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Abstract  

Western blotting is an analytical method widely used for detecting and (semi-)quantifying specific 

proteins in given samples. Western blots are continuously applied and developed by the protein 

community. This review article focuses on a significant, but not yet well-established, 

improvement concerning the internal loading control as a prerequisite to accurately quantifying 

Western blots. Currently, housekeeping proteins (HKPs) like actin, tubulin, or GAPDH are often 

used to check for equal loading or to compensate potential loading differences. However, this 

loading control has multiple drawbacks. Staining of the total protein on the blotting membrane 

has emerged as a better loading control. Total protein staining (TPS) represents the actual 

loading amount more accurately than HKPs due to minor technical and biological variation. 

Further, the broad dynamic range of TPS solves the issue of HKPs that commonly fail to show 

loading differences above small loading amounts of 0.5-10 μg. Although these and further 

significant advantages have been demonstrated over the past ten years, only a small 

percentage of laboratories take advantage of it. The objective of this review article is to collect 

and compare information about TPS options and to invite users to reconsider their applied 

loading control. Nine benefits of TPS are discussed and seven different variants are critically 

evaluated by comparing technical details. Consequently, this review article offers an orientation 

in selecting the appropriate staining type. I conclude that TPS should be the preferred loading 

control in future Western blot approaches.   



1. Introduction 

Western blotting is a widely-used method to (semi-)quantitatively analyze the abundance of 

proteins in a given sample [1–3]. Standardly, the proteins of a sample are electrophoretically 

separated in a polyacrylamide gel according to their mass. In order to immobilize the proteins 

and to make them accessible for being detected by antibodies, they are transferred from the gel 

matrix to a membrane (mostly polyvinylidene difluoride [PVDF] or nitrocellulose membranes). 

This electrophoretic transfer is the actual “blotting” process. On the membrane, a combination of 

primary and secondary antibodies detects the protein-of-interest. Position and amount can be 

visualized by chemiluminescent, fluorescent, or other signals [2].  

The Western blot technique was invented and published by Harry Towbin and colleagues at the 

swiss Friedrich Miescher Institute in 1979 [4]. The terms „immunoblotting“ (i.e., immunostaining 

of membrane-blotted proteins) and „Western blotting“ appeared in PubMed-listed publications in 

1980 [5] and 1981 [6], respectively.  

 

1.1 Out-of-date method Western blotting? Not at all! 

Since targeted mass spectrometry was considered to replace Western blots [7], one might ask if 

it is still appropriate to publish a review article about improving Western blots. To address this 

concern, I assessed the popularity of this technique by the number of publications mentioning it 

(Fig. 1). My screening included the terms “immunoblot*”1 or “Western blot*” and covered all Text 

Words2. For the sake of simplicity, "Western blot" will be used as an umbrella term in this review 

article to cover all of the variants. Starting from the first publications in the early 1980s, the 

PubMed entries for Western blot increased in a largely continuous way, reaching about 21,000 

publications per year in 2015 (Fig. 1A). Of course, increasing publication numbers are not 

necessarily a sign of increasing success, as the total numbers of protein-related publications 

                                                           
1
 comprising “immunoblots”, “immunoblotting”, etc.; all Pubmed searches were performed on April 14, 2017 

2
 comprising title, abstract, MeSH headings and subheadings, and other term fields, such as keywords; final search 

term: Western blot*[Text Word] OR Immunoblot*[Text Word] 



likewise increased continuously and reached about 206,000 in 20153 (Fig. 1B). Thus, a better 

way to rate its evolution is to normalize the number of protein-related publications applying 

Western blots4  with the number of all protein-related publications3. Notably, the percentage of 

protein-related publications using the Western blot technique mounted to about 8-9% within the 

first 10 years and remained at this high value until today (Fig. 1C). In contrast, the percentage of 

protein-related publications using mass spectrometry (MS)5 among the same set publications 

reached its maximum of 4% in 2010 and remained at a level between 3.5 and 4% since that 

(Fig. 1D). Thus, despite the appearance of other (semi-)quantitative detection methods, there 

are no indices of a replacement so far. Western blotting kept its significance in protein-related 

science during the last 25 years. Reasons for its consistent success might be the lower costs in 

comparison to MS and the ongoing quality improvements of the Western blotting technique 

regarding transparency of antibody usage, unspecific staining, efficacy, sensitivity, dynamic 

range, and reproducibility [1,3,8–13]. Independent of the reasons, these data demonstrate that 

Western blots are not out-of-date and that it is indeed still appropriate to improve the technique 

and to report about it. 

This review article focusses improvements concerning the internal loading control as a 

prerequisite of exact (semi-)quantitative analysis. Significant progress has emerged in this field 

within the recent 10 years, but only a small percentage of laboratories are aware of it and profit 

from it. To change this is the objective of my review article.  

