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Turnover of missense mutant cytosolic proteins proceeds in the absence
of major quality control E3 ligases
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Abstract

Protein quality control (QC) safeguards cellular proteostasis by directing misfolded proteins for degradation via the
ubiquitin-proteasome system. QC is compartmentalized within cells, and the key proteins involved in the turnover of
cytosolic proteins with mutations in mammalian cells are not well defined. Using a fluorescent reporter assay that
provides a readout for protein stability, we examined the contributions of known QC E3 ligases (STUB1, UBE20, UBR4,
UBRS5, and HUWEL1) on the turnover of disease-associated missense variants. Loss of individual ligases did not
consistently stabilize substrates, indicating that none of these E3s appear to broadly recognize missense mutant proteins.
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Figure 1. Individual deletion of the candidate E3 ligases STUB1, UBR4, UBR5, HUWE]1, or UBE20 has minimal
impact on the turnover of cytosolic missense mutant substrates:

A) Predominant subcellular localization of the QC E3 ligases and reporters used in this study. Dark and light blue
represent strong or circumstantial localization evidence in the indicated compartment, respectively, while white indicates
no evidence. Data for subcellular localization of E3 ligases was determined through Human Protein Atlas, Uniprot
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annotations, and existing literature. STUB1, UBE20, and UBR4 have been reported to localize to both the cytosol and
nucleus, whereas UBR5 and HUWE1 are primarily nuclear (Go et al., 2021; Kim et al., 2018; Mashtalir et al., 2014;
Tasaki et al., 2013). Subcellular localization of the reporters was determined by microscopy in a previous study (Baker et
al., 2025). B) Western blots of indicated E3 ligase KO cells along with the parental HEK293T cells (HEK). * = indicates
unspecific band. HUWE1 KO clones were a gift from Yihong Ye’s lab (Xu et al., 2016). C) Schematic of bicistronic
fluorescent reporter construct used in D). D) Logy(EGFP/DsRed) levels of the missense mutant reporters and
corresponding WT in STUB1 KO cells. Three independent KO clones of STUB1 were used. Results from a one-way
ANOVA test are shown with the mean and standard deviation (n=3-9, p > 0.05 = ns). E) Schematic of bicistronic
fluorescent reporter used in F-J. F) Logy(mClover2/RFP) of the mutant reporter and corresponding WT in HEK293T cells.
Results from an unpaired t-test are shown with the mean and standard deviation (n=3; **** p < 0.0001). G-I)
Logy(mClover2/RFP) of the missense mutant reporters CBS L456P, GNMT H177N, and TPMT A80P expressed in (G)
UBR4, (H) UBR5 and (I) HUWE1 WT and KO clone(s). Results from an unpaired t-test are shown with the mean and
standard deviation (n=3; p > 0.05 = ns, * p < 0.05, ** p <0.01, *** p < 0.001). J) Density plot of the Logy(mClover2/RFP)
signal of CBS L456P, GNMT H177N, and TPMT A80P in UBE20 WT and KO clones (n=1).

Description

Proteostasis (protein homeostasis) relies on coordinated pathways that control protein synthesis, folding, and degradation.
Even under optimal conditions, protein folding can be challenging due to high energy barriers, especially for proteins with
complex or larger structures (Balchin et al., 2016). When folding fails, misfolded substrates are typically targeted for
degradation, primarily through the ubiquitin-proteasome system (UPS). Disruption of these processes causes proteotoxic
stress and contributes to diseases, including neurodegeneration, cancer, and hereditary misfolding disorders (Baker &
Bernardini, 2021; Yerbury et al., 2016).

UPS-mediated degradation is a major pathway conserved among eukaryotes (Komander & Rape, 2012) that relies on E1,
E2, and E3 enzymes to coordinate the transfer of ubiquitin to substrate proteins for proteasomal degradation. Over 600
E3s are predicted to exist in mammals (Liu et al., 2019), including several ubiquitin ligases that selectively target
misfolded or aberrant proteins for degradation in different cellular compartments. For example, the endoplasmic
reticulum—associated degradation (ERAD) pathway targets misfolded secretory or membrane proteins for proteasomal
degradation via the E3 ligases HRD1, AMFR, and MARCH6/TEB4 (Olzmann et al., 2013). Much of our understanding of
ERAD has come from studies of model substrates such as mutant CFTR, which revealed the network of chaperones and
E3s that collaborate in ERAD (Christianson et al., 2023). In contrast, QC in other compartments is less well-characterized.

