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ABSTRACT The organization of septate junctions during morphogenesis of imaginal disks is
described from freeze-fracture replicas and thin sections with a view to understanding junction
modulation during rearrangements of cells in epithelia. The septate junctions of each epithelial
cell of the disk are distributed in a number of discrete domains equal to the number of
neighboring cells. Individual septa traverse domains of contact between pairs of adjacent cells,
turn downwards at the lateral boundary of the domain and run parallel to the intersection with
a third cell. This arrangement leaves small channels at three-cell intersections that are occupied
by specialized structures termed “tricellular plugs.” Cell rearrangement involves a progressive
change in the width of contact domains between adjacent cells, until old contacts are broken
and new ones established. It is proposed that the septate junction adjusts to the changing
width of domains by the compaction or extension of existing septa. This redistribution of septa
theoretically allows a transepithelial barrier to be maintained during cell rearrangements. The

applicability of this model to other epithelial tissues is discussed.

The morphogenesis of an epithelium has previously been as-
sumed to be limited to movements of entire epithelial sheets,
with each cell within the epithelium retaining its immediate
neighbors (1, 2). The presence of specialized connections be-
tween adjacent epithelial cells and the absence of morpholog-
ical evidence of locomotion undoubtedly contributed to this
view. However, rearrangements of cells (i.e., cell movements
involving change of neighbors within a contiguous epithelial
sheet) have recently been described during the evagination of
imaginal disks in Drosophila (3, 4), neurulation in newts (5),
gastrulation in Xenopus (6), regeneration in Hydra (7), and
epiboly in teleosts (8). Thus, cell rearrangement appears to be
a widespread phenomenon in epithelial morphogenesis.

In most of the examples cited above, intercellular junctions
persist during cell rearrangement (3, 6-8). Because junctions
are sites of intercellular adhesion between pairs of adjacent
cells, the exchange of neighbors requires some form of junction
modulation (9). Tight junctions of vertebrates and septate
junctions of invertebrates present particularly formidable bar-
riers to cell rearrangement because they bridge or close off the
intercellular space between a given cell and all of its neighbors,
ensuring contiguity of the epithelial layer and providing a
barrier to the extracellular movement of molecules across the
epithelium (10-12). Thus, each cell appears to be fixed with
respect to its neighbors.
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This paper focuses on the distribution of septa and the
potentially dynamic organization of the septate junction during
cell rearrangement in imaginal disks. The detailed structure of
the septate junction is well known. Rows of septa connect
adjacent cells and separate the apical from the basal intercel-
lular space. The plasma membranes on both sides of a septum
contain rows of intramembrane particles that follow the course
of the septum (13, 14). The overall arrangement of the septate
junction is less well known. It is generally envisioned as a girdle
encircling the periphery of cells. However, Noirot-Timothée
and Noirot (15) have shown that this is not the case in the adult
gut epithelium of several insects. Instead, individual septa
connect pairs of adjacent cells and, at the intersection with a
third cell, turn basally and run parallel to the intersection until
they terminate. Thus, rather than forming a continuous band
around the cell, the septa are distributed in a series of discrete
domains equal to the number of neighboring cells. The present
work shows that a similar arrangement of the septate junction
is present in an undifferentiated tissue, the imaginal disks of
Drosophila, and persists as the disks undergo cell rearrange-
ments. A model for cell rearrangement is proposed in which
septa are redistributed within their domains such that a trans-
epithelial barrier can be maintained without requiring rapid
breakdown and reformation of septate components. Observa-
tions in the literature are discussed that suggest that the ar-
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rangement described here may apply to septate junctions in
general. Parallels between septate and tight junction organi-
zation are also discussed.

MATERIALS AND METHODS
Freeze-fracture

In order to have a convenient volume of tissue for fracturing, disks isolated en
masse (16) were used. Mass-isolated disks from late third instar larvae evaginate
in vitro in response to 20-hydroxyecdysone and appear ultrastructurally identical
to disks that undergo morphogenesis in vivo (3). Observations were made on
unevaginated, partially evaginated, and fully evaginated disks by incubating
mass-isolated disks in Robb’s medium (17) with 0.1 ug/ml 20-hydroxyecdysone
for 0, 9, and 21 h. Controls were incubated for 0, 9, and 21 h in Robb’s medium
without hormone. Mass-isolated disks from mid-third instar larvae (i.e., disks that
had never been exposed to the high titers of hormone found at puparium
formation) were also prepared. After incubation, the disks were fixed for 30 min
in 1% glutaraldehyde in 0.05 M sodium cacodylate, rinsed twice in 0.1 M sodium
cacodylate, and soaked overnight in 30% glycerol in 0.1 M sodium cacodylate.