 

1.2 House-keeping protein as loading control – where is the problem? 

In most cases, a comparative Western blot approach relies on an equal amount of protein load 

in each lane. Thus, a protein determination (e.g., a bicinchoninic acid assay) is usually 

                                                           
3
 search term: protein*[Text Word] OR proteom*[Text Word] 

4
 (protein*[Text Word] OR proteom*[Text Word]) AND (Western blot*[Text Word] OR Immunoblot*[Text Word]) 

5
 (protein*[Text Word] OR proteom*[Text Word]) AND ("mass spectrometry"[Text Word] OR "mass 

spectrometric"[Text Word])  



performed before protein loading. Since multiple steps lie between the protein determination and 

the visualization of blotted proteins, several factors can prevent that proteins are equally loaded 

at the membrane level. These factors can be (1) erroneous protein determination, e.g., due to 

incompatible compounds in the lysis buffer, (2) inhomogeneous protein loading into the lanes, 

e.g., due to bubbles in the pipette tip, (3) inhomogeneous protein separation in the acrylamide 

gel, e.g. due to inconsistent protein entry into the gel matrix, and (4) unequally efficient protein 

transfer. To control equal loading or to compensate potential loading differences at the level of 

transferred proteins, many laboratories standardly perform immunostainings of HKPs like actin, 

tubulin, or glycerinaldehyd-3-phosphat-dehydrogenase (GAPDH; recent examples in this journal: 

[14–18]). The use of these proteins is based on the assumption that they are equally expressed 

in any tissue or condition. During the recent two decades, the protein community has become 

aware that this assumption is wrong. Examples of unequally expressed HKP have been 

manifold reported and will not be comprehensively reviewed in this publication. As a brief 

summary, I want to point to only two important publications of the journal PROTEOMICS that 

have been more than 150-fold cited. As the first example, a survey article has presented the top 

15 most often identified differentially expressed proteins in proteomics studies. GAPDH was one 

of these déjà vu proteins appearing in 12% of the differential experiments [19]. A second study 

has tested the degree of variability of the three commonly used HKPs GAPDH, β-actin, and β-

tubulin in different conditions (disease states and tissue types) and found significant variation in 

at least one condition [20]. As HKPs participate in many and fundamental intracellular 

processes, it is not surprising that many aspects affect the expression of these proteins. Thus, 

the authors of both publications suggested to reconsider the HKP’s role as an internal standard 

in both proteomics and transcriptomics experiments.  

Another problem of using HKPs can result from their high abundance. As loading amounts are 

usually optimized for the protein of interest, abundant HKPs may be overloaded. As a result, 

immunosignals of HKPs may often be oversaturated and thus not able to detect differences. For 



example, evidence suggests that actin, GAPDH, and tubulin are saturated in most of the 

publications where they are used as a loading controls, as they are unable to show any loading 

differences above relatively small total protein loading amounts of about 0.5-10 µg. In detail, 

immunosignals of actin saturate above total protein loading amounts of 2 µg of HzAm1 cell 

lysate (PVDF, chemiluminescence) [21], 0.5 µg (monoclonal) or 2 µg (polyclonal) of MDA-MB-

231 breast cancer cell lysate (PVDF, chemiluminescence) [22], or 10 µg of subcellular fractions 

of mouse cortex (nitrocellulose, chemiluminescence) [23] (but: 30 µg of rat hippocampal lysate 

(PVDF, chemiluminescence) [24]. Similarly, immunosignals of GAPDH saturate above total 

protein amounts of 4 µg of HeLa cell lysate (PVDF, film) [25], 5 µg of LU-HNSCC-4 cell lysate 

(PVDF, chemiluminescence) [26], 5-10 µg of hippocampal lysate (PVDF, chemiluminescence) 

[24], or 10 µg of nuclear and cytoplasmic fractions from mouse cortex (nitrocellulose, 

chemiluminescence) [23]. Likewise, α-tubulin and β-tubulin saturate above loading ranges of 

about 4 µg and 10 µg total protein of mouse ovary lysate and whole brain lysate (PVDF, 

chemiluminescence and fluorescence), respectively [27,28]. 

As a last issue, even an equally expressed and not oversaturated HKP can be excluded by 

another limiting factor: If its molecular weight lies in the same range as that of the protein-of-

interest, disturbing effects are probable even if the primary antibodies against the two proteins 

have different hosts.   

Nevertheless, the consequences of understanding these issues develop slowly: many 

laboratories still use HKPs as loading controls. The reason may be that researchers lack 

knowledge of accepted alternatives and/or their advantages. 

 

2. Alternatives for the classical loading control 

The following alternatives have been suggested to solve the above mentioned problems:  



 Averaging more than one HKP as a loading control in order to make errors due to the 

above mentioned issues less probable [29] (similar to quantitative RNA analysis [30]).  

Accompanying problem: the experimental time and costs are additionally extended and 

the above mentioned saturation issue is not solved.  

 Thoroughly searching and characterizing the appropriate HKPs before each project 

[29,31–33].  

Accompanying problem: time-consuming work. 

 Spiking-in equal amounts of a standard into each sample (similar to quantitative RNA 

analysis [34,35]). 

Accompanying problem: spike-in protein(s) must be chosen, acquired, and tested, which 

is time-consuming. 

 Visualizing the total protein of the gel before transfer [36]. 

Accompanying problem: this method misses controlling the transfer as one common 

source of variance. 

 Visualizing the total protein of a parallel gel [28].  

Accompanying problem: same as for the previous point. 

 Visualizing the transferred total protein on the membrane 

 

During the recent years, the latter alternative has emerged as the most convenient. The next 

part of my review article will elucidate the rationale and the advantages of total protein staining 

(TPS) and compare the properties of the different variants of this new loading control. 

