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Abstract 1 

The discovery of Green Fluorescent Protein (GFP) and its derivatives has revolutionized cell 2 

biology. These fluorescent proteins (FPs) have enabled the real-time observation of protein 3 

localization and dynamics within live cells. Applications of FP vary from monitoring gene/protein 4 

expression patterns, visualizing protein-protein interactions, measuring protein stability, assessing 5 

protein mobility and creating biosensors. The utility of FPs also extends to biochemical approaches 6 

through immunoblotting and proteomic analyses, aided by anti-FP antibodies and nanobodies. FPs 7 

are notoriously robust proteins with a tightly folded domain that confers a strong stability and a 8 

relative resistance to degradation and denaturation. In this study, we report that various green, 9 

orange and red FPs can be maintained in a native, fluorescent state during the entire process of 10 

protein sample extraction, incubation with sample buffer, loading and migration on SDS-PAGE with 11 

only minor adaptations of traditional protocols. This protocol results in the ability to detect and 12 

quantify in-gel fluorescence (IGF) of endogenously-expressed proteins tagged with FPs directly after 13 

migration, using standard fluorescence-imaging devices. This approach eliminates the need for 14 

antibodies and chemiluminescent reagents, as well as the time-consuming steps inherent in 15 

immunoblotting such as transfer onto a membrane and antibody incubations. Overall, IGF detection 16 

provides clearer data with less background interference, a sensitivity comparable or better to 17 

antibody-based detection, a better quantification and a broader dynamic range. After fluorescence 18 

imaging, gels can still be used for other applications such as total protein staining or immunoblotting 19 

if needed. It also expands possibilities by allowing the detection of FPs for which antibodies are not 20 

available. Our study explores the feasibility, limitations, and applications of IGF for detecting 21 

endogenously expressed proteins in cell extracts, providing insights into sample preparation, 22 

imaging conditions, and sensitivity optimizations, and potential applications such as co-23 

immunoprecipitation experiments. 24 

  25 
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Introduction 26 

The development of GFP as a tool to study protein localization and dynamics in live cells has 27 

been a revolution in the field of cell biology, as recognized by the Nobel prize in Chemistry awarded 28 

in 2008 to Osamu Shimomura, Martin Chalfie and Roger Tsien (Chalfie et al., 1994; Tsien, 1998). 29 

GFP and its derivatives, as well as other fluorescent proteins (FPs) isolated since then from other 30 

organisms with various properties (Lambert, 2019; Shaner et al., 2005), have become instrumental 31 

in many fields of biology. They allow to monitor protein expression and localization in live cells, and 32 

can be used as reporters of gene/protein expression patterns in organisms or tissues. Various 33 

techniques have been implemented using GFP and its variants to visualize protein-protein 34 

interactions in cells, through bimolecular fluorescence complementation (Hu and Kerppola, 2003; 35 

Romei and Boxer, 2019), or fluorescence resonance energy transfer (FRET, BRET) (Hochreiter et 36 

al., 2015). This also opened the way to the development of various probes and biosensors to report 37 

on the quantity and/or localization of ions, metabolites and other organic molecules in cells and 38 

tissues (Chandris et al., 2021; Wang et al., 2023; Zacharias et al., 2002). Diverse folding kinetics of 39 

FPs have been exploited to report on protein stability and half-life (fluorescent timers) (Khmelinskii 40 

et al., 2012; Subach et al., 2009; Terskikh et al., 2000). The fact that fluorescence bleaches upon 41 

intense illumination also provides a way to evaluate protein mobility and dynamics in live cells 42 

(Fluorescence Recovery after Photobleaching [FRAP] and Fluorescence Loss in Photobleaching 43 

[FLIP]) (White and Stelzer, 1999). Similarly, photo-activatable and photo-switchable FPs allow the 44 

study of distinct protein pools over time by activating or converting their fluorescence upon 45 

illumination (Wang et al., 2023). Following the development of robust anti-GFP antibodies and in 46 

particular of nanobodies (Rothbauer et al., 2006), GFP can also be used like any other epitope for 47 

protein detection by techniques ranging from immunoblotting to immunoprecipitation and proteomic 48 

analyses (Cristea et al., 2005; Rothbauer et al., 2008). Finally, the ability to express a GFP-binding 49 

protein (derived from a llama single chain antibody) in cells fused with cellular proteins provides a 50 

way to modify the subcellular localization and interactions of a GFP-tagged protein at will (Rothbauer 51 

et al., 2008). 52 

Because of these many applications, GFP and other FPs are frequently used as protein tags in 53 

cell biology studies. An early step in the workflow consists in verifying the expression of an intact 54 

fusion protein in cells by immunoblotting. Immunoblotting is also required when GFP is used as any 55 

epitope to monitor the fusion protein’s integrity, stability or post-translational modifications, or in 56 

interaction studies based on co-immunoprecipitations. Protein detection by immunoblotting involves 57 

primary antibodies and most generally a chemiluminescent reaction (ECL) using secondary 58 

antibodies coupled to an enzyme (horseradish peroxidase, HRP). Whereas this approach is 59 

considered to be more sensitive, HRP kinetics may interfere with the linearity of the signal vis-à-vis 60 

the amount of detected protein, a problem that may hinder the quantification of signals. 61 
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Over the past 20 years, fluorescent alternatives to chemiluminescence-based protein detection 62 

were introduced, and the development of fluorescent dyes and the amelioration of fluorescence-63 

based imaging systems have allowed for a better sensitivity and better quantification of signals 64 

(Eaton et al., 2014). Although initial systems focused on fluorescence detection at high wavelengths 65 

(far-red and infrared, i.e. around 700 nm and above) to minimize background autofluorescence, 66 

commercial imaging systems now allow the visualization of fluorescence at additional wavelengths 67 

compatible with usual commercial fluorophores, eg. those used for immunofluorescence. 68 

The versatility of these imaging systems is such that, in principle, the endogenous 69 

fluorescence of the widely used FPs (eg. GFP) in extracts could be monitored directly in gels without 70 

the need of transfer to membrane or the use of antibodies. SDS-PAGE involves denaturation of 71 

protein samples at high temperatures in the presence of SDS and reducing agents prior to loading 72 

onto a gel, procedures that are usually considered incompatible with the maintenance of FP 73 

fluorescence in gel (Chew et al., 2009). Other types of fluorescent proteins, such as using Flavin-74 

binding FPs, bacteriophytochrome-based FPs, or bilirubin-binding FP (UnaG) can be used to detect 75 

proteins in vivo or in vitro  (Rodriguez et al., 2017; Shcherbakova et al., 2015), some of which can 76 

be visualized in gel in the near-infrared from a fully-denatured extract in the presence of zinc acetate 77 

(Berkelman and Lagarias, 1986; Stepanenko et al., 2022). However, this relies on less commonly 78 

used fluorescent protein tags, with spectral properties that are not always available in classical 79 

fluorescence microscopy setup, usually preventing a combined use of these tags for imaging and 80 

biochemical studies. 81 

A few studies have reported the observation of GFP-fluorescence in gels, but these approaches 82 

require the use of native PAGE (Nemec et al., 2017), which has drawbacks compared to regular, 83 

denaturing SDS-PAGE. On the other hand, GFP and FPs in general are known to be tightly folded 84 

and more resistant to denaturation than most proteins (Saeed and Ashraf, 2009; Ward, 2005). For 85 

example, a few studies exploited the ability of GFP to resist the adverse conditions of SDS-PAGE to 86 

run protein overexpression screens in Escherichia coli or other cell types (Aoki et al., 1996; Bird et 87 

al., 2015; Bomholt et al., 2013; Drew et al., 2006; Geertsma et al., 2008; Krasnoselska et al., 2021; 88 

Madani et al., 2021; Muller-Lucks et al., 2012; Newstead et al., 2007), or on recombinantly expressed 89 

or purified proteins in vitro (Aoki et al., 1996; Campbell et al., 2002; Donate-Macian et al., 2019; 90 

Koldenkova et al., 2015; Nakatani et al., 2019; Weinberger Ii and Lennon, 2021; Yanushevich et al., 91 

2002). 92 

The development and popularity of fluorescence imaging devices is likely to lead to a 93 

generalization of the use of FPs for direct visualization of in-gel fluorescence (IGF). Accordingly, a 94 

recent study used this method for easy detection of FP-tagged proteins in protein extracts of cell 95 

culture (Ruan et al., 2024). 96 

In this study, we document that in-gel fluorescence (IGF) detection is a rapid and cost-effective 97 

alternative to immunoblotting to visualize FP-tagged proteins expressed at endogenous levels in cell 98 

extracts. IGF avoids the time-consuming process of transfer to a membrane, incubations with 99 
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antibodies and washes, with substantial improvements of the cost of the experiment as this does not 100 

require primary nor secondary antibodies, membranes, or chemiluminescence substrates, and of 101 

the quality of the data (less background and higher dynamic range). We describe the conditions of 102 

use and limitations of various GFPs and RFPs for IGF, as well as sample preparation, imaging 103 

conditions, sensitivity and possible applications. 104 

  105 
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Results 106 

The fluorescence of endogenously yeGFP-tagged proteins can be 107 

visualized from cell extracts in SDS-PAGE gel after migration 108 

To know whether we can detect GFP fluorescence from endogenously expressed proteins in 109 

total protein extracts, we tagged two yeast genes (BMH1, encoding a 14-3-3 protein) or HXK1, 110 

encoding hexokinase 1) at their endogenous locus with yeGFP, a yeast codon-optimized GFP 111 

(Cormack et al., 1997) which also harbors two mutations (S65G, S72A - a.k.a. “GFPmut 3”, Cormack 112 

et al., 1996) selected to increase GFP fluorescence (ID on FPBase https://www.fpbase.org : 113 

A2OWC, Lambert, 2019). yeGFP is often used for fluorescent tagging as it is incorporated into a 114 

toolbox for PCR-based tagging of yeast genes at their endogenous genetic locus (Janke et al., 115 

2004). Exponentially growing cells (5 OD equivalents) were lysed with glass beads at 4°C in 100 µL 116 

native lysis buffer (containing Tris-HCl, Triton X-100 and NaCl; see Material and Methods for more 117 

details). 4X Laemmli sample buffer (Bio-Rad, containing lithium dodecyl sulfate [LDS] and 118 

dithiothreitol [DTT]) was then added to the lysates (1X final), and samples were then incubated at 119 

30°C or 95°C for 5 min, before loading on commercial precast TGX (Tris-Glycine eXtended) gels, 120 

and run in Tris-Glycine-SDS (TGS) buffer. After migration, the gel was imaged with gel-imaging 121 

devices whose excitation/emission wavelengths were compatible with the observation of green 122 

fluorescent proteins (ChemiDoc MP, Bio-Rad: 460-490/518-546 nm; and Typhoon, Cytiva: 488/505-123 

545 nm) (Figure S1). The gels displayed a green fluorescent signal at the size of the tagged proteins, 124 

as revealed by immunoblotting with anti-GFP antibodies after transfer of the same gel to a 125 

membrane (Figure 1A). Thus, at least some GFP molecules remained fluorescent throughout 126 

sample preparation and gel migration process. Noteworthy, other lysis buffers were tested and also 127 

allowed the maintenance of GFP fluorescence (see Material and Methods for more details). On a 128 

side note, we observed that gel exposure to UV-light (such as during total protein labeling with a 129 

trihalo compound, eg. “Stain-Free” technology from Bio-Rad: 45 sec exposure at 300-400 nm) 130 

partially bleached the GFP fluorescence signal (Figure S2). Thus, this labeling should preferentially 131 

be performed after visualizing the GFP signal, especially if the signal is weak. Finally, as expected, 132 

GFP was no longer fluorescent when samples were denatured at 95°C instead of 30°C, or when 133 

extracts were prepared from cells precipitated with TCA in which proteins are fully denatured (Figure 134 

