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Abstract

The stability and activity of the p53 tumor suppressor protein is tightly regulated by various 

posttranslational modifications, including SUMOylation. p53 can be modified by both SUMO1 

and SUMO2, although how SUMOylation regulates p53 activity is still obscure. Whether p53 

activity is directly regulated by deSUMOylation is unclear. Here, we show that SENP1, a SUMO-

specific protease implicated in prooncogenic roles, is a p53 deSUMOylating enzyme. SENP1 

interatcs with p53 and deSUMOylates p53 in cells and in vitro. Knockdown of SENP1 markedly 

induced p53 transactivation activity. We further show that SENP1 depletion synergizes with DNA 

damage-inducing agent etoposide to induce p53 activation and the expression of p21, leading to 

synergistic growth inhibition of cancer cells. Our results reveal that SENP1 is a critical p53 

deSUMOylating enzyme and a promising therapeutic target in wild-type p53 containing cancer 

cells.
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INTRODUCTION

The tumor suppressor protein p53 is a critical transcription factor that activates or represses 

the expression of a myraid of target genes to induce cell cycle arrest, apoptosis, senescence, 

and other anti-proliferative outcomes, thereby executing its function in maintaining genomic 

integrity and preventing tumorigenesis (Devine & Dai, 2013; Kruiswijk et al, 2015; 

Vogelstein et al, 2000). Under normal conditions, p53 is maintained at low levels mainly by 

the oncoprotein MDM2. MDM2 is RING-finger-containing ubiquitin (Ub) ligase that 

mediates p53 ubiquitination and degradation through the proteasomal system (Haupt et al, 
1997; Kubbutat et al, 1997). In response to diverse cellular stress, p53 is swiftly stabilized 

and activated via inhibiting MDM2, evoking p53 deubiquitination, and various additional 

posttranslational modifications of the MDM2-p53 pathway (Kruse & Gu, 2009; Sun & Dai, 

2014).

p53 can also be modified by SUMOylation, a posttranslational modificaton of proteins by 

small ubiquitin-like modifiers (SUMOs). SUMOylation can interfere with protein-protein 

interactions (Moldovan et al, 2006) or compete with other lysine-directed modifications like 

acetylation or ubiquitination (Desterro et al, 1998), thereby regulating protein localization, 

trafficking, stability and activity (Gareau & Lima, 2010; Jentsch & Psakhye, 2013). p53 can 

be modified by SUMO1 (Gostissa et al, 1999; Ivanschitz et al, 2015; Kwek et al, 2001; 

Muller et al, 2000; Rodriguez et al, 1999) and SUMO2 (Li et al, 2006; Wu & Chiang, 

2009b) at lysine (K) 386 in its C terminal regulatory region. p53 SUMOylation is promoted 

by stress such as DNA damage and oxidative stress (Kwek et al., 2001; Li et al., 2006; 

Rodriguez et al., 1999). While there is a general consensus that SUMOylation does not 

signicantly affect p53 stability, how SUMOylation regulates p53 protein activity remains 

controversial. Earlier studies showed that p53 modification by SUMO1 increases its 

transcriptional activity (Gostissa et al., 1999; Rodriguez et al., 1999), promotes apoptosis 

(Muller et al., 2000), and induces p53-depedent cell senescence (Bischof et al, 2006; Li et 
al., 2006). Relocalization of p53 into nuclear PML bodies by SUMO1 increases p53 

transactivation activity (Fogal et al, 2000). A recent study showed that PML IV-ARF 

interaction enhances p53 SUMO1 conjugation and activates p53 to induce cell senescence 

(Ivanschitz et al., 2015). Consistently, SUMOylation also targets drosophila p53 to PML 

body and induces p53 transactivation activity (Mauri et al, 2008). In contrast, other studies 

indicate that SUMOylation either does not affect p53 localization and activity (Kwek et al., 
2001) or reduces p53 transactivation activity by blocking p53 acetylation by p300 (Wu & 

Chiang, 2009a). Likewise, SUMOylation by PIAS1 promotes p53 nuclear export (Carter et 
al, 2007), thus indirectly modulating p53 activity. These discrepancies may lie on that p53 

SUMOylation is transient and steady-state levels of p53 SUMOylation is low presumably 

due to SUMO protease activity in cells. Also, SUMOylation may modulate p53 activity at 

selected target gene promoters in cell and context-dependent manner.