 

2.1 The rationale of using total protein staining 

The aim of any loading control is to get an idea of each lane’s total protein amount that has been 

transferred to the blotting membrane. In the classical loading control, the amount of the chosen 

HKP should represent this total protein amount. Already a simple theoretic consideration may 



convince: In order to get a measure for the total protein amount, what would be more obvious 

than staining the total protein?  

The next chapters summarize the general advantages of TPS as laoding controls and introduce 

six tested and recommended staining types.  

 

2.2 Advantages of total protein staining 

Using TPS as loading control has nine advantages over the usage of HKPs: 

 

 Smaller technical variation  

Evidence suggests that the technical variation of the quantified total protein signal – e.g., 

variation between different lanes or membranes – is significantly smaller than that of 

HKPs. In detail, the average lane-to-lane-variation of proteins from homogenized rat 

brain tissue was 9.9% for a fluorescence-based TPS (Epicocconone) versus 31.3% and 

12.9% for immunostaining of GAPDH and β-tubulin, respectively [37]. Another study 

performed a proof-of-principle experiment: different loading controls were used to 

arithmetically compensate manually set loading differences [24]. With a TPS based on 

Ponceau S, the detected protein ratios technically varied by a relative coefficient of 

variance (CV%) of 9%. With actin as loading control, the result showed a high technical 

variation of 58%.  

 

 Smaller biological variation 

Biological variation of the total protein signal – e.g., variation between individual animals, 

organs, or diseases – is significantly smaller than the immunosignal of HKPs. In detail, 

the CV% among established cell lines was 7.2% for a Coomassie-based TPS versus 

28.0% for immunostaining of β-actin [20]. The same authors measured 6.9% variation for 

Coomassie-based TPS when comparing disease states of renal tissue, in contrast to 



18.7% for β-actin and 41.1% for GAPDH. Further, the average variation of 

Epicocconone-based TPS was 13.1% among different brain regions, while 

immunosignals of β-tubulin and GAPDH varied four to six times stronger (51.7% and 

80.3% respectively [37]). Even if the variation of HKP abundance might be milder when 

comparing more similar samples, it appears logical that the total protein varies less than 

a selected single protein. 

 

 Unlikely signal saturation  

There is no evidence of signal saturation for TPS when loading common protein amounts 

per lane (i.e., dynamic range maxima of 30 µg to 140 µg protein; Table 1). This is in 

strong contrast to immunosignals of HKPs (see above). Only Ponceau S may saturate at 

high amounts of around 120 µg/lane [38], while the upper dynamic range limit has not 

been described for other stainings. 

 

 No collision between immunosignal and loading control 

TPS visualizes proteins by mechanisms that are different from immunostaining. Thus, the 

signal of the protein of interest and that of the loading control do not collide. 

Nevertheless, TPS might be incompatible with subsequent immunostaining. However, no 

adverse effects of TPS on subsequent techniques have been reported for most of the 

recommended stainings (Table 1). 

 

 Cheaper than immunostaining 

The prize for TPS ranges between <1.40 €/blot membrane for Coomassie, Amido Black, 

as well as Ponceau S staining and <3 €/blot membrane for stain-free, epicocconone, and 

SyproRuby staining. This is 7 to >20 times cheaper than the corresponding prize for 

immunostaining of a HKP using commercial antibodies (Supplementary Table 1).  



 

 Faster than immunostaining 

The six TPSs tested so far last ≤30 minutes including destaining (where appropriate, 

Table 1). This is significantly shorter than the duration of standard immunostaining 

processes (>2h), unless (1) one simultaneously incubates the antibody-of-interest and 

the antibody against the HKP or (2) one uses fast Western blot systems. 

 

 Early quality control of the protein transfer 

The TPS on the membrane offers visualizing the band and lane pattern of the transferred 

proteins prior to further analyses. In case of an inhomogeneous transfer affecting the 

mass region of interest, this allows to discard the membrane in an early state, which 

saves time and money.  

 

 Efficient handling of inhomogeneous transfers 

In case of an inhomogeneous transfer not affecting the mass region of interest, a subpart 

of the lane, e.g., 70-100 kDa consistently for all lanes, is sufficient for adequate 

normalization [39]. This is not possible with immunosignals of HKP. 

 

 Match the band-of-interest with a complex band pattern 

The immunosignal of the protein-of-interest can be matched with the total protein signal, 

which allows to allocate a band/spot of interest in a complex pattern [40].  

 

 



3. Proposed TPSs and their properties 

To my knowledge, six different TPS have been tested and published as options for loading 

controls (Table 1). These are based on Ponceau S [41], stain-free techniques [42], SyproRuby 

[23], Epicocconone [37], Coomassie R-350 [26], and Amido Black [39].  

 

While plenty of data are available about total protein stainings on the level of acrylamide gels 

(main focus of [43]), much less is known on the level of blotting membranes. However, it is 

relevant to distinguish between gel-based and membrane-based data, as staining efficacy may 

differ and protein can be lost during the blotting process. In numbers, detecting proteins on 

blotting membranes can be up to around 10-fold less sensitive (assessed with loading values 

prior to gel electrophoresis [44,45] versus [37,46]; [47]; [44,48] versus [37,49]).  

