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Extraction and Immunoblotting of Proteins 
From Embryos

Andreas Wodarz

Summary
For many decades, Drosophila has been used as a model system primarily for studies in the

fields of genetics and developmental biology. Relatively little attention has been given to the poten-
tial of Drosophila as a model system for biochemistry. However, Drosophila embryos as a source
for biochemical material offer some unique advantages as compared with cultured cells or tissue
samples. For instance, mutant Drosophila embryos can be sorted before protein extraction and com-
pared with wild-type embryos by using green fluorescent protein-marked balancer chromosomes.
Studies of this kind can give important information on the effect of a mutation on the biochemical
properties of a protein, which cannot be obtained in experiments using cultured cells or conven-
tional tissue samples (1,2). Transgenic Drosophila embryos expressing a tagged version of a pro-
tein can be used to isolate and identify interaction partners of the tagged protein from a whole
organism rather than from a specific cell line that expresses only a limited set of genes (3,4). Thus,
it is the combination of genetics and transgenic approaches that offers unique opportunities for bio-
chemical studies in the fruit fly. In this chapter, I describe methods to extract proteins under dena-
turing and nondenaturing conditions from embryos, and to perform sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, immunoblotting, and coimmunoprecipitation.

Key Words: Coimmunoprecipitation; Drosophila melanogaster; immunoblotting; protein
extraction; SDS-PAGE; stripping and reprobing of blots.

1. Introduction
Drosophila embryos are easy to collect and protein extracts can be made

from quantities ranging from a single embryo up to several 100 g of embryos
(5,6). The protein extraction procedure differs depending on the experiments
intended with the extract. Following protein extraction, the extracts can either
be directly analyzed by immunoblotting or can be subjected to protein fraction-
ation, enzyme assays, coimmunoprecipitation experiments, and so on.
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2. Materials
2.1. Collection of Embryos

1. Nipagin (methyl 4-hydroxybenzoate) solution: 100 g nipagin, 700 mL 96% ethanol
pro analysi, and 300 mL water. Mix until nipagin has completely dissolved. Store
at room temperature.

2. Apple juice agar plates: 40 g agar–agar, 17 g sucrose, 340 mL apple juice, 1 L
water, and 20 mL nipagin solution. Mix agar–agar, sucrose, water, and apple juice
and heat in microwave until everything is dissolved. Cool down to 60°C and add
nipagin solution. Pour into Petri dishes on level surface. Let the agar cool down
until it is solid. Apple juice agar plates can be stored at 4°C.

3. Yeast paste: mix bakers yeast with a small amount of water until it has a cream
cheese-like consistency. Fill into a 20-mL syringe and store at 4°C.

4. 5% Sodium hypochlorite (see Note 1).
5. Egg collection cages. We make them from plastic cups that fit snugly on a Petri

dish with apple juice agar. It is important to poke numerous small holes into the
plastic to allow the exchange of air.

6. Nylon mesh, 80 µm mesh opening (Small Parts Inc., Miami Lakes, FL)
7. Funnel with wire mesh that holds back flies and larvae.
8. Vacuum flask with bottle-top filter unit (Fig. 1).
9. Paint brush.

2.2. Extraction of Proteins Under Denaturing Conditions (see Note 2)

1. Sodium dodecyl sulfate (SDS) sample buffer (2X): 100 mM Tris-HCl (pH 6.8), 4%
SDS, 0.2% bromophenol blue, 20% glycerol, 200 mM β-mercaptoethanol. Store at
−20°C.

2. Dounce homogenizer (Fisher Scientific, Pittsburgh, PA). The size of the homoge-
nizer depends on the volume of the embryo suspension to be homogenized.

3. Microhomogenizer with disposable plastic pestles, battery-driven (Kleinfeld
Labortechnik, Gehrden, Germany). This homogenizer can be used for the homog-
enization of small samples in an Eppendorf tube.

2.3. Extraction of Proteins Under Nondenaturing Conditions

1. Lysis buffer: 1% Triton X-100, 50 mM Tris-HCl (pH 8.0), 150 mM NaCl, and pro-
tease inhibitor cocktail (Roche, Mannheim).

