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Polyacrylamide gel electrophoresis (PAGE), which is
widely used to assess protein purity and molecular
weight [1], is best combined with a highly sensitive,
reproducible, inexpensive, rapid, and easy to perform
protein staining/detection method. Coomassie brilliant
blue (CBB)1 staining is a popular method, known for its
simplicity, economy, and compatibility with downstream
analysis but relatively poor sensitivity (about 50 ng protein/band), low aYnity for acidic proteins, variability in
background staining, and lack of reproducibility. The
silver staining procedure is sensitive but relatively
tedious and is not speciWc for proteins [2,3]. Rutheniumcomplex-based SYPRO Ruby Xuorescent staining is
protein speciWc and as sensitive as silver staining. It has a
broad linear dynamic range and a simple stain/destain
protocol and is compatible with subsequent mass spectrometry or Edman sequencing [4,5]. Imidazole–SDS–
zinc reverse staining is reportedly more sensitive than
CBB staining [6] and approximately as sensitive as silver
staining [2]. In this method a white, insoluble imidazole–
zinc complex forms on the surface of gels as a background against which proteins, complexed with SDS
during pretreatment, appear as unstained, transparent
bands [7]. In the study reported here, a comparison of
the imidazole–SDS–zinc, SYPRO Ruby, silver, and CBB
staining methods was made. Imidazole–SDS–zinc
reverse staining, with minor modiWcations of the original
method [6,8], was shown to best meet all the optimal criteria (as stated above), while allowing sensitive, reproducible detection and sample recovery.
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To compare the sensitivity, reproducibility, and
simplicity of staining methods, four Tris–glycine
SDS–PAGE gels [9] were equally loaded, run under
identical conditions, rinsed with distilled water, stained,
and photographed using a VersaDoc 4000 Imager
(Bio-Rad, California, USA). The gels were loaded with
500–1 ng/protein, from serial twofold dilutions of 1 mg/ml
of phosphorylase b, bovine serum albumin (BSA), ovalbumin, and carbonic anhydrase. Additionally, three
homogenates were applied, a puriWed neutrophil homogenate of »170,000 cells [10], a monocyte homogenate of
»50,000 cells, and whole blood homogenate (»0.25 l
blood) [11].
CBB staining was carried out with some modiWcations of the method of Fernandez-Patron et al. [6]. Overnight staining [0.125% (m/v) CBB R–250, 50% (v/v)
methanol, 10% (v/v) acetic acid] was followed by
destaining for several hours in multiple changes of
destain [50% (v/v) methanol, 10% (v/v) acetic acid], followed by rehydration [5% (v/v) methanol, 7% (v/v) acetic
acid]. Gels were illuminated from below with white light
and photographed without a Wlter.
SYPRO Ruby Xuorescent staining was conducted
according to the manufacturer’s instructions (Molecular
Probes, Oregon, USA). Gels were Wxed, stained overnight, rinsed, placed on a UV-transilluminator (312 nm),
and photographed using a 610-nm longpass emission
Wlter.
Imidazole–SDS–zinc reverse staining was eVected by
pretreating gels in imidazole–SDS solution [200 mM
imidazole, 0.1% (m/v) SDS, 10–15 min] and rinsing brieXy
(distilled water, 30 s) before developing (200 mM zinc sulfate) until the gel background turned intensely white with
transparent protein bands (15–60 s). The extent of development was best monitored during manual agitation of

