
1 
 

 

Figure S1. Data quality control and determination of short-lived proteins under translational 
inhibition. Related to Figure 1. (A) Protein coefficient of variation (CV) of replicates. A median CV of 
less than 5% was observed for all time points, demonstrating low variance within replicates. Data are 
presented as box plots (center line: median; box limits: the first and third quartiles; whiskers: 1.5x 
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interquartile range; outliers not shown). (B) Data normalization by long-lived proteins. Lamin B2 was one 
of the reported long-lived proteins and its quantification before and after the normalization is shown in the 
left panel. An overview of all long-lived proteins used is shown in the right panel. Overall normalization 
factors were small and within a range of 0.9-1.1. See Methods for details. (C) A non-linear or linear model 
was fitted to the time course of TMTpro signal-to-noise (SN) or natural logarithm transformed TMTpro 
SN. Proteins with half-lives shorter than 8 hr (≥ 50% loss in protein abundance at the last time point) and 
coefficients of determination (R2) greater than 0.8 were defined as short-lived proteins. See Methods for 
details. (D) Examples showing protein half-lives calculated via a non-linear model, linear model and 
manual inspection. The vast majority of the short-lived protein events was captured by non-linear models 
(1,862 events). Note that the y-axis indicates untransformed relative protein abundance, and the linear 
model uses natural logarithm transformed relative protein abundance, therefore the fitted line in the linear 
model panel in the middle is a curve, not a straight line. 
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Figure S2. An overview of short-lived proteins under translational arrest. Related to Figure 2. (A) 
Heatmaps of short-lived proteins detected in each cell line. Replicates are shown individually in the 
heatmaps. Protein abundance is TMTpro signal-to-noise normalized to the mean of the first time point. (B) 
Heatmaps for all short-lived proteins stratified by their cell line detection. Each short-lived protein was 
examined for its degradation profile across the other cell lines. The first heatmap shows 396 short-lived 
proteins detected in all four cell lines. There was a visible trend for most proteins to be short-lived across 
multiple cell lines. To better examine the trends and to account for proteins not expressed or not detected 
in a cell line, all potential pairs of cell lines are shown highlighting proteins that were detected in both lines. 
Protein abundance is TMTpro signal-to-noise normalized to the mean of the first time point. (C) Subcellular 
components enriched among proteins that were short-lived in at least one cell line. Adjusted p-values 
(Benjamini-Hochberg) were filtered at 0.05. Categories highlighted in red are extracellular matrix proteins. 
Extracellular matrix protein collagen alpha-1 (VI) chain, a known long-lived protein, is highlighted. (D) 
Short-lived proteins shared by different cell lines. Extracellular matrix proteins were excluded from this 
analysis. For example, the third bar means that 129 proteins were short-lived in three cell lines. Among the 
129 proteins, 63 were found in the same three cell lines and 66 were found in all four cell lines. (E) 
Quantified proteins shared by different cell lines. Extracellular matrix proteins were excluded from this 
analysis. For example, the second bar means that 1,409 protein were detected in two cell lines. Among the 
1,409 proteins, 99 proteins were short-lived in both cell lines, 93 proteins were short-lived in only one of 
the two cell lines, and 1,217 were short-lived in neither cell lines. (F) Distributions of all measured protein 
half-lives under translational arrest in the four cell lines (data in Table S2). Values in parentheses are 
numbers of proteins. Bin size is 2 hr. 
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Figure S3. Gene Ontology analysis of short-lived proteins. Related to Figure 3. Proteins that were short-
lived in at least one cell line were used as the foreground. All quantified proteins were used as the 
