
on coupling 21 minutes after return to 
normal solution, when the sur- 
face membrane resistance has fully re- 
covered to normal. What is significant 
here is that, while the resistive voltage 
in cell II is smaller than in the con- 
trol, the resistive voltage in cell I is 

actually larger (Fig. 1). This may be 

expected upon uncoupling. As the re- 
sistance (r,) across the cell junction 
increases, a decreasing fraction of the 
current reaches cell II, whereas an in- 
creasing fraction flows through the 
outer surface of cell I alone (Fig. 2). 

The junctional resistance in this ex- 
periment increased from a normal value 
of approximately 24 X 106 ohms to 70 
X 106 ohms. This is nearly the highest 
degree of uncoupling we were able to 
obtain by repeated washing of Ithe prep- 
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Fig. 1. Uncoupling of a nerve cell junc- 
tion. Rectangular current pulses (i) of 
1 X 10-8 amperes are passed between cell 
interior and exterior, and the resulting re- 
sistive membrane voltages V1 and VII are 
recorded simultaneously in the two cells. 
(Left column) Vi, VII, and samples of spon- 
taneous nerve impulses N1 and Nix in the 
normally coupled cells; (right column) after 
uncoupling of the cells by bathing the 
preparation A in Ca+-free saline; (B) in 
saline containing 2.5 mM EDTA; ,and (C) 
3 mM EDTA. All records of the right col- 
umn were taken after the preparation was 
bathed in normal saline for a time suffi- 
cient for full reversal of the Ca++ effects 
on the nonjunctional surface membranes; 
thus the records give purely the irreversible 
effects of Ca+, as they relate to junctional 
coupling. Calibration: 10 my for all rec- 
ords; 20 msec for V and i records; 200 
msec for N records. 
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Fig. 2. Electrical analog of cell junction. 
ro, Resistance across the nonjunctional cell 
surface membrane; rc, across the cell junc- 
tion; r, along the intercellular surface ex- 
terior. In lhe normally coupled junction rs 
is high in relation to r.. 

aration in Ca++-free solutions. For 
more uncoupling, chelating agents had 
to be used. 

Figure B illustrates a case in 
which disodium ethylenediamine tetra- 
acetate (EDTA) was used. Junctional 
resistance increased from approximately 
30 X 106 ohms to 190 X 10' ohms. This 
is approximately the level of junctional 
resistance at which interaction of im- 
pulse activity is cut off between the 
cells. Normally the cells produce im- 
pulses in synchrony. This is one of the 
functional adaptations of this type of 
junction (4). When the junctional re- 
sistance reaches the level above, syn- 
chronization first fails partially (Fig. 
IB); and then completely (Fig. 1C). 

Magnesium ion seems to substitute for 
Ca+ + in maintaining intercellular com- 
munication. In a series of experiments 
in which all the CaCIl of the bathing 
solution was replaced by equimolar 
MgCI2, no uncoupling was found. Sub- 
sequent removal of MgC., resulted in 
uncoupling. 

It appears from the present results 
that Ca++ is normally required for 
maintaining electrical connection be- 
tween these cells. At present we have 
nothing definite to offer as to the mode 
of Ca+ -+ action. But some light is 
thrown on this question by the fact 
that, when uncoupled, the cells seal 
themselves off and actually increase 
their total surface resistance. 
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Physiology Department, Columbia 
University, College of Physicians and 
Surgeons, New York 
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surfaces, which are normally quite free- 
ly permeable to ions, become as imper- 
meable as the nonjunctional membrane 
surfaces; each cell seals itself off irre- 
versibly as a unit. In maintaining ion 
communication Mg+ + substitutes for 
Ca- +. 

