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Abstract

The ability of injured cells to heal is a fundamental cellular process, but cellular and molecular mechanisms involved in healing injured cells
are poorly understood. Here assays are described to monitor the ability and kinetics of healing of cultured cells following localized injury. The
first protocol describes an end point based approach to simultaneously assess cell membrane repair ability of hundreds of cells. The second
protocol describes a real time imaging approach to monitor the kinetics of cell membrane repair in individual cells following localized injury with a
pulsed laser. As healing injured cells involves trafficking of specific proteins and subcellular compartments to the site of injury, the third protocol
describes the use of above end point based approach to assess one such trafficking event (lysosomal exocytosis) in hundreds of cells injured
simultaneously and the last protocol describes the use of pulsed laser injury together with TIRF microscopy to monitor the dynamics of individual
subcellular compartments in injured cells at high spatial and temporal resolution. While the protocols here describe the use of these approaches
to study the link between cell membrane repair and lysosomal exocytosis in cultured muscle cells, they can be applied as such for any other
adherent cultured cell and subcellular compartment of choice.

Video Link

The video component of this article can be found at http://www.jove.com/video/51106/

Introduction

Cell membrane maintains the integrity of cells by providing a barrier between the cell and the extracellular environment. A chemical, electrical, or
mechanical stimulus that exceeds the normal physiological threshold as well as the presence of invading pathogens can each result in injury to
the cell membrane and trigger a subsequent cellular response to repair this injury. To survive these injuries to the cell membrane, cells possess
an efficient mechanism for repair. This mechanism is calcium dependent and involves intracellular trafficking of proteins such as annexins
and MG53 amongst others as well as subcellular compartments such as endosomes, lysosomes, Golgi derived vesicles and mitochondria
to the injured cell membrane1-7. However, the details of the sequence of molecular and subcellular events involved in repairing damaged cell
membrane remains poorly understood.

Cell's repair response can be segregated into early and late responses. Early responses, which occur within seconds to minutes time scale,
are tremendously important in determining the nature of late responses leading to successful cell repair or cell death. End point assays based
on bulk biochemical and cellular analysis have helped establish the involvement of molecular and cellular processes in repair. But, due to the
heterogeneity and rapidity of cellular repair response, end point assays fail to provide the kinetic and spatial details of the sequence of events
leading to repair. Approaches that enable controlled injury of cell membrane and allow monitoring the cell membrane repair and associated
subcellular responses at high spatial and temporal resolution are ideally suited for such studies. Here, such approaches have been presented.
Two of the protocols describe approaches to monitor the real time kinetics of cell membrane repair and the subcellular responses associated
with the repair process in live cells following laser injury. As a complement to these live cell imaging based assays, end point assays have also
been described that provide a population based measure for monitoring repair of individual cells and the associated subcellular responses. To
demonstrate their utility these approaches have been used to monitor trafficking and exocytosis of lysosomes in response to cell membrane
injury.
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Protocol

1. Imaging Cell Membrane Repair Using Bulk (Glass Bead) Wounding

This protocol allows separately marking the injured cells and those that fail to heal. Quantifying these populations of cells requires use of three
conditions: 1. Test (C1) - Cells are allowed to repair in presence of Ca2+, 2. Control 1 (no injury C2) - Cells are incubated in presence of Ca2+, but
not injured, and 3. Control 2 (no repair C3) - cells are allowed to repair in absence of Ca2+.

1. Grow cells to >50% confluence on three sterile coverslips and wash C1 and C2 twice with CIM at 37 °C and C3 with PBS at 37 °C and
transfer coverslips on silicone O-rings.

2. Add 100 μl of prewarmed FITC dextran solution in CIM on C1 and C2 or in PBS on C3.
3. Injure plasma membrane on C1 and C3 by gently rolling 40 mg glass beads over the coverslip at room temperature by manually tilting

coverslips back and forth 6-8 times at an angle of 30°.
 