2. Dounce homogenizer. The size of the homogenizer depends on the volume of the
embryo suspension to be homogenized.

3. Bradford protein assay solution.

2.4. SDS-Polyacrylamide Gel Electrophoresis

1. 30% Acrylamide/bis (29:1) (see Note 3).
2. 1 M Tris-HCl (pH 8.8).
3. 1 M Tris-HCl (pH 6.8).
4. 20% SDS.
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5. 10% Ammonium persulfate (APS). Store in aliquots at −20°C.
6. N,N,N,N′-Tetramethyl-ethylenediamine (TEMED). Store at 4°C.
7. Isopropanol.
8. Running buffer (10X): 250 mM Tris, 1.92 M glycine, and 1% SDS.
9. Prestained molecular-weight markers.

10. Hamilton syringe (Hamilton, Bonaduz, Switzerland).

2.5. Immunoblotting

1. Western transfer buffer: 25 mM Tris, 192 mM glycine, and 20% methanol.
Prepare 10X stock solution with 250 mM Tris and 1.92 M glycine. Dilute 1 part
of 10X stock solution with seven parts of water before adding two parts of
methanol.

2. Nitrocellulose transfer membrane (0.45 µm) (PROTRAN, Schleicher and Schuell
Dassel, Germany).

3. Gel blotting paper (Whatman, Schleicher and Schuell).
4. Tris-buffered saline with Tween (TBS-T): 20 mM Tris-HCl (pH 8.0), 150 mM

NaCl, and 0.2% Tween-20. Prepare from 10X TBS stock solution (200 mM Tris-
HCl (pH 8.0), and 1.5 M NaCl), add Tween-20 separately.

5. Blocking buffer: 3% (w/v) nonfat dry milk and 1% (w/v) bovine serum albumin
fraction V in TBS-T.
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Fig. 1. The vacuum unit for collecting and washing embryos.
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6. Ponceau S staining solution (Bio-Rad, Munich, Germany).
7. Primary antibody.
8. 2% Sodium azide (see Note 4).
9. Sealable plastic bags (Rische, Herfurth, Germany).

10. Secondary antibody that binds to primary antibody, conjugated with horseradish
peroxidase (HRP [Jackson Immunoresearch, Dianova, Hamburg]).

11. BM chemiluminescence blotting substrate peroxidase (Roche).
12. Saran wrap (Johnson, Racine, WI).
13. X-ray film (Fuji, Düsseldorf, Germany).

2.6. Stripping and Reprobing Blots

1. Stripping buffer: 62.5 mM Tris-HCl (pH 6.7) and 2% SDS. Store at room temper-
ature. Add β-mercaptoethanol to 100 mM after warming the buffer to working 
temperature of 60°C (see Note 5).

2. Wash buffer (TBS-T): 20 mM Tris-HCl (pH 8.0), 150 mM NaCl, and 0.2% Tween-
20. Prepare from 10X TBS stock solution, add Tween-20 separately.

2.7. Coimmunoprecipitation of Proteins

1. Lysis buffer: 1% Triton X-100, 50 mM Tris-HCl (pH 8.0), 150 mM NaCl, and 
protease inhibitors (Roche).

2. Protein A agarose beads (Roche).
3. 2-mL Syringe with 23-gauge needle.

3. Methods
The methods outlined here are only a starting point for biochemical experi-

ments using Drosophila embryos as the source for protein extraction. More
advanced methods like protein fractionation, enzymatic assays, or affinity purifi-
cation of protein complexes may require different buffer conditions and protocols
and are beyond the scope of this chapter. In general, it is highly recommended to
try out several alternative lysis buffers and homogenization procedures to deter-
mine the optimal conditions for working with your protein of interest.

3.1. Collection of Embryos

1. Streak a thin layer of yeast paste onto the apple juice agar plates.
2. Anesthetize an appropriate number of flies and transfer them to an egg collection cage.

Place an apple juice agar plate at the bottom of the cage and allow the flies to lay eggs
onto the agar plate. The length of the egg collection period can be varied between 30
min and up to 20 h, depending on the desired developmental stage of the embryos.