Therefore, as equal loading is controlled optimally after protein transfer, I have only surveyed 

data obtained at the level of blotting membranes (both PVDF and nitrocellulose) for this review 

article. To summarize relevant data comprehensively, I surveyed information that researchers 

usually take into account when choosing an appropriate loading control (Table 1). These data 

comprise dynamic range and its regression model (linear or logarithmic), detection limit, 

technical variation, visualization devise, compatibility with subsequent analytical techniques, 

staining duration, and environmental/health aspects. For the dynamic range and the detection 

limit, Table 1 further indicates the respective membrane type and protein source of each 

reference, as these conditions may influence the performance. Alike, the sample size is 

indicated for the technical variation.  

The dynamic range limited the usability of many HKPs as classical loading controls (see above). 

Therefore, Figure 2 highlights this property and visualizes the dynamic ranges of the suggested 

TPS. To allow a better comparison, only dynamic ranges with the unit “µg/lane” are shown. 

In the next subchapters, I summarize the properties of the individual TPS approaches. 

 



3.1 Ponceau S 

Ponceau S is a negatively charged sodium salt of a diazo dye and binds to positively charged 

amino acids as well as non-polar regions of proteins. No special devices are needed to visualize 

the staining [50,51]. 

Klein et al. to my knowledge were the first who described the need of internal loading control in 

1995 [41]. They used Ponceau S staining as their alternative to HKPs (Table 1). Nevertheless, 

HKPs prevailed as the standard loading control. During the last 10 years, TPS experienced a 

new rise as loading controls and Ponceau S has been suggested for a second time [52]. In this 

latter study, Ponceau S has a similar linear dynamic range (10-140 µg/lane) as the exemplarily 

chosen actin. Also other publications found a linear (R2=0.92-0.99) dynamic range from ≤10 or 

≤5 µg/lane up to ≥45, ≥50, or up to maximally 120 µg/lane (Table 1) and confirmed Ponceau as 

a better loading control than (β-)actin, α-tubulin, GAPDH, or TPS with Coomassie  [24,39,53]. 

Nevertheless, its calibration curve is less steep than for example fluorescence-based TPS  [53], 

making it less sensitive towards small loading differences as they may commonly occur in 

Western blots. In a proof-of-principle experiment, different stainings were used to arithmetically 

control manually set loading differences [24]. With Ponceau S as loading control, the analyzed 

protein ratios were 42% above the theoretically expected value, while the variation was very low 

(CV%: 9%). With actin as loading control, the obtained protein ratios were 34% below the 

theoretically expected value, but showed a very high variation (58%), why the authors conclude 

that Ponceau S has a better performance than actin. In total, Ponceau may be a better loading 

control than using HKPs, but is still not optimal.  

Ponceau S staining on blotting membranes is relatively fast (5-20 min), reversible, and not 

adversely affecting subsequent analytical techniques [50]. 

 

 



3.2 Stain-free technique 

The stain-free technique is based on trihalo-compounds, such as Trichloroethanol, that are 

incorporated into polyacrylamide gels. The staining compound covalently binds tryptophan 

residues of proteins under UV exposure [54]. Due to covalent binding of the trihalo-compound, 

proteins are detectable not only on gels, but also on membranes after protein transfer 

[42,53,55]. The resulting fluorescence emission must be detected with a fluorescence imager. 

This technique was presented as a loading control of Western blots by Colella and colleagues in 

2012 [42] (Table 1). Its linear (R2=0.98-0.99) dynamic range comprises loading amounts of ≤10 

to ≥50 µg/lane [53] or even ≤5 to ≥120 µg/lane [38] and supports its superiority to the use of 

HKP. Further it is less variable than immunostaining of actin (CV%: 9.7 ± 2.3% vs. 13.0 ± 2.9% 

[38]) and its dilution curve is steeper [53] than that of Ponceau S staining, which is 

advantageous in detecting loading differences.  

A disadvantage becomes evident when working in low protein loading ranges. Due to its 

reported detection limit, the stain-free method may not work when loading less than 3-5 µg of 

total protein per lane [25].  

A second disadvantage is its staining mechanism. As it detects tryptophan residues, proteins 

lacking tryptophan are invisible, which may lead to a staining bias.  

A third but minor disadvantage may be the insufficient data concerning its dynamic range, 

making it difficult to assess the regression model of its calibration curve. So far, the tested 

dilution series spanned only 1-2 orders of magnitude (10-50 µg/lane [53], 10-40 µg/lane [42], 5-

60 ng/lane [55], 5-120 µg/lane [38]) and are thus not broad enough to make a clear conclusion 

about the regression model. In three of these publications the demonstrated points of the 

calibration curve might fit to both linear and logarithmic regression models. 

There is no evidence that the stain-free approach adversely affects subsequent MS and 

immunostaining (Table 1). However, no systematic test addressing MS of tryptophan-containing 



peptides or immunostaining with antibodies raised against a peptide region that contains 

tryptophan has been performed to my knowledge. 

 

3.3 Sypro Ruby 

Sypro Ruby is a permanent stain that interacts non-covalently with proteins based on an organic 

compound comprising ruthenium [46]. Sypro Ruby was shown to be more accurate in reflecting 

the differences in protein concentration and thus suggested as an appropriate loading control for 

Western blots. (Table 1, [23]). To visualize the fluorescence emission, a fluorescence imager is 

necessary. 