Note: For mild injury, ensure the glass beads are spread uniformly, thus minimizing repeat injuries. To improve reproducibility of injury
between samples, simultaneously carry out the glass bead injury of the different samples to be compared.

4. Avoiding further rolling of beads, transfer all coverslips to a 37 °C incubator at ambient CO2 and allow repair to proceed for 5 min.
5. Without letting the beads roll, remove the glass beads and FITC dextran by washing with CIM (C1 and C2) or PBS (C3) at 37 °C.
6. Place coverslips back on the O ring and add 100 μl of prewarmed lysine fixable TRITC dextran solution in CIM on C1 and C2 or in PBS on

C3.
7. Incubate at 37 °C for 5 min at ambient CO2.
8. Wash coverslips twice with prewarmed CIM and fix with 4% PFA for 10 min at RT.
9. Wash twice with PBS and incubate for 2 min at RT in Hoechst dye.
10. Wash samples twice with PBS, mount on a slide using mounting media and image cells using an epifluorescence microscope.
11. Use cells from C2 to determine the background red and green staining intensity and use this value to threshold the red and green channels

for all samples (C1-C3).
12. Score total number of cells that are a) green (injured and repaired) and b) red or both red and green (injured, but failed to repair) in C1 and

C3 samples.
13. Count >100 greens cells for each condition and express the fraction of cells that failed to repair as a percent of all cells injured (green and

red).

2. Live Imaging of the Kinetics of Cell Membrane Repair Following Laser Injury

1. Wash cells with prewarmed CIM and then put the coverslip in CIM with FM dye.
2. Place the coverslip in a holder in the stage top incubator maintained at 37 °C.
3. Select a 1-2 mm2 region of the cell membrane, and irradiate for <10 msec with the pulsed laser. Attenuate the laser power through the

software to 40-50% of the peak power. Optimal power allows consistent, but nonlethal injury and this must be determined by trial and error for
each individual instrument and cell line being used.

4. To monitor repair, image every 10 sec in epifluorescence and brightfield, starting prior to injury and continue for 3-5 min  following injury.
 
Note: For no repair control, repeat steps 2.1-2.4 with the cells injured in PBS containing FM dye.

5. To quantify the kinetics of repair, measure cellular FM dye fluorescence and plot the change in intensity (ΔF/F0) during the course of imaging.
This data should be averaged for over 10 cells in each condition and plotted as averaged or individual cell's value, as needed.

3. Imaging Bulk (Glass Bead) Injury Induced Lysosomal Exocytosis

The samples include following cells grown to>50% confluence: 1. Test (C1) - Cells allowed to repair in presence of Ca2+, 2. Control 1 (C2; No
injury) - Cells neither injured nor incubated with primary antibody, and 3. Control 2 (C3; No repair) - Cells allowed to repair in absence of Ca2+.

1. Wash coverslips C1 and C2 twice with CIM at 37 °C and C3 with PBS at 37 °C and transfer them on silicone O-rings.
2. Add 100 μl of prewarmed lysine fixable TRITC dextran in CIM on C1 and C2 and in PBS on C3.
3. Injure plasma membrane on C1 and C3 as in step 1.3.
4. Avoiding further rolling of beads, transfer all coverslips to a 37 °C incubator at ambient CO2 and allow repair to proceed for 5 min.
5. Remove the glass beads and TRITC dextran by washing the coverslips in cold growth medium, again ensuring no rolling of the glass beads

on the cells.
6. Rinse the coverslips twice with cold growth medium and transfer to the O-rings.
7. To C1 and C3, add 100 μl of rat anti mouse LAMP1 antibody in cold complete growth media and add the cold, complete growth media to C2.
8. To allow antibody binding incubate coverslips for 30 min at 4 °C.
9. Wash the coverslips three times with cold CIM and fix all coverslips with 4% PFA for 10 min  at RT and then rinse 3x with CIM.
10. Incubate all coverslips in 100 μl of blocking solution for 15 min at RT
11. Incubate all coverslips in 100 μl Alexa Fluor 488 anti rat antibody for 15 min at 4 °C.
12. Wash twice with PBS and incubate for 2 min at RT in Hoechst.
13. Wash cells twice with PBS, mount on a slide using mounting media and image using an epifluorescence microscope.
14. Using images of C2 cells, determine the nonspecific background staining in the red (TRITC dextran) and green (Alexa Fluor 488 antibody)

