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Cultured oligodendrocytes (OLGs) develop processes and 
form myelin following attachment to a substratum. We ap- 
plied the whole-cell voltage-clamp technique to identify and 
characterize the ionic currents of OLGs in culture. Within 2 
d after attachment, OLGs extended processes and began 
to express an outward current that represents a composite 
response of an inactivating/transient component and a non- 
inactivating component. The current had a reversal potential 
of -66 mV and was sensitive to potassium channel blockers. 
After 4-5 d in culture, the transient component was less 
prominent, often accompanied by an increase in noninacti- 
vating or steady-state outward current. In addition, there was 
an increase in inward rectifier current. Four of 7 cells that 
failed to develop processes exhibited only linear high-re- 
sistance membranes. We conclude that cultured OLGs ex- 
press 3 voltage-gated potassium conductances: (1) a tran- 
sient outward current, (2) a noninactivating outward current, 
and (3) an inward rectifier current. The sequential appear- 
ance of the several currents may relate, at least in part, to 
process formation. 

Oligodendrocytes (OLGs) play a critical role in nervous system 
function. Circumstantial evidence suggests that following an 
inducing signal of unknown type, and in a burst of activity, they 
form myelin; thereafter, they maintain it. OLGs are capable of 
remyelinating CNS axons after a demyelinating injury, implying 
regenerative plasticity and a capacity to respond a second time 
to a putative myelin-inducing signal. Whether the inducing sig- 
nals need to be provided by axons is uncertain. Recent work by 
Szuchet and coworkers (Szuchet et al., 1983; Yim et al., 1986; 
Vartanian et al., 1986) suggests that, at least for cultured OLGs, 
interaction with a polylysine substratum suffices to stimulate 
OLGs to reexpress a myelinogenic metabolism and to reform 
myelin in culture in the absence of neurons, of axons, or of other 
cell types (Szuchet et al., 1986). This cultured OLG system 
affords a good model for seeking out a relationship between the 
signal for myelin synthesis and ionic current modulation. 

Whereas there is evidence that OLGs influence the comple- 
mentary distribution of voltage-sensitive ionic channels in the 
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myelinated axon, i.e., Na+ channels clustered at the nodes of 
Ranvier, and K+ channels distributed along the internodal zone 
(Waxman, 1987) little is known about the functional role played 
by ion channel of OLGs themselves. It was suggested that they 
may participate in K+ homeostasis (Kuffler and Nicholls, 1966; 
Gardner-Medwin, 198 1). Kettenmann et al. (1982) demonstrat- 
ed a channel in isolated membrane patches from embryonic 
mouse spinal cord OLGs that was highly selective for K+, with 
a conductance of 7 1 ? 34 pS. In their subsequent studies (Ket- 
tenmann et al., 1984a), they observed a small but consistent 
effect of depolarization, which increased channel open state 
probability at membrane potentials between -90 to -30 mV. 
In contrast, no voltage-dependent conductances were observed 
when OLGs from rat optic nerve were depolarized to t-20 mV 
using whole-cell recording techniques (Bevan and Raff, 1985). 

The goal of this study was to identify and characterize the 
whole-cell currents of OLGs at different stages in culture as part 
of an attempt to investigate the relationship between ionic cur- 
rent modulation and myelin reformation. In contrast to earlier 
reported studies, we have found that cultured OLGs do express 
a voltage-dependent outward current that has an inactivating/ 
transient component and a noninactivating or steady-state com- 
ponent. In addition, these cells develop an inward rectifier cur- 
rent after a week in culture. The magnitudes of the noninacti- 
vating component of outward current and the inward rectifier 
current increase with time in culture. 