The dynamic range has been shown to run from ≤10 to ≥40 µg/lane or from ≥1 µg (about the 

detection limit) up to ≥30 µg/lane (Table 1). As the published data are inconsistent in whether its 

staining behavior is linear or logarithmic, it is recommended to test it with appropriate dilution 

series and devises in each laboratory prior to analysis. 

Sypro Ruby staining is relatively fast (20 min), but as a disadvantage, it may not be completely 

compatible with subsequent mass spectrometry. In detail, prior staining can inhibit the 

identification of cysteine and tryptophan containing peptides for peptide mass fingerprinting 

using MALDI-MS [56].  

 

3.4 Epicocconone 

Epicocconone is a fluorescent polyketide naturally occurring in the fungus Epicoccum nigrum 

and it interacts non-covalently with sodium dodecyl sulfate and proteins [48,49]. Epicocconone is 

also available as a synthetic compound [57]. Epicocconone-based stainings are also referred to 

as Deep Purple, Lava Purple, or SERVA Purple. To visualize the fluorescence emission, a 

fluorescence imager is necessary. 

Epicocconone-based TPS  was recommended as a superior loading control in 2014 [37] and 

successfully applied thereafter [58]. Its dynamic range extends from 0.1 µg (about the detection 



limit) to at least 30 µg/lane (Table 1). However, as for Sypro Ruby, it is not completely clear 

which regression model the calibration curve follows. I see stronger evidence for a logarithmic 

regression model [37], as the reports of a linear model (in gel staining, however) are based on 

non-linearly transformed data [44,48].  

Except of one study [37], Epicocconone-based staining was characterized only on gel level, not 

on blotting membranes. Nevertheless, the advantages over other total protein stainings, such as 

the higher sensitivity and broader dynamic range, were also detected on gels [48]. 

Epicocconone staining is relatively fast (30 min) and does not adversely affect subsequent MS 

and immunostaining (Table 1). 

 

3.5 Coomassie 

Coomassie  forms strong but non-covalent, primarily electrostatically interacting complexes 

predominantly with proteins containing the basic amino acids arginine and lysine [59,60]. No 

special devices are needed to visualize the staining. 

Commassie staining of the membrane after immunostaining was suggested as an appropriate 

loading control [26]. Its dynamic range is linear (R2=0.96) and extends from 1 µg (about the 

detection limit) to at least 30 µg/lane (Table 1). Staining is relatively fast (21 min) and does not 

adversely affect subsequent MS (Table 1). Incompatibility with subsequent immunostaining has 

often been stated as a drawback of this method, but I did not find any publication giving 

evidence for this statement. In contrast, there is evidence for compatibility [61–64]. However, as 

for most of the other stainings, the impact on immunostaining has not been systematically tested 

to my knowledge.  

It should be noted that the use of Coomassie as a near-infrared fluorescent stain may be 

equivalent to classical fluorescent stainings [28,64,65]. This advancement could render 

Commassie staining to a promising loading control. However, similar to the other fluorescence 



stainings, Coomassie near-infrared tends to follow an rather nonlinear regression when 

regarding a broad loading range (only data on gel level available [64]). 

 

3.6 Amido Black 

Amido Black non-covalently binds predominantly basic amino acids primarily via electrostatic 

interaction [66]. No special devices are needed to visualize the staining.  

Amido Black was shown to be more accurate in reflecting the differences in protein 

concentration than immunosignals of actin and GAPDH [23]. Another study confirmed that it is a 

better loading control than α-tubulin, β-actin, and GAPDH [39]. Its dynamic range is probably 

linear (R2=0.75) and measures at least between 22-41 µg/lane (Table 1). However, it is less 

sensitive than fluorescence-based TPS. For example, the detection limit of Sypro Ruby is 0.25-1 

ng/mm2 [46], while that of Amido Black is 4-8 ng/mm2 [67], hence 4-32 times lower. As another 

disadvantage, the CV% is 30% [23] and thus higher than that of other TPSs (Table 1).  

Amido Black staining is relatively fast (30 min) and does not adversely affect subsequent 

immunostaining (Table 1; not systematically tested). 

4. And the winner is... relative  

After summarizing the details of the staining properties of six proposed TPSs loading controls, I 

dare to offer the global conclusion that TPSs should be preferred to immunostainings of HKPs. 

Even if one has proven that the chosen HKP does not face the saturation and variability 

problems that are common in other labs, benefits of TPS in time and cost may convince. 

However, the question remains which staining technique should be preferred? Recommending 

one specific technique would be too simple, as disregarding the pros and cons of each 

technique.  

To find the appropriate TPS, each laboratory has to rate the staining properties according to the 

needs. For example, if a lab lacks a fluorescence detecting device, fluorescence-independent 



techniques should be applied, such as Ponceau S, Commassie, or Amido Black staining. If very 

high protein amounts are loaded (i.e., around 100 µg/lane), the stain-free approach may be 

suitable, while Ponceau S may have reached its saturation limit; other stainings have not been 

tested with these high amounts (Table 1 and Figure 1). If very low protein amounts are loaded 

(i.e., 1-5 µg/lane), Sypro Ruby, Epicocconone, or Commassie may be the suitable technique as 

their dynamic range expands down to 1 µg. Epicocconone staining should be applied for even 

lower loading amounts as it is the only technique with a dynamic range comprising values <1 µg 

(Table 1 and Figure 1). Some authors suggest the use of GAPDH  [25,31] or beta-actin [21]  as 

a loading control in such cases, since these HKPs are not saturated in minimal loading ranges. 

