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FIGS. 1-12. (Legend appears at top of following page.)
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FIGS. 1-3 (on preceding page). Scans of extracellular pqteintials produced by the transepithelial flow of a pulsed current of 5 gA/mm2.
The measuring electrode was moved along the lines defined by arrowheads in Figs. 4-6, and measurements were taken at positions in register
with the data points. An increase in the voltage signal indicates an enhanced transepithelial current flow, and hence a local decrease in
transepithelial resistance. The ordinate scales show the voltage scans as measured potentials and as percentages of the maximum; the abscis-
sal distance scale applies also to Figs. 4-6.

FIGS. 4-6 (on preceding page). Nomarski light micrographs of Necturus gallbladder epithelial cells viewed in the living state from their
apical surfaces with a X40, water-immersion lens. The intercellular borders are clearly demarcated. X500. Figs. 1 and 4. A control prepara-
tion with homogeneous transepithelial current flow; the cell to be damaged is indicated (arrow). Figs. 2 and 5. Five min after the removal of
a single cell, the surrounding cells are seen to be migrating into the epithelial defect, which contains two fragments of cytoplasm from the
missing cell (arrows). The voltage trace shows a high transepithelial current in the region of the lacuna. Figs. 3 and 6. Thirty min after the
lesion, the remaining cells have closed the defect in the epithelium, and the voltage trace has returned to control levels, indicating a restora-
tion of the normal transepithelial resistance.

FIGS. 7-12 (on preceding page). Electron micrographs of the regions of contact between cells of the Necturus gallbladder. In each case,
the cellular apices are at the top of the picture, and the lumen is indicated (L). Fig. 7. A low-power view of the apical region of two cells
shows their extensively convoluted boundary, which is punctuated with prominent desmosomes (D). The tight junction between the two
cells occurs within the terminal bar (apical junctional complex) at the extreme apices of the cells (arrow). N, nucleus; M, mucous granules; G,
glycogen particles. X 9500. Fig. 8. A high-power view of the normal tight junction between two such cells. The junction consists of multiple
contacts between the two apposed membranes (arrowheads) with focal obliterations of the intercellular space. X110,000. Fig. 9. A freeze-
fracture preparation of a normal intercellular junction demonstrating that the contact consists of six to eight highly interconnected strands
which run circumferentially about the cells' apices. The broad arrow shows the direction of platinum shadowing. X110,000. Figs. 10 and 11.
High-power micrographs of apical contacts between two gallbladder cells 30 min after the removal of the cell initially separating them. The
cytoplasm of one cell (on the left) is markedly dense, a frequent finding in such circumstances. The cells are joined by a tight junction char-
acterized by fusion of the outer membrane leaflets and focal obliterations of the intercellular space (arrowheads). Some sites of membrane
fusion have been traced for up to 0.5 ,m in this group of serial sections. X110,000. Fig. 12. A low-power view of two cells 30 min after the in-
tervening cell was removed. The intercellular boundary is relatively normal, but has only a single desmosome. Both cells contain numerous
large vacuoles (V) filled with phagocytized detritus from the missing cell. Newly established tight junctions, such as those of Figs. 10 and 11,
occur in the apical region between the arrows. X9500.

elude this unlikely possibility, experiments were done in
which rows of 10 or more cells were removed. Current scan-
ning and sectioning were then performed at a right angle to
the linear wound and across its midpoint. The physiological
and anatomical results confirmed those after single-cell le-
sions, and showed a similar timecourse of junctional recon-
stitution.

Physiologically functional and morphologically recogniz-
able tight junctions can thus be established within about 30
min after a lesion, or within roughly 15 min of the approxi-
mation of the cells' plasma membranes. The latter time pre-
sumably represents an upper limit for the duration of junc-
tional formation, because the cells involved are initially sep-
arated by a distance of about 30 Am, and since the lesioning
process could be deleterious to surviving cells. Nonetheless,
the results suggest that tight junctions, like gap junctions
(11-13), can be established in the few minutes required for
the maintenance of an epithelial permeability barrier in the
face of rapid cell turnover. Repair of epithelial defects oc-
curs with a similar timecourse in other organs of Necturus,
including the stomach, large and small intestines, and uri-
nary bladder (14). It remains to be determined whether new
junctions are synthesized de novo, assembled from prefabri-
cated components, or reconstituted from fragments of pre-
viously existing junctions.
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