1A).  135 

Whereas these mild denaturing conditions allow the detection of in-gel fluorescence, two 136 

important points should be noted. First, the lower level of denaturation can impact on the migration 137 

of the GFP-tagged protein. At 30°C, Bmh1-yeGFP and Hxk1-yeGFP migrated faster than when 138 

samples were heated at 95°C or precipitated with TCA, as determined after transfer and 139 

immunoblotting with anti-GFP antibodies (Figure 1A). In-gel fluorescence detection systematically 140 

correlated with the presence of the fast-migrating band, suggesting it may correspond to a folded 141 
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species of yeGFP, in agreement with previous observations (Aoki et al., 1996). To address this point, 142 

proteins were transferred onto a nitrocellulose membrane in classical conditions (liquid transfer), and 143 

immunoblotted with anti-GFP antibodies. Bmh1-yeGFP fluorescence signal could be detected on 144 

the nitrocellulose membrane even after transfer and incubation with antibodies, allowing the 145 

sequential observation of yeGFP fluorescence and antibody-based labeling during the same 146 

acquisition. This revealed that the yeGFP fluorescence signal precisely overlaid with the fast-147 

migrating band detected with the anti-GFP antibody (Figure 1B). Thus, yeGFP remains mostly 148 

folded in these mild denaturation conditions allowing in-gel fluorescence observation, but can also 149 

cause a variation in the apparent molecular weight of yeGFP-tagged proteins as compared to 150 

denatured proteins. 151 

A second aspect that should be considered when using low denaturing conditions is that various 152 

antibodies may recognize folded and denatured fluorescent proteins with different affinities. For 153 

instance, anti-GFP antibodies may display a greater affinity towards folded or unfolded GFP, leading 154 

to potential artifacts during quantification of the signal (Figure S3A). This could be circumvented by 155 

denaturing proteins directly on the membrane after transfer (Figure S3B, see Material and Methods). 156 

Comparison of GFP(S65T), yeGFP and EGFP for in-gel fluorescence 157 

visualization 158 

Following the development of tools for tagging of yeast genes with various tags by homologous 159 

recombination (Longtine et al., 1998; Wach et al., 1997), Huh et al. generated a collection of yeast 160 

strains which is widely used by the community and in which most genes are individually tagged with 161 

GFP(S65T) (Huh et al., 2003) (FPBase ID: B6J33). To evaluate whether strains from this collection 162 

are suitable for in-gel fluorescence detection, we retrieved the Bmh1-GFP(S65T) strain and 163 

subjected it to the same analysis. A fluorescent signal was detected in the gel when samples were 164 

incubated at 30°C, but not 95°C (Figure 2A). When compared to the signal obtained when tagging 165 

the same protein with yeGFP, the fluorescent signal observed with GFP(S65T) was weaker, 166 

probably because GFP(S65T) was less robust and more prone to denaturation. Indeed, a large 167 

fraction of the Bmh1-GFP(S65T) protein pool was denatured even when incubated at 30°C prior to 168 

gel loading, as judged by the migration pattern revealed with anti-GFP antibodies and antibodies 169 

directed to the proteins of interest (Figure 2A). Thus, GFP(S65T) is subject to a partial denaturation 170 

even in conditions which otherwise preserve yeGFP fluorescence. This was confirmed when 171 

comparing the staining of Hxk1-GFP(S65T) with that of Hxk1-yeGFP (Figure 2A). In conclusion, 172 

fusions with GFP(S65T) (including those from the GFP collection, Huh et al., 2003) are not the best-173 

suited to detect in-gel fluorescence in our conditions. 174 

We also tested another commonly used GFP variant, EGFP, which derives from the original 175 

avGFP and carries mutations F64L and S65T (a.k.a. “GFPmut 1”, FPBase ID: R9NL8, Cormack et 176 

al., 1996). This variant is also commonly used for the tagging of yeast genes at their endogenous 177 

genetic locus (Janke et al., 2004) and is widely used in other eukaryotic organisms, notably through 178 
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their availability in the pEGFP-N1/pEGFP-C1 plasmids for expression in mammalian cells. The 179 

signals obtained with EGFP were comparable to those obtained for yeGFP, making it appropriate 180 

for visualization of IGF (Figure 2B). 181 

In-gel fluorescence detection of proteins tagged with mNeonGreen and 182 

superfolder GFP  183 

We next tested the suitability of more recently developed green-fluorescent proteins for IGF 184 

detection (Figure 3). For comparative purposes, the same protein that we used for the initial variants 185 

tested, Bmh1, was tagged with the brighter dLanYFP-derivative, mNeonGreen (FPBase ID: ZRKRV, 186 

Shaner et al., 2013) or with superfolder GFP (sfGFP), a tightly folded GFP which is even more 187 

resistant to denaturation than traditional GFP (FPBase ID: B4SOW, Pedelacq et al., 2006).  188 

In all cases, a fluorescent signal was detected in the gel when samples were incubated at 30°C 189 

prior to loading (Figure 3). Various fluorescence intensities were observed, with the strongest signal 190 

obtained for Bmh1-yeGFP. However, these variations could be due to (i) the spectral properties of 191 

these fluorescent proteins which may not appropriately match the imaging systems used for their 192 

detection, (ii) the ability of these fluorescent proteins to endure the sample preparation conditions 193 

and SDS-PAGE protocol, and (iii) an effect of the tag on the expression level of the tagged protein 194 

(Figure 3). Indeed, in our experiments, Bmh1-yeGFP was more highly expressed than Bmh1-195 

mNeonGreen or Bmh1-sfGFP, as determined by immunoblotting these proteins with anti-Bmh1 196 

antibodies. We hypothesized that this lower level of expression might be due to the fact that only 197 

Bmh1-yeGFP is codon-optimized for expression in yeast. However, optimizing codon usage for 198 

mNeonGreen expression in yeast (ymNeonGreen) neither led to an increase in protein expression 199 

nor in IGF signal (Figure S4). This hypothesis remains open for sfGFP, as we did not test 200 

optimization of codon usage for this FP. 201 

The loss of IGF signal upon denaturation at 95°C was accompanied by a change in the migration 202 

pattern as revealed by western blotting using anti-Bmh1 antibodies, with only one band present at a 203 

higher apparent molecular weight, corresponding to the non-fluorescent species. An intermediate 204 

situation was observed upon denaturation at 50°C, with a decrease in Bmh1-mNeonGreen IGF, 205 

unlike what was observed for Bmh1-yeGFP or sfGFP (Figure 3). Accordingly, by immunoblotting, 206 

treatment of samples at 50°C led to an almost full conversion of Bmh1-mNeonGreen from the native 207 

to the denatured form, which was less pronounced for Bmh1-yeGFP. Thus, mNeonGreen is 208 

amenable to IGF detection but is less heat-stable than other green FPs. In contrast, Bmh1-sfGFP 209 

migration was unaffected at 50°C compared to 30°C, highlighting the stronger heat-stability of this 210 

fluorescent variant. Overall, we conclude that sfGFP and EGFP (see Figure 2B) are more resistant 211 

to heat-induced denaturation than yeGFP, GFP(S65T) and mNeonGreen. 212 

These observations led us to quantify the heat-stability of fluorescence of the most robust green 213 

FPs, which could be helpful for applications in which samples must be incubated at temperatures 214 

higher than 30°C. We determined in-gel fluorescence as a function of the denaturation temperature 215 
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(Figure 4). In-gel fluorescence of Bmh1-sfGFP was unaltered until reaching 59°C, whereas Bmh1-216 

yeGFP fluorescence decreased starting at 54°C (Figure 4A, C-D). The temperature at which 50% 217 

of the signal is still present was 67°C for sfGFP and 59°C for yeGFP. Interestingly, EGFP behaved 218 

similarly to sfGFP (Figure 4B, D). The only additional gain of tagging with sfGFP over the widely 219 

used EGFP is that it migrates almost exclusively as a single band at low denaturing temperatures 220 

(30°C). Again, denaturation of all green FP-tagged Bmh1 was accompanied by a decrease in its 221 

mobility on gels, which could clearly be visualized using anti-Bmh1 antibodies (Figure 4, A-C). 222 

Altogether, these results allow us to reach the following conclusions. First, Bmh1-yeGFP and 223 

Bmh1-EGFP give a strong IGF signal that, in our experiments, could be attributed to a higher 224 

expression level coupled to a relatively high resistance to denaturation, especially in the case of 225 

EGFP. Indeed, EGFP was as resistant as sfGFP to heat-induced denaturation in our conditions. 226 

Second, despite being more sensitive to the conditions of extraction and imaging, mNeonGreen in-227 

gel fluorescence can still be used at low denaturation temperatures, which can avoid the purchase 228 

of specific antibodies – indeed, mNeonGreen shares only 25% identity with the traditional avGFP 229 

and is not recognized by anti-GFP antibodies. Finally, care should be taken regarding the expression 230 

level of the tagged protein which, despite tagging at the endogenous genetic locus, can lead to 231 

strong variations in expression depending on which FP was used for tagging (see Figure 3). 232 

In-gel fluorescence of red and orange fluorescent proteins 233 

We aimed at expanding our observations to other, non-green fluorescent proteins. We could 234 

not test blue-fluorescent proteins because none of the commonly-used imaging devices (Chemidoc 235 

MP and Typhoon) provide filters compatible with the excitation/emission spectra of blue-fluorescent 236 

proteins. However, these experiments were possible for red-fluorescent proteins. We tagged Bmh1 237 

with the widely used fluorescent protein mCherry, a monomeric DsRed derivative with many 238 

advantages such as high photostability, faster maturation and high pH-stability (FPBase ID:  ZERB6, 239 

Shaner et al., 2004). We also fused Bmh1 with mRuby2, a bright derivative of eqFP611 (FPBase ID:  240 

8MJ78, Lam et al., 2012) , and with TagRFP-T, which derives from eqFP578 (Merzlyak et al., 2007) 241 

with enhanced photostability (FPBase ID:  LF3LJ, Shaner et al., 2008). Finally, we also tested fusion 242 

of Bmh1 with mKO-κ, a derivative of the monomeric orange fluorescent protein mKO (Karasawa et 243 

al., 2004) further mutagenized for faster maturation (FPBase ID: HMK8R, Tsutsui et al., 2008) 244 

because of its spectral properties that make it more appropriate for detection by the Chemidoc MP 245 

(Figure S5). Protein extracts were run on SDS-PAGE and in-gel fluorescence was observed at 246 

excitation/emission wavelengths of 532/550-800nm (Typhoon) or 520-545/577-613nm (ChemiDoc 247 

MP). All samples gave a fluorescent signal in gel (Figure 5A). Fluorescence signals were globally 248 

stronger when using a long-pass filter on the Typhoon (550-800nm), which collects more 249 

fluorescence signals than the narrower filter present on the Chemidoc MP (577-613nm) (Figure S5). 250 

The strongest fluorescence signals were obtained for Bmh1 mKO-κ and Bmh1-mCherry, whereas 251 

Bmh1-TagRFP-T gave the weakest signal. Immunoblotting using anti-Bmh1 antibodies revealed 252 
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migration patterns comparable to those obtained for green fluorescent proteins: a faster-migrating 253 

band corresponded to the fluorescent species, whereas the slower migrating form corresponded to 254 

the denatured pool. The ratio of fluorescent over denatured proteins was higher for mCherry, 255 

although a minor denatured pool was already present in mild denaturing conditions. Notably, the 256 

fluorescent pool of Bmh1-mRuby2 and Bmh1 mKO-κ migrated much faster than any other FP-tagged 257 

Bmh1 protein, with a decrease of about 15 kDa in apparent MW compared to the denatured version. 258 

Bmh1-mKO-κ was the best detected red fluorescent protein on the Chemidoc MP (Figure 5A), likely 259 

because of its spectral properties (Figure S5) which were more appropriate for detection on this 260 

device; however, a strong signal was also observed for Bmh1-mCh. Altogether, our conclusions are 261 

that (i) mild denaturation conditions are compatible with IGF of orange and red FPs, with mCherry 262 

and mKO-κ being the best tags in our hands, with a stronger signal and resistance to heat-induced 263 

denaturation; (ii) IGF allows the visualization of proteins tagged with orange and red FPs originating 264 

from various organisms without the need to purchase specific antibodies; (iii) tagging of proteins with 265 

orange and red FPs can lead to significant changes in the apparent molecular weight of the fusion 266 

proteins in mild denaturing conditions. 267 

Because of the higher signal intensity provided by mKO-κ and mCherry, and the fact that the 268 

latter is a widely used FP, we then evaluated the resistance of Bmh1-mCh and Bmh1-mKO-κ to 269 

temperature-induced denaturation (Figure 5, B-C). Both mKO-κ and mCherry fluorescence was 270 

maintained at up to 60°C, with 50% of the signal still being present at 79°C (for mCherry) or 82°C 271 

(for mKO-κ). Thus, of all FPs tested (including green FPs), mCherry and mKO-κ are the most 272 

resistant to denaturation and are therefore perfectly appropriate for IGF signal detection. 273 