3. Remove the agar plate from the cage.
4. Add tap water from a squeeze bottle to the agar plate and resuspend the eggs that

got stuck in the yeast paste with a paintbrush.
5. Transfer the slurry of eggs and yeast to a vacuum filter unit (Sartorius, Göttingen,

Germany) covered with a nylon mesh (mesh size 80 µm) that holds back eggs but
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lets yeast cells pass (Fig. 1). The transfer can either be done by pouring or by using
a disposable transfer pipet. If there are dead flies or larvae on the agar plate, use
a funnel with a wire mesh for the transfer to the filter unit.

6. Wash the eggs on the nylon mesh in the filter unit extensively with tap water by
turning on the vacuum to remove yeast cells that are stuck to the eggs.

7. Turn off the vacuum and cover the eggs with sodium hypochlorite for 5 min to
remove the chorion.

8. Turn the vacuum on again and wash the embryos extensively with tap water to
remove the sodium hypochlorite.

9. Put the nylon mesh with the embryos onto a paper towel to remove excess water
and transfer the embryos to a dounce homogenizer (see Note 6) with a paint brush.

3.2. Extraction of Proteins Under Denaturing Conditions

1. Transfer the dechorionated embryos to a cooled dounce homogenizer in an ice bath
(see Note 7).

2. Add an appropriate volume of 2X SDS sample buffer to the embryos. As a rule of
thumb, the volume of the SDS sample buffer should be about five times the volume
of the packed embryos.

3. Homogenize the embryos in SDS sample buffer by 5–10 strokes with a tight fitting
pestle.

4. Allow the foam to settle and transfer the homogenate to one or more Eppendorf
tubes (see Note 8).

5. Heat the embryo extract to 100°C in a boiling water bath or in a heat block for 5
min (see Note 9).

6. Cool the extract briefly on ice and spin in a tabletop centrifuge (Eppendorf centrifuge
5417c [Eppendorf, Hamburg, Germany]) at maximum speed (20,000g) for 5 min.

7. Load an aliquot of the supernatant into a well of an SDS polyacrylamide gel 
(see Note 10).

3.3. Extraction of Proteins Under Nondenaturing Conditions

1. Transfer the dechorionated embryos to a cooled dounce homogenizer in an ice bath
(see Note 7).

2. Add an appropriate volume of lysis buffer to the embryos. As a rule of thumb, the
volume of the lysis buffer should be about five times the volume of the packed
embryos.

3. Homogenize the embryos in lysis buffer by 5–10 strokes with a tight fitting pestle.
4. Transfer the homogenate to one or more Eppendorf tubes.
5. Spin the homogenate in a tabletop centrifuge cooled to 4°C at maximum speed

(20,000g) for 10 min.
6. Transfer the supernatant to a new Eppendorf tube (see Note 11). At this point, you

can freeze the extract at −80°C for future use.
7. Determine the protein concentration of the supernatant by measuring the OD595

after mixing an aliquot of the supernatant with Bradford reagent. For details on the
protocol see the manual of the manufacturer.
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8. For loading a well of an SDS polyacrylamide minigel, take an aliquot of the super-
natant containing 10–50 µg of total protein and mix it with an equal volume of 2X
SDS sample buffer. The total volume should not exceed 20 µL if you use a minigel
for SDS-polyacrylamide gel electrophoresis.

9. Heat the sample to 100°C in a boiling water bath or in a heat block for 5 min
(see Note 9).

10. Cool the sample briefly on ice and spin in a tabletop centrifuge at maximum speed
(20,000g) for 5 s.

11. Load the whole sample into a well of an SDS polyacrylamide minigel.

3.4. SDS-Polyacrylamide Gel Electrophoresis

1. The volumes given in this protocol are optimized for the Mini Protean elec-
trophoresis system (Bio-Rad) with 1-mm spacers but can easily be adjusted to
other gel sizes. Make sure that the glass plates for the gels are thoroughly cleaned
and rinsed extensively with distilled water.

