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Abstract 

Background

Cells respond to physiological or pathological stimuli by altering the composition 

of the proteins they produce. This adaptation includes changes to newly translated 

polypeptides that are destined for intracellular compartments or secretion. The secre-

tome is relevant to cell physiology, as it promotes autocrine, paracrine, and endocrine 

signaling. These events control cell death, tissue repair, and other regenerative pro-

cesses. Uncovering the changes in de novo protein synthesis under different growth 

conditions requires reliable methods to identify and quantify newly synthesized pro-

teins. Bioorthogonal Noncanonical Amino Acid Tagging (BONCAT) can generate this 

information with high spatiotemporal resolution.

Methods

We developed a BONCAT-based protocol to characterize proteins synthesized 

de novo in mammalian cells. Cultured HeLa cells are used as a model system, as 

their cell physiology is particularly well understood. The current protocol employs 

L-azidohomoalanine as an L-methionine analog, which is incorporated into newly 

translated polypeptide chains. After the incubation period, cells and the growth 

medium, which contains the secretome, are processed separately. Specifically, 

proteins are alkylated, and L-azidohomoalanine is modified with a biotin affinity tag. 

Proteins are collected using a rapid precipitation method, which is compatible with 

the subsequent affinity purification of biotinylated polypeptides. The affinity-purified 

material can be used for diverse downstream applications, such as Western blotting. 

Our experiments illustrate the feasibility of different steps of the protocol. Moreover, 

we discuss potential bottlenecks of the procedure and provide solutions that address 

these obstacles.
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Discussion

Our work demonstrates the power of a modified BONCAT protocol to study newly 

produced proteins in growing cells and their secretome. This method will be use-

ful to examine the proteome and secretome changes that are linked to the altered 

performance of cells, tissues, and organs during aging, disease, or other challenging 

conditions.

Introduction

Protein homeostasis, also known as proteostasis, requires a balance between protein 
production and degradation [1,2]. As a critical pillar of the proteostasis network, 
de novo synthesis of polypeptides is essential to align the cellular proteome with 
changing growth conditions. The proper assessment of protein lifetimes provides 
fundamental information that is relevant to cell, organ, and organismal health [3]. 
Appropriate tools and methods to perform these measurements are thus essential to 
understand mammalian biology and the pathology of a wide variety of diseases.

In eukaryotes, newly synthesized proteins are destined for various different loca-
tions. They are targeted to the cytosol, membranes, subcellular organelles and com-
partments, or secreted into the surroundings of cells. Secreted peptides or proteins 
shape organismal health through autocrine, paracrine, and endocrine actions [4]. 
Accordingly, changes in the secretome have been associated with disease or aging 
[5,6].

Different methods have been developed or improved recently to gain informa-
tion on the proteome, protein turnover, and newly translated proteins [1,7–10]. 
Genetic code expansion and incorporation of non-canonical amino acids into pep-
tides and proteins have emerged as effective strategies to advance the field [11]. 
One of the approaches that are particularly promising relies on the incorporation of 
non-canonical amino acids into the growing polypeptide chain and subsequent label-
ing of the non-canonical residue [12–15]. The procedure is suitable for cells growing 
in vitro and a diverse set of model organisms [16]. This approach is employed during 
Bioorthogonal Non-Canonical Amino Acid Tagging, a method referred to as BONCAT. 
BONCAT was successfully applied to study diverse proteomes, ranging from mam-
malian cells and secretomes to soil bacteria [13,15,17–20].

L-Azidohomoalanine (AHA) is a non-canonical amino acid that is taken up by 
amino acid transporters located in the plasma membrane [21] and incorporated into 
de novo synthesized polypeptides at the position of L-methionine. Using click chem-
istry, AHA can be covalently linked to a specific tag for the detection and isolation of 
newly translated proteins [22]. For example, the addition of a biotin moiety to AHA 
promotes the binding of streptavidin. The subsequent efficient purification of bioti-
nylated proteins relies on the removal of non-incorporated AHA. As well, the proper 
interpretation of results generated with BONCAT requires a set of control experiments 
that identify non-specific signals and artifacts. These may include endogenously bioti-
nylated proteins [23,24] or false positives introduced by sample processing.
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The use of BONCAT to examine de novo synthesized intracellular or secreted proteins continues to gain momentum in 
the basic, applied, and medical fields [25,26]. The protocol developed by us provides a simple and rapid workflow to purify 
newly translated polypeptides. We address possible bottlenecks of the method and identify potential sources of false posi-
tives. Fig 1 depicts a simplified schematic of our protocol.

