CHAPTER 1

The Lowry Method
for Protein Quantitation

Jaap H. Waterborg and Harry R. Matthews

1. Introduction

The most accurate method of determining protein concentration is
probably acid hydrolysis followed by amino acid analysis. Most other
methods are sensitive to the amino acid composition of the protein,
and absolute concentrations cannot be obtained. The procedure of
Lowry et al. (1) is no exception, but its sensitivity is moderately con-
stant from protein to protein, and it has been so widely used that
Lowry protein estimations are a completely acceptable alternative to
a rigorous absolute determination in almost all circumstances where
protein mixtures or crude extracts are involved.

The method is based on both the Biuret reaction, where the peptide
bonds of proteins react with copper under alkaline conditions pro-
ducing Cu*, which reacts with the Folin reagent, and the Folin-
Ciocalteau reaction, which is poorly understood but in essence
phosphomolybdotungstate is reduced to heteropolymolybdenum blue
by the copper-catalyzed oxidation of aromatic amino acids. The reac-
tions result in a strong blue color, which depends partly on the tyrosine
and tryptophan content. The method is sensitive down to about 0.01
mg of protein/mL, and is best used on solutions with concentrations
in the range 0.01-1.0 mg/mL of protein.
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2. Materials

. Complex-forming reagent: Prepare immediately before use by mixing

the following three stock solutions A, B, and C in the proportion 100:1:1
(v:viv), respectively.

Solution A: 2% (w/v) Na,CO; in distilled water.
Solution B: 1% (w/v) CuS0O,-5H,0 in distilled water.
Solution C: 2% (w/v) sodium potassium tartrate in distilled water.

2N NaOH.

Folin reagent (commercially available): Use at 1N concentration.
Standards: Use a stock solution of standard protein (e.g., bovine serum
albumin fraction V) containing 4 mg/mL protein in distilled water stored
frozen at —20°C. Prepare standards by diluting the stock solution with
distilled water as follows:

Stock
solution, L 0 125 250 6.25 125 250 625 125 250
Water, UL 500 499 498 494 488 475 438 375 250
Protein
conc., uyg/mL. 0 10 20 50 100 200 500 1000 2000

3. Method

. To 0.1 mL of sample or standard (see Notes 1-3), add 0.1 mL of 2N

NaOH. Hydrolyze at 100°C for 10 min in a heating block or boiling
water bath.

Cool the hydrolyzate to room temperature and add 1 mL of freshly
mixed complex-forming reagent. Let the solution stand at room tem-
perature for 10 min (see Notes 4 and 5).

. Add 0.1 mL of Folin reagent, using a vortex mixer, and let the mixture

stand at room temperature for 30—60 min (do not exceed 60 min) (see
Note 6).

. Read the absorbance at 750 nm if the protein concentration was below

500 pg/mL or at 550 nm if the protein concentration was between 100
and 2000 pg/mL.

. Plot a standard curve of absorbance as a function of initial protein con-

centration and use it to determine the unknown protein concentrations
(see Notes 7-10).

4. Notes

. If the sample is available as a precipitate, then dissolve the precipitate

in 2N NaOH and hydrolyze as in step 1. Carry 0.2-mL aliquots of the
hydrolyzate forward to step 2.
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2.

10.

Whole cells or other complex samples may need pretreatment, as
described for the Burton assay for DNA (2). For example, the PCA/
ethanol precipitate from extraction I may be used directly for the Lowry
assay, or the pellets remaining after the PCA hydrolysis step (step 3 of
the Burton assay) may be used for Lowry. In this latter case, both DNA
and protein concentration may be obtained from the same sample.
Peterson (3) has described a precipitation step that allows the separa-
tion of the protein sample from interfering substances and also conse-
quently concentrates the protein sample, allowing the determination of
proteins in dilute solution. Peterson’s precipitation step is as follows:
a. Add 0.1 mL of 0.15% deoxycholate to 1.0 mL of protein sample.
b. Vortex, and stand at room temperature for 10 min.
¢. Add 0.1 mL of 72% TCA, vortex, and centrifuge at 1000~3000g
for 30 min.
d. Decant the supernatant and treat the pellet as described in Note 1.
The reaction is very pH-dependent, and it is therefore important to
maintain the pH between 10 and 10.5. Take care, therefore, when ana-
lyzing samples that are 1n strong buffer outside this range.
The incubation period is not critical and can vary from 10 min to sev-
eral hours without affecting the final absorbance.
The vortex step is critical for obtaining reproducible results. The Folin
reagent is only reactive for a short time under these alkaline condi-
tions, being unstable in alkali, and great care should therefore be taken
to ensure thorough mixing.
The assay is not linear at higher concentrations. Ensure, therefore, that
you are analyzing your sample on the linear portion of the calibration
curve.
A set of standards is needed with each group of assays, preferably in
duplicate. Duplicate or triplicate unknowns are recommended.

. One disadvantage of the Lowry method is the fact that a range of sub-

stances interferes with this assay, including buffers, drugs, nucleic acids,
and sugars. The effect of some of these agents is shown in Table 1 in
Chapter 2. In many cases, the effects of these agents can be minimized
by diluting them out, assuming that the protein concentration is suffi-
ciently high to still be detected after dilution. When interfering com-
pounds are involved, it is, of course, important to run an appropriate
blank. Interference caused by detergents, sucrose, and EDTA can be
eliminated by the addition of SDS (4).

Modifications to this basic assay have been reported that increase the
sensitivity of the reaction. If the Folin reagent is added in two portions,
vortexing between each addition, a 20% increase in sensitivity is
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achieved (5). The addition of dithiothreitol 3 min after the addition of
the Folin reagent increases the sensitivity by 50% (6).
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CHAPTER 2

The Bicinchoninic Acid (BCA) Assay
for Protein Quantitation

John M. Walker

1. Introduction

The bicinchoninic acid (BCA) assay, first described by Smith et al.
(1) is similar to the Lowry assay, since it also depends on the conver-
sion of Cu?* to Cu* under alkaline conditions (see Chapter 1). The
Cut* is then detected by reaction with BCA. The two assays are of
similar sensitivity, but since BCA is stable under alkali conditions,
this assay has the advantage that it can be carried out as a one-step
process compared to the two steps needed in the Lowry assay. The
reaction results in the development of an intense purple color with an
absorbance maximum at 562 nm. Since the production of Cu* in this
assay is a function of protein concentration and incubation time, the
protein content of unknown samples may be determined spectropho-
tometrically by comparison with known protein standards. A further
advantage of the BCA assay is that it is generally more tolerant to the
presence of compounds that interfere with the Lowry assay. In par-
ticular it is not affected by a range of detergents and denaturing agents
such as urea and guanidinium chloride, although it is more sensitive
to the presence of reducing sugars. Both a standard assay (0.1-1.0
mg protein/mlL) and a microassay (0.5~10 g protein/mL) are described.

2. Materials
2.1. Standard Assay
1. Reagent A: sodium bicinchoninate (0.1 g), Na,CO; - H,0 (2.0 g), sodium
tartrate (dihydrate) (0.16 g), NaOH (0.4 g), NaHCO; (0.95 g), made up
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to 100 mL. If necessary, adjust the pH to 11.25 with NaHCO; or NaOH
(see Note 1).
Reagent B: CuSO, - 5H,0 (0.4 g) in 10 mL of water (see Note 1).

. Standard working reagent (SWR): Mix 100 vol of regent A with 2 vol

of reagent B. The solution is apple green in color and is stable at room
temperature for 1 wk.

2.2, Microassay

. Reagent A: Nay,CO; - H,0 (0.8 g), NaOH (1.6 g), sodium tartrate

(dihydrate) (1.6 g), made up to 100 mL with water, and adjusted to pH
11.25 with 10M NaOH.
Reagent B: BCA (4.0 g) in 100 mL of water.

. Reagent C: CuSO,- 5H,0 (0.4 g) in 10 mL of water.
. Standard working reagent (SWR): Mix 1 vol of reagent C with 25 vol

of reagent B, then add 26 vol of reagent A.

3. Methods
3.1. Standard Assay

. To a 100-pL aqueous sample containing 10-100 pg protein, add 2 mL

of SWR. Incubate at 60°C for 30 min (see Note 2).
Cool the sample to room temperature, then measure the absorbance at
562 nm (see Note 3).

. A calibration curve can be constructed using dilutions of a stock 1 mg/

mL solution of bovine serum albumin (BSA) (see Note 4).

3.2. Microassay

. To 1.0 mL of aqueous protein solution containing 0.5-1.0 pg of pro-

tein/mL, add 1 mL of SWR.

. Incubate at 60°C for 1 h.

Cool, and read the absorbance at 562 nm.

4, Notes

. Reagents A and B are stable indefinitely at room temperature, They

may be purchased ready prepared from Pierce, Rockford, IL.

. The sensitivity of the assay can be increased by incubating the samples

longer. Alternatively, if the color is becoming too dark, heating can be
stopped earlier. Take care to treat standard samples similarly.

. Following the heating step, the color developed is stable for at least 1 h.
. Note, that like the Lowry assay, response to the BCA assay is depen-

dent on the amino acid composition of the protein, and therefore an
absolute concentration of protein cannot be determined. The BSA stan-



Table 1

Effect of Selected Potential Interfering Compounds®

BCA assay Lowry assay
(ug BSA found) (ug BSA found)
Water Interference Water  Interference

Sample (50 ug BSA) blank blank blank blank
1n the following corrected  corrected corrected  corrected
50 pg BSA in water (reference) 50.00 — 50 00 —
0.1N HC1 50.70 50.80 44.20 43.80
0.1N NaOH 49.00 49.40 50.60 50.60
0.2% Sodium azide 51.10 5090 49 20 49.00
0.02% Sodium azide 51.10 5100 49 50 49 60
1.0M Sodium chloride 51.30 51.10 50.20 5010
100 mM EDTA (4 Na) No color 138.50 5.10
50 mM EDTA (4 Na) 28.00 29.40 96.70 6.80
10 mM EDTA (4 Na) 48.80 49.10 33.60 12.70
50 mM EDTA (4 Na), pH 11 25 3150 32.80 72.30 5.00
4.0M Guanidine HCI 48.30 46.90 Precipitated
3.0M Urea 51.30 50.10 53.20 45.00
1 0%Triton X-100 50.20 49.80 Precipitated
1.0% SDS (lauryl) 49.20 48.90 Precipitated
1 0% Brij 35 51.00 5090 Precipitated
1.0% Lubrol 50.70 50.70 Precipitated
1.0% Chaps 49 90 49.50 Precipttated
1.0% Chapso 51.80 51.00 Precipitated
1.0% Octyl glucoside 50.90 50.80 Precipitated
40.0% Sucrose 55.40 48,70 4,90 28.90
10.0% Sucrose 5250 50.50 4290 4110
1.0% Sucrose 5130 51.20 48 40 48 10
100 mM Glucose 245 00 57.10 68.10 61.70
50 mM Glucose 144.00 47.70 62.70 58.40
10 mM Glucose 70.00 49.10 52.60 51.20
0 2M Sorbitol 42.90 37.80 63.70 31.00
0.2M Sorbitol, pH 11 25 40.70 36.20 68.60 26.60
1 OM Glycine No color 7.30 7.70
1.0M Glycmne, pH 11 50.70 48.90 32.50 27.90
0.5M Tris 36.20 32.90 10.20 8.80
0.25M Tris 46.60 44.00 27.90 28.10
0.1M Tris 50.80 49 60 38.90 38.90
0.25M Tris, pH 11 25 52.00 50.30 40 80 40.80
20.0% Ammonium sulfate 560 1.20 Precipitated
10 0% Ammonium sulfate 16.00 12.00 Precipitated
3.0% Ammonium sulfate 44.90 42 00 21.20 21.40
10.0% Ammonium sulfate, pH 11 48.10 45.20 3260 3280
2.0M Sodium acetate, pH 5 5 35.50 34.50 5.40 330
0 2M Sodium acetate, pH 5.5 50.80 50 40 47.50 47.60
1.0M Sodium phosphate 37.10 36.20 7.30 5.30
0.1M Sodium phosphate 50 80 50 40 46.60 46.60
0.1M Cesium bicarbonate 49.50 49,70 Precipitated

%Reproduced from ref. 7 with permission from Academic Press Inc.
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dard curve can only therefore be used to compare the relative protein
concentration of similar protein solutions.

. Some reagents interfere with the BCA assay, but nothing like as many
as with the Lowry assay (see Table 1). The presence of lipids gives
excessively high absorbances with this assay (2). Variations produced
by buffers with sulfhydryl agents and detergents have been described (3).
. Since the method relies on the use of Cu?*, the presence of chelating
agents such as EDTA will of course severely interfere with the method.
However, it may be possible to overcome such problems by diluting
the sample as long as the protein concentration remains sufficiently
high to be measurable. Similarly, dilution may be a way of coping with
any agent that interferes with the assay (see Table 1). In each case it is
of course necesary to run an appropriate control sample to allow for
any residual color development. A modification of the assay has been
described that overcomes lipid interference when measuring lipopro-
tein protein content (4).

. A modification of the BCA assay, utilizing a microwave oven, has been
described that allows protein determination in a matter of seconds (5).
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CHAPTER 3

The Bradford Method
for Protein Quantitation

Nicholas <J. Kruger

1. Introduction

A rapid and accurate method for the estimation of protein concen-
tration is essential in many fields of protein study. An assay origi-
nally described by Bradford (/) has become the preferred method for
quantifying protein in many laboratories. This technique is simpler,
faster, and more sensitive than the Lowry method. Moreover, when
compared with the Lowry method, it is subject to less interference by
common reagents and nonprotein components of biological samples
(see Note 1).

The Bradford assay relies on the binding of the dye Coomassie
blue G250 to protein. The cationic form of the dye, which predomi-
nates in the acidic assay reagent solution, has a A max of 470 nm. In
contrast, the anionic form of the dye, which binds to protein, has a A
max of 595 nm (2). Thus, the amount of dye bound to the protein can
be quantified by measuring the absorbance of the solution at 595 nm.

The dye appears to bind most readily to arginyl residues of pro-
teins (but does not bind to the free amino acid) (2). This specificity
can lead to variation in the response of the assay to different proteins,
which is the main drawback of the method. The original Bradford
assay shows large variation in response between different proteins
(3-5). Several modifications to the method have been developed to
overcome this problem (see Note 2). However, these changes gener-
ally result in a less robust assay that is often more susceptible to
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interference by other chemicals. Consequently, the original method
devised by Bradford remains the most convenient and widely used
formulation. Two types of assay are described here: the standard assay,
which is suitable for measuring between 10-100 pug protein, and the
microassay for detecting between 1-10 ug protein.