SUMOylation can be reversed via deSUMOylation by a group of SUMO proteases, 

including SENP1-SENP3 and SENP5-SENP7, USPL1, DESI1, DESI2 (Hickey et al, 2012; 

Jentsch & Psakhye, 2013; Nayak & Muller, 2014). However, whether p53 is directly 

regulated by deSUMOylation is still unknown. Here we report that SENP1 deSUMOylates 

p53 and its knockdown markedly induced p53 transactivation activity and potentiated p53 
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activation and cell growth inhibition in resposne to DNA damage. Together, our results 

reveal that SENP1 acts as a p53 SUMO protease that limits p53 activity and thus could be a 

therapeutic target, whose inhihition activates p53 and synergizes with genotoxic drugs in 

killing cancer cells.

MATERIALS AND METHODS

Cell culture, plasmids and antibodies.

Human p53-proficient osteosarcoma U2OS and p53 deficient lung non-small cell carcinoma 

H1299 cells were grown in Dulbecco’s modified Eagle’s medium (DMEM) supplemented 

with 10% fetal bovine serum (FBS), 50 units/ml penicillin, and 0.1 mg/ml streptomycin at 

37 °C in a 5% CO2 humidified atmosphere as described previously (He et al, 2016; Sun et 
al, 2012). Flag-SENP1, its catalytically-inactive C603S mutant, V5-SENP1, GST-SENP1 

(WT and the C603S mutant), His-SUMO1, His-SUMO2 plasmids as well as the p53 

expressing plasmids were previously described (Sun et al., 2012; Sun et al, 2018). Anti-p53 

(Do-1, Santa Cruz Biotechnology), anti-MDM2 (SMP14, Santa Cruz Biotechnology), anti-

p21 (Ab-11, NeoMarkers), anti-Flag (M2, Sigma), anti-V5 (Invitrogen), and anti-SENP1 

(abcam) were purchased.

Transfection, immunoblot (IB) and co-immunoprecipitation (Co-IP) analyses.

Cells were transfected with plasmids using TransIT®-LT1 reagents (Mirus Bio Corporation) 

following the manufacturers’ protocol. Cells were harvested at 36–48 hours posttransfection 

and lysed in lysis buffer consisting of 50 mM Tris-HCl (pH 8.0), 0.5% Nonidet P-40, 1 mM 

EDTA, 150 mM NaCl, 1 mM phenylmethylsulfonyl fluoride (PMSF), 1 mM DTT, 1 μg/ml 

pepstatin A, and 1 mM leupeptin. Equal amounts of cell lysate were used for IB analysis 

(Sun et al., 2018; Sun et al, 2015). Co-IP was conducted as described previously (Sun et al., 
2018; Sun et al., 2015). Bound proteins were detected by IB using antibodies as indicated in 

figure legends.

In vivo SUMOylation assay.—In vivo SUMOylation assays were performed in cells 

using a Ni2+-NTA pulldown method as previously described (Sun et al., 2012; Sun et al., 
2015). Brifely, cells were transfected with His-SUMO1 or His-SUMO2 and the plasmids 

indicated in each figure. The cells were harvested at 36–48 hours after transfection and 20% 

of the cells were directly lysed for IB and the remaining cells were subjected to Ni2+-NTA 

pulldown under denaturing conditions. After wash, the bead bound proteins were analyzed 

by IB.

In vitro deSUMOylation assay.—Recombinant GST-SENP1 and its C603S mutant 

proteins were expressed in E. coli and purified using GSH beads followed by glutathione 

elution. SUMOylated p53 was purified from H1299 cells transfected with Flag-p53 and His-

SUMO1 or His-SUMO2 using anti-Flag affinity purification (Sun et al., 2018). The 

SUMOylated p53 was then incubated with 0.5 μM purified GST-SENP1 (wt or the C603S 

mutant) or control GST alone in deSUMOylation buffer consisting of 50 mM Tris-HCl (pH 

7.5), 2 mM DTT at 37°C for 2 hours. The reactions were resolved in SDS-PAGE gel 

followed by IB.
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Glutathione S-transferase (GST)-fusion protein association assays.—His-

tagged p53 protein was purified from bacteria through a Ni2+-NTA (Qiagen) column and 

eluted with 0.25 M imidazole as previously described (Sun et al., 2015). GST-fusion protein-

protein association assays were conducted as described (Sun et al., 2012; Sun et al., 2018). 