channels and use these background staining values to threshold the red and green channels for all samples (C1-C3).
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15. Use the >100 red labeled cells from C1 and C3 to measure the intensity of LAMP1 staining (green) in injured cells. For a successful
experiment the LAMP1 staining in cells from C3 will be significantly lower than in cells from C1.

4. Live Imaging of Cell Membrane Injury Triggered Subcellular Trafficking

1. Fluorescently label the compartment of interest by transfecting appropriate reporter (e.g. CD63-GFP for lysosomes8) or by using fluorescent
dyes9.

2. For labeling lysosomes with fluorescent dye, incubate cells grown to 50% confluence in growth media containing FITC-dextran
3. Allow dextran to be endocytosed for 2 hr (or longer as needed for sufficient endosomal labeling with dextran by the cell line of interest) in the

CO2 incubator.
4. Wash cells with prewarmed growth media and incubate in it for 2 hr in a CO2 incubator to allow all endocytosed dextran to accumulate in the

lysosome.
5. Before imaging, rinse the coverslip in prewarmed CIM and mount in a coverslip holder on the stage top incubator at 37 °C.
6. Carry out widefield (for movement throughout the cell) or TIRF (movement at the cell surface and exocytosis) imaging - cells that do not have

crowded FITC dextran labeled lysosomes are ideal for imaging the movement and exocytosis of individual lysosomes.
7. Aligning the TIRF lasers for imaging microscope: Use 60X or 100X objective with >1.45 NA. Set up the angle for incident TIRF laser beam

using the manufacturer's approach.
8. Injure the cell membrane by irradiating a small (1-2 mm2) region for <100 msec, with the pulsed laser at 40-50% attenuation.
9. To monitor the response of lysosome to cell injury, image cells at 4-6 frames/sec for at least 2 min or longer depending on the dynamics of

exocytosis in the cells of interest.

Representative Results

Protocols described here for single cell imaging are to monitor the ability and kinetics of cell membrane repair (Protocols 1 and 2) and the
subcellular trafficking and fusion of lysosomes during repair (Protocols 3 and 4).

Protocol 1 shows a bulk assay that allows marking all injured cells and identifying those injured cells that failed to repair. The results in Figure
1 show that while the uninjured cells (Figure 1A) remain unlabeled, cells injured by glass bead in presence of FITC dextran are labeled green
(Figures 1B and 1C). When cells are allowed to repair in presence of Ca2+ most of the injured (green) cells manage to repair and are not
marked (red) by TRITC dextran (Figure 1B). When cells are allowed to repair in the absence of Ca2+, most of the injured cells are also labeled
red by the TRITC dextran (Figure 1C). Cells that were never injured do not show any labeling with the TRITC dextran. Thus, in any given
sample quantifying the number of cells only labeled green provides a measure of the cells that were injured by glass beads and repaired, while
quantifying the number of double (red and green) labeled cells provides a measure of the cells that failed to repair from injury.

Protocol 2 describes assessing the kinetics of cell membrane repair by monitoring the entry of FM dye in the cell. When incubated in FM dye,
intact cells show the cell membrane staining (Figure 2A before injury WF panel). Following localized laser injury of cell membrane FM dye starts
entering the cell and binding endomembranes, which causes a sudden increase in FM dye fluorescence (Figure 2B). As the capacity of cell
membrane to repair following laser injury is dependent on Ca2+, a cell injured in presence of Ca2+ is able to repair, which causes the FM dye
entry (and hence increase in cellular FM dye fluorescence) to cease within a minute after injury (Figure 2A, upper panel, Figure 2B, blue line,
and animated Video 1 and Figure 2). On the contrary, a cell allowed to repair in the absence of Ca2+, fails to repair, which results in continuous
dye entry and hence continuous increase in FM dye fluorescence even 4 min after injury (Figure 2A, lower panel, Figure 2B, red line and
animated Video 2 and Figure 2). Thus, cell membrane repair leads to a plateauing of the FM dye staining, while lack of cell membrane repair
causes continuous dye entry that fails to plateau.