Materials and methods

The protocol described in this peer-reviewed article is published on protocols.io, dx.doi.org/10.17504/protocols.io.bp2l6y-
w5zvqe/v1It and is included for printing as supporting information file 1 (S1 File) with this article.”

Supporting information file 2 (S2 File). Unprocessed Western blots for data shown in Fig 6C.

Other materials, solutions, and methods

Reagents. 

Fig 1.  Schematic representation of the workflow for the BONCAT protocol. Cells are cultured in L-methionine-free medium that is supplemented 
with L-azidohomoalanine (AHA). Transporters residing in the plasma membrane mediate the uptake of AHA into cells. AHA is incorporated into newly 
synthesized proteins at the position of L-methionine. Cellular fractions and the medium/secretome are collected. Samples are alkylated, and a biotin tag 
is introduced by click chemistry. Following protein extraction and precipitation, samples are used for affinity purification with magnetic streptavidin beads. 
Purified proteins are assessed by diverse downstream analyses, such as Western blotting. Control experiments evaluate different steps of the protocol, 
and troubleshooting is performed, if necessary.

https://doi.org/10.1371/journal.pone.0329857.g001

https://doi.org/10.1371/journal.pone.0329857.g001
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1.	Coomassie Brilliant Blue R-250 (Sigma, Catalog #: B-0149)

2.	Antibody against Grp94, 9G10 (ENZO, ADI-SPA-850)

3.	Antibody against HuR (Santa Cruz Biotechnology, sc-5261)

4.	Antibody against actin (Chemicon, Catalog #: Mab 1501)

Solutions.  All solutions are prepared in distilled water.

1.	Gel staining solution: 0.2% (w/v) Coomassie Brilliant Blue R-250 in 50% (v/v) methanol (MetOH), 10% (v/v) glacial ace-
tic acid. Filter before use.

2.	Destainer: 0.7% (v/v) MetOH, 0.5% (v/v) glacial acetic acid.

3.	Blocking buffer for Western blots: 5% (w/v) skim milk powder in TBST.

4.	Wash buffer for Western blots: TBST.

Methods. 

1.	Processing of PA-gels was carried out with standard protocols. Staining and destaining were performed at room tem-
perature with gentle agitation. In brief, gels were incubated for 30 min in staining solution. After removal of the staining 
solution, the destainer was added and changed several times until the background was clear. Gels were imaged with a 
ChemiDoc™ MP Imaging system.

2.	Western blotting followed our published procedures [27]. Antibody dilution for Western blotting: Grp94, 1:2,000; HuR, 
1:1,000; actin, 1:100,000. ECL signals were collected with a ChemiDoc™ MP Imaging system.

3.	 Images were processed with Adobe Photoshop CS4.

All images of filters probed with Streptavidin-HRP and Coomassie-stained gels depict the uncropped 
lanes. Unprocessed filters for Western blotting (Fig 6C) are shown in Supporting information file 2 

(S2).

Expected results

We developed a multistep protocol for the rapid analysis of newly synthesized proteins using BONCAT. The overall work-
flow is depicted in Fig 1. The sections below show examples of anticipated results and potential pitfalls. We also suggest 
strategies to overcome obstacles that may arise for different steps of the experiment.
Removal of free DBCO-PEG4-biotin. Following the biotinylation of de novo synthesized proteins containing AHA 
and biotin tagging (see Part II, Supp. S1 File), extracts will likely contain non-reacted DBCO-PEG4-biotin. The free 
agent competes with biotin-modified proteins for the binding to Streptavidin-MagBeads. Therefore, the removal of 
free DBCO-PEG4-biotin will improve the yield of biotinylated proteins obtained after affinity purification. A combina-
tion of methanol (MetOH)/chloroform (CHCl

3
)/water provides a simple and rapid method to precipitate soluble and 

membrane proteins from detergent-containing solutions [28]. Fig 2 examines whether this technique is appropriate 
for our BONCAT workflow. To this end, cells were cultured in medium containing L-methionine (M) or AHA, and the 
medium/secretome and cellular fractions were processed separately (Part II of the protocol, Supp. S1 File). Samples 
were then assessed before (-) and after (+) extraction with MetOH/CHCl

3
/water. Upon blotting onto nitrocellulose 

membranes, biotinylated proteins were detected by probing with Streptavidin-HRP (Fig 2A). To visualize the pro-
tein profile of individual fractions, the same samples were separated by SDS-PAGE, and the gel was stained with 
Coomassie (Fig 2B).



