tech note 6008

Comparison of the Criterion™ TGX Stain-Free™ Precast Gel System
and Standard Coomassie Staining Procedures for

Running and Imaging Protein Gels

Xuemei Yang, Kate Smith, and Lee Lomas

Bio-Rad Laboratories, Inc., Hercules, CA 94547 USA

Introduction

SDS-PAGE is widely used for analyzing protein mixtures, and
the Laemmli system is regarded as the gold standard SDS-
PAGE technique due to its ability to cleanly resolve complex
samples from a wide variety of sources in a wide array of
sample backgrounds. Following SDS-PAGE separation,
Coomassie staining is a standard yet time-consuming
method used to visualize proteins in the gel.

The new Criterion TGX (Tris-Glycine eXtended) Stain-Free
precast polyacrylamide gels are based on the long shelf life
TGX formulation and include unique trihalo compounds that
allow rapid fluorescent detection of proteins using the

Gel Doc™ EZ imaging system. TGX Stain-Free gels retain
Laemmli-like separation characteristics using standard
sample and Tris/Glycine running buffers while providing

an extended shelf life of up to 1 year when stored at 4°C.
Proteins can be separated in as little as 20 min when using
this gel format and then visualized using the

Gel Doc EZ imager in as little as 2.5 min. The trihalo
compounds react with tryptophan residues in a UV-induced
reaction to produce fluorescence, which can be detected by
the Gel Doc EZ imager within gels or on blotting membranes
(PVDF) after the transfer of proteins. Activation of the trihalo
compounds in the gels adds a 58 Da adduct to available
tryptophan residues and is required for protein visualization.
Proteins with a tryptophan content of 1.5% or greater show
detection sensitivities comparable to Coomassie staining,
while proteins with tryptophan contents greater than 3%
show superior sensitivity. The current study was designed to
evaluate the sensitivity, linearity, and precision of the
Criterion Stain Free™ imaging system*, as compared to
Bio-Safe™ Coomassie staining for proteins with varying
tryptophan (Trp) content (0.3-3%) under recommended
running conditions.

*The experiments completed for this tech note were done with the

Criterion Stain Free imaging system. The Criterion Stain Free imaging
system has been replaced by the Gel Doc EZ imager which has equivalent

performance for imaging stain-free gels but has a broader range of imaging
applications.

Methods

Samples

Samples used included Precision Plus Protein™

Dual Color standards (Bio-Rad Laboratories, Inc.),

broad range, unstained SDS-PAGE standards (Bio-Rad),
E. coli lysate (Bio-Rad), and mouse serum (Sigma). Purified
proteins used in this study, including B-galactosidase
(8.8% Trp), phosphorylase B (1.4% Trp), BSA (0.3% Trp),
carbonic anhydrase (2.3% Trp), and lysozyme (3.4% Trp),
were purchased from Sigma.

Electrophoresis and Imaging

Electrophoresis was performed using 4-15%, 4-20%, and
Any kD™ Criterion TGX Stain-Free precast gels and compared
to corresponding Criterion Tris-HCI precast gels. Samples
were prepared in Laemmli sample buffer containing 5%
B-mercaptoethanol. Precision Plus Protein Dual Color or
unstained standards were loaded as provided. Gels were
run using the Criterion electrophoresis cell at 200 or 300 V
until the dye front reached the bottom of the gel. All gels
were run using Tris/Glycine/SDS running buffer (25 mM Tris,
192 mM glycine, 0.1% [w/v] SDS). Criterion TGX Stain-Free
gels were first imaged on the Criterion Stain Free imager
(UV exposure time of 5 min followed by system default
integration time). Criterion TGX Stain-Free gels and Criterion
Tris-HCI gels were additionally stained with Bio-Safe
Coomassie stain (Bio-Rad) and imaged on a GS-800™
calibrated densitometer (Bio-Rad).