Materials and Methods 

Cell culture. OLGs were isolated from the brains of 4- to 6-month-old 
lambs as described previously. Freshly isolated cells, band III (see Szu- 
chet et al., 1980, for details) were plated on plastic culture plates at 2 x 
lo6 cells/ml. Approximately 40% of the cells attached to the plate; the 
remaining cells formed small floating clusters. The latter are referred to 
as B3.f OLG (Szuchet and Yim, 1984). After 4-5 d, the supernatant 
containing B3.f OLG was collected and centrifuged. The cells in the 
pellet were resuspended in culture medium and replated into polylysine- 
coated petri dishes onto the surface of which the OLG attached. The 
latter cells are referred to as B3 fA (A for adherent). B3. fA OLG were 
maintained in Dulbecco’s modified Eagles’ medium supplemented with 
20% horse serum, 2 mM glutamine, and antibiotic (0.3 Kg/ml Ampho- 
tericin B and 2.4 @g/ml Garamycin). Cultures were fed twice weekly. 
Culture purity was ascertained to be 98-99% using a monoclonal an- 
tibody against galactocerebroside (a gift from Dr. B. Ranscht), as well 
as polyclonal antibody against 2’,3’-cyclic nucleotide 3’-phosphohydro- 
lase (a gift from Dr. T. Sprinkle). Cells were tested 2-l 4 d after attach- 
ment. 

Electrophysiology. Recordings were obtained using the whole-cell con- 
figuration of the patch-clamp technique as described by Hamill et al. 
(198 1). A List EPC-7 patch-clamp amplifier (List Electronic, Darmstadt, 
Eberstadt, FRG) was used. The dish with the cultured cells was placed 
in a chamber on the movable stage of an inverted Leitz microscope 



F&ire 1. Phase-contrast microgravhs 
of-live oligodendrocytes. Bar in h rep- 
resents 35.6 pm for a and b; 21.2 pm 
for c and d. a, b, Micrographs of cul- 
tured oligodendrocytes that have ex- 
tended processes but do not make con- 
tact with the adjacent cells. Most of the 
measurements reported here were made 
on such cells. c, Cultured oligodendro- 
cytes after 1 d of adherence. These cells 
have no processes. They have linear 
high-resistance membranes (see text). 
d, Cultured oligodendrocytes after 15 d 
in vitro. Cells form a complex network 
of interconnecting processes. Notice 
cell-cell apposition; tight junctions are 
formed between apposed cells. 
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Figure 2. Effect of the holding poten- 
tial on OLG currents. Inactivation of 
the outward current but not of the in- 
ward current occurred when the hold- 
ing potential was changed from -80 
mV (A) to -40 mV (B). Pulses of 360 
msec in duration at 10 set intervals were 
stepped to the following potentials (in 
mV): -50, -20, 10, -100, -120, 30, 
50, 70, 90, 120. C, Corresponding I-V 
curve for both holding potentials con- structed from the peak currents mea- 
sured approximately 4-8 msec follow- 

ing the initiation of the pulses. 
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equipped with phase-contrast optics. Recording pipettes were formed 
from soda lime glass (Blue-Dot Hematocrit Glass; Fisher Scientific Corp., 
Pittsburgh, PA) using a vertical puller in a 2-stage process. Pipettes were 
coated with Sylgard 184 (Dow-Coming, Midland, MI) and heat-polished 
to a final tip diameter of 0.5 Frn just before use. Cells were studied at 
room temperature. The bathing solution consisted of the following (in 
mM): 140 NaCl, 5.4 KCl, 2 CaCl,, 1 MgCl,, 10 HEPEYNaOH, pH = 
7.3. In some experiments, higher concentrations of KC1 were used, in 
which case an equimolar amount of NaCl was replaced. Recording 
pipette (intracellular) solutions contained (in mM): 140 KCl, 2 CaCl,, 2 
MgCl,, 11 EGTA, 10 HEPES/KOH, pH = 7.3. External perfusion of 
the cells was performed in 2 ways: (1) by bringing a second pipette 20- 
40 Frn from the voltage-clamped cell and applying puffs of a desired 
solution and (2) by exchanging the bath at a rate of 1 cc/min. The 
voltage commands were provided via the output of a Metrabyte D/A 
converter and the data from the whole-cell recordings were sampled 
and analyzed using a Data Translation DT28 18 A/D converter on an 
IBM-AT system. Unless specified, current records were filtered at 2 kHz 
and sampled at 5 kHz. Data were not leak subtracted. Where multiple 
experiments were performed for a given experimental condition, the 
number of experiments is given in parenthesis. Values are reported as 
the mean + SEM, except when the number of experiments was less 
than 3. 

