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A rapid method for protein staining in polyacrylamide gels
using water saturated with chloroform
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Polyacrylamide gel electrophoresis, followed by an ap-
propriate staining, is a popular and useful analytical
procedure for protein identification and characteriza-
tion. The aim of this study was to develop a method for
protein visualization in polyacrylamide gels that would
be alternative to Coomassie blue or silver staining. The
proposed method is simple, fast and inexpensive. The
optimized protocol for protein staining and visualization
takes as little as 6 minutes and utilizes deionized water
and chloroform. Fluorescence of proteins is induced by
UV light and can be detected with a standard transillu-
minator.
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INTRODUCTION

Polyacrylamide gel electrophoresis (PAGE) is a very
popular analytical technique used for numerous biologi-
cal applications. PAGE, followed by a specific staining
protocol, is a gold standard particulatly in protein analy-
sis, including determination of protein molecular weight,
purity and expression level (Laemmli, 1970; Rolf e al,
2019; Gulamhussein e7 al., 2020).

Among many protocols for protein visualization in
gels, the most popular involve the use of dyes, such as
colloidal Coomassie blue and silver nitrate. All of these
protocols are routinely used in research laboratories and
even though they are declared as rapid, they are in fact
time consuming as the staining procedure usually takes
more than 3 hours (Winkler ez a/, 2007; Sasse and Gal-
lagher, 2009).

A good alternative for these conventional staining pro-
tocols are ready to use precast gels supplemented with a
trihalo compound or polyacrylamide mixes supplemented
with the same reagent. These seem to be a good choice
for fast gel visualization (Girtler ez al, 2013).

The physical basis of protein visualization with trihalo
compouds was described by Kazimin and co-workers in
2002 (Kazmin e/ al., 2002). Detection is possible thanks
to the light-induced reactions of tryptophan residues of
the analyzed proteins with the halo compounds, such

as the trichloroethan, trichloroethanol, bromoform and
chloroform. The results of the reaction may be exam-
ined using fluorescence detection, NMR-spectroscopy
and reverse phase chromatography (Edwards e al,
2002). Analysis of the fluorescence excitation and emis-
sion wavelengths demonstrated differences related to the
trihalo compounds’ structure. Moreover, relative fluo-
rescence intensity of chloroform and trichloroethane is
higher than the wvalues characterizing trichloroethanol
and bromoform (Edwatds ez a/, 2002).

In 2004, Ladner and coworkers developed and dem-
onstrated high compatibility of protein staining proce-
dure using trihalo compounds (Ladner ¢ @/, 2004). This
procedure may be used in numerous bioanalytical tech-
niques, such as Western blot or isoelectric focusing.

A protocol with trichloroethanol added to a gel as a
staining agent is now a commonly used technique for
protein visualization in polyacrylamide gels and related
procedures (Ladner e al, 2006; Glrtler ez al., 2013).

Trihalo compounds ate also utilized by many chemical
manufacturers as an integral part of ready to use precast
gels or polyacrylamide formulations.

As an alternative to these commercially available
methods, we have developed a rapid, simple and cost-
effective staining protocol for protein visualization in
polyacrylamide gels. The proposed protocol for protein
staining is based on the use of water supplemented with
chloroform, and fluorescence of proteins induced by UV
light can be detected with a standard transilluminator.

MATERIALS AND METHODS

Materials

Chemicals used for the gel, electrophoresis buffers
and sample buffers’ preparation, such as glycine, Tris-
base, sodium dodecyl sulfate (SDS), acrylamides mixture
37.5:1, ammonium persulfate (APS), and beta-mercaptoe-
thanol were purchased from Bioshop (Canada). Reagents
used for preparation of the staining solutions, such as
chloroform, methanol, Coomassie brilliant blue, and ace-
tic acid were purchased from Merck (Germany). Trypto-
phan containing proteins characterized in Table 1 were
provided as a kind gift by Pure Biologics S.A. (Poland).

Methods

Protein separation by SDS-PAGE. Protein samples
were analyzed by means of standard Laemmli method
using the Mini-Protean Tetra Cell for 1-D vertical gel
electrophoresis (Bio-Rad) (Laemmli, 1970). Protein sam-
ples were mixed with 4 X Laemmli sample buffer, dena-
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Table 1. Characterization of tryptophan containing proteins

Molecular

Pb000T 1 18320 111
Pb0002 1 21586 0.95
Pb0003 4 26034 3.13
Pb0004 11 39311 5.71

tured at 90°C for 10 minutes and subsequently cooled
on ice. Each sample was loaded into a separate well.
Electrophoretic separation of proteins was performed
using a 4% stacking gel and a 15% separating gel un-
der the following conditions: 35 mA for 15 minutes, and
55 mA for 20 minutes (Laemmli, 1970).

Preparation of the chloroform staining solution.
100 ml of deionized water were combined with 0.5 ml
of chloroform and vigorously mixed by vortexing for
60 seconds. The obtained solution was stored at room
temperature and protected from light until further use.