In the cytosol—the major site of protein synthesis—the identities and functions of QC E3s remain incompletely defined.
Several mammalian E3 ligases with well-established roles in protein QC have been implicated in pathways to safeguard
proteostasis. STUB1/CHIP was the first cytosolic QC E3 to be characterized, cooperating with the chaperones
Hsp70/Hsp90 to ubiquitinate misfolded proteins and promote their degradation (Connell et al., 2001; Murata et al., 2001).
More recently, HUWE], the hybrid E2/E3 UBE20, UBR5, UBR4 (in complex with KCMF1), HERC1, and HERC2 have
been shown to ubiquitinate orphan proteins and unassembled subunits (Carrillo Roas et al., 2025; Mark et al., 2023;
Nguyen et al., 2017; Xu et al., 2016; Yagita et al., 2023; Yanagitani et al., 2017; Zavodszky et al., 2021). UBR4 and UBR5
have also been shown to cooperatively target misfolded proteins for degradation shortly following translation (Yau et al.,
2017). Whereas these E3 ligases reside, at least in part, in the cytosol (Figure 1A), their contribution to targeting disease-
associated missense variants of cytosolic proteins remains largely unexplored.

Our lab previously established a series of fluorescent reporters corresponding to unstable, disease-associated mutant
variants to monitor cytosolic QC (Baker et al., 2025). These reporters were shown by fluorescence microscopy in our
study to be predominantly cytosolic, with limited nuclear signal in some cases (Figure 1A). Using this system, we tested
whether candidate E3 ligases contribute to the turnover of these cytosolic substrates.

To investigate whether these E3 ligases contribute to cytosolic reporter turnover, we generated knockout (KO) HEK293T
cell lines for STUB1, UBE20, UBR4, and UBRS5, and obtained HUWE1 KO cells from the Ye lab (Xu et al., 2016).
These ligases were selected based on previous links to protein QC. Knockouts were generated using a dual-nickase
CRISPR strategy with two guide RNAs (sgRNAs) targeting early exons, selected by CHOPCHOPv3 (Labun et al., 2019)
(see Reagents Table). Single-cell clones were expanded and validated by Western blotting (Figure 1B), confirming at least
one validated KO clone per ligase for use in downstream assays.

We first assessed the extent of STUB1’s role in cytosolic protein QC, since it was originally proposed to be a major E3
ligase targeting misfolded proteins. To do so, we used dual-fluorescent DsRed-EGFP reporters containing cytosolic
missense mutants and their corresponding wild-type (WT) proteins (Baker et al., 2025). DsRed is translated first, followed
by an internal ribosome entry site (IRES) driving translation of the EGFP-tagged cytosolic protein of interest from the
same mRNA (Figure 1C). In this system, unstable mutant proteins lead to low EGFP fluorescence relative to DsRed, and
loss of a turnover-promoting E3 ligase should result in reporter stabilization and an increase in the normalized EGFP
signal. We measured reporter stability of 17 unstable mutants in 11 genes across three independent STUB1 KO clones.
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Consistent with our previous study, all mutants showed a decrease in the normalized fluorescence relative to their WT in
the control cells (Figure 1D), indicative of degradation. Surprisingly, loss of STUB1 had no significant impact on the
stability of any mutant reporters. These data suggest that STUB1 does not play a dominant role in regulating the turnover
of this wide panel of cytosolic unstable mutant reporters.

