
Vesicular Binesis: Glucose Effect on Insulin Secretory Vesicles 

Abstract. Binesis is a process whereby the membrane of the insulin secretory 
vesicle in the beta cell forms a lingula that indents the vesicular membrane of 
an adjoining secretory vesicle or the plasma membrane. Vesicular binesis in beta 
cells increases when islets of Langerhans are incubated at a stimulatory glucose 
concentration (300 milligrams per 100 milliliters). These vesicular membrane al- 
terations may be the morphological concomitants of activation of the insulin secre- 
tory vesicle, and indicate an active role for the vesicle and its membrane in the 
release mechanism. 

Emiocytosis appears to be the major 
mechanism for insulin secretion from 
the beta cell, and involves the fusion 
of the secretory vesicle and plasma 
membranes, with subsequent opening 
of the fused membrane to release the 
vesicle content. Consideration of the 
insulin release sequence suggests a 
series of processes: (i) synthesis and 
packaging of insulin in the secretory 
vesicles, (ii) activation and transport 
of the vesicles to the secretion site, and 
(iii) release of the secretory granules 
by emiocytosis. Superimposed upon 
each or all of these processes are vari- 
ous modulating mechanisms, which in- 
fluence the total release sequence. 
Morphologic and functional separation 
of these steps could permit a detailed 
study of the site and mode of action 
of biochemical and hormonal modu- 
lators of insulin release. Little is known 
about the activation of the insulin 
secretory vesicles. In this study we re- 
port a previously unnoted morphologic 
characteristic of the insulin secretory 
vesicle and morphologic alterations at 
stimulatory glucose concentrations. 
These results suggest that the insulin 
secretory vesicle itself is an active 
component in the sequence for insulin 
release. 

Islets of Langerhans were isolated 
from rats weighing 450 to 600 g 
by the collagenase technique (1). 
Fifty islets were incubated in Siliclad- 
coated centrifuge tubes in 1 ml of 
Krebs-Ringer bicarbonate buffer, pH 
7.4, containing 0.5 percent bovine 
serum albumin and continually gassed 
with a mixture of 95 percent oxygen 
and 5 percent carbon dioxide. The is- 
lets were incubated at 37?C at 70 os- 
cillations per minute for 60 minutes. 
At the end of this incubation period 
the media were removed for in- 
sulin assay, and the islets were fixed 
in formaldehyde-glutaraldehyde fixa- 
tive diluted 1 : 4 with 0.1M cacodylate 
buffer, pH 7.4, for 1 hour at 4?C (2). 
The islets were washed in three 
changes of cold 0.15M cacodylate buf- 
fer, pH 7.4, for 30 minutes and post- 
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fixed in 1.3 percent osmium tetroxide in 
S-collidine buffer, pH 7.2, for 30 min- 
utes at 4?C. Staining en bloc was per- 
formed with 1.5 percent uranyl acetate 
in 0.05M maleate buffer, pH 6.2, for 30 
minutes at 4?C. The islets were dehy- 
drated in ethanol and embedded in 
Epon. The sections were cut on an LKB 
Ultratome III (LKB, Bromma, Sweden) 
with a diamond knife (duPont de Ne- 
mours, Wilmington, Delaware) and 
picked up on carbon-coated grids. Sec- 
tions were stained with lead citrate 
(3) and examined in a Phillips 300 
electron microscope operated at 60 kv 
and equipped with an anticontamina- 
tion device and 30-,xm objective aper- 
ture. 

Since the beta cells in the islets of 
Langerhans display variable degrees of 
secretory activity, a portion of one 
cell was photographed at random from 
each islet. Micrographs from six cells 
or more were obtained for each ex- 
perimental group. The micrographs 
were enlarged to a final magnification 
of X 32,000, and all subsequent mea- 

Table 1. Effect of glucose on vesicular binesis 
in incubated islets of Langerhans. The formal- 
dehyde-glutaraldehyde fixation used in experi- 
ments 1 to 3 is described in the text. In ex- 
periment 4, the islets were fixed with 2.5 per- 
cent glutaraldehyde in 0.08M cacodylate buf- 
fer, pH 7.4, containing 0.1M sucrose and 
4.5 X 10-3M calcium chloride. Three photo- 
micrographs in each group were examined for 
this experiment, and six to ten per group for 
experiments 1 to 3. 

