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Abstract

Olfactory receptor neuron (ORN) axon diameters and the conduction velocity of the compound action potential along ORN axons were
studied in olfactory marker protein (OMP)-null mice and genotypically matched controls. The compound action potential was
distinguished from postsynaptic field potentials by its shorter latency, its persistence following application of cobalt or kynurenic acid that
blocked postsynaptic responses, and its ability to follow paired-pulse stimulation at 300 Hz. Blockade of the postsynaptic field responses
by kynurenic acid indicates that in the mouse, as in the rat, glutamate is the olfactory nerve transmitter. The mean conduction velocity of
ORNs in wild-type control mice was 0.4760.19 (S.E.M.) m/s (n55), similar to the conduction velocity reported for other mammals. The
mean diameter of ORN axons in control mice was 0.20260.005 and 0.26160.006 mm in the OMP-null mice. This increase in fiber
diameter in the OMP-nulls predicts an increase in impulse conduction velocity. However, the mean conduction velocity of OMP-null
mice, 0.3860.03 m/s (n56), was not significantly different from control (P.0.1). The conduction velocity predicted by the increase in
fiber diameter in OMP-null mice was within the 95% confidence interval of the measured value. Thus, OMP-null ORNs are normal with
respect to the conduction velocity of their axons. The number of axodendritic synapses in the glomeruli of OMP-null mice is higher than
in congenic wild-type mice.  2000 Published by Elsevier Science B.V. All rights reserved.
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1. Introduction Xenopus. Nevertheless, the function of OMP remains
elusive. To address its function, mice lacking the gene for

Olfactory marker protein (OMP) is an abundant cyto- OMP were generated by targeted-gene deletion and
plasmic protein, whose expression is highly restricted to homologous recombination in embryonic stem cells [9].
mature olfactory receptor neurons (ORNs). In rodents, The absence of the OMP gene and of OMP expression in
OMP may represent as much as 4% of the ORN cellular the OMP-null mice was confirmed by Southern analysis,
protein. The expression of OMP is phylogenetically con- by immunoblots, and by immunocytochemistry [9].
served and it is present in the ORNs of essentially all Histological and immunocytochemical analysis of the
vertebrate species [10]. The OMP gene has been cloned olfactory neuroepithelium of the OMP-null mice as well as
from mouse, rat, human and Xenopus [10,35] and the the development and overt behavior of these mice are
amino acid sequence is 55% identical between mouse and normal [9]. However, mice from which the OMP gene has

been deleted are compromised in their ability to respond to
odor stimuli as monitored electrophysiologically and be-*Corresponding author. Tel.: 11-513-556-9739; fax: 11-513-556-
haviorally. Electroolfactogram (EOG) recordings from the5299.
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peak response magnitude to stimulation with a number of of the OMP-null and wild-type MOB glomeruli where the
different odorants [9]. In addition, the EOG kinetics are ORN axons terminate.
slower for both the onset and decay phases of the response.
The defect is further demonstrated when the EOG in the
null mice is assessed using multiple odor pulses. In 2. Materials and methods
contrast to the wild-type normal mice, the EOG of the
OMP-null mice to the second stimulus of a pair is 2.1. OMP-null mice
markedly reduced over a range of concentrations. The
EOG in OMP-null mice had a delayed onset and a slower The generation of the OMP-null line of mice has been
recovery to the second stimulus in a pair of odor pulses; described in detail [9]. All the OMP-null mice used in this
the altered response was dependent on both interpulse study were derived by backcrossing the initial chimeric
interval and odorant concentration [9,27]. These results founder with congenic mice of strain 129/SvImJ, the strain
have been observed in OMP-null mice on a mixed 129/ background from which the ES cells were derived. The
SvImJ3C57Bl6/J genetic background [9] and confirmed resulting hemizygous mice were bred to achieve a homo-
and extended in OMP-null mice on the congenic 129/ zygous line of OMP-null mice on the 129/SvImJ back-
SvImJ strain background from which the ES cells were ground, which was the strain that provided all of the
derived (see Ref. [27] and ms. in preparation), demon- control mice used in this study.
strating that the influence of the OMP-null genotype is
independent of the background strain on which it is 2.2. Electron microscopy
expressed.