Results 
Resting membrane properties 
Whole-cell voltage-clamp studies were performed on cells that 
had been maintained in adherent culture for 2- 14 d and whose 
cell bodies measured approximately 20-30 pm in diameter (Fig. 
1). Older cultures of OLGs form complex networks of inter- 
connecting processes and were excluded from the study (Fig. 

1 d). OLGs in pure culture form tight junctions with one another, 
but they do not form gap junctions (Massa et al., 1984). They 
would, therefore, not be expected to be electrically coupled. 
However, Kettenmann et al. (1983a) were able to detect elec- 
trical coupling in 6 of 12 pairs of OLG between 50 and 100 Km 
apart. For this reason, studies described in this investigation 
were confined to cells that had extended processes but had failed 
to make contact with adjacent cells (Fig. 1, a, b). In the few 
measurements performed on closely apposed cells, no obvious 
differences were observed in the ionic current expression. It 
should be noted that in vivo OLGs do form gap junctions with 
astrocytes though not between themselves. 

The zero-current potential of cultured OLGs measured during 
the first few minutes after achieving the whole-cell recording 
conformation was -68 f  3.3 mV (15) as determined from 
current-voltage plots. We presume that the actual value of the 

Table 1. Resting membrane properties of oligodendrocytes 

Days 

Resting membrane 
potential 
(mV) 

Input resistance 
(GW 

l-3 (n = 15) -68.1 + 3.31 1.08 + 0.14 
4-7 (n = 8) -64.1 k 5.81 0.57 t 0.15 
8-14 (n = 15) -66.8 k 3.01 0.36 k 0.07 
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Figure 4. Time course of inactivation 
of the transient outward current. A, Ex- 
ponential fit to the data points is su- 
perimposed on each current record. The 
pulse potential is indicated to the right 
of each trace. B, C, Voltage dependence 
of the fast (B) and slow (c) time con- 
stants obtained from the exponential fits 
to the decay phase of the currents in A. 
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resting potential is negative to this value since any leak due to 
insufficient sealing of the patch electrode would reduce the am- 
plitude of the zero-current potential to values less hyperpolar- 
ized than the resting potential. Input resistances determined as 
the reciprocal of the chord conductance measured between - 100 
to -70 mV was calculated to be 1.08 -t 0.14 GQ (15) during 
the first 3 d in adherent culture. Table 1 lists changes in mem- 
brane properties that were observed during development in ad- 
herent culture. While the resting membrane potential did not 
change significantly with time in culture, the input resistance 
decreased after 7-14 d to 0.36 + 0.07 GQ (15), presumably 
correlated with process extension. An increase in the capacity 
transient was observed upon transition from cell-attached to 
whole-cell recording. Owing to the relatively small size of the 
cells, this increase was small and difficult to quantify. However, 
in 5 cells in which ionic currents were blocked by high concen- 
trations of Cs+ in the recording pipette, membrane capacitance 
was measured by integrating the current during a voltage step 
and subtracting a baseline established 10 msec after the step. It 
ranged from 6.8 pF (2) in cells without processes to 18.2 pF (3) 
in cells with processes, corresponding to calculated diameters 
ranging from 14 to 28 pm. Using these values and assuming 
that the membrane capacitance is 1 pF/cm*, the calculated spe- 
cific membrane resistance would be 5-7 KQ cmZ. This value is 
very similar to that found by Kettenmann et al. (1984b). 

Whole-cell currents 
Positive voltage pulses from the holding potential (-80 mV) 
activated a voltage- and time-dependent outward current in 
cultured OLGs. Whole-cell voltage-clamp records from an OLG 
after 4 d in adherent culture can be seen in Figure 2. The tran- 
sient component of the current was inactivated at the depolar- 
ized holding potential of -40 mV, leaving a steady-state com- 
ponent of variable amplitude (Fig. 2B). Figure 2C shows the 
peak current-voltage relationship for the currents depicted in 
Figure 2, A and B. In general, the current-voltage relation for 
the transient or peak current remained constant with time after 
the establishment of the whole-cell configuration, allowing 3-5 
min for initial stabilization. 

