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Abstract 

The epithelial-to-mesenchymal transition is a highly dynamic cell process and tools such as 

Fluorescence recovery after photobleaching (FRAP), which allow the study of rapid protein 

dynamics, enable the following of this process in vivo. This technique uses a short intense pulse of 

photons to disrupt the fluorescence of a tagged protein in a region of a sample. The fluorescent signal 

intensity after this bleaching is then recorded and the signal recovery used to provide an indicator of 

the dynamics of the protein of interest. This technique can be applied to any fluorescently tagged 

protein, but membrane-bound proteins present an interesting challenge as they are spatially confined 

and subject to specialized cellular trafficking. Several methods of analysis can be applied which can 

disentangle these various processes and enable the extraction of information from the recovery curves. 

Here we describe this technique when applied for the quantification of the plasma membrane-bound 

E-cadherin protein in vivo using the epidermis of the late embryo of Drosophila melanogaster 

(Drosophila) as an example of this technique.  
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1. Introduction 

The maintenance of epithelial tissue, epithelial-to-mesenchymal transitions (EMTs), and the migration 

of mesenchymal cells relies on dynamic turnover of transmembrane proteins, such as cadherins and 

integrins [1–5]. These membrane proteins are confined in space, with diffusion along the plane of the 

lipid bilayer, but they can move in and out of the plasma membrane using the specialized cellular 

mechanism of endocytic internalization and recycling [6–9]. Alterations to this dynamic turnover, 

both diffusional and endocytic trafficking, result in profound changes in cell behaviour, and in some 

cases can induce or prevent EMT [10,11].  Therefore, the total amount of a transmembrane protein in 

a specimen provides only part of the information about cell-cell interactions and cellular behaviour. 

To fully understand these processes, one must measure the dynamics of the protein of interest in vivo 

in living cells and tissues. 

Fluorescence recovery after photobleaching (FRAP) is a fluorescent microscopy technique 

which allows one to do precisely this and has made a significant impact on the understanding of the 

functions of proteins and regulation of cell adhesion and migration [12–16]. In essence, the technique 

relies on the disruption of the signal from a fluorescently tagged protein in a portion of a sample, this 

is achieved by bleaching a region with a short, intense pulse of photons. One then measures the 

fluorescence in the bleached area for a period following the bleaching to record the recovery of the 

fluorescence signal. Importantly the proteins in the bleached area are still present but are merely 

“dark” due to the loss of fluorescence. Therefore, what is measured is the exchange of proteins 

between the bleached area and the rest of the cell. Carefully designed FRAP experiments enable not 

only the determination of the overall dynamics of a transmembrane protein, but also allows one to 

distinguish the contributions of both the diffusional and endocytic trafficking processes and to 

determine the specific changes in each. 

 The performance of a FRAP experiment is reliant upon the following steps: preparation of the 

sample, calibration of the microscope settings, performing and acquiring the data on the microscope, 

analysing the data, fitting the recovery curve, and interpreting the results. Here, we use an example of 

FRAP performed on the membrane bound epithelial cadherin (E-cad) molecule which has been tagged 
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with the fluorophore EGFP [17]. The theoretical aspects of FRAP are extensively described in other 

publications [18–23]. We therefore focus on the practical aspects of performing FRAP, which will 

allow anyone with access to a confocal microscope to do the whole procedure from sample 

preparation to the final result.  

We and other research groups have shown that the E-cad signal recovers in Drosophila and 

mammalian cells by both diffusional and endocytic recycling mechanisms, which are kinetically 

distinct [1,15,24,25]. Here, we specifically use the example of the epidermis of the stage 15 

Drosophila embryo. However, aside from sample preparation, the same protocol, calibration, and 

analysis are applicable for other proteins and cell types. Finally, we outline the main considerations 

for designing and analysing FRAP experiments.  

