was relatively long. The form of the
clavus with a straight line of separation
is indicative of the suborder Hemiptera.

The venation of the preserved portion
of the wing is very unusual (Fig. 2).
The stem of the radius is slightly bowed
and subparallel to the costal margin,
and the stems of Cud and M are fused
toward their bases for some distance.
In most Homoptera the stem of R is
either straight or else bowed away from
the anterior margin, and the stems of
M and CuA are usually not fused, al-
though they may be, for example, in
many Recent Membracidae.

The combination of a radius bowed
toward the fore margin and the distinct
basal fusion between the stems of M
and CuA occurs in the Stenoviciidae, a
family of unusual small Homoptera,
well represented in the Upper Permian
of Australia and recorded also from
the Permian of Russia and the Triassic
of Australia. The fossil is tentatively
referred to this family.

This Antarctic homopteran wing re-
sembles’ those of certain Newcastle
Coal Measures insects and possibly also
some from the Bowen Basin of Queens-
land, Australia. Both of these have con-
chostracan beds of Permian age. Thus,
the postulation of proximity of Ant-
arctica and Australia, suggested by fos-
sil clam shrimp from the Ohio Range
(8), gains another bit of support from
this Sentinel Mountain find.

Paur TascH
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Wichita State University,
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Generation of Adrenergic and Cholinergic Potentials

in Sympathetic Ganglion Cells

Abstract. Norepinephrine elicited a hyperpolarizing response, and acetylcholine
(during nicotinic blockade) elicited a depolarizing one. Both responses showed
no increase in membrane conductance. The norepinephrine response was sup-
pressed by initial depolarization; the acetylcholine response (frog cells); by
hyperpolarization. These neurotransmitters apparently can activate electrogenic
mechanisms which do not involve movement of ions down their electrochemical

gradients.

Sympathetic ganglion cells can re--

spond to suitable input of preganglionic
impulses not only with the well-known
fast excitatory postsynaptic potential
(EPSP) but also with two much slower
postsynaptic potentials (), one hyper-
polarizing or inhibitory (slow IPSP),
the other depolarizing (slow EPSP)
(Fig. 1A). The membrane mechanisms
involved in generating the slow PSP’s
are different in principle (2) from those
for the fast EPSP’s and IPSP’s (3). We
now report that norepinephrine (NE)
can elicit in these cells a hyperpolariz-
ing response that has unique character-
istics similar to those already found for
the slow IPSP (2); that is, the response
is not accompanied by any increase in
membrane conductance and it is sup-
pressed [rather than increased (3)] by
an initial depolarization of the resting
membrane potential. In addition, ace-
tylcholine (ACh), in the presence of
strong nicotinic blocking agents, still
elicits a depolarizing response which
has the unique characteristics of the
slow EPSP (2); that is, the response is
accompanied by either little or no
change (rabbit cells) or a decrease
(frog cells) in membrane conductance,
and it is suppressed or reversed in
polarity (frog cells) by an initial hyper-
polarization [rather than by a depolari-
zation (3)] of the resting membrane
potential. The choice of these neuro-
transmitter substances followed from
the proposals that the slow IPSP is di-
rectly mediated by an adrenergic trans-
mitter (I, 4) and that the slow EPSP
is mediated by ACh acting at musca-
rinic postsynaptic receptor sites (4, 5).
There are already reports which indi-
cate that adrenergic agents can produce
the postulated hyperpolarizing effect
(I, 6) and that ACh can produce the
postulated muscarinic depolarizing ac-
tion (7, 8); we have studied this point
further in the single cell.