We next examined additional E3 ligases previously linked to cytosolic QC to determine whether any of them may have a
more dominant role. Here, we use an alternative strategy with stably expressed reporters. In this system, a subset of the
cytosolic missense mutants is fused N-terminally to mClover2, followed by a P2A cleavage site and the RFP to reduce
variability during transfection (Figure 1E). Similar to our previous construct, both RFP and the mClover2 fusion protein
are translated from a single transcript, allowing RFP to serve as an internal control for expression while mClover2 reports
on the stability of the protein of interest. We focused on three disease-associated enzyme variants—cystathionine beta-
synthase (CBS) L456P, glycine N-methyltransferase (GNMT) H177N, and thiopurine S-methyltransferase (TPMT) A80P.
The three missense mutants expressed in HEK293T cells were present at lower levels compared to the wild-type proteins,
indicating that reporter turnover is not impaired by fluorophore positioning (Figure 1F). These reporters were introduced
into UBR4, UBR5, HUWE1, and UBE20 KO cells using lentiviral transduction. In all of the tested KO E3s, we did not
observe any coherent reporter stabilization (Figure 1G-J). In UBR4 KOs, a modest but significant stabilization—as
indicated by an increase in the logy(mClover2/RFP) ratio-~was observed in clone #15 but not in clone #7 (Figure 1G).
UBR5 KO showed no significant effect on any of the mutants tested, despite a marginal signal increase (Figure 1H).
Similarly, HUWE1 KO did not significantly stabilize any reporter, with the exception of a modest increase in the GNMT
H177N reporter levels in clone #32 (Figure 1I). Intriguingly, UBE20 KOs had a different effect with a destabilization of
GNMT H177N (Figure 1J), although this analysis was not repeated. Altogether, these results indicate that none of the
tested E3s had a dominant role in the degradation of the unstable mutant proteins examined.

In this study, we set out to examine the role of several E3 ligases in the turnover of unstable cytosolic protein variants
using fluorescent reporter assays. None of these ligases (STUB1, UBE20, UBR4, UBR5, and HUWE1) led to a consistent
effect on reporter stabilization when knocked out (Figure 1D, G-J). Importantly, the modest effects occasionally observed
for UBR4 and HUWE1 were inconsistent across clones (Figure 1G, I). Together, these results indicate that the tested
ligases are not the primary mediators of turnover for these substrates.

One possible explanation is that these E3s are functionally redundant. In yeast, for example, the E3 ligases Ubrl and San1
have been shown to recognize and ubiquitinate the same substrates (Heck et al., 2010). Only simultaneous deletions of
Ubrl and Sanl have also been shown to stabilize protein QC substrates to the same extent as proteasome inhibition
(Samant et al., 2018). Mammalian cells may have analogous E3 ligase redundancies, potentially masking their individual
roles in cytosolic QC. To address this, future studies should test the effects of combinatorial E3 ligase knockouts.

A further limitation of this work is the generation and characterization of KO lines, which can be complicated by
unintended byproducts or selective genetic pressures (Wang et al., 2024). Despite the generation of a homozygous
deletion, residual expression of unexpected, truncated protein products could persist. For example, the presence of residual
protein expression was observed by mass spectrometry for approximately one-third of genetically verified deletions in
HAP1 cell lines (Smits et al., 2019). This is particularly relevant for HUWE1 and UBR4, which are exceptionally large
proteins (482 kDa and 570 kDa, respectively) and thus have an increased chance of generating truncated or reinitiated
products that retain partial functionality. However, we did not detect truncated forms using C-terminal-targeting antibodies
of each ligase, making it unlikely that truncated or splice variants lacking the epitope would escape detection. Another
possibility is that compensatory pathways become upregulated during KO cell expansion, enabling the cells to re-establish
rapid turnover of the unstable mutant proteins. Nonetheless, RNAi-mediated depletion of STUB1 was also insufficient to
affect the turnover of several assessed mutants (Sahil Chandhok, personal communication), indicating that this E3 ligase
does not play a dominant role in protein QC in the cells tested. More work is needed to determine which E3 ligases—
individually or in combination—mediate the degradation of these unstable mutant proteins.