Vesicles 
Glucose Vesicle affected 
(mg/ml) count (% of 

total) 

Experiment 1 
0.9 1075 3.50 
3.0 2420 10.50 

Experiment 2 
0.9 314 3.50 
3.0 1284 11.05 

Experiment 3 
0.9 1054 2.46 
3.0 863 8.11 

Experiment 4 
0.9 381 3.14 
3.0 386 13.73 

surements were made on the prints by 
a separate investigator without knowl- 
edge of their experimental origin. 

In initial studies we found that the 
membrane of the insulin secretory 
vesicle is frequently infolded to form 
a finger-like invagination or furrow 
that extends well into the vesicle and 
appears as a cleft in appropriate sec- 
tions (Fig. 1, A, B, and F). The two 
membranes of the vesicular furrow 
are in close apposition. The furrows 
demonstrate apparently progressive 
stages of widening, with consequent 
enlargement of the furrow cavity and 
exposure of the cytoplasmic surface of 
the invaginated vesicular membrane 
(Fig. 1, B to E). 

The secretory vesicles also undergo 
binesis (4), a process whereby the 
vesicular membrane forms a lingula 
that protrudes from one secretory vesi- 
cle and inserts into an adjoining se- 
cretory vesicle (Fig. 1, F to I). In the 
interaction of the lingula with the re- 
ceiving vesicle, the membranes of the 
two secretory vesicles are separated by 
80 to 100 A, and in cross section, the 
lingula appears as a bimembranous 
concentric ring (Fig. 1, G and L). 
Two or more secretory vesicles dem- 
onstrating binesis in tandem (Fig. 
1H), as well as binesis circumferen- 
tially into a single central vesicle (Fig. 
IF), are also observed. Lingula for- 
mation and binesis of vesicles are 
seen in all areas of the beta cell, and 
are not necessarily restricted to the 
cell periphery. Occasionally, under 
conditions of marked insulin secretory 
activity, the closely apposed vesicular 
membranes fuse and open to allow the 
vesicles to communicate (Fig. 1M). 
In such a circumstance, two granule 
cores can be observed within a single 
secretory vesicle (Fig. 1, G and J). 

During binesis, the membrane of 
the receiving vesicle does not appear 
to have any specialization, since many 
vesicles can insert into a single central 
vesicle. Also, the lingula does not 
necessarily interact with the vesicular 
furrow, since furrows can still be ob- 
served in some receiving vesicles dur- 
ing binesis. Furthermore, since some 
vesicles demonstrating lingula forma- 
tion may also have a furrow present, 
the significance of the vesicular fur- 
row in the origin of the lingula is un- 
certain. However, structural polarity 
of the vesicular lingula is indicated by 
the absence of vesicles demonstrating 
multiple lingula formation. Thus, lin- 
gula formation may represent a specific 
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functional alteration in the vesicle 
membrane necessary for binesis and 
subsequent vesicular membrane inter- 
action. 

Vesicular furrows and binesis were 
also found in beta cells of isolated is- 
lets of Langerhans fixed with glutaral- 
dehyde alone (Table 1), as well as in 
perfused rat pancreas that was similar- 
ly fixed (5). No significant differences 
in morphology were observed with the 
use of these different fixatives. 

In order to determine the effects of 
stimulatory glucose concentrations on 
the insulin secretory vesicles, photo- 
micrographs were examined for the 
presence of vesicles demonstrating 
binesis, intravesicular concentric mem- 
brane rings, and double granules within 
a single vesicle. The vesicles with these 
characteristics were counted, and the 
results were expressed as a percentage 
of total vesicles on the photomicro- 
graphs. In four separate experiments, 

there was a threefold increase in the 
incidence of vesicles demonstrating 
binesis at a stimulatory glucose con- 
centration (300 mg/100 ml) as com- 
pared to the vesicles of islets incubated 
at a basal glucose concentration (90 
mg/100 ml). Values for insulin re- 
lease (mean + standard error of mean) 
by islets at basal and stimulatory glu- 
cose concentrations were 2704 ? 297 
and 15,619 ? 1375 microunits per 50 
islets, respectively (P < .001), in the 
four experiments. 