Protocol 3 describes the use of bulk (glass bead) injury approach to monitor cell surface translocation of vesicles and proteins in response to
injury. Here the cells are injured in the presence of TRITC dextran thus, while the uninjured cells are not labeled red (Figure 3A), but all the
injured cells are labeled red (Figures 3B and 3C). The uninjured cells that are not treated with primary antibody show background level labeling
for cell surface LAMP1 (Figure 3A LAMP1 panel). However, when cells are injured and allowed to heal in presence of calcium, lysosomes
undergo exocytosis and thus there is increased level of LAMP1 staining on the surface of the injured (red labeled) cells (Figure 3B). This
increase in cell surface LAMP1 labeling is much lower in cells that are allowed to heal in absence of calcium (Figure 3C). This demonstrates the
calcium regulated nature of lysosomal exocytosis and hence surface appearance of LAMP1. Thus both, quantifying the number of cells with high
cell surface LAMP1 staining as well as measuring the level of cell surface LAMP1 staining on individual injured cells, provide measures for the
cell's ability to undergo injury triggered lysosomal exocytosis.

Protocol 4 can be used for direct monitoring of the kinetics, nature, and location of individual lysosome fusion in response to cell membrane
injury. The cells are injured by the pulsed laser and cell surface lysosomes are imaged by TIRF imaging, which allows monitoring injury triggered
exocytosis of lysosomes in individual cells (Figure 4A and animated Video 3). Figure 4A shows a cell (outlined in green) visualized by phase
contrast imaging (left panel) and by TIRF microscopy (middle panel), prior to injury. Right panel shows TIRF image of the same cell 105 sec after
injury. Various injury triggered responses of the lysosomes are described in Figures 4B-E. Figure 4B shows injury triggered recruitment of a
lysosome (marked by gray circle) to the cell membrane followed by exocytosis (animated Video 4 and Figure 4). This lysosome is not visible
in TIRF image prior to injury (Figure 4B: panel -2.5 s), but following injury the lysosome arrives at the cell membrane and becomes detectable
(Figure 4B: panel 102.5 s), as the vesicle moves closer to the cell membrane it is better excited by the TIRF illumination and the lysosomal FITC
dextran fluorescence reaches maximal value when the fusion pore opens causing neutralization of the lysosomal pH and thus dequenching of
the FITC dextran fluorescence (Figure 4B: panel 104.8 s). Subsequently the dextran is discharged from the vesicle to the exterior of the cell
causing FITC fluorescence to spread laterally and the vesicle fluorescence to gradually decrease (Figure 4B: panel 107.1 s). In the second
category, the lysosome (marked by orange circle, animated Video 5 Figure 4) is present before injury (Figure 4C: panel -2.5 s), it remains
there at the membrane (Figure 4C: panel 91 s) till the vesicle exocytoses. Here the lysosome exocytosed partially (Figure 4C: panel 93 s)
leaving behind some FITC dextran in the vesicle following fusion (Figure 4C: 94.5 s). The third and fourth categories of vesicles don't fuse to the
membrane. The lysosome shown in Figure 4D (marked by blue circle) moves axially to and away from the cell membrane (animated Video 6

http://www.jove.com
http://www.jove.com
http://www.jove.com


Journal of Visualized Experiments www.jove.com

Copyright © 2014  Journal of Visualized Experiments March 2014 |  85  | e51106 | Page 4 of 9

