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A B S T R A C T  

Nexuses, that is, fusions of plasma membranes of adjacent cells, are described in mammalian  
smooth and cardiac muscle, median giant axon of earthworm, frog skin, and rat submandib-  
ular  gland. In  smooth muscle they usually occur where a process from one cell either meets 
a process of, or projects into a neighboring cell. On the other hand, in mammal ian  heart 
muscle and in earthworm giant axon the nexuses occur along the intercalated disc and inter- 
cellular segmental septa, respectively. Their  occurrence between these excitable cells is 
correlated with propagation of action potentials by an electrical rather than chemical 
mechanism. Since the nexuses may offer pathways for electric current between cell interiors, 
it seems possible that they constitute a link in the structural basis for electrical transmission 
in these systems. In  epithelia, nexuses usually appear as part of a terminal bar complex. This 
is true in the rat salivary gland studied here. In  the epidermis of frog skin, nexuses are less 
numerous between the basilar columnar cells than between the subjacent squamous cells. 
The nexuses which occur in epithelia in frog skin and rat salivary gland are distributed as 
though to provide seals against electrochemical backleaks and sites of chemical exchange 
between cell interiors. 

In  an earlier report (1) regions of fusion of 
plasma membranes of adjacent smooth muscle 
cells were described. The structure at the region 
of fusion was termed a nexus. Attention was called 
to the probable functional importance of this 
structure as a site of electrotonic coupling between 
cells (1, 2). In  epithelia, the fusion of adjacent 
cell membranes at the nexus apparently subserves 
an additional function: that is, to seal the cells to 
each other thereby preventing electrochemical 

backleaks. A number  of papers on cardiac muscle 
(3, 4), neural tissue (5-8), smooth muscle (9-12), 
and epithelia (13-18) have appeared in which 
similar structures have been described. Moreover, 
several terms besides nexus (external compound 
membrane,  (19); quintuple-layered cell intercon- 

nection, (l 3) ; tight junction, (20); zonula occludens, 

macula occludens, (18) have been applied to what is 
apparently the same structure. 

In  contrast to the above reports, some investi- 
gators do not find the coincidence of the nexus 
and electrotonic coupling between cells. Several 
studies on smooth muscle (21-23), septate junc-  
tions of giant fibers of earthworm (24), and sep- 
tate and lateral-motor synapses of the giant fibers 
of crayfish (25), as well as glial interconnections 
in the leech (26), show no fusions of adjacent cell 
membranes where they might be expected to 
occur. The lack of morphological correlation in 
these cases may be due to technical problems in 
the preservation of the fusion of membranes. 

This paper has two purposes: one, to report the 
results of a survey of the cell-to-cell appositions 
in several tissues in which the occurrence of the 
nexus could be reasonably suspected on physio- 
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logical  g rounds ;  and  two, to p rov ide  a more  de-  

tai led descr ip t ion  of  the  nexus  as an  ana tomica l  
enti ty.  In  the  la t te r  regard ,  close a t t en t ion  mus t  
be pa id  to the  di f ferences  in the  s t ruc ture  due  to 

di f ferences  in expe r imen ta l  technique .  T h e  g roup  
of tissues s tudied here  ( m a m m a l i a n  intes t inal  
smooth  muscle  a n d  card iac  muscle,  e a r t h w o r m  

m e d i a n  g ian t  axon,  frog skin and  ra t  salivary 
g land epi thel ia)  was selected to d e m o n s t r a t e  the  
expec ted  corre la t ion  be tween  s t ructure  and  func-  

tion. A t  the same t ime,  it  provides  a g raded  series 
w h i c h  i l lustrates the  differences  in the  s t ructural  
s tabil i ty of the  nexus and  the  di f ferences  in the  
a p p e a r a n c e  of  the  nexus  accord ing  to fixation 

techniques .  

M A T E R I A L S  A N D  M E T H O D S  

The  following tissues were studied: (1) smooth muscle: 
circular layer of dog and cat  je junum,  taenia coli of 
guinea pig; (2) cardiac muscle: papillary muscles of 
guinea pig and cat heart ;  (3) nerve cord." median giant 
axon of ear thworm (Lumbricus); and (4) epithelia: 
abdominal  skin of frog (Rana pipiens) and aeinar and 
ductular  epithelium of submandibular  gland of the 
rat  (Sprague-Dawley strain). 

Prepara t ions  

Preparations of smooth muscle from the circular 
layer of eat and dog j e junum were obtained by snip- 
ping out samples and fixing them immediately. Other  
samples of smooth muscle were obtained by first 
inserting a glass tube into the lumen of the intestine 
and then cutt ing around the tube with a razor blade 
so as to isolate 1- to 5-cm segments. These were also 
fixed immediately. A better procedure was to remove 
a 2- to 10-cm segment of je junum, invert it, slip it 
over a glass tube, and dissect the mucosa and sub- 

mucosa away from the circular muscle layer; the re- 
maining muscular tube was removed, pulled right 
side out again, slipped over the glass tube, and the 
serosa and longitudinal muscle layer dissected away 
from the circular muscle layer. Rings of circular 
muscle were thus dissected free. They were then either 
fixed immediately or incubated in Krebs-Henseleit  
(27) solution at 37°C for 2 hours to recover electrical 
and mechanical  responsiveness before fixation. Some 
rings were slipped over U-shaped glass tubes before 
they were incubated so that  they were at a constant 
length during both incubation and fixation. Others 
were mounted  on a Grass Force Transducer so that  
their isometric tension was recorded during incuba- 
tion, after stimulation, and during fixation. All 
preparations showed marked contraction during 
fixation. 

Samples of taenia coli of the guinea pig were 
dissected from the underlying intestine. Some speci- 
mens were incubated in Krebs-Henseleit  solution at 
37°C at constant length, some were left free, and 
other specimens were not incubated at all. 

Some of the papillary muscles of the right ventricle 
of cat  and guinea pig heart  were incubated. How- 
ever, incubation did not change the appearance of 
the tissues in electron micrographs. 

Submandibular  glands of male Sprague-Dawley 
rats were dissected free, and sliced in fixative into 
pieces approximately 1 millimeter square. 

All mammals  were anesthetized with Nembutal .  
The  nerve cords of ear thworm were dissected free 

using a ventral approach. Some worms were anes- 
thetized with 3 per cent urethane,  others with 5 per 
cent ethanol or 1 per cent MS-222 (Sandoz), and 
still others not at all. The  cords were fixed without 
prior incubation but  were spot-checked for electri- 
cal excitability and conduction. 