 

2 Materials 

2.1 Flies 

ubi::E-cad-GFP (Bloomington, 58471 or 58742) flies can be used as the source of E-cad-GFP (see 

Note 1). The copy number of E-cad-GFP and endogenous E-cad loci must be equal in the control and 

experimental animals, as diffusional coefficients calculated from recovery curves depend on the total  

concentration of the tagged protein [26]. Alternatively, flies with endogenously tagged shg::E-cad-

GFP (Bloomington 60584) can be used. In our experience, ubiquitously and endogenously tagged E-

cad behaves identically in FRAP experiments [27].   

 

2.2 Reagents and equipment 

1. Apple juice plates for collection of embryos: 60mm plates filled with 10 ml of apple juice agar 

media (for 50 plates: 15g agar, 400ml distilled water, 100ml apple juice, 7.5ml 10% nipagin in 

absolute ethanol) and baking yeast. 

2. Collection chambers, which tightly fit the apple juice plates and allow oxygen access to the flies. 

3. Embryo preparation: bleach and deionized H2O. 
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4. Filtration nets: using a razor blade, cut a 15 ml Falcon tube at about 11.5 ml mark and make a hole 

of about 1 cm diameter in its lid. Then, cut a nylon net out of a 100 µm pore cell strainer, and 

assemble the embryo filtration net by inserting the net between the lid and tube. 

4. Dissection needles. 

5. Microscope slides.  

6. Heptane glue: incubate 5 cm length of adhesive tape (Sellotape 1447052 is used due to no toxic 

effects) with 2 ml Heptane for at least 24 hours prior to conducting experiments in a sealed glass vial. 

7. Halocarbon oil 27. 

8. A confocal microscope with a 488 laser and sufficiently sensitive detectors. 

9. Software packages: Fiji (https://fiji.sc), Microsoft Excel, and appropriate statistical packages, e.g. 

Matlab (https://www.mathworks.com/products/matlab.html), R (https://www.r-project. org), 

GraphPad Prism (https://www.graphpad.com/scientific-software/prism/).   

 

3 Methods 

 

3.1 Embryo collection 

1. For synchronized egg collections, set at least 50 virgin female and 20 male flies to mate for 1 day in 

a collection chamber with an apple juice plate attached to the bottom of the chamber at 25°C. A 

measure of yeast paste should be applied to apple juice plates with a spatula before placing with the 

flies in the embryo collection chambers.  

2. Collect embryos at 25°C for a 1.5-hour time interval, the plates used for these collections should 

have only a small measure of yeast and be prewarmed at 25°C before use. Allow them to develop at 

18°C for 21 hours to reach the desired developmental stage, at the end of dorsal closure corresponding 

to late stage 15. 

3. Dislodge the embryos from the surface of the apple juice agar by applying a small measure of 

deionized water and brushing surface with a paint brush.  
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4. Dechorionate the embryos by immersing in a 1:1 sodium hypochlorite (bleach) and deionized water 

solution for 5 minutes followed by filtration through an in-house made embryo filtration net and 

extensive washing with deionized water. 

 

3.2 Mounting of samples on microscope slides 

1. Prepare the imaging microscope slide (Fig. 1a): attach two 22x22 coverslips at either end of a 

microscope slide using a spot of nail varnish to create a bridge, then either add a strip of adhesive tape 

across the central channel on the slide between the two coverslips (orthogonal to the long axis of the 

slide) or add a few drops of heptane glue, spread it thinly with another coverslip, and allow heptane to 

evaporate (Fig. 1b). Keep the slide covered with a plate to avoid dust. 

2. Transfer dechorionated embryos to apple juice agar segments on a microscope slide using a paint 

brush (Fig. 1c-d). 

3. Select the correct genotype using a fluorescent stereomicroscope and specific fluorescent markers, 

e.g. presence of the fluorophore of interest or specific fluorescently-tagged balancer chromosomes. 

For stage 15 embryos we routinely use balancers with GFP driven in the mesoderm with twist 

promoter (Bloomington 6662 and 6663) or YFP expressed in mandibular and maxillary segments with 

Deformed promoter (Bloomington 8578 and 8704).  Then transfer the desired embryos to an adjacent 

segment of apple juice agar, while orientating them relative to one another and according to their 

anterior-posterior and dorso-ventral axis (see Note 2, Fig. 1e-f). 