Linearity of the signal and sensitivity of IGF compared to antibody-based 274 

detection 275 

Having established the capacity to detect fluorescence of numerous FPs in gels, we then turned 276 

to studying the linearity of the signal and the sensitivity of this approach compared to the traditional 277 

immunoblotting approach. When serial dilutions of Bmh1-yeGFP samples were initially assayed, we 278 

discovered that the simple dilution of the protein lysate in Laemmli buffer (containing SDS and DTT) 279 

was sufficient to promote FP denaturation, as determined by examining the migration profile using 280 

anti–Bmh1 antibodies. This was likely a consequence of an increase in the detergent/protein ratio, 281 

as previously observed (Xu and Keiderling, 2004) (Figure S6A). To circumvent this problem, we 282 

repeated the experiment using a non-denaturing sample buffer for dilutions of the sample (Laemmli 283 

buffer without LDS). Under these conditions, protein fluorescence was maintained in spite of the 284 

dilution (Figure 6). 285 

In-gel fluorescence was compared to the signal obtained using primary anti-GFP antibodies 286 

followed by secondary antibodies coupled to either horseradish peroxidase (HRP) for 287 

chemiluminescent detection (Figure 6A) or to a fluorescent dye (Figure 6B). Overall, IGF detection 288 

was better in sensitivity to chemiluminescent or antibody-based fluorescence detection in our 289 
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conditions. Overall, we found the IGF signal to more closely follow a linear plot than antibody-based 290 

signals, over a range of 320-fold (Figure 6B). The linearity of signal intensity as a function of protein 291 

dilution was confirmed for all FPs we tested, including mCherry and mKO-κ (Figure S7). Thus, we 292 

conclude that IGF detection is more reliable and sensitive than antibody-based detection. 293 

Our observations above (Figure S6A) suggested that sample dilution in Laemmli buffer 294 

compromises the integrity of GFP. Although we observed that this could be circumvented by the use 295 

of detergent-free Laemmli buffer (Figure 6), we sought to find conditions in which sample dilution 296 

would maintain FP integrity despite the presence of detergent (Figure S6B). First, we observed that 297 

dilution of the protein lysate in native lysis buffer (Tris-HCl 100 mM pH 8.0, NaCl 0.15 M, Glycerol 298 

5%, Triton X-100 0.5 %) instead of water (Figure S6B) led to a protection of fluorescence, as 299 

determined both by IGF detection and the observation of native/denatured species by 300 

immunoblotting (Figure S6C). This result could partially be attributed to the presence of NaCl in the 301 

native lysis buffer, which preserved fluorescence in itself (Figure S6C). Moreover, increasing the pH 302 

to 8.0 or above was sufficient to protect fluorescence at low protein concentrations (Figure S6D), 303 

allowing IGF detection even for diluted protein samples. We conclude that increasing the sample pH 304 

to pH 8.0 protects GFP denaturation in diluted samples. 305 

IGF detection on various endogenously-tagged proteins from yeast 306 

We then aimed at detecting various proteins expressed at their endogenous level to address 307 

several questions. For these experiments, proteins were tagged with EGFP given its superior 308 

performances (see Figure 2B). 309 

First, because Bmh1 and Hxk1 are rather abundant proteins (65,000 and 41,000 copies/cell, 310 

respectively; Ho et al., 2018), we determined IGF signals for proteins of lower abundance. IGF signal 311 

were obtained from proteins of abundance ranging from 736 to 65471 copies/cell (Ho et al., 2018) 312 

and originating from various subcellular locations (cytosol, nucleus, mitochondria, microtubules, 313 

plasma membrane, ER membrane) (Figure 7A). All proteins gave a signal at the expected size 314 

(Figure 7B), suggesting that IGF is applicable to proteins expressed at a low level. IGF signal 315 

intensity was then correlated with the published abundance originating from multiple studies  (Ho et 316 

al., 2018) (Figure 7C). This revealed a good correlation between our IGF quantitation and these 317 

data, regardless of the type of experiments used for quantitation (quantitative proteomics, western 318 

blotting or confocal microscopy) (Figure S8A). It was also clear that in our conditions, IGF led to an 319 

overall better quality of detection than antibody-based chemiluminescence (Figure S8B).  320 

Second, to check whether our conditions were sufficient to disrupt protein-protein interactions 321 

at the low denaturation temperatures we use, we tested proteins engaged in large protein 322 

complexes. Among the proteins we tested, several belonged to large complexes, such as RNA 323 

polymerase I (Rpa12), proteasome (Pre6), or mitochondrial ribosome (mRpl25). All of these 324 

migrated at the expected size (Figure 7B), with only one band being detected, suggesting disruption 325 

of protein-protein interactions even in our mild denaturation conditions.  326 
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Third, we also looked at proteins from various subcellular compartments as well as membrane 327 

proteins. The plasma membrane glucose transporter Hxt5 and the ER membrane-localized P-type 328 

ATPase Spf1 migrated at the appropriate size, although a doublet was observed for Spf1 as 329 

previously reported (Corradi et al., 2012; Hovsepian et al., 2017). The plasma membrane protein 330 

Ina1 also migrated as a diffuse band at the expected size given its high glycosylation, as previously 331 

reported (Laussel et al., 2022). 332 

Altogether, our results show that IGF allows to visualize soluble and membrane proteins from 333 

various compartments, even when expressed at a modest level, and that the mild denaturation 334 

conditions are sufficient to denature high-order protein complexes. 335 

 336 

Use of IGF for the detection of FP-tagged proteins interaction by co-337 

immunoprecipitation and compatibility with fluorescent SNAP-tagging  338 

We sought to exploit the power of IGF detection in a situation in which two fluorescent proteins 339 

must be detected. Protein-protein interactions can be studied by the co-expression of tagged 340 

proteins and immunoprecipitation of one partner to reveal the presence of the potential partner in 341 

the immunoprecipitate. As a case study, we studied the interaction between the yeast 14-3-3 342 

proteins Bmh1 and Bmh2, which are known to heterodimerize in vivo (Chaudhri et al., 2003). Lysates 343 

of yeast expressing Bmh1-yeGFP and Bmh2-ymCh (a yeast codon–optimized version of mCherry, 344 

see Material and Methods) were subjected to immunoprecipitation using nanobodies-based traps. 345 

Similar to our observations on diluted samples (section above), we realized that immunoprecipitates 346 

of FP proteins were denatured in the presence of Laemmli buffer, likely because of the low protein 347 

concentration in these samples. Based on our findings above (Figure S6), immunoprecipitates were 348 

resuspended in Laemmli buffer at pH 8.0 before loading, and samples were migrated on SDS-PAGE 349 

and imaged for IGF. In both cases (GFP-trap: Figure 8A; RFP-trap: Figure 8B), IGF detection 350 

allowed visualization of both the bait and the prey on the same gel after exposure to the appropriate 351 

wavelengths, within minutes after uncasting the gel. One limitation was a bleed-through of intense 352 

green fluorescence signals in the red channel, which was notably observed using the Chemidoc 353 

(Figure S9) but also using the Typhoon to a limited extent (Figure 8A). Thus, when looking at 354 

proteins tagged in both channels, the size of the green fluorescence-tagged protein should be 355 

different from that of the mCherry-tagged protein, and appropriate negative controls (samples 356 

without the GFP-tagged protein) should be included to determine the specificity of the signal. 357 

Because IGF is a fluorescence-based method, we also examined its compatibility with other 358 

approaches such as SNAP-tagging which allows a direct fluorescence-based detection and 359 

quantification of tagged protein in gel after electrophoresis (Tirat et al., 2006). A strain expressing 360 

Reg1-SNAP, tagged at its endogenous locus, was transformed with a plasmid expressing an 361 

mCherry-tagged protein (Snf4) under the control of its endogenous promoter. Total extracts were 362 
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made in native conditions and SNAP fluorescence labeling was made after lysis using the SNAP-363 

surface Alexa Fluor 647 dye which fluoresces in the far-red channel. This allowed detection of both 364 

mCh-tagged proteins and SNAP-tagged Reg1 in the gel after migration (Figure 8C). Therefore, IGF 365 

is compatible with SNAP-tagging protocols, further extending its abilities for in-gel quantitation of 366 

expression of multiple proteins. 367 

Use of IGF in cell extracts from other organisms  368 

Although IGF detection is based on endogenous FP fluorescence and thus should not be 369 

affected by the cellular context in which these proteins are expressed, we tested the use of this 370 

technique in other eukaryotic systems, including Drosophila cells or tissues (Figure 9, A-B), MDCK 371 

cells (Figure 9C) and Caenorhabditis elegans whole organisms (Figure 9D). Protein extracts were 372 

prepared from FP-expressing cells in native conditions, resuspended in Laemmli buffer and samples 373 

were loaded on SDS-PAGE gels (see Material and Methods). Overall, only minor adaptations to 374 

current protein extraction protocols were made, and in all cases, IGF was observed, indicating the 375 

applicability of IGF detection to the analysis of protein lysates from other organisms. In particular, 376 

detection of the EGFP-tagged plasma membrane transducer Smoothened (SMO), which is 377 

phosphorylated in response to Hedgehog (Jia et al., 2004) shows that IGF detection can be used to 378 

study membrane proteins and post-translational modifications. In the case of total extracts from C. 379 

elegans worms, we could detect GFP and mCherry fluorescence signals, however, we observed the 380 

presence of non-specific fluorescent signals in the green channel that may complicate the readout 381 

of IGF. First, autofluorescence of C. elegans animals was previously reported (Pincus et al., 2016), 382 

and using red fluorescent proteins would avoid this problem. Second, we propose additional ways 383 

to circumvent this problem. A band migrating just below the 70-kDa marker appeared in lysates from 384 

WT animals which did not express any FP construct (Figure 9D), but this band disappeared upon 385 

denaturation at 50°C. A fluorescent smear of unknown origin was also observed at around 250 kDa 386 

(Figure S10A), which resisted the denaturation at 50°C. However, this smear was not visible when 387 

running the samples on homemade gels compared to commercial, pre-cast gels (Figure S10B), 388 

probably because this fluorescent material did not migrate into the resolving gel. Whereas these 389 

observations provide ways to circumvent the non-specific green fluorescence observed in C. 390 

elegans, it remains that care should be taken when setting up IGF detection in other material, 391 

including the use of negative, non-FP-tagged extracts to ensure the specificity of the signal.  392 

  393 

  394 
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Discussion 395 

Our study introduces in-gel fluorescence (IGF) detection as a rapid and cost-effective 396 

alternative to traditional immunoblotting for visualizing fluorescent protein (FPs) signals in cell 397 

extracts from yeast and other organisms, with minor adaptations of current protocols. The key points 398 

resulting from our observations and optimizations are summarized in Figure 10. 399 

Our work builds on the widespread use of FPs, particularly green and red fluorescent proteins 400 

and their derivatives, as powerful tools in cell biology. GFP, originally developed as a live-cell 401 

imaging marker, has since become key for various applications, including the monitoring of protein 402 

expression and as a proteomic tool. Immunoblotting has traditionally been the method of choice to 403 

visualize and quantify the expression of FP-tagged proteins. However, it comes with drawbacks, as 404 

this is a time-consuming experiment with a substantial cost due to the reagents required, and is not 405 

optimal for quantifications compared to fluorescence-based approaches. Here, we propose IGF 406 

detection as a fast, easy and efficient alternative to this technique. 407 

Our study offers a comprehensive examination of IGF detection as an innovative tool for 408 

protein detection after SDS-PAGE. We provide a systematic comparison of a number of widely used 409 

FPs. Our evaluation considered key parameters such as fluorescence intensity, heat-stability, and 410 

their overall suitability for IGF detection in the context of standard SDS-PAGE protocols and 411 

accessible imaging devices. Importantly, this technique can be performed without major adaptation 412 

of classical protocols except that protein denaturation should be carried out at low temperatures.  413 

Overall, IGF detection is also a cost-effective method. This technique eliminates the need for 414 

specific antibodies, which may even not be available in the case of less conventional FPs, as well 415 

as nitrocellulose membrane or ECL reagents. This makes it an attractive option for labs that operate 416 

under budget constraints. Because the observation is done directly from the gel after migration with 417 

no additional steps, problems frequently observed with immunoblotting can be avoided, such as 418 

heterogeneity of protein transfer, uneven antibody deposition, stains, and uneven ECL spreading on 419 

the membrane.  420 

Moreover, IGF is a time-saving technique, bypassing the need for protein transfer and 421 

blotting/washing steps, as the proteins of interest can be visualized immediately after migration. For 422 

example, we were able to use this technique to quickly screen for GFP-containing clones directly on 423 

lysates from colonies after transformation (See Material and Methods). This complementary 424 

approach to PCR-based screening allows to quickly monitor protein expression and size in multiple 425 

clones. The advantages of IGF detection are even more appealing in the case of co-426 

immunoprecipitations of two fluorescent proteins, since both the prey and the bait can be visualized 427 

within minutes after migration, without interference of primary antibody/secondary antibody 428 

recognition which can sometimes hinder signal analysis and quantification. 429 

Normalization of the obtained IGF signal with respect to total proteins can be achieved without 430 

transfer and immunoblotting of loading controls by several means. This can involve commercial 431 
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fluorescence-based approaches for total protein detection, after sample labeling (eg. Amersham 432 