Samples of abdominal  skin of frog were removed 
from decapitated, spinally pi thed animals and fixed 
immediately. 

]?INURE 1 Smooth muscle from the circular layer of dog sniall intestine fixed immediately 
after extirpation. No regions of intercellular contact are observed between adjacent cells. 
However, areas of increased cytoplasmic density immediately subjacent to the plasma 
membrane occur independently along the plasma membrane of one cell or in register with 
similar areas in adjacent cells (arrows). OsO4-fixed, Vestopal-embedded; section stained 
with uranyl acetate. X 13,000. 

FIGURE ~ Dog intestinal smooth muscle dissected free and soaked for ~ hours in Krebs- 
Henseleit solution. Note the good quality of preservation of the tissue relative to Fig. 1. 
On careful inspection, large fibrils can be observed in the cytoplasm, in contrast to Fig. 1. 
The submembrane cytoplasmic densities are much lighter and the cells are seen to come 
much closer together in certain regions. These close appositions of adjacent cells are 
indicated by arrows. Note that  the five most central cells are interconnected by such junc- 
tions. OsO4-fixed, Vestopal-embedded; section stained with uranyl acetate. X 17,000. 
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Fixation of Tissues 

O s m i u m  tetroxide (OsO4) fixatives were prepared  
according to the me t hod  of Palade (28), buffered to 
p H  7.4, and  brought  to the  desired osmolari ty by the  
addi t ion of sucrose. T he  osmolari ty of such fixatives 
was measured  by a Fisk Osmomete r  and  was found to 
be 344 milliosmolar. Tissues were placed directly into 
the fixative and  fixed for 2 hours  at 4°C. 

P e r m a n g a n a t e  fixatives were prepared  according 
to the me thod  described by Luft  (29), the  final con- 
centra t ion of p e r m a n g a n a t e  being 0.6 or 1.0 per cent. 
Both potass ium and  sod ium salts were used;  however, 
no difference in the  qual i ty  of fixation could be noted 
in the muscles studied. T he  fixative was at p H  7.4. 
and  was 372 mill iosmolar (0.6 per cent) and  420 
milliosmolar (1 per cent;  Figs. 3 to 6 only). Tissues were 
placed directly in the fixative for 2 hours  at either 4 ° 
or 37°C. T he  lower t empcra tu re  proved to be more  
satisfactory. It should be noted tha t  a l though all fixa- 
tives used were slightly hyperosmotic,  there was no 
striking difference in fixation between the 0.6 per 
cent  pe rmangana t e  and  the 1 per cent  pe rmangana te .  

Processing of Tissues Following Fixation 

Tissues were r insed for 15 to 30 minutes  in Krebs-  
Henseleit  or 0.9 per cent  NaC1 solution and  dehydra-  
ted in a graded e thanol  series, with  a 16-hour period 
in 70 per cent  ethanol.  T hey  were embedded  in 
either Vestopal  W essentially according to the me thod  
described by Kur t z  (30) or Araldite as described by 
Luft  (31). All embeddings  prior to polymerizat ion 
were subjected to a m i n i m u m  of 4 hours  of v a c u u m  
(10 m m  Hg).  

Sections were obtained on an L K B  Ul t ro tome with 

d i amond  knives. They  were moun ted  on grids with 
suppor t ing  films of collodion thinly coated wi th  ear- 
bon. 

T h e  following methods  of s ta ining sections were 
used:  (a) Karnovsky ' s  (32) lead method ,  both A and  
B procedures,  for 10 minutes ;  (b) 1 per cent  potass ium 
p e r m a n g a n a t e  according to the me thod  of L a w n  (33) 
for 20 minutes ;  and  (c) 2.0 per cent  u ranyl  acetate 
for 2 to 18 hours  (34). 

Microscopy 

Sections wcre viewed with R C A  E M U  3F and  3G 
microscopes operat ing at 50 kv. The  latter ins t rument  
was used with s t andard  pole pieces and,  for portions 
of the  study, with a h igh-magnif ica t ion  kit coupled 
with a low-magnif icat ion projector pole piece. In  all 
cases, a 25/z objective aper ture  was employed.  
Initial magnif icat ions r ang ing  f rom 3,500 to 53,000 
were pho tographed  on Kodak  Contras t  Lan te rn  Slide 
Plates. 

R E S U L T S  

Smooth Muscle of Dog, Cat, and Guinea Pig 

Fixa t ion  of musc l e  pieces i m m e d i a t e l y  u p o n  

ex t i rpa t i on  f r o m  dogs  l eads  to m a r k e d  c o n t r a c t i o n  

o f  the  musc le .  No  con tac t s  or  p r o t o p l a s m i c  con-  

t inui t ies  b e t w e e n  s m o o t h  musc l e  cells are  a p p a r -  

ent ,  as i l lus t ra ted  in Fig. 1. I n  fact,  each  musc l e  

cell is isolated f r o m  o the r  musc l e  cells by  connec -  

t ive t issue e l emen t s .  D e n s e  reg ions  s u b j a c e n t  to 

t he  p l a s m a  m e m b r a n e  a re  seen a n d  t hey  are  

u sua l l y  in regis ter  w i th  s imi la r  r eg ions  in the  ad ja -  

FIGURE 3 Dog intestinal smooth  muscle soaked for 2 hours in Krebs-Henseleit  solution 
before fixation. This  electron micrograph illustrates nexuses which interconnect three 
separate smooth muscle cells. Such regions of nexus can involve rather long a t tenuated  
cellular processes, as a t  the arrow. Permanganate-fixed,  Vestopal-embedded; section 
stained with uranyl  acetate. X 52,000. 

FIGURE 4 An enlargement  of the central nexus in Fig. 8. X 280,000. 

FIGURE 5 All electron micrograph of a serial section taken deeper in the  same tissue as 
shown in Figs. 8 and  4. Note tha t  while the cellular process (a) a t  the r ight  side of Fig. 3 
does not  form a nexus,  deeper in the tissue as shown in this figure it  forms a nexus in the 
central portion (b) of the micrograph. Likewise, the nexus shown in the central portion of 
Fig. 8 appears to be separating in tbis figure (upper left) as the plane of section passes to 
its outer margin.  X 70,000. 

I~OVUE 6 Dog intestinal smooth  muscle which has  been soaked in Krebs-Henseleit  
solution for 2 hours prior to fixation. This  electron micrograph illustrates another  nexus 
in dog intestinal smooth muscle. Note the uniformity of the thickness of the dark lines. 
Permanganate-fixed,  Vestopal-cmbedded; section stained with uranyl  acetate. )< 220,000. 
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cent cells. 3-hey may be regions of a t tachments  of 
myofibrils to the cell m e m b r a n e  (11). ~Ihese 
results agree with the observations of other  workers 
(21-23) on various smooth muscles fixed in OsO+ 
immediately upon  extirpat ion from the an imal  
(but  see reference 12 also). 