background. (A) Molecular functions enriched among short-lived proteins. (B) KEGG pathways enriched 
among short-lived proteins. 
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Figure S4. Cullin−RING ubiquitin ligase complex members and single-unit E3 ligases found in this 
study. Related to Figure 4. (A) Core components of cullin-RING ubiquitin ligase complexes were stable, 
and substrate recognition subunits tended to be short-lived. The hand-curated list was kindly provided by 
Dr. Wade Harper’s laboratory at Harvard Medical School as an alternative to the GO category gene set in 
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the main text. (B) Single-unit E3 ligases found in this work. There were 154 single-unit E3 ligases in the 
list from the literature (Li et al., 2017). We detected 152 of them. SYVN1 and RNF170 were not found. (C) 
Western blotting showed that three adapter proteins for E3 ubiquitin ligase complexes (DCAF15, KLHL9, 
and FBXO5) were short-lived in U2OS cells. The three proteins were blotted with anti-FLAG. (D) Western 
blotting showed that two single-unit E3 ligases (PJA2 and RCHY1) were short-lived, and two other single-
unit E3 ligases (ITCH and LRSAM1) were stable in U2OS cells. 
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Figure S5. Properties of short-lived proteins under translational inhibition. Related to Figure 5. (A) 
Fewer peptides were identified for short-lived proteins compared to non-short-lived proteins. (B) Short-
lived proteins and non-short-lived proteins showed similar protein length distributions. (C) The least stable 
proteins (Rank 1) showed higher instability index, lower aliphatic index and lower melting temperatures 
compared to the most stable proteins (Rank 8). (D) Diverse fractions of subunits were short-lived in small 
protein complexes in the CORUM database. Only protein complexes with less than ten subunits were 
included. (E) The least stable proteins (Rank 1) showed lower mRNA expression and protein abundance 
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correlation across human tissues (left) and cancer cell lines (right) compared to the most stable proteins 
(Rank 8). Data are presented as box plots (center line: median; box limits: the first and third quartiles; 
whiskers: 1.5x interquartile range) in panel A-C and E.   
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Figure S6. Differences in protein degradation rates correlated to differences in protein expression 
levels between cell lines. Related to Figure 6. X-axes represent distance defined in the differential protein 
half-life analysis (see Methods for details). Y-axes represent log2 fold changes of protein abundance levels 
between cell lines. A greater distance means a longer half-life in the first cell line. A larger log2 fold change 
indicates a higher protein expression level in the first cell line. Proteins with shorter half-lives in one cell 
line tended to show lower protein abundance in the same cell line. For example, ATRX showed a shorter 
half-life in U2OS cells, and its protein abundance was also low in U2OS cells. 
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Figure S7. U2OS and HCT116 cells express truncated forms of ATRX and GMDS, respectively. 
Related to Figure 7. (A) An illustration of ATRX mRNA sequence, domains, identified peptides, and the 
antibody epitope and siRNAs used in this work. (B) Sashimi plot of mapped reads to ATRX mRNA 
expression in U2O cells. Exon 2-19 were missing, leading to novel truncated isoform connecting exon 1 
directly to exon 20. (C) Two GMDS peptides were identified in HCT116 cells in this study. The high-
quality MS2 spectra, MS3 spectra and matched product ions (in blue and red) showed the high confidence 
of the identification and quantification for the truncated GMDS in HCT116 cells. (D) The retention times 
of the two GMDS peptides identified in HCT116 cells were consistent with the same two peptides found 
in other cell lines, validating further the identification of the two GMDS peptides in HCT116 cells. 
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Table S4. A comparison of this work and previous protein turnover studies. Related to Figure 2. 