Methods
Cell culture, transfections, and virus generation

HEK293T cells (ATCC) were cultured in DMEM, high glucose (Gibco) supplemented with 10% FBS (Gibco) + 1%
penicillin-streptomycin (Gibco) and maintained in a humidified incubator at 37 °C with 5% CO2. Transient transfections
of missense mutant and WT proteins cloned into the MSCV-CMV-DsRed-IRES-EGFP-DEST reporter plasmid (gift from
Stephen Elledge; Addgene plasmid #41941 (Yen et al., 2008)) were performed using FuGENE 6 (Promega) according to
the manufacturer’s instructions. For lentivirus production, HEK293T cells were co-transfected with psPAX2 (gift from
Didier Trono; Addgene plasmid #12260), pMD2.G (gift from Didier Trono; Addgene plasmid #12259), and the transfer
plasmid pLenti6.2-ccdB-mClover2-P2A-mRFP1 (gift from Mikko Taipale, University of Toronto; unpublished)
expressing the mutant or WT protein of interest. Media was replaced 24 hours after transfection. Viral supernatants were
harvested at 48 hours, clarified using a 0.45 mm filter, and used to transduce target cells in the presence of 4 pg/ml of
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polybrene (EMD-Millipore). Transduced cells were expanded and selected with 6 pg/ml of blasticidin (Invitrogen) to
establish stable lines.

Flow cytometry

To assess transfected reporters, cells were collected 48 hours after transfection. To assess cell lines stably expressing the
reporters, cells were collected 24 hours after seeding. Cells were resuspended in 1X PBS + 2% FBS and analyzed on the
CytoFlex (Beckman Coulter). Cells were first gated on forward scatter (FSC) versus side scatter (SSC) to exclude debris,
followed by FSC-A vs FSC-W to exclude doublets. Cells positively transfected with the reporter were identified by events

> 10% arbitrary fluorescence units (a.u.) in the ECD-A channel.

Generation of CRISPR/Cas9 KO cells

CRISPR/Cas9 knockout cell lines were generated in HEK293T cells. Guide RNAs targeting the E3 ligases were designed
using CHOPCHOPv3 (see Reagents Table) and cloned into the pU6_sgRNA_CBh_Cas9_PGK_Venus vector (gift from
Sheila Teves, University of British Columbia). Cells were transfected using FUGENE 6 (Promega) and 24 hours after
transfection, cells were collected, and single-cell clones were isolated by fluorescence-activated cell sorting (FACS) on the
Influx (BD Biosciences) for Venus+ clones. Clones were sorted into a 96-well plate in media composed of 50% fresh
complete DMEM + 30% conditioned DMEM (medium collected from parental cells at 50% confluency) + 20% FBS.
Homozygous knockouts were confirmed by PCR of the target locus, and loss of protein expression was validated by
Western blotting.

Western blotting

Cells were lysed in 1X RIPA buffer (50 mM Tris-HCI pH 7.5, 150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate,
0.1% SDS, 1 mM PMSF) supplemented with cOmplete, EDTA-free Protease Inhibitor Cocktail (Roche). Cells were
incubated on ice for 30 minutes after the addition of lysis buffer then lysed using a water bath sonicator with ice water for
30s on, 30s off 2x on high. Cell lysate was then centrifuged at high speed for 20 min at 4°C. Protein supernatant was
collected, and protein concentrations were determined using the BCA assay. Proteins were resolved by 7.5% Mini-
PROTEAN TGX™ Precast Protein Gels (Bio-Rad). For UBE20 and STUBI, proteins were transferred to a 0.45 mm
membrane using the TransBlot Turbo Transfer System (30 min at 25V) in 1X Towbin Buffer with 20% methanol. For
UBR4, UBR5 and HUWE], proteins were transferred to a 0.45 mm PVDF membrane (pre-activated in 100% methanol
for 10s) using a Trans-Blot Plus Cell (Bio-Rad) at 20 V for 16h at 4°C in 1X Towbin Buffer with 10% methanol and
0.05% Tween-20. Membranes were blocked with 5% skim milk powder in 1X TBS with 0.1% Tween-20. Antibodies were
also diluted with 5% skim milk powder in 1X TBS with 0.1% Tween-20. Primary antibodies used: STUB1 (Cell
Signalling 2080S, 1:1000 dilution), UBE20 (Millipore Sigma HPA023605 1:1000), UBR4 (abcam ab86738, 1:1000),
UBR5 (Cell Signalling D608Z, 1:1000), HUWE1 (Bethyl A300-486A, 1:1000), g-Tubulin (Sigma T6557, 1:5000),
GAPDH (UBC AbLab Mouse, 1:10,000). Secondary antibodies used: IRDye 680RD anti-mouse (Li-Cor, 1:10,000),
IRDye 800CW anti-rabbit (Li-Cor, 1:10,000). Blots were imaged using the Odyssey DLx Imager (Li-Cor).

