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Supplementary Data 

 

Supplementary Figures 

 

 

 

Supplementary Fig. 1.  HBVCP is active only in liver and selected non-liver cells. 

(A) Expression of liver-specific markers in cell lines by western blot. Only cell lines of liver 

origin express albumin and/or transferrin. Actin was used as loading control. (B) Cell lines 

were tested for transfection efficiency using CMV-GFP reporter construct. (C) The HBV 

replicon. 1.1x full-length HBV from genotype A (nt 1535-1937) was cloned into pcDNA3.1+ 

vector. pgRNA synthesis is controlled at the HBVCP (blue arrow), terminating at the HBV 

poly-adenylation (poly-A) signal after initial read-through transcription. Since all cell lines 

possess CMV promoter activity (Supplementary Fig. 1B) but only selected cell lines generate 

pgRNA (Fig. 1B), HBcAg (Supplementary Fig. 1D) and HBs (Supplementary Fig. 1E), the 

CMV promoter has little effect on HBV transcript synthesis. (D) Cytoplasmic staining for 

HBV capsid protein HBcAg (green) is seen only in cell lines with active HBVCP. Cells were 

transfected with HBV replicon for 72 hours. Nuclei are stained with DAPI. (E) Only cells 

with active HBVCP support HBV replication and secrete HBs into culture media after 

transfection with HBV replicon for 72 hours. (F) HBVCP transcription activity by reporter 

assay correlates well with pgRNA expression (Fig. 1B) in cells with active HBVCP. (G) 

Overexpression of NTCP for HBV infection in cell lines 48 hours post-transfection (Fig. 1C). 

Mock-transfected HepG2 cells were used as control for NTCP expression. Membrane protein 

nucleoporin p62 was used as loading control. 
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Supplementary Fig. 2.  Human transcriptome array (HTA). 

(A) Unsupervised hierarchical clustering of cells where HBVCP is active or inactive by 

relative expression of differentially expressed protein coding transcripts. (B) Number of genes 

differentially expressed between active HBVCP and inactive HBVCP cell clusters. (C) Genes 

differentially expressed between cells with active HBVCP and inactive HBVCP categorized 

by biological functions defined using GO terms. (D) Genes in each GO term category.  
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Supplementary Fig. 3. Slug is a specific transcription repressor at the HBVCP.  

(A) SNAI2 gene expression by HTA compared with other Snail family genes SNAI1 and 

SNAI3. (B) Slug protein expression in the 14 cell lines by western blotting. Slug is highly 

expressed in cells with inactive HBVCP. Expression of fibrillarin was used as loading 

control. (C) Slug exerts its repressive effect on HBVCP transcription in a motif-dependent 

manner, as motif deletion increased transcription at the HBVCP (P<0.001, Student’s T-test). 

(D) Slug motif mutations (blue text) increase HBVCP activity in HepG2 and Caco-2 

(P<0.001, Student’s T-test), suggesting that the repressive activity of Slug is motif sequence-

dependent. “S” denotes either the base “C” or “G”. (E) Western blot of nuclear lysates 

showing overexpressed Slug in HepG2 cells 48 hours post-transfection. Lamin-A/C was used 

as loading control. (F) Slug motif deletion nullifies effect of overexpressed Slug on HBVCP 

by luciferase reporter assay. (G) Time-course showing continued HBVCP transcription 

suppression with Slug overexpression. (H) pgRNA expression 72 hours after replicon 

transfection in PHH and cell lines with active HBVCP overexpressing Slug. GAPDH was 

used as loading control. (I, J) Representative images of cells with active HBVCP 

overexpressing Slug (red) have negligible staining for HBcAg (green). Cell nuclei are stained 

with DAPI. 
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Supplementary Fig. 4. HNF4 isoforms are differentially expressed between cells with 

active and inactive HBVCP.  

(A) Differential expression of HNF4A gene exons in cells by HTA. Exons are indicated as 

bars, with protein coding sequences represented as thicker bars than the 5’UTRs and 3’UTRs. 