The ionic selectivity of the transient component of the out- 
ward current was determined from the reversal of the tail cur- 
rents in the presence of 5.4 mM external K+. The membrane 
potential was first changed to 120 mV for 10 msec (Fig. 3A) and 
then stepped back to various test potentials. The instantaneous 
current voltage relationship (5 msec following the onset of the 
tail currents) indicates that the reversal potential was -66.2 f 
1.45 mV (4). The calculated reversal potential for perfectly K+- 
selective channels is -82 mV. Increasing the [K], from 5.4 to 
35 mM K+ shifted the reversal potential to - 19.8 mV (2), giving 
the predicted relative shift of 47 mV expected in the reversal 
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of the tail current. In view of the above, it seems reasonable to 
conclude that the current is carried predominantly by K+. 

The time course of inactivation of the transient outward cur- 
rent could be reasonably described by first-order kinetics with 
the time constant of current decay decreasing as membrane 
potential became more positive (Fig. 4). The decay phase at 120 
mV was best fitted by a single exponential in 10 cells (mean = 
48.4 f 7.02 msec) and best fitted by a double exponential in 
27 cells (T, = 10.3 +- 0.94 msec; T* = 122.2 f 19.7 msec). 
Interestingly, the frequency polygon of 7, in these 27 cells re- 
vealed a bimodal distribution, with the earlier peak at 4 msec 
and a later peak at 14.4 msec. The mean time to peak of the 
current at 120 mV was 3.9 -t 2.7 msec (37). Currents recorded 
in the cells bathed in a CaZ+-free medium displayed no significant 
change in their kinetics. In a few experiments where leak current 
was subtracted, the time course of activation and inactivation 
was not significantly different before and after subtraction. 

The voltage dependence of the steady-state availability of the 
transient component of the outward current was studied by 
recording the peak current at a constant depolarized potential 
following prepulses to various hyperpolarized potentials. The 
normalized peak currents were fitted using a Boltzmann function 
of the form 

izedpotentials (-40, -60, -80, - 100, 
- 120, - 150 mV). Pulse interval du- 
ration was 60 sec. Similar results were 
obtained when a 1.4 set prepulse was 
used. B and C, Steady-state parameters 
ofinactivation (B) and ofactivation (C) 
for the current data normalized to the 
maximal current obtained (n = 5 for 
both activation and inactivation data). 
The normalized currents were fitted us- 
ing the Boltzmann function: j = I,,,,/ 
{ 1 + exp[( V - V,#$)]}, where V,is the 
midpoint and K, the slope factor. For 
the illustrated inactivation data: V, = 
-87.16 mV. K, = 23.8: for the activa- 

mV tion data, Vi =‘39.5 mV, KJ = -29.6. 

allowing the midpoint Vr and the slope factor K, to vary. An 
example can be seen in Figure 5. The average midpoint of in- 
activation from similar fits of data from 5 cells was -87.56 f 
3.59 mV, with a slope factor of 21.1 f 2.42. Data from the 
current-voltage relationships obtained with the same cells were 
also normalized and fitted with the same Boltzmann function 
to obtain steady-state parameters of activation. The average 
midpoint for activation was 35.4 f 4.0 mV, with a slope factor 
of -25.6 -t 3.08. 

The complex nature of the outward current was investigated 
pharmacologically. The transient component of the outward 
current was blocked by 4-aminopyridine (4-AP) (Fig. 6). The 
amplitude of the peak transient current was reduced by 54% at 
120 mV with a low concentration of externally applied 4-AP 
(0.25 mM). At 2.5 mM 4-AP, only the steady-state component 
of the outward current remained, which had a reversal potential 
of -48.4 mV as determined from the tail currents. Therefore, 
the steady-state current is not a nonspecific leak current and 
would appear to be predominantly carried by K+ ions. In some 
records, the steady-state current bears resemblance to the de- 
layed rectifier current of nerve and muscle. 