Since smooth muscle preparat ions must  be in- 
cubated in a physiological solution in order to 
recover electrical and  mechanical  responsiveness 
after surgical t rauma,  the effect of such incubat ion  
on the possible anatomical  relationship between 
muscle cells was examined.  In  OsO4-fixed, incu- 
ba ted  smooth muscle, regions of close apposition 
between muscle cells are apparen t ;  however,  a t  
higher  magnifications the osmiophilic components  
of the adjacent  plasma membranes  are seen to be 
100 A or more apar t  (Fig. 2). In  permangana te -  
fixed, incubated  smooth muscle, however, the ad- 
jacent  cell membranes  appear  fused (Figs. 3 to 6). 
The  nexus, as demonstra ted here with pe rmanga-  
nate fixation, appears  as three dark  lines of uniform 
thickness separated by two light lines (Fig. 6). The  
thickness of the dark  lines varies somewhat  from 
prepara t ion  to preparat ion,  whereas the over-all 
thickness of the nexus is remarkably  constant  
(about  140 A; Table  I). In  any par t icular  instance 
the nexus is nar rower  than  the two component  
membranes  merely apposed. 

Even with pe rmangana t e  fixation, the nexus be- 
tween smooth muscle cells is a labile structure 
unde r  the rigors of prepara t ion  and  fixation. T h e  
nexus was never  observed or observed with fre- 
quent  small regions of separation of the componen t  
plasma membranes ,  except when the tissue was 

either fixed at  a constant  length or incubated  long 

enough to recover responsiveness prior to fixation. 

I t  is bet ter  to do both. Fixation at  a fixed-length 

by perfusion, in situ, proved to be as unsatisfactory 

for the demonst ra t ion  of nexuses as immedia te  
fixation of small pieces snipped free of the intestine. 
Thus,  the demonst ra t ion  of nexuses in dog in- 
testinal smooth muscle depended on the proper  
fixation of physiologically responsive tissue. In  a 
word, the nexus of dog intestinal smooth muscle is 
labile. 

In  cat intestinal smooth muscle, however, the 
nexuses are less labile, more frequent,  and  involve 
greater  areas. T h e  last is often the result of a pro- 
jection of one cell into another .  These differences 
can be seen by compar ing  Figs. 2, 3, and 5 of dog 
intestinal muscle with  Figs. 7, 9, and  10 of cat 
intestinal muscle. T h e  frequency of nexuses be- 
tween smooth muscle cells is commensura te  with 
the assumption tha t  the cells of these tissues are, in 
fact, interconnected.  

The  geometry of the nexal regions in smooth 
muscle is of considerable ana tomica l  and  physio- 
logical interest. The  nexal regions observed can 
be classified roughly into two major  types, i.e. 
simple a b u t m e n t  of adjacent  cells or projections 
of one cell into another.  The  former is more fre- 
quen t  in dog intestinal muscle and the lat ter  in 
cat and  guinea pig intestinal muscle. T h e  simple 
a b u t m e n t  type of nexus often appears  to act  as a 
mechanical  tie between contracted ceils. Thus,  at- 
tenuated processes of cytoplasm run  from one cell 
to the nexus (Figs. 5 and  7), or processes from 
both  cells meet  at  the nexus (Fig. 3). Often 
processes which appear  close in one section lead 
to a nexus when  followed in serial sections (Figs. 
3 and 5). The  nexus occurring where a process of 
one cell projects into another  involves an  extensive 

region of fusion as seen in Figs. 9, 10, and  13. The  

extent  of the nexal area is appa ren t  from a con- 

sideration of the t r idimensional  aspect of such 

projections as il lustrated in Figs. 9 and  10. 

FIGURE 7 Smooth muscle from the circular layer of cat small intestine which has been 
soaked in Krebs-Henseleit solution for £ hours before fixation. This low-magnification 
electron micrograph demonstrates the large number of nexuses which can occur between 
smooth muscle cells. Two cells are interconnected by four nexuses in the lower portion of 
the field, while the central cell is fused, by means of a nexus, to the muscle cell in the upper 
portion of the field. The geometry of the cellular processes forming nexuses is altered by 
contraction of the cells during fixation, as evidenced by the bizarre shapes shown here. 
Permanganate-fixed, Araldite-embedded; section stained with uranyl acetate. )< 16,000. 

FIGURE 8 This electron micrograph illustrates at  higher magnification the nexus shown 
at tbe arrow in Fig. 7. X ~00,000. 
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The greatest area of nexus was seen in the pro- 
jections of one cell into another in guinea pig 
smooth muscle. Moreover, nexuses could be 
observed in unincubated specimens. Nevertheless, 
the lability of the nexal structure is more easily 
seen at such regions than in nexuses of the abut- 
ment type. When the latter separates, no evidence 
of the existence of the nexus remains. However, 
one can see intermediate stages of nexal separation 
as illustrated by a comparison of Figs. 11 and 13 
of guinea pig smooth muscle. In the former, the 
process seems to be retracted and the nexal regions 
restricted to a few residual spots (Fig. 12). This 
specimen was unincubated. In contrast, in an 
incubated preparation such a process (Figs. 13 
and 14) is much larger and the nexus obtains over 
the entire surface of apposition. 

Preliminary experiments with cat intestinal 
smooth muscle to which were applied contraction 
inhibitors, i.e. procaine, nitroglycerin, atropine, 
and low temperatures, indicate that when the 
fixation contraction is inhibited the nexuses are 
more often of the type seen in Figs. 9, 10, and 13. 

In summary, then, while the region of nexus 
between smooth muscle cells can be visualized in 
specimens fixed in permanganate immediately 
upon extirpation, better preservation of the struc- 
ture results from incubation before fixation and 
prevention of shortening. Further, in our experi- 
ence with the muscles studied here, OsO4 fixation 
provides no evidence of membrane fusion in 
smooth muscle. 

