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Abstract 

The versatile role of CBX4, an important SUMO E3 ligase has been well studied in different biological processes 

including DNA damage response, transcriptional regulation and cancer.Although very few reports suggest that 

CBX4 itself gets SUMOylated by SUMO1, still in depth study to explore the biological implication of this 

association is yet to be divulged. Here we found that CBX4 indeed interacts with SUMO1 in HeLa cells. 

Subsequently, DNA damage induction was done using UV radiation to examine the effect on CBX4-SUMO1 

interaction. Interestingly, no alteration in the SUMO1 mediated SUMOylation status of CBX4 suggested that the 

interaction between CBX4 and SUMO1 is quite robust and it works in a DNA damage-independent manner. 
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Introduction 

PcG bodies are considered as hubs for gene repression because polycomb groups of proteins are 

mainly gene silencing factors involved in regulating various gene expressions. In mammals, flies 

and plants, a number of PcG components are reported to have a role in maintaining higher-order 

chromosome structure and function as a SUMOylation hub  (1). Different PcG body proteins 

unite to make complexes responsible for various functions that belong to two distinct families: 

the Polycomb repressive complexes 1 and 2 (PRC1 and PRC2 respectively).The core part of the 

mammalian PRC1 complex shows E3 ligase activity because of the presence of E3 ubiquitin 

ligase RING1 (RING1A or RING1B) along with and one of the six members of polycomb group 

of RING finger proteins (PCGF 1-6)  (2). However, PRC1 complex can further be divided into 

two sub-families namely canonical PRC1 (cPRC1) having homologous function like Drosophila 

PRC1 and non- canonical PRC1 (ncPRC1) that contains different heterogeneous proteins (3). 

cPRC1 can be identified by the occurrence of five Chromobox (Cbx) containing proteins (CBX2, 

4, 6-8) which are the determinant factors for the recruitment of the complex to chromatin  (2). 

Mammalian CBX proteins show their reader protein like function as a result of the presence of a 

highly conserved chromo domain at the amino-terminal (N-term) site which specifically 

recognizes methylated lysine residues. Additionally, the members of the family contain a c-box 

or PcG box at their C-terminal end which is responsible for its interaction to the catalytic core of 

the complex, Ring1A/B and thus show an enzymatic property or writer protein like function (4). 

Chromobox 4 (CBX4) (or Pc2) is an important PcG body protein that acts as SUMO E3 ligase 

by bringing different substrates and E2 inside the PcG body and thereby making it a 

SUMOylation hub  (5). Before the discovery of CBX4, the enzymatic activities of SUMO E3 

ligases were not very clearly known. But in 2005, Kagey et al. demonstrated the detailed E3  
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ligase activity of the protein (CBX4) and it was found to enhance the SUMOylation status of the 

transcriptional corepressor CtBP by recruiting both the substrate protein and the E2, Ubc9 inside 

the PcG body  (5,6). Later studies have shown that CBX4 can SUMOylate several other proteins 

like BMI1, hnRNPK, HIPK2 etc. and recruit them at the DNA damage site by initiating p53 

mediated DNA damage response (DDR) pathway (7,8,9). SUMOylation of ‘de novo’ methyltransferase 

Dnmt3a and zinc finger protein CTCF by SUMO E3 ligase CBX4 also contributes majorly to their 

repressive activity (10,11). In hepatocellular carcinoma and osteosarcoma, CBX4 exerts its effect as a 

tumor-promoting gene by modulating different biological pathways through its SUMO E3 ligase property  

(12,13). It was previously reported that besides acting as SUMO E3 ligase, CBX4 itself gets SUMOylated 

by SUMO1 in MEF (Mouse embryonic fibroblast) and COS-1 cells  (14). But in spite of acting as an 

early DNA damage response (DDR) protein, the effect of DNA damage on the SUMO1 association of 

CBX4 still remains unknown. In this study, we found that CBX4 interacts with SUMO1 in human 

cervical cancer cells and this association is not dependent on the DNA damage responsiveness of the 

protein. 