and Figure 4). This lysosome is not visible at the cell membrane before injury (Figure 4D: panel -2.5 s), but upon approaching cell membrane
following injury it becomes visible by TIRF microscopy (Figure 4D: panel 59.3 s). It reached closest to the cell membrane (Figure 4D: panel 59.6
s) and then moves away without fusing (Figure 4D: panel 63.7 s). The lysosome in the fourth category arrives close to the membrane and moves
horizontally along the cell membrane (area marked by the purple box in Figure 4A, animated Video 7 and Figure 4). Figure 4E (panel 8.7 s)
shows the arrival of the lysosome, which then moves along the membrane and can be seen in the sequence of images post injury (Figure 4E:
panels 10.7, 11.9, 12.8, 18.8 s). Based on the description above quantifying the FITC dextran fluorescence intensity of each lysosome - fusing
(Figures 4B and 4C), moving axially (Figure 4D) or moving horizontally (Figure 4E) allows determining lysosome's response to injury.

 
Figure 1. Bulk cell membrane injury by glass beads. Images show nuclear staining (Hoechst, left panel), injury (green staining - FITC
Dextran), unrepaired cells (red staining - TRITC Dextran), and merged images (Merge). (A) Uninjured cells in the presence of calcium, (B)
Injured cells in presence of calcium, and (C) Injured cells in absence of calcium. Scale bar 10 μm. Click here to view larger image.
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Figure 2. Real time imaging of cell membrane repair in response to laser injury. (A) Image of cells (outlined in orange) before injury [left
panel - bright field (BF) and epifluorescence (epi)], 5 sec, 1 min, and 4 min after injury. The site of injury is indicated by a white arrow. Upper
panel shows a cell injured in the presence of calcium and lower panel shows a cell injured in the absence of calcium. (B) Graph showing the
change in FM dye staining (ΔF/F0) of the cells in panel A injured in the presence of calcium (blue) or in the absence of calcium (red). The region
where FM dye enters and hence fluorescence labeling increased was used for the quantification of the fluorescence intensity. Scale bar = 10
μm). Click here to view larger image.
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Figure 3. Imaging lysosomal exocytosis in response to bulk injury. Images show nuclear staining Hoechst (blue), cell surface LAMP1
staining (green), TRITC dextran (red) and Merge of all channels (overlay) of (A) uninjured cells not labeled with primary antibody, (B) Injured
cells allowed to repair in the presence of calcium, and (C) Injured cells allowed to repair in the absence of calcium. Scale bar 10 μm. Click here
to view larger image.
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Figure 4. Real time imaging of lysosomal exocytosis in response to laser injury. Cells with FITC dextran labeled lysosomes were injured
by a pulsed laser in presence of calcium. (A) The boundary of the cell that was injured is outlined (in green): left panel - bright field before injury,
middle panel - TIRF before injury and right panel - TIRF 105 s after injury. The site of injury is marked by the cyan box and the representative
area indicated by white/purple boxes and colored circles within are zoomed in panels B-E. The color of the vesicle in the whole cell image (gray,
orange and blue) corresponds to the color in the zoomed in images of individual lysosomes. (B) Left panel shows a plot for the ΔF/F0 value
for the FITC fluorescence of a vesicle recruited after injury. Right panel shows snapshots of the vesicle before injury (-2.5 s), prefusion (102.5
s), fusion (104.8 s) and postfusion (107.1 s). (C) Left panel shows a plot for the ΔF/F0 value for the FITC fluorescence of a vesicle docked
prior to injury. Right panel shows snapshots of the vesicle before injury (-2.5 s), prefusion (91 s), fusion (93 s) and postfusion (94.5 s). (D) Left
panel shows a plot for the ΔF/F0 value for the FITC fluorescence of a vesicle moving axially (towards and away from the cell membrane). Right
panel shows snapshots of the vesicle before injury (-2.5 s), and after injury at different position near the membrane at 59.3, 59.6 and 63.7 s. (E)
Snapshots of the vesicle that moved horizontally along the cell membrane at various positions before injury (-2.5 s) and after injury at (8.7, 10.7,
11.9, 12.8 and 18.8 s). Scale bar (A=10 μm, B, C, D, E=1 μm). Click here to view larger image.