Notes & Tips / Anal. Biochem. 345 (2005) 158–160

gels over a dark surface and was stopped by discarding
the developer and rapidly rinsing with running distilled
water for 10–15 s (instead of the originally described
3 £ 5-s washes [8]). As development of background continues for a few seconds after the developer is discarded,
the reaction was best stopped just as the bands of interest
became visible. Photography of gels was best achieved
using epiwhite light (instead of epiXuorescent light [8]) on
a dark background. No Wlter was required but bands in
the low-nanogram range (<5 ng) were best photographed
using a 610-nm longpass Wlter.
Silver staining was performed as previously described
[12,13]. Gels were Wxed [50% (v/v) methanol, 10% (v/v)
acetic acid, 2£ 15 min or overnight], washed [10% (v/v)
ethanol, 5% (v/v) acetic acid, 6 min], rinsed thoroughly in
ultrapure water (2 £ 9 min), pretreated with sodium dithionite [20 g/ml, 9 min], impregnated with silver nitrate/
formaldehyde [0.1% (m/v) silver nitrate, 0.03% (v/v) formaldehyde, 9 min], and brieXy rinsed (ultrapure water, 30 s)
before developing in a carbonate solution [3% (m/v)
sodium bicarbonate, 0.04% (v/v) formaldehyde, 0.002%
(m/v) sodium thiosulfate] until bands were suYciently
stained (usually less than 10 min). Thiosulfate was
included in the developing solution as a silver chelator to
prevent silver carbonate precipitation. The reaction was
stopped using 5% (m/v) Tris containing 2.5% (v/v) acetic
acid (20 min). Silver-stained gels were illuminated from
below with white light and photographed without a Wlter.
Typical results (Fig. 1) are arranged in order of overall sensitivity, judged not by the intensity of the bands
but by the greatest number of protein bands just visible
at the highest dilution (apparent detection limit) (Figs.
1A–D, respectively).
Variability in staining and detection limit of various
proteins is apparent (Figs. 1A–D). Silver staining,
though apparently giving rise to more intensely stained
bands, is known to suVer from interprotein staining variability (generally attributed to variable numbers of Cys
residues). This is evident as BSA (66 kDa), with 35 Cys
residues, is detectable down to at least 4 ng, while ovalbumin (45 kDa), with 5 Cys residues, is visible at 8 ng,
and carbonic anhydrase (31 kDa), with no Cys residues,
is visible down to at least 31 ng (Fig. 1C, lanes 8, 7, and 5,
respectively). CBB staining also shows variability in
staining, with BSA detectable down to 8 ng, ovalbumin
to 16 ng, and carbonic anhydrase to 125 ng (Fig. 1D,
lanes 7, 6 and 3, respectively). This suggests that CBB
staining may be more sensitive than previously reported
[6] but is not as sensitive as silver staining (Fig. 1D vs C).
SYPRO Ruby (Fig. 1B) and imidazole–SDS–zinc
staining (Fig. 1A) also show variability but this is much
less marked than that in silver stained– (Fig. 1C, lanes 6–
9) and CBB–stained (Fig. 1D, lanes 3–7) gels. Variation
in the SYPRO Ruby- and imidazole–SDS–zinc-stained
gels was seen only in the 1- to 8-ng range (Figs. 1B and
A, lanes 7–10). In contrast to previously published obser-
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Fig. 1. Evaluation of the sensitivity of imidazole–SDS–zinc reverse
staining (A) compared to SYPRO Ruby (B), silver stain (C), and CBB
(D). The 12.5% polyacrylamide gels (1.5 mm thick) were equally
loaded to give a Wnal loading concentration of 500–1 ng/protein, with
serial twofold dilutions of a single protein mixture containing 1 mg/ml
phosphorylase b (97.4 kDa), BSA (66 kDa), ovalbumin (45 kDa), and
carbonic anhydrase (31 kDa), (lanes 1–10). Lanes 11, 12, and 13 contained a neutrophil homogenate (»170,000 cells), a monocyte homogenate (»50,000 cells), and whole blood homogenate (0.25 l),
respectively. The solid arrow (A) indicates the lowest dilution of BSA
detected by imidazole–SDS–zinc staining and is included in B–D for
easy comparison. Open arrows indicate the lowest dilution of BSA
detected by each other stain [SYPRO Ruby (B), silver stain (C), and
CBB (D), respectively].

vations [14], in this study SYPRO Ruby staining appears
slightly more sensitive than silver staining (Figs. 1B and
C, lanes 6–9, respectively). Imidazole–SDS–zinc reverse
staining appears as sensitive as SYPRO Ruby and more
sensitive than both silver stain and CBB for overall
detection of most proteins (Figs. 1A–D). The limited solubility of phosphorylase b (97.4 kDa) restricted its use in
the determination of maximum detection limits with
respect to the other proteins in this study but nevertheless allowed comparison of diVerent staining methods,
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conWrming the better or equal sensitivity of imidazole–
SDS–zinc reverse staining compared with these of
SYPRO Ruby, silver stain, and CBB. The homogenate
samples of neutrophils, monocytes, and whole blood
(Figs. 1A–D, lanes 11–13) appear to conWrm these
observations. Bands appear to be slightly smeared in the
imidazole–SDS–zinc-stained gels, while the SYPRO
Ruby- and silver-stained gels exhibit clear, sharp bands
(Figs. 1B and C, lanes 11–13). Very few bands are visible
in the CBB–stained gel (Fig. 1D, lanes 11–13). The
smeared appearance may be a result of the increased sensitivity of the imidazole–SDS–zinc procedure and could
represent faint background bands which may have eventually become visible with the silver stain procedure had
the silver development been allowed to continue longer.
In summary, CBB, SYPRO Ruby, and imidazole–
SDS–zinc staining are the simplest to perform, while
silver staining is comparatively tedious. CBB and SYPRO
Ruby staining, however, require overnight staining for
maximal signal strength, while silver staining takes less
than 2 h, and imidazole–SDS–zinc staining may be completed in less than 20 min for most one dimensional minigels. SYPRO Ruby and imidazole–SDS–zinc staining
appear to be more sensitive than CBB and silver stains
and manifest the least protein staining variability. Imidazole–SDS–zinc staining, unlike SYPRO Ruby and CBB, is
rapid and, because no Wxative is used, also completely
reversible [7], making it compatible not only with downstream analysis by mass spectrometry and Edman
sequencing but also with immunoelution/Western blotting techniques. Using the criteria of sensitivity, simplicity,
rapidity, cost eYciency, interprotein variability, and compatibility with downstream analysis, imidazole–SDS–zinc
reverse staining seems to have a number of advantages.
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