Our observations not only support
the theory that clonal selection is funda-
mental to the immune response, but
also indicate that selective destruction
of clones proliferating in response to
transplantation antigens may prove use-
ful for surmounting the histocompati-
bility barrier.
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Uncoupling Cell Junctions in a Glandular
Epithelium by Depolarizing Current

Abstract. The high electrical conductance linking adjacent border cells in
Chironomus salivary gland is depressed reversibly when current is passed outward
from one of the cells, though not when current is passed inward. This “uncou-
pling” is closely associated with an electrically induced increase in conductance
in the (nonjunctional) membrane of that cell.

Several different treatments can de-
press the high electrical conductance
that characterizes cell junctions in a
wide variety of tissues (I-6). During
a study of such cell “uncoupling” in
the salivary gland of Chironomus by
cooling and by certain metabolic inhib-
itors, we noted that the loss of electrical
coupling was generally accompanied by
a decrease in cell membrane potential
(6). This prompted us to inquire
whether a simple shift of membrane
potential can uncouple these cells. In
four kinds of nerve cell linkages the
conductance of junctions is known to
change transiently in response to electric
fields or currents impressed between
cell interior and exterior (I, 2, 7, §8).
We now find that cell junctions in
Chironomus salivary gland show a re-
versible decrease in conductance, with
some distinctive features, during pas-
sage of outward current from a cell.

Salivary glands of mid-fourth-instar
larvae of the midge Chironomus thum-
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mi are used. To test for junctional
coupling, we pass a step of electric
current between the inside of one of
the large border cells and the outside;
meanwhile we record the potentials
in this cell (E;) and in a contiguous
one of the same type (E;;). Compari-
son of the net changes of potential
(Vi and Vy in Fig. 1D) as a steady
state is reached shows the degree of
coupling (9). Details of the method
appear elsewhere (6).

Figure 1A shows the effect of de-

- polarizing (that is, outward) current

steps of different sizes. With small cur-
rents, E;; follows E; closely in time
course and magnitude, giving the volt-
age response typical of a linear, time-
invariant resistance-capacitance net-
work. In displaying such good electrical
coupling, the cells show that they are
linked by junctions of high conduct-
ance (I10). But when the currents ex-
ceed about 10—7 ampere, the coupling
falls markedly after some delay, and

remains depressed while the current
continues. First, an inflection appears
in the E; trace; E; shoots up to a peak,
then subsides to a steady value sub-
stantially larger than the normal values
seen with slightly smaller current. Ey,
however, follows the rise of E; only
briefly, then declines to a steady level
smaller than is seen with slightly small-
er current. The greater the current, the
earlier these events develop. The larg-
er outward currents thus diminish Vy;
even though V; increases. These fea-
tures are seen consistently in fresh
preparations (37 cases). The general
result is brought out especially clearly
in Fig. 1B, which gives the steady-
state current-voltage characteristics for
Vi and Vy; with outward current. The
failure of Vy; to keep pace with V; as
the current is increased reflects a sub-
stantial fall in junctional conductance
during the larger currents. The alterna-
tive possibility, that the membrane con-
ductance of cell II increases substan-
tially, is untenable since no such
change is evidenced in the time con-
stant of E;; at cutoff of a steady cur-
rent (11).

The course of E; during large de-
polarizations is not that of an action
potential. As Fig. 1D shows, we find
no response capable of sustaining itself
once the driving current is stopped.
Tests (not shown) with small 140-msec
square pulses of current superimposed
on the uncoupling current step confirm
that the secondary rise of E; reflects a
a rising input resistance and the later
decline, a partial subsidence of the in-
put resistance of the cell system. Testing
with a small current pulse, after cutoff
of the large depolarizing current, re-
veals that normal coupling is restored
within a few tenths of a second.

When applying hyperpolarizing cur-
rent, we have seen no change in cou-
pling (Fig. 1C), even with currents and
potential shifts that would more than
suffice to uncouple were they depolar-
izing. The steady-state hyperpolariza-
tions have ranged up to the largest
that the cells can sustain, about 100 mv
negative from resting potential.

A pair of contiguous cells behaves
symmetrically with respect to an out-
ward current passed from either cell.
This is evident from the experiment of
Fig. 1C. Here a current lead and a
voltage probe are present in each of
the two cells. A depolarizing current of
given size in either cell uncouples in
roughly the.same length of time. The
symmetry seen here has been confirmed
in each of three trials (12). Since a
junction’s susceptibility to uncoupling
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by cell polarization is bilaterally sym-
metric, but asymmetric with respect to
electric polarity, uncoupling is not at-
tributable to transjunctional current or
potential, or at any rate not to this

alone. Thus the junction is responding

to a change in the state (for example,
the potential) of either or both of the
cells it links (13). In distinguishing
between a depolarization on one side
and an equal hyperpolarization on its
other side, and in failing to discrimi-
nate the direction of transjunctional cur-
rent or potential, a pair of contiguous
border cells in Chironomus salivary
gland behaves quite differently from

the bilaterally asymmetric cell junctions
observed in certain nerve cells (1, 8),
junctions analogous to the two-terminal
rectifier elements of electrotechnology
(14).