Animated video 1 Figure 2: Real time imaging of cell membrane repair in response to laser injury in presence of calcium. FM dye entry
in a cell (outlined in orange) injured by pulsed laser in the presence of calcium. The movie represents 200 images acquired every 2 sec. The cell
was injured (region marked by the cyan square) after frame 4. The time stamp shows time in hr:min:sec:msec format. Scale bar =10 μm.
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Animated video 2 Figure 2: Real time imaging of cell membrane repair in response to laser injury in absence of calcium. FM dye entry
in a cell (outlined in orange) injured by pulsed laser in absence of calcium. The movie represents 200 images acquired every 2 sec. The cell was
injured (region marked by the cyan square) after frame 4. The time stamp shows time in hr:min:sec:msec format. Scale bar =10 μm.

Animated video 3 Figure 4: Real time imaging of lysosomal exocytosis in response to laser injury. Different responses of lysosomes
in a cell (outlined in green, Video 3) injured by pulsed laser. The movie represents 2 min of sequential time lapse images acquired by TIRF
microscopy at 5 frames/sec. Brightfield images were acquired every 20 sec. The cell was injured (indicated by the cyan box) at 2 sec into
this video. The colored circles (gray, orange and blue) and the purple box mark the lysosomes described in figure 4 and animated videos 4-7,
demonstrating their diverse fates following cell injury. The time stamp shows time in hr:min:sec:msec format. Scale bar =10 μm.

Animated video 4 figure 4 shows exocytic lysosome marked by gray circle which is recruited to the membrane in response to injury. At 7 sec
(5 sec post injury) into this video the lysosome gets recruited at the cell membrane and then fuses at this site at 1 min and 47 sec. Scale bar = 1
mm.

Animated video 5 figure 4 shows exocytic lysosome marked by orange circle which was docked at the membrane prior to injury and fuses at
this site 1 min and 35 sec. Scale bar = 1 mm.

Animated video 6 figure 4 shows lysosomes marked by blue circle moving towards and then away from the cell membrane. Scale bar = 1 mm.

Animated video 7 figure 4 shows a region of the cell marked by purple box in Video 3 where following injury one of the lysosome (white circle)
moves along the cell membrane. Scale bar = 1 mm.

Discussion

Cell membrane injury in vivo occurs due to a variety of physiological stressors and several experimental approaches have been developed
to mimic these. These include injuring cell membrane of adherent cells by scraping them off the dish or by passaging through a narrow bore
syringe9,10. Following such injuries the cells heal in suspension and not adhered to the extracellular matrix as they normally do in the tissue. Still
others, such as use of pore forming toxins chemically alter cell membrane by extracting lipids such as cholesterol, thus not mimicking in vivo
mechanical injuries5. Thus, method used for cell injury can affect what can be learned about the repair response. This necessitates exercising
caution not only in the choice of the cell injury assay, but also choosing approaches that better mimic the mechanical injuries in vivo. Such
approaches include scratch injury (where a monolayer of cells are injured by a scalpel or needle) and glass beads injury (where injury is caused
by glass beads rolling over adhered cells). These approaches are well suited for injuring cells en masse, but are not amenable to real time
imaging of cell membrane repair process. Use of microneedles and pulsed lasers to create localized and well controlled injuries at the point of
impact mimic the mechanical and traumatic injury in vivo and are amenable to real time imaging of the repair response, but offers insight into
repair of one cell at a time. It is worth noting that the pulsed laser injury approach is distinct from the use of extended irradiation of cell membrane
with nonpulsed lasers where the membrane injury is caused by localized heating, which is known to induce nonphysiological effects such as
photoxidative and photothermal damage to membrane lipids and cytosolic components11.