2. To prepare a 10% separating minigel, mix the following: 2.5 mL 30%
acrylamide/bis (29:1), 2.8 mL 1 M Tris-HCl (pH 8.8), 38 µL 20% SDS, 2.1 mL
water, 30 µL 10% APS, and 8 µL TEMED. Pour the gel immediately after 
mixing the reagents, leaving enough space for the stacking gel. Overlay the gel with
isopropanol to get a smooth upper edge of the gel. The gel should polymerize within
30 min (see Note 12). To prepare gels with different percentages of acrylamide,
adjust the volumes of 30% acrylamide/bis (29:1) and water accordingly.

3. When the gel is completely polymerized, pour off the isopropanol and remove
residual isopropanol with a paper towel.

4. Prepare the stacking gel by mixing the following: 310 µL 30% acrylamide/bis
(29:1), 235 µL 1 M Tris-HCl (pH 6.8), 10 µL 20% SDS, 1.3 mL water, 10 µL 10%
APS, and 5 µL TEMED. Pour the stacking gel on top of the separating gel and
insert the comb, making sure that no air bubbles get stuck at the base of the comb.
The stacking gel should polymerize within 30 min (see Note 13).

5. Prepare the running buffer by diluting 100 mL of 10X running buffer with 900 mL
of water in a measuring cylinder. Cover with parafilm and invert to mix.

6. Mount the polymerized gel in the electrophoresis apparatus. Fill the upper and
lower chambers of the apparatus with running buffer. Make sure that the lower
edge of the separating gel is well submerged in the buffer in the lower chamber.
The level of the running buffer in the upper chamber should be at least 1 cm above
the edge of the stacking gel.

7. Pull the comb and rinse the wells carefully with running buffer, using a syringe
with a 22-gauge needle.

8. Load the wells with your samples using a Hamilton syringe. Alternatively, you can
also use an automatic pipet with a pointed tip for loading the gel. Include one well
for the prestained molecular-weight marker.

9. Connect the electrophoresis apparatus to a power supply and run the gel at 200 V.
The gel run will be completed after approx 1 h.
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3.5. Immunoblotting

1. Cut the nitrocellulose membrane and the gel blotting paper to the size of the sepa-
rating gel.

2. Wet the nitrocellulose membrane by floating on water for 2–3 min (see Note 14).
3. Submerge the nitrocellulose membrane in water for 1 min.
4. Incubate the nitrocellulose filter in Western transfer buffer for 2 min.
5. Remove the gel from the electrophoresis apparatus and separate the glass plates

carefully. Cut the gel at the border between the stacking gel and the separating gel
with a razor blade and discard the stacking gel.

6. Assemble the blot in the following order in a tray with Western transfer buffer:
• Foam pad.
• Two sheets of gel blotting paper.
• SDS gel (separating gel only).
• Nitrocellulose membrane.
• Two sheets of gel blotting paper.
• Foam pad.
During this procedure, the whole sandwich should be covered by buffer.

7. Insert the sandwich into the gel holder of the blotting apparatus.
8. Place the gel holder into the transfer chamber filled with Western transfer buffer: transfer

is from (−) to (+), the gel points to the (−) pole, the nitrocellulose filter to the (+) pole.
9. Transfer for 1 h at 100 V in the cold room at 4°C (or use BioIce cooling unit filled

with ice [Bio-Rad]).
10. Disassemble the sandwich, place the nitrocellulose filter in a tray with water.
11. Discard water, add Ponceau S staining solution for 1 min.
12. Remove Ponceau S staining solution (can be reused many times) and wash the blot

two to three times in water. Protein bands should be clearly visible now (see Note 15).
13. Block the filter in blocking buffer for 30 min.
14. Dilute the primary antibody to the desired concentration in blocking buffer (2–3 mL

of antibody solution is sufficient for a minigel) (see Note 16).
15. Transfer the blocked filter into a plastic bag with antibody solution. Make sure to

remove air bubbles before sealing by streaking the bag along a vertical surface with
the opening of the bag pointing upward. Incubate the nitrocellulose filter with the
primary antibody for 2–3 h at room temperature or overnight at 4°C.

