functional properties of mitochondria
and increases the activity of the lyso-
somal-vacuolar system in PT cells by
augmenting intracellular autophagy. Ac-
cording to this view, a lysosome-mediat-
ed increase in protein degradation (ca-
tabolism) would be expected to be a sig-
nificant feature of androgenic hormone
action in mouse kidney PT. The testos-
terone-mediated effects noted here may
be important in relation to certain sex dif-
ferences in kidney function and metabo-
lism, for example, organic ion transport
(I4), creatinine clearance (/5), mevalo-
nate metabolism (/6), cholesterol syn-
thesis (/6), as well as in pathologic pro-
cesses that display a male sex prefer-
ence, such as idiopathic PT calcification
(17), chloroform-induced PT necrosis
(18), and renal carcinogenesis (/9).
HaroLD KOENIG
ALFRED GOLDSTONE
GARrY BLUME, CHUNG Y. LU
Neurology Service, Veterans
Administration Lakeside Medical
Center, and Departments of Neurology
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Gap Junction Development Is Correlated with

Insulin Content in the Pancreatic B Cell

Abstract. The development of gap junctions between insulin-containing B cells
was quantitatively analyzed in islets of Langerhans isolated from rats treated with
the sulfonylurea glibenclamid for 1, 2, or 7 days. Glibenclamid treatment was associ-
ated with a marked depletion of the insulin content of B cells and with an increase in
the number and size of gap junctions between these cells. A significant correlation

was found between these two events.

Morphological (I, 2) and physiological
(3) studies suggest that direct inter-
cellular communication, that is, the ex-
change of ions and molecules mediated
by gap junctions ¢), may participate in
the complex regulatory system by which
B cells adjust their level of activity in re-
lation to need.

We showed earlier that the number
and size of B cell gap junctions changed
after treatment with physiological or
pharmacological agents that stimulate in-
sulin secretion (2). We now report that
there is a significant correlation between
insulin content and gap junction develop-
ment in B cells that were stimulated to
release insulin in vivo by the sulfonyl-
urea glibenclamid.

Collagenase digestion (5) was used to
isolate islets of Langerhans from the
pancreases of adult female Wistar rats
(250 to 350 g) that had received intra-
peritoneal injections of glibenclamid (0.2
mg per 100 g of body weight every 12
hours) for 1, 2, or 7 days. Normal rats

that were not given injections served as
controls. A portion of the islets was used
for the determination of insulin content
(6), and the rest were processed for
freeze-fracturing and quantitative analy-
sis of B cell gap junctions (7, 8). The
identification of gap junctional structures
to be evaluated was carried out as pre-
viously described (2).

Glibenclamid treatment resulted in a
depletion (P < .001) of islet insulin con-
tent (Table 1). The amount of insulin
measured represented 24 percent of the
control value after 1 day, 14 percent after
2 days, and 46 percent after 7 days of
continuous treatment.

The median number of particles per
gap junction (this number represents an
estimate of the average gap junction size)
and the mean number of gap junctions
per 100 um? of membrane were calcu-
lated for the same time points (7, 8)
(Table 1). Compared with control values,
the median number of particles per gap
junction increased (P < .0005) by 35 per-
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cent after 1 day of treatment, by 52 per-
cent after 2 days, and by 41 percent after
7 days, whereas the mean number of gap
junctions per 100 um? of membrane was
30 percent (not significant), 72 percent
(P < .005), and 92 percent (P < .001)
higher than in controls, respectively. Us-
ing these values, we further calculated
two indices for evaluating the capability
of coupling mediated by gap junctions
9): (i) the mean percent of membrane
area occupied by gap junctions was 1.6
times (P < .02) higher than it was in con-
trols after 1 day of glibenclamid treat-
ment, 2.5 times higher (P < .001) after 2
days, and 2.3 times higher (P < .001) af-
ter 7 days (Table 1); (ii) the gap junction
area per unit cell volume (10, I/I) in-
creased 1.7 times (P < .01) after 1 day of
glibenclamid treatment, 2.8 times (P
< .001) after 2 days, and 2.4 times
(P < .001) after 7 days (Table 1). To rule
out that these changes were caused only
by a decrease in B cell surface and vol-
ume, we calculated the number and the
area of gap junctions per cell. At the
three time points that we tested, these
values were significantly increased (Ta-
ble 2).