Mass-isolated disks were also induced to undergo accelerated evagination (18)
by treatment with 0.1% trypsin (Sigma Chemical Co., St. Louis, MO., twice
crystallized) in Robb’s medium, after a 7-h exposure to 0.1 ug/ml 20-hydroxyec-
dysone. Trypsinization was stopped after 10 min by the addition of 1% soybean
trypsin inhibitor, and the disks were prepared as described above. The fixed,
glycerinated disks were piled onto 3-mm cardboard circles and frozen rapidly in
Freon 22 over liquid nitrogen. Freeze-fracturing was carried out in a Balzers BA
360M (Hudson, NH).

Thin Sections

Disks were fixed in 2% glutaraldehyde, 0.5% paraformaldehyde in 0.75 M
sodium cacodylate buffer, postfixed in 2% OsO,, and embedded in Polybed.
Sections were stained with uranyl acetate and lead citrate and examined in a
JEOL JEM 100CX electron microscope.

RESULTS

Background

Imaginal disks are larval epithelial structures that give rise
to most of the externai structures of the fly. During metamor-
phosis, disks destined to form appendages undergo a dramatic
change in shape. The morphogenesis of a leg disk is shown
schematically in Fig. 1 a. The basic change in shape of the disk
is produced by an elongation and narrowing of the tissue, a
process referred to as evagination. Evagination, in turn, is
accomplished largely by the rearrangement of cells within the
single-cell-thick epithelium, such that the number of cells in
the long axis increases while the number of cells encircling the
disk decreases (Fig. 1 b). Thus, small movements of many cells
result in an exchange of neighboring cells and a change in
shape of the tissue (4). Rearrangement appears to be accom-
plished by the active movement of the disk cells themselves
rather than as a passive response to external forces (19). The
kinetics of such movements are clearly important in distin-
guishing between the possible mechanisms of rearrangements
and the mechanisms by which junctional connections permit
and/or assist neighbor exchanges. While we do not yet know
the rates of movements of individual cells, it is important to

note that the in vitro evagination of disks can be greatly
accelerated by the presence of 0.1% trypsin (18) so that a
considerable change in shape of the tissue occurs within 10
min, instead of hours.

The Organization of the Septate Junction
in Disks

The septate junction of imaginal disks is of the pleated sheet
type (20). In freeze-fracture replicas, long, winding, multi-
stranded rows of intramembrane particles mark the course of
individual septa. The particles appear on the P (protoplasmic)
face (Fig. 2), that half of the surface bilayer adjacent to the
cytoplasm (21). In some regions, faint indications of comple-
mentary grooves or pits can be seen on the E (external) face
(Fig. 2). The basic organization of the septate junction was
similar in all stages of evagination observed, including accel-
erated evagination in the presence of trypsin.

Conclusions concerning the three-dimensional distribution
of septa in disks were largely inferred from the pattern of
distribution of intramembrane septate particles in freeze-frac-
ture replicas. Because the disk epithelium is only a single cell
thick and the cell diameter is small (5-10 um), the fracture
plane frequently passes through the surface bilayer of a series
of adjacent cells. It is possible to identify the position of three-
cell intersections in such fractures even though the surface of
only one of the cells contributing to the intersection can usually
be seen. A cell usually forms an angle or corner where it meets
two adjacent cells. A change in angle of the surface with respect
to the source of the shadowing material results in a difference
in density of the shadow. Thus, places where three cells meet
are usually marked by an abrupt change in shadow density
(e.g., Figs. 3 and 4). Diagrammatic insets in Figs. 3-5 show the
neighbor relationships of the fractured cells in a plane projected
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FIGURE 1 Leg disk evagination. (a) The transition from a partly to
a fully evaginated leg disk. The first tarsal segment is stippled. (b)
Schematic representation of the first tarsal segment. Note that the
change in shape of the segment is related to a change in arrange-
ment of celis (i.e., the number of cells in the long axis increases as
the number of cells encircling the segment decreases).

FIGURE 2 A freeze-fracture micrograph of a disk incubated for 21 h in 20-hydroxyecdysone. Pf, protoplasmic face; Ef, external
face; black arrows, rows of P-face septate particles and complementary E-face grooves; white arrows, E-face particles following a

three-cell intersection; g, gap junctions. X 64,000.