2. Materials

1. Reagent: The assay reagent is made by dissolving 100 mg of Coo-
massie blue G250 1n 50 mL of 95% ethanol. The solution is then mixed
with 100 mL of 85% phosphoric acid and made up to 1 L with distilled
water (see Note 3).

The reagent should be filtered through Whatman No. 1 filter paper
and then stored in an amber bottle at room temperature. It is stable for
several weeks. However, during this time dye may precipitate from the
solution and so the stored reagent should be filtered before use.

2. Protein standard (see Note 4). Bovine y-globulin at a concentration of
1 mg/mL (100 pg/mL for the microassay) in distilled water is used as
a stock solution. This should be stored frozen at —20°C. Since moisture
content of solid protein may vary during storage, the precise concen-
tration of protein in the standard solution should be determined from
its absorbance at 280 nm. The absorbance of a 1 mg/mL solu-
tion of y-globulin, in a 1-cm light path, is 1.35. The corresponding
values for two alternative protein standards, bovine serum albumin and
ovalbumin, are 0.66 and 0.75, respectively.

3. Plastic and glassware used in the assay should be absolutely clean and
detergent-free. Quartz (silica) spectrophotometer cuvets should not be
used, since the dye binds to this material. Traces of dye bound to
glassware or plastic can be removed by rinsing with methanol or deter-
gent solution.

3. Methods
3.1. Standard Assay Method

1. Pipet between 10 and 100 pg of protein in 100 pL total volume nto a test
tube. If the approximate sample concentration is unknown, assay a range
of dilutions (1, 1/10, 1/100, 1/1000). Prepare duplicates of each sample.

2. For the calibration curve, pipet duplicate volumes of 10, 20, 40, 60,
80, and 100 pL of 1 mg/mL y-globulin standard solution 1nto test tubes,
and make each up to 100 pL with distilled water. Pipet 100 pL of dis-
tilled water into a further tube to provide the reagent blank.
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3.

4.

Add 5 mL of protein reagent to each tube and mix well by inversion or
gentle vortexing. Avoid foaming, which will lead to poor reproducibility.
Measure the Asqs of the samples and standards against the reagent blank
between 2 min and 1 h after mixing (see Note 5). The 100 pg standard
should give an Asq5 value of about 0.4. The standard curve 1s not linear
and the precise absorbance varies depending on the age of the assay
reagent. Consequently, it is essential to construct a calibration curve
for each set of assays (see Note 6).

3.2, Microassay Method

This form of the assay is more sensitive to protein. Consequently,
it is useful when the amount of the unknown protein is limited (see
Note 7).

1.

Pipet duplicate samples containing between 1-10 g in a total volume
of 100 pL into 1.5-mL polyethylene microfuge tubes. If the approximate
sample concentration is unknown, assay a range of dilutions (1, 1/10,
1/100, 1/1000).

For the calibration curve, pipet duplicate volumes of 10, 20, 40, 60,
80, and 100 pL of 100 pg/mL y-globulin standard solution into micro-
fuge tubes, and adjust the volume to 100 uL. with water. Pipet 100 pL
of distilled water into a tube for the reagent blank.

Add 1 mL of protein reagent to each tube and mix gently, but thor-
oughly. Measure the absorbance of each sample between 2-60 min
after addition of the protein reagent. The Asq5 value of a sample con-
tamning 10 pg y-globulin is 0.45. Figure 1 shows the response of three
common protein standards using the microassay method.

4, Notes

. The Bradford assay is relatively free from interference by most com-

monly used biochemical reagents. However, a few chemicals may sig-
nificantly alter the absorbance of the reagent blank or modify the
response of proteins to the dye (Table 1). The materials that are most
likely to cause problems in biological extracts are detergents and
ampholytes (2,6). These should be removed from the sample solution,
for example, by gel filtration or dialysis. Alternatively, they should be
included in the reagent blank and calibration standards at the same
concentration as in the sample. The presence of base in the assay
increases absorbance by shifting the equilibrium of the free dye toward
the anionic form. This may present problems when measuring protein
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Fig. 1. Variation in the response of proteins in the Bradford assay. The extent of
protein—dye complex formation was determined for bovine serum albumin
(W), y-globulin (@), and ovalbumin (A) using the microassay. Each value is the
mean of four determinations. These data allow comparisons to be made between
estimates of protein content obtained using these protein standards.

content in concentrated basic buffers (2). Guanidine hydrochloride and
sodium ascorbate compete with dye for protein, leading to underesti-
mation of the protein content (2).

2. The assay technique described here is subject to variation in sensitiv-
ity between individual proteins (see Table 2). Several modifications
have been suggested that reduce this variability (3-5,7). Generally, these
rely on increasing either the dye content or the pH of the solution. In
one variation, adjusting the pH by adding NaOH to the reagent improves
the sensitivity of the assay and greatly reduces the variation observed
with different proteins (5). However, the optimum pH is critically
dependent on the source and concentration of the dye (see Note 3).
Moreover, the modified assay 1s far more sensitive to interference from
detergents in the sample.

3. The amount of soluble dye in Coomassie blue G250 varies consider-
ably between sources, and suppliers’ figures for dye purity are not a
reliable estimate of the Coomassie blue G250 content (8). Generally,
Serva blue G is regarded to have the greatest dye content and should be
used in the modified assays discussed in Note 2. However, the quality
of the dye is not critical for routine protein determination using the
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Table 1
Effects of Common Reagents on the Bradford Assay®

Absorbance at 600 nm

Compound Blank 5 pg Immunoglobulin
Control 0.005 0.264
0.02% SDS 0.003 0.250
0.1% SDS 0.042* 0.059*
0.1% Triton 0.000 0.278
0.5% Triton 0.051* 0.311*
1M B-Mercaptoethanol 0.006 0.273
1M Sucrose 0.008 0.261
4M Urea 0.008 0.261
4M NaCl -0.015 0.207*
Glycerol 0014 0.238*
0.1M HEPES (pH 7.0) 0.003 0.268
0.1M Tris (pH 7.5) -0.008 0.261
0.1M Citrate (pH 5.0) 0.015 0.249
10 mM EDTA 0.007 0.235%
1M (NH,),SO, 0.002 0269

“Data were obtained by mixing 5 uL of sample with 5 uL of the
specified compound before adding 200 pL of dye-reagent. Data taken
from ref. 5.

*The asterisks indicate measurements that differ from the control by
more than 0.02 absorbance unit for blank values or more than 10% for
the samples containing protein.

method described 1n this chapter. The data presented in Fig. 1 were
obtained using Coomassie brilliant blue G (C.1. 42655; Product code
B-0770, Sigma Chemical Co., St. Louis, MO).

4. Whenever possible the protein used to construct the calibration curve
should be the same as that being determined. Often this is impractical
and the dye-response of a sample is quantified relative to that of a
“generic” protein. Bovine serum albumin is commonly used as the pro-
tein standard because it is inexpensive and readily available in a pure
form. The major argument for using this protein is that it allows the
results to be compared directly with those of the many previous stud-
ies that have used bovine serum albumin as a standard. However, it
suffers from the disadvantage of exhibiting an unusually large dye-
response in the Bradford assay and, thus, may underestimate the pro-
tein content of a sample. Increasingly, bovine y-globulin is being
advanced as a more suitable general standard since the dye binding
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Table 2
Comparison of the Response
of Different Proteins in the Bradford Assay

Relative absorbance

Protein“ Assay 1 Assay 2
Myelin basic protein 139 —
Histone 130 175
Cytochrome ¢ 128 142
Bovine serum albumin 100 100
Insulin 89 —
Transferrin 82 —
Lysozyme 73 —
o-Chymotrypsinogen 55 —
Soybean trypsin inhibitor 52 23
Ovalbumin 49 23
v-Globulin 48 55
B-Lactoglobulin A 20 —
Trypsin 18 15
Aprotinin 13 —
Gelatin — 5
Gramicidin S 5 —

“For each protein, the response 1s expressed relative to that of
the same concentration of bovine serum albumin. The data for
Assays 1 and 2 are recalculated from refs. 3 and 5, respectively.

capacity of this protein 1s closer to the mean of those proteins that have
been compared (Table 2). Because of this variation, it is essential to
specify the protein standard used when reporting measurements of pro-
tein amounts using the Bradford assay.

Generally, it is preferable to use a single new disposable polystyrene
semimicro cuvet that is discarded after a series of absorbance mea-
surements. Rinse the cuvet with reagent before use, zero the spectro-
photometer on the reagent blank and then do not remove the cuvet
from the machine. Replace the sample in the cuvet gently using a dis-
posable polyethylene pipet.

. The standard curve is nonlinear at high protein levels because the

amount of free dye becomes depleted. If this presents problems, the
linearity of the assay can be improved by plotting the ratio of
absorbances at 595 and 465 nm, which corrects for depletion of the
free dye (9).
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7.

10.

For routine measurement of the protein content of many samples the
microassay may be adapted for use with a microplate reader (5,10).
The total volume of the modified assay is limited to 210 pL by reduc-
ing the volume of each component. Ensure effective mixing of the assay
components by pipeting up to 10 pL of the protein sample into each
well before adding 200 pL of the dye-reagent.
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CHAPTER 4

Nondenaturing Polyacrylamide
Gel Electrophoresis of Proteins

John M. Walker

1. Introduction

SDS-PAGE (Chapter 5) is probably the most commonly used gel
electrophoretic system for analyzing proteins. However, it should be
stressed that this method separates denatured protein. Sometimes one
needs to analyze native, nondenatured proteins, particularly if want-
ing to identify a protein in the gel by its biological activity (for example,
enzyme activity, receptor binding, antibody binding, and so on). On
such occasions it is necessary to use a nondenaturing system such as
described in this chapter. For example, when purifying an enzyme, a
single major band on a gel would suggest a pure enzyme. However
this band could still be a contaminant; the enzyme could be present
as a weaker (even nonstaining) band on the same gel. Only by show-
ing that the major band had enzyme activity would you be convinced
that this band corresponded to your enzyme. The method described
here is based on the gel system first described by Davis (7). To enhance
resolution a stacking gel can be included (see Chapter 5 for the theory
behind the stacking gel system).

2. Materials

1. Stock acrylamide solution: 30 g acrylamide, 0.8 g bis-acrylamide. Make
up to 100 mL in distilled water and filter. Stable at 4°C for months (see
Note 1). Care: Acrylamide Monomer Is a Neurotoxin. Take care in
handling acrylamide (wear gloves) and avoid breathing in acrylamide
dust when weighing out.

From Methods in Molecular Biology, Vol. 32: Basic Protein and Peptide Protocols
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Separating gel buffer: 1.5M Tris-HC], pH 8.8.
Stacking gel buffer: 0.5M Tris-HCI, pH 6.8.

10% Ammonium persulfate in water.
N,N,N'’,N'-tetramethylethylenediamine (TEMED).
Sample buffer (5X). Mix the following:

a. 15.5 mL of 1M Tris-HCI pH 6.8;

b. 2.5 mL of a 1% solution of bromophenol blue;
¢. 7 mL of water; and

d. 25 mL of glycerol.

Solid samples can be dissolved directly in 1X sample buffer. Samples
already in solution should be diluted accordingly with 5X sample buffer
to give a solution that is 1X sample buffer. Do not use protein solutions
that are in a strong buffer that is not near to pH 6.8 as it is important
that the sample is at the correct pH. For these samples it will be neces-
sary to dialyze against 1X sample buffer.

. Electrophoresis buffer: Dissolve 3.0 g of Tris base and 14.4 g of gly-

cine 1n water and adjust the volume to 1 L. The final pH should be 8.3.

Protein stain: 0.25 g Coomassie brilliant blue R250 (or PAGE blue

83), 125 mL methanol, 25 mL glacial acetic acid, and 100 mL water.
Dissolve the dye in the methanol component first, then add the acid

and water. Dye solubility is a problem 1f a different order is used. Fil-

ter the solution if you are concerned about dye solubility. For best results

do not reuse the stain.

Destaining solution: 100 mL methanol, 100 mL glacial acetic acid,

and 800 mL water.

A microsyringe for loading samples.

3. Method

. Set up the gel cassette.

To prepare the separating gel (see Note 2) mix the following in a
Buchner flask: 7.5 mL stock acrylamide solution, 7.5 mL separating
gel buffer, 14.85 mL water, and 150 pL. 10% ammonium persulfate.
“Degas” this solution under vacuum for about 30 s. This degassing
step is necessary to remove dissolved air from the solution, since oxy-
gen can inhibit the polymerization step. Also, if the solution has not
been degassed to some extent, bubbles can form in the gel during poly-
merization, which will ruin the gel. Bubble formation is more of a prob-
lem in the higher percentage gels where more heat is liberated during
polymerization.
Add 15 pL of TEMED and gently swirl the flask to ensure even mix-
ing. The addition of TEMED will initiate the polymerization reaction,
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and although it will take about 20 min for the gel to set, this time can
vary depending on room temperature, so it is advisable to work fairly
quickly at this stage.

Using a Pasteur (or larger) pipet, transfer the separating gel mixture to
the gel cassette by running the solution carefully down one edge between
the glass plates. Continue adding this solution until it reaches a posi-
tion 1 cm from the bottom of the sample loading comb.

To ensure that the gel sets with a smooth surface, very carefully run
distilled water down one edge into the cassette using a Pasteur pipet.
Because of the great difference in density between the water and the
gel solution, the water will spread across the surface of the gel without
serious mixing. Continue adding water until a layer about 2 mm exists
on top of the gel solution.

The gel can now be left to set. When set, a very clear refractive index
change can be seen between the polymerized gel and overlaying water.
While the separating gel is setting, prepare the following stacking gel
solution. Mix the following quantities in a Buchner flask: 1.5 mL stock
acrylamide solution, 3.0 mL stacking gel buffer, 7.4 mL water, and
100 pL 10% ammonium persulfate. Degas this solution as before.
When the separating gel has set, pour off the overlaying water. Add 15
uL of TEMED to the stacking gel solution and use some (~2 mL) of
this solution to wash the surface of the polymerized gel. Discard this
wash, then add the stacking gel solution to the gel cassette until the
solution reaches the cutaway edge of the gel plate. Place the well-
forming comb into this solution and leave to set. This will take about
30 min. Refractive index changes around the comb indicate that the
gel has set. It is useful at this stage to mark the positions of the bottoms
of the wells on the glass plates with a marker pen.