16. Transfer the filter to a tray and wash the filter three to four times (5 min each) in
TBS-T on a rocking platform.

17. Prepare the secondary antibody solution in blocking buffer. For enhanced chemilu-
minescence detection use HRP-conjugated secondary antibodies at 1:10,000.
About 10–20 mL antibody solution is sufficient for a filter from a minigel.

18. Incubate the filter in secondary antibody solution for 1 h at room temperature in a
tray on a rocking platform.

19. Wash the filter three to four times in TBS-T on a rocking platform (5 min each).
During the first wash, prepare the BM chemiluminescence blotting substrate
(Roche). Three milliliters are sufficient for a filter from a minigel.
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20. Incubate the filter in BM chemiluminescence blotting substrate for 1 min.
21. Wrap the filter in Saran wrap and expose to X-ray film for 10 s to several min,

depending on the intensity of the chemiluminescence signal (Fig. 2) (see Note 17).

3.6. Stripping and Reprobing Blots

1. Blots can be stripped of bound antibodies and can subsequently be reprobed with
different antibodies (see Note 18).

2. Heat stripping buffer to 60°C and add β-mercaptoethanol to 100 mM and the blot
in a tray. Use at least 20 mL of stripping buffer for each blot. Agitate the tray gen-
tly on a rocking platform for 30 min (see Note 5).

3. After stripping wash the blot extensively in wash buffer. Use at least 100 mL of
wash buffer and wash three times for 10 min each.

4. The blot can now be blocked again in blocking buffer and can be incubated with a
primary antibody as described in Subheading 3.5.

3.7. Coimmunoprecipitation of Proteins

1. Transfer an aliquot of a protein extract containing 500 µg–2 mg of total protein that
was prepared under nondenaturing conditions (see Subheading 3.3.) to an
Eppendorf tube. The volume of the sample should be between 500 µL and 1 mL.
If necessary, the volume of the sample can be adjusted to the desired volume by
adding ice cold lysis buffer containing protease inhibitors.

2. Preincubate the protein extract with 30 µL of protein A agarose beads for 2 h at 4°C
on a rocking platform. This step should eliminate proteins that bind unspecifically
to the protein A agarose beads.
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Fig. 2. Western blotting from single embryo extracts. Extracts prepared according to
Subheading 3.2. from 1, 5, 10, and 20 embryos were run on a 10% SDS polyacry-
lamide gel and blotted with antibodies against actin (A) and atypical protein kinase C
(B). Note that even the extract of a single embryo contains sufficient amounts of pro-
tein to detect a band on a Western blot.

21_Wodarz  2/27/08  3:41 PM  Page 342



3. Spin down the protein A agarose beads in a table top centrifuge at maximum speed
(20,000g) for 2 min at 4°C.

4. Transfer the supernatant to a fresh tube and discard the tube with the pellet.
5. Add the antibody against your protein of interest to the supernatant (see Note 19).

Incubate at 4°C on a rocking platform for 4 h or overnight.
6. Add 30 µL of protein A agarose beads and incubate for 2 h on a rocking platform

at 4°C.
7. Collect the beads by centrifugation at maximum speed (20,000g) in a tabletop cen-

trifuge at 4°C for 15 s (see Note 20).
8. Remove the supernatant as completely as possible by aspiration with a 23-gauge

needle attached to a syringe or a vacuum pump. The needle should be inserted
directly into the beads.

9. Wash the beads three times with ice cold lysis buffer and aspirate the supernatant
each time as described in step 8 of Subheading 3.7. (see Note 21).

10. After the last wash step, add 20 µL of 2X SDS sample buffer to the beads.
11. Heat the sample to 100°C in a boiling water bath or in a heat block for 5 min

(see Note 9).
12. Cool the sample briefly on ice and spin in a tabletop centrifuge at maximum speed

(20,000g) for 15 s.
13. Load the whole supernatant of the sample into a well of an SDS polyacrylamide

minigel using a Hamilton syringe.

4. Notes
1. Wear a labcoat and gloves when handling sodium hypochlorite to avoid bleaching

of your clothes.
2. This procedure can be used if you simply want to detect a protein on a Western blot.