PLOS One | https://doi.org/10.1371/journal.pone.0329857  August 14, 2025 5 / 15

Fig 2.  Extraction with methanol/CHCl3/water precipitates proteins labeled with the BONCAT method. HeLa cells were incubated with medium 
containing L-methionine (M) or L-azidohomoalanine (AHA) for 24 h. Growth medium and cells were processed as detailed in S1. Medium/secretome and 
cell fractions were extracted with MetOH/CHCl

3
/water (see details in S1). Aliquots of the samples before and after extraction were separated side-by-

side. (A) The medium/secretome and cell fractions were separated by SDS-PAGE, blotted onto a nitrocellulose membrane, and probed with horseradish 
peroxidase (HRP) conjugated to streptavidin (Streptavidin-HRP). Bound Streptavidin-HRP was detected by enhanced chemiluminescence (ECL). (B) 
The same samples shown in part A were separated by SDS-PAGE, and the gel was stained with Coomassie. (A, B) The molecular mass of marker 
proteins (in kDa) is indicated at the left margins.

https://doi.org/10.1371/journal.pone.0329857.g002

https://doi.org/10.1371/journal.pone.0329857.g002
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Taken together, Fig 2 illustrates that the treatment with MetOH/CHCl
3
/water is suitable to precipitate de novo synthe-

sized and other proteins present in the medium/secretome or cell fractions. This is supported by the detection of bioti-
nylated proteins and the overall profile of Coomassie-stained bands.
Identification of false positives. The BONCAT method is a sensitive approach to detect and quantify newly synthesized 
proteins. To limit the misinterpretation of results, it is crucial to identify potential artifacts. We approached this obstacle by 
comparing material that binds streptavidin for cell cultures that were grown in medium containing L-methionine (L-Met) 
or AHA. To this end, we conducted Part IIA, IIB, Part III, and Part IV of the BONCAT protocol (Supp. file S1 File). Fig 3 
depicts results for the affinity purification. It compares the starting material (St, see Part IV, step 3, Supp. S1 File) with 
unbound (Ub) and eluted (El) molecules. Note that the loading for starting and unbound material represents 10% of the 
amount loaded for the eluate. Interestingly, for cells cultured either in the presence of L-methionine or AHA, the medium/
secretome fraction contained a prominent ~ 75kDa band that bound to Streptavidin-MagBeads. This resulted in a strong 
signal when blots were probed with Streptavidin-HRP (Fig 3, blue arrowhead).

In conclusion, protein precipitation with MetOH/CHCl
3
/water is compatible with the downstream affinity purification 

using Streptavidin-MagBeads. Streptavidin-binding polypeptides are present in the medium/secretome fraction, even 
for cultures grown in the presence of L-methionine. We further examined the origin of this material with the experiments 
discussed below.

The choice of alkylating agent is critical for the processing of BONCAT samples. As shown in Fig 3, application of 
the BONCAT protocol revealed false positive material of ~75kDa in the culture medium/secretome of cells grown in 
the presence of L-methionine. Different scenarios, which are not mutually exclusive, can explain the origin of the bioti-
nylated ~ 75kDa band. Here, we considered the following hypotheses. First, cells biotinylate and secrete the detected 
polypeptides. (Mammalian cells contain several polypeptides that are biotinylated by endogenous enzymes [23,29]. 
This includes proteins in the range of 72 - 75kDa [23,29].) Second, the serum used to support cell proliferation contains 
biotinylated protein(s). Third, enzymatic activities present in the growth medium facilitate protein biotinylation. Fourth, an 
artifact, introduced during sample processing, causes a modification of the ~ 75kD material that culminates in its binding to 
streptavidin.