QuickStain kit [Cytiva] or No-Stain™ protein labeling kit [Invitrogen]), or directly in gel (Stain-Free 433 

gels [Bio-Rad]). Also, after IGF imaging, a regular Coomassie staining of the gel can be reliably 434 

quantified in the near-infrared wavelengths (Figure 9B) (Butt and Coorssen, 2013). 435 

Another key advantage of IGF detection is its versatility. All fluorescent proteins tested gave 436 

a fluorescent signal in gels, which is advantageous notably in the case of FPs for which antibodies 437 

are not yet available. However, not all FPs perform equally under all conditions. The results show 438 

variations in the efficiency of IGF detection, emphasizing the need to consider both the FP's 439 

fluorescence properties and its resistance to denaturation. Our findings demonstrate that EGFP and 440 

sfGFP, in particular, display strong in-gel signals and good resistance to denaturation. These 441 

features make them prime candidates for IGF applications. Moreover, mCherry and mKO-κ stand 442 

out for their exceptional heat-stability, maintaining their fluorescence even at relatively high 443 

denaturing temperatures. This expands the possibilities of IGF detection to proteins that require 444 

higher denaturation temperatures (such as proteins forming dimers or assembled in tight 445 

complexes). In all cases, though, the intensity of the signal and the ability to specifically detect a 446 

fluorophore depend on the available filters on the imaging systems, which were sometimes limiting 447 

(especially in the case of mCherry) and could lead to bleed-through of signals when visualizing 448 

green- and red-tagged proteins in the same sample. 449 

Since fluorescent signals originate from the protein itself, the IGF detection method reduces 450 

potential biases that can be encountered after using primary and secondary antibodies. Like all 451 

fluorescence detection protocols, signal detection does not depend on a chemiluminescence 452 

enzymatic reaction, which imposes kinetic constraints and whose activity can vary depending on 453 

substrate accessibility. Depending on the antibody used, and thanks to the constant improvement in 454 

the sensitivity of imaging devices, we found that IGF detection could outperform antibody-based 455 

chemiluminescent detection, and the signal was globally more linear with respect to protein 456 

concentration. This technique also allowed the detection of endogenous proteins with low 457 

abundance. Moreover, changing acquisition settings may increase sensitivity, with less background 458 

than observed with chemiluminescence. 459 

However, like all techniques, IGF has its limitations. First, this technique relies on a mild 460 

denaturation of proteins, which is not compatible with harsh treatments such as TCA precipitation, 461 

which is often used to prepare yeast lysates. Whereas native lysate preparation may be more 462 

complex than a simple TCA precipitation, it does not require more material and overall this protocol 463 

remains faster considering that signals can be monitored immediately after migration. Moreover, our 464 

protocol is compatible with regular lysate preparation from mammalian cells which is often made in 465 

native conditions. Second, denaturation is performed at lower temperatures than usually performed 466 

in classical protocols. We demonstrated that this was sufficient to separate proteins from higher-467 

order complexes (proteasome, mitochondrial ribosomes, RNA polymerase I) suggesting no apparent 468 

drawbacks at this level. However, the tagged proteins themselves may also be partially resistant to 469 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted December 11, 2024. ; https://doi.org/10.1101/2024.05.31.594679doi: bioRxiv preprint 

https://doi.org/10.1101/2024.05.31.594679
http://creativecommons.org/licenses/by-nc-nd/4.0/


Sanial et al. In-gel detection of fluorescent proteins as an alternative to immunoblotting 
 

15 

denaturation at the low temperatures used for IGF, which would lead to more than one fluorescent 470 

bands. This should be examined when setting up IGF for the first time on a given protein. Moreover, 471 

depending on the FP used for tagging, proteins treated in mild denaturation conditions can migrate 472 

as 2 discrete bands corresponding to the fluorescent and denatured forms of the FP. The apparent 473 

molecular weight of FP-tagged proteins is usually lower than under classical denaturation conditions, 474 

with up to 15-kDa difference with the denatured form in the case of mRuby2 or mKO- κ. Determining 475 

which temperature is best suited for a given FP may require setting up the conditions on a protein 476 

for which an antibody is available, so as to evaluate the extent of denaturation. This is an important 477 

step as this could preclude its use for absolute quantifications. The use of the most denaturation-478 

resistant fluorescent proteins, such as sfGFP, mCherry or mKO-κ would be advised for these 479 

applications. Although IGF was compatible with a range of lysis buffers, it is also possible that the 480 

composition of the lysis buffer in which proteins are resuspended may alter overall fluorescence, 481 

depending on the abilities of FPs to remain folded and fluorescent in these conditions. It should be 482 

noted that we did not systematically analyze whether the linker region between the protein of interest 483 

and the fluorescence protein influenced IGF signal and FP denaturation. Finally, antibodies may 484 

recognize denatured and non-denatured forms of the FPs with different affinities. While these factors 485 

do not diminish the value of IGF, they highlight the need for appropriate controls when setting up 486 

IGF for protein detection. 487 

The method's simplicity, cost-effectiveness, reliability and compatibility with existing FPs and 488 

current protocols (including co-immunoprecipitation and SNAP-tagging) make IGF detection an 489 

attractive alternative to immunoblotting which can greatly benefit research in a range of fields. From 490 

basic molecular biology to more applied biomedical research, IGF offers a robust and economical 491 

solution to detect fluorescent proteins in gels. Future studies could further explore the method's 492 

robustness across different cell types and conditions, ensuring its broad applicability in diverse 493 

experimental settings.  494 
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Material and Methods 495 

Yeast strains and cultures. 496 

Strains are derivatives of the BY4741 background and are listed in Supplementary Table 1. 497 

Proteins were tagged with various FPs at their endogenous loci by homologous recombination using 498 

plasmids listed in Supplementary Table 2, or originated from the collection of GFP-tagged strains 499 

(Huh et al., 2003). All yeast strains were constructed by transformation with the standard lithium 500 

acetate–polyethylene glycol protocol using homologous recombination and verified by polymerase 501 

chain reaction (PCR) on genomic DNA. Yeast cells were grown in YPD medium (2% w/v) or in SC 502 

medium [containing yeast nitrogen base (1.7 g/L; MP Biomedicals), ammonium sulfate (5 g/liter, 503 

Sigma-Aldrich), the appropriate drop-out amino acid preparations (MP Biomedicals), and 2% (w/v) 504 

glucose, unless otherwise indicated]. Precultures were incubated at 30°C for 8 hours and diluted in 505 

the evening to 20-mL cultures to reach mid-log phase the next morning. 506 

Preparation of cell lysates from yeast 507 

Exponentially growing cells (5 OD600 equivalents) were washed twice in water and resuspended 508 

in 100µL of cold native lysis buffer [Tris-HCl pH 8.0, 100 mM, NaCl, 0.15 M, Glycerol 5% v/v, Triton 509 

X-100 0.5% v/v, PMSF 0.5 mM, Complete antiprotease EDTA free (Roche, #11836170001)], and 510 

incubated for 5 min on ice-cold water with glass beads (Sigma-Aldrich, #G8772) to cool samples 511 

down prior to lysis. Cells were then lysed in a cold room on a vortex (4 x 30 sec, with 1 min incubation 512 

on ice-cold water between each lysis). Cell lysates were retrieved by piercing the bottom of the 1.5-513 

mL tubes and brief centrifugation in a minispin centrifuge. Lysates were cleared by centrifugation at 514 

4°C for 5 min at 3,000 xg. Supernatants were collected and 4X Laemmli sample buffer (Bio-Rad, 515 

#161-0747) containing DTT (12.5 µM final concentration) was added to the lysates (1X final 516 

concentration). Samples were denatured as indicated for each experiment, and loaded on a SDS-517 

PAGE gel. 518 

To use IGF from colonies growing on plates for screening purposes, 3 days-old colonies were 519 

harvested and resuspended in 100 µL cold native lysis buffer [Tris-HCl pH 8.0, 100 mM, NaCl, 0.15 520 

M, Glycerol 5% v/v, Triton X-100 0.5% v/v, PMSF 0.5 mM, Complete antiprotease EDTA free (Roche, 521 

#11836170001)] and lysed as described above for exponentially growing cells. 15 µL of lysate were 522 

collected and 4X Laemmli sample buffer (Bio-Rad, #161-0747) containing DTT (12.5 µM final 523 

concentration) was added to the lysates (1X final concentration). Samples were denatured at 30°C 524 

for 5 min, and 20 µL were loaded on SDS-PAGE gel. 525 

Relative quantitations were carried out with a detergent-compatible Bradford reagent (Abcam, 526 

#ab119216), and samples were then incubated for 5 min. Denaturation temperatures varied from 527 

30°C to 95°C and are indicated in the Results section and the Figures. Equivalent protein amounts 528 
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were loaded on commercial precast 4-20% TGX gels (Bio-Rad, #4561094), and run in Tris-glycine-529 

SDS (TGS) buffer at 150 V for 45 min unless otherwise indicated. 530 

Preparation of yeast protein extracts with TCA 531 

A volume of culture corresponding to 1 OD600 equivalent of exponentially growing yeast cells 532 

was collected, to which TCA (100%, w/v; Sigma-Aldrich) was added (10% final concentration). 533 

Whole cells were precipitated on ice for 10 min, samples were then centrifuged at 16,000 xg at 4°C 534 

for 10 min, the pellet was resuspended in 100 µL of a 10% (w/v) TCA solution and broken for 10 min 535 

with glass beads (Sigma-Aldrich, #G8772) at room temperature. Lysates were transferred to another 536 

1.5-mL tube to remove glass beads and centrifuged for 5 min at 16,000 xg at 4°C. Protein pellets 537 

were resuspended in 50 µL of 1X Laemmli sample buffer, which included 50 mM Tris-base (final 538 

concentration) to buffer for the TCA present in the pellet. 539 

Preparation of cell lysates from Drosophila cultured cells 540 

Drosophila wing imaginal disc cultured cells [Clone 8 (Cl-8) cells] responsive to Hedgehog (HH) 541 

were cultured and transiently transfected using transitory insect transfection reagent (Mirusbio, # 542 

MIR 6100) using pAct-EGFP, pAct-SMO-EGFP, and pAct-HH (Malpel et al., 2007; Sanial et al., 543 

2017) as described previously (Sanial et al., 2017). Forty-eight hours after transfection, cells were 544 

washed in PBS and lysed in 1% Triton X-100, 150 mM NaCl, 50 mM Tris-HCl pH 8.0, 1 mM 545 

dithiothreitol with complete EDTA-free antiprotease mix (Roche, #11836170001) and PhosSTOP 546 

(Roche, #04906837001). Lysates were centrifuged (12,000 xg) for 10 min at 4°C and the 547 

supernatant was mixed with 4X Laemmli sample buffer (Bio-Rad) containing DTT (12.5 µM final 548 

concentration). Samples were incubated for 5 minutes at 25°C before loading on a homemade 10% 549 

acrylamide gel without SDS. Gels were run for 90 min at 150 V in TGS buffer on a MiniProtean setup 550 

(Bio-Rad). 551 

Preparation of cell lysates from fly ovary tissue 552 

Ovary extracts were obtained from Ptub64c-GAL4 and Ptub64c-GAL4; UbiEGFP-PAR3 553 

transgenic flies (Kullmann and Krahn, 2018) by dissecting ovaries (20 flies per genotype) into 1X 554 

PBS. Ovaries were placed on ice in lysis buffer [10 mM Tris-HCl pH 7.5, 150 mM NaCl, Complete 555 

Protease Inhibitor cocktail (Roche)] and mechanically homogenized using micro pestles in matching 556 

tubes. Ovaries lysates were spun at 3000 xg for 20 min at 4°C to eliminate debris. Supernatants 557 

were incubated for 5 min at 72°C in LDS sample buffer with Sample Reducing Agent (ThermoFisher, 558 

#NP0007). Samples were loaded on a NuPage, 4–12% Bis-Tris gels (ThermoFisher, #NP0322) and 559 

run in 1X MOPS buffer (ThermoFisher, #NP0001) for 90 min at 150v. 560 
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Preparation of cell lysates from MDCK cells 561 

MDCK cells (ATCC CCL-34) were transfected with Lipofectamine 2000 (Thermofisher 562 

#11668027) as described (Walch et al., 2018). Arf1-EGFP and Arf1-mCherry plasmids were 563 

obtained by subcloning Arf1 (Wessels et al., 2006) into pEGFP-N3 (Clontech) and pmCherry-N1 564 