FIGURE 3 A freeze-fracture micrograph from a mid-third instar disk showing an intersection between three cells, A, 8, and C.
Inset shows the path of the fracture plane (dashed line) through the surface bilayer of the three celis projected at right angles to
an imaginary line between the asterisks. Black arrows, rows of septate particles on the protoplasmic face ( Pf); white arrow, a row
of particles on the external face (£f); as, apical surface; is, intercellular space. X 40,000.

78 THe JOURNAL OF CELL BIOLOGY - VoLume 94, 1982



FRISTROM  Septate junctions in Imaginal Disks 7'




FIGURE 4 A freeze-fracture micrograph from a disk incubated for 21 h in 20-hydroxyecdysone. The fracture plane passes through
the surface of four cells (A-D) and three three-cell intersections. Inset as in Fig. 3. Black arrows, rows of P-face particles parallel to
three-cell intersections; white arrows, rows of E-face particles along three-cell intersections; as, apical surface with a layer of
epicuticle. See text for further explanation. X 36,000.
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FIGURE 5 A freeze-fracture micrograph from a disk incubated for 21 h in 20-hydroxyecdysone. The fracture plane passes through
six cells (A-F) and five three-cell intersections. Inset as in Fig. 3. Note the P-face particles running parallel to the three-cell
intersections, especially where cells interdigitate (black arrows). Otherwise, as for Figs. 3 and 4. White asterisk is explained in text.
X 30,000.
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at right angles to the plane of the replica. For example, in Fig.
3, the fracture plane reveals the P face of the two adjacent cells
(A and B). At the apical ends of these cells, the fracture plane
passes across the intercellular space. More basally, the fracture
plane skips to the E face of a third cell (C) which forms a three-
cell intersection with 4 and B. Bear in mind that the P face
represents the inner half of the plasma membrane of a cell
situated below the plane of the micrograph, whereas the E face
represents the outer half of the plasma membrane of a cell
above the plane of the micrograph. More complex arrange-
ments showing a number of three-cell intersections in the same
micrograph are shown in Figs. 4 and 5.

As the rows of P-face septate particles approach a three-cell
intersection, they turn sharply downwards and run close to and
parallel to the intersection until they terminate or occasionally
loop back across the cell (Figs. 4 and 5). Typically, one or two
or as many as eight rows of particles may run parallel to a
three-cell intersection at any given point. Because there is good
evidence that the rows of P-face particles correspond to the
position of intercellular septa (13, 14), one can conclude that
individual septa approach but never cross a three-cell intersec-
tion. When septa meet an intersection they turn abruptly
towards the basal surface and run close to and parallel to the
lateral cell boundary, as shown schematically in Fig. 6. Thin
sections cut parallel to the apical surface of the epithelium
show transversely sectioned septa near three-cell intersections
(Fig. 7), supporting this interpretation.

This arrangement of septa leaves potentially “leaky” chan-
nels at three-cell intersections. However, it appears that in the
region of the septate junction such channels are occupied by a
highly specialized structure comsisting of a stack of closely
spaced lens-shaped plates or diaphragms. Because these struc-
tures probably contribute to the permeability barrier they will
be referred to as tricellular plugs. First described in 1980 by
Noirot-Timothée and Noirot (15) and now identified in imag-
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FIGURE 6 Diagram showing the arrangement of septa at a three-
cell intersection. For simplicity, the septa are shown as straight
rather than pleated.
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FIGURE 7 A thin section showing a number of three-cell intersec-
tions with transversely sectioned septa (arrows). Note that only two
septa connect cells A and B in the plane of the section. X 36,000.
Inset, a transversely sectioned three-cell intersection. X 100,000.

inal disks (Fig. 8), tricellular plugs are probably a common
component of the septate junction (see Discussion). It seems
surprising that-such a distinctive junctional structure has only
been recently recognized. However, it is apparent from the
longitudinal section of a tricellular plug shown in Fig. 8 that
these structures are superficially very similar to the familiar
ladderlike arrays of transversely sectioned septa and have
probably been mistaken as such by many workers. The follow-
ing criteria can be used to distinguish longitudinal sections of
tricellular plugs from transversely sectioned septa. First, the
diaphragms appear to be shaped like hollow lenses rather than
like dense bars. Second, they are closely and regularly spaced
over much longer distances than are the transversely sectioned
septa (Fig. 8a). Finally, a positive identification of a tricellular
plug can be made in regions where the ladderlike array can be
seen immediately adjacent to rows of pleated sheets (Fig. 84
and b). Given that septa do not cross three-cell intersections,
it is impossible to have transversely sectioned septa (“ladders™)
adjacent to longitudinally sectioned septa (pleated sheets) with-
out any intervening plasma membrane. Thus, the “ladders” in
this type of configuration cannot represent transversely sec-
tioned septa and are interpreted as the diaphragms of a tricel-
lular plug.