Briefly, purified His-p53 proteins (200 ng) were incubated with the glutathione-Sepharose 

4B beads (Sigma) containing 200 ng of GST-SENP1 and GST alone, respectively, in a final 

volume of 50 μl of binding buffer (50 mM Tris-HCl, pH 7.5, 5 mM MgCl2, 100mM NaCl, 

10% glycerol, 0.5 mg/ml BSA and 5 mM β-mercaptoethanol) for 45 minutes at room 

temperature with gentle agitation. The beads were then washed five times with 500 μl of the 

binding buffer and bound proteins were analyzed using IB.

RNA interference (RNAi).

The 21-nucleotide siRNA duplexes with a 3’ dTdT overhang were synthesized by 

Dharmacon Inc (Lafayette, CO). The target sequences for SENP1 are 5’-

GGACCAGCTTTCGCTTTCT-3’ (siRNA-1), 5’-GTGAACCACAACTCCGTATTC-3’ 

(siRNA-2). The control scramble RNA sequence was described (Sun et al., 2012). Cells 

were transfected with these siRNA duplexes using SilentFect Lipid Reagent (Bio-Rad) 

following the manufacturer’s protocol or infected with shRNA-encoding lentiviruses as 

described (Sun et al., 2015). The cells were analyzed 48 hours after transfection or infection.

Reverse transcriptase-Quantitative polymerase chain reaction (RT-qPCR) 
analysis.—Total RNA was isolated from cells using Qiagen RNeasy Mini Kits (Qiagen, 

Valencia, CA). Reverse transcriptions were performed as described (Sun et al., 2012). 

Quantitative real-time PCR was performed on an ABI StepOne™ real-time PCR system 

(Applied Biosystems) using SYBR Green Mix (Bio-Rad) as described previously (Sun et al., 
2012). All reactions were carried out in triplicate. Relative gene expression was calculated 

using the ΔCτ method following the manufacturer’s instruction. The primers for p21, mdm2, 

and GAPDH were described (Sun et al., 2012).

Chromatin Immunoprecipitation (ChIP)-qPCR.—ChIP analysis was performed 

essentially as described (Dai et al, 2007; Sun et al., 2015) using anti-p53 (DO-1) antibodies 

or control mouse IgG. Immunoprecipitated DNA fragments were analyzed for promoter 

occupancy by qPCR. The primers used for p21 promoter were 5’-

GTGGCTCTGATTGGCTTTCTG-3’ and 5’-CTGAAAACAGGCAGCCCAAGG-3’. The 

primers for mdm2 promoter were 5’-GGTTGACTCAGCTTTTCCTCTTG-3’ and 5’-

GGAAAATGCATGGTTTAAATAGCC-3’.

Cell viability assay.—U2OS cells were seeded in 96 well plates (1000 cells per well) 

followed by siRNA transfection and treatment with etoposide. Cell viability were measured 

using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assays 

(Promega) following the manufacturer’s instructions. Cells were incubated with 0.5mg/ml 

MTT in medium for 3 hours. After incubation, MTT medium was removed and DMSO 

(100ul per well) was added for fully dissolving the purple formazan. The absorbance was 

measured at OD560nm and OD690nm. The reduced Abs (Abs560nm –Abs690nm) represents the 

relative number of viable cells per well.
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Statistical analysis.—Standard two-tailed Student’s t-test was used to analyze statistical 

differences between two groups from at least three independent experiments. For 

comparison of multiple independent groups, one-way ANOVA (Analysis of Variance) with 

post-hoc Tukey HSD test was used for multiple comparisons between groups using R v3.6.1. 

p < 0.05 was considered statistically significant.

RESULTS

SENP1 depletion activates p53 and induces p21 levels.