However, the other mentioned drawbacks of HKP – as its unequal expression and its high 

variation – may remain also with low protein loading. This is an unnecessary risk, especially 

since samples loaded in minor amounts are often precious. Thus, I suggest to adhere to 

sensitive total protein stainings, such as Epicocconone-based staining, which works in low 

loading ranges between 0.1 µg and 3 µg [37].   

If time is the limiting factor, the stain-free technique is preferable as the staining compound is 

already present in the polyacrylamide gel. Hence, the staining steps can be skipped. 

5. Improvements of the HKP method 

Gürtler and colleagues compared the stain-free TPS approach with immunofluorescence 

(instead of chemiluminescence) staining of GAPDH [55]. The calibration curve of the HKP was 

reliably linear (R2=0.99), such as that of the stain-free approach (R2=0.98), and both stainings 

extended from at least 5-60 µg protein per lane. Similarly, Weldon and colleagues found that 

changing the detection method from chemiluminescence to near-infrared fluorescence improved 

the suitability of HKP as loading controls [68]. Immunofluorescence staining is also more 

sensitive than chemiluminescence staining [69]. This may lead to the assumption that the 

problem in using HKPs derives from applying a chemiluminescence approach [32], not from the 



character of HKPs in general. Nevertheless, normalization with the stain-free TPS approach, but 

not with HKP immunofluorescence, allowed detecting and compensating small loading 

differences [55]. Further, Eaton et al. have displayed the variability of HKPs among tissue types 

and disease states even with immunofluorescence [28]. These results demonstrate that the 

superiority of TPS as loading control persists even when using the more reliable and more 

sensitive immunofluorescence staining of HKP. However, when insisting on HKP as loading 

control, near-infrared fluorescence-based immunostainings should be considered. 

6. Other potential stainings 

Further TPS, albeit not yet recommended as loading controls for Western blots, can be 

considered as alternatives to immunostainings and to the other mentioned TPSs. The details of 

a selection of these staining types are listed in Table 2. The most potential one regarding 

sensitivity and dynamic range may be Coomassie staining with a near-infrared detection [64] or 

staining with Ferrozine-ferrous complexes or Pyrogallol red-molybdate complexes [70]. Apart 

from the stainings listed in Table 2, several other membrane stainings have been published and 

may be tested as loading control [71]. Further TPS are continuously improved and invented, but 

some may fail as membrane stains. For example, a rapid staining method via 

Dichlorofluorescein was recently reported to be more sensitive than silver staining and Sypro 

Ruby [72], but as it reacts with the gel matrix (negative staining), it may not be applicable to stain 

membranes. By using glycoprotein-selective stainings, one could consider normalizing the 

protein-of-interest with the total set of glycoproteins [73].    

The Smart Protein Layers (SPL) technology has been developed as a sophisticated extension of 

the fluorescence-based TPS to control further eventualities [74]. Faden et al. describe the use of 

manually added internal loading controls in addition to the TPS. In detail, they added a 

fluorescent internal standard protein to every reaction in order to control the efficiency and 

homogeneity of the TPS. Another standard protein is added to control the binding efficiency of 



the secondary antibody. The superiority of this method over others has not been systematically 

tested so far. 

7. Limitations of the data – implications for future studies 

In the cited publications, protein amounts refer to five different dimensions: lane, band, dot, slot, 

and mm2. Varying the dimensions can limit the comparability of the staining properties. As an 

example, a staining technique may detect 10 ng of a purified protein (e.g., BSA) as a single 

band. In contrast, the same protein amount of a complex cell lysate may be below the detection 

limit, as any of the multiple protein bands contains much less than 10 ng proteins. To deliver 

transparent data, Tables 1 and 2 indicate the appropriate dimension of the given protein 

amounts. I suggest that future publications do is likewise when referring to properties such as 

detection limits or dynamic ranges. Indicating protein amounts in grams per mm2 might be the 

most constructive way, as the alternatives (lane, band, dot, slot) can differ in size and are hence 

not always conclusive.  

Further, variable ways of how proteins are applied to the membrane can limit the comparability 

of staining techniques. For example, dot or slot blotting circumvents protein loss during transfer 

and may thus provide better values for staining sensitivity than electroblotting does. To get a real 

idea of sensitivity and linear dynamic range of the staining techniques in absolute numbers, it 

makes sense to perform direct slot or dot blots. Nevertheless, transfer blotting allows a relative 

comparison, albeit the absolute numbers may be biased.   

As a further limitation affecting most of the data published about the staining properties, the 

tested dilution series do not cover the stainings’ full dynamic range. Future studies should 

expand the series to detect the detection and saturation limits, or the amounts where the 

regression model of the curve changes.  



Finally, compatibility with subsequent techniques has been attested for any of the recommended 

staining types (Table 1). However, although the presence of immunosignals on prestained 

membranes may argues for compatibility, TPS might still disturb subsequent immunostaining. 