For each experiment and at each time
point, the four indices chosen to charac-
terize gap junction development were
plotted as a function of the insulin con-
tent in the corresponding islets (Fig. 1).
Linear regression analysis indicated that
there were statistically significant (P
< .05) negative correlations between the
insulin content of the B cells and three
of the parameters: median number of
particles per gap junction, mean per-
cent of membrane area occupied by gap
junctions, and mean gap junction area
per unit cell volume. Qualitatively, the
insulin-rich, well-granulated B cells
showed small and sparse gap junctions
(Fig. 2A), whereas the insulin-depleted,
poorly granulated B cells showed more
numerous and larger gap junctions (Fig.
2B).

Gap junctions are found in a wide vari-
ety of tissues, including most of those
specialized for secretion @), but little is
known about the relation between their
development and the state of activity of
the cells they connect. Our results dem-
onstrate that gap junction development
is correlated with the insulin content of B
cells, a finding that is in agreement with
previous observations of correlations be-
tween secretion and gap junction modu-
lation in other secretory cell systems
(12). Because the insulin content de-
pends on the synthesis, intracellular deg-
radation, and release of the hormone, it
is not possible at present to specify
which step in the complex process of in-
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Table 1. Insulin content and indices characterizing the gap junctions of pancreatic B cells. All
values are expressed as means * standard errors, except the number of particles per gap junc-
tion, which are given as medians; N = number of batches of ten islets; N; = number of gap
junctions; and N; = number of islets.

Immuno- Ratio
. Number Percent

reactive Number of of gap of mem- . of gap

insulin icl ancti b junction

Group content particles Junctions rane area area to

(nanograms pergap per’100 occupied B cell

per ten Junction pm* of . by gap volume
islets) membrane junctions (10-%/um)
Control 1053 + 59 13.2 173 £ 1.9 0.042 + 0.004 20.5 +2.0
N=15 = 1530 Ny =10 N;=10 =10

Glibenclamid

1day 258 + 32 17.8 22.5+ 2.1 0.068 = 0.008 35.0 = 4.2
=15 = 1370 N;=10 =10 N; =10
2 days 144 = 17 20.2 29.7 £ 3.2 0.107 = 0.011  57.1 6.0
N=15 = 1309 N;= 8 N;= 8 N,= 8
7 days 481 = 32 18.7 332 +2.5 0.099 + 0.008 49.0 + 3.7
N=15 N = 1606 N;= 8 N;,= 8 N;= 8

Table 2. Quantitative estimation of gap junction development per B cell. All values are ex-

pressed as means.

Bcell B cell Nl;mber Gap junc-
Group surface volume , otgap tion area
(um?) (um®) junctions per B cell
per B cell (pm?)
Control 467 951 81 0.20
Glibenclamid
1day 424 821 95 0.29
2 days 397 743 118 0.42
7 days 466 946 155 0.46

Fig. 2. Freeze-fracture replicas exposmg both the plasma membrane (P-face) and the cytoplasm
of a B cell in (A) control and (B) glibenclamid-treated (2 days) islets. Gap junctions (arrow-
heads) appear enlarged after glibenclamid treatment. Secretory granules (SG) can be seen only
in the cytoplasm of the control B cell. Magnification, %70,000; scale bar, 0.2 um.
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sulin secretion is correlated with the
change in the gap junctions. It is also un-
certain whether the increase in the num-
ber and size of gap junctions is a cause or
a consequence of the modified secretory
activity of the B cells. That hormones
can modulate the development of gap
junctions has been reported for other se-
cretory systems (/3).

If the gap junctions evaluated between
B cells are permeable, the likely func-
tional consequence of their increase is an
enhancement of the exchange of ions and
small molecules (ionic and metabolic
coupling) between adjacent stimulated B
cells (9, 14). Since there is morphological
evidence that the gap junctions of gli-
benclamid-treated islets are permeable
structures (/5), the correlation observed
between the development of gap junc-
tions and the functional state of B cells
indicates (/-3) that a modulation of di-
rect intercellular communication may
participate in the regulatory system by
which B cells adjust their level of activity
in relation to need.