The methods used for intracellular
recording in amphibian and mam-
malian ganglion cells (/) and for pass-
ing currents via the recording micro-
electrode either for measuring changes

in ohmic resistance or for steady polar-
ization of the membrane (2) have been
described (9). The superior cervical
ganglia of young rabbits were studied
at 35° to 37°C; the most caudal gan-
glia (9th or 10th) of the bullfrog’s para-
vertebral sympathetic chain were stud-
ied at room temperature (about 20° to
22°C). We elicited responses to the
neurotransmitters by adding a small
volume (0.3 ml) of the test solution to
the 30-ml chamber, which already con-
tained a monoamine oxidase inhibitor
(harmine, 5 pg/ml) for NE tests or an
anticholinesterase (eserine sulfate, 2 ug/
ml) for ACh tests. To obtain, in frog
ganglia, responses to ACh which have
relatively little or no contamination by
the nicotinic action of ACh, the block-
ing agent nicotine (10—*M) was added
at least 30 minutes before the ACh
tests (10); in rabbit ganglia, d-tubo-
curarine (50 pg/ml) was added earlier
for the same purpose (5).

Addition of NE (1.5 X 10—4M) elic-
ited a hyperpolarizing response (Fig.
1B) in 11 out of 12 resting ganglion
cells tested under the above conditions
in rabbit ganglia (). The response
averaged about 4 mv of hyperpolari-
zation (from resting potentials of about
50 mv); this value is not far from the
average peak amplitude for the slow
IPSP itself (I). The hyperpolarization.
induced by NE was sustained at a
steady level, at least for the duratiory
of observation lasting some minutes,
Ohmic resistance of the membrane
measured during the NE response was
not significantly different from that
measured before addition of this com-
pound (Fig. 1, C and D). (Ohmic resist-
ance of the membrane was indicated by
the height of the voltage change across
the membrane produced by long-lasting
pulses, usually 1-second, of constant
current.) An initial steady depolariza:
tion of the membrane had the unique
effect of depressing the hyperpolarizing
response to NE, as found for the slow
IPSP (2, 12). In nine cells, in which a
steady depolarization of 20 mv froni
the resting level depressed the slow
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‘IPSP itself to a negligible remnant of
the control value, the mean response to
NE was only about 0.4 mv when tested
during such depolarization; this should
be compared to the mean value of 4
mv for the response to NE in resting
cells. The standard error of the differ-
ence of the mean responses for the
two groups of cells, resting and de-
polarized, is 0.61. The #-test for signifi-
cance of the difference of the means
rndicates a probability for such a dif-
ference that is considerably less than
.001.

Addition of ACh (10—3M), with
only eserine present, caused a large
sustained depolarization of about 35
mv in rabbit ganglion cells and of
about 15 mv in frog cells (Fig. 2B).
This was in part or predominantly a
nicotinic action of ACh as it was not
blocked by atropine. These depolariz-
ing responses in the cells of both spe-
cies were accompanied by a marked
dlecrease in membrane resistance (Fig.
2, A and B). Evidence for such an ex-
pected increase in conductance (3) has
already been obtained for nicotinic de-
polarization in frog ganglion cells (8),
znd for the initial EPSP (2, 13).

Addition of ACh (10—3M), with a
nicotinic blocker as well as eserine
present, produced about 10- to 15-mv
depolarization in mammalian and am-
‘phibian ganglion cells (Fig. 2, C-E).

st.

NE
B i, %9[

There was no decrease in membrane
resistance, however, during this mus-
carinic depolarizing response. On the
contrary, a marked increase in resist-
ance of up to more than twice the rest-
ing value occurred in the frog cells
(Fig. 2, C-E); in rabbit cells there was
only a very slight increase, if any, in
membrane resistance. During the
course of the slow EPSP, elicited by
preganglionic stimulation, increase in
membrane resistance of 50 to 100 per-
cent could also be observed in frog
ganglion cells treated with nicotine and
eserine (Fig. 2F). With eserine absent
but nicotinic blockade present, both
the depolarizing response and the ac-
companying increase in membrane re-
sistance were smaller, whether pro-
duced by ACh or preganglionic stim-
ulation (see also 2). An initial steady
10- to 30-mv hyperpolarization from
the resting membrane potential com-
pletely suppressed the muscarinic de-
polarizing response to ACh (nicotine
and eserine present). In fact, ACh pro-
duced a temporary hyperpolarizing re-
sponse in most of the nicotinized cells
during such a steady hyperpolarization;
a similar reversal of polarity in the
slow EPSP was observed in these same
cells when the slow EPSP was elicited
during steady hyperpolarization of the
membrane.