Cardiac Muscle of Guinea Pig and Cat 

For descriptive purposes, the intercalated disc 
of cardiac muscle can be subdivided into at least 

two regions, i.e. the interfibrillar and the inter- 
sarcoplasmic (Fig. 15). The interfibrillar portion 
is in the region of attachment of myofibrils to 
the adjacent plasma membranes of the disc. A 
gap of 100 to 200 A occurs between the plasma 
membranes at this region. ~[he intersarcoplasmic 
portion of the intercalated disc, which may run in 
register with adjacent sarcomeres or move from 
one sarcomeric level to another, may be further 
subdivided into three distinctly different portions: 
(1) regions in which a 100 to 200 A gap occurs 
between adjacent membranes, (2) desmosomes, 
and (3) nexuses. The great extent of the nexus 
along the disc is illustrated in Fig. 15. 

As in smooth muscle, the structure of the nexus 
of the intercalated disc is clearly seen after per- 
manganate fixation. Figs. 16 and 18 (of OsO4- 
fixed material) and Figs. 17 and 19 (of perman- 
ganate-fixed material) illustrate the structure of 
the nexus and its relation to structures within 
the cardiac muscle cells of the guinea pig. For 
example, Figs. 15 and 16 demonstrate that the 
plane of the nexus is usually parallel with the 
myofibrils. In all of the figures of OsO4-fixed ma- 
terial, the light areas of the nexus are continuous 
with the gap between the plasma membranes and 
hence extracellular space. Therefore, from these 
micrographs alone, the central dark line could 
not be definitively identified as a region of fusion 
between adjacent plasma membranes. On the 
other hand, it is immediately apparent in high- 
magnification electron micrographs of perman- 
ganate-fixed preparations (Fig. 19) that the outer 
portions of adjacent plasma membranes fuse at 
the nexus. The thickness of the nexus in OsO4- 
fixed cardiac muscle is quite variable and always 

FIGURE 9 Smooth muscle from the circular layer of cat intestine which was soaked for 4 
hours in Krebs-Henseleit solution prior to fixation. This electron micrograph illustrates a 
bulbous projection of one muscle cell into another. The plane of section passes parallel to 
the long axis of the projection. The adjacent cell membranes form a nexus throughout the 
extent of the invaginatiom Permanganate-fixed, Araldite-embedded; section stained with 
uranyl acetate. X 150,000. 

FIGURE 10 Electron micrograph from the same specimen as shown in Fig. 9. This electron 
micrograph depicts a projection of one muscle cell into another, similar to that illustrated 
in Fig. 9. Here the plane of sectioi~ passes transversely across the projection. As seen in 
enlargement (insert, X 3~0,000) of the area encircled, the membranes fuse to form a nexus. 
X 87,000. 

560  THE JOURNAL OF CELL BIOLOGY • VOLUME ~3, 1964 



M. M. DEWEY AND a. BAaa Structure and Distribution of Nexus 551 



equal to or greater than  the thickness of the nexal 
regions of the disc in permanganate-f ixed cardiac 
muscle (compare Figs. 18 and 19). Moreover,  the 
three dark  lines of the nexus in permangana te -  
fixed material  are of uniform thickness, whereas in 
OsO4-fixed mater ia l  the nexus demonstrates  
marked asymmetry  of the plasma membranes .  

Figs. 20 and  21 illustrate the intercalated disc 
and  nexus of the cardiac muscle of another  species 
i.e. cat. ~Ihe over-all organizat ion of the disc and  
the structure of the nexus seem to be quite like 
those in cardiac muscle of the guinea pig. 

F rom these studies it is appa ren t  tha t  the nexus 
along the intercalated disc of cardiac muscle is 
more readily demonst rab le  than  the nexus in 
smooth muscle. While  the nexus can be identified 
following OsO4 fixation, evidence for actual  fusion 
of membranes  has been obta ined only with per- 
mangana t e  fixation. 

Median  Giant Axon  of Earthworm 

The  median  giant  axon of the ea r thworm is com- 
posed of neurons contr ibuted  by each segment. In  
the rostral port ion of each segmental  ganglion 
these neurons  abu t  to form a septum. The  plane 
of the septum makes an  approximately  30 ° angle 

with the long axis of the nerve cord. Fig. 22 shows 
the septum in transverse section. The  degree of 
myelinat ion of the median  giant  axon is apparen t  
in this micrograph.  A previous study by H a m a  
(24) of these junct ions in OsO4-fixed specimens 
was interpreted as demonst ra t ing  a gap between 
the septal membranes .  In  view of our experiences 
with OsO4 and  pe rmangana te  fixation for the 
study of cell contacts in smooth and  cardiac 
muscles, it seemed reasonable to examine the 
membrane  relations at  the septate junct ions in 
ea r thworm following pe rmangana te  fixation. The  
septum at its outer margin  is illustrated in Fig. 23. 
Note tha t  the extracellular space comes to an 
ab rup t  end as the plasma membranes  of adjacent  
neurons are closely apposed. This  close apposition 
extends across the septum. Where  the plane of the 
septum is normal  to the plane of section, as 
shown in Fig. 24, the cell membranes  of adjacent  
neurons may  be seen to form a nexus. 

The  data  presented here clearly indicate tha t  
the neurons of the median  giant  axon of the ear th-  
worm are connected by  nexal regions. This  con- 
clusion is strongly suggested even in OsO4-fixed 
material .  F rom both  H a m a ' s  studies and  the 
present study of OsO4-fixed specimens, m e a s u r e  

FIGURE II Smooth muscle of guinea pig taenia coli fixed immediately after extirpation. 
This electron micrograph illustrates the more common form of intercellular relationship 
which is found in this smooth muscle, i.e. projection of a process of one cell into another 
cell. In this particular instance, the plasma membranes of adjacent cells do not form a 
continuous nexus through the extent of the intercellular relationship. I t  would appear that 
this process is pulling away from the otber cell. This interpretation is supported by the 
fact that  such a preparation shows maximal contraction during fixation. Permanganate- 
fixed, Araldite-embedded; section stained with lead. )< 110,000. 

FIGURE 12 An enlargement of the region encircled in Fig. 11. Note that  the adjacent 
plasma membranes are separated by a considerable space for some distance, fuse to form a 
nexus, separate again, and then fuse again to form a nexus. X ~80,000. 

FIGURE IS Smooth muscle of guinea pig taenia coli soaked for 45 minutes in Krebs- 
Henseleit solution prior to fixation. The bulbous projection of one muscle cell into another 
here is similar to that  shown in Fig. 11. However, the adjacent cell membranes fuse through- 
out its length to form a nexus. The fact that  this process is so much larger than the one 
illustrated in Fig. 11 would support the idea that  the latter is being retracted due to 
contraction. Permanganate-fixed, Araldite-embedded; section stained with permanganate. 
)< 44,000. 

FIGUtlE 14 The region of nexus encircled in Fig. 13 photographed at higher magnification. 
Section stained with permanganate. X ~70,000. 