This report deals with the action of 
Ca + on an epithelial cell junction. 
Among the various epithelial cells 
which are now known to present inter- 
cellular ion communication (1), we 
chose the salivary gland cells of the 
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lated in saline from its normal value of about 20 mv 
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anged for mea- I increases steeply from about 30 mv 
nembrane volt- to a peak of 120 mv, as the cell un- 

couples from the other fourteen of the 
esults in func- chain, which were formerly all inter- 
cells. Figure I connected. The junctional coupling re- 
in which the sistance, as computed by transmission- 
d-++ is lowered line analysis of voltage attenuation 

on of disodium along various cells of the chain (1) 
no ethyl ether)- increases by several orders of magni- 
rTA) to the tude during uncoupling. 
signs of uncou- In addition, Ca+'+ removal causes 
nute of EGTA a decrease in general surface mem- 
nal uncoupling brane resistance, as it does in other 
n. The resistive cells. But this effect differs markedly 
:11 II, produced in rate from the effect on junctional 
10--- ampere, coupling. During the first 8 to 40 min- 

A application utes after application of the chelator 
(5), the effect on junctional coupling 

vI,g ~ predominates by far, as is reflected in 
the steep initial rise of the curve of V, 
(Fig. I). Thereafter, the surface resist- 

__J__J ~ ance diminishes markedly and, as a re- 
sult, VI falls toward zero (not shown 
in Fig. 1). This effect of Ca+ + removal 
is, at least, partly reversible, while that 
on junctional coupling is not reversible 
at all. 
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;~< ~ chelator molecules themselves; and (ii) 
that among the possible metal ions, it 
was the Ca ion whose removal from 
the tissues causes uncoupling. 
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Fig. 2. Uncoupling prevented in the 
presence of Mg+. Electrical arrangement 
and notations as in Fig. 1. At arrow No. 1 
the control solution was replaced by a 
"Ca++-free" solution containing 2.5 mM 
EGTA-2.5 mM MgCl2. At arrow No. 2, 
return to control solution; arrow No. 3, 
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other hand, the Mg complexes of 
EGTA and EDTA differ by five orders 
(7). The minimum concentrations re- 

quired to produce detectable uncou- 
pling by EGTA and EDTA were tested 
and were found to be of the same order 
(10-:M). Thus, removal of Ca, not 
of Mg, leads to uncoupling. 

Uncoupling does not occur when 
there is a sufficiently high concentration 
of Mg++- in the extracellular fluid. 
Figure 2 shows an example in which 
the preparation is bathed in a solution, 
of low Ca+ - concentration, contain- 
ing an EGTA-Mg complex. The free 
EGTA is here far in excess of that re- 
quired for uncoupling (at this level of 
free Ca++) in absence of Mg++; yet 
there is no detectable uncoupling. 

From our results emerges Ca ++ as 
an important factor in intercellular 
communication. In both the epithelial 
cell junction here and the nerve cell 

junction (6) electrical coupling relates 
to the cellular content of Ca++, in all 
likelihood to that in the membrane 

junctions themselves. Sufficient removal 
of Ca++ leads to complete and irre- 
versible interruption of intercellular 
communication. Moreover, a phenom- 
enon of interest in itself is that this 

interruption is associated with trans- 
formation of the normally low-resistive 
membrane material of the junction into 
one of relatively high resistivity. 
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Properties of Bursicon: 
An Insect Protein Hormone That 
Controls Cuticular Tanning 

Abstract. On gel filtration the reten- 
tion volume of bursicon indicates a 
molecular weight of about 40,000. On 
disc electrophoresis bursicon migrates 
toward the anode and appears at an RF 
(relative to the marker dye) of 0.3 to 
0.4. The properties of fractions with 
bursicon activity in blood, brain, and 
ganglion of a fly (Sarcophaga bullata), 
and in blood, ganglion, and corpora 
cardiaca of a roach (Periplaneta ameri- 
cana) are similar, but not identical. 
Bursicon in the blood is more heat 
labile, and the activity in brain and 
corpora cardiaca shows two peaks in 
electrophoresis, instead of one as in 
the other fractions. 

The action of a hormone which 
mediates tanning in the cuticle of adult 
flies has been reported (1, 2). At the 
time of emergence from the puparium 
the blood is devoid of this hormone. If 
the head is separated from the body by 
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mediates tanning in the cuticle of adult 
flies has been reported (1, 2). At the 
time of emergence from the puparium 
the blood is devoid of this hormone. If 
the head is separated from the body by 
a ligation on the neck at this time, the 
rest of the body never tans. Injection of 
blood from a tanning fly into a ligatured 
fly causes the latter to tan. The hormone 
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controlling this process is derived from 
the median neurosecretory cells in the 
brain and from the abdominal region 
of the combined thoracico-abdominal 
ganglion (3, 4). This hormone seemed 
to be entirely different from the con- 
ventional insect hormones and was 
given the name bursicon (from the 
Greek bursikos, pertaining to tanning) 
(4). 