Both the transient component and the steady-state component 
of the outward current were reduced by externally applied tet- 
raethylammonium (TEA; 4 mM). Internal Cs+ (110 mM) blocked 
the outward current completely (data not shown). At lower con- 
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Figure 6. Effect of4AP on OLG cur- 
rents. Currents obtained from a cell prior 
to (A) and after (B) exposure to 4-AP. 
The pulse protocol was as described in 
Figure 1. The holding potential was - 80 
mV. 4-AP (2.5 mM) was applied via a 
second pipette brought adjacent to the 
voltage-clamped cell. C, Corresponding 
Z-V curves prior to and following ex- 
posure to 4-AP were constructed from 
the peak currents as described in Fig- 
ure 1 
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centrations of external TEA (0.5 mM) or internal Cs+ (10 mM), 
the steady-state component of the outward current was reduced 
to a greater extent than the transient component. The steady- 
state current was not reduced significantly by 1 mM external 
Cd2+, nor was it enhanced by exposure to the calcium ionophore 
A23187. 

Inward current activation was observed in the hyperpolarized 
voltage range (- 100 to - 120 mV). This current is similar to 
the inward rectifier of other cell types. Strong inward rectifica- 
tion with instantaneous and time-dependent components can 
be seen in Figure 7, which shows the currents evoked when the 
potential was stepped from a holding potential of -20 mV to 
different potentials between 120 to - 150 mV. The time-de- 
pendent increase in the K conductance followed first-order ki- 
netics, with the time constant of the activation phase decreasing 
as the voltage pulses became more negative. For the currents 
shown in Figure 7, the activation phase time constant decreased 
from 27.2 msec at - 100 mV to 3.8 msec at - 150 mV, a 7-fold 
reduction. Inactivation of this current upon strong hyperpolar- 
ization was nearly abolished when the Na+ concentration in the 
bath was decreased. 

Changing the [K], from 5.4 to 70 mM K+ increased the am- 
plitude of the inward current. The conductance measured at 
- 150 mV was 7.86 nS in high-K solution, whereas the con- 
ductance was 3.2 nS in normal Ringers’ solution. The reversal 
potential in the high-K+ solutions shifted by 53 mV to a more 
depolarized potential. In addition, the rate of activation was 
increased while the amount of inactivation was decreased. The 

amplitude of this current at strong hyperpolarizations was sub- 
stantially reduced, and the time course of inactivation accel- 
erated considerably when the pipette solution was replaced by 
CsCl(ll0 mM). Figure 8 illustrates the sensitivity of the inward 
current to BaCl, (100 mM). Suppression of this current was also 
observed when only 1 mM BaCl, was used. 

OLG currents as a function of age in culture 

Evidence supporting the observations that the voltage-activated 
outward current is composed of more than one conductance 
comes from the studies of OLG currents at different times in 
culture. Within 48 hr of plating, B3.fA OLG began to develop 
processes and express voltage-gated outward currents. After 1 
week in culture, the transient component of the outward current 
appeared reduced. This reduction was often accompanied by an 
increase in the steady-state or noninactivating component of 
the outward current. In addition, there was an increase in inward 
rectifier current as shown in Figure 9. In a series of 85 experi- 
ments, we found that 88% (30/34) of cells with processes after 
day 7 of adherent culture developed inward rectifier compared 
with 18% (5/28) of cells at days l-3 and 26% (6/23) at days 4- 
7. The difference in the frequency of inward rectifier in cells 
before day 7 and after day 7 in adherent culture was highly 
significant (p < 0.001 as determined by x2 analysis). Interest- 
ingly, 57% (4/7) of those few cells that remained without pro- 
cesses after 2 weeks in culture exhibited linear high-resistance 
membranes (Fig. 10). The other 3 cells showed current patterns 
similar to the cells with processes, including inward rectifier. 
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Figure 7. Effect of [K], on inward rec- 
tifier. Currents displayed in A and B 
were from the same cell voltage-clamped 
at a holding potential of - 20 mV where 
the external bathing solution contained 
the K’ concentration noted in each 
panel. The pulse protocol was as de- 
scribed in Figure 1. C, Corresponding 
2-V curves at 5.4 (crosses) and 70 mM 
(open circles) external K+ showing the 
strong dependence of the inward cur- 
rent on the external K+ concentration. 