562 THE JOURNAL OF CELL BIOLOCY • VOLUME ~3, 1964 



M. M. D~wEv AND L. BAaa Structure and Distribution of Nexus 553 



ments  indicate tha t  the thickness across the ap- 
posed membranes  falls within the range of thick- 
ness of nexuses in other  OsO4-fixed tissues (see 
Table  I). However,  the outer  leaflets of the cell 
membranes  were not  observed in OsO4-fixed ma-  
terial in H a m a ' s  study or in this study; actual  
fusion of the membranes  was demonstra ted clearly 
only after pe rmangana te  fixation. 

F rom the results obtained thus far on mam-  
mal ian  smooth and  cardiac muscle and  on ear th-  
worm axon, a direct  correlat ion exists between 
electrotonic coupling and  the occurrence of the 
nexus. Predicated on these findings, it seemed of 
value to de termine  whether  a similar correlat ion 
could be obtained in various epithelia known to 
ma in ta in  transepithelial  potentials. Thus,  as ex- 
amples of epithelia for which extensive physio- 
logical da ta  are available frog skin and  salivary 
gland epithelia were examined.  

Frog Skin 

In  Fig. 25, the layers of frog epidermis and 
dermis  are illustrated i.e. s t ra tum corneum, s t ra tum 
spinosum, s t ra tum basale, and  corium. The  strata  
basale and  spinosum are 4 to 6 cell layers thick, 
with the basal cell layer (s t ra tum basale) composed 
of a p rominen t  layer of co lumnar  cells. The  cells 
immediate ly  above  this layer are flat tened in a 
m a n n e r  characterist ic  of the remain ing  s t ra tum 
spinosum. The  area of a b u t m e n t  between adjacent  
cells of the basal layer is convoluted and  contains 
few desmosomes (Fig. 26). A similarity is appa ren t  
between the regions of cell apposit ion in the 
s t ra tum spinosum (Fig. 27) and  the structure of the 
intercalated disc of cardiac muscle. Note the small 
extracellular space. The  n u m b e r  of desmosomes 

and  nexuses between the ceils of the s t ra tum 
spinosum and  between these cells and  the apical 
end of the basilar cells is much  greater  than  along 
the side-to-side apposition of the basilar cells. Figs. 
28 and  29 illustrate at  high magnificat ion the 
nexuses which occur between the squamous ceils. 
In  Fig. 28, especially, the association with desmo- 
somes is apparent .  These results corroborate  the 
observations of F a r q u h a r  and  Palade (35) on frog 
skin fixed with OsO4. O n  the other  hand ,  in our 
micrographs  of frog skin fixed in isosmotic OsO4 at  
room temperature ,  relatively large spaces are 
apparen t  between all the cells of the strata spino- 
sum and basale (Fig. 30). No nexuses are present 
and  the cells adhere  to each other  only at  the 
desmosomes. ~[hat the cells are more adherent  at  
desmosomes than  at nexuses is consistent with our 
findings on other  tissues as well as with  the find- 
ings of Voute  (36) and  of Parakkal  and Gedeon 
(37) on frog skin. In  the s t ra tum corneum we find, 
in agreement  with  Fa rquha r  and Palade (35), 
tha t  the nexuses are preserved by OsO4 fixation. 

Little doubt  remains  concerning the occurrence 
of nexuses between cells of the frog epidermis. The  
extent to which nexuses occur in the strata spino- 
sum and  basale, and whether  they constitute an  
occluding zonule, however, is still inde te rminan t  
from a purely morphological  point  of view. Perman-  
ganate  and  OsO4 give strikingly different pictures 
as regards the n u m b e r  of nexuses and  the extent  
of intercellular space between cells of the strata 
spinosum and basale. 

Submandibular Gland of the Rat 

Nexuses occur between cells in both  the acinar  
and  ductu lar  epithelia of ra t  submandibu la r  

FIGURE 15 Guinea pig cardiac muscle fixed imulediately after extirpation. A limited region 
of intercalated disc between two cells at a branch point of a cardiac muscle fiber is shown. 
The region of nexus along the disc is extensive (arrows). I t  occurs only in the regions of 
sarcoplasmic columns (intersarcoplasmic region of intercalated disc) as the disc passes 
from one sarcouaerie level to another. Note that  the adjacent plasma membranes form a 
nexus immediately upon turning in at the disc (near region at ECS). Where the disc 
crosses a sarcomere (interfibrillar region of intercalated disc), regions of attachment of 

myofilaments occur. 
Desmosomes occur in the intersarcoplasmic regions of the disc. Two processes of tile inter- 

digitating region of the disc are seen in cross-section at  a and b. OsO4-fixed, Araldite- 
embedded; section stained with permanganate. X 31,000. 
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gland (Figs. 31 to 36). The  nexus is a part of the 
terminal bar. The number of desmosomes in the 
terminal bar may vary considerably. Further, in 
preparations in which considerable extraction has 
occurred (Figs. 31 to 33), the fibrillar nature of the 
cytoplasmic portion of the desmosome is appar- 
ent. Figs. 31 and 32 show this clearly for acinar 
ceils and illustrate the order of occurrence along 
the terminal bar. The  terminal bar of ductular 
epithelia is similar although it is often simpler; in 
particular, there seem to be fewer desmosomes as 
illustrated in Fig. 33. At high magnifications 
regions of nexal separation are sometimes visible 
(Fig. 34), reminiscent of unincubated guinea pig 
smooth muscle. Regions of nexuses and desmo- 
somes together measure nearly 2 # as Figs. 31 to 
33 illustrate. Further, often an increased density 
of the cytoplasm immediately subjacent to the 
nexus is apparent,  as is most clearly seen in Figs. 
35 and 36. From these observations, then, it would 
seem probable that the entire complex constitutes 
the terminal bar (18). Even though it is possible 
to demonstrate the nexus in these epithelia fixed 
with OsO4, the central line of fusion is not so 
dense as it is in epithelia fixed with permanganate. 
Thus the asymmetry of the membranes is evident 
here also. 

The notion that the nexus does, in fact, form a 

girdle completely surrounding the apical ends 
of adjacent cells in epithelia has been proposed 
by Farquhar and Palade (18) who designated the 
girdle the zonula occludens. In sections which graze 
the ductular epithelium (Fig. 35), the nexus or 
zonula occludens can be seen to run from one portion 
of the lumen to another portion in which the 
lumen dips down between cells. Further, sections 
parallel to the cell axis always show a region of 
nexus associated with desmosomes between the 
apical ends of the cells (Figs. 31 to 33). In the 
rodent salivary glands, then, the lumen of both 
the ductular and acinar portions is presumably 
sealed off from the intercellular spaces by nexuses 
which form girdles or occluding zonules between 
acinar as well as ductular epithelial cells. 