Smith et al. have found that retinula
cells in the lateral eye of the horseshoe
crab uncouple when either of them is
depolarized (2); but these cells uncou-
ple under hyperpolarization too, even
more readily. The symmetry seen in
the salivary gland also resembles that
reported by Baylor and Nicholls for
touch cells of the leech (7), but in the
latter it is hyperpolarization rather
than depolarization that uncouples.

The change in the state of cell I
causing junctional conductance to de-
crease may be a change in cytoplasmic
composition. This could come about
by means of an alteration of the
nonjunctional membrane upon depolar-
ization, namely, either by change in
petmeability of the membrane, or, per-
haps more readily, by release of mem-
brane-held ions or other molecules to
the cytoplasm (15). There is, in fact,
evidence that the nonjunctional mem-
brane of cell I is altered: in Fig. 1D,
E, shows a reduced decay time—a rapid
initial phase of repolarization—if the
current is stopped after the upward in-
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Fig. 1. Uncoupling by outward current. All traces photographed from storage oscilloscope. Upward deflections indicate depolari-
zation. (A) Membrane potential (E; and Eu) as a function of time in two contiguous cells (I, II; inset) when step of current
(i) flows from cell I interior to exterior. For summary description, see text. (B) Steady-state potentials Vi and Vu as functions
of outward current. Uncoupling is shown by failure of Vu to follow rise of Vi (see text). Same experiment as above; includes
data from the six trials in preceding figure that approximate steady state, and from additional trials whose oscilloscope records
are not shown. Baseline for ordinates is resting potential (—45 mv). (C) Symmetry of uncoupling by depolarizing from either
cell of a contiguous pair. Here current electrodes are in both cells I and II (inset). Record shows three, sweeps superimposed on
each of the four traces. During first sweep, ir depolarizes (a), then in hyperpolarizes (a’). On the second sweep, 4 minutes later,
ir hyperpolarizes (b), then in depolarizes (#’). Finally, 4 minutes later, the sequence of the first sweep is repeated. A depolarizing
current of given size in either cell I or cell II uncouples in about the same length of time, but hyperpolarizing either cell fails to
uncouple. “Sag” seen here in hyperpolarizing potentials is observed when the early shift of potential exceeds about 100 mv; on
cessation of current, such a hyperpolarizing response is followed by long-lasting after-depolarization in both cells, both the sag
and the overshoot becoming quite large for large currents. (D) Repolarization upon termination of current. Decay of response
starts promptly when current pulse ends. Note fast and slow phases of E: decay after longer pulse durations. Electrode arrange-
ment as in (A).
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flection of E;. The later the current is
stopped, the faster repolarization begins.
But the effect is already significant soon
after the inflection. At the second ear-
liest cutoff in Fig. 1D the initial loga-
rithmic decay rate has already doubled.
This indicates that the development of
uncoupling is associated with an in-
creased nonjunctional membrane con-
ductance in cell I. As E; nears its steady
state, the time constant of the fast phase
of repolarization levels off at about
10 msec. (This phase is followed by
a second, with a time constant of about
0.1 second, and sometimes even by a
third phase, lasting many seconds). At
rest, the time constant is about 50 msec
(16). The resultant picture of changes
during depolarization, then, is that the
junctional conductance falls as the mem-
brane conductance of cell I rises; the
former effect always dominates the
change of input resistance, but less
strongly in the steady state than earlier.

Two characteristic features mark
the development of uncoupling during
depolarization. (i) Depending on the
intensity of the depolarizing current
step, uncoupling appears after a delay
ranging from 0.1 second to more than
40 seconds. (ii) If essentially complete
repolarization for a short time is per-
mitted before uncoupling has developed,
the attained advance of the mediating
process (or processes) is not entirely
undone and is resumed on further de-
polarization. The latter feature emerges
most strikingly when we uncouple by
repeated application of a current pulse
that is too brief to uncouple on single
application (Fig. 2). This kind of fa-
cilitation of uncoupling by earlier de-
polarization is also seen consistently
when that depolarization has evoked
uncoupling. Unlike the uncoupling, the
facilitation can persist for as long as
3 minutes after repolarization, its
persistence increasing with the size or
duration of the depolarization.

The data in Fig. 1B suggest the pos-
sibility of an electrical threshold for
uncoupling, but although we have seen
uncoupling initiated by small current
(1.0 X 10—7 ampere) take as long as
40 seconds to develop, we have not
yet made a systematic study with de-
polarizations that may be liminal for
uncoupling. It has not been possible
to identify any threshold of potential
as the necessary and sufficient condi-
tion for prompt start of a junctional
resistance rise. We considered that one
criterion for onset of uncoupling might
be the first inflection in the ascending
E; trace. This inflection, however, oc-
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Fig. 2. Development of uncoupling by
repeated depolarizations. Between suc-
cessive pulses, cells repolarize almost
completely (same cells as Fig. 1D).

curs not at one definite potential but
at an E; value that increases with the
size of the applied current. Thus, for
example, for a preparation with a nor-
mal cell resting potential of — 55 myv,
the depolarization to inflection in cell
I ranged from 80 mv at a current of
0.1 pa to 200 mv at 0.5 pa. A some-
what similar current dependence is
found in the E; level synchronous with
the peak of Ei.

Our results indicate that depolariza-
tion actuates a cumulative secondary
process that mediates uncoupling; and
they suggest an intimate relation, and
possibly a causal one, between a non-
junctional membrane change and the
junctional uncoupling elicited by de-
polarizing current.
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