To describe the compatibility in a more detailed way, more systematical tests are necessary. 

These should include more than one protein, statistically valid comparison of signal intensities 

on prestained versus unstained membranes, and a potential impact on the calibration curve. So 

far, this has been performed only for Epicocconone staining [37]. 

8. Conclusion 

Due to the multiple advantages of TPS as loading control for Western blots, I am convinced that 

normalization standards will change during the next years. To my knowledge, the Journal of 

Biological Chemistry was in 2015 the first one that cautions their authors against the use of 

housekeeping proteins for normalization and encourages to use TPS instead [75]. Here, I 

summarized rationale and reasoning and finally conclude that TPS should be preferred to 

immunostaning of HKPs. Further, I have addressed different types of TPS on blotting 

membranes in order to facilitate the decision about which technique to choose as loading control 

for Western blots.  
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Table 1: Properties of proved and tested TPS loading controls
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Ponceau S 
[41] 

≤10-≥45 
µg/lane 

Nc rat liver linear >0.99 [53] 50-100 ng 
/slot

d
 

Nc BSA [76] 13.0 
± 2.9 

7 [38] none Immuno-
staining

c
 

[50] 5-20 MI no hazard 
reported 

  ≤10-≥140 
µg/lane 
 

Nc rat kidney + 
liver 

    [52] 100 ng 
/slot

c,d
 

PVDF BSA [76] 20-
30 

5 [24]           

  ≤5-≥50 
µg/lane 

PVDF hippocampal 
homogenate 

linear 0.98 [24] 60-100 ng 
/band 

Nc unclear [46]                   

  ≤5-≤120 
µg/lane 

PVDF rat liver linear 0.92-
0.94 

[38] 250-500 
ng/dot

d
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/mm

2 d
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Stain free 
[42] 

≤10-≥50 
µg/lane 

wet Nc rat liver linear 0.99 [53] 1-4 µg 
/lane 

PVDF HeLa cell 
lysate 

[25] 9.7 ± 
2.3 

7 [38] Fluorescence 
imager 

MS
i
 [77] 0   no hazard 

reported 

 ≤10-≥40 
µg/lane 

 

PVDF rat retina linear 0.98 [42] 2–28 ng unclear unclear We
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8; 18  - [55]   Immuno-
staining

c,f
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  ≤5-≥60 
µg/lane 

PVDF lymphoblastoid 
cell lines 
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µg/lane 
 

PVDF rat liver linear 0.98-
0.99 
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µg/lane 

PVDF HeLa cell lysate   0.997 [25]              

 
  

                                      

Sypro Ruby 
[23] 

≥1-≥30 
µg /lane 
 

PVDF rat brain log 0.99 [37] 0.3-1 µg 
/lane 

PVDF rat brain [37] 5-10
h
  [37]

  
Fluorescence 
imager 

Immuno-
staining
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[40,
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metal 
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µg/lane 

 

Nc mouse cortex linear 0.72  [23] 2-8 ng 
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PVDF molecular 
weight 
standard 
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i,j
 [40,

46,
56] 
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µg/lane 
 

PVDF rat retina linear   [42] 10 ng 
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globulin 
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  ≥8-≥1000 PVDF molecular linear
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PVDF BSA linear/ 
log

g
 

0.942 [46]                           

                                      
                                       
Epicocco-
none [37] 

≥0.1-≥30 
µg/lane 

PVDF rat brain log 0.98-
0.99 

[37] 0.1 µg 
/lane 

PVDF rat brain [37] 2-9
h
  [37]

  
Fluorescence 
imager 

MS 
(PMF) 

[48,
56] 

30  MI no hazard 
reported 

  ≥3-≥1000 
ng/band 

PVDF rat brain log 0.97-
0.98 

[37] 1 ng 
/band 

PVDF rat brain [37]     Immuno-
staining 

[37]       

                                        

                                       

Coomassie 
R-250/350 
[26] 

≤2.5-≥20 
µg/lane 

PVDF LU-HNSCC-4 
cell lysate 

linear   [26] 0.3-1 µg 
/lane 
 

PVDF rat brain [37] 20-
35 

5 [24] none Immuno-
staining

i
 

[61
–
64] 
 

21  [26] Methanol 

  ≥1 -≥30 
µg/lane 

PVDF rat brain linear 0.96 [37] 10-30 ng 
/band 

PVDF molecular 
weight 
standard 

[46]         MS 
(PMF)

i,c
 

[26]       

              100–50 
ng/dot

d,k 
 

PVDF BSA [67]                   

              8–4 ng 
/mm

2 d,k
 

PVDF BSA [67]                   

                                    

Amido 
black [39] 

22-41 
µg/lane 

Nc mouse cortex linear 0.75 [23] 100–50 
ng/dot

d
 

PVDF BSA [67] 30   [23] none Immuno-
staining

c,i
 

[78] 22  [79] no hazard 
reported 

              8–4 ng 
/mm

2 d
 

PVDF BSA [67]                   