Results
Reduced Gel Run Times

The Criterion TGX Stain-Free gels allowed faster run times
as compared to standard Tris-HCI gels (Table 1). At 200V,
run times are 55-60 min for Criterion Tris-HCI gels and
42-50 min for Criterion TGX Stain-Free gels. However,
Criterion TGX Stain-Free gels can also be run at higher
voltages with little impact on gel performance (Figure 1);



Table 1. Comparison of running times for Criterion TGX Stain-Free
gels and Criterion Tris-HCI gels.

Criterion TGX Stain-Free gel

200V 300V

Run time: 42-50 min Run time: 20-26 min
Initial current: ~ 45-50 mA Initial current:  89-135 mA
Final current: 38-42 mA Final current: 66-99 mA

Criterion Tris-HCI gel

200V 300V

Run time: 60 min Not recommended

when run at 300 V the run time can be as little as 20 min,
whereas running a Tris-HCI gel at 300 V is not
recommended.
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Fig. 1. Criterion TGX Stain-Free gels run at 200 V (A) and 300 V (B).
Precision Plus Protein Dual Color standards* (lanes 1, 2, 11, and 12), broad
range, unstained SDS-PAGE standards (lanes 3 and 10), E. coli lysate (50 ng/
well, lanes 4-6), and mouse serum (50 ng/well, lanes 7-9) were loaded onto
4-20% Criterion TGX Stain-Free gels and run at 200 V (42 min) and 300 V
(20 min) and then imaged on the Criterion Stain Free imager. At 300 V, no
noticeable decrease in band resolution or band sharpness was observed as
compared to the 200 V condition.

Rapid Protein Visualization

Standard Tris-HCI gels require staining and destaining prior
to imaging. Stain-free detection technology allows rapid
protein visualization by eliminating the need for staining and
destaining. The ability of the trihalo compounds within the gel
to react with tryptophan residues in a UV-induced reaction

to produce fluorescence permits direct in-gel detection of
proteins by the Criterion Stain Free imager. Activation of the
trihalo compounds with tryptophan occurs in 2.5-5 min.

In-Gel Protein Quantitation

The limit of detection, linearity, and precision when quantifying
proteins from polyacrylamide gels depends on a number
of factors, including the quality of the staining reagent used
to visualize the protein and variability in the staining and
destaining conditions. Criterion TGX Stain-Free gels do

not require staining or destaining steps and consequently
have a uniform, low background that yields consistent and
reproducible results. To assess the sensitivity, linearity, and
reproducibility of the stain-free system, Criterion TGX
Stain-Free gels were processed and imaged entirely on
the Criterion Stain Free imaging system, or stained with
Bio-Safe Coomassie stain and imaged on the GS-800
calibrated densitometer. A mixture of proteins spanning

* Note: Some of the bands of the prestained protein standards are
undetected using stain-free technology due to interference from the dye.
It is recommended to use unstained protein standards with stain-free
technology.

wide molecular weight and % tryptophan content ranges
was prepared in serial dilutions ranging from >300 to

2.6 ng per band. The protein mixture was chosen because
it was composed of a variety of proteins with diverse amino
acid compositions. Dilution series were run in quadruples on
each gel type to establish the reproducibility of each method.
By visually establishing the concentration of the lowest
detectable band, it is apparent that the sensitivity of the
stain-free system is comparable to that of Bio-Safe
Coomassie staining and for some protein bands shows a
greater level of sensitivity (Figure 2). The exception is BSA,
which has only 0.3% tryptophan content. For proteins with
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Fig. 2. Limit of detection comparison between Criterion TGX Stain-Free
gels imaged on a Criterion Stain Free imager or stained with Bio-Safe
Coomassie stain. Serial dilutions of a protein mixture were run on Criterion
TGX Stain-Free gels and UV-imaged on a Criterion Stain Free imager or
visualized using Bio-Safe Coomassie stain. PP, Precision Plus Protein Dual
Color standards*. The dilution series ranged from 338 ng/band down

to 2.6 ng/band of B-galactosidase (3.8% Trp), phosphorylase B (1.4% Trp),
BSA (0.3% Trp), carbonic anhydrase (2.3% Trp), and lysozyme (3.4% Trp).