The increase in the number of ves- 
icles demonstrating binesis during glu- 
cose-stimulated insulin release in is- 

Fig. 1. Secretory vesicles in beta cells of 
rat islets. (A) The vesicular membrane 
of a secretory vesicle containing an insulin 
granule is invaginated to form the cleft- 
like vesicular furrow (X 87,500). (B) A 
furrow is seen in the central vesicle, and 
widening of the furrow cavity is seen in 
the two lateral vesicles. The furrow mem- 
branes in the central vesicle are in close 
apposition (X 52,000). (C and D) 
Widening of the furrow cavity and ex- 
posure of the cytoplasmic face of the fur- 
row membrane are seen in two vesicles. 
Possible incipient formation of a vesicular 
lingula is indicated by arrows (X 62,500). 
(E) The lining membrane of the widen- 
ing vesicular furrow cavity is continuous 
with the vesicular membrane (X 58,500). 
(F) Two secretory vesicles, one contain- 
ing a pale immature secretory granule, are 
undergoing binesis around the circum- 
ference of another vesicle. The lingular 
membranes are in close apposition to the 
vesicle membrane (X 36,750). (G) A 
portion of a beta cell from an islet in- 
cubated at basal glucose concentration 
(0.9 mg/ml) has all of the features shown 
at higher magnification in other parts of 
the figure. Many vesicles with furrows 
are visible. A vesicle with a concentric 
bimembranous ring is seen just above the 
two vesicles undergoing binesis (right 
center). In the lower center portion, a 
vesicle with two granule cores is in the 
process of binesis; a furrow (arrow) is 
seen in the receiving vesicle (X 23,800). 
(H) A beta cell of an islet incubated at 
high glucose concentration (3.0 mg/ml) 
contains vesicles undergoing binesis in 
tandem. A nerve ending (n) with neuro- 
secretory packets in the extracellular space 
is visible at top (X 22,950). (I) Two 
pairs of secretory vesicles are shown un- 
dergoing binesis (x 77,900). (J) A se- 
cretory vesicle contains two granule cores 
(X44,500). (K) Two secretory vesicles 
are shown undergoing "double" binesis 
(X 44,450). (L) The concentric bimem- 
branous appearance of a cross section of 
a lingula during binesis is seen 
(X 43,450). (M) Two confluent vesicles 
are visible. The arrow points to a lingula 
in what may be incipient binesis 
(X 27,500). 
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lets indicates a hitherto unknown 
active participation of the insulin se- 
cretory vesicle and its membrane in the 
insulin release mechanism. While the 
role of binesis is still not clear, we sug- 
gest that it may represent a morpho- 
logical concomitant of glucose-medi- 
ated activation of the insulin secretory 
vesicles occurring before emiocytosis 
of the vesicle contents. Similarly, the 
finding of binesis and vesicular fusion 
well within the interior of the beta 
cell supports the suggestion of Lacy 
(6) that insulin vesicles arrayed in 
tandem release their contents through 
a distal vesicle undergoing emiocy- 
tosis at the plasma membrane. Binesis 
may therefore be a useful phenomenon 
in the dissection of the insulin release 
sequence, especially since emiocytosis 
is a rapid process that cannot be ade- 
quately observed and quantified with 
ordinary transmission electron micros- 
copy. 