Optimization of the protein staining protocol. The
protocol was developed by analysis of gel slices which
contained 500 ng of tryptophan containing protein mix-

A

tures. Slices were immersed in the chloroform stain-
ing solution and incubated at room temperature for 1,
3 and 5 minutes, respectively. After incubation, the gel
slices were placed on the surface of a UV transillumina-
tor (component of the Chemidoc XR+ imaging system
manufactured by Bio-Rad). Gel images were recorded af-
ter 1, 2, 3, 4 and 5 minutes of exposure to UV radiation.
Results were analyzed by using the Imagelab software
(Bio-Rad).

Detection limit for the chloroform staining so-
lution. In order to assess the detection limit of the
staining protocol, samples containing 1000 ng, 500 ng,
250 ng, 125 ng, and 62.5 ng of each protein were an-
alyzed. Samples were separated as described in section
“Protein separation by SDS-PAGE”. Gels were stained
by incubation in the chloroform staining solution for 3
minutes and exposed to UV radiation for 3 minutes. Gel
images were analyzed with the Imagelab software.

Protein polyacrylamide gel staining with Coomas-
sie brilliant blue. The developed chloroform stain-
ing protocol was compared with the commonly used
Coomassie staining procedure. Proteins separated in po-
lyacrylamide gels were stained using Coomassie brilliant
blue as described by Sasse and Gallagher (Sasse & Gal-
lagher, 2009).

Data analysis. The recorded results were analyzed by
using the Image Lab software (Bio-Rad). Signal inten-
sities were measured using a densitometric method ac-
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Figure 1. Chloroform staining and protein (Pb001, Pb003 and Pb004) visualization in the polyacrylamide gel.

A - Gel incubation for 1 min in water saturated with chloroform; detection after 1, 2, 3, 4, 5 min of exposure to UV. Left panel

- gel visu-

alization, central panel — comparison of signal intensities, right panel — comparison of signal to background ratios. B — Gel incubation for

3 min in water saturated with chloroform; detection after 1, 2, 3, 4, 5 min of exposure to UV. Left panel -

gel visualization, central panel

- comparison of signal intensities, right panel comparison of signal to background ratios. C — Gel incubation for 5 min in water saturated

with chloroform; detection after 1, 2, 3, 4, 5 min of exposure to UV. Left panel -

intensities, right panel comparison of signal to background ratios.

gel visualization, central panel - comparison of signal
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cording to the size of the bands, while the background
was measured individually for each band. Signal to back-
ground ratio was calculated and used for data presenta-
tion.

All experiments and measurements were made in du-
plicates.

RESULTS AND DISCUSSION

The aim of this study was to develop a fast and sim-
ple protocol for protein visualization in polyacrylamide
gels by using chloroform as a staining agent.

In the first step of the procedure, the optimal time
of gel incubation in chloroform saturated water and
subsequent gel exposure to UV radiation was verified.
For this purpose, gel fragments containing a mixture
of 500 ng of proteins (Pb001, Pb003 and Pb004) were
stained with chloroform water and exposed to UV. The
results showed that already after 1 minute of gel incu-
bation with chloroform water it is possible to observe
weak signals indicating the proteins’ presence (Fig. 1A).
The signal intensities were in the range between 3640-
208260 arbitrary units (Au). However, the optimal time
of gel staining for further protein visualization was
3 minutes (Fig. 1B); after this time, the signal intensities
were in the range between 7350-328953 Au. Five min-
ute incubation of the gel in chloroform water resulted in
much stronger signals, with intensities in the range be-
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tween 14388-517160 Au, as shown in Fig. 1C. Still, the
increased incubation time resulted in strong background
and appearance of some artefacts, which might be break-
down products of the originally intact proteins (Fig. 1C).

With regards to the time of UV irradiation, it was
shown that even 1 minute of gel exposure allows for vi-
sualization of the protein bands. However, the optimal
time for protein detection was established to be 3 min-
utes (Fig. 1). After this time, both the strongest signals,
as well as the best ratio of signal to background noise
was observed.

The results of gel visual, as well as densitometric anal-
ysis of the obtained pictures confirmed that the method
employing chloroform allows for effective protein stain-
ing. The proposed protocol consists of two steps: (1) gel
incubation with water supplemented with chloroform
(ratio: 0.5 ml chloroform : 99.5 ml deionized water) for
3 minutes, (2) gel irradiation with UV light for 3 min-
utes, followed by visualization.

This protocol was further used for determination of
the protein detection limit. For this purpose, 1000 ng,
500 ng, 250 ng, 125 ng, and 62.5 ng of the analyzed
proteins were separated in a PAA gel, stained and visu-
alized. The experiments demonstrated that the chloro-
form staining is useful for protein detection in the range
of 125 ng to 500 ng (Fig. 2A). This detection limit is
related to the protein molecular weight and tryptophan
content in the polypeptide chain. The lowest detection
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Figure 2. Results of protein staining showing detection limits for the two methods: staining with water saturated with chloroform,

and the Coomassie method.