 

Materials and Methods 

 

Cell culture and treatments 

HeLa cells were maintained in Dulbecco’s Modified Eagle’s Medium (Gibco, Invitrogen) supplemented 

with 10% fetal bovine serum (Gibco, Invitrogen) and penicillin/streptomycin (10μl/mL of medium, 

Gibco, Invitrogen) at 37°C in 5% (v/v) CO2. UV treatment was done in HeLa cells by placing it insideUV 

stratalinker (Vilber lourmat) under 30 Joules of radiation for 5mins and then allowed to recover for two 

hours before doing further experiments. 

HeLa cells were transiently transfected with FLAG-CBX4 (for coimmunofluorescence experiment) using 

Lipofectamine2000 (Invitrogen) as per manufacturer’s protocol. 

Co-immunoprecipitation (Co-IP) 

Cross-linked cells were subjected to Co-IP as described elsewhere(15). In brief, after cross-linking, 20 

mM freshly prepared N-ethylmaleimide (NEM) was added to the lysis buffer to block the degradation of 

SUMOylation and then the cells were lysed with 50mM HEPES (pH7.5), 150mM NaCl, 1.5mM MgCl2, 

1mM  EDTA, 1mM  EGTA, 1% Triton X-100, 0.5% Sodium deoxycholate, 5% Glycerol, 1mM DTT 

along with complete protease inhibitor cocktail  and incubated on ice for 1hr followed by centrifugation at 

13000 rpm for 10mins at 4oC. After pre-clearing the lysates, immunoprecipitation was done with anti-

CBX4 antibody (ab4189) followed by washes with the same buffer and immunoblotting with anti-

SUMO1 (S8070). 

Western blot analysis 

Whole cell extracts were prepared using Laemmli Buffer (4% SDS, 20% Glycerol and 120mM Tris-HCL 

pH 6.8) and sonicated for complete lysis followed by boiling at 100oC. The samples were then 

electrophoresed on 11% or 15% SDS-PAGE and transferred on the nitrocellulose membrane followed by 

blocking with non-fat skimmed milk and probed with anti- ϒ-H2AX (ab11174) and anti-H3 (ab1791) 

antibodies. 

Coimmunofluorescence and confocal microscopy 

Coimmunofluorescence staining was performed following the standard protocol (16). Briefly, the cells 

were fixed with 4% Paraformaldehyde, permeabilized with 1% Triton X-100 and blocked with 3% BSA. 

Cells were then incubated with anti- ϒ-H2AX (ab11174), anti-FLAG (F1804) and anti-SUMO1 (S8070) 

antibodies for 1 hour. Following washes with PBST the cells were incubated with Alexa fluor 488 and 

Alexa fluor 594 conjugated secondary antibodies for 1hr at room temperature. The coverslips were again 

washed with PBST and mounted with DAPI-containing Prolong Gold antifade mounting medium 
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(Invitrogen). Andor Spinning Disk Ti-E confocal scanning microscope with A1RMP scanner head 

(Nikon) was used for confocal imaging. 

Results and Discussion 

 

CBX4 itself interacts with SUMO1 in a DNA damage independent manner 

CBX4-mediated SUMOylation of BMI1, another important member of the PRC1 complex, helps in the 

recruitment of the protein to the laser micro-irradiated DNA damage site and can initiate the PARP 

mediated DNA damage response pathway(7). Interestingly, DNA damage also triggers theSUMOylation 

of heterogeneous nuclear ribonucleopeotein K (hnRNP K) by CBX4 which is required for transcriptional 

activation of p53 (8). This DDR property of CBX4 as a SUMO E3 ligase led us to check the effect of 

DNA damage on the SUMOylation status of the protein itself. To induce DNA damage, HeLa cells were 

subjected to 30J/m2 of UV radiation for 5 mins and then allowed to recover for two hours before doing the 

experiment (1A). DNA damage induction was further confirmed by checking the level of ϒ-H2AX 

through immunofluorescence and western blotting (Figure 1B, panel I and panel IV). Co-

immunoprecipitation assay was then performed in untreated and UV treated HeLa cells with anti-CBX4 

antibody and the association of the protein was checked with SUMO1 (Figure 1C). Fascinatingly, in both 

the cases CBX4 showed robust association with SUMO1 and the extent of interaction was also similar for 

untreated and UV-treated cells. Further through co-immunofluorescence, this interaction was visualized 

by overexpressing FLAG-CBX4 in HeLa cells and significant co-localization was found in between 

FLAG-CBX4 and SUMO1 in untreated as well as UV-treated condition (Figure 2A and 2B, panel IV). 