The protocols described here allow harnessing the potential of one of the en masse injury approach, which relies on the use of glass beads
and one of the localized injury approach (pulsed laser) for monitoring the ability, the kinetics and the subcellular trafficking involved in the repair
of cell membrane following micrometer size injury. These approaches are mutually complimentary - bulk injury enables using a population of
cells to identify a deficit in the repair ability and subcellular trafficking associated with it. By enabling real time visualization of repair in individual
cells, laser injury approach allows identifying what step of the cell membrane repair and what subcellular events are associated with the deficit in
repair. This approach has been used for monitoring cell membrane repair in mammalian and invertebrate organisms7,12,13. Based on the needs of
the experiment either of these two approaches could be used by itself. However, when the nature of repair deficit is not known or the subcellular
mechanism involved in this process not known, using a combination of these approaches is useful.

Due to the inherent variability in the number of cells injured between samples in end point based cell injury assays it is necessary to
independently identify all cells that are injured, that managed to repair and those that failed to repair. The glass bead injury approach we have
described here allows identifying these cells. When carrying out the glass bead wounding it is important that while making effort to maximize the
number of cells injured the injuries themselves are mild so cells do not receive multiple hits. This is important since repeated injury will cause the
cells (selectively those that are poor at repair) to die and detach from the coverslip during the procedure. This would result in an underestimation
of cells that failed to repair. It is also important to avoid any rolling of the glass beads during handling and washing the coverslips to eliminate
any new injury which will result in a red staining (false positive cells). This approach for injury also allows monitoring a population of cells for
cell surface translocation of protein of interest, as has been demonstrated here for lysosome associated membrane protein 1 (LAMP1). When
monitoring only the cell surface localized proteins by immunofluorescence a key requirement is to use antibodies that bind the extracellular
domain of the protein of interest and immunolabel cells before fixation. This allows comparing the LAMP1 level at the cell membrane in injured
cells with uninjured cells or between different populations of cells. While this protocol has been illustrated using LAMP1, it can be applied to any
other protein of choice for which there is an antibody specific to the protein's extracellular domain. When injury triggered lysosomal exocytosis
needs to be compared between two cell lines that have not been established to have similar basal rate (not triggered by injury) of lysosomal
exocytosis, cell surface LAMP1 staining on uninjured cells should also be measured. For this an additional sample is treated just as sample
C2 except that at step 9 the cells should be incubated with the primary antibody. This will provide a measure of the basal rate of lysosomal
exocytosis.

For the laser injury protocol the cell membranes are injured by a high intensity single photon nsec pulsed laser. Wounding is carried out
in presence of cell impermeant dye whose fluorescence increases upon binding endomembrane (e.g. FM 1-43). Thus following the cell
associated dye fluorescence provides a measure for time taken by the cell to heal3. Laser injury causes the FM dye to enter the cell and bind
endomembranes, resulting in increase in FM dye fluorescence. Repair of the damaged cell membrane impedes further dye entry into the cell.
Thus, for a cell that repairs, fluorescence of the dye reaches a plateau, while for a cell that fails to repair dye fluorescence continually increases.
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Live cell imaging of individual subcellular events involved in cell membrane repair requires monitoring the cell membrane at high signal to noise
ratio. Total internal reflection fluorescence (TIRF) microscopy is an approach well suited for imaging cell surface events at a high signal to noise
ratio14-16. There are several commercially available TIRF systems and any of these systems compatible with live cell imaging can be used.
Additionally, we have described approaches for setting up homemade TIRF microscopes elsewhere17,18. Independent of the TIRF setup there
is a need to establish approaches that allow monitoring various fates of subcellular vesicles prior to and following injury. Elsewhere we have
provided a discussion of such approaches that allow monitoring nature, duration, and degree of fusion of each lysosome19. To monitor injury
triggered exocytosis of FITC-dextran labeled lysosomes described in protocol 4 the key feature to observe are the flashes. The flash involves
release of FITC dextran contained in individual lysosome in a single step resulting in lateral spread of the fluorescence. While each flash typically
indicates an exocytic fusion of single lysosome, it is important to establish this by monitoring how many lysosomes are present at the fusion site
prior to and following the flash.
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