A — Detection limit for proteins stained with water saturated with chloroform, B — Detection limit for proteins stained with the Coomassie
method. C - Relationship between the signal intensity and protein amount for the Pb0001 protein (MW 18.320 kDa, %W 1.11), D - Re-
lationship between signal intensity and protein amount for the Pb0002 protein (MW 21.586 kDa, %W 0.95), E — Relationship between
signal intensity and protein amount for the Pb0003 protein (MW 26.034 kDa, %W 3.13), F - Relationship between signal intensity and

protein amount for the PB0004 protein (MW 39.311 kDa, %W 5.71).
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Figure 3. Schematic represenatation of reaction between indole
(tryptophane residue) and chloroform.

limit equal to 125 ng was obtained for proteins: Pb0001
(MW 18.320kDa) and Pb0003 (26.034kDa), contain-
ing 75 fmol and 150 fmol of tryptophan, respectively.
In case of the Pb0004 protein (MW 39.013kDa), with
tryptophan content equal to 230 fmol, the detection lim-
it was established at 250 ng. The highest detection limit,
close to 500 ng, was noted for the Pb0002 protein (MW
21.586 kDa) with tryptophan content of 220 fmol. The
differences in the detection limits of particular proteins
might be the result of different accessibility of trypto-
phan during the reaction.

The results of the experiments conducted with chlo-
roform as a staining agent were also compared with the
standard and most commonly used protocol of protein
visualization of the gel using Coomassie brilliant blue.
The detection limits for proteins Pb0001, Pb0003 and
Pb0004 obtained with the Coomassie agent were simi-
lar to those obtained by using the chloroform staining
method. However, in case of the Pb0002 protein, the
chloroform protocol was more sensitive in comparison
to the classic Coomassie method (Fig. 2). Higher sensi-
tivity of the developed protocol might be related to the
protein amino acid composition.

Protein staining using chloroform occurs due to a re-
action between chloroform and tryptophan residues, as
shown in Fig. 3. On the other hand, the Coomassie dye
binds to proteins through ionic interactions with posi-
tively charged amino acid residues (arginine, lysine), and
van der Waals interactions with tyrosine (de Moreno,
Smith and Smith, 1986).

As mentioned eatlier, the lowest detection limit range
of our protocol is between 125-500 ng and depends on
the protein molecular weight and tryptophan content.

The results of the experiments which showed chloro-
form as a sensitive protein staining agent, are in agree-
ment with a study previously published by Ladner and
coworkers (Ladner e al., 2004). Still, the detection limit
of fluorescent visualization of proteins by trichloroeth-
anol in the Ladner’s method was established as 250 ng
of protein, and in our case the lowest level of protein
detected after chloroform staining was 125 ng.

Common availability of chloroform in all biochemical
laboratories makes the proposed method a good alterna-
tive for trichloroethanol based protocols, including ready
to use stain-free gels recommended for routine applica-
tions. This method can be used for staining of any pro-
teins containing tryptophan.

One of the main advantages of chloroform staining
is also the fact that the whole procedure, including pro-
tein staining and visualization, lasts only 6 minutes. It is
worth mentioning that the proposed protocol does not
require any changes in the gel casting process, which
might be a critical aspect for vatious research groups.

We are aware of the fact that using pure chloroform
on the transilluminator surface is not recommended by
any equipment manufacturer because it is related to ir-
reversible changes on the transilluminator surface. Still,
the water supplemented with chloroform solution that

we propose for staining seems to be safe for the transil-
luminator surface.

In conclusion, the proposed method has many ad-
vantages, including high sensitivity — comparable to the
Coomassie blue staining, low costs and short time of
the whole procedure. The chloroform staining method is
also a good alternative for trichloroethanol-based proto-
cols. Even though the protocol requites to use proteins
containing tryptophan, we believe that in time it will be
commonly used for standard electrophoresis based pro-
cedures, such as protein characterization by means of
2D electrophoresis, analysis of protein transfer during
western blotting and other laboratory procedures that re-
quire protein gel staining (Ladner ez a/, 2004; Girtler ef
al., 2013; Chopra, Willmore & Biggar, 2019).

CONCLUSIONS

This study demonstrates a fast fluorescent technique
for protein visualization in polyacrylamide gels where
protein fluorescence is related to tryptophan photo-mod-
ification by chloroform. The protein chloroform staining
protocol consist of two steps: 1) incubation of the gel
with separated proteins in 0.5 % water chloroform solu-
tion for 3 min, followed by 2) gel irradiation with UV
for 3 minutes. The developed protocol is simple, fast
and inexpensive.

The protein staining procedure using water saturated
with chloroform presents a good alternative for com-
monly used methods based on trichloroethanol (Ed-
wards e/ al., 2002; Kazmin e# al., 2002).
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