The  nexuses between epithelial cells of the 
rodent submandibular gland, like those in the 
stratum corneum of frog skin but unlike those in 
the other tissues studied, are readily demonstrable 
with OsO4 fixation. Even so, the asymmetry of 
the cell membranes is still apparent with this 
method. 

In  the order of presentation, the tissues ex- 
amined in this study show a progression of de- 
creasing differences between permanganate fixa- 
tion and OsO4 fixation. In smooth muscle, OsO4 
has not been useful so far in showing membrane 

FIGURE 16 Guinea pig cardiac muscle fixed immediately after extirpation. A region of 
intercalated disc from the central portion of a cardiac muscle fiber is shown. The inter- 
fibrillar portion can be distinguished from the intersarcop]asmic portions of the disc by the 
insertion of the myofilaments into the disc. Desmosomes occur only in the intersarcoplasmic 
portions of the disc. The sarcoplasmic density adjacent to the inner leaflet of the plasma 
membrane at the desmosome appears to form a dark line immediately subjacent to the 
plasma membrane. The desmosome is easily distinguished from the nexus at the arrow. A 
relatixely large intercellular space is apparent along the disc except at the nexus. The 
olasma membranes in the regions of the intercellular gap do not show triple layering. Only 
the cytoplasmic leaflet of the plasma membrane stains. OsO4-fixed, Araldite-embedded; 
section stained with permanganate. X 76,000. 

FIGURE 17 Guinea pig cardiac muscle fixed immediately after extirpation. This electron 
micrograph illustrates a region of the intercalated disc similar to that shown in Fig. 16. 
The same regions of the disc, interfibrillar and intersarcoplasmie, can be identified only 
with difficulty because of the lack of adequate preservation of the myofibrils by per- 
manganate. However, about the same amount of extracellular space can be observed be- 
tween the adjacent cell membranes of the disc except at the nexus (arrow). Permanganate- 
fixed, Araldite-embedded; section stained with uranyl acetate. X 45 000. 
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fusion; for the tissues at the other end of this 
series, i.e., salivary gland epithelia, one need use 
no other fixative. 

D I S C U S S I O N  

The Dis t r ibu t ion  o f  the N e x u s  

Farquhar  and Palade (18) have recently re- 
viewed the literature on the nature and sites of 
fusion of adjacent cell membranes. The present 
report describes the distribution of the nexuses 
between mammalian smooth muscle cells, between 
mammalian cardiac muscle cells, between neurons 
of the median giant axon of earthworm, between 
cells of frog epidermis, and between cells of the 
acinar and ductular epithelia of rodent salivary 
gland. 

Of  particular interest is the apparent ease with 
which nexuses are demonstrated between epi- 
thelial cells after OsO4 fixation. However, certain 
epithelia such as that of frog skin present ex- 
perimental problems, as indicated by Voute (36) 
and Parakkal and Gedeon (37) and this report. 
When frog epidermis is fixed with OsO4, relatively 
large spaces are apparent between the cells of the 
strata basale and spinosum and often between the 
ultimate and penultimate layers of the strata 
corneum and spinosum. Farquhar  and Palade 
(35) reported the occurrence of such "lakes" only 
in the strata spinosum and germinativum. How- 
ever, data presented here on permanganate-fixed 
epidermis show little intercellular space through- 
out the epithelium, rarely exceeding 200 A, and 
more numerous nexuses between cells of all layers. 
These divergent observations illustrate the vagaries 
of fixation and indicate the need for experimental 
resolution of the differences. 

The question of the existence of nexuses in 
nervous tissue, i.e. between neurons, between 
neurons and glial elements, and between glial 
cells, is particularly relevant. Such structures have 
been described by Robertson (8) in the median- 
to-motor synapse of the crayfish (here called ex- 
ternal compound membrane),  between myelin 
sheaths and glial cells in the optic nerve (38), and 
between glial processes surrounding cerebral capil- 
laries (39). Recently, Robertson et al. (5) and 
Robertson (6) have described a neuron-to-neuron 
contact at the synapses on the lateral dendrite of 
the Mauthner  cell of the goldfish. Contacts such 
as these may be different from simpler fusions in 
that they show a two-dimensional periodic sub- 
structure in the plane of fusion. Also, Bennett et al. 
(7) have reported evidence for electrotonic coup- 
ling at a spinal synapse in Mormyrid electric fish 
and have shown special regions between the 
neurons. Using OsO4, they concluded that these 
regions are areas of membrane fusion. In fact, 
when compared at the same magnification, these 
regions and the nexal regions described here along 
the intercalated discs of OsO4-fixed mammalian 
cardiac muscle show the same structure. In sum- 
mary, it may be that all these sites of fusion are, 
in fact, nexuses. 

Unfortunately, there is not, as yet, a one-to-one 
correspondence between the occurrence of the 
nexus and cell-to-cell electrotonic spread. There 
are at least four other areas in which one might 
predict, on the basis of electrophysiological data, 
the occurrence of nexuses: (1) the septate junc- 
tions in the median giant axon of the earthworm 
(24) ; (2) the septate junctions in the lateral giant 
fiber of the crayfish (25); (3) the lateral-to-motor 
synapse in the crayfish (25); and (4) between glial 

FIGURE 18 Guinea pig cardiac muscle fixed immediately after extirpation. A nexal region 
of an intercalated disc is depicted. Fusion of the outer lamel]ae of adjacent plasma mem- 
branes is apparent. The central dark line representing the fused outer leaflets of adjacent 
plasma membranes is narrow and beaded in appearance after OsO4 fixation. This is in 
contrast to the heavily stained, broader leaflets on the cytoplasmic side of each plasma 
membrane. OsO4-fixed, Araldite-embedded; section stained with uranyl acetate. X 260,000. 

FIGURE 19 An enlargement of Fig. 17. Note the uniformity of dark and light lines in the 
region of nexus. The central dark line has the same dimension as either of the outer dark 
lines. X 440,000. 
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cells in the central nervous system of the leech 
(26). All four of these areas have been studied 
recently and no nexuses have been reported. It  is 
interesting to note, in light of the above discussion, 
that all of these studies were based on observations 
of OsO4-fixed material. 