Early in the investigation it became 
clear that bursicon is a protein. It is 
nondialyzable and is destroyed by alco- 
hol, acetone, several proteases, and 
trichloroacetic acid (1, 3, 4). After pre- 
cipitation with ammonium sulfate, the 
activity can be largely recovered. 

The following experiments were de- 
signed to provide evidence for the pro- 
tein nature of bursicon. All experi- 
ments were carried out with the blow- 
fly Sarcophaga bullata, except where 
stated otherwise. 

The methods for detecting and testing 
for bursicon activity have been de- 
scribed previously (4). For a quanti- 
tative evaluation of hormone activity, 
a classification was devised whereby dif- 
ferent degrees of tanning were ex- 
pressed by numbers of plus (+) signs, 
with three-plus (+++) standing for 
maximal effect. In instances of subopti- 
mal activity, the abdomen is more in- 
tensely tanned than the thorax. Tho- 
races and abdomina were evaluated 
separately and the total number of plus 
signs in all flies in a test was added. 
(Thus, the maximum value for any fly 
is six plus signs, three each for thorax 
and abdomen; and when five flies are 
used in an experiment, full tanning is 
expressed by the value 30.) 

Blood containing hormone activity 
was processed through Bio-gel P-200 
columns as described (5). Samples 
(100 Ml) were placed on columns (14 
cm by 0.8 cm), and 20 fractions 
(0.5 ml each) were collected by elution 
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with 0.005M phosphate buffer, pH 7.8. 
The protein content of the fractions 
was measured with the Folin-Ciocalteu 
reagent (6). The bulk of the blood 
proteins was excluded from the gel and 
was contained in fractions 4 and 5, 
with the amount of protein in subse- 
quent fractions rapidly tapering off. 
The slight rise in optical density of frac- 
tions 11 and 12 was probably due to 
the presence of polypeptides and amino 
acids that reacted with the Folin-Cio- 
calteu reagent (Fig. 1). 

In order to get a measure of the 
molecular weight of bursicon, carbonic 
anhydrase (mol. wt., 31,000) (Worthing- 
ton Biochemical Corp.) and hexokinase 
(mol. wt., 51,000) (Sigma Chemical 
Co.), were added to blood already con- 
taining the hormone activity and proc- 
essed through the column. The retention 
value for bursicon and each enzyme was 
determined. Carbonic anhydrase was 
measured potentiometrically according 
to March and Anderson (7), and hexo- 
kinase according to Andrews (8). Max- 
imum bursicon activity was found in 
fractions 6-8, with the peak almost cer- 
tainly in fraction 7 (Fig. 1). Tests at 
higher dilutions of the active fractions, 
which would have permitted us to de- 
termine differences of activity in these 
three fractions, were omitted. A single 
peak was obtained in other experiments. 
Hexokinase showed a peak in fraction 
6, and carbonic anhydrase in fractions 
8 and 9. The experiment was repeated 
several times, with a very slight shift- 
ing of peaks of activity on different oc- 
casions, but the retention volume of 
bursicon was always roughly intermedi- 
ate between that of the two enzymes. 
From this it is concluded that the 
molecular weight of bursicon is of the 
order of 40,000. 

Active and inactive blood (5-1l sam- 
ple) was submitted to polyacrylamide 
disc electrophoresis for acidic proteins, 
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Table 1. Electrophoretic separation of bursicon activity from various tissues of Sarcophaga 
bullata and Periplaneta americana, at pH 8.5. Fraction 1 is the fastest moving fraction right 
behind the marker dye. 

Bursicon activity of fractions 1 to 11 
Preparation 

1 2 3 4 5 6 7 8 9 10 11 

Sarcophaga 
Active blood * 3 3 4 1 3 28 25 8 2 3 3 
Inactive blood t 1 0 4 4 1 1 
MNC 22 5 5 6 4 5 6 12 10 1 
'Abdominal' ganglion 7 5 6 3 2 19 18 4 6 5 

Periplaneta 
Corpora cardiaca 18 6 4 1 5 18 20 19 6 2 
Last abdominal ganglion 2 5 3 7 12 18 13 8 5 2 
* From 30-minute-old fly, containing bursicon. t From fly less than 1 minute old, with no bursicon 
activity. 
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