(Clontech), respectively. Cells were lysed in 6-well plates at confluency with 200 µL of lysis buffer 565 

[Tris-HCl pH 8.0 50 mM, NaCl 150mM, EDTA 10 mM, Triton X-100 0.5% (v/v) with complete 566 

antiprotease mix (Roche #11836145001)]. After 20 min incubation on ice, cells were scraped from 567 

the plate, collected in tubes and vortexed 3 x 5 sec, with 30 sec-incubation on ice between each 568 

step. Lysates were cleared by centrifugation 30 min, 11000 xg at 4°C. After protein quantitation using 569 

a Bradford reagent (Bio-Rad #5000205), samples were mixed with Laemmli sample buffer (Bio-Rad 570 

#161-0747) (1X final concentration). 50 µg of proteins were loaded per well on a precast 4-20%TGX 571 

gel (Bio-Rad, #4561094), and run in TGS buffer at 200 V for 45 min. 572 

Preparation of cell lysates from C. elegans 573 

Worms [C. elegans strain N2 (wildtype ancestral, Bristol) and JDU233: ijmSi63 [pJD520; 574 

mosII_5'mex-5_GFP::tba-2; mCherry::his-11; cb-unc-119(+)] II; unc-119(ed3) III (Lacroix et al., 575 

2024)] were cultured on MGM++ plate and fed on OP50 bacterial strain at 23C. Worm lysate was 576 

obtained from an asynchronous population. A total volume equivalent of 50 µL worm pellet was 577 

washed twice in bacterial M9 minimal medium containing 0.05% (v/v) Tween-20, resuspended into 578 

200 µL Lysis buffer [50mM Tris-HCl pH 8.0, 200 mM NaCl, 5% glycerol and Complete protease 579 

inhibitor cocktail (Roche #11836145001)] and sonicated for 1 min on ice. Total extract was incubated 580 

for 5 min at 50°C with 1x final pH8 Laemmli sample buffer containing DTT (12.5 µM final 581 

concentration). 40 µg of worm extract were loaded per well onto a precast 4-20%TGX gel (Bio-Rad, 582 

#4561094), and run in TGS buffer at 200 V for 45 min. 583 

In-gel fluorescence imaging 584 

After migration, the gel was imaged with gel-imaging systems whose excitation/emission 585 

wavelengths were compatible with the observation of green and red fluorescent proteins. Imaging 586 

with the Amersham Typhoon 5 (Cytiva) was carried out using the 488 nm laser with the Cy2 filter 587 

525BP20 (for green FPs) or the 532 nm laser with the Cy3 filter LPG550 (for red FPs). The scanning 588 

resolution was 25 µm/pixel. PMT voltage was adjusted so that collected signals do not saturate. 589 

Imaging on the Chemidoc MP (Bio-Rad) was carried out using standard excitation/emission 590 

wavelengths recommended for Cy2/Cy3 filters (green FP: Epi-blue, excitation: 460−490 nm, 591 

emission: 518–546 nm; red FP: Epi-green, excitation: 520−545 nm, emission: 577–613 nm).  592 

Total proteins were visualized by in-gel fluorescence using a trihalo compound incorporated in 593 

the commercial pre-cast SDS–PAGE gels (stain-free TGX gels, 4–20%; Bio-Rad) after 45 sec UV-594 
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induced photoactivation using a ChemiDoc MP imager (Bio-Rad), serving as a loading control. Note 595 

that UV irradiation should preferentially be performed after FP imaging (see Figure S2).  596 

Immunoblotting 597 

After fluorescence imaging, gels were equilibrated in transfer buffer [25 mM Tris, 190 mM 598 

glycine, 20% ethanol (v/v), 0.02% SDS (w/v)] for 15 min and transferred at 100 V onto a nitrocellulose 599 

membrane in a liquid transfer system (MiniProtean, Bio-Rad). Membranes were blocked in Tris-600 

buffered saline solution (50 mM Tris pH 7.6, 150 mM NaCl) containing 0.1 % Tween-20 (v/v) (TBS-601 

T) and 2% fat-free milk (w/v) for 30 min and incubated for at least 2 hours with the appropriate 602 

primary antibodies. Membranes were washed 3 x 10 min in TBS-T and incubated for at least two 603 

hours with the corresponding secondary antibody (coupled with horseradish peroxidase or 604 

Alexa680). Membranes were then washed again 3 x 10 min in TBS-T and incubated with ECL Select 605 

Western Blotting Detection Reagent (Cytiva #RPN2235) except in Figure S3B in which Clarity 606 

Western ECL Substrate (Bio-Rad #1705060) was used because of the strong signal obtained with 607 

the anti-GFP antibody 3H9. Luminescence signals were acquired using a ChemiDoc MP (Bio-Rad). 608 

For denaturation of proteins on the membrane (Figure S3B), the membrane treatment was adapted 609 

from Xu et al (2019) (Xu et al., 2019): after transfer, the membrane was washed with water, incubated 610 

with cold 50% methanol (v/v) on ice for 30 min. The membrane was then washed with water, quickly 611 

dried on lint-free wipes and incubated in a sandwich between two sheets of Whatman paper and two 612 

glass slides at 75°C in a preheated thermocycler for 30 min.  613 

Antibodies  614 

The primary antibodies used are: anti-GFP (clones 7.1 and 13.1; Roche #11814460001; 1/5,000 615 

dilution), Anti-GFP (Chromotek #3H9; 1/5,000), anti-GFP-DyLight800 (Rockland, #600-145-215; 616 

1/2,000), anti-Bmh1 (kind gift of S. Lemmon, Univ. Miami, USA; 1/15,000) (Gelperin et al., 1995); 617 

anti-Hkx2 (Rockland, #100-4159; 1/3,000). Secondary antibodies are anti-Mouse IgG-HRP (Sigma-618 

Aldrich, #A5278; 1/5000), anti-Rabbit IgG-HRP (Sigma-Aldrich, #A6154; 1/5,000), anti-Rat IgG-HRP 619 

(Jackson Immuno, #112-035-143; 1/5,000), and anti-Mouse IgG Alexa Fluor 680 (ThermoFisher, 620 

#21057; 1/5,000). 621 

Test of the linearity of the signal by sample dilution 622 

Extraction was performed in native conditions using 15 OD600 equivalent of yeast lysed in 300 623 

µL of cold native lysis buffer [100 mM Tris-HCl pH 8.0, NaCl 0.15 M, Glycerol 5% v/v, Triton X-100 624 

0.5% v/v, PMSF 0.5 mM, Complete antiprotease EDTA free (Roche, #11836170001)]. 4X Laemmli 625 

sample buffer (Biorad) was added to the lysates (1X final, 12.5 µM DTT final concentration), and 626 

samples were then incubated for 5 min at 30°C. Samples were serial-diluted with 1X native sample 627 

buffer (62.5 mM Tris-HCl pH 6.8, 10% glycerol (v/v), 0.005% bromophenol blue (w/v)], as follows: 9 628 
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times at 0.75X dilution, followed by 5 times at 0.5X dilution (final dilution >300 fold). Fluorescence 629 

levels were quantified using ImageQuant TL v8.2 (Cytiva).  630 

Sample denaturation with a range of temperatures 631 

Extraction was performed in native conditions using 15OD600 equivalent of yeast lysed in 300µL 632 

of cold native lysis buffer [100 mM Tris-HCl pH 8.0, NaCl 0.15 M, Glycerol 5% v/v, Triton X-100 0.5% 633 

v/v, PMSF 0.5 mM, Complete antiprotease EDTA free (Roche, #11836170001)]. 4X Laemmli sample 634 

buffer was added to the lysates (1X final, DTT 12.5 µM final concentration). Samples were distributed 635 

in 0.5 mL Eppendorf tube and kept on ice until heat treatment. Samples were heated at various 636 

temperatures in an Eppendorf Gradient Mastercycler for 5 min, and kept at 22°C after incubation. 637 

The equivalent of 0.5 OD600 was loaded in each well. Fluorescence levels were quantified using 638 

ImageQuant TL v8.2 (Cytiva).  639 

Co-immunoprecipitations of fluorescent proteins from yeast lysates 640 

Exponentially growing cells (40 OD600 equivalents) were washed twice in water and 641 

resuspended in 400 µL of cold IP lysis buffer (100 mM Tris-HCl pH8, NaCl 200 mM, Glycerol 5%, 642 

Triton X-100 0.1%, EDTA 1 mM) containing protease inhibitors [PMSF 0.5 mM, Complete 643 

antiprotease EDTA free (Roche, #11836170001), NaF 10 mM], and incubated for 5 min on ice-cold 644 

water with glass beads. Cells were then lysed in a cold room on a vortex (4 x 30 sec, with 1 min 645 

incubation on ice-cold water between each lysis). Relative quantitation was made with Bradford 646 

reagent to use equivalent amounts of proteins for co-immunoprecipitation. Samples were diluted 647 

4:10 as per the manufacturer’s instructions with dilution buffer (10 mM Tris-HCl pH 8.0, NaCl 200 648 

mM, EDTA 1 mM) containing protease inhibitors [PMSF 0.5 mM, Complete antiprotease EDTA free 649 

(Roche, #11836170001), NaF 10 mM]. A fraction (3%) was taken as the “Input” fraction. 10 µL GFP-650 

Trap Magnetic Particles M-270 (Proteintech, #gtd) or RFP-Trap Magnetic Agarose (Proteintech, 651 

#rtma) were added to the remaining of the sample and incubated on a rotating wheel for 1h at 4°C 652 

and washed 3 times with cold IP lysis buffer. Proteins were eluted in 40 µL of FP trap sample buffer 653 

[66 mM Tris-HCl pH 8.0, 2% SDS, 100 mM NaCl, 12.5 µM DTT, 10% (v/v) glycerol, 0.002% 654 

bromophenol blue (w/v)] by incubating at 50°C for 20 min with soft shaking in a dry bath incubator. 655 

Half of the IP and 1% of the diluted lysate were loaded on the gel. 656 

 657 

SNAP-tagging 658 

Yeast total lysates were prepared as in “Preparation of cell lysates from yeast“ using cold native 659 

lysis buffer supplemented with DTT (0.5 mM final concentration). 20 µL (corresponding to 1 OD 660 

equivalent) of extracts were incubated for 30 min at 37°C with 10 µL of staining solution [Tris-HCl 661 

pH 8.0 100 mM, DTT 0.5 mM, PMSF 0.5 mM, Complete antiprotease EDTA free (Roche, 662 

#11836170001)] in the presence or absence of SNAP-surface Alexa fluor 647 subtrate (New 663 
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England Biolabs, # S9136S) at a final concentration of 1.66 µM. LDS sample buffer was added (1X 664 

final) and samples were denatured for 5 min at 30°C before loading onto a commercial pre-cast 665 

SDS–PAGE gels (stain-free TGX gels, 4–20%; Bio-Rad). 666 

Construction of yeast-optimized mCherry, mNeonGreen and FP-tagging 667 

vectors 668 

The mCherry and mNeonGreen sequences were codon-optimized for Saccharomyces 669 

cerevisiae using GENEius tool (giving ymCherry and ymNeonGreen, respectively) and synthetized 670 

(Eurofins Genomics), with a GSAGAGAGAGAG or GSGAGAGAGAGAGA linker respectively, 671 

flanked by the traditional S1/S3 oligo sequences used for amplification (Janke et al., 2004). Linkers 672 

were also codon-optimized but sequences are different to avoid recombination. DNA was provided 673 

cloned into pEX-A128 containing a polylinker site to allow subcloning into the pYM vector series 674 

(Janke et al., 2004) with various selection markers. ymNeonGreen was cloned in pYM16 at 675 

BsiW1/AscI sites, giving pYM-ymCherry-NAT (pSL778), and ymCherry was cloned in pYM17 at 676 

HindIII/AscI sites, giving pYM-ymNeonGreen-Hph (pSL766). Tagging with sfGFP was achieved 677 

using the GTH-g plasmid (gift from Serge Pelet; Addgene #81104) (Wosika et al., 2016). Tagging 678 

with mNeonGreen was achieved using pFA6-mNeongreen (HPH) plasmid (kind gift from Silke Hauf). 679 

Tagging with mKO-κ was achieved using pYM GAGAGA ymKOKappa-hygro plasmid (pMC215, kind 680 

gift from Aurélie Massoni). Tagging with yeast codon-optimized Tag-RFP-T or mRuby2 was 681 

achieved using the pFa6-link-yoTag-RFP-T-CaURA3 and pFA6a-link-yomRuby2-SpHIS5, 682 

respectively (gifts from Kurt Thorn and Wendell Lim, Addgene plasmids #44877 and #44843). 683 

Tagging with EGFP was made using pYM27 (Janke et al., 2004) or by switching the GFP(S65T)-684 