When, however, the septate junction of the 
median giant axon of the earthworm was studied 
following permanganate fixation, a nexus between 
the neurons was clearly evident. Preliminary 
studies on the crayfish synapses show similar re- 
sults. Coggeshall and Fawcett (26) did not find 
areas of fusion between glial cells in the leech even 
though the work of Kuffler and Potter (40), as 
they suggested, indicates strongly that regions of 
special contact between glial cells do occur. There 
are no published reports on the appearance of 
these glial interconnections after permanganate 
fixation. 

The occurrence of a nexal type structure along 
the intercalated disc of cardiac muscle was sug- 
gested over a decade ago (41). Early electron 
microscope studies gave only an indication of 
such areas involving fusion along the disc (3). 
Karrer  (4), by extrapolating from studies on 
cervical epithelium where fusion of cell membranes 
was clear because the outer leaflets of each mem- 
brane were visible, interpreted the central line in 
his "quintuple-layered cell interconnection" as a 
region of fusion. Again, unequivocal conclusions 
could be reached only after such areas had been 
visualized following permanganate fixation which 
permitted the identification of all layers of each 
cell membrane at the region of fusion. 

Structure and Dimension of the Nexus 

Table I summarizes measurements (cytoplasmic 
leaflet to cytoplasmic leaflet inclusive) of the 

thickness of the nexuses illustrated in this report 
and shows the consistency of these measurements 
on permanganate-fixed material. The  ability of 
permanganate to preserve membrane structure 
with such uniformity is especially valuable when 
this fixative is used in a comparative study of the 
nexus. Unfortunately, the chemical moieties 
within the plasma membrane which are stabilized 
and stained by permanganate have yet to be 
elucidated (42). 

Measurements of nexuses in OsO4-fixed material 
range upward from the 125 to 150 A, character- 
istic of nexuses in permanganate-fixed material, 
to as high as 250 A. Several factors presumably 
contribute to this. While OsO4 consistently stains 
the cytoplasmic lamella, it variably does or does 
not stain the outer lamella of the plasma mem- 
brane in certain tissues (16, 42, and this report) 
even when sections are subsequently stained with 
heavy metals. However, that the outer lamella of 
the plasma membrane in various epithelia is pre- 
served, although not always stained by OsO4, has 
been clearly demonstrated here and elsewhere 
(16, 18, 42). Whether  this is tissue-dependent (i.e. 
represents actual molecular differences between 
plasma membranes of different cells or along 
membranes of the same cell) or merely represents 
quality of preservation (as a function of time of 
fixation, temperature of fixation, osmolarity of 
fixative, embedding media, etc.) is, from experi- 
ence gained in this laboratory and from surveying 
the literature, indeterminate. It  could be argued, 
however, from the physiological viewpoint, that 
differences in chemical composition of the mem- 
brane may be the decisive factor (43). 

The fact that, in some cases, the outer lamella 

may not be well preserved by OsO4 could result 

in a lack of adherence of the membranes at the 

FIGURE £0 Cat cardiac muscle fixed immediately upon extirpation. The intercalated disc 
of cat cardiac muscle is similar to that of guinea pig cardiac muscle, as illustrated by this 
micrograph. The nexus (at tile arrow) occurs along the intersarcoplasnlic portions of the 
disc usually where it passes from one sareomeric level to another. Desmosomes (a and b) 
occur in the internexal region. Permanganate-fixed, Araldite-embedded; section stained 
with uranyl acetate. X ~0,000. 

FIGURE ~1 A higher magnification of the nexus illustrated in Fig. ~0. The nexus shows 
remarkable uniformity of structure throughout its length. Section stained with uranyl 
acetate. X e30,O00. 
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TABLE I 

7 hickness of Nexus 

Tissue Thickness Fixative Figure 

Angstrom Units 

Intestinal smooth muscle 
Dog 

Cat 

Guinea pig 

Cardiac muscle 
Guinea pig 

Cat 

Septum of median giant axon 
Earthworm 

Frog skin 

Submandibular  gland 
Rat  

155 Permanganate (Ref. 1 ) 
145 Permanganate 4 
145 Permanganate 6 
120 Permanganate 8 
130 Permangan ate 9 
130 Permanganate l0 
125 Permanganate 12 
140 Permanganate 14 

190 OsO4 16 
230 OsO4 18 
140 Permanganate 19 
125 Permanganate 21 

170 Permanganate 24 

130 Permanganate 29 

135 OsO4 34 
160 OsO4 36 

nexus during subsequent treatment.  ~[his may be 

the explanation for the lack of demonstrat ion of 
nexuses in OsO4-fixed smooth muscle preparations 
even after staining with various heavy metals. 

Another factor contributing to variations in prepa- 
rations fixed with OsO4 is the variation in thick- 

ness of the cytoplasmic lamella (42). Comparison 
of Figs. 16, 18, 34, and 36 makes apparent  the 

difference in thickness of the cytoplasmic lamellae. 
In any event, the present variations in fixation, 

subsequent t reatment  of tissues, and tissue types 
make evident the need for well controlled experi- 

FIGURE ~ A photomicrograph of a cross-section of the earthworm nerve cord. The 
septum is seen as a ~avy line across the median giant axon. Bouin's-fixed, celloidin-em- 
bedded; Masson trichrome-stained. X 400. 

FIGURE 23 This electron mierograph demonstrates the extent of the close apposition of 
the plasma nmmbranes of adjacent nerve cells across the septmn. Arrow marks extracellular 
space in the lateral portion of the septum. Permanganate-fixed, Araldite-embedded; ~ction 
stained with permanganate. X 18,000. 

FIGURE 24 An electron inicrograph of much higher magnification of the encircled region 
in Fig. 28. The two plasma membranes of adjacent neurons come together and form a long 
nexus. The characteristic three dark lines of the nexus can be distinguished at the several 
places encircled in which the membranes are sectioned normal to the plane of the septum. 
Section stained with permanganate. X 350,000. 
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mental comparisons between nexuses in OsO4- 
fixed and permanganate-fixed tissues. 

Stoeckenius (44, 45) has demonstrated that the 
hydrophilic ends of phospholipids react with OsO4 
to become electron opaque in fixed material. 
Further, he has demonstrated that the addition of 
protein layers to a bimolecular leaflet of lipid 
molecules in model systems results in a structure 
similar to the plasma membrane as seen in sec- 
tioned material. Such evidence adds strong sup- 
port to the pauci-molecular theory of plasma mem- 
brane structure as proposed by Davson and 
Danielli (46). 