The periodicity of the alternate apices of the pleated sheets
appear to correspond to the spacing of the diaphragms in the
tricellular plug (20 nm). Indeed, in the high-resolution micro-
graphs of Noirot-Timothée and Noirot (15), it appears that the
diaphragms are structurally connected to the apices of the
adjacent pleated sheet. Tricellular plugs are not well resolved
in transverse sections of three-cell intersections (see inset Fig.
7), no doubt because of the close spacing of the diaphragms
(20 nm) relative to section thickness (80 nm).



Plane of
section

FIGURE 8 (a) A thin section showing a tricellula
plug (tp) composed of an evenly spaced stack of
diaphragms. The section also shows septa (s) sec-
tioned longitudinally. Note that the septa adjacent
to the tricellular plug (arrowheads) are oriented
perpendicular to the diaphragms of the plug. X
80,000. See b for further explanation. { b) Schematic

interpretation of a. A section cut through a three-
cell intersection in the direction indicated by the
dashed line (left) might reveal a structure such as

seen between the arrowheads in a, where the diapnragms of the tricellular plug are bounded above by longitudinally sectioned septa
and below by a plasma membrane. This arrangement is shown schematically at right. However, if the plane of section passes through
the intersection but not through one of the three lateral sets of septa (as indicated by the dotted line at left), one might obtain the
image seen between the asterisks in a, where the diaphragms of the plug are bounded on both sides by plasma membrane. Note that

section thickness is about twice the width of the intercetlular space.

The distribution of intramembrane P-face particles associ-
ated with the intercellular septa is described above. The E face,
in contrast, is largely devoid of particles except for single rows
at three-cell intersections. These E-face rows lie precisely along
the angle of flexion at cell corners (white arrows in Figs. 2-5)
and are aligned with the lateral regions of the P-face rows (Fig.
2). The E-face particles are similar in size to the P-face particles
but are more irregularly arranged. Gaps in the E-face rows
may be due to loss of particles during preparation or adherence
of some particles to the P face. Such particle rows do not
appear to be associated with septa since septa do not connect
cells exactly at the corner but a short distance back (Fig. 7). It
is more likely that the E-face rows are associated with the
diaphragms of the tricellular plugs, as suggested by Noirot-
Timothée and Noirot (15).

In summary, the septate junction appears to be composed of
two sets of components, illustrated schematically in Fig. 9.
There are the familiar rows of P-face intramembrane particles
and intercellular septa that connect pairs of adjacent cells and
the recently recognized E-face particles and tricellular plugs
found at three-cell intersections.

The Dynamics of Septate Junction Organization:
A Model for the Redistribution of Septa during
Cell Rearrangement

The arrangement of septate components described above
persists throughout the evagination of imaginal disks, a process
involving extensive cell rearrangements (4). The time course of
evagination can be accelerated at least 10-fold in the presence
of trypsin (18). The characteristic structure of the septate
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FIGURE 9 Schematic representation of the components of the sep-
tate junction at a three-cell intersection. Intercellular septa and
associated P-face particles are shown in black; the tricellular plug
and associated E-face particles in open circles.

junction persists in trypsin-accelerated disks. Freeze-fracture
micrographs show the typical distribution of P- and E-face
particles (Fig. 10a and b), and thin sections show intercellular
septa and tricellular plugs (Fig. 11). Considering the speed with
which neighbor exchanges must occur in the presence of tryp-
sin, it is difficult to imagine that the septate junction could
break down and re-form without leaving evidence for such a
process at the ultrastructural level (12, 22).
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FIGURE 11 A thin section of a disk in which evagination was accelerated by 0.1% trypsin. Transversely sectioned septa (s} are
evident and obliquely sectioned three-cell intersections show indications of tricellular plugs (arrows). X 65,000.

