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Primary culture and electrophysiological properties of brain neurons of adult
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Abstract To explore the neuronal mechanisms underlying pesticides intoxication in adult honeybees the
primary culture of brain neurons of adult honeybees and electrophysiological recordings are required. However
little is known of the electrophysiological properties and sodium currents or potassium currents in normal adult
honeybee brain neurons. We first dissociated neurons from brains of adult Apis mellifera by gentle trituration
after a 15-min incubation with papain. This preparation resulted in a large number of isolated viable neurons.
Using the whole-cell configuration of the patch-clamp technique we investigated the neuronal responses of the
isolated neurons to the current or voltage stimulation. Current-clamp data showed that the tested neurons
showed no spontaneous discharges but were capable of firing a single action potential in response to depolarizing
current injection. The mean current threshold for action potential was 60.8 + 6.3 pA and the mean voltage
threshold —27.4 + 2.3 mV. Under voltage clamp sodium currents were isolated by blockade of potassium
channel and calcium channel. The sodium current was activated at command potentials more positive than — 40
mV with a maximum around — 10 mV and a half-maximal voltage for inactivation of —58.4 mV. The neurons
expressed at least two distinct K™ currents a small transient current and a large sustained current 80% of
total K* current with a half-maximal voltage for activation of 3.86 mV. The large sustained potassium current

showed little or no inactivation. The results suggest that the prominent sustained potassium current might
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account for the a single spiking in the recorded adult honeybee neurons.
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Fig. 2 Voltage responses to depolarizing current injection in a brain neuron of adult Apis mellifera
A 400 ms B 2ms A An injection of

depolarizing current with a duration of 400 ms evoked a single spike B The shape of action potential evoked by a suprathreshold current injection
duration 2 ms in the same neuron.
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Table 1 The electrophysiological properties of T lo
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Fig. 3 Sodium currents recorded in brain neurons of adult Apis mellifera
A - 80 mV 500 ms 10 mV 15 ms
B 18 - C D

Boltzmann A Representative traces for the activation of sodium current in a recorded neuron. Fifteen milliseconds

voltage step ranging between — 60 and +40 mV in 10 mV increments following a 500 ms conditioning step to — 80 mV were used to evoke voltage-

gated sodium currents. B Current-voltage curve for sodium currents from 18 measurements as shown in A. C  Steady-state inactivation of sodium

current was assessed in the same neuron as shown in A. Voltage-gated sodium current was evoked by a test pulse to — 10 mV following a 1 s

conditioning pulse varying between —90 and —25 mV in 5 mV increments. D Normalized inactivation curve 1/1,,, . The mean was calculated

and fitted with a Boltzmann equation.
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Fig. 4 Potassium currents recorded in the adult Apis mellifera brain neurons
A I -120 mV. +60 mV Ixp -30mV  +60 mV
Ixa B Ik Ik Ika

- A Ty net whole cell K* current was recorded from a neuron in response to voltage steps 400-ms duration 10-mV

increments  between — 120 and + 60 mV from a holding potential of — 120 mV. I,
steps each 400 ms in increments of 10-mV steps from — 120 to + 60 mV from a holding potential of — 30 mV in the same neuron. Iy,

inactivating potassium current. Traces were obtained by off-line subtraction of Igp from Igx. B Current-voltage curves for Iy

respectively.
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