. Carefully remove the comb from the stacking gel, remove any spacer

from the bottom of the gel cassette, and assemble the cassette in the
electrophoresis tank. Fill the top reservoir with electrophoresis buffer
ensuring that the buffer fully fills the sample loading wells, and look
for any leaks from the top tank. If there are no leaks, fill the bottom
tank with electrophoresis buffer, then tilt the apparatus to dispel any
bubbles caught under the gel.

Samples can now be loaded onto the gel. Place the syringe needle
through the buffer and locate it just above the bottom of the well. Slowly
deliver the sample (~5-20 pL) into the well. The dense sample solvent
ensures that the sample settles to the bottom of the loading well.
Continue in this way to fill all the wells with unknowns or standards,
and record the samples loaded.
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The power pack is now connected to the apparatus and a current of 20-
25 mA passed through the gel (constant current) (see Note 3). Ensure
that the electrodes are arranged so that the proteins are running to the
anode (see Note 4). In the first few minutes the samples will be seen to
concentrate as a sharp band as it moves through the stacking gel. (It is
actually the bromophenol blue that one is observing, not the protein
but, of course, the protein is stacking in the same way.) Continue elec-
trophoresis until the bromophenol blue reaches the bottom of the gel.
This will usually take about 3 h. Electrophoresis can now be stopped
and the gel removed from the cassette. Remove the stacking gel and
immerse the separating gel in stain solution, or proceed to step 13 if
you wish to detect enzyme activity (see Notes 5 and 6).

Staining should be carried out, with shaking, for a minimum of 2 h and
preferably overnight. When the stain is replaced with destain, stronger
bands will be immediately apparent and weaker bands will appear as
the gel destains. Destaining can be speeded up by using a foam bung,
such as those used in microbiological flasks. Place the bung in the
destain and squeeze it a few times to expel air bubbles and ensure the
bung is fully wetted. The bung rapidly absorbs dye, thus speeding up
the destaining process.

If proteins are to be detected by their biological activity, duplicate
samples should be run. One set of samples should be stained for protein
and the other set for activity. Most commonly one would be looking
for enzyme activity in the gel. This is achieved by washing the gel in
an appropriate enzyme substrate solution that results in a colored product
appearing in the gel at the site of the enzyme activity (see Note 7).

4. Notes

. The stock acrylamide used here is the same as used for SDS gels (see

Chapter 5) and may already be availabe in your laboratory.

The system described here is for a 7.5% acrylamide gel, which was
originally described for the separation of serum proteins (7). Since sepa-
ration in this system depends on both the native charge on the protein
and separation according to size owing to frictional drag as the proteins
move through the gel, it is not possible to predict the electrophoretic
behavior of a given protein the way that one can on an SDS gel, where
separation is based on size alone. A 7.5% gel is a good starting point
for unknown proteins. Proteins of mol wt >100,000 should be sepa-
rated in 3-5% gels. Gels in the range 5-10% will separate proteins in
the range 20,000-150,000, and 10-15% gels will separate proteins in
the range 10,000-80,000. The separation of smaller polypeptides is
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described in Chapter 8. To alter the acrylamide concentration, adjust
the volume of stock acrylamide solution 1n Section 3., step 2 accord-
ingly, and increase/decrease the water component to allow for the
change in volume. For example, to make a 5% gel change the stock
acrylamide to 5 mL and increase the water to 17.35 mL. The final vol-
ume is still 30 mL, so 5 mL of the 30% stock acrylamide solution has
been diluted in 30 mL to give a 5% acrylamide solution.

3. Because we are separating native proteins, it is important that the gel
does not heat up too much, since this could denature the protein in the
gel. It is advisable therefore to run the gel in the cold room, or to circu-
late the buffer through a cooling coil in ice. (Many gel apparatus are
designed such that the electrode buffer cools the gel plates.) If heating
is thought to be a problem it is also worthwhile to try running the gel at
a lower current for a longer time.

4. This separating gel system is run at pH 8.8. At this pH most proteins
will have a negative charge and will run to the anode. However, it must
be noted that any basic proteins will migrate in the opposite direction
and will be lost from the gel. Basic proteins are best analyzed under
acid conditions, as described in Chapter 7.

5. It is important to note that concentration 1n the stacking gel may cause
aggregation and precipitation of proteins. Also, the pH of the stacking
gel (pH 6.8) may affect the activity of the protein of interest. If this is
thought to be a problem (e.g., the protein cannot be detected on the
gel), prepare the gel without a stacking gel. Resolution of proteins will
not be quite so good, but will be sufficient for most uses.

6. If the buffer system described here is unsuitable (e.g., the protein of
interest does not electrophorese into the gel because it has the incor-
rect charge, or precipitates in the buffer, or the buffer is incompatible
with your detection system) then one can try different buffer systems
(without a stacking gel). A comprehensive list of alternative buffer
systems has been published (2).

7. The most convenient substrates for detecting enzymes in gels are small
molecules that freely diffuse into the gel and are converted by the
enzyme to a colored or fluorescent product within the gel. However,
for many enzymes such convenient substrates do not exist, and it 1s
necessary to design a linked assay where one includes an enzyme
together with the substrate such that the products of the enzymatic
reaction of interest is converted to a detectable product by the enzyme
included with the substrate. Such linked assays may require the use of
up to two or three enzymes and substrates to produce a detectable prod-
uct. In these cases the product is usually formed on the surface of the
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gel because the coupling enzymes cannot easily diffuse into the gel. In
this case the zymogram technique is used where the substrate mix is
added to a cooled (but not solidified) solution of agarose (1%) in the
appropriate buffer. This is quickly poured over the solid gel where it
quickly sets on the gel. The product of the enzyme assay is therefore
formed at the gel-gel interface and does not get washed away. A num-
ber of review articles have been published which described methods
for detecting enymes in gels (3—7). A very useful list also appears as an
appendix 1n ref. 8.

In addition to the specific problems identified above, the technique is
susceptible to the normal problems associated with any polyacrylamide
gel electrophoresis system. These problems and the identification of
their causes are described in Table 1, Chapter 5.
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CHAPTER 5

SDS Polyacrylamide Gel
Electrophoresis of Proteins

Bryan John Smith

1. Introduction

Probably the most widely used technique for analyzing mixtures
of proteins is SDS polyacrylamide gel electrophoresis. In this tech-
nique, proteins are reacted with the anionic detergent, sodium
dodecylsulfate (SDS, or sodium lauryl sulfate) to form negatively
charged complexes. The amount of SDS bound by a protein, and so
the charge on the complex, is roughly proportional to its size. Com-
monly, about 1.4 g SDS is bound per 1 g protein, although there are
exceptions to this rule. The proteins are generally denatured and solu-
bilized by their binding of SDS, and the complex forms a prolate
elipsoid or rod of length roughly proportionate to the protein’s mol
wt. Thus, proteins of either acidic or basic p/ form negatively charged
complexes that can be separated on the bases of differences in charges
and sizes by electrophoresis through a sieve-like matrix of polyacryl-
amide gel.

This is the basis of the SDS gel system, but it owes its popularity
to its excellent powers of resolution that derive from the use of a
“stacking gel.” This system employs the principles of isotachophoresis,
which effectively concentrates samples from large volumes (within
reason) into very small zones, that then leads to better separation of
the different species. The system is set up by making a stacking gel
on top of the “separating gel,” which is of a different pH. The sample
is introduced to the system at the stacking gel. With an electric field

From: Mathods in Molecular Biology, Vol 32: Basic Protein and Peptide Protocols
Edited by J M Walker Copynght ©1994 Humana Press Inc, Totowa, NJ

23



24 Smith

applied, ions move towards the electrodes, but at the pH prevailing in
the stacking gel, the protein—SDS complexes have mobilities inter-
mediate between the CI~ ions (present throughout the system) and
glycinate ions (present in the reservoir buffer). The Cl~ ions have the
greatest mobility. The following larger ions concentrate into narrow
zones in the stacking gel, but are not effectively separated there. When
the moving zones reach the separating gel, their respective mobilities
change in the pH prevailing there and the glycinate ion front over-
takes the protein—-SDS complex zones to leave them in a uniformly
buffered electric field to separate from each other according to size
and charge. More detailed treatments of the theory of isotachophoresis
and electrophoresis generally are available in the literature (e.g., /).

The system of buffers used in the gel system desrcibed below is
that of Laemmli (2), and is used in a polyacrylamide gel of slab shape.
This form allows simultaneous electrophoresis of more than one
sample, and thus is ideal for comparative purposes.

2. Materials

1. The apparatus required may be made in the workshop, say, to Studier’s
design (3), or is available from commercial sources. For safety rea-
sons, the design should deny access to the gel or buffers while the
circuit is complete. The gel is prepared and run in a narrow chamber
formed by two glass plates separated by spacers of narrow strips of
perspex or other suitable material, arranged on the side and bottom
edges of the plates as indicated in Fig. 1. The thickness of the spacers clearly
dictates the thickness of the gel. The sample wells into which the sam-
ples are loaded are formed by a template “comb” that extends across
the top of the gel and is of the same thickness as the spacers. Typically,
the “teeth” on this comb will be 1 cm long, 2—-10 mm wide, and sepa-
rated by 3 mm. The chamber may be sealed along its edges with white petro-
leum jelly (Vaseline), sticky tape (electrical insulation tape), or silicone
rubber tubing between the glass plates. A dc power supply is required.

2. Stock solutions. Chemicals should be analytical reagent (Analar) grade
and water should be distilled. Stock solutions should all be filtered.
Cold solutions should be warmed to room temperature before use.

a. Stock acrylamide solution (total acrylamide content, %T = 30%
w/v, ratio of crosslinking agent to acrylamide monomer, %C =2.7%
w/w): 73 g acrylamide and 2 g bis-acrylamide. Dissolve and make



SDS-PAGE of Proteins 25

SPACER
1 comMB

GLASS PLATES

—— STACKING GEL

R em

SEPARATING
GEL

v—

N\

Fig. 1. The construction of a slab gel, showing the positions of the glass plates,
the spacers, and the comb.

up to 250 mL in water. This stock solution is stable for weeks in
brown glass, at 4°C.

b. Stock separating gel buffer: 1.0 g SDS and 45.5 g Tris buffer [2-
amino-2-(hydroxymethyl)- propane-1,3-diol]. Dissolve in <250 mL
of water, adjust the pH to 8.8 with HCI, and make the volume to 250
mL. This stock solution is stable for months at 4°C.

c¢. Stock ammonium persulfate: 1.0 g ammonium persulfate. Dissolve
in 10 mL of water. This stock solution is stable for weeks in brown
glass, at 4°C.

d. Stock stacking gel buffer: 1.0 g SDS and 15.1 g Tris base. Dissolve
in <250 mL of water, adjust the pH to 6.8 with HCI, and make up to
250 mL. Check the pH before use. This stock solution is stable for
months at 4°C.

e. Reservoir buffer (0.192M glycine, 0.025M Tris, 0.1% [w/v] SDS):
28.8 g glycine, 6.0 g Tris base, and 2.0 g SDS. Dissolve and make to
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2 L in water. The solution should be at about pH 8.3 without adjust-
ment. This solution is readily made fresh each time.

f. Stock (double strength) sample solvent: 0.92 g SDS, 2 mL B-mercapto-
ethanol, 4.0 g glycerol, 0.3 g Tris base, and 2 mL bromophenol blue
(0.1% [w/v] solution in water). Dissolve in <20 mL of water, adjust
the pH to 6.8 with HCI, and make to 20 mL. Check the pH before
use. Exposed to oxygen in the air, the reducing power of the
B-mercaptoethanol wanes with time. Periodically (after a few weeks)
add extra agent or renew the solution. This stock solution is stable
for weeks at 4°C.

g. Protein stain: 0.25 g PAGE blue 83, 125 mL methanol, 25 mL gla-
cial acetic acid, and 100 mL water. Dissolve the dye in the methanol
component first, then add the acid and water. If dissolved in a dif-
ferent order, the dye’s staining behavior may differ. The stain is
best used when freshly made. For best results do not reuse the stain—
its efficacy declines with use.

h. Destaining solution: 100 mL methanol, 100 mL glacial acetic acid,
and 800 mL water. Mix thoroughly. Use when freshly made.

3. Method

. Thoroughly clean and dry the glass plates and three spacers, then

assemble them as shown in Fig. 1, with the spacers set 1-2 mm 1n from
the edes of the glass plates. Hold the construction together with bull-
dog clips. White petroleum jelly (melted in a boiling water bath) is
then applied around the edges of the spacers to hold them in place and
seal the chamber. Clamp the chamber in an upright, level position.

. A sufficient volume of separating gel mixture (say 30 mL for a cham-

ber of about 14 x 14 X 0.1 cm) is prepared as follows. Mix the follow-
ing: 15 mL stock acrylamide solution and 7.5 mL distilled water. Degas
on a water pump, and then add: 7.5 mL stock separating gel buffer, 45
pL stock ammonium persulfate solution, and 15 pL. N,N,N',N'-tetra-
methylethylenediamine (TEMED). Mix gently and use immediately
(because polymerization starts when the TEMED is added). The
degassing stage removes oxygen, which inhibits polymerization by vir-
tue of mopping up free radicals, and also discourages bubble forma-
tion caused by warming when the gel polymerizes.

. Carefully pipet or pour the freshly mixed solution into the chamber

without generating air bubbles. Pour to a level about 1 cm below where
the bottom of the well-forming comb will come when it is in position.
Carefully overlayer the acrylamide solution with butan-2-ol without
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mixing (to eliminate oxygen and generate a flat top to the gel). Leave
the mixture until it 1s set (0.5-1.5 h).

4. Prepare stacking gel (5 mL) as follows. Mix the following: 0.75 mL
stock acrylamide solution and 3 mL distilled water. Degas on a water
pump, then add: 1.25 mL stock stacking gel buffer, 15 pL stock
ammonium persulfate solution, and 5 pl. TEMED. Mix gently and use
immediately.

Pour off the butan-2-ol from the polymerized separating gel, wash the
gel top first with water and then with a little stacking gel mixture, and fill
the gap remaining in the chamber with the stacking gel mixture. Insert the
comb and allow the gel to stand until set (about 0.5—1 h).

5. When the stacking gel has polymerized, remove the comb without dis-
torting the shapes of the wells. Remove the clips holding the plates
together, and install the gel in the apparatus. Fill apparatus with reser-
voir buffer. The reservoir buffer can be circulated between anode and
cathode reservoirs, to equalize their pH values if required, but usually
this is not necessary. The buffer can also be cooled (by circulating it
through a cooling coil in ice), so that heat evolved during electrophoresis
is dissipated and does not affect the size or shape of protein zones (or
bands) in the gel. Push out the bottom spacer from the gel and remove
bubbles from both the top and underneath of the gel, for they could
partially insulate the gel and distort electrophoresis. Check the electri-
cal circuit by turning on the power (dc) briefly, with the cathode at the
stacking gel end of the gel (i.e., the top). Use the gel immediately.