Several lines of evidence argue against the first three scenarios. (1) The ~ 75kD band was identified for L-methionine 
containing growth medium alone (i.e., in the absence of cultured cells), either kept at 4ºC or incubated at 37ºC for 24 
h. This suggests that cellular activities are likely not required to produce the ~ 75kDa streptavidin-binding material. (2) 
The ~ 75kD streptavidin-binding band was present in L-methionine containing growth medium that was processed for 
BONCAT (detailed in Part II, Supp S1 File). However, if the processing (Part II, Supp. S1 File) or the incubation with 
DBCO-PEG4-biotin was omitted, streptavidin-binding ~ 75kDa proteins were not detected (not shown). Collectively, our 
results suggest that the processing of samples produces ~ 75kDa material in the medium/secretome fraction that strongly 
interacts with streptavidin. Importantly, we did not observe streptavidin-binding proteins in the cellular fraction of cultures 
grown in the presence of L-methionine.

Alkylation of amino acid side chains is one of the processing steps of our BONCAT protocol. It is included to prevent the 
modification of cysteine residues during sample processing. IAA is an alkylation agent that is widely used for the modifica-
tion of cysteine residues [30]. However, IAA may also react with histidine and lysine side chains [30,31].

While NEM can modify multiple amino acid side chains [31], the agent alkylates cysteine residues with high specificity 
between pH 6.5 and pH 7.5 [30]. To determine the impact of the alkylating agent, we processed growth medium with NEM 
and IAA in parallel. All other processing steps were identical (Fig 4). Notably, the ~ 75kDa streptavidin-binding band was 
present only at low abundance or not observed when the alkylation was performed with NEM. Table 1 depicts the condi-
tions that produced the ~ 75kDa streptavidin-binding band. It should be noted that we did not identify the protein(s) present 
in the ~ 75kDa band.
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Fig 3.  Biotinylated proteins extracted with methanol/CHCl3/water are efficiently purified with magnetic streptavidin beads. Cells were cultured 
in growth medium containing L-methionine (L-Met) or AHA as indicated. (A, B) SDS-PAGE, blotting, probing with Strep-HRP, and ECL were performed 
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Collectively, results in Fig 3 and 4, summarized in Table 1, emphasize the importance of control experiments that 
eliminate false positive results. In particular, the choice of the alkylating agent is crucial to limit artifacts related to the 
growth medium/secretome. By contrast, we did not detect streptavidin-binding proteins in the cell fraction after growth in 
L-methionine-containing medium and alkylation with IAA (Fig 4, Cells).
Limiting non-specific binding to Streptavidin-MagBeads. Several stained bands were present in the material eluted from 
Streptavidin-MagBeads, when growth medium supplemented with L-methionine was used as the starting material (Fig 
4B). These Coomassie-stained non-specific bands of 70-75kDa, ~ 55kDa, and 25kDa, were also present for samples 
alkylated with NEM. Accordingly, their association with beads may be independent of the interaction with streptavidin. This 
prompted us to explore conditions that reduce non-specific binding during the affinity-purification. For the control experi-
ments, growth medium containing L-methionine was alkylated with IAA and treated with DBCO-PEG4-biotin. The ~ 75kDa 
material, which is recognized by Strep-HRP, served as a marker to monitor changes in the enrichment of biotinylated 
material. Fig 5 shows the conditions used to evaluate non-specific interactions.

Growth medium incubated for 24 h at 37ºC was processed as described in Part IIA and III of the protocol. To reduce 
non-specific binding, we varied single parameters of the affinity purification (Part IV of the protocol, Supp. S1 File). First, 
the concentration of SDS in the wash buffer was increased from 0.1% to 0.5%, or 1%. Second, the sample used for 
affinity purification was diluted 1:3 in PBS/0.5% SDS before addition to Streptavidin-MagBeads; all wash steps were 
performed with PBS/0.1% SDS. As depicted in Fig 5A, more stringent wash conditions or dilution of the sample prior to 
affinity purification did not prevent the ~ 75kDa streptavidin-reactive material from binding to the beads. However, increas-
ing the stringency of the wash steps reduced the non-specific binding of 70-75kDa, ~ 55kDa and ~25kDa proteins detected 
on the Coomassie-stained gel (Fig 5B). Dilution of the sample before affinity-purification also diminished the amount of 
these proteins in the elution fraction.