4. Transfer embryos to prepared slide (see 3.2.1) by pressing this slide delicately against the apple 

juice segment containing the aligned embryos (see Note 3, Fig. 1g).  

5. Add 50 µl of halocarbon oil over the embryos so that embryos are fully covered (add dropwise) and 

leave for 10 minutes (Fig. 1h). 

6. Apply a 22x40 coverslip over the embryos, it is best to gradual lower the coverslip to minimise 

bubble entrapment. Seal the ends of the coverslip by using nail varnish and allow to dry for few 

minutes before taking to the microscope, this prevents any slippage of the coverslip or wet nail 

varnish coming into contact with the lens of the microscope (Fig. 1i).  
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3.3 Determining the parameters for the FRAP experiments  

1. Decide on the shape, number and size of the areas to be bleached (Regions Of Interest, ROI, see 

Note 4). Circular areas of 0.5-1 µm diameter are applicable to most cases, and we use 2-3 circular 

areas of 1 µm diameter ensuring that only one event occurs for a cell and that no adjacent cells are 

bleached. Important: the same size bleach spot within a sample and between genotypes must be used 

during an experiment [18] (see Note 5). 

2. Perform test bleaching to achieve an appropriate level of bleaching (see Note 6) within a minimal 

time exposure (see Note 7). Start by bleaching the selected region for 10 msec with 100% 488 nm 

laser. If the bleaching is too strong (see Note 6) reduce the laser intensity and bleaching time. If the 

fluorescence intensity in a selected ROI immediately after bleaching is above 40% of initial pre-

bleach intensity, increase the bleaching time up to 20 msec or/and use 405 nm laser instead.  

3. Record a freerun time-series (no time interval between frames) of the fluorescence recovery in a z-

stack spanning the structure of interest, e.g. adherens junction, for 2-5 min starting by using the lowest 

power, which yields sufficient clearly visible signal, during this phase (we use 1% intensity of 488 nm 

laser). This will enable determine imaging parameters which enable recording the recovery as fast as 

possible (see Note 8) while minimizing any additional photobleaching (see Note 9). 

4. Calculate acquisitional photobleaching by comparing the fluorescence intensity of the control 

(unbleached) ROI at the end of the time series to its prebleach value; and the initial recovery (between 

the first and second time points after bleaching, see 3.5). Use these values to adjust the imaging 

parameters. If the acquisitional bleaching is more than 15%, reduce the laser power or increase the 

scanning speed (see Note 9). If the initial recovery is greater than 5%, reduce intervals between time 

points by reducing image resolution, applying digital zoom, or/and increasing scanning speed (see 

Note 8). If the initial recovery is below 1%, increase the interval between time points.  

5. Repeat steps 3-4 until desired levels of acquisitional bleaching and initial recovery are achieved, 

while sufficient spatial resolution (the ROI below 10 pixel in diameter are likely to introduce large 

noise due to even mild movements in XY plane). For E-cad-GFP we use 6x 0.38 µm sections which 

span the entire depth of adherens junction. Each section is 320 x 320 pixel, with spatial resolution 

0.093 µm/pixel, and are taken every 20 sec. We use a 63x magnification lens with a numerical 
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aperture (NA) of 1.4, 1-2% laser power, 2 µs/pixel dwell with amplification of the Hv/gain of the 

PMT for the optimal image acquisition. 

6. Calculate the recovery at the five last time points to ensure that the duration of recording the 

recovery is sufficient to enable measurement and identification of several components (see Note 10). 

If the change in the fluorescence intensity of the ROI during these time points is greater than 1% of 

initial intensity, increase the time of recording. In this case, one must ensure that acquisitional 

photobleaching remains low. If the change determined is lower than 1%, calculate the recovery at the 

previous five time points. Use the last time point, at which the recovery of the final five time points 

remains below 1%, to determine the duration required to record the recovery. 