6. While the gel is polymerizing (or before making the gel), prepare
samples for electrophoresis. A dry sample may be dissolved directly in
single-strength sample solvent (i.e., the stock solution diluted twofold
with water) or dissolved in water and diluted with 1 vol of stock double-
strength sample solvent. The concentration of sample in the solution
should be such as to give a sufficient amount of protein in a volume
not greater than the size of the sample well. Some proteins may react
adequately with SDS within a few minutes at room temperature, but as
a general practice, heat sample solutions in boiling water for 2 min.
Cool the sample solution before loading it. The bromophenol blue dye
indicates when the sample solution is acidic by turning yellow. If this
happens, add a little NaOH, enough to just turn the color blue.

7. Load the gel. Take up the required volume of sample solution in a
microsyringe or pipet and carefully inject it into a sample well through
the reservoir buffer. The amount of sample loaded depends on the
method of its detection (see below). Having loaded all samples with-
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out delay, start electrophoresis by turning on power (dc). On a gel of
about 0.5 —1 mm thickness and about 14 cm length, an applied voltage
of about 150 V gives a current of about 20 mA or so (falling during
electrophoresis if constant voltage is employed). The bromophenol blue
dye front takes about 3 h to reach the bottom of the gel. Greater volt-
age speeds up electrophoresis, but generates more heat in the gel.

At the end of electrophoresis (say, when the dye front reaches the bottom
of the gel), protein bands in the gel may be visualized by staining.
Remove the gel from between the glass plates and immerse it in the
protein stain immediately (although delay of 1 h or so is not noticeably
detrimental in a gel of 15%T). The gel is left there with gentle agita-
tion until the dye has penetrated the gel (about 1.5 h for 15%T gels of
0.5—-1 mm thickness). Dye that is not bound to protein is removed by
transferring the gel to destaining solution. After about 24 h, with gentle
agitation and several changes of destaining agent, the gel background
becomes colorless and leaves protein bands colored blue, purple, or
red. PAGE blue 83 visibly stains as little as 0.1-1 pg of protein in a
band of about 1 cm width.

4, Notes

. The reducing agent in the sample solvent reduces intermolecular disul-

fide bridges and so destroys quarternary structure and separates subunits,
and also reduces intramolecular disulfide bonds to ensure maximal
reaction with SDS. The glycerol is present to increase the density of
the sample, to aid the loading of it onto the gel. The bromophenol blue
dye also aids loading of the sample, by making 1t visible, and indicates
the position of the front of electrophoresis in the gel. The dye also
indicates when the sample solution is acidic by turning yellow.

The polymerization of acrylamide and bis-acrylamide is initiated by the
addition of TEMED and persulfate. The persulfate activates the
TEMED and leaves it with an unpaired electron. This radical reacts
with an acrylamide monomer to produce a new radical that reacts with
another monomer, and so on, to build up a polymer. The bis-acryla-
mide is incorporated into polymer chains this way and so forms cross-
links between them.

. The gel system described is suitable for electrophoresis of proteins in

the mol wt range of 10,000-100,000. Smaller proteins move at the front
or form diffuse, fast-moving bands, whereas larger proteins hardly enter
the gel, if at all. Electrophoresis of larger proteins requires gels of larger
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pore size, which are made by dilution of the stock acrylamide solution
(reduction of %T) or by adjustment of %C (the smallest pore size is at
5%C, whatever the %T). The minimum %T is about 3%, useful for
separation of protemns of mol wts of several millions. Such low %T
gels are extremely weak and may require strengthening by the inclu-
sion of agarose to 0.5% (w/v). Smaller pore gels, for electrophoresis of
small proteins, are prepared by increasing %T and adjustment of %C.
Such adjustment of %T and %C may be found empirically to improve
resolution of closely migrating species.

A combination of large and small pore gels, suitable for electro-
phoresis of mixtures of proteins of wide-ranging sizes, can be made in
a gradient gel, prepared with use of a gradient-making apparatus when
pouring the separating gel (see Chapter 6).

4. Since proteins (or rather, their complexes with SDS) are resolved largely
on the basis of differences in their sizes, electrophoretic mobility in
SDS gels may be used to estimate the mol wt of a protein by compari-
son with proteins of known size (as described in ref. ). However, it
should be remembered that some proteins have anomalous SDS-bind-
ing properties, and hence anomalous mobilities in SDS gels.

5. If necessary, the gel may be stored for 24 h (preferably in the cold)
either as the separating gel only, under a buffer of stock-separating gel
buffer diluted fourfold in water, or together with the stacking gel with
the comb left in place to prevent drying out.

6. Proteins dissolved in sample solvent are stable for many weeks if kept
frozen (at —10°C or below), although repeated freezing and thawing
causes protein degradation.

7. The result of electrophoresis in SDS gels ideally has protein(s) as thin,
straight band(s) that are well-resolved from other bands. This may not
always be so, however. Some faults and their remedies are given in
Table 1. Some examples are shown in Fig. 2.

8. Be wary of the dangers of electric shock and of fire, and of the
neutrotoxic acrylamide monomer. Ready-made solutions of acrylamide
and bis-acrylamide are commercially available and reduce the hazards
from handling of these agents. Safer still are the ready-made gels that are
available commercially. They may come either as the separating gel, to
which the user adds the stacking gel (and sample wells), or as a gel with-
out any stacking gel but with wells formed in the separating gel itself. The
latter type is sufficient for many purposes but critical separations may
require the added benefit that comes from using a stacking gel.



30

Table 1

Smith

Some Problems that May Arise During the Preparation and Use of SDS Gels

Fault

Cause

Remedy

Failure or decreased rate
of gel polymerization

Formation of a sticky top

to the gel

Poor sample wells
The wells are dis-
torted or broken
The wells contain a
loose webbing of
polyacrylamide

Unsatisfactory staining
The staining is weak

The staining is uneven

Stained bands
become decolorized

Oxygen is present

Stock solutions (especially
acrylamide and
persulfate) are aged

Penetration of the gel by
butan-2-ol

The stacking gel resists the
removal of the comb

The comb fits loosely

The dye is bound ineffi-
ciently

The dye penetration or
destaining is uneven

The dye has been removed
from the protein

Degas the solutions
Renew the stock
solutions

Overlayer of the gel
solution with butan-
2-ol without mixing
them. Do not leave
butan-2-ol to stand on
a polymerized gel

Remove the comb
carefully or use a gel
of lower %T

Replace the comb with a
tighter-fitting one

Use a more concentrated
dye solution, a longer
staining time, or a
more sensitive stain
The stain solution
should contain organic
solvent (e.g., metha-
nol), which strips the
SDS from the protein
to which the dye may
then bind

Agitate the gel during
staining and destain-
ing. Increase the
staining/destaining
time

Restain the gel. Reduce
the destaining time or
use a dye that stains
proteins indelibly, e.g.,
Procion navy MXRB
(see Chapter 14)

{continued)
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Fault

Cause

Remedy

The gel is marked
nonspecifically by
the dye

Contaminants are
apparent

Protein bands are not
sufficiently resolved

There are small changes
in standard proteins’
electrophoretic mobil-
ities from time to time

Distortion of bands:
Bands have become
smeared or streaked

Solid dye is present in the
staining solution

The apparatus and/or stock
solutions are contami-
nated

Nonproteinaceous material
in the sample (e.g.,
nucleic acid) has been
stained

Samples have crosscontami-
nated each other because
of their overloading or
their sideways seepage
between the gel layers

Insufficient electrophoresis

The separating gel’s pore
s1ze is incorrect

The amounts loaded differ
greatly

The constituents of the gel
vary 1n quality from batch
to batch or with age

Proteins in the sample are
insoluble or remain
aggregated 1n the sample
solvent

There is insoluable matter or
a bubble in the gel that
has interfered with
protein band migration

The pore size of the gel is
inconsistent

Ensure full dissolution of
the dye, or filter the
solution before using 1t

Clean or renew them as
required

Try another stain that will
not stain the contami-
nants

Do not overfill sample
wells. Ensure good
adherence of the gel
layers to each other by
thorough washing of
the polymerized gel
before application of
subsequent layers

Prolong the run

Alter the %T and/or %C
of the separating gel

Keep the loadings
roughly similar in size
each time

Use one batch of a
chemical for as long as
possible. Replace aged
stock solutions and
reagents

Use fresh sample solvent
and/or extra SDS and
reducing agent in it
(especially for concen-
trated sample solu-
tions)

Filter the stock solutions
before use and remove
any bubbles from the
gel mixtures

Ensure that the gel
solutions are well

(continued)
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Fault

Cause

Remedy

Protein migration has been
uneven (bands are bent)

Bands are not of uniform
thickness

Part of the gel has been
insulated

Electrical leakage

Cooling of the gel is
uneven (allowing one
part of the gel to run
more quickly than
another)

The band and/or its
neighbors are over-
loaded

The sample well used was

at the very end of the

row of wells (the “end

well effect”)
The sample was loaded
unevenly

mixed and that poly-
merization is not very
rapid (to slow it down,
reduce the amount of
persulfate added)
Remove any bubbles
adhering to the gel
before electrophoresis
Ensure that the side
spacers are in place
Improve the cooling of
the gel, or reduce the
heating by reducing
the voltage or ionic
strength of buffers
Repeat the electrophore-
sis, but with smaller
loadings. Leave gaps
(i.e., unloaded sample
wells) between neigh-
boring heavily loaded
samples. If necessary,
alter the system (e.g.,
see Protein Bands Are
Not Sufficiently
Resolved) and so the
relative mobilities of
bands, so that they do
not interfere with each
other
Avoid using the end wells

Check that the sample
well bottoms are
straight and horizontal
(see Poor Sample
Wells)




SDS-PAGE of Proteins 33

A B C
.” :
-

— —
—
"“ |

Fig. 2. Examples of proteins electrophoresed on SDS polyacrylamide (15%T)
gels and stained with Coomassie brilliant blue R 250 as described in the text. Elec-
trophoresis was from top to bottom. (A) Good electrophoresis. Sample, left, 15-ug
loading of histone proteins from chicken erythrocyte nuclei. Sample right, a 5-pg
loading (total) of mol-wt marker proteins (obtained from Pharmacia, Uppsala, Swe-
den). The mol wts are, from top to bottom: phosphorylase b, 94,000; albumin, 67,000;
ovalbumin, 43,000; carbonic anhydrase, 30,000; trypsin inhibitor, 20,100; o-lact-
albumin, 14,400. (B) Examples of artifacts. Sample, left, the fastest (bottom) band
has distorted as it encountered a region of high polyacrylamide density (which arose
during very rapid gel polymerization). Sample, right, the effect on protein over-
loading of increasing a band’s size (the sample proteins are as in sample, left).
Extreme overloading may also cause narrowing of faster-migrating bands, as has
happened here to some extent (cf fast bands’ widths with widths of bands in sample,
left). (C) Example of an artifact. Sample, left, the “end well effect” of distortion of
the sample loaded into the very end well, not seen in samples in other wells (e.g.,
sample, right).
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CHAPTER 6

Gradient SDS Polyacrylamide
Gel Electrophoresis of Proteins

John M. Walker

1. Introduction

The preparation of fixed-concentration polyacrylamide gels has
been described in Chapter 5. However, the use of polyacrylamide
gels that have a gradient of increasing acrylamide concentration (and
hence decreasing pore size) can sometimes have advantages over
fixed-concentration acrylamide gels. During electrophoresis in gra-
dient gels, proteins migrate until the decreasing pore size impedes
further progress. Once the “pore limit” is reached, the protein banding
pattern does not change appreciably with time, although migration
does not cease completely. There are three main advantages of gradi-
ent gels over linear gels:

1. The advancing edge of the migrating protein zone is retarded more
than the trailing edge, thus resulting in a sharpening of the protein bands.

2. The gradient in pore size increases the range of mol wts that can be
fractionated in a single gel run.

3. Proteins with close mol wt values are more likely to separate in a gra-
dient gel than a linear gel.

The usual limits of gradient gels are 3-30% acrylamide in linear or
concave gradients. The choice of range will of course depend on the
size of proteins being fractionated. The system described here is for a
5-20% linear gradient using SDS polyacrylamide gel electrophore-
sis. The theory of SDS polyacrylamide gel electrophoresis has been
decribed in Chapter 5.

From: Methods in Molecular Biology, Vol 32: Basic Protein and Peptide Protocols
Edited by: J. M. Walker Copyright ©1994 Humana Press Inc., Totowa, NJ

35



36

wn

Walker

2. Materials

. Stock acrylamide solution: 30% acrylamide, 0.8% bis-acrylamide. Di1s-

solve 75 g of acrylamide and 2.0 g of N,N'-methylene bis-acrylamide
in about 150 mL of water. Filter and make the volume to 250 mL.
Store at 4°C. The solution 1s stable for months.

Buffers:

a. 1.875M Tris-HCI, pH 8.8.

b. 0.6M Tris-HCI, pH 6.8.

Store at 4°C.

Ammonium persulfate solution (10% [w/v]). Make fresh as required.
SDS solution (10% [w/v]). Stable at room temperature. In cold
conditions, the SDS can come out of solution, but may be redissolved
by warming.

. N,N,N'N'-Tetramethylene diamine (TEMED).

Gradient forming apparatus (see Fig. 1). Reservoirs with dimensions
of 2.5 cm id and 5.0 cm height are suitable. The two reservoirs of the
gradient former should be linked by flexible tubing to allow them to be
moved independently. This is necessary since although equal volumes
are placed in each reservorr, the solutions differ in their densities and
the relative positions of A and B have to be adjusted to balance the two
solutions when the connecting clamp is opened.

3. Method

. Prepare the following solutions:

Solution A, mL.  Solution B, mL

1.875M Tris-HCI, pH 8.8 3.0 3.0
Water 9.3 0.6
Stock acrylamide, 30% 2.5 10.0
10% SDS 0.15 0.15
Ammonium persulfate (5%) 0.05 0.05
Sucrose — 22¢g

(equivalent to
1.2 mL volume)

Degas each solution under vacuum for about 30 s and then, when you
are ready to form the gradient, add TEMED (12 uL) to each solution.

. Once the TEMED 1s added and mixed 1n, pour solutions A and B into

the appropriate reservoirs (see Fig. 1.)
With the stirrer stirring, fractionally open the connection between A
and B and adjust the relative heights of A and B such that there is no
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Magnetic stirrer

Peristaltic pump

Fig. 1 Diagram of an apparatus for forming gradient gels.

flow of liquid between the two reservoirs (easily seen because of the
difference in densities). Do not worry if there is some mixing between
reservoirs—this is inevitable.