The EOG deficit implies that there is, overall, a reduc- Adult male OMP-null (n53) and wild-type controls
tion of neural activity in the olfactory projection to the (n53) were anesthetized with an i.p. administration of 75
main olfactory bulb (MOB). Consistent with this, OMP- mg/kg pentobarbital (Nembutal) and perfused through the
null animals on the mixed 129/SvImJ3C57Bl6/J genetic heart with 0.1 M phosphate-buffered saline (PBS) (pH 7.2)
background exhibit a reduced expression of bulbar tyrosine followed by 4% paraformaldehyde and 1% glutaraldehyde
hydroxylase (TH) activity in the MOBs [9]. This observa- in 0.1 M PBS. The brains were removed an immersion
tion was confirmed in OMP-null mice on the congenic fixed for an additional 24 h at 48C. Following several
129/SvImJ strain, although the magnitude of the differ- rinses in 0.1 M phosphate buffer, the MOBs were pro-
ence is less, indicating a contribution of genetic back- cessed for routine transmission electron microscopy, as we
ground to the phenomenon (see Ref. [27] and ms. in have previously described [17]. Briefly, following dehydra-
preparation). tions through ascending alcohols and a 1-h immersion in

TH expression in the MOB neurons is dependent on an 1% alcoholic uranyl acetate, the tissue was embedded in
intact, functional connection with the ORNs [3– EPON and polymerized at 608C for 48 h. Transverse thin
5,13,24,28,34]. Therefore, these results suggest either a sections (70–100 nm) were cut from the trimmed EPON
decrease in functional activity of ORNs in the OMP-null blocks and mounted on 132 mm formvar-coated slot
mice or, fewer ORN synapses onto MOB neurons. In grids. The sections were examined at 70 kV using a Jeol
addition, recent behavioral testing of OMP-null animals 1200 electron microscope. Images were captured at an
has demonstrated a 2-log loss of olfactory sensitivity in initial magnification of 310 000 and printed at a final
OMP-nulls [41], further confirming a functional deficit in working magnification of 326 000. All procedures were
transduction, transmission, or processing of olfactory approved by the Yale University School of Medicine
information in the OMP-null mice. Animal Care and Use Committee (Protcol [ 07161).

To pursue additional potential mechanisms underlying To obtain an estimate of the diameter of the ORN axons,
the functional deficit in the OMP-null olfactory system, the the maximum diameter of 200 randomly selected axons
present study was designed to assess the status of the was measured in both the null and wild-type mice. To
olfactory nerve, the connection between the ORNs in the obtain an estimate of the number of microtubules in ORN
olfactory epithelium and their synaptic targets in the MOB. axons, microtubules were counted in a second random
Specifically, we tested the hypothesis that a decrease in population of 200 axons from both the null and wild-type
ORN activity /excitability in OMP-null mice was a reflec- mice. Microtubules were defined by their spherical outline,
tion of either a change in the morphology and/or electrical |20–25 nm cross-sectional diameter, and the slight
properties of the ORN axons. To test for a deficit in the patency at their core. They were easily distinguished from
functional status of the axonal membrane, the compound the neurotubules, |10 nm in diameter, found in ORN
action potential was characterized and conduction velocity axons and the cisternae of smooth endoplasmic reticulum,
measured in both OMP-null and wild-type mice. The irregular in outline and .50 nm in diameter, which can
morphological characteristics of the ORN axons were also be encountered. All axon measurements and micro-
established using electron microscopy to assess the ultra- tubule counts were made by blind observers using coded
structural features of the ORN axons and the synaptology electron micrographs. Measurements are reported as
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mean6S.E.M.; significance was determined using a Stu- the time between stimulus onset and the trough of this
dent’s t-test. negative component.

Synapses within the glomerular neuropil were identified In some experiments synaptic transmission was blocked
based on the polarity of the pre- and postsynaptic mem- to distinguish the compound action potential from other
brane specializations, the number and shape of the synaptic components of the field potential. This was accomplished
vesicles and the shape and electron density of the pre- and by bathing the surface of the MOB with saline containing
postsynaptic profiles [20,23,33]. In both the wild-type and the glutamate receptor antagonist kynurenic acid (KYN, 10

2OMP-null mice, 9000 mm of glomerular neuropil were mM) or cobalt chloride (10 mM).
examined. Synapses were classified as: (1) ORN axon to The impulse conduction velocity was calculated from
dendrite (Gray Type I axodendritic); (2) mitral / tufted the measured distance between the stimulation and record-
dendrite to periglomerular cell dendrite (Gray Type I ing electrodes and the latency between stimulation and
dendrodendritic); or (3) periglomerular cell dendrite to response. For each animal, measurements were made for at
mitral / tufted cell dendrite (Gray Type II dendrodendritic). least two distances, and at each distance, at least 10 stimuli
All synapse characterizations and counts were made by were presented. The latency for each response was mea-
blind observers using coded electron micrographs. sured and a mean latency for each distance was calculated.