 

a) apart from common scanner 

b) of staining process including destaining when appropriate 

c) no data proof delivered 

d) direct dot blotting; no loss by transfer 

e) http://www.bio-rad.com/evportal/en/US/LSR/Solutions/LUSQ3K15/Total-Protein-Detection#4 

f) tested for 10 proteins; so far no systematic test addressing antibodies raised toward a peptide region that contains 

g) linear according to authors, although raw data look rather logarithmic 

h) when loading 3-10 µg total protein per lane; higher when loading <3 µg 

i) not systematically tested 



j) can inhibit identification of cysteine and tryptophan containing peptides in peptide mass fingerprinting [48] 

k) both methanol- and water-based (de)staining 

n: sample size 

MI: manufacturer instructions 

Nc: Nitrocellulose 

Protein amounts per lane are shown in bold letters  



Table 2: Properties of further possible TPS loading controls 
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a
s

p
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c

ts
b
 

Direct Blue 71 20-1000 
ng/slot 

Nc BSA linear 0.99 [76] 5-10 ng 
/slot

d
 

Nc BSA [76] None Immunostaining
i
  7 [76] no 

hazard 
reported 

       10-20 ng 
/slot

c,d
 

PVDF BSA [76]       

                 

Coomassie 
brilliant blue G 

≤5-≥50 
µg/lane 

PVDF hippocampal 
homogenate 

linear 0.95 [24]          methanol 

                 

Coomassie 
near-infrared 

≥0.016-≥2 
µg/dot

d
 

Nc 4 selected 
proteins 

linear 0.99 [64] 16 ng 
/band 

  [64] near-
infrared 
fluorescence 
scanner 

  30 [64] methanol 

                 

Sypro Orange only data for gel staining available   [80,81]          no 
hazard 
reported 

                 

Sypro Red only data for gel staining available   [80,81]          no 
hazard 
reported 

                 

                 

Ferrozine-
ferrous 
complexes 

100-1000 
ng/ band

c
 

Nc low molecular 
weight 
standard 

linear
c
 0.98  [82] 15-250 

ng/band 
Nc molecular 

weight 
standard 

[82] none Immunostaining
e
  [82] 15-20 [83] no 

hazard 
reported 

 10-200 
ng/mm

2
 

PVDF, 
Nc 

BSA linear 0.99 
0.97  

[83]        3-7 [70]  

 60-fold
d
 PVDF human 

endothelial 
cells fractions 

linear 1 [70]           

                 



Pyrogallol red-
molybdate 
complexes 

10-200 
ng/mm

2
 

PVDF, 
Nc 

BSA linear 0.97  
0.99 

[83]     none Immunostaining
f
 [83] 15-20 [83] no 

hazard 
reported 

                 

MemCode
TM

 25-500 
ng/band 

Nc carbonic 
anhydrase 

- - [84] 10x > 
Ponceau 
S 

PVDF, 
Nc 

Molecular 
weight 
marker 

[84] none Immunostaining
f
 [84] 10-15 [84] no 

hazard 
reported 

 

a) apart from common scanner 

b) including destaining when appropriate 

c) no data proof delivered 

d) direct protein plotting; no loss by transfer 

e) only shown for related ferrocyanide/ferric complex 

f) not systematically tested 

Nc: Nitrocellulose 

 

 



Figure 1: Application of Western blots as measured by publication numbers. A: Absolute 

numbers of publications mentioning “Western blot” in the Text Words (cf. main text for details). 

B: Absolute numbers of publications mentioning “Protein” in the Text Words. C: Percentage of 

protein-related publications mentioning “Western blot” in the Text Words relative to all protein-

related publications (cf. main text). D: Percentage of protein-related publications mentioning 

“Mass spectrometry” in the Text Words relative to all protein-related publications. 

 



Figure 2: Dynamic ranges of the six proposed TPSs. Lengths of horizontal lines visualize the 

dynamic ranges of the TPSs. Each line corresponds to one literature reference. Only references 

with “µg/lane” values were used for visualization. Arrowheads indicate that the dynamic range 

may be broader, as the tested total protein amounts have not reached the limits. Grey lines 

represent rather logarithmic than linear dynamic ranges. Numbers in brackets indicate literature 

references.  

 

  



Supplementary Table 1 

                

Staining type 
Product  
reference Distributor Prize/unit [€] 

Amount 
[mL] 

needed 
amount  
/exp [mL] 

sufficient 
for #gels Prize/gel 

Ponceau P7170-1L Sigma Aldrich 116.2 1000 5 200 0.58 

                

Stain free 1610181 BioRad 232     65
a
 2.77

b
 

                

Sypro Ruby S4942-1L Sigma Aldrich 442.5 1000 5 200 2.21 

                

Epicocconone 43386.02 
SERVA 
Electrophoresis 995 100 0.25 400 2.49 

                
Coomassie R-
250/350 B6529-1L Sigma Aldrich 199.2 1000 5 200 1.00 

                

Amido black A8181-1EA Sigma Aldrich 137 500 5 100 1.37 

                
Anti-Tubulin 
antibody T3526-1ML Sigma Aldrich 882 1 0.025 40 22.05 

                
Anti-Actin 
antibody A2066-.2ML Sigma Aldrich 390.5 0.2 0.05 4 97.63 

                
HRP-coupled sec. 
Ab A0545-1ML Sigma Aldrich 244 1 0.003 333.3333333 0.73 

                
a) indicated at BioRad homepage; full kit; 1 mm spacer 

b) this prize is the difference between the 1 liter bottle of acrylamide (standard) and the stain-free variant (only 

available as ready to use 7.5%) 