P. MEDA
Institute of Histology and Embryology,
Geneva University School of Medicine,
1211 Geneva4, Switzerland
P. HALBAN
Institute of Clinical Biochemistry,
Geneva University School of Medicine
A. PERRELET
Institute of Histology and Embryology,
Geneva University School of Medicine
A. E. RENOLD
Institute of Clinical Biochemistry,
Geneva University School of Medicine
L. OrcI
Institute of Histology and Embryology,
Geneva University School of Medicine

References and Notes

1. L. Orci, R. H. Unger, A. E. Renold, Experientia
29, 1015 (1973).

2. P. Meda, A. Perrelet, L. Orci, J. Cell Biol. 82,
441 (1979).

3. H. P. Meissner, Nature (London) 262, 502
(1976); E. Kohen, C. Kohen, B. Thorell, D. H.
Mintz, A. Rabinovitch, Science 204, 862 (1979);
P. A. Halban, C. B. Wollheim, B. Blondel, A.
E. Renold, Diabetes 28, 394 (abstr.) (1979).

4. E. B. Griepp and J.-P. Revel, in Intercellular
Communication, W. C. De Mello, Ed. (Plenum,
New York, 1977), p. 1.

5. P. E. Lacy and M. Kostianovsky, Diabetes 16,
35 (1967).

6. For each experiment, five batches of ten isolated
islets were washed three times with cold Krebs-
Ringer bicarbonate buffer containing 0.5 percent
bovine serum albumin and were subsequently
dispersed into 1 ml of acid ethanol (ethanol, wa-
ter, and HCI, 140:57:3 by volume) at 4°C. Rat
insulin was used as standard for radioimmunoas-
say of acid ethanol extracts with guinea pig anti-
body to porcine insulin.

7. For freeze-fracture, batches of 150 to 200 islets
were centrifuged into pellets and fixed for 60
minutes in 0.1M phosphate-buffered glutaralde-
hyde (2 percent). After being rinsed several
times in phosphate buffer, the pellets were infil-
trated for 60 minutes in 30 percent phosphate-
buffered glycerol and frozen in Freon 22 that had
been cooled with liquid nitrogen. The pellets
were subsequently fractured and shadowed in a
Balzers BAF 301 apparatus. The replicas ob-
tained were washed in a sodium hypochlorite

1028

solution, rinsed in distilled water, and mounted on
copper grids. They were examined with a Philips
301 electron microscope whose magnifications
were calibrated with a grid containing 2160 lines
per millimeter. For each experimental condition,
eight to ten islets were randomly selected in at
least three replicas, each obtained from a dif-
ferent experiment. The B cells and their gap
junctions were identified in the fractured islets
by previously discussed criteria (2). Gap junc-
tions found on randomly selected P-fracture
faces were photographed at a fixed magnifica-
tion of X24,400. The number of their constitu-
tive particles was counted on negatives enlarged
4.5 times by projection on a screen. Gap junc-
tion areas were estimated by multiplying this
number by 10~* um?, the average area of a single
gap junction particle (2). The areas of B cell
plasma membranes were measured on %23,000
enlarged micrographs with a graphics tablet
(Tektronix 4953) connected with an IMSAI 8080
microcomputer system (8). Gap junction size is
expressed in medians because of the highly
asymmetric distribution of gap junctions (2). Ac-
cordingly, statistical comparisons were done
using either Student’s unpaired f-test or the
median test.

. D. Bertrand and M. Ambherdt, unpublished.

. J. D. Sheridan, Am. Zool. 13, 1119 (1973).

. For each experimental group, dissociated islet
cells were prepared by incubating isolated islets
of Langerhans for 60 minutes at 37°C in a bi-

S\O 0

carbonate-buffered Ca**-free medium contain-
ing Pronase (4 ug/ml) and 1 mM [ethylenebis-
(oxyethylenenitrilo)Jtetraacetic acid (EGTA).
The diameter of the dissociated spherical cells
was measured on X1125 enlarged phase-con-
trast photographs of semithin sections, and its
corrected value (/7) was used to estimate the
mean B cell surface and volume.