These mean latencies were plotted as a function of the
2.3. Compound action potential analyses distance and the slope (conduction velocity) determined

from a linear regression calculated by a weighted method
Conduction velocity measurements were made on five of determinants [8]. Differences between wild-type and

wild-type and six OMP-null adult male mice weighing OMP-null mice and between measurements from dorsal
25.564 and 26.065 g, respectively. All procedures were and lateral bulb were tested for significance using Stu-
approved by the Animal Welfare committee of the Uni- dent’s t-test.
versity of Maryland. Animals were deeply anesthetized
with 4% chloral hydrate (400 mg/kg) and an intraperi-
toneal tube inserted for supplemental injections (0.02 ml) 3. Results
every 30 min or as needed. The animal was then secured in
a stereotaxic apparatus with a snout holder built for a 3.1. Ultrastructural properties of the olfactory nerve
mouse. Core body temperature was maintained at 358C
with a heating pad. The dorsal MOB surface was exposed As shown in Fig. 1A,B, the ORN axons in the OMP-null
by drilling a hole in the frontal bone; in some experiments and wild-type mice did not differ qualitatively and were
the lateral surface was also exposed through the orbit. The equivalent with prior descriptions (e.g. Refs. [11,19]). At
surface of the MOB was kept moist with saline. high magnification it is apparent that the axoplasmic

A bipolar stimulation electrode was made from a pair of organization of the axons from the two strains of mice is
twisted 125-mm stainless steel wires insulated except for equivalent. Mitochondria, smooth endoplasmic reticulum,
the tips. This electrode was positioned at the rostral end of neurotubules and microtubules were easily identified (Fig.
the MOB to stimulate the ORN axons after they passed 1A,B). At lower magnification, the individual axons were
through the cribriform plate. The recording electrode, a organized into fascicles (mesaxons) that were surrounded
125-mm stainless steel wire insulated except for the tip, by the processes of ensheathing cells (not illustrated).
was positioned caudal to the stimulation electrode to There was no overt evidence of a pathology in the ORN
record the compound action potential. In some experi- axons of the OMP-null mice.
ments, a glass micropipette (2–3 mm tip diameter) filled
with saline penetrated the MOB using a micromanipulator 3.2. Synaptology of the OMP-null glomerulus
(David Kopf Instruments, Model 650) to record the evoked
responses at different depths. Three stereotyped patterns of synaptic connections were

Stimuli were isolated, constant-current, square-wave observed in the MOB glomeruli of the OMP-null mice.
pulses 50 ms in duration, 100–500 mA (Astromed/Grass These were consistent with numerous prior descriptions of
Model S8800). The larger currents were needed to evoke the synapses found in MOB glomeruli [20,23,33,40]. The
responses when the recording electrode was farther from axodendritic synapses from the ORN axon terminals onto
the stimulation electrode. Single stimuli were delivered at dendritic processes were abundant (Fig. 1C). The ORN
0.5 Hz; paired pulses were delivered with interpulse terminal was recognized from their very electron-dense
intervals between 2 and 20 ms. Responses were amplified appearance, numerous small, clear, spherical vesicles and
and displayed using conventional electrophysiological the asymmetry of the postsynaptic membrane specializa-
methods [22], digitized (Cambridge Electronic Design, tion in the dendrite. The remaining ultrastructural features
CED1400), and stored on computer. The typical surface of these synapses were unremarkable and did not show
response was triphasic with a prominent negative com- evidence of any overt pathology. Also, readily identified in
ponent [30]. Spike2 software (CED) was used to calculate the glomeruli were the dendrodendritic synapses that
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Fig. 1. Electron micrographs of ORN axons from OMP-null and wild-type mice (A,B) and the synapses found in the olfactory bulb glomeruli of OMP-null
mice (C,D). In (A) and (B) clusters of neurofilaments (small arrows), microtubules (arrowheads) and smooth endoplasmic reticulum (large arrows) are
apparent in the transversely sectioned axons. Examples of mitochondria (m) are also present. In (C) axodendritic synapses from ORN axons (on) onto
dendritic processes (d) are seen. The polarity of the synapse is indicated with arrows. In (D) a series of dendrodendritic synapses between dendritic
processes (d) are seen. Both Gray Type I synapses, upper left and lower right, as well as Gray Type II synapses, center, are shown. The arrows indicate the
polarity of the synapses.