Together, these results show that elevating the stringency of the wash buffer or reducing the protein concentration 
during the binding step decrease non-specific interactions with Streptavidin-MagBeads.

Combination of the BONCAT protocol with Western blotting to assess the de novo synthesis of specific proteins. 
BONCAT is often combined with downstream analyses that include mass spectrometry, generating a profile that includes 
a large number of proteins [9], which is potentially labor-intensive and costly. By contrast, some studies may require 
BONCAT data for only a limited number of proteins. This information can be generated by Western blot analysis of mate-
rial eluted from Streptavidin-MagBeads. The experiment shown in Fig 6 illustrates this scenario. Specifically, cells were 
cultured with growth medium supplemented with L-methionine (M) or AHA, alkylated with IAA, and further processed 

as described for Fig 2. The position and molecular mass of marker proteins (in kDa) are shown at the left margin. Aliquots of the starting (St), unbound 
(Ub), and eluted (El) material were analyzed in parallel. (A) Streptavidin-binding proteins were identified by blotting. The position of a 75kDa band 
interacting with Streptavidin-HRP in the medium fraction is marked by a blue arrowhead (>). Note that the band is present both in the medium fraction for 
cultures that were grown in the presence of L-Met or AHA. (B) The samples examined in (A) were separated by SDS-PAGE. Proteins were detected by 
staining with Coomassie Brilliant Blue (Coomassie).

https://doi.org/10.1371/journal.pone.0329857.g003

Table 1.  Two parameters are required to observe a strong ~ 75kDa streptavidin-binding band for growth medium supplemented with 
L-methionine. (Note that AHA was not present for any of the samples.) When combined, the alkylation with IAA and modification with 
DBCO-PEG4-biotin can generate false positive results for medium alone and the medium/secretome fraction of cultured cells. This is demon-
strated by streptavidin binding to material of ~75kDa (Fig 3).

Medium/Cells IAA NEM Without DBCO-PEG4-biotin With DBCO-PEG4-biotin Incubation at 37ºC Incubation at 4ºC

Medium fraction YES NO or low signal NO YES NO NO

Cellular fraction NO n. d. NO NO NO n. d.

IAA, iodoacetic acid; NEM, N-ethylmaleimide; n. d., not determined.

https://doi.org/10.1371/journal.pone.0329857.t001

https://doi.org/10.1371/journal.pone.0329857.g003
https://doi.org/10.1371/journal.pone.0329857.t001
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Fig 4.  The alkylation agent affects the generation of streptavidin-binding proteins during BONCAT. (A, B) For all samples, the medium was sup-
plemented with L-methionine. Culture medium alone was kept at 4ºC or incubated for 24 h at 37ºC. In parallel, the medium/secretome and cell fractions 
were harvested from cell cultures incubated for 24 h at 37ºC (Grown culture). Material was alkylated with NEM or IAA, as indicated. Following incubation 
with DBCO-PEG4-biotin, Streptavidin-MagBeads were used for affinity purification. Aliquots of the starting (St), unbound (Ub), and eluted (El) fractions 
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as detailed in our protocol (Supp. S1 File). Comparable quantities of the eluted material were separated side-by-side 
in SDS-PA gels and evaluated for the binding of Strep-HRP (Fig 6A), overall protein profile (Fig 6B), and Western blot-
ting with different antibodies (Fig 6C). In particular, the molecular chaperone Grp94, the RNA-binding protein HuR, and 
actin were examined. We identified all of these candidates as de novo synthesized proteins in the cell fraction for cul-
tures grown in the presence of AHA (Fig 6C). Importantly, no ECL signal was obtained when cells were cultured with 
L-methionine. (It should be noted that due to the use of different antibodies to detect Grp94, HuR, and actin in Fig 6C, the 
intensities of ECL signals obtained after blotting do not represent the relative abundance of newly synthesized proteins. 
We expect that the target protein – antibody interactions are specific for each of the antigens tested.)