 

3.4 Bleaching and acquisition 

1. Select a region of the epidermis for the experiment, set up a z-stack, and select the ROI (Fig. 2a-d). 

2. Set up the following experiment sequence (according to specific software and microscope): a 4D z-

stack and time series at selected resolution, time interval and duration with bleaching activated just 

before the start of the second or third z-section. 

3. For measuring the dynamics of E-cad-GFP in Drosophila embryos, use 8-10 embryos with 2-3 

measurements per embryo. Although the recovery of individual bleach events are likely to be noisy 

and subjected to fluctuations in intensities, this size of the dataset enables one to obtain a good and 

stable averaged recovery curve (Fig. 3). 

 

3.5 Signal intensity measurements and data processing 

1. Open the raw “.oib/.czi” files and use the grouped z-projector plugin to compile each time point as 

an average intensity projection (see Note 11): for E-cad-GFP average intensity complied by 6 for each 

stack taken, yields 45 timepoints. We use Fiji (https://fiji.sc) for this purpose. 

2. Select a region in the centre of a cell without bleached junctions and measure intensity using a ROI 

of the same size as used bleach spots across the time series (see Note 12, Fig. 2e). 

3. Perform the same for a control region, which is a junction between two cells whose E-cad was not 

bleached, and the bleached regions (see Note 13, Fig. 2e). 
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4. Subtract background and normalize fluorescence intensity of the bleached region as following: 

𝐼	" =	 (𝐹" − 𝐵𝐺") (𝐹𝐶" − 𝐵𝐺"),⁄  where Fn – intensity of the bleached ROI at the time point n, FCn – 

intensity of the control unbleached ROI of the same size at the plasma membrane at the time point n, 

and BGn – background intensity, measured with the same size ROI in cytoplasm at the time point n. 

5. Calculate the relative recovery at each time point using the following formula: 𝑅" =
(𝐼" − 𝐼#) (𝐼$ − 𝐼#)⁄ , where In, I1 and I0 are: the normalized intensities of bleached ROI and time point 

n, immediately after photobleaching, and before photobleaching respectively (Fig. 3).  

6. Perform nonlinear regression analysis to test for the best fit model using suitable statistical package, 

e.g. GraphPad Prism (https://www.graphpad.com/scientific-software/prism). Fit the recovery to a 

single exponential model in a form of 𝑓(𝑡) = 1 −	𝐹%& − 𝐴#𝑒'( )!"#$⁄ , and to bi-exponential model in 

a form of 𝑓(𝑡) = 1 − 𝐹%& − 𝐴#𝑒'( )!"#$⁄ − 𝐴+𝑒'( )#%&'⁄ , where Fim is a size of the immobile fraction, 

Tfast and Tslow are the half times, and A1 and A2 are amplitudes of the fast and slow components of the 

recovery. Use an F-test to choose the model and compare datasets (see Notes 14-15 and Fig. 3).  

 

4 Notes 

1. Several theoretical aspects should be taken into consideration when selecting the fluorophore. The 

ideal fluorophore for FRAP purposes has the optical properties of being bright, yet sufficiently 

photostable for the long low-level excitation required for the course of the experiment. Furthermore, it 

should easily undergo a non-reversible conversion when bleached, should not affect the dynamics of 

the protein to which it is tagged and importantly should not dimerize. Early variants of GFP were 

susceptible to dimerization, which alters recovery kinetics [28,29], thus  skewing the results. For most 

purposes EGFP, Venus, or Emerald are the most suitable for FRAP (for more information on 

properties of specific fluorescent proteins see [30]). However, when using EGFP or any other GFP 

derivatives it is important to consider that although infrequent (less than 15% of these fluorophores) 

undergo spontaneous photoswitching – reversible photobleaching with molecules regaining 

fluorescence after a period of time [31]. Therefore, when using these fluorescent proteins for FRAP it 

may be a necessary to apply a correction to minimize the contribution of photoswitching in the signal 
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recovery [32]. Finally, tagging proteins with EGFP can have an effect on its behaviour [33,34]. This 

can be mitigated if one is careful in the selection of the site of tagging, in particular avoiding locations 

which might affect protein functions or interactions. However, whenever possible we would 

recommend confirming that the tagged protein retains the normal behaviour and is able to substitute 

for the endogenous protein. Additionally, it is crucial to use the same tagged proteins in control and 

experimental animals or cells.  