establish the local circuits between mitral / tufted and 3.3. Quantitative analyses of the ORN axons and
periglomerular cell dendrites (Fig. 1D). The Gray Type I glomerular synaptology
mitral / tufted to periglomerular cell synapse is character-
ized by a small collection of small, spherical, clear vesicles To test for possible quantitative alterations in the
closely apposed to the presynaptic membrane in the mitral / ultrastructural organization of the olfactory nerve we
tufted cell dendrite. The apposing membrane in the perig- measured the diameters of the ORN axons in OMP-null
lomerular cell is marked by the asymmetry of its speciali- and wild-type mice. Because axon diameter is an important
zation. The accompanying Gray Type II synapse from the determinant of conduction velocity, we reasoned that a
periglomerular cell dendrite to the mitral / tufted cell de- change in diameter could contribute to a change in the
ndrite, which occasionally could be seen as a reciprocal functional status of the ORN axons. The mean diameter of
pair, was equally distinctive. The periglomerular cell the ORN axons of the OMP-null mice was significantly
dendrite exhibited a somewhat larger collection of larger than in the wild-type mice (P,0.001; OMP-null5
pleomorphic vesicles while the apposed membrane 0.26160.006 mm; wild-type50.20260.005 mm). Because
specialization of the mitral / tufted cell was symmetrical. this could reflect a differential effect of fixation and
As noted above, these characteristics were consistent in possible swelling of the tissue, we also counted the mean
both the OMP-null mice and the wild-type mice as well as number of microtubules in the ORN axons of both lines of
with the prior descriptions of glomerular synaptology. mice. The number of microtubules varies as a function of



E.R. Griff et al. / Brain Research 866 (2000) 227 –236 231

the diameter of an axon [16]. Therefore, we reasoned that and that the slower component was generated postsynapti-
if the larger diameter of the OMP-null axons was accurate, cally by bulbar neurons, blockers of synaptic transmission
there should also be an accompanying increase in the were applied to the surface of the MOB.
number of microtubules in the ORN axons of the OMP- Cobalt has been shown to block synaptic transmission at
null mice. Indeed, ORN axons from OMP-null mice had the neuromuscular junction [39] and in the retina between
significantly more microtubules than did the wild-type photoreceptors and horizontal cells [18,31]. Fig. 3A shows
mice (P,0.001; OMP-nulls51.6760.06; wild-type5 that application of 10 mM cobalt to the surface of the bulb
1.2960.05). These data suggested that the biophysical abolished the slower, more sustained negative component
properties of the ORN axons in OMP-null mice could also without affecting the initial triphasic response. When the
differ and be reflected in perhaps a faster conduction cobalt was washed out by flushing the surface with saline,
velocity and/or larger amplitude synaptic evoked re- the slower negative response recovered.
sponses in the MOB. Postsynaptic responses can also be blocked by antago-

Using the synaptological characteristics described nists. In the rat and turtle ORNs make excitatory, gluta-
above, we also established the frequency of the three matergic synapses with mitral cells in the glomerular layer
primary categories of glomerular synapses in both the of the MOB [2,7,14]. Fig. 2B shows that the nonselective
OMP-null and wild-type mice (Fig. 2). Both the Gray ionotropic glutamate receptor antagonist kynurenic acid
Type I and Gray Type II dendrodendritic synapses (KYN) eliminated the slow, sustained negative component,
occurred at equivalent frequencies in the OMP-null and but did not significantly alter the initial triphasic potential.
wild-type mice. However, the axodendritic synapse from When the antagonist was washed out, the slower com-
the ORN axons onto dendrites occurred at a significantly ponent recovered. Since the initial triphasic response was
higher frequency in the OMP-null mice than in the wild- spared by both a presynaptic and postsynaptic blocker of
type mice (P,0.05). synaptic transmission, it was identified as the compound

action potential propagating along ORN axons.
3.4. Characterization of the compound action potential Evoked responses were also recorded at different depths
in wild-type congenic mice in the MOB. At and/or near the surface, the response

recorded with a glass micropipette is similar to the control
Bipolar stimulation of the ORN axons evoked a field responses described above. As the pipette was advanced