. When the levels are balanced, completely open the connection between

A and B, turn the pump on, and fill the gel apparatus by running the gel
solution down one edge of the gel slab. Surprisingly, very little mixing
within the gradient occurs using this method. A pump speed of about 5
mL/min is suitable. If a pump is not available, the gradient may be run
into the gel under gravity.

When the level of the gel reaches about 3 cm from the top of the gel
slab, connect the pump to distilled water, reduce pump speed, and over-
lay the gel with 3—4 mm of water.

The gradient gel is now left to set for 30 min. Remember to rinse out
the gradient former before the gel sets in it.

Prepare a stacking gel by mixing the following:

a. 1.0 mL 0.6M Tris-HC], pH 6.8;

b. 1.35 mL Stock acrylamide;

c. 7.5 mL Water;

d. 0.1 mL 10% SDS;

e. 0.05 mL Ammonium persulfate (10%).

Degas this mixture under vacuum for 30 s and then add TEMED (12 uL.).

. Pour off the water overlayering the gel and wash the gel surface with

about 2 mL of stacking gel solution and then discard this solution.
The gel slab is now filled to the top of the plates with stacking gel
solution and the well-forming comb placed in position (see Chapter 5).
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When the stacking gel has set (~15 min), carefully remove the comb.
The gel is now ready for running. The conditions of running and sample
preparation are exactly as described for SDS gel electrophoresis 1n
Chapter 5.

4, Notes

. The total volume of liquid in reservoirs A and B should be chosen such

that it approximates to the volume available between the gel plates.
However, allowance must be made for some liquid remaining in the
reservoirs and tubing.

As well as a gradient 1n acrylamide concentration, a density gradient
of sucrose (glycerol could also be used) is included to minimize mix-
ing by convectional disturbances caused by heat evolved during poly-
merization. Some workers avoid this problem by also including a
gradient of ammonium persulfate to ensure that polymerization occurs
first at the top of the gel, progressing to the bottom. However, we have
not found this to be necessary in our laboratory.



CHAPTER 7

Acetic Acid-Urea Polyacrylamide
Gel Electrophoresis of Proteins

Bryan John Smith

1. Introduction

In SDS polyacrylamide gel electrophoresis, proteins are separated
essentially on the basis of their sizes, by the sieving effect of the
polyacrylamide gel matrix (see Chapter 5). In the absence of SDS,
the proteins would still be subject to the sieving effect of the gel matrix,
but their charges would vary according to their amino acid content.
This is because the charge on a protein at any particular pH is the
sum of the charges prevailing on the side chain groups of its constitu-
ent amino acid residues, and the free amino and carboxyl groups at
its termini (although these are relatively trivial in anything other than
a very small peptide). Thus, in an ionic detergent-free gel electro-
phoretic system, both the molecular size and charge act as bases for
effective protein separation. The pH prevailing in such a system might
be anything, but is commonly about pH 3. Since the pK|, values of the
side chain carboxyl groups of aspartic and glutamic acids are about
3.8 and 4.2, respectively, even these amino acids will contribute little
to the negative charge on a protein at this pH. Thus at pH 3, all pro-
teins are likely to be positively charged and to travel toward the cath-
ode in an electric field.

In such an acid-polyacrylamide gel electrophoresis system, two
proteins of similar size but different charge may be separated from
each other. Since SDS gels may be unable to achieve this end, these
two electrophoresis systems usefully complement each other for analy-

From. Methods in Molecular Biology, Vol. 32: Basic Protein and Peptide Protocols
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sis of small amounts of proteins. Proteins that might be usefully studied
in the acid-gel system are minor primary structure variants (of slightly
different charge), or modified forms of the same protein. Thus, a
protein that has had some threonine or serine side chains phosphory-
lated, or lysine side chains acetylated, will be more acidic (or less
basic) than the unmodified form of the same protein, and so will have
a different electrophoretic mobility in the appropriate acid—gel sys-
tem (e.g., see the acetylated derivatives of H4 in Fig. 1).
Commonly, the hydrogen bond-breaking agent urea is added to the
simple acid—gel electrophoresis system in amounts traversing its entire
range of solubility. This denaturant increases the frictional coeffi-
cient of proteins and so alters their electrophoretic mobilities. This
has often proved useful in obtaining optimal resolution of proteins of
interest and so urea is included in the system described below, which
uses 2.5M urea. The system is buffered to about pH 3 with acetic
acid, and is similar to the system described by Panyim and Chalkley (1).

2. Materials

1. The apparatus required for running slab gels is available commercially
or may be made in the workshop, but is usually of the type described
by Studier (2). The gel 1s cast and used in a chamber formed between
two glass plates, as are SDS gels (for further details, see Chapter 5). A
dc power supply is required.

2. Stock solutions. Use analytical grade (Analar) reagents and distilled
water. Filter stock solutions and warm to room temperature before use.
a. Stock acrylamide solution (total acrylamide content, %T = 30%

[w/v], ratio of crosslinking agent to acrylamide monomer, %C = 1.5%
[w/w]): 73.8 g acrylamide and 1.1 g bis-acrylamide. Dissolve and
make to 250 mL in water. Filter the solution before use. This stock
solution is stable for weeks in brown glass at 4°C.

b. Stock ammonium persulfate: 1 g ammonium persulfate. Dissolve in
10 mL of water. This stock solution 1s stable for weeks in brown
glass at 4°C.

c. Reservoir buffer, pH 3 (0.9M acetic acid): 51.5 mL acetic acid (gla-
cial). Make up to 1 L with water. Can be stored at room tempera-
ture.

d. Sample solvent: 1 mL HCI (1M), 0.5 mL B-mercaptoethanol, 5.4 g
urea, and 0.5 mL pyronin Y (0.4% [w/v] solution in water). Add 4.5
mL distilled water and fully dissolve the urea. The final volume 1s
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Fig. 1. Examples of electrophoresis on acetic acid (0.9M, pH 3)-polyacryla-
mide (20%T, 1.5%C) gels. (A) Slab gel containing 2.5M urea, stained with Coomas-
sie brilliant blue R250, as described in the text. Sample: 8 pg of a mouse liver
nuclei extract. The histones are identified. The H3 band probably also contains
another protein, H1°. Note the mono- and the faint band of diacetylated forms of
H4 (H4' and H4", respectively) migrating behind the nonacetylated H4. (B) Slab
gel containing 2.5M urea, stained with Procion navy MXRB as described in Chap-
ter 14. Sample: mouse liver nuclei extract. Left, loading 8 ug; right, loading 24 pg.
Note the different sensitivity of the stain (cf Fig. 1A) and the distortion of bands
that occurs with heavier loading. (C) Rod gel (5-mm diameter) containing no urea,
stained with Procion navy MXRB as in ref. /0. Sample: 50 pg of pig thymus
histones. Note alteration of H2B mobility relative to other histones because of the
omission of urea.
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10 mL. Although it 1s probably best to use this solution when it is
fresh, it may be stored frozen at —20°C for weeks without apparent
adverse effect (see Note 1).

e. Protein stain: 0.25 g PAGE blue 83, 125 mL methanol, 25 mL acetic
acid (glacial), and 100 mL water. Dissolve the dye in the methanol,
then add the acid and water. If dissolved in a different order the
dye’s staining behavior may differ. The stain is best used when
freshly made. For best result do not reuse the stain—its efficacy
declines with use.

f. Destaining solution: 100 mL methanol, 100 mL acetic acid (gla-
cial), and 800 mL water. Mix thoroughly. Make when required and
use fresh,

3. Method

. Assemble clean glass plates and spacers into the form of a chamber

(as described for SDS gels, Chapter 5). Clamp it in an upright, level
position.

. Prepare a sufficient volume of separating gel mixture (30 mL for a

chamber of about 14 x 14 x 0.1 cm allows for some wastage), as follows.
Mix the following: 20 mL stock acrylamide solution, 4.5 g urea, 1.57
mL glacial acetic acid, and 100 pL. N,N,N',N'-tetramethylethylene-
diamine (TEMED). Make to 29.45 mL with distilled water, degas on a
water pump, then add stock ammonium persulfate solution (0.55 mL).
Mix gently and use immediately because polymerization starts when
the persulfate is added (see Note 2). The degassing removes oxygen,
which can 1nhibit polymerization (by virtue of mopping up free radi-
cals), and also discourages bubble formation when pouring the gel.

. Carefully pipet or pour freshly made solution into the chamber and

remove any bubbles present. Pour to a level about 0.5 cm below where
the bottom of the well-forming template (“comb”) will come when it is
in position. Carefully overlayer the acrylamide solution with butan-2-
ol, without mixing. This insulates the solution from oxygen and gener-
ates a flat top to the gel. The acrylamide should polymerize in an hour
or so at room temperature (see Note 3).

Prepare the upper gel layer (5 mL) as follows (see Note 4). Mix the
following: 1.25 mL stock acrylamide solution, 0.75 g urea, 78.2 pL
glacial acetic acid, and 25 p. TEMED. Make to 4.75 mL with water,
degas on water pump, then add stock ammonium persulfate solution
(0.24 mL). Mix gently and use immediately. Pour off the butan-2-ol
from the polymerized separating gel, wash the gel top with water and
then a little of the upper gel mixture, and then fill the gap remaining in
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the chamber with upper gel mixture. Insert the well-forming comb and
allow to stand until set (about 0.5—1 h) (see Note 5).

5. When the upper gel has set, remove the comb without breaking or
distorting the sample wells. Install the gel in the apparatus and fill the
reservoirs with buffer (0.9M acetic acid). The gel may be run at room
temperature without buffer circulation or cooling. Cooling tends to slow
up the rate of electrophoresis and so the advantage of the decreased
rate of protein diffusion (which causes band widening) is counteracted
by increased diffusion occurring during the longer time required to
complete the run. Push out the bottom spacer from the chamber and,
with the cathode at the bottom end of the gel, turn on the dc power
supply, to give about 180 V. Continue this electrophoresis without added
samples (“pre-electrophoresis™) at a constant voltage until the current
falls to a steady level (say, from 25 to 5 mA for a 0.5-1-mm-thick slab of
this sort), or alternatively, at constant current until the voltage increases
to a steady level. This process may take about 5 h, but may be done
conveniently overnight. The pre-electrophoresed gel may be stored
under fresh 0.9M acetic acid for at least several days at room temperature
(see Note 6).

6. While the gel is polymerizing, prepare samples for electrophoresis.
Dry samples will be dissolved directly in sample solvent or aqueous
solutions may be diluted with not less than 1 vol of sample solvent.
The concentration of protein in the solution should be as great as
possible so that the volume of solution loaded onto the gel is as small
as possible.

7. Prepare to load the gel. Use fresh reservoir buffer in the apparatus.
Take up the required volume of sample solution in a microsyringe or
pipet and carefully inject it into a sample well, loading it through the
reservoir buffer without mixing. The amount of sample loaded depends
partly on the sensitivity of the method of detection (see below), but in
any case it is often found that good, even, and straight bands are obtained
most frequently when samples are lightly loaded, say about 1 pug/1 cm
wide band in a 0.5-1-mm-thick gel. Having loaded the samples with-
out delay, start electrophoresis at 180 V. The pyronin Y will take 4-5
h to migrate to the bottom of a thin, 14-cm-long gel of the type described
here. Decreasing the voltage will prolong the run, whereas an increased
voltage will generate more heat, which may not benefit the appearance
of the protein bands (see Note 7).

8. At the end of electrophoresis, remove the gel and immerse it in protein
stain for at least several hours with gentle agitation. The dye that is
then not bound to the protein bands may be removed by washing the



Smith

gel in several changes of destaining solution. After destaining, protein
bands are seen to be colored blue to purplish-red. Excessive destaining
will decolorize these protein bands, but they may be restained. PAGE
blue 83 visibly stains as little as 0.1-1 pg of protein in a 1-cm-wide band.
. Problems that can arise from using this gel system and possible modi-
fications to the system are discussed in Notes 8-14.

4. Notes

. The 9M urea in the sample solvent has two functions. First, to disrupt
aggregates, and second, to increase the density of the solution (which
aids in the loading of the sample beneath the less dense reservoir
buffer). The -mercaptoethanol that is also present reduces inter- and
intramolecular disulfide bonds and so, together with the urea, destroys
higher-order protein structures. The pyronin Y dye is present to aid
sample application by making 1t visible, and also to mark the approxi-
mate position of the front of electrophoresis, near which it runs.

. Addition of TEMED and persulfate to the gel mixture initiates its
polymerization. This occurs by their interaction and formation of a
TEMED radical that reacts with an acrylamide monomer. This in turn
produces a radical that reacts with another acrylamide monomer, or occa-
sionally one half of a bis-acrylamide molecule. Incorporation of bis-
acrylamide molecules into different chains forms crosslinks between them.
. The 20%T gel described is suitable for electrophoresis of smaller pro-
teins (say, of M, below 50,000). For larger proteins a gel of larger pore
size is more convenient by virtue of allowing greater mobility. The pore
size may be increased by reduction of %T by simple dilution of the stock
acrylamide solution, or by adjustment of %C (which gives the smallest
pores when at 5%). It may be found that adjustment of the gel’s pore size
in this way may also improve the resolution of proteins of interest.

. The purpose of the upper, weak polyacrylamide, gel is to provide a
medium in which sample wells can be formed and from which the well-
forming comb can be readily removed (20%T gel tends to break when
the comb is removed). Since the upper gel contains weaker acid than
does the separating gel, its pH is slightly higher. However, the purpose
of this design is that the upper gel has lower conductivity than the rest
of the system and when the electric field is applied this has a small
band-sharpening effect similar to that produced by the “stacking gel”
used in SDS gels (see Chapter 5).

. A more typical stacking gel for 0.9M acetic acid/urea gels has been
described by Spiker (3). It has been found in this laboratory that
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although bands may have an improved appearance, they may instead
become smeared.

The pre-electrophoresis treatment of the gel before addition of the samples
removes persulfate and other ions that would otherwise slow up the rate
of sample electrophoresis and also spoil the resolution of protein bands.