As described above, several proteins of 70-75kDa, ~ 55kDa, and ~25kDa bound non-specifically to 
Streptavidin-MagBeads (Fig 4). Given their molecular masses and abundance in serum, we also separated a mixture 
of bovine serum albumin (BSA) and immunoglobulin G (IgG) or BSA alone on the same gels (Fig 6A, B). No signal was 
obtained with Streptavidin-HRP (Fig 6A). However, BSA, IgG heavy (HC) and light chains (LC) were clearly visualized 
with Coomassie staining (Fig 6B). Bands for BSA, IgG HCs and LCs co-migrated with proteins present in the eluate of 
the medium/secretome fractions. (Note that for Fig 6 larger sample volumes were loaded onto the gels as compared to 
Figs 2–5. This resulted in stronger signals for the Coomassie-stained gel.). Following alkylation with NEM, probing with 
Streptavidin-HRP clearly identified bands for the medium/secretome fraction of cells grown in the presence of AHA (Fig 
6D). Moreover, we detected HuR in the medium/secretome fraction of AHA-cultured cells, but not for medium supple-
mented with L-methionine (data not shown).

Collectively, data in Fig 6 demonstrate that our BONCAT workflow is suitable for downstream applications, such as 
Western blotting. We also present a profile of proteins that non-specifically bind to Streptavidin-MagBeads. While we have 
not identified these proteins, their electrophoretic mobility is consistent with albumin and IgG, proteins that are especially 
abundant in serum.

General notes and troubleshooting

General notes Several initial steps are required before the BONCAT protocol is applied.

•	 Control experiments have to determine how cell viability is affected when L-methionine is substituted for AHA. This 
informs on the optimal concentration of AHA for the cells or tissues studied.

•	 AHA incorporation may be low due to residual L-methionine carried over during the transition from methionine-containing 
medium to AHA-supplemented medium. Such remaining L-methionine may be depleted by keeping cells for a limited 
amount of time in L-methionine-free medium ( [32], Table 2). However, the use of L-methionine-free medium has to be 
carefully monitored, as amino acid starvation may trigger a stress response [33,34].

•	 Proper controls need to (a) identify non-specific modification(s) of proteins, and (b) reduce non-specific binding to 
Streptavidin-MagBeads. This is especially relevant when medium/secretome samples are examined.

Troubleshooting We identified potential hurdles that may affect the successful completion of the BONCAT workflow and its 
downstream applications. Table 2 discusses strategies to address these obstacles.

While not used for the current protocol, kits are commercially available that deplete albumin and/or IgG from complex 
protein mixtures. For example, albumin is efficiently removed with immobilized dyes or antibodies [35]. Moreover, protein 

were separated side-by-side. The position and molecular mass of marker proteins in kDa are shown at the left margins. (A) Biotinylated proteins were 
detected with Streptavidin-HRP. (B) The same samples analyzed in part (A) were separated by SDS-PAGE, and the gel was stained with Coomassie 
Brilliant Blue (Coomassie). Note that the ~ 75kDa band pulled down with Streptavidin-MagBeads upon alkylation with IAA was present at low levels or not 
detectable when NEM was used as alkylating agent.

https://doi.org/10.1371/journal.pone.0329857.g004

https://doi.org/10.1371/journal.pone.0329857.g004
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Fig 5.  Optimizing wash conditions to reduce non-specific binding to Streptavidin-MagBeads. (A, B) Growth medium containing L-methionine 
was processed with the BONCAT protocol. All samples were treated with IAA and DBCO-PEG4-biotin and then incubated with Streptavidin-MagBeads. 
Aliquots of the starting (St), unbound (Ub), and eluted (El) material were analyzed side-by-side. The wash buffers contained different concentrations of 
SDS in PBS, as indicated. The material depicted on the right portion of the gel, labeled Diluted sample, was diluted 1:3 in PBS/0.5% SDS before affinity 
purification. The position and molecular mass of marker proteins (in kDa) are shown on the left margin. (A) Proteins were blotted onto nitrocellulose 
membranes, and the binding of Streptavidin-HRP was monitored by ECL. (B) The same samples analyzed in part A were separated by SDS-PAGE, and 
proteins were stained with Coomassie Brilliant Blue (Coomassie).