Data analysis

Flow cytometry data was analyzed using FlowJo (10.10). All data was visualized and statistics were calculated using R
(4.5.1), RStudio (2025.05.1+513), and GraphPad Prism (10.1.2).

Reagents
sgRNA sequences used for CRISPR-Cas9-mediated knockout

Target Gene sgRNA ID sgRINA Sequence
UBR4 sgUBR4-1 AGTCATCGAGAGGTACCGGG
UBR4 sgUBR4-2 CGACGGAAGATGGCGACGAG

UBRS5 sgUBR5-1 CGGGTGAACCACGAAATGGA
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UBRS5 sgUBR5-2 TTCGTGGTTCACCCGCTGCC
STUB1 sgSTUB1-1 GCTGGACGGGCAGTCTGTGA
STUB1 sgSTUB1-2 GAATCGCGAAGAAGAAGCGC
UBE20 sgUBE20-1 CTGGTGTCGGGCCGTTACCG
UBE20 sgUBE20-2 CGTGCGCGTCCAGTGGTACC

Acknowledgements: We would like to thank the Andrew Johnson and Justin Wong at the UBC Flow Cytometry Facility
for their assistance with cell sorting. We are grateful to Mikko Taipale and his laboratory for providing plasmids encoding
missense-mutant and WT proteins used in this study.

References

Baker HA, Bernardini JP. 2021. It's not just a phase; ubiquitination in cytosolic protein quality control. Biochemical
Society Transactions. 49: 365. DOI: 10.1042/BST20200694

Baker HA, Bernardini JP, Csizmok V, Madero A, Kamat S, Eng H, et al., Mayor T. 2025. The co-chaperone DNAJA2
buffers proteasomal degradation of cytosolic proteins with missense mutations. Journal of Cell Science. 138: jcs262019.
DOI: 10.1242/jcs.262019

Balchin D, Hayer Hartl M, Hartl FU. 2016. In vivo aspects of protein folding and quality control. Science. 353: aac4354.
DOI: 10.1126/science.aac4354

Carrillo Roas S, Yagita Y, Murphy P, Kurzbauer R, Clausen T, Zavodszky E, Hegde RS. 2025. Convergence of orphan
quality control pathways at a ubiquitin chain-elongating ligase. Molecular Cell. 85: 815. DOI:
10.1016/j.molcel.2025.01.002

Christianson JC, Jarosch E, Sommer T. 2023. Mechanisms of substrate processing during ER-associated protein
degradation. Nature Reviews Molecular Cell Biology. 24: 777. DOI: 10.1038/s41580-023-00633-8

Connell P, Ballinger CA, Jiang J, Wu Y, Thompson LJ, Hohfeld J, Patterson C. 2001. The co-chaperone CHIP regulates
protein triage decisions mediated by heat-shock proteins. Nature Cell Biology. 3: 93. DOI: 10.1038/35050618

Go CD, Knight JDR, Rajasekharan A, Rathod B, Hesketh GG, Abe KT, et al., Gingras. 2021. A proximity-dependent
biotinylation map of a human cell. Nature 595: 120-124. DOI: doi.org/10.1038/s41586-021-03592-2

Heck JW, Cheung SK, Hampton RY. 2010. Cytoplasmic protein quality control degradation mediated by parallel actions
of the E3 ubiquitin ligases Ubrl and Sanl. Proceedings of the National Academy of Sciences. 107: 1106. DOI:
10.1073/pnas.0910591107