As mentioned earlier, protein bands in this system are often slightly
misshapen, and this problem is exacerbated by heavy loading (see Fig. 1).
Thus, slab gels may give unsatisfactory resolution for quantification
purposes (see Chapter 14). As an alternative, gels may be made in the
forms of rods by casting them in tubes of glass. The result has the
proteins as discs running through the rod (e.g., see Fig. 1). These discs
suffer less from distortion than do bands on slabs. The separating gel
for rod gels is prepared as for slab gels, and polymenized in glass tubes
that have been siliconized beforehand. No upper gel is added, but sample
is applied directly onto the separating gel. The gel may be extruded
from the glass tube, as described in (4), or removed after cracking the
glass in a vice or with a hammer. The apparatus required for running
rod gels 1s available commercially or may be made to a simple design
(see ref. 4).

. If the resolution of the proteins of interest is not good enough, then

alteration of pH of the system may be beneficial, by virtue of altering
proteins' respective charges by titration of the side chain groups (e.g.,
seeref. 1), The literature describes polyacrylamide gel systems of vari-
ous pH values, e.g., pH 4.5 (5,6); pH 7.1 (7); pH 8.9 (8).

The concentration of urea in the gel may be altered, to alter the relative
mobilities of proteins in the system. The effects of altering the urea
concentration have to be determined empirically. An example is shown
in Fig. 1, in which it may be seen that in the absence of urea (as in 1M
urea) histone proteins H2B and H3 comigrate, whereas in 2.5M urea
they are resolved from each other (see also ref. I).

In addition to urea, the nonionic detergent Triton X-100 (or Triton DF-
16) may be added to the gel (9). This agent binds to proteins in propor-
tion to their hydrophobicity, and alters their electrophoretic mobilities
accordingly. This technique has proved useful in the study of proteins
that differ slightly in their hydrophobic character and that are not sepa-
rated by ordinary acid/urea or SDS gel electrophoresis.

The acid-urea system described may be adapted for separation of
nondenatured proteins, which may be specifically detected in the gel
(or blots there from) by their biological activity (e.g., enzymatic activ-
ity as reviewed in ref. 10). For this purpose, denaturants (urea and Tri-
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ton) are omitted and instead of the sample solvent given earlier, with
its urea and reducing agent, the 0.9M acetic acid, 30% (w/v) sucrose
sample solvent of Panyim and Chalkley () may be used.

PAGE blue 83 may not penetrate sufficiently to stain the centers of
bands of concentrated protein, especially in thicker slabs and rod gels.
Procion navy MXRB does not suffer this defect, although it is several-
fold less sensitive (see Fig. 1). The method of staining with Procion
navy described by Goodwin et al. (10) is suitable for rod gels, but the
heated destaining process is inconvenient for slabs. However, the
method described in Chapter 14 gives an equivalent result and is suit-
able for all forms of gel.

Various problems may arise to spoil the otherwise perfect gel. Failure
of the gel to polymerize, distortion of sample wells, and other prob-
lems that are general to the process of polyacrylamide gel electrophore-
s1s are dealt with in Chapter 5. The main failing with the present system
in particular is the common, uneven shape of the protein bands espe-
cially in conditions of heavy loading (e.g., see Fig. 1). As mentioned
earlier, use of a stacking gel may alleviate this problem, but generally
speaking light loading (about 1 pug/band or less) and small sample vol-
umes go a long way to promote good results. Avoid using the sample
wells at the very ends of the row of wells, for samples in these often
suffer distortion during the electrophoresis.

Be wary of the dangers of electric shock and of fire, and of the neuro-
toxic acrylamide monomer. Ready-made solutions of acrylamide and
bis-acrylamide are commercially available, which reduce the hazards
associated with handling of these agents.
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CHAPTER 8

Electrophoresis of Peptides
Ralph C. Judd

1. Introduction

The separation of proteins and peptides by sodium dodecylsulfate—
polyacrylamide gel electrophoresis (SDS-PAGE) has proven to be
one of the most valuable tools yet developed in the area of molecular
biology (see Chapter 5). The advent of the “slab” gel, using a discontin-
uous buffer system, has made it possible to readily separate complex
mixtures of molecules (e.g., tissues, cells) in order to visualize and
compare their component parts. The separation of proteins offers the
researcher the ability to quantify the amount of a particular protein in
a sample, obtain fairly reliable mol-mass information, and, by combin-
ing SDS-PAGE with immunoelectroblotting, evaluate protein anti-
genicity. Since SDS-PAGE is a powerful separation system, it can
also be used as a preparative purification technique (see ref. 1 and
Chapter 22).

Parameters that influence the resolution or proteins in SDS-PAGE
separations include the ratio or acrylamide to crosslinker (bis-acryla-
mide), the percentage of acrylamide/crosslinker used to form the stack-
ing and separation gels, the pH of, and the components in, the stacking
and separation buffers, and the method of sample preparation. The
systems that employ glycine in the running buffers (e.g., Laemmli
[2], Dreyfuss et al. [3]) can reliably separate proteins ranging in
molecular mass from over 200,000 Daltons (200 kDa) down to about
3 kDa. Separation of proteins and peptides below 3 kDa requires
slightly different procedures to prevent band broadening and to obtain
reliable mol wts. In addition, the increased use of SDS-PAGE to purify

From. Methods in Molecular Biology, Vol. 32 Basic Protein and Peptide Protocols
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peptides for N-terminal sequence analysis demands that glycine, which
drastically interferes with automated sequence technology, be replaced
with noninterfering buffer components.

This chapter describes a modification of the tricine gel system of
Schagger and von Jagow (4). Proper application allows for the sepa-
ration of peptides as small as 500 Daltons. This allows SDS-PAGE to
be used for peptide mapping (see Chapter 23), epitope mapping (5),
and protein and peptide separation for N-terminal sequence analyses.
It is important to remember that all forms of SDS-PAGE are
denaturing, and are therefore unsuitable for separation of proteins or
peptides to be used in functional analyses (e.g., enzymes, receptors).

2. Materials

2.1. Equipment

SDS-PAGE gel apparatus.
. Power pack.
. Blotting apparatus.

W=

2.2. Reagents

1. Separating/spacer gel acrylamide (1X crosslinker): 48 g acrylamide,
1.5 g N,N'-methylene-bis-acrylamide, bring to 100 mL, then filter
through qualitative paper to remove cloudiness (see Note 1).

2. Separating gel acrylamide (2X crosslinker): 48 g acrylamide, 3 g N,N-
methylene-bis-acrylamide, bring to 100 mL, then filter through quali-
tative paper to remove cloudiness (see Note 2).

3. Stacking gel acrylamide: 30 g acrylamide, 0.8 g N,N"-methylene-bis-
acrylamide, bring to 100 mL, then filter through qualitative paper to
remove cloudiness.

4, Separating/spacer gel buffer: 3M Trizma base, 0.3% sodium dodecyl-
sulfate (see Note 3); bring to pH 8.9 with HCI.

5. Stacking gel buffer: 1M Trizma base; bring to pH 6.8 with HCI.

6. Cathode (top) running buffer (10X stock): 1M Trizma base, 1M Tricine,
1% SDS (see Note 3). Dilute 1:10 immediately before use. Do not
adjust pH, it will be about 8.25.

7. Anode (bottom) buffer (10X stock): 2M Trizma base, bring to pH 8.9

with HCI. Dilute 1:10 immediately before use.

0.2M tetrasodium EDTA.

10% ammonium persulfate.

© 00
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10.
11.
12,
13.
14.

15.
16.
17.

18.
19.
20.

21.
22.

TEMED.

Glycerol.

25% Isopropanol, 7% glacial acetic acid (fixer/destainer).

1% Coomassie brilliant blue in fixer/destainer.

Sample solubilization buffer: 2 mL 10% SDS (w/v) in dH,0, 1.0 mL
glycerol, 0.625 mL 1M Tris-HCI, pH 6.8, 6 mL H,0, bromophenol
blue to color.

Dithiothreitol (DTT).

2% Agarose.

Molecular-mass markers, e.g., low-mol wt kit (Bio-Rad, Inc., Rich-
mond, CA, or equivalent) and peptide mol-mass markers (Pharmacia
Inc., Piscataway, NJ, or equivalent).

PVDF (nylon) membranes.

Methanol.

Blotting transfer buffer: 20 mM phosphate buffer, pH 8.0: 94.7 mL
0.2M Na,HPO, stock, 5.3 mL 0.2M NaH,PO, stock in 900 mL H,O.
Filter paper for blotting (Whatman #1, or equivalent).

Distilled water (dH,0).

2.3. Gel Recipes
2.3.1. Separating Gel Recipe

Add reagents in order given (see Note 4):

Water 6.7 mL
Separating/spacer gel buffer 10 mL
Separating/spacer gel acrylamide 10 mL
(1X or 2X crosslinker)

Glycerol 3.2 mL
TEMED 10 uL
10% Ammonium persulfate 100 uL

2.3.2. Spacer Gel Recipe

Add reagents in order given (see Note 4):

Water 69 mL
Separating/spacer gel buffer 5.0 mL
Separating/spacer gel acrylamide 3.0 mL
(1X crosslinker only)

TEMED 5uL

10% Ammonium persulfate 50 uL
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2.3.3. Stacking Gel Recipe
Add reagents in order given (see Note 4):

Water 10.3 mL

Stacking gel buffer 1.9 mL

Stacking gel acrylamide 2.5 mL

EDTA 150 L

TEMED 7.5 uL

10% Ammonium persulfate 150 uL
3. Methods

3.1. Sample Solubilization

Boil samples in sample solubilization buffer for 10~30 min. Solu-
bilize sample at 1 mg/mL and run 1-2 pL/lane (1-2 pg/lane) (see
Note 5). For sequence analysis, as much sample as is practical should
be separated.

3.2. Gel Preparation/Electrophoresis

1. Assemble the gel apparatus (see Note 6). Make two marks on the front
plate to identify top of separating gel and top of spacer gel (see Note
7). Assuming a well depth of 12 mm, the top of the separating gel
should be 3.5 cm down from the top of the back plate and the spacer
gel should be 2 cm down from the top of the back plate, leaving a
stacking gel of 8 mm (see Note 8).

2. Combine the reagents to make the separating gel, mix gently, and pipet
the solution between the plates to lowest mark on the plate. Overlay
the gel solution with 2 mL of dH,O by gently running the dH,0 down the
center of the inside of the front plate. Allow the gel to polymerize for
about 20 min. When polymerized, the water—gel interface will be obvious.

3. Pour off the water and dry between the plates with filter paper. Do not
touch the surface of the separating gel with the paper. Combine the
reagents to make the spacer gel, mix gently, and pipet the solution
between the plates to second mark on the plate. Overlay the solution
with 2 mL of dH,0 by gently running the dH,O down the center of the
inside of the front plate. Allow the gel to polymerize for about 20 min.
When polymerized, the water—gel interface will be obvious.

4. Pour off the water and dry between the plates with filter paper. Do not
touch the surface of spacer gel with the paper. Combine the reagents to
make the stacking gel and mix gently. Place the well-forming comb
between the plates leaving one end slightly higher than the other. Slowly
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add the stacking gel solution at the raised end (this allows air bubble to
be pushed up and out from under the comb teeth). When the solution
reaches the top of the back plate, gently push the comb all the way
down. Check to be sure that no air pockets are trapped beneath the
comb. Allow the gel to polymerize for about 20 min.

5. When the stacking gel has polymerized, carefully remove the comb.
Straighten any wells that might be crooked with a straightened metal
paperclip. Remove the acrylamide at each edge to the depth of the wells.
This helps prevent “smiling” of the samples at the edge of the gel. Seal
the edges of the gel with 2% agarose.

6. Add freshly diluted cathode running buffer to the top chamber of the
gel apparatus until it is 5-10 mm above the top of the gel. Squirt run-
ning buffer into each well with a Pasteur pipet to flush out any
unpolymerized acrylamide. Check the lower chamber to insure that no
cathode running buffer is leaking from the top chamber, then fill the
bottom chamber with anode buffer. Remove any air bubbles from the
under edge of the gel with a bent-tip Pasteur pipet. The gel is now
ready for sample loading.

7. After loading the samples and the mol-mass markers, connect leads
from the power pack to the gel apparatus (the negative lead goes on the
top, the positive lead goes on the bottom). Gels can be run on constant
current, constant voltage, or constant power settings. When using the
constant current setting, run the gel at 50 mA. The voltage will be
between 50-100 V at the beginning and will slowly increase during
the run. For a constant voltage setting, begin the electrophoresis at 50
mA. As the run progresses, the amperage will decrease, so adjust the
amperage to 50 mA several times during the run or the electrophoresis
will be very slow. The electrophoresis should be run at 5-7 W on the
constant power setting. Each system varies, so empirical information
should be used to modify the electrophoresis conditions so that elec-
trophoresis is completed in about 4 h (see Note 9).

8. When the dye-front reaches the bottom of the gel, turn off the power,
disassemble the gel apparatus, and place the gel in 200-300 mL of
fixer/destainer. Gently shake for 16 h (see Note 10). Pour off spent
fixer/destainer and add Coomassie brilliant blue. Gently shake for 30
min. Destain the gel in several changes of fixer/destainer until the back-
ground is almost clear, then place the gel in dH,O and gently mix until
the background is completely clear. The peptide bands will become a
deep purple-blue. The gel can now be photographed or dried. To store
the gel wet, soak the gel in 7% glacial acetic acid for 1 h and seal in a
plastic bag.



54 Judd

Figure 1 demonstrates the mol-mass range of separation of a 1X
crosslinker tricine gel. Whole cell (WC) lysates and 1X and 2X puri-
fied (see Chapter 23, Sections 3.1.1. and 3.1.2.) 44 kDa proteins of
Neisseria gonorrhoeae, Bio-Rad low-mol-wt markers (mw), and
Pharmacia peptide markers (pep mw), were separated and stained
with Coomassie brilliant blue (CBB). The top of the gel in this figure
is at the spacer gel-separating gel interface. Proteins larger than about
100 kDa remained trapped at the spacer/separating gel interface,
resulting in the bulging of the outside lanes. Smaller proteins all
migrated into the gel but many remained tightly bunched at the top of
the separating gel. The effective separation range is below 40 kDa.
Comparison of this figure with Fig. 1 in Chapter 23, which shows
gonococcal whole cells and the two mol-wt marker preparations sep-
arated in a standard 15% Laemmli gel (2), demonstrates the tremen-
dous resolving power for low-mol-wt components by this tricine
gel system.

3.3. Blotting of Peptides

Separated peptides can be electroblotted to PVDF membranes for
sequencing or immunological analyses (see Note 11).

1. Before the electrophoresis is complete, prepare enough of the 20 mM
sodium phosphate transfer buffer, pH 8.0 (see Note 12) to fill the blot-
ting chamber (usually 2—4 L). Degas about 1 L of transfer buffer for at
least 15 min before use. Cut two sheets of filter blotting paper to fit
blotting apparatus and cut a piece of PVDF membrane a little larger
than the gel. Place the PVDF membrane 1n 10 mL of methanol until 1t
is wet (this takes only a few seconds), then place the membrane in 100
mL of degassed transfer buffer.