Additionally, calculated Pearson’s coefficient was greater than 0.5 in both the conditions which 

strengthened our observation. 

 
Figure 1: (A) Diagram showing experimental design for UV damage induction. (B) Hela cells were immunostained 

with anti- ϒ-H2AX antibody (panel I, II, III) followed by western blotting with anti- ϒ-H2AX and anti-H3 

antibodies (panel IV) after DNA damage induction. H3 was used as the loading control. (C) Co-

immunoprecipitaion was done with anti-CBX4 antibody in untreated and UV treated HeLa cells followed by 

immunoblotting with the anti-SUMO1 antibody 
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Figure 2: Co- immunofluorescence was done in untreated (A) and UV-treated (B) HeLa cells after transfecting 

FLAG-CBX4 with anti-FLAG (panel II) and anti-SUMO1 (panel III) antibodies. DAPI was used to stain the 

nucleus (panel I). Pearson’s coeffiecients was >0.5. 

 

Conclusion 

A plethora of proteins, which show cellular response to DNA double-strand breaks (DSBs), are 

modulated by several highly dynamic and reversible post-translational modifications like methylation, 

acetylation, ubiquitination and SUMOylation  (7). But the role of SUMOylation has always remained 

elusive in the context of the DDR pathway. CBX4 has been identified as an early DDR protein and DNA 

damage seems to affect the SUMO E3 ligase property of the protein in several ways (17). However, 

besides acting as a SUMO E3 ligase, CBX4 itself gets SUMOylated by SUMO1 probably through an 

autoregulatory mechanism (14)(18). So, we sought to check the effect of DNA damage on this CBX4-

SUMO1 interaction. Here we report that, CBX4 indeed gets SUMOylated by SUMO1 in human cervical 

cancer cells also and this robust CBX4-SUMO1 association is not affected by the DNA damage 

induction. In the future, detailed investigation based on this observation could be helpful to unravel the 

underlying mechanism. 

 

Acknowledgements 

The authors would like to thank Prof David Wotton (University of Virginia) for providing the FLAG-

CBX4 construct as a kind gift. This work was financially supported in part by Biomolecular Assembly, 

Recognition and Dynamics (BARD) (Grant 12-R&D-SIN-5.04−0103) by the Department of Atomic 

Energy (DAE), Ramalingaswami fellowship, Department of Biotechnology (DBT) and Swarnajayanti 

Fellowship, Department of Science and Technology (DST), Government of India provided to C. Das. S. 

Sanyal would like to thank Council for Scientific and Industrial Research, Government of India for the 

fellowship support. The authors declare no conflicts of interest. 

 

 



                                                                                                              IJCAES Vol 1, Issue 2, 2020                                            

ISSN 2689-6389 (Print)         

ISSN2687-7939 (Online)                                                                                                                                                                 11 

 

References  

 

[1] Niessen, H. E. C., Demmers, J. a, and Voncken, J. W. (2009) Talking to chromatin: post-translational 

modulation of polycomb group function. Epigenetics Chromatin2, 10 

[2] Schuettengruber, B., Bourbon, H., Croce, L. Di, and Cavalli, G. (2017) Review Genome Regulation by 

Polycomb and Trithorax : 70 Years and Counting. Cell171, 34–57 

[3] Aranda, S., Mas, G., and Croce, L. Di. (2015) Regulation of gene transcription by Polycomb proteins. 2, 

1–16 

[4] Pherson, M., Misulovin, Z., Gause, M., Mihindukulasuriya, K., Swain, A., and Dorsett, D. (2017) 

Polycomb repressive complex 1 modifies transcription of active genes. 2, 1–18 

[5] Kagey, M. H., Melhuish, T. A., and Wotton, D. (2003) The polycomb protein Pc2 is a SUMO E3. 