Figure 8. Effect of BaCl, on inward 
rectifier. A, B, Currents obtained from 
the same cell before and after the mi- 
croperfusion of BaCl, (100 mM) onto 
the voltage-clamped cell. Pulse proto- 
col was as described in Figure 1, V, = 
-80 mV. C, Corresponding I-V curve 
for the currents depicted in A and B. 
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Figure 9. OLG currents as a function 
of age in culture. An increase in inward 
current and a decrease in the transient 
component of the outward current were 
observed in OLG after 1 week in cul- 
ture. Illustrated current records are from 
cells cultured from the same cell prep- 
aration. Pulse protocol was as described 
in Figure I, V, = -80 mV. Data in C 
were averaged from 5-6 experiments 
for each developmental period (2-4,5- 
7, and 8-10 d). 
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The cells without processes were identified as OLGs by anti- the cells to calcium ionophore A23187 in calcium-containing 
galactocerebroside staining. bathing solution. 

Discussion 

The electrophysiological properties of OLGs were examined 
with the whole-cell configuration of the patch-electrode voltage- 
clamp technique. The experiments in this study demonstrate 
the existence of a voltage-dependent outward current and an 
inward rectifier current that are K+ selective. The voltage-gated 
outward current most likely represents a composite response of 
2 separate conductances. This contrasts with the reports by Bev- 
an and Raff (1985) and Bevan et al. (1986), who did not find 
voltage-dependent conductances in OLGs. Kettenmann et al. 
(1984a) did observe a small voltage-dependence in their single- 
channel studies of OLGs (average change in PO was 0.08 f 0.04 
per 10 mV step). We were unable to demonstrate a role for Caz+ 
in activating the K+ currents since (1) the calcium current block- 
er cadmium had no effect (Brown and Griffith, 1983; Galvan 
and Sedlmeir, 1984; Beluzzi et al., 1985b), and (2) there was no 
observable increase in current amplitude following exposure of 

The potassium outward current was characterized by voltage- 
dependent activation and inactivation. This current resembles 
the K+ current identified as the delayed rectifier type in lym- 
phocytes (DeCoursey et al., 1984) and astrocytes (Bevan and 
Raff, 1985; Bevan et al., 1986) differing in the time course of 
current inactivation and the degree of voltage dependence. It 
should be noted that inactivation was not described for the 
delayed rectifier by Hodgkin and Huxley (1952) but was sub- 
sequently found to be present in delayed rectifier currents of 
various cell types (Nakajima, 1966; Connor and Stevens, 197 1 b). 
The time constant ofthe decay phase was on the order ofhundreds 
of milliseconds in lymphocytes (DeCoursey et al., 1984), where- 
as, in OLGs, it was approximately 10 msec for the rapidly in- 
activating component and 120 msec for the slowly inactivating 
component. That the potassium outward current may be a com- 
posite response of the 2 separate conductances was supported 
by the change in current profiles with time in culture and its 
differential sensitivity to various potassium blockers. A low 
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concentration of externally applied 4-AP (0.25-l mM) prefer- 
entially suppressed the transient component of the outward cur- 
rent, while low concentration of external TEA (0.5 mM) or of 
internal Cs+ (10 mM) preferentially reduced the steady-state out- 
ward current. Higher concentrations of these agents block both 
currents completely. Similar findings with regard to inactivating 
and noninactivating K+ currents have been described in astro- 
cytes (Bevan and Raff, 1985; Nowak et al., 1987). In previous 
studies in OLGs, Kettenmann et al. (1982, 1984a) observed that 
externally applied TEA (10 mM) did not affect the specific mem- 
brane resistance of OLGs as measured with intracellular elec- 
trodes, nor did it affect the single potassium channel conduc- 
tance or kinetics using inside-out patches. The discrepancy 
between their results and ours is uncertain, but it may be related 
in part to the different source and age of cultured OLGs studied. 
Most of the work of Kettenmann et al. (1982, 1984a, b) involved 
4- to 6-week-old cultures of OLGs isolated from embryonic 
mouse spinal cord, whereas our OLGs were isolated from the 
white matter of lamb brains and were used after 2-14 d in 
adherent culture. 