2. Following the gel electrophoresis, remove the gel from the gel appara-
tus and place it on blotting filter paper that is submersed in the degassed
transfer buffer. Immediately overlay the other side of the gel with the
wetted PVDF membrane, being sure to remove all air pockets between
the gel and the membrane. Overlay the PVDF membrane with another
piece of blotting filter paper and place the gel “sandwich” into the blot-
ting chamber using the appropriate spacers and holders.

3. Connect the power pack electrodes to the blotting chamber (the posi-
tive electrode goes on the side of the gel having the PVDF membrane).
Electrophorese for 16 h at 25 V, 0.8 A. Each system varies, so settings
may be somewhat different than those described here.
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TRICINE CBB

Fig. 1. Separation of whole cell (WC) lysates and 1X and 2X pure (see Chapter 23,
Sections 3.1.1. and 3.1.2.) 44 kDa protein of Neisseria gonorrhoeae, Bio-Rad low-
mol-wt markers (mw) (1 pg of each protein), and Pharmacia peptide markers (pep
mw), to which the 1.3 kDa protein kinase C substrate peptide (Sigma) was added
(3 ug of each peptide), were separated in 1X crosslinker tricine gel, fixed, and
stained with Coomassie brilliant blue (CBB). Molecular masses are given in thou-
sands of daltons.

4. Following blotting electrophoresis, disconnect the power, disassemble
the blotting chamber, and remove the PVDF membrane from the gel
(see Note 13). The PVDF membrane can be processed for immuno-
logical analyses (see Chapters 25-28) or placed in Coomassie brilliant
blue in fixer/destainer to stain the transferred peptides. Remove excess
stain by shaking the membrane in several changes of fixer/destainer
until background is white. Peptide bands can be excised, rinsed in dH,0,
dried, and subjected to N-terminal sequencing.

3.4. Modifications for Peptide Sequencing
Peptides to be used in N-terminal sequence analyses must be pro-

tected from oxidation which can block the N-terminus. Several simple
precautions can help prevent this common problem.

1. Prepare the separation and spacer gel the day before electrophoresing
the peptides. After pouring, overlay the spacer gel with several millili-
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ters of dH,O and allow the gel to stand overnight at room temperature
(see Note 14).

The next day, pour off the water and dry between the plates with filter
paper. Do not touch the gel with the filter paper. Prepare the stacking
gel but use half the amount of 10% ammonium persulfate (see Note
15). Pipet the stacking gel solution between the plates as described in
Section 3.2., step 4 and allow the stacking gel to polymerize for at
least 1 h. Add running buffers as described above, adding 1-2 mg of
dithiothreitol to both the upper and lower chambers to scavenge any
oxidizers from the buffers and gel.

. Pre-electrophorese the gel for 15 min, then turn off the power, and

load the samples and mol-mass markers.
Run the gel as described in Section 3.2., steps 5-7.

. Blot the peptides to a PVDF membrane as described in Section 3.3.,

step 2, but add 1-2 mg of dithiothreitol to the blot transfer buffer.
Fix and stain as in Section 3.3., step 4, again adding 1-2 mg of dithio-
threitol to the fixer/destainer, Coomassie brilliant blue, and dH,O used
to rinse the peptide-containing PVDF membrane.

4. Notes

. The working range of separation is about 40 kDa down to about 1 kDa.

The working range of separation is about 20 kDa down to less than 500
daltons.

. Use electrophoresis grade SDS. If peptide bands remain diffuse, try

British Drug House SDS.
Degassing of gel reagents is not necessary.

. Coomassie staining can generally visualize a band of 0.5 pg. This may

vary considerably based on the properties of the particular peptide (some
peptides do not stain at all with Coomassie). Some peptides do not
bind SDS well and may never migrate exactly right when compared to
mol-wt markers. Fortunately, this is rare.

Protocols are designed for a standard 13 cm X 11 cm X 1.5 mm slab
gel. Dimensions and reagent volumes can be proportionally adjusted
to accommodate other gel dimensions.

Permanent marks with a diamond pencil can be made on the back of
the back plate if the plate is dedicated to this gel system.

The depth of the spacer gel can be varied from 1 to 2 cm. Tnal and
error is the only way to determine the appropriate dimension for each
system.

. Itis wise to feel the front plate several times during the electrophoresis

to check for overheating. The plate will become pleasantly warm as
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10.
11.

12.

13.
14.

15.

the run progresses. If 1t becomes too warm the plates might break, so
turn down the power!

Standard sized gels can be fixed in as little as 4 h with shaking.

It is best to blot peptides to PVDF membranes rather than nitrocellu-
lose membranes since small peptides tend to pass through nitrocellulose
without binding. Moreover, peptides immobilized on PVYDF membranes
can be directly sequenced in automated instrumentation equipped with
a “blot cartridge” (6).

The pH of the transfer buffer can be varied from 5.7 to 8.0 if transfer 1s
inefficient at pH 8.0 (7).

Wear disposable gloves when handling membranes.

Do not refrigerate the gel. It will contract and pull away from the plates
resulting in leaks and poor resolution.

Do not pour the stacking gel the day before electrophoresis, it will
shrink allowing the samples to leak from the wells.
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CHAPTER 9

Isoelectric Focusing of Proteins
in Ultra-Thin Polyacrylamide Gels

John M. Walker

1. Introduction

Isoelectric focusing (IEF) is an electrophoretic method for the sepa-
ration of proteins, according to their isoelectric points (pl), in a stabi-
lized pH gradient. The method involves casting a layer of support
media (usually a polyacrylamide gel but agarose can also be used)
containing a mixture of carrier ampholytes (low-mol-wt synthetic
polyamino-polycarboxylic acids). When an electric field is applied
across such a gel, the carrier ampholytes arrange themselves in order
of increasing pI from the anode to the cathode. Each carrier ampholyte
maintains a local pH corresponding to its pI and thus a uniform pH
gradient is created across the gel. If a protein sample is applied to the
surface of the gel, it will also migrate under the influence of the elec-
tric field until it reaches the region of the gradient where the pH cor-
responds to its isoelectric point. At this pH, the protein will have no
net charge and will therefore become stationary at this point. Should
the protein diffuse slightly toward the anode from this point, it will
gain a weak positive charge and migrate back to its position of zero
charge. Similarly diffusion toward the cathode results in a weak nega-
tive charge that will direct the protein back to the same position. The
protein is therefore trapped or “focused” at the pH value where it has
zero charge. Proteins are therefore separated according to their charge,
and not size as with SDS gel electrophoresis. In practice the protein
samples are loaded onto the gel before the pH gradient is formed.

From Methods in Molecular Biology, Vol. 32: Basic Protein and Peptide Protocols
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When a voltage difference is applied, protein migration and pH gra-
dient formation occur simultaneously.

Traditionally, 1-2 mm thick isoelectric focusing gels have been
used by research workers, but the relatively high cost of ampholytes
makes this a fairly expensive procedure if a number of gels are to be
run. However, the introduction of thin-layer isoelectric focusing
(where gels of only 0.15 mm thickness are prepared, using a layer of
electrical insulation tape as the “spacer” between the gel plate) has
considerably reduced the cost of preparing IEF gels, and such gels
are therefore described in this chapter. The tremendous resolution
obtained with IEF can be further enhanced by combinations with SDS
gel electrophoresis in the form of 2-D gel electrophoresis. Various
2-D gel systems are described in Chapters 11-13.

2. Materials

1. Stock acrylamide solution: acrylamide (3.88 g), bis-acrylamide (0.12 g),
sucrose (10.0 g). Dissolve these components in 80 mL of water. This
solution may be prepared some days before being required and stored
at 4°C.,

2. Riboflavin solution: This should be made fresh, as required. Stir 10
mg riboflavin in 100 mL water for 20 min. Stand to allow undissolved
material to settle out (or briefly centrifuge).

. Ampholytes: pH range 3.5-9.5 (see Note 1).

. Electrode wicks: 22 x 0.6 cm strips of Whatman No. 17 filter paper.

Sample loading strips: 0.5 cm square pieces of Whatman No. 1 filter

paper, or similar.

. Anolyte: 1.0M H;PO,.

. Catholyte: 1.0M NaOH.

. Fixing solution: Mix 150 mL of methanol and 350 mL of distilled
water. Add 17.5 g sulfosalicylic acid and 57.5 g trichloroacetic acid.
9. Protein stain: 0.1% Coomassie brilliant blue R250 in 50% methanol,
10% glacial acetic acid. N.B. Dissolve the stain in the methanol com-

ponent first.

10. Glass plates: 22 x 12 cm. These should preferably be of 1 mm glass (to

facilitate cooling), but 2 mm glass will suffice.

11. PVCelectric insulation tape: The thickness of this tape should be about

0.15 mm and can be checked with a micrometer. The tape we use is
actually 0.135 mm.

kW

00 ~1 O\
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3. Methods

1. Thoroughly clean the surfaces of two glass plates, first with detergent
and then methylated spirit. It 1s essential for this method that the glass
plates are clean.

2. To prepare the gel mold, stick strips of insulation tape, 0.5 cm wide, along
the four edges of one glass plate. Do not overlap the tape at any stage.
Small gaps at the join are acceptable, but do not overlap the tape at cor-
ners as this will effectively double the thickness of the spacer at this point.

3. To prepare the gel solution, mix the following: 9.0 mL acrylamide, 0.4
mL ampholyte solution, and 60.0 pL riboflavin solution.

N.B. Since acrylamide monomer is believed to be neurotoxic, steps
4-6 must be carried out wearing protective gloves.

4. Place the glass mold in a spillage tray and transfer ALL the gel solution
with a Pasteur pipet along one of the short edges of the glass mold. The
gel solution will be seen to spread slowly toward the middle of the plate.

5. Take the second glass plate and place one of its short edges on the
taped edge of the mold, adjacent to the gel solution. Gradually lower
the top plate and allow the solution to spread across the mold. Take
care not to trap any air bubbles. If this happens, carefully raise the top
plate to remove the bubble and lower it again.

6. When the two plates are together, press the edges firmly together (NOT
the middle) and discard the excess acrylamide solution spilled in the
tray. Place clips around the edges of the plate and thoroughly clean the
plate to remove excess acrylamide solution using a wet tissue.

7 Place the gel mold on a light box (see Note 2) and leave for at least 3 h
to allow polymerization (see Note 3). Gel molds may be stacked at
least three deep on the light box during polymerization. Polymerized
gels may then be stored at 4°C for at least 2 mo, or used immediately.
If plates are to be used immediately they should be placed at 4°C for
~15 min, since this makes the separation of the plates easier.

8. Place the gel mold on the bench and remove the top glass plate by insert-
ing a scalpel blade between the two plates and carefully twisting to
remove the top plate. (N.B. Protect eyes at this stage.) The gel will nor-
mally be stuck to the side that contains the insulation tape. Do not remove
the tape. Adhesion of the gel to the tape helps fix the gel to the plate and
prevents the gel coming off in the staining/destaining steps (see Note 4).

9. Carefully clean the underneath of the gel plate and place it on the cool-
ing plate of the electrophoresis tank. Cooling water at 10°C should be
passing through the cooling plate.
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Down the full length of one of the longer sides of the gel lay electrode
wicks, uniformly saturated with either 1.0M phosphoric acid (anode)
or 1.0M NaOH (cathode) (see Note 5).

Samples are loaded by laying filter paper squares (Whatman No. 1, 0.5
x 0.5 cm), wetted with the protein sample, onto the gel surface. Leave
0.5 cm gaps between each sample. The filter papers are prewetted with
5-7 UL of sample and applied across the width of the gel (see Notes 6
and 7).

When all the samples are loaded, place a platinum electrode on each
wick. Some commercial apparatus employ a small perspex plate along
which the platinum electrodes are stretched and held taut. Good con-
tact between the electrode and wick is maintained by applying a weight
to the perspex plate.

Apply a potential difference of 500 V across the plate. This should
give current of about 4-6 mA. After 10 min increase the current to
1000 V and then to 1500 V after a further 10 min. A current of ~4-6
mA should be flowing in the gel at this stage, but this will slowly
decrease with time as the gel focuses.

When the gel has been running for about 1 h, turn off the power and
carefully remove the sample papers with a pair of tweezers. Most of
the protein samples will have electrophoresed off the papers and be in
the gel by now (see Note 8). Continue with a voltage of 1500 V for a
further 1 h. During the period of electrophoresis, colored samples (myo-
globin, cytochrome ¢, hemoglobin in any blood samples, and so on)
will be seen to move through the gel and focus as sharp bands (see
Note 9).

At the end of 2 h of electrophoresis, a current of about 0.5 mA will be
detected (see Note 10). Remove the gel plate from the apparatus and
gently wash it in fixing solution (200 mL) for 20 min (overvigorous
washing can cause the gel to come away from the glass plate).

Some precipitated protein bands should be observable in the gel at
this stage (see Note 11). Pour off the fixing solution and wash the gel
in destaining solution (100 mL) for 2 min and discard this solution (see
Note 12). Add protein stain and gently agitate the gel for about 10 min.
Pour off and discard the protein stain and wash the gel in destaining
solution. Stained protein bands in the gel may be visualized on a light
box and a permanent record may be obtained by simply leaving the gel
to dry out on the glass plate overnight (see Note 13).
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16.

Should you wish to stain your gel for enzyme activity rather than stain-
ing for total protein, immediately following electrophoresis gently agi-
tate the gel in an appropriate substrate solution (see Note 7, Chapter 4).

4. Notes

. This broad pH range is generally used because it allows one to look at

the totality of proteins in a sample (but note that very basic proteins
will run off the gel). However, ampholytes are available in a number
of different pH ranges (e.g., 4-6, 5-7, 4-8, and so on) and can be used
to expand the separation of proteins in a particular pH range. This is
necessary when trying to resolve proteins with very similar plI values.
Using the narrower ranges it is possible to separate proteins that differ
in their pl values by as little as 0.01 of a pH unit.

Ensure that your light box does not generate much heat as this can dry
out the gel quite easily by evaporation through any small gaps at the
joints of the electrical insulation tape. If your light box is a warm one,
stand 1t on its side and stand the gels adjacent to the box.

It is not at all obvious when a gel has set. However, if there are any
small bubbles on the gel (these can occur particularly around the edges
of the tape) polymerization can be observed by holding the gel up to
the light and observing a “halo” around the bubble. This is caused by a
region of unpolymerized acrylamide around the bubble that has been
prevented from polymerizing by oxygen in the bubble. It 1s often con-
venient to introduce a small bubble at the end of the gel to help observe
polymerization.

