmol/l) that charcoal- 
resistant binding exhibited a slight curve as 5cu- 
androstanone concentration increased [lo], giving 

the K, value of 7 x lo8 M-‘. Just as in the present 
work (sections 3.2, 3.3), the authors [lo] ex- 
perienced non-reproducibility of their results, par- 
ticularly at low ligand concentrations, and also a 
high degree of non-specific binding. The former 
could well be due to the extreme hydrophobic 
character of Sm-androstenone and Sa-androstan- 
one; both adsorb readily to glass surfaces even 
when these are silanized [13] or to hydroxyapatite 
[16]. This means that it is not possible to know ex- 
actly how much Scu-androstenone is present in the 
receptor assay studies, and this could well explain 
non-reproducibility of results. It is significant that 
non-specific binding of progesterone represented 
about 8% of total binding in cytosol preparations 
of guinea-pig uterus [23]. When the extreme 
hydrophobicity of Sm-androstenone is taken into 
account, the magnitude of the problem may be 
understood. 

A second explanation of non-specific binding in 
the present work is that Sa-androstenone may bind 
to lipids, as found in RIA [24]. Lipid interference 
also occurs in RIA of cortisol, DHA sulphate, pro- 
gesterone and testosterone [25] but is more pro- 
nounced with 5a-androstenone, presumably 
because of its very non-polar nature. 

It is also possible that 5a-androstenone may 
bind to 3cu- and 3,&-hydroxysteroid oxido- 
reductases (EC 1.1.1.50151) known to be present 
in porcine nasal tissues, both sensory and non- 
sensory [ 131. The apparent Km values for these en- 
zymes are in the range 0. l- 1 PM. 

Even though we cannot produce compelling 
evidence for the presence of specific receptors to 
Scu-androstenone for reasons discussed above, 
there is the possibility that the steroid binds with a 
protein in the saliva of the sow [26]. The 
pheromone-protein complex might then be 
transferred to the vomeronasal organ of the female 
to initiate pheromonal activity since non-volatiles 
are known to have access to this organ [27]. 
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