% Trp represents the percent tryptophan content for each protein.
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Table 2. Limit of detection on Criterion TGX Stain-Free gels.

UV detection, Bio-Safe Coomassie

ng/band staining, ng/band
B-galactosidase (3.8% Trp) 2 4
Phosphorylase B (1.4% Trp) 16 14
BSA (0.3% Trp) 327, 4 8

*0.5 and ** 10 sec integration time of image capture.

low tryptophan content, the signal can be enhanced by
simply increasing the integration time of the image capture
step. By increasing the integration time from 0.5 sec to

10 sec, the sensitivity of the Criterion Stain-Free system
for proteins with low tryptophan content can be made

comparable to that of Bio-Safe Coomassie staining. However,

it should be noted that proteins that lack tryptophan residues
cannot be imaged.

Generally for proteins containing tryptophan, the sensitivity
of the Criterion Stain Free detection system is comparable
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Fig. 3. Detection of a protein with low tryptophan content using
Bio-Safe Coomassie stain or the Criterion Stain Free system. UV
detection occurred on the Criterion Stain Free imager; Bio-Safe Coomassie
staining density was measured on a GS-800 calibrated densitometer.

m, UV detection; #, Bio-Safe Coomassie staining.

to Bio-Safe staining and is linear over at least two orders of
magnitude with an R? >0.99 (Figure 3). The overall precision
of the measurement was also better with the stain-free
system as compared to conventional Coomassie staining.
The average %CV across all concentrations for the samples
quantified with the Criterion Stain Free imager was less than
14%, while the average for the gels stained with

Bio-Safe Coomassie stain was 35% (data not shown).

Increased Gel Shelf Life

The introduction of TGX chemistry in the Criterion format
allowed for both an increased shelf life of at least 1 year and
short run times, using standard Laemmli running buffers, in
addition to rapid protein visualization. Figure 4 depicts TGX
stain-free gel chemistry performance after storage at elevated
temperature. When maintained at 37 °C for O and 12 days, no
discernible effect on performance was observed. Twelve days
of storage at 37 °C is equivalent to 12 months at 4 °C.

The storage of Criterion Tris-HCI precast gels for more than
12 weeks is not recommended; therefore, Criterion TGX
Stain-Free gels provide greater flexibility with a 1 year shelf life.
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Fig. 4. Performance of Criterion TGX Stain-Free gels following

storage at 37°C. Freshly prepared 4-20% Criterion TGX Stain-Free gels
were maintained at 37°C for O and 12 days prior to performing PAGE of

E. coli lysates and mouse serum. Twelve days of storage at 37°C is equivalent
to 12 months at 4°C. BR, broad range, unstained SDS-PAGE standards; PP,
Precision Plus Protein Dual Color standards.

Conclusions

Criterion TGX Stain-Free precast gels have the potential to
substantially improve and streamline the SDS-PAGE workflow.
They can be run at 300 V without overheating, allowing run
times as short as 20 min, and can be visualized directly
without the need for staining and destaining. Proteins can
now be separated and visualized in as little as 25 min,
saving considerable time over the traditional workflow using
Tris-HCI gels followed by staining, which requires at least

3 hr. This time savings can be achieved while maintaining
the sensitivity and reproducibility achieved with Coomassie
staining. Furthermore, Criterion TGX Stain-Free precast gels
maintain their performance after 12 days at 37°C, which is
equivalent to 1 year at 4°C.

Coomassie is a trademark of BASF Aktiengesellschaft.

Precision Plus Protein standards are sold under license from Life Technologies
Corporation, Carlsbad CA for use only by the buyer of the product. The buyer
is not authorized to sell or resell this product or its components.

Information in this tech note was current as of the date of writing (2010) and
not necessarily the date this version (rev A, 2010) was published.
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