https://doi.org/10.1371/journal.pone.0329857.g005

https://doi.org/10.1371/journal.pone.0329857.g005
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Fig 6.  Analysis of proteins purified with Streptavidin-MagBeads. Cells were cultured in medium supplemented with L-methionine (M) or AHA. 
Medium/secretome and cell fractions were treated with IAA, DBCO-PEG4-biotin, followed by Streptavidin-MagBeads affinity-purification. (A-C) Com-
parable amounts of eluted material were analyzed side-by-side for each part of the figure. The position and molecular mass (in kDa) of marker proteins 
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precipitation methods can reduce albumin concentrations in samples containing serum [36], while immobilized protein A/G 
removes IgG. It should be emphasized that some of the methods used to diminish albumin and/or IgG can also deplete 
proteins of interest [35].

Conclusions

This protocol represents a simple and efficient workflow for the purification of de novo synthesized proteins that have been 
labeled with the BONCAT method. We discuss strategies for the processing of cellular and medium/secretome fractions 
and bottlenecks that have to be considered to optimize the quality of results. We identify potential pitfalls and provide 
experimental evidence to guide the user towards mitigation. Several modifications to the protocol or additional steps are 
discussed that can improve data output.

The structured protocol we developed is applicable to a wide variety of experimental conditions. It is suitable for in vitro 
and in vivo applications and easy to scale up. Long-term, we expect the protocol to be useful to generate new information 
on the regulation of proteostasis under different physiological conditions. This includes health and environmental chal-
lenges, as well as the response to pharmacological agents and other treatment regimens.

Table 2.  Potential obstacles for the successful completion of the BONCAT protocols are listed. To optimize the workflow and the quality of 
results, the proposed solutions can be applied either alone or in combination.

Problem Solutions

No or low overall incorporation of AHA (i)	 Determine toxicity of AHA, adjust concentration, if necessary
(ii)	 Increase the labeling period
(iii)	 Deplete L-methionine before the addition of AHA
(iv)	 Monitor AHA uptake by cells

Poor labeling for protein of interest (i)	 Gather information on abundance and turnover of protein of interest in the chosen model 
system

(ii)	 Add protease inhibitors during sample processing

Binding to streptavidin in the absence of AHA (i)	 Determine whether protein is endogenously biotinylated
(ii)	 Use alternative alkylation agent

Non-specific binding of proteins during affinity 
purification

(i)	 Increase stringency of wash buffer
(ii)	 Increase number of wash steps
(iii)	 Increase duration of each wash step
(iv)	 Dilute sample before affinity purification
(v)	 Remove albumin and/or IgG before affinity purification
(vi)	 Use alternative method(s) for elution; include free biotin in elution buffer

Low yield after affinity purification (i)	 Scale up experiment if conditions tested reduce overall translation
(ii)	 Use sufficient amounts of affinity-beads; monitor unbound material for biotinylated proteins
(iii)	 Optimize incubation time with affinity-beads to ensure efficient binding of biotinylated 

proteins
(iv)	 Wash steps too stringent; monitor each step for the presence of biotinylated proteins; adjust 

buffer composition, number and duration of wash steps
(v)	 Use alternative method(s) for elution; include free biotin in elution buffer

https://doi.org/10.1371/journal.pone.0329857.t002

is indicated at the left margin. (A) Samples were blotted onto nitrocellulose filters and probed with Streptavidin-HRP. No signal was detected for bovine 
serum albumin (BSA) or immunoglobulin G (IgG). (B) Samples were separated by SDS-PAGE, and the gel was stained with Coomassie Brilliant Blue 
(Coomassie). The positions of albumin (BSA), IgG heavy chains (HC) and IgG light chains (LC) are marked at the right side of the gel. (C) Material 
eluted from Streptavidin-MagBeads was examined by Western blotting with different antibodies. Note that Grp94, HuR, and actin are detected in the cell 
fraction for cultures grown in the presence of AHA. (D) Detection of Streptavidin-binding proteins in the medium/secretome fraction. Experiments were 
carried out as described for part A, but proteins were alkylated with NEM. Biotinylated proteins were detected as in part A. The cell fraction contains only 
7.5% of the material analyzed for the medium.

https://doi.org/10.1371/journal.pone.0329857.g006

https://doi.org/10.1371/journal.pone.0329857.t002
https://doi.org/10.1371/journal.pone.0329857.g006
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