STRETCH-ACTIVATED ION CHANNELS IN CULTURED
MECHANOSENSORY NEURONS OF MANDUCA SEXTA

2

&\( W
%

PH. Torkkeli and A.S. French, Dept. Physiology and Biophysics, Dalhousie University, Halifax, Nova Scotia, Canada

INTRODUCTION

neurons lacks a
cell culture model that would allow experimentation with fully
differentiated neurons. Dissociation and culture of vertebrate
mechanoreceplor neurons is not possible because fheir
mechanosensitive endings are located far flom their somata.
Dissociated hair cells from cochlear and vestibular organs of
several vertebrate species have been used fo study their
mechanical properties and their mechanically-activated whole-
cell currents, but these preparations have not allowed reliable
measurements of single-channel currents. Arthropod cuticular
mechanoreceptors offer a better system for creating a culture of

method for primary culfure of mechanosensory neurons from
Pupal sphin moth Manduca sexta antennae. This culture can be
used for electrophysiological experiments in both the whole-cell
andsingle-channel configurations.

PREPARATION

The antenne of adult M. sexta have both chemo- and
echanosensory functions. The distal part of each antenna is
called the flagellum and it contains more than 250,000 olfactory
neurons and several hundred mechanoreceptor neurons. The two
basal segments, the scape and pedicel, have mainly
mechanosensory functions. Both contain several fields of sensory
hais callad Bohne's bestles and the pedical contans the
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CELL CULTURE

Enzymatic dissociation
with Tmg/ml papain

Cell disaggregation
with DNAse + BSA

Mechanical dissociation;
trituration with siliconized
Pasteur pipet

'

Growth in L-15 +
conditioned Grace
medium

ovine Serum Albumin, Fraction V
Hanks Balanced Salf Solution without calcium

Conditioned Grace medium = Grace insect medium,
collected from M.sexta embryonic cell line MRRL-CH1
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ANTENNAL NEURONS IN CULTURE

Cells dissociated from a whole antenna and grown 12 days in culture.
Naurces (srous) wars easly disinguihed from cthee call ypas b thair
to I phase-dark

cells. Scale bur50 um

Cultures from the basal antenna had many large neurons, with soma
meers of 10-25 um and usually fwo neurites tha often deviated ot
their distal ends. Scale bar 50 um.
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ANTI-HORSERADISH PEROXIDASE (HRP) STAINING

To reliably identify the neurons, we used anti-horseradish peroxidase  staining, which is known fo label
neuron-specific molecules in insect neurons. The cultures were fixed with 4% paraformaldehyde,
incubated in 1% H,0,, washed with 3% normal goat serum in PBT (=PBS + 0.1% riton X-100). Incubation
with rabbit anti-peroxidase (1:1,000 in PBT) was performed for 3 hours af room femperature. After
several rinses with 3% normal goat serum in PBT the cultures were incubated in the secondary antibody
{1:800percsidase conjugeted gostcmi-rabit 1G] for 2 hours. The stining vas ntensified by restment
with 0.3 mg/ml

Anti-HRP antibody specifically stained bipolar neurons in all
cultures. The spindle shaped large neurons with thick
processes shown here were fypical for cultures made from
the basal antenna. Scale bars 50 m .

MECHANOSENSORY PREFERRING ANTIBODY (MPA) STAINING

MPA s one of a series of monoclonal anfibodies generated by Hishinuma et al. (1988) against M. sexta nervous fissue. MPA
bindsfo neuroflaments that o ypical fo mechanasensry neurons, bu ot presnt i alfaciory neuras. Tho cultures were
fixed for 30 min in 4% in milk pe erul 0 1% triton X-100,
1% BSA and 3% sknmmed milk powder in PBS, followed by an
The next day the cultures were washed several times in milk powder bu“sr o ncbotod e the socondary antbody (CY3
1:600) for 1 hour.

MPA staining was very specific. Staining was detected in the
somlo and varicsiies of devloping neurons during the

first

strongly already after 6 duys in culture (B). The staining in the
somata and neurites became more infense in older cultures
(C 11 days and D 22 days in culture). The somata of large
(diameter 10 -25 um) neurons was always stained, but in the
small neurons (soma diameter 5 - 10 um) staining was only
detected in the neurites and in most of the neurons derived
from the flagella MPA staining was not detected at all. Scale
bars 50 um.

ELECTROPHYSIOLOGY

WHOLE-CELL RECORDINGS
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We performed whole-cell recordings from large <
bipolar neurons affer 7-20 days in culture. Al =
neurons had a large outward current that did not £
inactivate and a fast inward current superimposed 2
the outward current. These recordings were 5 o —
made without any blockers and we do not know if O 50
the inward current was carr calcium or .
sodium ions. We did not find significant differences -0.5 Time (ms)
in current amplifudes at different ages. The
maximum outward current amplitude was 815 pA 15
(SD. £245 pA n=7) ond the inward current
amplitude was 508 pA (5.D. 331 pA. n = 7). Both
currents octivated at sfimulus omplitudes of ~ -10 = +85mV
The mean membrane resistance of these 3 -35mV
neuronswas 1.5 GQ(5.D. £0.3GQ, n = 6) 13
5
(o] - 5
156 mM NaCl, 4 mM KCI, 0.5 Time (ms)
6 mM CaCly, 5 mM glucose, -
10 mM HEPES, pH 7.1
)r i) PIPETTE SOLUTIONS
= '
WHOLE-CELL
150 mM KCI, 2 mM MgChy, 1 mM CaCly,
il 11 mM EGTA, 2 mM NoATE, 5 mM HEPES, pH 7.1
%swmscmwﬂ
140 mMKCI, 2 mM MgCly, 1 mM CaCly,
i 4 10 mM HEPES, pH 7.1
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SINGLE-CHANNEL RECORDINGS
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Single-channel recordings were
cultures at 10-23 days. Cell-aftached patches from

Suction Suction
somata always had one or more voltage-activated
fon channel. We also found a high density of 40 mmHg removed
mechanosensitive ion channels on the somata
These channels respondad equally strongly fo both
d o
recording pipet. We also detected |
machanosersitv ion sharnlsonthe neuries,but 0pA

hese regions. The conront smplide v mom Posiive pressure
frequent mechanosensifive ion channel was ~3pA. 40

We also detected channels with current amplitudes l l

1000 ms

Pressure.
removed

of less than 1 pA at high voltages with similar

made at a pipet pofential of 50 mY, and this patch
had 3 mechanosensitive ion channels with unitary
conductances of 28 pS.
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