2. Drosophila embryos are bean-shaped with convex side corresponding to embryo ventral side and 

concave to its dorsal side. The anterior of the embryos is marked by presence of micropyle. Therefore, 

to orient embryos correctly for imaging using an upright microscope they should be aligned with 

dorsal side down on the segment of apple juice agar. We also recommend aligning all embryos in the 

same anterior-posterior orientation as this simplifies both the transfer to the slide and imaging. 

3. When transferring embryos to a slide, it is important to bear in mind that the embryos are 

comparatively fragile. Therefore, when pressing the surface of the adhesive strip microscope slide to 

the embryos positioned on the apple juice segments it is recommended that a delicate amount of 

pressure is applied and only for a brief moment. If possible, use a dark bench to better visualise the 

embryos on the apple juice segments which appear similar to small rice grains to the unaided eye.  

4. Circular areas of a Gaussian intensity profile provide the most straightforward system for the 

following analysis, although an approach for calculating diffusion coefficients when using arbitrary 

bleach area geometries has been  proposed [35]. The size of the bleached area must be small enough 

so that the unbleached protein is in excess, so that the contribution of bleached protein in the 

exchange can be neglected. Alternatively, a whole-cell FRAP can be used to determine the rate of 

new protein production [36].  

5. While fixing the size of a bleach spot is important during each series of experiments, due to the 

change in the diffusional coefficient with bleach spot size and diameter [15,23], a comparison of the 

recovery when applying different bleach spot sizes can be used to confirm and test the diffusional 

component of the recovery. This is due to the half time of the recovery being affected by the spot size 

in the case of recovery primarily through diffusion, but not when binding reactions predominate over 

diffusion [23] 
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6. It is important to achieve a sufficient photobleaching depth (the amount of signal lost relative to 

pre-bleach) for a meaningful recovery while avoiding overbleaching. If over 80% of the initial signal 

is bleached, a Gaussian approximation of the bleached region is no longer valid, meaning that most 

common mathematical models cannot be applied [22,28]. Additionally, excessive bleaching might 

cause photodamage due to localized heating [18,37]. One approach which one can use to test for any 

changes in protein dynamics due to photodamage is sequential bleaching. Namely, to bleach an area, 

allow it to recover, then bleach it again with the same parameters. In the absence of photodamage, the 

recovery of the second bleach event will have the same dynamics (number and half-times of 

components) but will be close to complete (proportionally to the extent of the first bleaching round) 

due to the immobile fraction having already been bleached in the first round. This control for 

photodamage has been applied by our group and others [15,38] and is an important consideration 

when starting a new FRAP experiment on a newly tagged protein or in a new system. In our 

experience, the best means of producing consistent results without photodamage is achieved when the 

fluorescent protein is bleached to 20-40% of the initial fluorescent intensity. For E-cad-GFP we use 8 

scans with 50-70% laser power using 488 nm wavelength laser. 

7. The time to achieve sufficient bleaching must be minimized for two reasons. First, one needs to 

consider that protein dynamics do not cease while photobleaching is being performed, which causes 

misinterpretation of the kinetics due to the corona effect [39]. Longer bleaching times will lead to 

bigger bleached areas due to the bleached protein moving out of the spot where laser is applied. 

Secondly, localized heating mentioned above increases with bleaching time, which could intensifying 

potential damage to cells and proteins [37]. Photobleaching times below 20 msec, and ideally within 

6-12 msec, were suggested to be appropriate for determining diffusion coefficients of monomeric 

GFP [29,37], and approaches to measure actual bleached area have also been suggested [29]. 