HIS3MX cassette from strains originating from the GFP collection (Huh et al., 2003) to an EGFP-685 

KanMX cassette by homologous recombination. Tagging with SNAP was achieved using pBS-SKII-686 

3XHA-fSNAP-NAT (gift from Stephen Buratowski, Addgene plasmid #188916) (Baek et al., 2022). 687 

 688 

Correlation of published protein abundance with IGF signals 689 

Data of protein abundance were published in Ho et al., 2018 (Ho et al., 2018) and retrieved from 690 

the Saccharomyces Genome Database (www.yeastgenome.org). For Figure 7C, average 691 

abundances (±SD) were calculated for the indicated proteins using data available from non-692 

treated/unchallenged cells, and plotted against the signal intensity obtained by IGF measurement 693 

normalized to total protein staining (n=3). For Figure S8, data were retrieved for abundance studies 694 

based on mass spectrometry, confocal microscopy or immunoblotting and averages were calculated 695 

(±SD when n≥3). Peason’s correlation test was calculated for each pair (abundance and IGF signal) 696 

using GraphPad Prism. 697 
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Figure legends 922 

Figure 1. Detection of in-gel fluorescence from endogenously expressed proteins 923 

tagged with yeGFP. 924 

A. Control (WT) yeast or yeast expressing Bmh1-yeGFP, Hxk1-yeGFP were lysed in the 925 

indicated conditions (Nat.: native conditions; TCA: lysis in denaturing conditions with TCA), 926 

samples were resuspended in LDS sample buffer (1X final, Bio-Rad) and incubated for 5 min 927 

at the indicated temperatures. After migration on a commercial precast 4-20% TGX gels (Bio-928 

Rad), gels were imaged for green fluorescence using a Typhoon and a Chemidoc MP, and 929 

total proteins were visualized by the stain-free technology on a Chemidoc MP. After transfer 930 

to a nitrocellulose membrane, proteins were immunoblotted with anti-GFP antibodies 931 

(Roche) and detected by chemiluminescence using anti-mouse antibodies coupled to HRP. 932 

B. Protein lysates were prepared as in A. Proteins were incubated at 30°C or 95°C for 5 min, 933 

with and without prior incubation at 30°C (5 min). After migration on a commercial precast 4-934 

20%TGX gel (Bio-Rad), gels were imaged for green fluorescence using a Chemidoc MP, and 935 

total proteins were visualized by the stain-free technology on a Chemidoc MP. Proteins were 936 

then transferred to a nitrocellulose membrane and imaged again for yeGFP fluorescence, 937 

which was maintained during transfer. Proteins were then immunoblotted with anti-GFP 938 

antibodies (Roche) and anti-mouse antibodies coupled to Alexa Fluor 680. yeGFP 939 

fluorescence was then visualized again before detecting the anti-GFP antibodies by 940 

fluorescence on a Chemidoc MP. 941 

Figure 2. Comparison of in-gel fluorescence of yeGFP-, GFP(S65T)- and EGFP-tagged 942 

proteins 943 

A. Yeast expressing Bmh1-yeGFP, Bmh1-GFP(S65T), Hxk1-yeGFP and Hxk1-GFP(S65T) 944 

were lysed in native conditions, samples were resuspended in LDS sample buffer and 945 

incubated for 5 min at the indicated temperatures. After migration on a commercial precast 946 

4-20% TGX gels (Bio-Rad), gels were imaged for green fluorescence using a Chemidoc MP, 947 

and total proteins were visualized by the stain-free technology on a Chemidoc MP. Proteins 948 

were then transferred to a nitrocellulose membrane and imaged again for green 949 

fluorescence, which was maintained during transfer. Proteins were then immunoblotted with 950 

anti-GFP antibodies (Roche) and anti-mouse antibodies coupled to Alexa Fluor 680. Green 951 

fluorescence was then visualized again before detecting the anti-GFP antibodies by 952 

fluorescence. The membranes were then stripped and incubated with anti-Bmh1 or anti-953 

Hxk1/2 antibodies and then with anti-rabbit antibodies coupled to HRP, and revealed by 954 

chemiluminescence on a Chemidoc MP. 955 
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B. Yeast expressing Bmh1-yeGFP and Bmh1-EGFP were lysed in native conditions, samples 956 

were resuspended in LDS sample buffer and incubated for 5 min at the indicated 957 

temperatures. After migration on a commercial precast 4-20% TGX gel (Bio-Rad), gels were 958 

imaged for green fluorescence using a Typhoon or a Chemidoc MP, and total proteins were 959 

visualized by the stain-free technology on a Chemidoc MP. Proteins were then transferred to 960 

a nitrocellulose membrane and immunoblotted with anti-Bmh1 antibodies and then with anti-961 

rabbit antibodies coupled to HRP, and revealed by chemiluminescence on a Chemidoc MP. 962 

* indicates the fluorescent species. 963 

Figure 3. Comparison of in-gel fluorescence of yeGFP-, sfGFP- and mNeonGreen-964 

tagged proteins 965 

Yeast expressing Bmh1-yeGFP, Bmh1-sfGFP or Bmh1-mNeonGreen were lysed in native 966 

conditions, samples were resuspended in LDS sample buffer and incubated for 5 min at the 967 

indicated temperatures. After migration on a commercial precast 4-20%TGX gel (Bio-Rad), gels 968 

were imaged for green fluorescence using a Typhoon or a Chemidoc MP, and total proteins were 969 

visualized by the stain-free technology on a Chemidoc MP. Proteins were then transferred to a 970 

nitrocellulose membrane and immunoblotted with anti-Bmh1 antibodies and then with anti-rabbit 971 

antibodies coupled to HRP, and revealed by chemiluminescence on a Chemidoc MP. * indicates 972 

the fluorescent species. 973 

Figure 4. Temperature-sensitivity of in-gel fluorescence of yeGFP-, EGFP- and sfGFP-974 

tagged proteins 975 

A. Yeast expressing Bmh1-yeGFP were lysed in native conditions, samples were resuspended 976 

in LDS sample buffer and incubated for 5 min at the indicated temperatures in a gradient 977 

thermocycler (note that the temperature range is different for sfGFP). After migration on a 978 

commercial precast 4-20%TGX gel (Bio-Rad), gels were imaged for green fluorescence 979 

using a Typhoon, and total proteins were visualized by the stain-free technology on a 980 

Chemidoc MP. Proteins were then transferred to a nitrocellulose membrane and 981 

immunoblotted with anti-Bmh1 antibodies and then with anti-rabbit antibodies coupled to 982 

HRP, and revealed by chemiluminescence on a Chemidoc MP. 983 

B. Same as A. using yeast expressing Bmh1-EGFP. 984 

C. Same as A. using yeast expressing Bmh1-sfGFP. 985 

D. Quantification of the green fluorescence signal as a function of the denaturation temperature 986 

for various green FP-tagged Bmh1 (n=3; ± SD). Solid line: sigmoidal fit of the data (GraphPad 987 

Prism), dotted line: 95% confidence interval of the fit. 988 
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Figure 5. Comparison of in-gel fluorescence of tagRFP-T-, mRuby2-, mCherry- and 989 

mKO-κ-tagged proteins 990 

A. Yeast expressing Bmh1-tagRFP-T, Bmh1-mRuby2, Bmh1-mCherry or Bmh1-mKO-κ were 991 

lysed in native conditions, samples were resuspended in LDS sample buffer and incubated 992 

for 5 min at the indicated temperatures. After migration on a commercial precast 4-20%TGX 993 

gel (Bio-Rad), gels were imaged for red fluorescence using a Typhoon or a Chemidoc MP, 994 

and total proteins were visualized by the stain-free technology on a Chemidoc MP. Proteins 995 

were then transferred to a nitrocellulose membrane and immunoblotted with anti-Bmh1 996 

antibodies and then with anti-rabbit antibodies coupled to HRP, and revealed by 997 

chemiluminescence on a Chemidoc MP. * indicates the fluorescent species. 998 

B. Yeast expressing Bmh1-mCherry were lysed in native conditions, samples were 999 

resuspended in LDS sample buffer and incubated for 5 min at the indicated temperatures in 1000 

a gradient thermocycler. After migration on a commercial precast 4-20%TGX gel (Bio-Rad), 1001 

gels were imaged for red fluorescence using a Typhoon, and total proteins were visualized 1002 

by the stain-free technology on a Chemidoc. Proteins were then transferred to a nitrocellulose 1003 

membrane and immunoblotted with anti-Bmh1 antibodies and then with anti-rabbit antibodies 1004 

coupled to HRP, and revealed by chemiluminescence on a Chemidoc MP. 1005 

C. Same as (B) on lysates of yeast expressing Bmh1-mKO-κ. 1006 

D. Quantification of the fluorescence signal as a function of the denaturation temperature for 1007 

mCherry-tagged and mKO-κ-tagged Bmh1 (n=3; ±SD). Solid line: sigmoidal fit of the data 1008 

(GraphPad Prism), dotted line: 95% confidence interval of the fit. 1009 

Figure 6. Sensitivity and linearity of in-gel fluorescence detection of EGFP 1010 

A. Left. Yeast expressing Bmh1-EGFP were lysed in native conditions, samples were 1011 

resuspended in LDS sample buffer and incubated for 5 min at 30°C. Samples were serially 1012 

diluted (right to left) into sample buffer without LDS (see Material and Methods), and loaded 1013 

onto on a commercial precast 4-20%TGX gel (Bio-Rad). After migration, gels were imaged 1014 

for green fluorescence using a Typhoon, and proteins were then transferred to a 1015 

nitrocellulose membrane and immunoblotted with anti-Bmh1 antibodies and then with anti-1016 

rabbit antibodies coupled to HRP, and revealed by chemiluminescence on a Chemidoc MP. 1017 

Right. Quantification of the signals obtained for green fluorescence (black) and 1018 

chemiluminescence (red) as a function of sample dilution. Linear-scaled and log-plot scaled 1019 

graphs are shown. The regression coefficient of a linear fitting is indicated. 1020 

B. Left. Same experiment as in A, but using anti-GFP antibodies and anti-mouse antibodies 1021 

coupled to HRP to reveal proteins by chemiluminescence. Right. Quantification of the signals 1022 

obtained for fluorescence (black) and chemiluminescence (red) as a function of sample 1023 
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dilution. Linear-scaled and log-plot scaled graphs are shown. The regression coefficient of a 1024 

linear fitting is indicated. 1025 

Figure 7. Detection of endogenous yeast EGFP-tagged proteins with various expression 1026 

levels and correlation with published abundances. 1027 

A. Proteins tagged with EGFP for IGF detection. Abundance (median) is according to Ho et al., 1028 

2018 (Ho et al., 2018) and available at www.yeastgenome.org. PM: plasma membrane, ER: 1029 

endoplasmic reticulum. 1030 

B. Protein lysates prepared in native conditions from yeast expressing the indicated proteins 1031 

fused to EGFP. Samples were resuspended in LDS sample buffer and incubated for 5 min 1032 

at the 30°C and loaded onto on a commercial precast 4-20%TGX gel (Bio-Rad). After 1033 

migration, gels were imaged for green fluorescence using a Typhoon, and total proteins 1034 

were visualized by the stain-free technology on a Chemidoc MP. A representative gel is 1035 

shown. 1036 

C.  1037 

Figure 8. IGF detection in the context of co-immunoprecipitation or SNAP-tagging 1038 

A. Protein lysates prepared in native conditions with native IP lysis buffer from yeast expressing 1039 

Bmh2-ymCherry (a yeast codon-optimized mCherry) with or without the co-expression of 1040 

Bmh1-yeGFP were subjected to co-immunoprecipitation using GFP-trap beads. 1041 

Immunoprecipitates were incubated at 50°C for 20 min in 1X Laemmli sample buffer at pH 1042 

8.0 which allows to maintain protein fluorescence at low protein concentrations. Input 1043 

samples and immunoprecipitates (IP) are shown. After migration on a commercial precast 4-1044 

20%TGX gel (Bio-Rad), gels were imaged for green and red fluorescence using a Typhoon, 1045 

and total proteins were visualized by the stain-free technology on a Chemidoc MP. * indicates 1046 

bleed-through of the green fluorescence into the red channel. 1047 

B. Protein lysates prepared in native conditions from yeast expressing Bmh1-yeGFP with or 1048 

without the co-expression of Bmh2-ymCh were subjected to co-immunoprecipitation using 1049 

RFP-trap beads and treated as in A. Input samples and immunoprecipitates (IP) are shown. 1050 