11. E. R. Weibel, Int. Rev. Cytol. 26, 235 (1969).

12. R. S. Decker, S. T. Donta, W. J. Larsen, S. A.
Murray, J. Supramol. Struct. 9, 497 (1978); R.
S. Decker, J. Cell Biol. 83, 89a (1979); R. C.
Burghardt and E. Anderson, ibid. 81, 104 (1979);
D. F. Albertini and E. Anderson, Anat. Rec.
181, 171 (1975).

13. W. J. Larsen, in Transport of lons and Water in
Animals, B. L. Gupta, R. B. Moreton, J. L.
Oschman, B. J. Wall, Eds. (Academic Press,
New York, 1977), p. 333.

14. J. D. Sheridan, M. Hammer-Wilson, D. Preus,
R. G. Johnson, J. Cell Biol. 76, 532 (1978).

15. P. Meda, A. Perrelet L. Orci, Horm. Metab.
Res., in press.

16. This work was supported by Swiss National Sci-
ence Foundation grants 3.120.77 and 3.774-076
SR and by a grant-in-aid from Hoechst AG.,
Frankfurt, West Germany. We thank C.
Schwarb, T. Meda, D. Wey, P.-A. Riittiman, I.
Bernard, and D. Duvillard for technical assist-
ance.

13 March 1980

Specific Antibodies: A Potential Insecticide

Abstract. When tsetse flies are fed on human blood, the hemolymph of the flies
contains human albumin. If the flies then ingest antibodies to human albumin, they
die within a short time. The albumin fraction in their hemolymph disappears and

osmoregulation is severely disturbed.

Many insects are able to absorb orally
administered antibodies. Antibodies to
muscles or nerves of the flesh fly Sarco-
phaga falculata Pand., when fed to the
flies, were found to be attached specifi-
cally to the tissue that had served as anti-
gen (/) and interfered with the growth
and function of these tissues (2). Anti-
bodies to symbiotic microorganisms of
the tsetse fly Glossina morsitans morsi-
tans Westwood, when fed to the flies,
were absorbed by the mycetocytes, spe-
cialized midgut cells, and caused elim-
ination of the symbionts (3).

These results suggested the possibility
of using antibodies as a potential tool for
the control of blood-feeding insects, for
example, tsetse flies. Albumin was se-
lected as an antigen for the following rea-
sons. (i) Albumin is a constituent of the
diet of tsetse flies that is essential for
their reproduction (¢, 5). (ii) Tsetse flies

Table 1. Ionic concentrations and osmotic
pressure in the hemolymph of experimental
and control flies (about 20 flies in each group).

Experi- Control
mental flies
flies
Sodium (mM) 360 150.7
Potassium (mM) 80 3.32
Osmotic pressure 620 345

(mosmole)

0036-8075/80/0829-1028%00.50/0 Copyright © 1980 AAAS

are able to absorb undigested albumin
from the gut into the hemolymph ).
Flies fed on human blood contain human
albumin in their hemolymph. Human al-
bumin disappears from the hemolymph
and is replaced by bovine albumin when
the flies are fed on bovine blood. (iii) Al-
bumin is an easily available antigen.

An antiserum was produced by inject-
ing human albumin intramuscularly into
rabbits. Injections were repeated at in-
tervals until an antibody titer of 1:40 was
achieved (as indicated by Ouchterlony
tests). After the antiserum had been
withdrawn from the rabbit, the albumin
was removed by affinity chromatography
with Affigel Blue (Bio-Rad). This albu-
min-free antiserum was fed to tsetse
flies, G. m. morsitans, through a mem-
brane feeding system (7), with the use of
a silicone rubber membrane (8). All of
the flies that had previously been fed on
human blood, and therefore contained a
human albumin fraction in their hemo-
lymph, died within 2 hours after becom-
ing engorged with the antiserum. Their
metabolism seemed to be severely dis-
turbed, since the transport of the
meal from the crop to the midgut was
suppressed and no primary excretion
could be observed. Sodium dodecyl
sulfate-polyacrylamide gel electrophore-
sis showed that the albumin fraction
was eliminated from the flies” hemolymph,
apparently as a result of precipitation by
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