The argument may be raised that in-

T

ability to detect an increase in mem-
brane conductance during response to
NE or ACh (muscarinic) may be due
to location of the appropriate receptor
sites at points remote from the record-
ing-testing microelectrode (see I4), in
contrast to the location of receptor
sites for the nicotinic depolarizing re-
sponse to ACh. This argument has al-
ready been considered with respect to
the similar difference between the slow
PSP’s and the fast EPSP in these cells:
(2); the same considerations apply to
the NE and ACh actions and need not
be repeated here in full. Frog ganglion
cells are unipolar and lack the den-
dritic branching needed to provide re-
mote receptor sites (see 2); in addition,
the muscarinic ACh action elicits a
considerable conductance change in
these cells, but it is opposite in direc-
tion to that of the nicotinic action. In
rabbit cells, the same amplitudes of
steady polarizing currents applied
through the recording electrode for
altering the fast EPSP were also suffi-
cient for altering the response to NE
(as well as for affecting the slow IPSP
and slow EPSP); the same was true
for all the responses in frog cells (15).
All this indicates that, when present at
all, the receptor sites for nicotinic
ACh, muscarinic ACh, and NE actions
are not far apart electrically. There-
fore, absence of a detectable increase
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Fig. 1 (left). Response to norepinephrine (NE), in cells of rabbit’s
‘stiperior cervical ganglion, already treated with d-tubocurarine
(15 ug/ml) and with harmine present (5 ug/ml). (A) Response to
brief train of stimuli, 40 per second (bar s7) to preganglionic nerve,
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showing the summated fast EPSP’s during stimulation, with superimposed slow TPSP developing during and after train, followed
by the longer lasting slow EPSP. (B) Same cell as in A, in resting state, NE (as bitartrate) added to chamber (50 ug/ml) as

indicated by the mechanical artifacts; prolonged hyperpolarization develops several seconds later. (C) Another cell

, in resting

state, with hyperpolarizing pulses of constant current to measure membrane resistance; the difference between the top base line,
at external potential, and that of the intracellular electrode indicates the resting membrane potential, of about 50 mv. (D) Same
as in C, but taken 4 minutes after addition of NE which produced a steady hyperpolarizing response of about 6 mv. Time cali-
bration shown for each recording; voltage calibration in B for A and B, in D for C and D.

Fig. 2 (right). Responses to acetylcholine (ACh), in B cells of frog’s sympathetic ganglion; eserine (2 ug/ml) present. (A) Rest-
ifig cell with pulses for testing membrane resistance. (B) Same as A, but record begins about 25 seconds after addition -of ACh
(10°M) to bath; note the developing depolarization, up to about 15 mv at the steady level, and the decreasing amplitude of the
testing pulses, indicating a lowered resistance. (C) Another cell, with nicotine (10*M) as well as eserine present; ACh (10-*M/)
added after the first two resistance-testing pulses. (D) Continuation of record a few seconds after C. (E) Continuation of D after
‘an interval of about 60 seconds. Resistance increases during this muscarinic depolarization; some discharge of action potentials
(tops of spikes off screen) can be seen in D and E. (F) Same cell before C and E, responding to a 1-second train of pregang-
sionic stimuli at 80 per second (delivered during sf) to show its slow EPSP response; the absence of summated fast EPSP’s during
the stimulus is due to full nicotine blockade, whereas the absence of any slow IPSP is a demonstration of the finding (1) that the

B neurons in frog ganglia do not exhibit slow IPSP, in contrast to the C neurons. The time calibration was the same for all; the
voltage calibration is shown in B for A and B, and in F for C through F.
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in conductance during the muscarinic
ACh and the NE actions reflects a real
difference in membrane response from
that during the nicotinic ACh actions
(16, 17). In addition, the effect of ini-
tial depolarization on the NE response
(rabbit cells) and of initial hyperpolari-
zation on the muscarinic ACh response
(frog cells) are opposite in direction to
those expected from the ionic hypo-
thesis for electrogenesis of such re-
sponses (see 3). We conclude, there-
fore, that neither the hyperpolarizing
action of NE nor the muscarinic de-
polarizing action of ACh on sympa-
thetic ganglion cells is mediated by the
generation of membrane currents that
are due to ions moving down their
electrochemical gradients.