The redistribution of septa provides an attractive alternative
to the continuous breakdown and re-formation of septa during
cell rearrangement. One way in which exchange of neighbors
can occur during cell rearrangement is shown in Fig. 12 as a
process whereby one cell becomes inserted between two other
cells. As cell B is inserted betwcen cells 4 and C, ihe zone of
contact between B and C increases, and that between 4 and C
decreases. These areas of contact between adjacent cells are
referred to as contact domains. It is proposed that as the width
of a domain changes, the existing septa are redistributed in the
plane of the membrane so that septa always stretch across the
entire domain and turn downwards at its lateral boundaries, as
shown schematically in Fig. 13. Thus, as a domain increases in
width the paths followed by the septa become relatively straight
or stretched out and, conversely, as a domain narrows, the
septa becomes bunched or compacted. This process would
require that the septate components be abie to move freely in
the plane of the membrane, and that the lateral regions of the
septa remain associated with three-cell intersections (perhaps
via connections with the tricellular plugs). A precedent for
mobility of junctional components is seen in the dispersal and
reaggregation of gap-junction particles (22, 23). The dispersed
state occurs as cells become physically separate and the junc-
tions are no longer functional. The mechanism of septate
junction redistribution proposed here differs from gap junction
dispersal in that the elements of the junction move as a
functional unit, so that adjacent cells remain in contact and
maintain the permeability barrier.

Although redistribution of septa readily explains how cells
might adjust to changing areas of contact, we are still faced
with the problem of what happens when cells eventually sep-
arate (e.g., cells 4 and C in Fig. 12). A point is presumably
reached where the septa and tricellular plugs break down or at
least detach from the plasma membrane of one cell to allow
cells to separate. Conversely, the establishment of new cell
contacts will require the formation of new septate elements.
Rather than undergoing a complete breakdown and resynthesis
during neighbor exchanges, junction components might first
dissociate into subunits as cells separated and then reassemble
at nearby sites of new cell contacts.

At present, the best evidence for the redistribution of septa
is that in extensive observations of freeze-fractured and thin-
sectioned disks, the septate junction has always appeared as
described in the first half of this paper even when rapid cell
rearrangements are occurring, i.e., there is no evidence for
extensive turnover or dispersal and reassembly of septate junc-
tion components. This is in contrast to the gap junctions in
trypsin-treated disks (Fig. 105), in which varying degrees of
dispersal of gap particles can be seen. It was also observed that
where contact domains are broad the P-face particle rows tend
to run parallel to the surface of the epithelium, whereas in
narrow domains the particle rows are more circuitous and/or
oriented predominantly vertically (e.g., in the narrow basal
region of the 4/D domain in Fig. 4).

Wherever a three-cell intersection can be unequivocally
identified in freeze-fracture, the P-face rows of particles turn

FiGURe 10 Freeze-fracture micrographs of imaginal disks that have undergone accelerated evagination in the presence of 0.1%
trypsin. (a) P-face particles (black arrows) are aligned along the three-cell intersection at left and E-face particles (white arrows)
along the three-cell intersection at right. Asterisks indicate interdigitations between cells. X 60,000. (b) A low-power micrograph
shows the typical distribution of septate particles over a number of adjacent cell surfaces. Gap junctions { g), in contrast, show
varying degrees of particle dispersal. This may be an artifact induced by trypsinization or evidence for the dispersal and
reaggregation of gap junctions associated with rapid cell rearrangement. X 24,000.
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FIGURE 12 Schematic representation of the rearrangement of three
cells, A, B, and C. Stippled areas indicate contact domains between
pairs of adjacent cells. As cell B inserts between cells A and C, the
B/C domain expands, and the A/C domain narrows and finally
disappears.

FIGURE 13 Scheme for the redistribution of septa during cell rear-
rangement. Septa (s) adjust to the changing width of a contact
domain by becoming increasingly compacted (as in the A/C do-
main) or extended (as in the B/C domain). Lateral ends of the septa
may be attached to the tricellular plug (tp).

down along the intersection but do not cross it. However, there
are some regions which do not appear to be three-cell intersec-
tions where several P-face rows run vertically (small white
asterisks in Figs. 4 and 5). Because these regions were only
observed in evaginating disks they may in some cases represent
the position of a three-cell intersection at a previous point in
time. Finally, it is noted that in very narrow domains (e.g.,
between cells 4 and B in Fig. 7 and in the domain marked
with an asterisk in Fig. 105, only the most lateral septa, i.e.,
those immediately adjacent to the intersection, appear to be
present, indicating that these lateral elements are the last to
disappear in an old domain and/or the first to appear in a new
one.