If the gel stays on the sheet of glass that does not contain the tape,
discard the gel. Although usable for electrofocusing you will invari-
ably find that the gel comes off the glass and rolls up into an unman-
ageable “scroll” during staining/destaining.

The strips must be fully wetted but must not leave a puddle of liquid
when laid on the gel. (Note that in some apparatus designs application
of the electrode applies pressure to the wicks, which can expel liquid.)
The filter paper must be fully wetted but should have no surplus liquid
on the surface. When loaded on the gel this can lead to puddles of
liquid on the gel surface which distorts electrophoresis in this region.
The most appropriate volume depends on the absorbancy of the filter
paper being used but about 5 PL is normally appropriate. For pure pro-
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teins load approx 0.5-1.0 pg of protein. The loading for complex mix-
tures will have to be done by trial and error.

Theoretically, samples can be loaded anywhere between the anode or
cathode. However, if one knows approximately where the bands will
focus it is best not to load the samples at this point since this can cause
some distortion of the band. Similarly, protein stability is a consider-
ation. For example, if a particular protein is easily denatured at acid
pH values, then cathodal application would be appropriate.

Although not absolutely essential, removal of sample strips at this stage
is encouraged since bands that focus in the region of these strips can be
distorted if strips are not removed. Take care not to make a hole in the
gel when removing the strips. Use blunt tweezers (forceps) rather than
pointed ones When originally loading the samples it can be advanta-
geous to leave one corner of the filter strip slightly raised from the
surface to facilitate later removal with tweezers.

It is indeed good idea to include two or three blood samples in any run
to act as markers and to confirm that electrophoresis is proceeding sat-
isfactorily. Samples should be prepared by diluting a drop of human
blood approx 1:100 with distilled water to effect lysis of the erythrocytes.
This solution should be pale cherry in color. During electrophoresis, the
red hemoglobin will be seen to electrophorese off the filter paper into
the gel and ultimately focus in the central region of the gel (pH 3.5-10
range). If samples are loaded from each end of the gel, when they have
both focused in the sample place in the middle of the gel one can be
fairly certain that isoelectrofocusing is occurring and indeed that the
run is probably complete.

Theoretically, when the gel is fully focused, there should be no charged
species to carry a current in the gel. In practice there is always a slow
drift of buffer in the gel resulting in a small (~0.5 mA) current even
when gels are fully focused. Blood samples (see Note 9) loaded as
markers can provide additional confirmation that focusing is completed.
It is not possible to stain the IEF gel with protein stain immediately
following electrophoresis since the ampholytes will stain giving a uni-
formly blue gel. The fixing step allows the separated proteins to be
precipitated in the gel, while washing out the still soluble ampholytes.
This brief wash is important. If stain is added to the gel still wet with
fixing solution, a certain amount of protein stain will precipitate out.
This brief washing step prevents this.
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13. If you wish to determine the isoelectric point of a protein in a sample,
then the easiest way is to run a mixture of proteins of known pl in an
adjacent track (such mixtures are commercially available). Some com-
mercially available kits comprise totally colored compounds that also
allows one to monitor the focusing as it occurs. However, it is just as
easy to prepare ones own mixture from individual purified proteins.
When stained, plot a graph of protein pl vs distance from an electrode
to give a calibration graph. The distance moved by the unknown protein
is also measured and its pI read from the graph. Alternatively, a blank
track can be left adjacent to the sample. This is cut out prior to staining
the gel and cut into 1 mm slices. Each slice is then homogenized in 1
mL of water and the pH of the resultant solution measured with a m-
cro electrode. In this way a pH vs distance calibration graph is again
produced.






CuAPTER 10

The In Vivo Isotopic Labeling
of Proteins for Polyacrylamide Gel
Electrophoresis

Jeffrey W. Pollard

1. Introduction

Detection of radiolabeled proteins separated by gel electrophorersis
can be rapidly achieved using either autoradiography that offers a
convenient, quick and cheap means of quantifying proteins, or,
if access to a machine is available, by using a phosphorimager. In
both cases, for metabolic experiments, proteins must be labeled with
a radioactive isotope in vivo prior to isolation and subsequent elec-
trophoretic analysis. The isotope chosen, of course, must correspond
to the question to be investigated, but those in general use are the
beta-emitters 3H, 14C, 32P, and 33S. The maximum energies and half
lives are: 0.019 MeV (12.28 yr), 0.156 MeV (5730 yr), 1.706 MeV
(14.3 d), 0.167 MeV (87.4 d), respectively. Tritium is a popular iso-
tope for biological use, potentially available at high specific activity,
but its low energy precludes direct detection by autoradiography on
X-ray film and it needs to be either treated for fluorography or quanti-
fied by gel slicing and scintillation counting. Thus, the higher energy
['4C]- and [33S]-labeled amino acids are commonly used as protein
labels since they can be directly detected by autoradiography or on
the phosphorimager. The low specific activity of [4C]-1abeled amino
acids often prevents their use, with the result that [>>S]-methionine or
[*3S]-cysteine labeling, either alone or in combination, are more com-
monly used. Nevertheless, it is worth noting that Bravo and Celis (1)
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were able to detect 28% more proteins by labeling with a mixture of
16 [4C]-amino acids than could be detected with [>3S]-methionine
and that such labeling with [*C]-amino acids allows the long-term
storage of data on gels. Unfortunately, the cost in isotopes demanded
by ['#C]-labeling is often prohibitive.

In this chapter, methods for labeling both cells in culture and tissues in
vitro with [33S]-methionine, [*H]-, or [**C]-amino acids, and *?P for phos-
phoproteins are described, with particular emphasis on sample prepara-
tion for two-dimensional polyacrylamide gel electrophoresis (ref. 2, see
also Chapter 11) . But these techniques may easily be modified to encom-
pass other uses, such as labeling with the isotopes *°Fe, 8Cu, 1231, or 13]
for specific studies of particular proteins.

2. Materials

1. Tissue culture medium: I use a medium rich in amino acids, ¢t-mini-
mal essential medium, but lacking 1n methionine. Store at 4°C. Any
defined tissue culture medium lacking any single, or combination, of
amino acids may be used.

2. Dialyzed fetal calf serum (DFCS): Serum is serially dialyzed against
two changes of phosphate-buffered saline to remove amino acids and
stored in aliquots at —20°C. Do not store this dialyzed serum at 4°C
because endogenous proteolytic activity will result in a relatively high
concentration of amino acids.

3. Ca?* and Mg?*-free phosphate-buffered saline (PBS): 0.14M NaCl, 2.7

mM KCl, 1.5 mM KH,PO,, 8.1 mM Na,HPO,.

0.1% (w/v) trypsin in PBS citrate (PBS containing 20 mM sodium citrate).

Lysis buffer: 9.5M urea, 2% (v/v) Nonidet, 2% (v/v) ampholines (1.6%,

pH range 5-7; 0.4%, pH range 3.5-10), 5% (v/v) B-mercaptoethanol.

Stored frozen at —20°C in 0.5-mL aliquots (see Chapter 11).

6. Isotopes: [3°S]-Methionine, [3’P]-orthophosphate, and [*H]-amino
acids are used as supplied. [“C]-Amino acids are lyophilized and resus-
pended in a medium lacking amino acids at 500 pCi/mL.

3. Methods

3.1. Cells in Monolayers

1. Plate the cells directly into microwells at about 2000 cells/well in 0.25
mL of growth medium. Leave them to attach for at least 5 h, but pref-
erably overnight (see Note 1).

Rl
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2.

Remove the media, wash the cells with 0.5 mL of medium lacking
methionine and add 0.1 mL medium supplemented with 10% (v/v) dia-
lyzed fetal calf serum, lacking methionine, but containing 100 pCi [33S]-
methionine and 1 mg/L unlabeled methionine to each well.

Label the cells for up to 20 h at 37°C in a humidified incubator (wrap
the microtiter plates in cling film to reduce evaporation).

Following incubation, remove the medium, wash the cells twice with
ice-cold PBS (see Note 2) to remove serum proteins and, if a total cell
extract for two-dimensional gel electrophoresis is required, lyse the
cells with 20 pL lysis buffer (see Note 3). The samples may be stored
in small vials or in the microtiter wells at ~70°C, or loaded directly
onto isoelectric focusing gels (see Chapters 11-13).

Alternatively, cells may be trypsinized and processed according to the
analytical technique required. To retrieve the cells, add 200 pL of ice-
cold 0.1% trypsin and incubate on ice until cells begin to detach (approx
15-20 min for most fibroblasts). Neutralize the trypsin with 20 pL of
calf serum and pipet gently to completely detach the cells. Retrieve the
cells by certifugation at 350g for 3.5 min and wash them twice with
ice-cold PBS before dissolving the cell pellet in lysis buffer.

Cells may also be adequately labeled for up to about 4 h in a medium
completely lacking unlabeled methionine. But under these circum-
stances, equilibrium labeling may not be achieved.

It is difficult to maintain tight physiological control (see Notes 4—6 ) of
cells growing in microwells and the cell number obtained is often too
small for adequate fractionation. Thus in some experiments, where better
control of cell physiology or an increased yield of cells is required, cells
growing in larger flasks (25125 cm?) may be labeled in medium con-
taining 10% DFCS and methionine at 1 mg/L containing 100-200 uCi
of 33S-methionine (2 mL of medium to a 25 cm? flask or pro rata
according to flask size). Pre-equilibrate flasks with a 95% air/5% CO,
mix and incubate with occasional rocking to prevent desiccation of the
cells. After labeling, wash the cells twice with PBS and collect cells
either by scraping with a rubber policeman, or by trypsinization using
2 mL/25 cm? flask at 4°C and process as before.

3.2. Cells Growing in Suspension

. Collect cells growing in suspension by centrifugation (300g for 3.5

min), wash them in methionine-free medium, and regain the cells by
centrifugation.
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. Resuspend the cells at about 25% of their saturation density in 5 mL

medium containing 10% DFCS lacking methionine, but supplemented
with 400 pCi mL [33S]-methionine in a 15-mL Falcon round-bottom
plastic snap-cap tube previously gassed with a 5% CO,/95% air mixture.
Agitate the cell suspension with a small magnetic flea. This agitation
can either be achieved by using a magnetically stirred water bath or a
magnetic stirrer set up in an incubator. Alternatively, cells can be agitated
by rolling in a temperature regulated roller apparatus. But remember that
temperature equilibration 1s achieved most rapidly in a water bath.

Label cells for 1-4 h at 37°C, collect the cells by centrifugation, and
wash twice with PBS before processing as before (see Note 5).

3.3. Tissues

. Excise 100-200 pg of the tissue to be labeled, blot 1t briefly onto filter

paper, and chop it into small pieces (approx 2-mm diameter).

Place these tissue pieces into 1 mL of tissue culture medium contain-
ing 10% dialyzed fetal calf serum, lacking methionine but supplemented
with 200 pCi/mL 33S-methionine in glass scintillation vials gassed with
a 5% C0O,-95% air mixture.

. Place the vials in a shaking water bath at 37°C and label for 1 h; there-

after, process the sample as appropriate.

4. Notes

For complete details of tissue culture procedures, see vol. 5 in this series.
Because protein synthesis involves many enzymatic reactions flooding with
ice-cold PBS immediately inhibits protein synthesis to very low lev-
els (> 2%) and allows very precise control over timing of incubations.

. To determine the number of counts incorporated, remove a small ali-

quot (1-5 pL) from the final sample, add it to 0.5 mL of water contain-
ing 10 pg of bovine serum albumin, and precipitate it with 0.5 mL of
ice-cold 20% (w/v) trichloroacetic acid (TCA). Allow the precipitate
to develop for 10 min and then collect it onto Whatman glass fiber
discs under vacuum followed by four washings of 5 mL of 5% (w/v)
TCA. Wash the discs finally with ethanol, dry them and count them 1n
a compatible scintillation fluid. Process 3H-labeled samples by over-
night digestion with a commercial tissue solubilizer (or 1M KOH) be-
fore counting. Determine 32P by Cerenkov counting.

. Accurate protein synthetic rates over short periods may be determined

concurrently in parallel flasks by measuring the rate of incorporation
of a mixture of three [3H]- or [4C]-labeled essential amino acids (used
at 1 uCi or 0.2 puCi/mL, respectively) 1nto acid insoluble counts per
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cell. In this case, following labeling aspirate the radioactive medium,
wash the cells with ice-cold PBS and trypsinize the cells with 2 mL of
0.1% trypsin (for a 25 cm? flask) on ice. After cells have begun to detach
(10-15 min) neutralize the trypsin with 200 UL of calf serum, pipet the
cells up and down five times and transfer them to a centrifuge tube.
Wash the flasks with a further 2 mL of trypsin, combine the superna-
tants and regain the cells by centrifugation at 300g for 3.5 min.
Remove the supernatant, dry the tube walls with a cotton bud and resus-
pend the cells in 2 mL of PBS containing 0.2% FCS. Pipet up and
down to disperse the cells, remove 0.2 mL for determination of cell
number on a Coulter counter (0.2-7.8 mL PBS +0.2% calf serum to
give a 1/40 dilution in a 15 mL snap-cap round bottom Falcon tube).
Precipitate the remaining cell suspension with an equal vol of 20% (w/v)
TCA and process for scintillation counting as described in Note 3.

5. There are considerable pitfalls in measuring the true rate of protein
synthesis using isotopic methods. Accurate protein synthesis measure-
ments may be achieved only when very small amounts of radioactive
precursors are added to reduced volumes of the same conditioned growth
medium removed from the growing culture and which contains large
amounts of unlabeled precursors (see ref. 3 for a full discussion). It
must also be remembered that mammalian cells show large changes in
the rate of synthesis of proteins when growth conditions are altered.
For example, amino acid deprivation results in an inhibition of the rate
of protein synthesis because of a reduction in the initiation rate of ribo-
somes onto mRNA (4). This effect also results in the preferential syn-
thesis of proteins whose mRNAs have high intrinsic rates of initiation.
The conditions for maintaining protein synthetic rates at steady state
levels are clearly not met when fresh medium, often lacking methi-
onine, is used to label proteins for gel electrophoresis! Considerable
care should therefore be exercised in standardizing growth and label-
ing conditions for any experiments involving comparison of different
samples and in relating the interpretation of the data to normal, physi-
ological conditions. Often a compromise has to be effected between
high levels of incorporation and the physiological constraints of main-
taining precursor pool sizes.

6. For determination of protein synthetic rates pa