To understand whether SENP1 regulates p53 levels and activity, we first performed siRNA-

mediated knockdown experiments. As shown in Fig. 1A, knockdown of SENP1 in U2OS 

cells using two different siRNAs markedy induced the levels of p21 and MDM2, two of the 

p53 target genes, whereas the levels of p53 protein were not significantly altered. Consistent 

with the p53 activation, RT-qPCR analysis showed that the levels of p21 and mdm2 mRNA 

were significantly induced by SENP1 knockdown (Fig. 1B). To test whether the induction of 

p21 and MDM2 is due to p53 activation, we co-depleted SENP1 and p53 in cells. As shown 

in Fig. 1C, knockdown of p53 completely abolished the induction of p21 and MDM2 

proteins by SENP1 knockdown (compare lane 4 to lane 2). Again, this occurs at 

transcriptional levels as knockdown of p53 also abolished the induction of p21 and mdm2 
mRNA levels by SENP1 depletion (Fig. 1D). These results demonstrate that depletion of 

SENP1 activates p53 and induces its target gene expression without affecting p53 levels.

SENP1 interacts with p53.

Next, we wanted to test whether SENP1 directly regulates p53 by physically interacting with 

p53. We performed co-immunoprecipitation (co-IP) assays in H1299 cells transfected with 

SENP1 and p53 alone or together. As shown in Fig. 2A, p53 was co-immunoprecipitated 

with Flag-SENP1 using anti-Flag antibody when both proteins are expressed. Simimlarly, 

V5-SENP1 was also co-immunoprecipitated with Flag-p53 using anti-Flag antibody when 

both proteins are expressed (Fig. 2B). To determine whether SENP1 directly binds to p53, 

we conducted GST-fusion protein-protein association assays. As shown in Figure 2C, 

purified His-p53 was bound by purified GST-SENP1 protein, but not GST alone. These 

results demonstrate that SENP1 directly binds to p53 in cells and in vitro. To map the 

domain through which SENP1 binds to p53, we performed co-IP assay in H1299 cells co-

transfected with V5-SENP1 and Flag-tagged p53 deletion mutants using anti-Flag antibody. 

As shown in Fig. 2D, SENP1 binds to the central DNA-binding domain containing mutants 

(amino acids 101–300 and 101–393), but not the N-terminal transactivation domain (TAD) 

and the C-terminal domains. Therefore, SENP1 binds to p53 at its DNA-binding domain.

SENP1 deSUMOylates p53.

As SENP1 is a nuclear SUMO protease, we next tested whether it regulates p53 activity by 

deSUMOylating p53. H1299 cells transfected with p53, His-SUMO1 or His- SUMO2 

together with wt SENP1 or its catalytically inactive C603S mutant were subjected to Ni2+-

NTA bead pulldown under denaturing conditions. As shown in Fig. 3A and consistent with 

other reports (Gostissa et al., 1999; Ivanschitz et al., 2015; Kwek et al., 2001; Muller et al., 
2000; Rodriguez et al., 1999), p53 is mono-SUMOylated by SUMO1 (lane 3). The p53 
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SUMOylation was markedly reduced when wild type SENP1 (lane 4), but not the C603S 

mutant (lane 5), was co-expressed. Interestingly, co-expression of the C603S mutant resulted 

in an increased level of SUMOylated p53 (lane 5), indicating a dominant-negative effect of 

the mutant on p53 SUMOylation. We confirmed that p53 is mainly SUMOylated at lysine 

(K) 386 (data not shown). Similarly, wt SENP1, but not the C603S mutant, also abolished 

p53 modification by SUMO2 (Fig. 3B). To understand whether endogenous SENP1 can 

regulate p53 SUMOylation, we performed siRNA-mediated knockdown of endogenous 

SENP1. As shown in Fig. 3C, knockdown of SENP1 by two different siRNAs increased the 

levels of p53 SUMOylation. Thus, SENP1 deSUMOylates p53 in cells. To examine 

wheather SENP1 directly deSUMOylates p53, in-vitro deSUMOylation assays were 

performed using purified GST-SENP1 (wt and the C603S mutant) or GST alone (Fig. 3D). 

SUMOylated p53 was purified from U2OS cells co-transfected with Flag-p53 and His-

SUMO1 or His-SUNO2 using affinity purification with anti-Flag (M2) agarose beads 

followed by Flag-peptide elution (14). As shown in Figs. 3E and 3F, purified recombinant wt 

SENP1, but not the C603S mutant, efficiently removed SUMO1 and SUMO2 from the 

SUMOylated p53, respectively. Thus, SENP1 directly deSUMOylates p53 in vitro. Together, 

these results reveal that SENP1 is a novel p53 deSUMOylating enzyme.