Activation of an electrogenic Na-K
pump could provide one alternative
possibility for generating the hyper-
polarizing response to NE without an
increase in membrane conductance
(2, 12, 17). However, we found that
ouabain (10—°M), a specific inhibitor
of such an active transport mechanism
for Na coupled to K intake (I/8), did
not block the response to NE at a time
when ouabain had already depressed the
sodium pump; depression of the so-
dium pump was shown by changes in
the cell’s action potential due to ac-
cumulation of Na+ (19). This evidence
argues against at least the ouabain-
sensitive type of sodium pump as the
electrogenic source of either the NE
response or, by implication, the slow
IPSP in these cells (7).

The electrogenic mechanisms for
both the NE and the muscarinic ACh
responses are still to be worked out.
However, the findings of the unique
similarities of the NE and muscarinic
ACh mechanisms to those mediating
the slow IPSP and slow EPSP, respec-
tively, provide strong additional sup-
port for the proposals that NE or a
closely related substance is the synaptic
mediator for the slow IPSP (I, 4), and
that ACh is the mediator for the slow
EPSP in these cells (4, 5). Further-
more, NE and ACh, both compounds
of physiological and pharmacological
importance, can elicit postsynaptic re-
sponses by physicochemical mecha-
nisms different in principle from those
which mediate the better-known synap-
tic transmitter actions (3).

BENJAMIN LIBET
Harvo KOBAYASHI*
Department of Physiology, University
of California School of Medicine,
San Francisco 94122
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13.

Determined in Single Cells from Human Tonsil

Abstract. The analysis of specific proteins in single cells is described and ap-
plied to the determination of immunoglobulins G, A, and M (vG, yA4, and yM)
in lymphoid cells of the human tonsil. The number of cells containing yA or yM
was much less than the number of cells containing yG, but the average cell con-
tent of yA or YM was much greater than the average cell content of yG. Similar-
ly, in one child where relatively few cells containing yG were found, the average
cell content of yG in those cells was higher than that in the other children. The
limit of sensitivity of the method for each of the three immunoglobulins with
the antiserums used was less than 10—1% gram of the specific protein.

A general method for the determina-
tion of specific proteins in single cells
forms the basis for the estimation of
immunoglobulins G, A, and M (yG,
vA, and yM) in lymphoid cells ob-
tained from tonsillar tissue at tonsillec-
tomy of otherwise normal children
aged 2Y% to 8 years. Cells were teased
from the fresh tissue and washed four
times in Alsever’s solution (cells washed
from two to five times gave the same re-
sults); virtually all of the nucleated
cells in these preparations were lymph-
oid. A given number of cells in 20 ul
of Alsever’s solution, or approximately
5 X 105 lymphoid cells, was spread over
the surface of a mixture of antiserum
and agar which had been poured to a
depth of approximately 2 mm between
two glass strips placed 25 mm apart on
a microscope slide (2.5 X 7.5 cm) (I);

the glass retainers were 10 by 25 mm
strips cut from other microscope slides,
and the agar surface formed between
them was a square about 25 mm ox
a side. The antiserum-agar mixture con-
tained, per 100 ml of mixture, 1.5 g
of agar, 0.1M sodium borate buffer of
pH 8.6, 0.8 g of sodium deoxycholate,
and a given amount of rabbit antiserum
specific for either yG, YA, or yM. The
deoxycholate was essential for eventual
lysis of all cells coming to rest on the
agar as the suspending solution evapo-
rated and for the subsequent release
of cellular immunoglobulin (2); simple
lysis of cells by freezing and thawing
or by sonic vibration did not free im:
munoglobulin from the cells. The slides
were kept in a humid chamber for 6
days, after which the agar was coverel
with a square of cellulose acetate mems
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