8. To achieve sufficient temporal resolution during the acquisition of fluorescence recovery, it is 

necessary to record the recovery at intervals which are smaller than the half time of the fastest 

recovery component. Although as fast an acquisition as 1/10 of the half time is recommended in some 

publications [28], in our experience, for recording E-cad-GFP, 20 sec intervals are sufficient to detect 
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a diffusional component with the half time about 25 sec. For calibration, the aim is to achieve 

sufficient temporal resolution while maintaining maximal possible spatial resolution. 

9. The photobleaching during the acquisition of the fluorescence recovery should be minimized as 

much as possible to obtain the most accurate information about the dynamics [40]: deviation by more 

than 10-15% is usually suggestive of excessive acquisitional bleaching [28].  

10. It has been suggested that the duration of recovery acquisition should be 7-10 times longer than 

the characteristic half time of the slowest detected component [28]. In our experience, 3 times longer 

acquisition is sufficient for a reliable estimation of both half times and maximum recovery [15]. 

Furthermore, theoretically the signal ought to completely recover with a given time. For E-cad in the 

Drosophila this has been calculated to be a period of two hours, through recovery of the “immobile” 

fraction by slow E-cad degradation and the addition of newly synthesized protein [41].  

11. We use average intensity projections instead of maximum projections, as it considers not only 

protein concentration (intensity), but also distribution along the z-axis, i.e. junction width, and is 

reflective of the total protein amount. For example, a junction with the same E-cad density, but shorter 

in the z-axis will result in the same intensity when maximum projection is used as control and might 

skew interpretation of the results. 

12. There are several plugins which allow one to perform registration of a time series, i.e. 

compensation for tissue movement over time, such as “Register Virtual Stack Slices” in ImageJ. 

However, even when using such scripts, we recommend manually tracking or checking to control for 

ROI position when measuring intensities. For example, changes in the membrane curvature is 

observed in epithelial cells, which might shift the ROI position even if the cell position is correctly 

registered. 

 13. The best are control regions which are located in as close z position to the beached region as 

possible and have a relatively similar intensity, as the side-effects of image acquisition such as z-drift 

and photobleaching will be comparable, enabling more accurate normalization. Therefore, while one 

control region might be possible to use for all bleached ROIs, it might be advisable to select a 

different appropriate control region for each bleached ROI in a time series. 
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14. Although more accurate equations exist for the various hypothetical methods of how protein 

exchanges and the signal recovers, e.g. diffusion only , diffusion-coupled, diffusion-uncoupled, [23] 

we find that a general fit by using a sum of exponential components provides a valid linearization of a 

set of nonlinear first-order differential equations according Lyapunov’s first method [42,43]. 

15. If the recovery is fit by a single exponential model, and appropriate tests are performed to 

determine whether the recovery occurs via diffusion or reaction-dominant mechanisms, it is possible 

to obtain additional information about protein dynamics. In the case of a pure-diffusion dominant 

recovery, the exact solution exists for a circular bleach area in form: 𝑓(𝑡) = 𝑒')( +(, (𝐼$ 3𝑇- 2𝑡6 7 +

𝐼# 3𝑇- 2𝑡6 7), where I0 and I1 are modified Bessel functions of the first kind. In this case, 𝑇- =	𝑤+

𝐷.; , 

where w is the radius of the circular beam, and Df is the diffusion coefficient [20,21]. If the recovery 

is reaction dominant, the following solution describes the recovery: 𝑓(𝑡) = 1 − 𝐶/0𝑒'1&!!(, where 

Ceq is a constant which depends only on the dissociation (off-rate, koff) and association (pseudo-on-

rate, kon) of the reaction [20,44]. We would like to highlight that in this case the rate of the reaction 

depends only on the off-rate and does not reflect the on-rate, which can be a common 

misapprehension when interpreting the results of FRAP experiments [4].  
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Figure 1. Preparation of the embryo samples for live imaging. (a-i) The complete steps of the 

process of preparing the microscope slides. (a) Bridge created by affixing two 22x22 coverslips by a 

droplet of nail varnish at either edge of the microscope slide (slide further away is before coverslips 

added). (b) On the slide with the bridge, a strip of scotch tape is placed between coverslips occupying 