potential from the surface of the MOB. The initial response into the bulb, the initial triphasic response disappeared, and
following the stimulus artifact was typically triphasic, the slower component increased in amplitude (Fig. 3C). At
consisting of a positive–negative–positive sequence, with a depth between 400 and 550 mm from the surface, the
the negative component largest (see control responses, Fig. slower component reversed polarity, as has been shown
3A,B); following this initial response was a slower previously [29,30]. This depth profile suggested that the
negativity. To demonstrate that the initial triphasic com- compound action potential was recorded from ORN axons
ponent was generated presynaptically by the ORN axons as they traversed the MOB in the olfactory nerve layer

while the later negative components were due to synaptic
activity within the MOB.

Fig. 3D shows responses to paired-pulse stimulation. As
the interpulse interval was decreased from 20 to 3 ms the
amplitude of the triphasic response evoked by the second
stimulus decreased, but only at an interpulse interval
between 2 and 3 ms did it become undetectable. Thus, the
triphasic response can follow paired-pulse stimulation with
2–3-ms intervals (330–500 Hz), consistent with this
response being an action potential with a 2–3-ms absolute
refractory period; similar results were seen in rabbit ORN
axons [30].

3.5. ORN conduction velocity in wild-type mice

The experiments described above indicate that surface
stimulation of the rostral MOB evokes a triphasic com-

Fig. 2. Mean (6standard error of the mean (S.E.M.)) number of pound action potential. Such responses were recorded at
axodendritic, Gray Type I dendrodendritic (mitral / tufted to periglomeru-

several distances from the stimulating electrode and thelar) and Gray Type II (periglomerular to mitral / tufted) dendrodendritic
latency measured to the large trough of each response.synapses in the glomeruli of OMP-null and wild-type mice. Calibration

bar shown in (A) for (A) and (B); shown in (C) for (C) and (D). Mean latency at each distance was plotted as a function of
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Fig. 3. Identification of the compound action potential in wild-type mice. (A) Effects of cobalt. In the control response, electrical stimulation (filled
arrowhead) evokes a stimulus artifact, followed by a triphasic response with a prominent trough (arrow), followed by a slow negativity. 10 mM cobalt
chloride, applied to the bulb surface for 6 min, abolished the slow negativity but spared the triphasic response (arrow). After the cobalt was washed out by
rinsing with saline for 6 min, the slow negativity that follows the triphasic response (arrow) recovered. (B) Effects of kynurenic acid (KYN). Control
response is similar to the control response in (A). 10 mM kynurenic acid for 8 min abolished the slow negativity but spared the triphasic response (arrow).
The control response recovered 15 min after the KYN was flushed with saline. (C) Depth profile. A triphasic response is recorded only at the surface and
100 mm depth (arrows). The slow negativity reverses polarity at a depth of about 500 mm. (D) Paired-pulse stimulation. Stimuli (arrowheads) with different
interpulse intervals (IPI) were presented. The second stimulus failed to evoke a triphasic response at an IPI of 2 ms.

distance (Fig. 4); the regression line calculated by a 3.6. ORN conduction velocity in OMP-null mice
weighted least-squares analysis has a slope of 0.4760.19
m/s; this slope equals the conduction velocity of ORN The compound action potential in OMP-null mice was
axons in control congenic mice of the 129SvIm J strain. identified by the same criteria used for congenic wild-type
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from wild-type mice, the impulse conduction velocity of
ORN axons suggests that the impulse conduction and
refractory properties of the axonal membrane are not
discernibly affected.

The ultrastructural appearance of both the ORN axons
and the glomeruli were normal in OMP-nulls and, indeed,
could not be distinguished from wild-type mice. The
observation that the local synaptic networks in the
glomeruli, the dendrodendritic synapses, occurred at ex-
pected ratios and at a frequency similar in both the OMP-
nulls and the wild-type mice is consistent with the belief
that OMP is restricted to ORNs in the olfactory system. In
addition, because the local circuit synapses occurred at a
relatively normal frequency, the data suggest that during
development there was physiological activity in the olfac-
tory pathway. Prior studies have shown that in the absence
of physiological activity, the local circuit synapses in the
olfactory bulb fail to develop [6]. However, because
Buiakova et al. [9] and Margolis et al. [27] (and ms. in
preparation) had reported lower TH expression in the
juxtaglomerular neurons of the MOB in OMP-null mice, it
seemed likely that overall activity is reduced from normal
levels.Fig. 4. Conduction velocity of olfactory receptor neurons in wild-type