DISCUSSION

The recent review of septate and scalariform junctions by
Noirot-Timothée and Noirot (15) includes a description of
“tricellular” junctions in insect gut epithelia and provides the
first evidence that the septate junction is not arranged as a
continuous girdle around a cell. The arrangement of the septate
junction in imaginal disks presented here agrees in all major
respects with the observations of Noirot-Timothée and Noirot
(15). Bach cell is surrounded by a number of discrete septate
domains equal to the number of neighboring cells. Each do-
main is crossed by long continuous stretches of septa separating
the apical from the basal extracellular space and is closed
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laterally by the downturning of septa at three-cell intersections.
The small channels left at three-cell intersections are filled with
tricellular plugs of closely stacked diaphragms. Thus, the sep-
tate junction as a whole can function as a transepithelial barrier
even though a single septum does not encircle the entire cell.

The presence of such an arrangement in both embryonic
imaginal disk tissue and fully differentiated gut tissue suggests
that this arrangement is a general one. Indeed, careful inspec-
tion of published micrographs of septate junctions support this
idea. For example, micrographs of thin sections passing across
three-cell intersections commonly show transversely sectioned
septa near the intersection. Some clear examples include Fig.
7 in Hand and Gobel (24), Figs. 8 and 13 in Wood and Kuda
(12), Fig. 3 in Caveney and Podgorski (25), and Fig. 20 in
Poodry and Schneiderman (26). Micrographs of structures
having the characteristics of the tricellular plugs described here
and in reference 15 also appear in the literature, e.g., Fig. 7 in
Leik and Kelly (27), Figs. 9 and 10 in Szollosi and Marcaillou
(11), and Figs. 6-8, 13, and 14 in Baskin (28). In all three of
these examples, the presence of longitudinally sectioned septa
lying adjacent and at right angles to the diaphragms of the plug
rules out the possibility that such structures represent trans-
versely sectioned septa (see Fig. 8). Indeed, the micrographs of
Baskin (28) provide the clearest high-resolution micrographs
of tricellular plugs available to date. Finally, Fig. 5 in Wood
(29) shows a freeze-fracture micrograph of septate particles
closely following a three-cell intersection where adjacent cells
interdigitate. These observations include representatives of
three widely divergent invertebrate phyla (coelenterates, poly-
chaetes, and arthropods), so it seems reasonable to conclude
that the organization of the septate junction described here and
by Noirot-Timothée and Noirot (15) is characteristic of most
septate-containing tissues.

There are also some important parallels between septate and
tight junction organization. It has been shown (30, 31) that at
three-cell intersections the most apical sealing element of the
tight junction turns downwards and runs parallel to the inter-
section, forming a tripartite junction (31). Thus, the sealing
elements of the tight junction also seem to be confined to
contact domains between pairs of adjacent cells. However, the
lateral elements of the tripartite junction are in such close
proximity that there is effectively no intercellular channel at
three-cell intersections.

The flexibility of an arrangement where junctional compo-
nents are confined to areas of contact between pairs of adjacent
cells is evident in the model described here for the redistribu-
tion of septa during cell rearrangement. The model proposes
that intact septa become extended or compacted in response to
changes in the width of contact domains between cells. Some
turnover or dispersal and reassembly of junctional elements is
also required at the points of neighbor exchanges. This model
provides, at least theoretically, for the maintenance of a perme-
ability barrier during cell rearrangement, although the effec-
tiveness of this barrier has not been measured in disks. How-
ever, a transepithelial barrier is apparently maintained by tight
junctions during cell rearrangements in amphibian gastrulation
(6). It will be of interest to learn whether the behavior of tight
and septate junctions in other epithelia known to undergo cell
rearrangement is similar to that of septate junctions in disks.
As well as allowing cell rearrangement, redistribution of junc-
tion elements in the plane of the membrane also allows junc-
tions to accommodate changes in cell shape. For example, as
a cell expands its circumference, all its contact domains will
expand, without necessarily altering the relative position of



three-cell intersections. Hull and Staehelin (32) have shown
that loosely interconnected tight-junction networks in the in-
testinal epithelium of Xenopus tadpoles stretch out as the cells
expand in diameter and become compressed as cells decrease
in diameter. Pitelka and Taggart (manuscript in preparation)
have also found that the tight-junction network in cultures of
mammary epithelial cells aiters its alignment and degree of
compression in response to mechanical stress. Thus, it is pos-
sible that redistribution of intact, functioning components in
both septate and tight junctions can occur in many tissues,
providing a mechanism whereby the transepithelial barrier can
be maintained during morphogenetic cell movements and cell
shape changes.
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