On the basis of the Davson-Danielli model, 
tentative suggestions regarding the molecular 
structure of the nexus may be made. First, because 
of the reversibility of the formation of the nexus 
and the loss of the thickness of one outer lamella, 
it is possible that the membrane fusion at the 
nexus is due to interdigitation of ionic groups. 
Second, since the electron-transparent region of 
the fixed membrane is unaltered at the nexus, it 
appears that the lipid layers of the membrane are 
relatively undisturbed at these nexuses. ~[hird, 
any water molecules present in the nexus are prob- 
ably strongly bound. 

Robertson (8) has pointed out several ways 
that cell membranes may interact, with a result- 
ing local loss of membrane components. However, 
in view of the reversibility of the nexus, actual 
loss of material from the membrane seems unlikely. 

The Possible Functional Roles of the Nexus 

The problems of impulse propagation in smooth 
muscle (2, 47), cardiac muscle (48, 49), and earth- 
worm median giant axon (50) have been reviewed 
recently. In each case, quantitative evidence for 
appreciable electrotonic coupling is available 

(47, 48, 51, 52), and there is electrical transmis- 
sion of action potentials from one cell to another. 
Whether the current responsible for transmission 
flows across the nexus or across a region in which 
there is an extracellular gap remains to be demon- 
strated experimentally. 

However, there are several arguments in favor 
of the former assumption. First, the nexus provides 
a possibility for electrotonic current spread ahead 
of the propagating action potential unattenuated 
by current shunt via an intercellular gap. Tha t  
intercellular gaps as narrow as 100 A can effec- 
tively isolate cells has been demonstrated (53-55). 
Second, the driving voltage for a current line 
through a nexal region is the difference between 
the pre-cell and the post-cell membrane potential, 
while the driving voltage for a line across any gap 
between cells is the difference of membrane po- 
lential along the pre-cell membrane. To illus- 
trate, consider a hypothetical situation in which 
the pre-cell membrane has one voltage across it 
everywhere and the post-cell membrane has 
another. Obviously, current would flow by way 
of the nexus but not across gap regions. 

In any case, the amount  of current flowing 
between the cells is, of course, dependent on the 
resistance of the coupling structures. Electrical 
measurements indicate that the membranes at the 
sites of electrotonic coupling are of relatively low 
resistance regardless of the geometry of their 
apposition. Independent  evidence indicating this 
has been obtained by demonstrating a function- 
ally direct pathway between cardiac cell interiors 
for the movement  of K e (49). In this regard, it 
should be noted that membranes at the nexus are 
exposed on both sides to high potassium and low 

calcium concentrations and are probably depolar- 

ized. All these factors are associated in other cir- 

FmuR~. ~5 A photomicrograph of frog skin. The following layers are illustrated: stratum 
corneum, stratmn spinosum, stratum basale, and corium. Figs. ~6 to 30 are all taken from 
either the basal columnar layer or the upper ~ to 3 layers of squamous cells of the stratum 
spinosmn (between arrows). Bouin's-fixed, celloidin-embedded; stained with Masson's 
trichrome. X 650. 

FIGURE ~6 An electron micrograph of frog skin showing cells of the stratum basale. The 
basilar columnar cells are very closely apposed, with extracellular space discernible only at 
intervals. A prominent basement nmmbrane can be seen. Permanganate-fixed, Araldite- 
embedded; section stained with permanganate. >( 15,000. 
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cumstances with decreased membrane  resistance. 
Nevertheless, the membranes  of the nexus cer- 
tainly have a larger resistance than  the equivalent  
volume of cytoplasm. If  the nexuses are the elec- 
trically impor tan t  connections between cells, the 
internal  resistance due to them, beyond tha t  of 
the myoplasm, may account  for the relatively 
short length constants and  slow rates of propaga-  
tion in some involuntary  muscle. 

Finally, it has been reported recently tha t  both  
the nexal area and  electrotonic coupling between 
atrial  cells of the hear t  are decreased by hypertonic 
sucrose solutions. In hypotonic  sucrose, electrical 
coupling is increased and the nexal area is in- 
creased or normal.  This  provides strong experi- 
menta l  evidence to support  the hypothesis tha t  
nexuses can be sites of electrotonic coupling be- 
tween cells (56). Hypertonic  sucrose solution also 
decreases electrotonic spread in ra t  a t r ium (48). 

At the same t ime that  fusion of cell membranes  
at  the nexus provides a pa thway for movement  of 
material  normal  to the membranes  (i.e. from one 
cell interior to another) ,  it also cuts off movement  
of mat te r  tangent  to the membrane .  Since termi- 
nal bars are usually associated with the barr ier  
to diffusion across epithelia, it has been suggested 
repeatedly tha t  the lack of extracellular space is 
the cause of the block to diffusion as opposed to 
the presence of some obstruct ing extracellular 
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FIGURE St An electron micrograph of the submandibular gland of the rat, depicting the 
apposition of the apical ends of two aeinar cells. Illustrated is the terminal bar complex 
including desmosomes and a long length of nexus (arrow). The cytoplasm subjacent to 
both the nexus and desmosome appears dense. In the latter case the density is composed 
primarily of fibrils. OsO4-fixed, Vestopal-embedded; section stained with uranyl acetate. 
X 110,000. 

FIGURE 3~ The apical region of two acinar cells from the same section as illustrated 
in Fig. S1. This electron micrograph illustrates a region similar to that  shown in Fig. 
31 except that  the order of the desmosomes and nexus (arrow) is reversed. In either 
case both would form the terminal bar. )< 110,000. 
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FmUR~ 38 An electron micrograph of three cells of an intercalated duct of rat sub- 
mandibular gland. The nexus runs a considerable distance before the desmosome 
appears. Compare the increased cytoplasmic density along the nexus and desmosome 
with that in Figs, 31 and 3~ of acinar ceils. These two regions constitute the terminal bar. 
OsO4-fixed, Vestopal-embedded; section stained with uranyl acetate. )< 75,000. 

FIGURE 34 An enlargement of the region encircled in Fig. 33. The adjacent plasma 
membranes separate for short stretches. Note that the triple-layered structure of the 
membrane can be discerned at these separated regions even in an OsO4-fixed specimen, 
unlike the sitution in cardiac muscle. )< 260,000. 
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FIGLrRE •5 This section cuts obliquely through tile apical borders of three epithelial cells 
lining the intercalated duct of rat submandibular gland. Such a section argues for the 
region of nexus extending continuously along the apical ends of adjacent cells. OsO4- 
fixed, Vestopal-embedded; section stained with uranyl acetate. X 6~,000. 

FmU~E 36 An enlargement of the region encircled in Fig. 35. The adjacent plasma mem- 
branes fuse to form a nexus. X 250,000. 
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