The transient component of the outward current resembles 
IA in neurons (Galvan and Sedlmeir, 1984; Beluzzi et al., 1985a) 
in that it is markedly reduced when the holding potential is 

<mV) icells depicted i’; A and B. ’ 

changed from -80 to -40 mV. It is also extremely sensitive to 
4-AP. However, the steady-state parameters of activation and 
inactivation differ somewhat from the transient outward cur- 
rents observed in neurons (Galvan and Sedlmeir, 1984; Beluzzi 
et al., 1985a) or in cardiac muscle cells (Fozzard and Hiraoka, 
1973; Kenyon and Gibbons, 1979). Activation threshold occurs 
at -20 to + 10 mV, with the midpoint at +35.4 mV and with 
a slope factor of 25.6. The midpoint of inactivation is slightly 
more hyperpolarized (- 87.5 mV) than in sympathetic neurons 
(Galvan and Sedlmeir, 1984; Beluzzi et al., 1985a) with a less 
steep slope. The transient outward current is ubiquitous in ex- 
citable cells (Rogawski, 1985) and seems to play an important 
role in neuronal frequency encoding (Connor and Stevens, 197 1 a) 
and in action potential repolarization, particularly in cardiac 
muscle cells (Kenyon and Gibbons, 1979). Its function in non- 
excitable cells such as OLGs is less clear. The bimodal distri- 
bution of r, describing current decay is intriguing. It is possible 
that the OLG population may be heterogeneous, even though 
most of our cells were of the interfascicular type. 

After 1 week in culture, the transient component of the out- 
ward current appeared reduced, with an increase in steady- 
state outward current. Linearization of the current-voltage re- 
lationship may be explained partly on the basis of process 
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extension by Cole’s theorem (Cole and Curtis, 194 1). However, 
at approximately the same time, there was an increase in inward 
current. The inward current in OLGs behaved similarly to the 
inward rectifier described in other cell types (Hagiwara et al., 
1976; Standen and Stanfield, 1978; Hagiwara and Yoshii, 1979; 
Stanfield et al., 1985). The activation of this conductance de- 
pended on voltage as well as external potassium concentration 
and was blocked by barium. As expected, the input resistance 
of cells kept in culture for more than 7 d from the time of plating 
was lower than that of cells examined at earlier times since most 
of the older cells expressed inward rectifier current. Interestingly, 
the resting membrane potential did not differ significantly with 
time in culture. That the inward rectifier appears later than 
potassium outward current is not surprising since develop- 
mental changes in ionic currents have been demonstrated to 
follow a defined sequence in many cells (Salkoff and Wyman, 
1983; Blair and Dionne, 1985; Nerbonne et al., 1986). For ex- 
ample, transient outward current is the first voltage-activated 
current to appear in Drosophila flight muscles (Salkoff and Wy- 
man, 1983) while it appears 4-6 d later than the delayed rectifier 
in rat embryonic superior cervical ganglion cells (Nerbonne et 
al., 1986). The functional significance of such a sequence of 
developmental changes in ionic current expression in OLGs 
remains an intriguing question and may well be associated with 
the basis for the development of myelinogenic signal transduc- 
tion in these cells. 

While exclusive potassium dependence of resting membrane 
potential in OLGs has been demonstrated (Kettenmann, 1983b), 
we were unable to find significant changes in resting membrane 
potential with time in culture that corresponded to the change 
in current patterns. Another interesting finding in our study is 
that 4 of 7 cells that remained without processes at late times 
in culture exhibited linear high-resistance membranes. While 
no definite conclusion can be drawn, the finding is interesting 
since endfeet of retinal glial cells have been reported to have 
higher densities of potassium channels than the cell body (New- 
man, 1984; Brew et al., 1986). A nonuniform distribution of 
potassium conductance has also been demonstrated in optic 
nerve astrocytes (Newman, 1985). 

In summary, we have identified voltage-dependent potassium 
conductances in cultured OLGs, an outward current and an in- 
ward rectifier current. We propose that the outward current is 
a composite response of a transient component and a noninac- 
tivating or steady-state component. We were unable to observe 
macroscopic Ca or Na currents that have been described in other 
glial cells such as astrocytes (MacVicar, 1984; Bevan et al., 1986) 
and Schwann cells (Gray et al., 1986). We observed that the 
outward current appeared earlier in culture than the inward 
rectifier current. The appearance of the currents may depend in 
part on process formation. We postulate that, as in neuronal 
preparations, OLG currents may be physiologically modulated 
by transmitters or hormones affecting cellular function. 
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