Kim ST, Lee YJ, Tasaki T, Hwang J, Kang MJ, Yi EC, Kim BY, Kwon YT. 2018. The N-recognin UBR4 of the N-end rule
pathway is required for neurogenesis and homeostasis of cell surface proteins. PLOS ONE 13: e0202260. DOI:
doi.org/10.1371/journal.pone.0202260

Komander D, Rape M. 2012. The Ubiquitin Code. Annual Review of Biochemistry. 81: 203. DOI: 10.1146/annurev-
biochem-060310-170328

Labun K, Montague TG, Krause M, Torres Cleuren YN, Tjeldnes H, Valen E. 2019. CHOPCHOP v3: expanding the
CRISPR web toolbox beyond genome editing. Nucleic Acids Research. 47: W171. DOI: 10.1093/nar/gkz365

Liu L, Damerell DR, Koukouflis L, Tong Y, Marsden BD, Schapira M. 2019. UbiHub: a data hub for the explorers of
ubiquitination pathways. Bioinformatics. 35: 2882. DOI: 10.1093/bioinformatics/bty1067

Mark KG, Kolla S, Aguirre JD, Garshott DM, Schmitt S, Haakonsen DL, et al., Rape M. 2023. Orphan quality control
shapes network dynamics and gene expression. Cell. 186: 3460. DOI: 10.1016/j.cell.2023.06.015

Mashtalir N, Daou S, Barbour H, Sen NN, Gagnon J, Hammond-Martel I, et al., Affar. 2014. Autodeubiquitination
Protects the Tumor Suppressor BAP1 from Cytoplasmic Sequestration Mediated by the Atypical Ubiquitin Ligase
UBE20. Molecular Cell 54: 392-406. DOI: doi.org/10.1016/j.molcel.2014.03.002

Murata S, Minami Y, Minami M, Chiba T, Tanaka K. 2001. CHIP is a chaperone-dependent E3 ligase that ubiquitylates
unfolded protein. EMBO reports. 2: 1133. DOI: 10.1093/embo-reports/kve246



https://doi.org/10.1042/BST20200694
https://doi.org/10.1242/jcs.262019
https://doi.org/10.1126/science.aac4354
https://doi.org/10.1016/j.molcel.2025.01.002
https://doi.org/10.1038/s41580-023-00633-8
https://doi.org/10.1038/35050618
https://doi.org/doi.org/10.1038/s41586-021-03592-2
https://doi.org/10.1073/pnas.0910591107
https://doi.org/doi.org/10.1371/journal.pone.0202260
https://doi.org/10.1146/annurev-biochem-060310-170328
https://doi.org/10.1093/nar/gkz365
https://doi.org/10.1093/bioinformatics/bty1067
https://doi.org/10.1016/j.cell.2023.06.015
https://doi.org/doi.org/10.1016/j.molcel.2014.03.002
https://doi.org/10.1093/embo-reports/kve246

microPublication
BIOLOGY
3/27/2026 - Open Access

Nguyen AT, Prado MA, Schmidt PJ, Sendamarai AK, Wilson Grady JT, Min M, et al., Finley D. 2017. UBE20 remodels
the proteome during terminal erythroid differentiation. Science. 357: eaan0218. DOI: 10.1126/science.aan0218

Olzmann JA, Kopito RR, Christianson JC. 2013. The Mammalian Endoplasmic Reticulum-Associated Degradation
System. Cold Spring Harbor Perspectives in Biology. 5: a013185. DOI: 10.1101/cshperspect.a013185

Samant RS, Livingston CM, Sontag EM, Frydman J. 2018. Distinct proteostasis circuits cooperate in nuclear and
cytoplasmic protein quality control. Nature. 563: 407. DOI: 10.1038/s41586-018-0678-x

Smits AH, Ziebell F, Joberty G, Zinn N, Mueller WF, Clauder Munster S, et al., Huber W. 2019. Biological plasticity
rescues target activity in CRISPR knock outs. Nature Methods. 16: 1087. DOI: 10.1038/s41592-019-0614-5