mice. The mean latencies (6standard deviations) of compound action The appearance of a greater number of ORN axoden-
potentials were plotted as a function of the distance between the dritic synapses in the OMP-nulls was not anticipated. In
stimulating and recording electrodes. A linear regression was calculated

some sensory systems, such as the visual, during earlyusing the method of weighted determinants; the slope of this line equals
development there occurs a hypertrophy of axonal arborsthe conduction velocity.
that is subsequently pruned to adult levels in conjunction
with physiological activity [12]. However, in the olfactory

mice. Electrical stimulation evoked a field potential at the system ORN axons target glomeruli with great specificity
surface of the MOB consisting of a triphasic potential and do not show evidence of hypertrophy or related
followed by a slow negativity (Fig. 5A). The triphasic arborization that might be suggestive of the formation of
potential was not affected by treatment with kynurenic supernumerary or nonspecific synapses [25]. It is provoca-
acid, indicating a presynaptic origin (Fig. 5A). The tri- tive, however, to note that in wild-type mice OMP
phasic response was localized to the superficial 100–150 expression begins when the ORN axons downregulate their
mm of the MOB (Fig. 5B), and had a refractory period of expression of GAP-43 and establish synapses in the
2–3 ms (Fig. 5C). These results are indistinguishable from olfactory bulb glomeruli [37,38]. When GAP-43 expression
those for wild-type congenic mice, and identify this is prolonged, the ORN axons continue to grow and branch
triphasic potential in OMP-null mice as the compound within the glomerulus [21]. However, mature neurons do
action potential. not stain for GAP-43 in either OMP-null or in control mice

Compound action potentials were recorded at several (D.M. Cummings, F.L. Margolis, unpublished observa-
distances from the stimulation electrode, and the latencies tions) . Consequently, one plausible suggestion is that in
measured. Mean latencies at each distance are plotted as a the absence of OMP expression, the rate of down regula-
function of distance between the stimulation and recording tion of GAP-43 is altered resulting in an increase in the
electrodes (Fig. 6). The linear regression calculated frequency of ORN axodendritic synapses.
through these data has a slope representing the conduction The ORN axons in the null mice were significantly
velocity of the OMP-null mice of 0.3860.19 m/s. This is greater in diameter than those in the wild-type mice. We
not statistically different from the conduction velocity of considered the possibility that the measure of axon diam-
congenic wild-type mice (P.0.1). eter was an artifact of tissue fixation or other unknown

variables. However, increased axon diameter was accom-
panied by a corresponding increase in the number of

4. Discussion microtubules in the ORN nulls. Since the number of
microtubules in axons is proportionate to the caliber of an

Our findings demonstrate that while the qualitative axon [16], our data suggest that the measured increase in
features of the ORN axons and the synaptic organization of OMP-null axon diameter is real. Though the mechanism
the glomerulus in OMP-null mice differs quantitatively that may account for the great caliber of the ORN axons in
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Fig. 5. The compound action potential of OMP-null mice. (A) Effects of kynurenic acid (KYN); KYN applied to the bulb for 3 min abolished the slow
negativity, but spared the triphasic potential (arrow). The control response recovered after flushing with saline for 6 min. (B) Depth profile; a triphasic
response is recorded only at the surface and 100 mm depth (arrows). The slow negativity reverses polarity at a depth of about 500 mm. (C) Paired-pulse
stimulation; stimuli (arrowheads) with different interpulse intervals (IPI) were presented. The second stimulus failed to evoke a triphasic response at an IPI
of 2 ms.

OMP-null mice is not known, it prompted the hypothesis similar to those published previously for the rabbit [30],
that the conduction velocity for action potentials in OMP- The conduction velocity of the ORN axons in congenic
nulls would be faster than in the wild-type mice. As wild-type mice was calculated from a plot of latency
discussed below, this was not the case. versus distance and found to be 0.4760.16 m/s. This

The compound action potential is triphasic, follows value is similar to measurements of the ORN axon
paired-pulse stimulation at 330–500 Hz, and is recorded conduction velocity in rabbit [30], cat [15], opossum [26],
only in the superficial layers of the MOB. These results are and rat [32]. The conduction velocity of the ORN axons in
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MOB, and therefore strengthens the hypothesis that OMP
plays a role in transduction.
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