After migration on a commercial precast 4-20%TGX gel (Bio-Rad), gels were imaged for 1051 

green and red fluorescence using a Typhoon, and total proteins were visualized by the stain-1052 

free technology on a Chemidoc MP. 1053 

C. Protein lysates prepared in native conditions with native IP lysis buffer from yeast expressing 1054 

Reg1-SNAP and Snf4-mCherry, and were treated or not with SNAP-surface Alexa Fluor 647. 1055 

After migration on a commercial precast 4-20%TGX gel (Bio-Rad), gels were imaged for red 1056 

and far-red fluorescence using a Typhoon, and total proteins were visualized by the stain-1057 

free technology on a Chemidoc MP. 1058 
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Figure 9. IGF detection in cells from various organisms  1059 

A. Drosophila wing-imaginal-disc cultured cells [Clone 8 (Cl-8) cells] were transfected with 1060 

plasmids encoding the Hedgehog (HH) transducer Smoothened (SMO) fused to EGFP and 1061 

EGFP alone. They were also transfected (+) or not (-) with a construct allowing the 1062 

expression of HH. Cells were lysed in native conditions (see Material and Methods), lysates 1063 

were mixed with 4X Laemmli sample buffer and incubated for 5 minutes at 25°C before 1064 

loading on a homemade PAGE gel. IGF was detected on a Typhoon. SMO-EGFP is 1065 

phosphorylated in the presence of HH, causing a slower migration (red arrowhead). 1066 

B. Transgenic Drosophila flies expressing or not an EGFP-tagged version of the polarity protein 1067 

PAR-3 were dissected and ovaries were lysed in native conditions (see Material and 1068 

Methods). Samples were incubated for 5 min at 72°C in LDS sample buffer, loaded on a 1069 

NuPage Bis-Tris gel (ThermoFisher) and IGF was detected on a Typhoon after migration. 1070 

After fluorescence imaging, total proteins were stained with Coomassie stain and imaged on 1071 

the infrared channel on a Chemidoc MP. 1072 

C. MDCK cells expressing Arf1 fused to EGFP or mCherry were lysed in native conditions (see 1073 

Material and Methods). Samples were incubated for 10 min at 50°C in LDS sample buffer 1074 

and loaded on a gel. After migration on a commercial precast 4-20%TGX gel (Bio-Rad), gels 1075 

were imaged for green and red fluorescence using a Chemidoc MP, and total proteins were 1076 

visualized by the stain-free technology on a Chemidoc MP. Note that some bleed-through of 1077 

green fluorescence is observed in the red channel (see also Figure 8A and Figure S9). 1078 

D. Transgenic C. elegans expressing or not GFP-tagged alpha-tubulin and mCherry-tagged 1079 

histone H2B were lysed in native conditions (see Material and Methods) by sonication. 1080 

Samples were incubated for 5 min at 30°C or 50°C in Laemmli sample buffer (pH 8.0). After 1081 

migration on a commercial precast 4-20%TGX gel (Bio-Rad), gels were imaged for green 1082 

and red fluorescence using a Typhoon, and total proteins were visualized by the stain-free 1083 

technology on a Chemidoc MP. * denotes a non-specific fluorescence protein present in 1084 

extracts of WT C. elegans whose fluorescence disappears when heating the sample at 50°C. 1085 

Figure 10. Overview of the workflow and technical considerations when using IGF 1086 

detection to visualize proteins in gel. 1087 

Overview of the IGF protocol. Lysis should be made in non-denaturing conditions to preserve 1088 

endogenous fluorescence. Reagents tested include TX-100 (1%, Figure 9A), EDTA (10 mM, Figure 1089 

9C), DTT (2 mM, Figure 9C), antiprotease and antiphosphatase cocktails (Figure 9C), PMSF (0.5 1090 

mM), NaF (10 mM, Figure 8). Samples can be resuspended in classical Laemmli buffer containing 1091 

SDS or LDS (12.5 µM DTT). Denaturation can be done preferentially for 5 min at 30°C, although 1092 

longer times and higher temperatures were also tested throughout the study (Figures 3, 4, 5). For 1093 

co-immunoprecipitation experiments, care should be taken to use a specific buffer to resuspend 1094 
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immunoprecipitates (Tris-HCl 66 mM pH 8.0, SDS 2%, NaCl 0.1 M, DTT 12.5 µM) to avoid 1095 

denaturation occurring in diluted samples (Figure S6B). Samples can be frozen if needed (-20°C, -1096 

80°C, liquid nitrogen, Figure S2A). Migration was generally done in TGX gels in regular TGS buffer, 1097 

although NuPAGE Bis-Tris Gels were also used in MOPS buffer (Figure 9B). Migration at lower 1098 

voltage than usual prevents overheating and FP denaturation. For faster migrations, the 1099 

electrophoresis tank can be placed in ice-cold water, or pre-chilled buffer can be used. Note that 1100 

Prestained protein ladders are fluorescent (Figure S10). Use unstained ladder or load a few 1101 

microliters of prestained ladder. After uncasting, cut blue migration front to avoid fluorescence signal. 1102 

Keep gel in water (no transfer buffer) and handle with clean gloves to avoid stains. Fluorescence 1103 

imaging should be preferentially done before visualizing total proteins with UVs (“Stain-free”) (Figure 1104 

S2B). Note that green fluorescence may bleed through in the red channel (Figures 8A, S9). Total 1105 

protein staining can also be performed by Coomassie staining, which can be quantified in the near-1106 

infrared (Figure S9B) or with silver nitrate. Transfer can also be performed after fluorescence 1107 

imaging, with maintenance of the FP fluorescence on the membrane (Figure 1) if no Ponceau 1108 

staining was applied, and before addition of the chemiluminescent reagent as fluorescence is not 1109 

maintained in hydrogen peroxide solution. Protein denaturation on membrane can increase antibody 1110 

detection of low temperature-treated samples (Figure S3B). 1111 

 1112 

  1113 
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Supplementary material 1114 

Supplementary tables. 1115 

Table S1: Yeast strains used in this study 1116 
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Name Genotype & Description Origin & 
Reference 

ySL0066: BY4741 (WT) MAT a; ura3Δ0, his3Δ1, leu2Δ0, met15Δ0 (Brachmann 
et al., 1998) 

ySL2719: Bmh1-yeGFP MAT a; ura3Δ0, his3Δ1, leu2Δ0, met15Δ0; BMH1-yeGFP::KANMX This study 

ySL3509: Hxk1-yeGFP MAT a; ura3Δ0, his3Δ1, leu2Δ0, met15Δ0; HXK1-yeGFP::HPHNT1 This study 

ySL0435: Bmh1-GFP(S65T) MAT a; ura3Δ0, his3Δ1, leu2Δ0, met15Δ0; 
BMH1:GFP(S65T)::HIS3MX6 

(Huh et al., 
2003) 

ySL3674: Bmh1-EGFP MAT a; ura3Δ0, his3Δ1, leu2Δ0, met15Δ0; BMH1-EGFP::HIS3MX6 This study 
ySL3419: Bmh1-mCherry MAT a; ura3Δ0, his3Δ1, leu2Δ0, met15Δ0; BMH1-

mCherry::KANMX4 
This study 

ySL3420: Bmh1-mRuby2 MAT a; ura3Δ0, his3Δ1, leu2Δ0, met15Δ0; BMH1-
mRUBY2::HIS3MX6 

This study 

ySL3421: Bmh1-TagRFP-T MAT a; ura3Δ0, his3Δ1, leu2Δ0, met15Δ0; BMH1-TagRFP-
T::CaURA3 

This study 

ySL3422: Bmh1-sfGFP MAT a; ura3Δ0, his3Δ1, leu2Δ0, met15Δ0; BMH1-sfGFP::HIS3MX6 This study 
ySL3423: Bmh1-mNeongreen MAT a; ura3Δ0, his3Δ1, leu2Δ0, met15Δ0; BMH1-

mNeonGreen::HPHNT1 
This study 

ySL3512: Reg1-3HA-SNAP Mat a ; his3∆1 leu2∆0 met15∆0 ura3∆0; REG1-3xHA-SNAP::NAT This study 
ySL3591: Bmh1-
ymNeongreen 

MAT a; ura3Δ0, his3Δ1, leu2Δ0, met15Δ0; BMH1-
ymNeonGreen::HPHNT1 

This study 

ySL3593: Bmh2-ymCherry MAT a; ura3Δ0, his3Δ1, leu2Δ0, met15Δ0; BMH2-
ymCherry::NATNT2 

This study 

ySL3595: Bmh2-ymCherry 
Bmh1-yeGFP  

MAT a; ura3Δ0, his3Δ1, leu2Δ0, met15Δ0; BMH1-GFP::KanMx4; 
BMH2-ymCherry::NATNT2 

This study 

ySL3684: Reg1-EGFP MAT a; ura3Δ0, his3Δ1, leu2Δ0, met15Δ0; REG1-EGFP::KanMx4 This study 

ySL3770: Bmh1-ymKO-κ MAT a; ura3Δ0, his3Δ1, leu2Δ0, met15Δ0; BMH1-
ymKOκ::HPHNT1 

This study 

ySL4016: Kip3-EGFP Mat a ; his3∆1 leu2∆0 met15∆0 ura3∆0 KIP3-EGFP::kanMX This study 

ySL4017: Hxt5-EGFP Mat a ; his3∆1 leu2∆0 met15∆0 ura3∆0 HXT5-EGFP::kanMX This study 

ySL4018: Fkh1-EGFP Mat a ; his3∆1 leu2∆0 met15∆0 ura3∆0 FKH1-EGFP::kanMX This study 

ySL4019: Rod1-EGFP Mat a ; his3∆1 leu2∆0 met15∆0 ura3∆0 ROD1-EGFP::kanMX This study 
ySL4020: Apl1-EGFP Mat a ; his3∆1 leu2∆0 met15∆0 ura3∆0 APL1-EGFP::kanMX This study 
ySL4021: mRpl25-EGFP Mat a ; his3∆1 leu2∆0 met15∆0 ura3∆0 MRPL25-EGFP::kanMX This study 
ySL4022: Rtk1-EGFP Mat a ; his3∆1 leu2∆0 met15∆0 ura3∆0 RTK1-EGFP::kanMX This study 
ySL4023: Sdh2-EGFP Mat a ; his3∆1 leu2∆0 met15∆0 ura3∆0 SDH2-EGFP::kanMX This study 
ySL4024: Snf1-EGFP Mat a ; his3∆1 leu2∆0 met15∆0 ura3∆0 SNF1-EGFP::kanMX This study 

ySL4025: Ina1-EGFP Mat a ; his3∆1 leu2∆0 met15∆0 ura3∆0 INA1-EGFP::kanMX This study 

ySL4026: Rpa12-EGFP Mat a ; his3∆1 leu2∆0 met15∆0 ura3∆0 RPA12-EGFP::kanMX This study 

ySL4027: Ade16-EGFP Mat a ; his3∆1 leu2∆0 met15∆0 ura3∆0 ADE16-EGFP::kanMX This study 

ySL4028: Spf1-EGFP Mat a ; his3∆1 leu2∆0 met15∆0 ura3∆0 SPF1-EGFP::kanMX This study 

ySL4029: Pre6-EGFP Mat a ; his3∆1 leu2∆0 met15∆0 ura3∆0 PRE6-EGFP::kanMX This study 

ySL4030: Ipp1-EGFP Mat a ; his3∆1 leu2∆0 met15∆0 ura3∆0 IPP1-EGFP::kanMX This study 

   1117 
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 1118 

Table S2: Plasmids for yeast tagging used in this study 1119 

 1120 

Name Description Origin & Reference 

pYM12 Plasmid to tag genes with yeGFP at their endogenous locus 
(KANMX4)  

(Janke et al., 2004) 

pYM25 Plasmid to tag genes with EGFP at their endogenous locus 
(HPHNT1)  

(Janke et al., 2004) 

pYM28 Plasmid to tag genes with EGFP at their endogenous locus 
(HIS3MX6)  

(Janke et al., 2004) 

GTH-g (pSL648) Plasmid to tag genes with sfGFP at their endogenous locus 
(HIS3MX6)  

Addgene #81104 
(Wosika et al., 2016) 

pFA6-mNeongreen::Hph 
(pSL643) 

Plasmid to tag genes with mNeonGreen at their 
endogenous locus (HPHNT1)  

Silke Hauf’s lab, Virginia 
Tech; unpublished 

pFa6-link-yoTag-RFP-T-
CaURA3 (pSL558) 

Plasmid to tag genes with yeast codon-optimized Tag-RFP-
T at their endogenous locus (CaURA3)  

Addgene #44877 
(Lee et al., 2013) 

pFA6a-link-yomRuby2-
SpHIS5 (pS649) 

Plasmid to tag genes with yeast codon-optimized mRuby2 
at their endogenous locus (SpHIS5)  