The SDS sample buffer has the advantage that it solubilizes many proteins that are
insoluble under milder conditions, for example, in a lysis buffer containing Triton X-
100. As the proteins are completely denatured by the SDS in the sample buffer, this
method is not suitable for coimmunoprecipitation or any kind of enzymatic assay.

3. Acrylamide is a neurotoxin! Always wear gloves when handling acrylamide and
avoid exposure to skin.

4. Sodium azide is highly toxic! Always wear gloves when handling solutions containing
sodium azide.

5. β-mercaptoethanol has a very unpleasant smell. Use a container with a tight fitting
lid and do the stripping under a fume hood.

6. If you have only a small amount of embryos (even the protein content of a single
embryo might be sufficient for a Western blot), transfer the embryos to an Eppendorf
tube and use a battery driven microhomogenizer instead of a Dounce homogenizer.

7. The preparation and subsequent handling of protein extracts should always be
performed on ice to minimize the activity of proteases.

8. At this step the protein extracts can be frozen at −20°C for future use.
9. It is very useful to secure the lids of the Eppendorf tubes with little clamps to avoid

popping of the lids and evaporation of the sample during the boiling.
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10. The determination of the protein concentration of samples containing high concen-
trations of SDS is not very reliable with most standard assays, including the
Bradford method. Thus, the volume of the sample to be loaded onto the gel either
has to be determined empirically, or special detection reagents suitable for measur-
ing samples with high SDS content have to be used.

11. For some applications (e.g., purification of proteins by chromatography or fraction-
ation by sucrose gradient centrifugation) it is recommended to spin the supernatant
at 100,000g for 1 h at 4°C in an ultracentrifuge to pellet all insoluble proteins.

12. To determine when the gel has completely polymerized, it is useful to keep the
remainder of the mixed gel solution in a beaker. As soon as this liquid has hard-
ened, the gel should also have polymerized.

13. Depending on the temperature in the room, the stacking gel can polymerize quite
rapidly. It is therefore important to pour the gel immediately after adding APS and
TEMED.

14. This step is important to fill the pores of the filter with water by capillary forces. If
the filter is submerged right away, the pores may remain filled with air, which can
result in poor transfer efficiency.

15. The Ponceau S staining is important to check the gel run and the transfer quality.
For documentation purposes, the filter can be photographed at this time. If you do
not use prestained molecular weight markers, you can mark the bands of the con-
ventional marker with a ball pen at this step. The Ponceau S staining is fully
reversible and will disappear after incubation in blocking buffer.

16. If you have only a small amount of a precious antibody, you can reuse the antibody
solution many times. In this case, add sodium azide to a final concentration of
0.01% to prevent growth of bacteria or fungi in the solution.

17. It is very important to take several different exposure times for each blot. If you
have no clue about the chemiluminescence intensity of your blot, start with a 10 s
exposure. While you develop the first film, expose a second film for a longer time.
Once you have checked the result of the first exposure, you can decide whether you
need additional exposures for different lengths of time. A quantitative comparison
of the intensity of different bands on the same blot can only be performed if the
bands are still gray and not black already.

18. If you want to reprobe the blot with an antibody raised in a species different from
the one used in the first experiment, you often do not even need to strip the blot.
Instead, you can destroy the activity of the HRP enzyme conjugated to the second-
ary antibody used in the first incubation by blocking the blot in blocking buffer
containing 0.01% sodium azide. Dilute the alternative primary antibody in block-
ing buffer containing 0.01% sodium azide and proceed according to Subheading
3.5., from step 15 onwards.

19. As a rule of thumb, take 1–5 µL of a crude serum or 10–100 µL of a hybridoma
supernatant containing a monoclonal antibody (7). The optimal volume depends on
the antibody titer of the serum or supernatant and on the abundance of the protein
to be immunoprecipitated in the protein extract.
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20. It is sufficient to accelerate the centrifuge until it has just reached maximum speed
before stopping it again.

21. In each wash step, mix the beads with the wash buffer by gently inverting the tube until
all the beads are in suspension again. Do not vortex the beads, as weak protein–
protein interactions may not survive this treatment.
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