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Novel insight in the regulation of cccDNA transcription
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Reviewed in Wei, Viruses 2021

Locatelli, CMGH 2022(Detectable within 2h p.i. by qPCR)
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Smc5/6 topological recognition of +supercoiled extrachromosomal DNA

Decorsière, Science 2016
Niu, Plos One 2017
Abdul, Nat Struct&Mol Biol 2022
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HTGTS-3C: high throughput wide translocation sequencing, coupled to 3C Yang, Cell Discov 2020

Not randomly localized: TSS and regions enriched with CpG islands

Shen, Emerg Microbes Infect 2020Chromosome Conformation Capture (3C)

Chi-C:HBV capture coupled to 3C Moreau, Nat Comm 2018

Circular Chromosome Conformation Capture (4C) Tang, Cell Rep 2021

Trascriptional status of cccDNA may impact on its localization (or the opposite?)

Spatial segregation promoted by nuclear compartments
Dekker, Science 2022

Diogo Dias, Viruses 2021

cccDNA permeates the hepatocyte nucleus



3d organization impacts nuclear functions

Yang, Front Genetics 2020

Liquid-liquid phase separation
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Testoni, International HBV Meeting 2017
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Transcriptionally active cccDNA is associated to RNA/ssDNA binding proteins in vivo 
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G-quadruplex structures

Wang, Genome Res 2018



Transcription regulator
Initiation
Chromatin Looping between 
Enhancer and promoter

mRNA splicing Translation3’ end mRNA 
processing

Epigenome and Epitranscriptome

Gx-N1-7-Gx-N1-7-Gx-N1-7-Gx x≥3

G4s regulate multiple steps in gene expression

four guanine bases form a flat plate and these flat 
four-base units then stack on top of each other, 

to form a stable G-quadruplex structure

Spiegel, Cell, 2020



Does cccDNA contain G4 sequences?



DNA & RNA G4 DNA G4

Both cccDNA and HBV RNAs contain G4 sequences (PQS)

In collaboration with
Prof. JL Mergny



Bedrat, NAR, 2016

Del Villar-Guerra, Angew Chem Int Ed Engl., 2018

Both cccDNA and HBV RNAs contain G4 forming sequences

A primary tool for the characterization of G4 structures

PQS-containing oligonucleaotides were incubated 10 minutes at 
95 °C in 100 mM KCl and 10 mM Sodium cacodylate and 
progressively cooled down until reaching room temperature 

10/12 predicted cccDNA PQS were confirmed by circular dichroism
The 2 PQS in HBV RNA were also confirmed



Functional investigation of PQS4/5 sequences role in HBV replication



Functional investigation of PQS4/5 sequences role in HBV replication



PQS4/5 mutations decrease all viral replicative parameters



PQS4/5 mutations decrease all viral replicative parameters



PQS4/5 mutations decrease all viral replicative parameters

HBV 5’ RACE 



HBV 5’ RACE 

No effect on HBV RNA stability and translation

No effect on cccDNA transcription factor binding 
landscape 

PQS4/5 mutations decrease cccDNA transcriptional activity



G4s promote liquid–liquid phase separation (LLPS)

Yang, Front Genetics 2020

Involved in many steps of gene 
expression including transcription



FUS binding to cccDNA is G4-dependent
cccDNA ChIP-qPCR

HepG2-NTCP

HBV



FUS binding is required for cccDNA transcription

WT

cccDNA ChIP-qPCRRNA RT-qPCR



Reber et al., NAR, 2021

LLPS Isolation of FUS droplets–associated DNA



cccDNA undergoes LLPS in a G4- and FUS-dependent manner

HepG2-NTCP

HBV

cccDNA level in droplets cccDNA level in droplets



FUS-dependent LLPS is required for full cccDNA transcriptional activity

WT

cccDNA ChIP-qPCRRNA RT-qPCR



Conclusions



Xia, PNAS 2023

Nucleolin regulates cccDNA transcription via G4s?

Nucleolin contains a RGG domain: G4-binding LLPS inducer!

Reviewed in Santos, Trends in Cell Biol 2022



DDX5/17 regulate HBV RNA transcriptional termination

DDX5 is also a G4-binding LLPS driver!

Chapus*, Giraud*, J Hepatol 2024

Chapus*, Giraud*, J Hepatol 2024
Zhang, Hepatology 2016
Mao, J Virol 2021

DDX5/17 act as restriction factors for 
HBV replication

Is this antiviral effect mediated by G4s?

Reviewed in Pavlova, Genes 2023



G4s in the evolution of HBV

Brazda, NAR 2024

232 HBV genomes from samples covering a more than 10-thousand-year history

evolutionary shift for an increased number of G4s in recent HBV viruses 

1.5/kb 1.9kb
Human genome

1.93/kb



G4s in the evolution of HBV

Brazda, NAR 2024

232 HBV genomes from samples covering a more than 10-thousand-year history

evolutionary shift for an increased number of G4s in recent HBV viruses 

For viruses causing chronic infections, G4s frequencies tend to converge evolutionarily with those of their hosts

1.5/kb 1.9kb
Human genome

1.93/kb

Bohálová, Biochimie 2021 and Int J Mol Sci 2021 

‘Genetic camouflage’ to both hijack host cell transcriptional 
machinery and avoid recognition as foreign material? 
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