Addgene #44843 
(Lee et al., 2013) 

pYM-mCherry (pSL1) Plasmid to tag genes with mCherry at their endogenous 
locus (KANMX4)  

(Leon et al., 2008) 

pYM-ymCherry-NAT 
(pSL778) 

Plasmid to tag genes with yeast codon-optimized mCherry 
(NATNT2) 

This study 

pYM-ymNeonGreen-Hph 
(pSL766) 

Plasmid to tag genes with yeast codon-optimized 
mNeonGreen (HPHNT1) 

This study 

pYM ymKO-κ-Hph 
(pMC215) 

Plasmid to tag genes with yeast codon-optimized mKO-κ 
(HPHNT1) 

Aurélie Massoni, IBGC, 
France; unpublished 
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Supplementary Figure legends. 1123 

Supplementary Figure 1. Spectral properties of green fluorescent proteins used in this 1124 

study. 1125 

A. Excitation wavelengths of yeGFP (= GFPmut3), EGFP, sfGFP and mNeonGreen. Data were 1126 

retrieved from FPBase (Lambert, 2019). The window of excitation provided by the Chemidoc 1127 

MP imaging system is indicated in gray (460-490nm), the wavelength of the excitation laser 1128 

of the Typhoon is indicated as a dotted line (488 nm), as per the manufacturer’s indications. 1129 

B. Emission wavelengths of yeGFP (=GFPmut3), EGFP, sfGFP, and mNeonGreen. Data were 1130 

retrieved from FPBase (Lambert, 2019). The window of emission collected by the Chemidoc 1131 

MP system is indicated in gray (518-546 nm), that of the Typhoon is indicated as shaded 1132 

(515-535 nm), as per the manufacturer’s indications. 1133 

Supplementary Figure 2. Effect of UV irradiation and freezing on the fluorescence of 1134 

various fluorescent proteins. 1135 

A. Native lysates of cells expressing Bmh1 tagged with yeGFP, EGFP, sfGFP, mNeonGreen, 1136 

mCherry or mKO-κ were kept on ice or frozen (-20°C, -80°C, or in liquid N2) for one hour, 1137 

thawed on ice and incubated at 30°C for 5 min, and loaded onto SDS-PAGE. IGF was 1138 

detected on a Chemidoc MP before (top) and after (bottom) UV irradiation, which is required 1139 

for the “StainFree” labeling (Bio-Rad) of total proteins with a trihalo compound (see Material 1140 

and Methods). 1141 

B. Quantification of the effect of UV exposure on IGF (ratio of signal obtained after UV exposure 1142 

to that obtained before UV exposure, for each fluorophore; n=4; ± SD). 1143 

Supplementary Figure 3. Effect of denaturation temperature on the recognition of GFP-1144 

tagged proteins by various anti-GFP antibodies. 1145 

A. A native lysate of cells expressing Bmh1-yeGFP was resuspended in LDS sample buffer and 1146 

incubated at the indicated temperatures. After migration, gels were imaged for green 1147 

fluorescence using a Chemidoc MP, and total proteins were visualized by the stain-free 1148 

technology on a Chemidoc MP. Proteins were then transferred to a nitrocellulose membrane, 1149 

immunoblotted with the indicated antibodies and revealed using fluorescent secondary 1150 

antibodies on a Chemidoc MP. * indicates the fluorescent species. 1151 

B. A native lysate of cells expressing Bmh1-yeGFP was resuspended in LDS sample buffer and 1152 

incubated at the indicated temperatures. After migration, gels were imaged for green 1153 

fluorescence using a Chemidoc MP, and total proteins were visualized by the stain-free 1154 

technology on a Chemidoc MP. Proteins were then transferred to a nitrocellulose membrane 1155 

and immunoblotted with the indicated antibodies and revealed by chemiluminescence on a 1156 
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Chemidoc MP. Membranes on the right were treated with methanol and high temperature 1157 

(see Material and Methods) to denature proteins and ameliorate the detection of GFP-tagged 1158 

proteins treated at low temperatures. * indicates the fluorescent species. 1159 

Supplementary Figure 4. Comparison of IGF signals of mNeonGreen and a 1160 

corresponding yeast-optimized version. 1161 

Yeast expressing Bmh1-mNG and Bmh1-ymNG were lysed in native conditions, samples 1162 

were resuspended in LDS sample buffer and incubated for 5 min at the indicated temperatures. After 1163 

migration, gels were imaged for green fluorescence using a Typhoon or a Chemidoc MP, and total 1164 

proteins were visualized by the stain-free technology on a Chemidoc MP. Proteins were then 1165 

transferred to a nitrocellulose membrane and immunoblotted with anti-Bmh1 antibodies and then 1166 

with anti-rabbit antibodies coupled to HRP, and revealed by chemiluminescence on a Chemidoc MP. 1167 

The size difference is due to a longer linker present in the ymNeonGreen construct.* indicates the 1168 

fluorescent species. 1169 

Supplementary Figure 5. Spectral properties of red and orange fluorescent proteins 1170 

used in this study. 1171 

A. Excitation wavelengths of mCherry, TagRFP-T, mRuby2 and mKO-κ. Data were retrieved 1172 

from FPBase (Lambert, 2019). The window of excitation provided by the Chemidoc MP 1173 

imaging system is indicated in gray (520-545nm), the wavelength of the excitation laser of 1174 

the Typhoon is indicated as a dotted line (532 nm), as per the manufacturer’s indications. 1175 

B. Emission wavelengths of mCherry, TagRFP-T, mRuby2 and mKO-κ. Data were retrieved 1176 

from FPBase (Lambert, 2019). The window of emission collected by the Chemidoc MP 1177 

system is indicated in gray (577-613nm), that of the Typhoon is indicated as shaded (≥550 1178 

nm), as per the manufacturer’s indications. 1179 

Supplementary Figure 6. Effect of sample dilution on FP denaturation. 1180 

A. Fluorescence of yeGFP is not maintained in LDS sample buffer at low protein concentrations. 1181 

Top, Yeast expressing Bmh1-yeGFP were lysed in native conditions, samples were 1182 

resuspended in LDS sample buffer, incubated for 5 min at 30°C and serially diluted (1:2) in 1183 

LDS sample buffer. After migration, gels were imaged for green fluorescence using a 1184 

Typhoon. Proteins were then transferred to a nitrocellulose membrane and immunoblotted 1185 

with anti-Bmh1 antibodies and then with anti-rabbit antibodies coupled to HRP, and revealed 1186 

by chemiluminescence on a Chemidoc MP. Red arrowhead: size of the native (fluorescent) 1187 

protein; green arrowhead, size of the denatured protein. Bottom, Quantification of the signals 1188 

obtained for fluorescence (black) and chemiluminescence (red: native protein, green: 1189 

denatured protein) as a function of sample dilution. Linear-scaled and log-plot scaled graphs 1190 
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are shown. yeGFP denaturation increases with sample dilution, causing a bias when 1191 

quantifying fluorescence.  1192 

B. Design of the experiment to setup conditions to maintain FP fluorescence in diluted samples. 1193 

Protein lysates prepared in native conditions from yeast expressing Bmh1-EGFP are diluted 1194 

1:5 with dilution buffer (water, lysis buffer, NaCl at various concentrations, or 100 mM Tris-1195 

HCl solution at various pH) before mixing with 4X sample buffer pH6.8 (1X final 1196 

concentration). Samples are then incubated at 50°C for 10 min before being loaded on SDS-1197 

PAGE. 1198 

C. Effect of lysis buffer and NaCl concentration on in-gel fluorescence. Samples were diluted 1199 

with water, native lysis buffer (1X, 0.75X, 0.5X or 0.25X in water) or NaCl solution (at the 1200 

indicated concentration) before being incubated at 50°C for 10 min. After migration on a 1201 

commercial precast 4-20%TGX gel (Bio-Rad), gels were imaged for green fluorescence 1202 

using a Typhoon, and total proteins were visualized by the stain-free technology on a 1203 

Chemidoc MP. Proteins were then transferred to a nitrocellulose membrane and 1204 

immunoblotted with anti-GFP antibodies and then with anti-mouse antibodies coupled to 1205 

HRP, and revealed by chemiluminescence on a Chemidoc MP. 1206 

D. Effect of pH on in-gel fluorescence. Samples were diluted with native lysis buffer (1X), water 1207 

or Tris-HCl 100 mM solution (final concentration) at the indicated pH before being incubated 1208 

at 50°C for 10 min. After migration on a commercial precast 4-20%TGX gel (Bio-Rad), gels 1209 

were imaged for green fluorescence using a Typhoon, and total proteins were visualized by 1210 

the stain-free technology on a Chemidoc MP. 1211 

 1212 

Supplementary Figure 7. Sensitivity and linearity of in-gel fluorescence detection of 1213 

various FP 1214 

A. Yeast expressing Bmh1-yeGFP were lysed in native conditions, samples were resuspended 1215 

in LDS sample buffer and incubated for 5 min at 30°C. Samples were serially diluted (right 1216 

to left) into sample buffer without LDS (see Material and Methods), and loaded onto SDS-1217 

PAGE. After migration, gels were imaged for fluorescence using a Typhoon. Quantification 1218 

of the signals obtained for green fluorescence (black) and chemiluminescence (red) as a 1219 

function of sample dilution (n=3 ± SD). Linear-scaled and log-plot scaled graphs are shown. 1220 

B. Same as A, with Bmh1-sfGFP. 1221 

C. Same as A, with Bmh1-mCherry. 1222 

D. Same as A, with Bmh1-mKO- κ. 1223 

 1224 

Supplementary Figure 8. Correlation of IGF signals with published abundances for 1225 

various proteins and comparison with chemiluminescence detection. 1226 
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A. Correlation of IGF intensities with published abundance based on quantitative mass 1227 

spectrometry experiments, western blot experiments, of confocal microscopy experiments. 1228 

Data were from (Ho et al., 2018) and retrieved from SGD (www.yeastgenome.org) for 1229 

untreated/unchallenged cells. 1230 

B. Comparison of IGF with antibody-based chemiluminescence detection. The gels displayed 1231 

in Figure 7B (also shown here on the top) were transferred onto a membrane and 1232 

immunoblotted with the indicated antibodies for comparison. 1233 

 1234 

 Supplementary Figure 9. Bleedthrough of green fluorescence in the red fluorescence 1235 

channel when using a Chemidoc MP.  1236 

The same gel as that presented in Figure 8A was imaged for red fluorescence in a Chemidoc 1237 

MP. * indicates the green fluorescent signal that is detected in the red channel.  1238 

  1239 

Supplementary Figure 10. Endogenous fluorescent material in C. elegans worm 1240 
extracts.   1241 

A. Extended version of the gel presented in Figure 9D. Total protein extracts of C. elegans 1242 

worms were prepared as detailed in Material and Methods and loaded onto precast TGX 4-1243 

20% gels (Bio-Rad).  After migration, gels were imaged for fluorescence using a Typhoon 1244 

at the indicated excitation/emission wavelengths. A fluorescent smear of unknown origin is 1245 

visible in the green channel at around 250 kDa. 1246 

B. The same samples as in A were loaded onto a precast TGX 4-20% gel (Bio-Rad) (left) or 1247 

homemade 10% SDS-PAGE gel (right). After migration, gels were imaged for fluorescence 1248 

using a Typhoon at the indicated excitation/emission wavelengths. The fluorescent smear 1249 

in the green channel at around 250 kDa was no longer observed in homemade gels. 1250 

 1251 

 1252 

 1253 
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Protein 
name Localization Features Abundance 

(median) MW (kd)

Kip3 Microtubules Soluble 736 91,09

Hxt5 PM Membrane 1060 66,251

Fkh1 Nuclear Soluble 1771 53,49

Rod1 Cytosolic Soluble 2171 92,349

Apl1 PM Soluble 2237 80,453

mRpl25 Mitochondrial Soluble, large 
complex 2403 18,587

Rtk1 Cytosolic Soluble 3256 69,615

Reg1 Cytosolic Soluble 4140 112,616

Sdh2 Mitochondrial Soluble 5512 30,231

Snf1 Cytosolic Soluble 5622 72,045

Ina1 PM Membrane, 
glycosylated 7748 72,683

Rpa12 Nuclear Soluble, large 
complex 11999 13,661

Ade16 Cytosolic Soluble 12049 65,282

Spf1 ER 
membrane Membrane 15064 135,269

Pre6 Cytosolic, 
nuclear

Soluble, large 
complex 16957 28,439

Ipp1 Cytosolic Soluble 42812 32,3

Bmh1 Cytosolic, 
nuclear Soluble 65471 30,091
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Figure 10
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Figure S6
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