SENP1 depletion potentiates p53 activation in cells in response to DNA damage.

To understand whether SENP1 regulates p53 activation in response to genotoxic stress, we 

treated U2OS cells transfected with scrambled or SENP1 siRNA with control or DNA 

damage agent etoposide. Suprisingly, knockdown of SENP1 drastically increased the 

induction of p21 expression upon etoposide treatment (Fig. 4A, compare lane 5–6 to lanes 

2–3). The expression of MDM2 was not further increased by etoposide treatment due to its 

destabilization upon DNA damge (Meulmeester et al, 2005). Consistently, the expression of 

p21 and mdm2 mRNA was synergistically increased in SENP1 knockdown cells treated with 

etoposide compared to SENP1 knockown and etoposide treatment alone (Fig. 4B). To test 

whether deSUMOylation of p53 by SENP1 affects p53 chromatin binding to target gene 

promoters, we performed ChIP-qPCR analysis using anti-p53 antibody and control IgG. As 

shown in Fig. 4C, p53 specifically binds the p21 gene promoter as shown by anti-p53 IP 

compared to control IgG (left panel). Either SENP1 knockdown or etoposide treament alone 

led to increased p53 binding to the p21 gene promoter. Treatment of SENP1 knockdown 

cells with etoposide further markedly increased the p53 binding to p21 promoter (right 

panel). This is consistent with the synergistic role of SENP1 knockdown and etoposide 

treatment in activating p53.

SENP1 depletion enhances cell growth inhibition by genotoxic agent.

Givent that SENP1 knockdown synergistically increases p53 activity induced by genotoxic 

agent etoposide in cells, we next tested whether knockdown of SENP1 could synergistically 

increase the inhibition of cell growth inhibition upon genotoxic agent. We performed cell 

viability assays in U2OS cells transfected with control or SENP1 siRNA for 48 hours 

followed by etoposide treatment. As shown in Fig. 4D, the combination of SENP1 

knockdown and etoposide treatment markedly inhibited cell growth inhibition. These results 

suggest that inhibiting SENP1 may have potential in combinational therapy with 

Chauhan et al. Page 6

J Cell Biochem. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



chemotherapeutic agents in cancer, given that SENP1 is overexpressed in various human 

cancers.

DISCUSSION

SENP1 is a nuclear SUMO specific protease that deSUMOylates a variety of target proteins 

and plays critical roles in diverse cellular processes, including cell cycle, transcription, 

metabolism, DNA repair, immune response and hypoxia response, and is essential for 

animal development (Chen et al, 2013; Chen et al, 2019; Cheng et al, 2007; Cheng et al, 
2005; Ji et al, 2007; Liu et al, 2017; Sun et al., 2018). Homozygous deletion of the SENP1 
gene is embryonic lethal due to impaired erythropoiesis (Cheng et al., 2007). SENP1 

deSUMOylation of HIF1α and MYC stabilizes both proteins and stimulates their activity via 

inhibiting ubiquitination-mediated proteasome degradation (Cheng et al., 2007; Sun et al., 
2018). SENP1 also deSUMOylates and activates other proteins that promote cancer cell 

growth, migration and evasion such as c-JUN, PIN1 Gli1, etc (Chen et al., 2013; Chen et al., 
2019; Cheng et al., 2007; Cheng et al., 2005; Ji et al., 2007; Liu et al., 2017; Sun et al., 
2018). Collectively, SENP1 has emerged as a pro-oncogenic protein (Driscoll et al, 2010; 

Hoefer et al, 2012) and is overexpressed in many types of human cancers including prostate 

(Wang et al, 2013), breast (Chen et al., 2013; Sun et al., 2018), and thyroid cancers (Jacques 

et al, 2005). In this study, we show that SENP1 is a p53 deSUMOylating enzyme that 

deSUMOylates p53 in cells and in vitro. Consistent with previous studies supporting the role 

of SUMOylation in augmenting p53 transactivation activity, ablation of SENP1-mediated 

deSUMOylation markedly induces p53 activation without changing its levels. The p53 

activation is well supported by p53-dependent induction of the downstream target gene p21. 

Thus, our finding adds a new mechanism by which SENP1 promotes cell proliferation by 

negatively regulating p53 activity.