 

We chose to combine TMTpro-based protein quantification and cycloheximide treatment to characterize short-lived proteins under translational 
arrest in this work. We note that MS-based pulse-chase metabolic labeling has also been used to determine 50% turnover times or half-lives for 
proteins, especially medium- and long-lived proteins. Protein abundance is monitored at multiple time points during the chase period (Ross et al., 
2020). The calculation of 50% turnover times (determined by protein synthesis rates and degradation rates) requires ratios between heavy and light 
pairs. Half-life (determined by protein degradation rate) calculation requires signals from existing proteins and corrections to account for cell division 
and the recycling of endogenous amino acids (Boisvert et al., 2012). Some pulse-chase metabolic labeling studies did not differentiate between “50% 
turnover time” and “half-life”, and some reported half-lives are actually 50% turnover times (Martin-Perez and Villen, 2017). 

Long labeling times are usually employed in pulse-chase metabolic labeling studies to ensure that sufficient labeled amino acids are incorporated 
into newly synthesized proteins, and thus sufficient heavy and light pairs are available for calculation. However, long labeling times do not facilitate 
the detection of short-lived proteins. For example, almost all quantified proteins showed half-lives or 50% turnover times longer than 8 hr in studies 
using long labeling times (0 hr, 24 hr; 0 hr, 6 hr, 12 hr, 24 hr, 36 hr) (Cambridge et al., 2011; Mathieson et al., 2018). Missing values across time 
points become a considerable issue when short labeling times are used, as it takes time for new proteins to be synthesized and the detection of low 
abundant signals is more stochastic. Short-lived proteins being inherently low abundant also makes the detection more difficult and missing value 
issue severer. For example, over 6,000 proteins were identified in Jovanovic et al., 2015, however, only ~50% proteins were quantified across all 
time points and replicates. Although some short-lived proteins are still detectable via short labeling times, the depth is adversely affected by the 
missing value issue and they are still an under-examined dimension of the proteome. Only 100-200 proteins have shown half-lives or 50% turnover 
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times shorter than 8 hr in studies using short labeling times (Boisvert et al., 2012; Doherty et al., 2009; Schwanhausser et al., 2011). Even fewer 
proteins with half-lives shorter than 4 hr or 2 hr were identified in these studies compared to this work. 

Metabolic labeling with the artificial amino acid azidohomoalanine (AHA, a methionine analog) is an alternative to alleviate the requirement for 
long labeling times (McShane et al., 2016). However, proteome coverage is also compromised as only newly synthesized proteins are retained for 
analysis. Moreover, up to 30% of the newly synthesized proteins have been shown to undergo immediate degradation right after synthesis (Schubert 
et al., 2000). The different degradation kinetics of newly synthesized and existing proteins can skew the determination of short-lived proteins in 
AHA labeling (McShane et al., 2016; Schubert et al., 2000). Similar to traditional pulse-chase metabolic labeling, missing values across time points 
and replicates are also an issue in AHA labeling. For example, over 3,000 proteins were identified in McShane et al., 2016, only ~400 proteins were 
quantified in all time points and replicates. 

Additionally, metabolic labeling requires medium swap and the use of dialyzed serum, which may induce cellular stress and convolute the readout 
in some cell lines (Ross et al., 2020). In this work we intended to measure half-lives for short-lived proteins under translational arrest by 
cycloheximide, which is a broadly used assay in targeted studies. We noted that some half-lives under translational inhibition may be skewed 
compared with those under more steady-state conditions. However, the rapid removal of these proteins suggests the existence of mechanisms for 
immediate protein elimination, which represent potential entry points for therapeutic interventions through regulating half-lives. Cycloheximide 
chase assay has been widely used in a number of targeted studies and they can also benefit from our deep coverage dataset. Importantly, combined 
with TMTpro-based protein quantification, we were able to overcome the missing value issue and achieved an excellent protein coverage.
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Figure S8. Comparisons of half-lives in this work and in the literature. Related to Figure 2. We chose 
three studies in Table S4 that have high numbers of proteins with half-lives or 50% turnover times shorter 
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than 8 hr (Boisvert et al., 2012; McShane et al., 2016; Schwanhausser et al., 2011). (A) We first focused on 
proteins that are short-lived in RPE1 in this work. As mentioned in Table S4 that proteome coverage is 
adversely affected in studies using short labeling times, only a small fraction (10%-20%) of these proteins 
were quantified in former studies. The overlapping proteins, however, mostly showed consistently short 
half-lives in previous studies, especially the study using AHA labeling in the same cell line (RPE1) 
(McShane et al., 2016). This suggests that the half-lives under translational arrest still reflect those under 
more steady-state conditions to a large extent. Red lines are diagonal lines with unit slope and zero intercept. 
Half-lives in the literature are capped at 20 hr. The numbers in the plots indicate the number of short-lived 
proteins in RPE1 in this work that showed half-lives ≥ 20 hr in the literature. (B) We next focused on 
proteins that are short-lived in RPE1 in AHA labeling in the previous study (≥ 4 time points and ≥ 2 
replicates) (McShane et al., 2016). We quantified almost all these proteins in RPE1 in this work. 
Approximately 60% proteins showed half-lives shorter than 20 hr (≥ 25% protein loss at 8 hr) in this work. 
The other 40% did not present evident loss at 8 hr, which agrees with the conclusions that >10% newly 
synthesized proteins have different degradation kinetics with existing proteins (McShane et al., 2016), and 
~30% newly synthesized proteins are rapidly degraded right after synthesis (Schubert et al., 2000). Red line 
is the diagonal line with unit slope and zero intercept. Half-lives in this work are capped at 20 hr. The 
number in the plot indicates the number of short-lived proteins in AHA labeling that showed half-lives ≥ 
20 hr in this work.  

 

 

 

 