Cell113, 127–137 

[6] Kagey, M. H., Melhuish, T. a, Powers, S. E., and Wotton, D. (2005) Multiple activities contribute to Pc2 

E3 function. EMBO J.24, 108–119 

[7] Ismail, I. H., Gagné, J. P., Caron, M. C., McDonald, D., Xu, Z., Masson, J. Y., Poirier, G. G., and 

Hendzel, M. J. (2012) CBX4-mediated SUMO modification regulates BMI1 recruitment at sites of DNA 

damage. Nucleic Acids Res.40, 5497–5510 

[8] Li, T., Evdokimov, E., Shen, R.-F., Chao, C.-C., Tekle, E., Wang, T., Stadtman, E. R., Yang, D. C. H., 

and Chock, P. B. (2004) Sumoylation of heterogeneous nuclear ribonucleoproteins, zinc finger proteins, 

and nuclear pore complex proteins: a proteomic analysis. Proc. Natl. Acad. Sci. U. S. A.101, 8551–8556 

[9] Roscic, A., Möller, A., Calzado, M. A., Renner, F., Wimmer, V. C., Gresko, E., Lüdi, K. S., and Schmitz, 

M. L. (2006) Phosphorylation-Dependent Control of Pc2 SUMO E3 Ligase Activity by Its Substrate 

Protein HIPK2. Mol. Cell24, 77–89 

[10] Kang, E. S., Park, C. W., and Chung, J. H. (2001) Dnmt3b, de novo DNA methyltransferase, interacts 

with SUMO-1 and Ubc9 through its N-terminal region and is subject to modification by SUMO-1. 

Biochem. Biophys. Res. Commun.289, 862–868 

[11] Macpherson, M. J., Beatty, L. G., Zhou, W., Du, M., and Sadowski, P. D. (2009) The CTCF Insulator 

Protein Is Posttranslationally Modified by SUMO ᰔ. 29, 714–725 

[12] Li, J., Xu, Y., Jiao, H. K., Wang, W., Mei, Z., and Chen, G. Q. (2014) Sumoylation of hypoxia inducible 

factor-1α and its significance in cancer. Sci. China Life Sci.57, 657–664 

[13] Yang, J., Cheng, D., Zhu, B., Zhou, S., Ying, T., and Yang, Q. (2016) Chromobox homolog 4 is 

positively correlated to tumor growth, survival and activation of HIF-1α signaling in human osteosarcoma 

under normoxic condition. J. Cancer7, 427–435 

[14] Kang, X., Qi, Y., Zuo, Y., Wang, Q., Zou, Y., Schwartz, R. J., Cheng, J., and Yeh, E. T. H. (2011) NIH 

Public Access. 38, 191–201 

[15] Zhan, X., Shi, X., Zhang, Z., Chen, Y., and Wu, J. I. (2011) Dual role of Brg chromatin remodeling factor 

in Sonic hedgehog signaling during neural development. Proc. Natl. Acad. Sci. U. S. A.108, 12758–12763 

[16] Adhikary, S., Sanyal, S., Basu, M., Sengupta, I., Sen, S., Srivastava, D. K., Roy, S., and Das, C. (2016) 

Selective recognition of H3.1K36 dimethylation/H4K16 acetylation facilitates the regulation of all-trans-

retinoic acid (ATRA)-responsive genes by putative chromatin reader ZMYND8. J. Biol. Chem.291, 

2664–2681 

[17] Gieni, R. S., Ismail, I. H., Campbell, S., and Hendzel, M. J. (2011) Polycomb group proteins in the DNA 

damage response: A link between radiation resistance and “stemness.” Cell Cycle10, 883–894 

[18] Merrill, J. C., Melhuish, T. A., Kagey, M. H., Yang, S., Sharrocks, A. D., and Wotton, D. (2010) A Role 

for Non-Covalent SUMO Interaction Motifs in Pc2 / CBX4 E3 Activity. 5 

 

 

 

 

 