Regulation of p53 by SUMO proteases has been reported by several previous studies. For 

example, repression of SENP1 was shown to induce p53-depedent cell senescence in normal 

human fibroblast cells (Yates et al, 2008). Likewise, SENP2 has been shown to reduce p53 

levels via deSUMOylating MDM2 (Jiang et al, 2011) and hnRNP-K (Lee et al, 2012), a p53 

co-activator in response to DNA damage, whereas SENP6 suppresses p53 activity by 

deSUMOylating and stabilizing TRIM28 (Li et al, 2018), which cooperates with MDM2 to 

promote p53 ubiquitination (Wang et al, 2005). However, whether p53 is directly regulated 

by SUMO proteases has not been reported. Our results here reveal that SENP1 is a direct 

regulator for p53 by deSUMOylating p53. Particularly, inhibiting SENP1-mediated 

deSUMOylation promotes p53 binding to target gene promoters (Fig. 4), indicating that 

SUMOylated p53 could access target DNA more efficiently and recruit co-activators to 

promote p53-mediated transcription. It is interesting to test whether SENP1 could regulate 

p53 activity at target gene promotes by deSUMOylating other p53 regulators and chromatin 

modifiers. Of note, SENP1 has been shown to possess specificity towards SUMO1 and is 

required for deSUMOylating SUMO1-modified proteins during mouse development 

(Sharma et al, 2013). Here we show that SENP1 also directly acts on SUMO2-modified p53, 

consistent with the previously reported SENP1 activity towards SUMO2/3-modifications 

(Hickey et al., 2012; Mendes et al, 2016).
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Importantly, our results also indicate that SENP1 is a therapeutic target in cancer, as its 

knockdown synergistically enhances p53 activity, p21 induction and cell growth inhibition in 

cells treated with DNA damage agent etoposide (Fig. 4). As noted above, emerging evidence 

suggest that SENP1 has pro-oncogenic function by postively regulating various oncogenic 

pathways, such as HIF1α and MYC, via deSUMOylation. Thus, in addtion to the HIF1α 
and MYC pathways, inhibiting SENP1 has additional therapeutic role in wild-type p53 

containing cancers by inducing p53-dependent cell growth inhibition. Future studies include 

testing the synergistic effeccts of SENP1 inhibition with additional chemotherapeutic drugs 

as well as identification of small molecule inhibitors to inhibit SENP1 activity to treat 

cancer.
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Figure 1. Knockdown of SENP1 activates p53.
(A). Knockdown of SENP1 induces p53 activity, but not its levels. U2OS cells were 

transfected with scrambled (scr) and two individual SENP1 siRNA for 48 hours. Cell lysates 

were assayed for expression of SENP1, p53, p21, and MDM2 by IB. (B). Knockdown of 

endogenous SENP1 increases the mRNA expression of p53 targets p21 and mdm2. Total 

RNAs were extracted from U2OS cells transfected with siRNAs as in (A) and subjected to 

RT-qPCR assays.

Relative expression of p21 and mdm2 mRNA was normalized against the expression of 

GAPDH. **P<0.01, compared to scrambled RNA control. (C) (D). U2OS cells transfected 

with SENP1 siRNA and p53 siRNA alone or together were assayed by IB (C) and RT-qPCR 

(D) to detect the expression of p21 and MDM2 proteins and mRNA. IB, immunoblot; 

mRNA, messenger RNA; RT-qPCR, reverse transcriptase-quantitative polymerase chain 

reaction; siRNA, small interfering RNA.
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Figure 2. SENP1 interacts with p53.
(A) (B). SENP1 interacts with p53 in cells. H1299 cells transfected with p53 together with 

control pcDNA3-Flag vector or Flag-SENP1 (A) or with V5-SENP1 together with control 

Flag vector or Flag-p53 (B) were assayed by co-IP using anti-Flag antibody followed by IB. 