the canal area (arrowheads show direction). (c) Two segments of apple juice agar are placed on a 

separate microscope slide.  (d) After dechorionation the embryos are transferred onto one of the apple 

juice segments by using a paint brush.  (e) Use a needle or forceps to transfer the desired embryos to 

the adjacent apple juice segment and align them in correct orientation. (f) Positioning of the embryos 

on the apple juice segments. The embryos are orientated with anterior left. Most are orientated with 

ventral side up, the bottom is position laterally to show the bean shape and curvature which can aid in 

distinguishing the dorsal and ventral. The image shows the same embryos under different 

illuminations. (g) Transfer of the embryos from the apple juice segment to the imaging slide. (h) 

Incubation with 50 µl of halocarbon oil added dropwise to the embryos. (i) Finished slide ready for 
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imaging. After incubation with halocarbon oil a larger 22x40 coverslip is overlaid and the short ends 

sealed with nail varnish.  

 

Figure 2. Performing FRAP and data acquisition. (a) Cartoon representation of a late stage 

Drosophila embryo. The area representing the dorsolateral epidermis which is used for the FRAP 

experiment is highlighted by the square. (b) The cells of the epidermis of the stage 15 embryo have a 

distinct rectangular morphology: with long anterior-posterior (AP) and short dorsal-ventral (DV) cell 

borders. The regions of interest (ROI) which are to be bleached are shown (red circles), in this case 

two DV and one AP borders are indicated. The ROI are the same shape and diameter to maintain a 

consistent diffusion coefficient. A z-stack of six slices is positioned to bleach the signal in the ROI in 

the Z-axis (Time=-20 sec). (c) Signal in the ROI immediately after bleaching (Time=0 sec). Some 

signal is still visible in the ROI, an initial indicator that bleaching was not too strong. (d) The area and 

bleached ROI at the end of the experiment (total 15 minutes for E-cad in the embryonic epidermis). 

More signal is now evident in the ROI and the tissue has shifted position during the course of the 

experiment. Each of the z-stacks is projected for each time point giving a total number of 45 

timepoints for this experiment (time = 900 sec). (e) The three measurements which are taken for each 

timepoint for analysis: the bleached ROI in which the signal recovery after bleaching is recorded 

(red); the control area (blue) to account for bleaching during acquisition; and the background signal 

(green). Scale bar = 10µm. 

 

Figure 3. Plotting recovery curves. (a-b) Representation of the recovery of E-cad-GFP in the 

embryonic epidermis. (a) Recovery of the E-cad signal at the long (AP) cell borders. The signal 

recovers to approximately 50% of the fraction which was bleached. The signal which recovers 

corresponds to the protein which is exchanged at the time-scale of the experiment, therefore is termed 

the mobile fraction or the unstable fraction. The proportion of the bleached signal which does not 

recover, meaning the protein does not exchange at this time-scale, is called the immobile or stable 
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fraction. The line represents the non-linear fit curve and the individual points are means with the bars 

representing the SEM. (b) The same data but showing the individual traces for each of the replicates 

with the line of best fit for the non-linear analysis shown in red. This graph indicates the variability 

inherent in FRAP experiments and the necessity of having sufficient sample size to mitigate this effect 

and derive valid and accurate conclusions from any comparative analysis (n= 6 embryos, each embryo 

had two borders bleached and the average of these was used as an embryo average).  

 



ba c

d e f

g h i

1mm

Fig. 1



Pre-Bleach

T0 

Bleach

T1 

End 

T45 

Stage 15 Embryo 

Aquistion

T20 

E-cadherin-GFP

Beach area ROI

Control area ROI

Background area ROI

b

a

c d

e

Anterior Posterior

Ventral

Dorsal

Fig. 2



ba

Immobile 

fraction

mobile 

fraction

Fig. 3


	FRAP.MethodsV2_editedKCNB
	Figure1(SamplePrep)Draft3
	Figure2(Micrographs)Draft3
	Figure3(Micrographs)Draft3