Tasaki T, Kim ST, Zakrzewska A, Lee BE, Kang MJ, Yoo YD, et al., Kwon. 2013. UBR box N-recognin-4 (UBR4), an N-
recognin of the N-end rule pathway, and its role in yolk sac vascular development and autophagy. Proceedings of the
National Academy of Sciences 110: 3800-3805. DOI: doi.org/10.1073/pnas.1217358110

Wang Y, Zhai Y, Zhang M, Song C, Zhang Y, Zhang G. 2024. Escaping from CRISPR—Cas-mediated knockout: the facts,
mechanisms, and applications. Cellular & Molecular Biology Letters. 29: 48. DOI: 10.1186/s11658-024-00565-x

Xu Y, Anderson DE, Ye Y. 2016. The HECT domain ubiquitin ligase HUWE]1 targets unassembled soluble proteins for
degradation. Cell Discovery. 2: 16040. DOI: 10.1038/celldisc.2016.40

Yagita Y, Zavodszky E, Peak Chew SY, Hegde RS. 2023. Mechanism of orphan subunit recognition during assembly
quality control. Cell. 186: 3443. DOI: 10.1016/j.cell.2023.06.016

Yanagitani K, Juszkiewicz S, Hegde RS. 2017. UBE2O is a quality control factor for orphans of multiprotein complexes.
Science. 357: 472. DOI: 10.1126/science.aan0178

Yau RG, Doerner K, Castellanos ER, Haakonsen DL, Werner A, Wang N, et al., Rape M. 2017. Assembly and Function of
Heterotypic Ubiquitin Chains in Cell-Cycle and Protein Quality Control. Cell. 171: 918. DOI: 10.1016/j.cell.2017.09.040

Yen HCS, Xu Q, Chou DM, Zhao Z, Elledge SJ. 2008. Global Protein Stability Profiling in Mammalian Cells. Science.
322:918. DOI: 10.1126/science.1160489

Yerbury JJ, Ooi L, Dillin A, Saunders DN, Hatters DM, Beart PM, et al., Ecroyd H. 2016. Walking the tightrope:
proteostasis and neurodegenerative disease. Journal of Neurochemistry. 137: 489. DOI: 10.1111/jnc.13575

Zavodszky E, Peak Chew SY, Juszkiewicz S, Narvaez AJ, Hegde RS. 2021. Identification of a quality-control factor that
monitors failures during proteasome assembly. Science. 373: 998. DOI: 10.1126/science.abc6500

Funding: PB: The Sigrid Jusélius Foundation
HB: CIHR CGS-D
HB, CGJ, PB, JK, TM: CIHR (PJT 148489)

Conflicts of Interest: The authors declare that there are no conflicts of interest present.

Author Contributions: Heather A. Baker: conceptualization, investigation, formal analysis, writing - original draft,
writing - review editing. Claire Grall-Johnson: investigation. Paulina M. Budzyniska: supervision, resources, methodology.
John Kim: resources. Thibault Mayor: conceptualization, writing - review editing, supervision, funding acquisition.

Reviewed By: Anonymous

History: Received December 19, 2025 Revision Received February 12, 2026 Accepted March 23, 2026 Published
Online March 27, 2026 Indexed April 10, 2026

Copyright: © 2026 by the authors. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Citation: Baker HA, Grall-Johnson C, Budzynska PM, Kim J, Mayor T. 2026. Turnover of missense mutant cytosolic
proteins proceeds in the absence of major quality control E3 ligases. microPublication Biology.
10.17912/micropub.biology.001990



https://doi.org/10.1126/science.aan0218
https://doi.org/10.1101/cshperspect.a013185
https://doi.org/10.1038/s41586-018-0678-x
https://doi.org/10.1038/s41592-019-0614-5
https://doi.org/doi.org/10.1073/pnas.1217358110
https://doi.org/10.1186/s11658-024-00565-x
https://doi.org/10.1038/celldisc.2016.40
https://doi.org/10.1016/j.cell.2023.06.016
https://doi.org/10.1126/science.aan0178
https://doi.org/10.1016/j.cell.2017.09.040
https://doi.org/10.1126/science.1160489
https://doi.org/10.1111/jnc.13575
https://doi.org/10.1126/science.abc6500
https://doi.org/10.17912/micropub.biology.001990