(C). SENP1 directly interacts with p53 in vitro. Purified GST or GST-SENP1 immobilized 

on glutathione beads was incubated with purified His-p53. Bound proteins were assayed by 

IB with anti-p53 antibody (top panel). Coomassie staining of GST and GST-SENP1 proteins 

are shown in the bottom panel. (D). SENP1 binds to the central DNA-binding domain of 

p53. H1299 cells were transfected with V5-SENP1 together with control Flag vector or 

Flag-tagged deletion mutants of p53 as indicated. The cell lysates were immunoprecipitated 

with anti-Flag antibodies followed by IB with anti-V5 or anti-Flag antibodies. Co-IP, co-

immunoprecipitation; GST, glutathione S-transferase; IB, immunoblot
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Figure 3. SENP1 deSUMOylates p53 in cells and in vitro.
(A) (B). SENP1 deSUMOylates p53 in cells. H1299 cells were transfected with His-

SUMO1 (A) or His-SUMO2 (B), p53 together with or without Flag-SENP1 (wild type or the 

C603S mutant) plasmids for 48 hours. The cells were subjected to pulldown (PD) using 

Ni2+-NTA bead under denaturing conditions, followed by IB. (C). Knockdown of SENP1 

increases p53 SUMOylation. H1299 cells co-transfected with His-SUMO2 with scrambled 

or SENP1 siRNA. The cells were assayed by Ni2+-NTA PD under denaturing conditions 

followed by IB. (D). Coomassie staining of purified recombinant GST-SENP1 (wt or the 
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C603S mutant) and GST alone protein. (E) (F). SENP1 deSUMOylates p53 in vitro. In vitro 
deSUMOylation assays were performed by incubating purified SUMOylated p53 with 

recombinant GST-SENP1 (wild type and the C603S mutant) or GST alone, followed by IB 

using anti-p53 to detect the levels of p53 SUMOylation. GST, glutathione S-transferase; IB, 

immunoblot; siRNA, small interfering RNA.
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Figure 4. SENP1 depletion potentiates p53 activation and cell growth inhibition by genotoxic 
stress.
(A) (B). SENP1 knockdown synergizes with etoposide to induce p53 activity. U2OS cells 

transfected with scrambled or SENP1 siRNA for 48 hours and treated with 20 μM etoposide 

(Eto) for 3 and 6 hours. The cell lysates were assayed by IB to detect the expression of 

indicated proteins (A). The cells were also assayed by RT-qPCR (B) to detect the expression 

of p21 and mdm2 mRNA, normalized to the expression of GAPDH. (C). SENP1 depletion 

potentiates p53 promoter binding activity following genotoxic stress. U2OS cells transfected 

with scrambled or SENP1 siRNA for 48 hours and treated with 20 μM etoposide (Eto) for 6 

hours. The cells were subjected to ChIP-qPCR assays using anti-p53 antibody or control 

mouse IgG. Enrichment of p53 on p21 promoter containing p53RE versus IgG in scrambled 

RNA transfected cells was shown on the left, with the average percentage of input from 

three independent experiments indicated on the top of each bar. The fold change of p53 
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enrichment on p21 promoter were then calculated as relative fold change compared to 

promoter enrichment of control scrambled RNA transfected cells (right). (D) SENP1 

depletion potentiates cell growth inhibition by genotoxic agent. U2OS cells transfected with 

scrambled or SENP1 siRNA for 48 hours were treated with or without Eto for 12 hours. Cell 

viability was measured by MTT assays. *P<0.05, **P<0.01, compared to scrambled RNA 

control. ΔP<0.05, ΔΔP<0.01, compared to SENP1 siRNA or Eto treatment alone. ChIP, 

chromatin immunoprecipitation; IB, immunoblot; IgG, immunoglobulin G; mRNA, 

messenger RNA; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; RT-

qPCR, reverse transcriptase-quantitative polymerase chain reaction; siRNA, small 

interfering RNA.

Chauhan et al. Page 16

J Cell Biochem. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Cell culture, plasmids and antibodies.
	Transfection, immunoblot (IB) and co-immunoprecipitation (Co-IP) analyses.
	In vivo SUMOylation assay.
	In vitro deSUMOylation assay.
	Glutathione S-transferase (GST)-fusion protein association assays.

	RNA interference (RNAi).
	Reverse transcriptase-Quantitative polymerase chain reaction (RT-qPCR) analysis.
	Chromatin Immunoprecipitation (ChIP)-qPCR.
	Cell viability assay.
	Statistical analysis.


	RESULTS
	SENP1 depletion activates p53 and induces p21 levels.
	SENP1 interacts with p53.
	SENP1 deSUMOylates p53.
	SENP1 depletion potentiates p53 activation in cells in response to DNA damage.
	SENP1 depletion enhances cell growth inhibition by genotoxic agent.

	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.