The observation of binesis and of its 
stimulation at elevated glucose con- 
centration in islets does not appear to 
be influenced by the fixative employed. 
Rather, binesis appears to be more 
easily observed when the tissues are 
rapidly fixed by regional perfusion, or 
when isolated islets are used. There- 
fore, rapid and improved fixation may 
have allowed us to observe and quan- 
titate this presumably fast and evanes- 
cent phenomenon. Indeed, inspection 
of published photomicrographs of 
rapidly fixed beta cells (fixation by 
regional perfusion and fixation of iso- 
lated islets) readily reveals examples 
of furrows and binesis by both trans- 
mission electron microscopy and by 
the freeze-fracture technique (7). 
Schramm et al. (8) showed that amy- 
lase granules from rat parotid gland 
form "pseudopods" during incubation 
of parotid gland slices, as well as in 
a cell-free preparation of secretory 
vesicles. The relative number of amy- 
lase granules bearing pseudopods in- 
creased during stimulus-induced secre- 
tion. Binesis may thus be of general 
significance in other secretory mech- 
anisms as well. 
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sometimes undergo a neoplastic trans- 
formation, developing into a malignant 
Schwannoma. These tumors have been 
used to generate established clonal lines 
of Schwannoma cells which are capable 
of performing functions unique to the 
nervous system and to myelin produc- 
tion (2). 
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Table 1. The effect of various chemicals and culture conditions on the morphology of Schwan- 
noma clone RN22. Cells were plated at 2 X 103 cell/cm2 and incubated for 24 hours. They 
were then exposed to the various agents at a final concentration of 1 mM (except where indi- 
cated) and any effect or morphology was observed after 2 hours of incubation at 37?C. Control 
cells and cells not affected by the additives had a predominance of the irregular or triangular 
shape, whereas cells treated with cyclic AMP analogs or prostaglandin E, had an increase in the 
number of hollow and flattened circular forms. At least 500 cells were counted in each instance; 
where differences were suggested by the data, at least 1000 cells were counted. The cells were 
not fixed. Comparisons were then made between the control group and various experimental 
groups. 
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Agent or condition Agent or condition 

Percentage of cells exhibiting these 
forms after 2 to 4 hours of exposure 
Percentage of cells exhibiting these 

forms after 2 to 4 hours of exposure 

Flattened 
circular 

Flattened 
circular 

Hollow 
circular 
Hollow 
circular 

Irregular or 
triangular 

Irregular or 
triangular 

No additives 9 10 81 
Dibutyryl cyclic AMP (DBcAMP) 15' 34* 51* 
8-bromo cyclic AMP (8-Br-cAMP) 14: 44* 42* 
Cyclic AMP 7 8 85 
Dibutyryl cyclic guanosine monophosphate 9 9 82 
8-bromo cyclic guanosine monophosphate 9 12 79 

(8-Br-cGMP) 
Cyclic GMP 10 7 83 
Butyrate 9 8 83 
5'-Adenosine monophosphate 9 5 86 
Adenosine 12 5 83 
Serum-free medium (24 hours) 9 8 83 
Papaverine (0.1 mm) 8 10 82 
Prostaglandin E, (25 Ag/ml) 12 21* 67* 
Prostaglandin F2,, (25 ug/ml) 8 10 82 
DBcAMP and cytochalasin b (0.1 ,g/ml) 12 12 76 
DBcAMP and vinblastine (10 ng/ml) 3* 12 85 
8-Br-cAMP and actinomycin D (5 Ag/ml) 15* 36* 49* 
8-Br-cAMP and cycloheximide (5 ,g/ml) 11 36 53* 
8-Br-cAMP and 8-Br-cGMP 11 42* 47* 
Isoproterenol (10-5M) 12 11 77 
* Statistically significant differences at a level of P < .05 as measured by Student's t-test. 
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Adenosine 3',5'-Monophosphate Analogs Promote a Circular 

Morphology of Cultured Schwannoma Cells 

Abstract. Dibutyryl adenosine 3',5'-monophosphate (dibutyryl cyclic AMP) and 
8-bromo cyclic AMP stimulated cells cultured from a rat Schwannola to change 
their morphology from irregularly shaped to flattened circular and hollow circu- 
lar forms within 30 minutes. The change in shape was specifically efjected by 
analogs of cyclic AMP and cyclic AMP elevating agents, was reversible after 
removal of these additives, and was prevented by vinblastine and cytochalasin b, 
but was not affected by actinomycin D or cycloheximide. 

Adenosine 3',5'-Monophosphate Analogs Promote a Circular 

Morphology of Cultured Schwannoma Cells 

Abstract. Dibutyryl adenosine 3',5'-monophosphate (dibutyryl cyclic AMP) and 
8-bromo cyclic AMP stimulated cells cultured from a rat Schwannola to change 
their morphology from irregularly shaped to flattened circular and hollow circu- 
lar forms within 30 minutes. The change in shape was specifically efjected by 
analogs of cyclic AMP and cyclic AMP elevating agents, was reversible after 
removal of these additives, and was prevented by vinblastine and cytochalasin b, 
but was not affected by actinomycin D or cycloheximide. 