The signal for probeset 3 detecting for coding sequence of exon 2 utilized in HNF41, 

HNF42 and HNF43 is higher in liver cells than non-liver cells, which is consistent with 

western blot data. The signal for probeset 13 detecting for HNF41, HNF42, HNF47 and 

HNF48 is high in HBV permissive cells, but probeset 14 detecting for exon 10 in HNF42 

and HNF48 is not differentially expressed between cells with active or inactive HBVCP, 

together suggesting that HNF41 is preferentially expressed in cells with active HBVCP. 

There is marginally higher signal for probeset 12 which detects for exon 9 utilized in 

HNF43 and HNF49 in cells with active HBVCP. The Venn diagram summarizes the exon 

array data for HNF4A gene suggesting that in contrast to HNF42 and HNF48, 

HNF41/3/7/9 correlate with efficiency for HBVCP transcription activity. (B) Representative 

images at low magnification showing different intensities of staining for HBcAg (green) 

when HNF4 isoforms are overexpressed in HepG2.  
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Supplementary Fig. 5. Sox7 is a specific transcription repressor at the HBVCP.  

(A) SOX7 gene expression by HTA compared with other Sox group F family genes. (B) 

Expression of Sox7 in human cell lines by western blotting. Expression of Lamin A/C was 

used as loading control. (C) Expression of full-length Sox7 in primary human tissues by RT-

PCR. Expression of GAPDH was used as loading control. (D) Overexpressed Sox7 in HepG2 

nuclear lysates by western blot 48 hours post-transfection. Expression of Lamin A/C was used 

as loading control. (E) Time-course showing Sox7 suppresses HBVCP activity when 

overexpressed in HepG2 and Caco-2. (F) Sox7 motif deletion abrogates the repressive effects 

of overexpressed Sox7 on HBVCP transcription. (G) pgRNA expression is reduced in PHH 

and cell lines co-transfected with Sox7 and HBV replicon for 72 hours. (H, I) Representative 

images of cells with active HBVCP overexpressing Sox7 (red) have negligible staining for 

HBcAg (green). Cell nuclei are stained with DAPI. 
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Supplementary Fig. 6. Combined effect of Slug and Sox7 on HBVCP inhibition. 

(A) Time-course showing suppression of HBVCP activity with Slug overexpression alone, 

which is inhibited to greater extent with further addition of overexpressed Sox7. (B) Reduced 

pgRNA expression with overexpressed Slug alone further diminishes with when Sox7 is also 

overexpressed in PHH and cells with active HBVCP co-transfected for 72 hours with HBV 

replicon. Expression of GAPDH is used as loading control. (C) HBVCP remains inactive with 

overexpression of HNF43 alone Slug+ Sox7+ PC-3 cells. (D) Slug and Sox7 transcript 

expression is decreased (P<0.001, Student’s T-test) by quantitative real-time PCR in PC-3 

cells treated with Slug or Sox7 specific siRNA. (E) Inactive HBVCP in Slug+ Sox7+ 5637 

non-liver cells becomes activated in a HNF4-dependent manner by Slug motif mutation 

(blue text) together with increasing the spacer (grey text) between HNF4 and Sox7 motifs 

(P<0.001, Student’s T-test). *Double mutant: HBVCP-Luc construct doubly mutated at the 

Slug motif and carrying the HNF4N3Sox7 mutation.  (F) Slug transcripts are downregulated 

(P<0.001, Student’s T-test) in cells with inactive HBVCP transfected with Slug-specific 

siRNA. 
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Supplementary Fig. 7.  Slug stapled peptides.   

(A) Multiple sequence alignments of Slug orthologues and human Slug family members for 

the five C2H2 zinc fingers (ZF1-5). As C2H2 zinc fingers bind DNA through residues -1, +2, 

+3 and +6 of the -helix, these residues of predicted -helical regions are highlighted in red 

text. The variable Slug residue encoded by a functional SNP is highlighted in blue text. (B) 

Slug functional domains showing five C2H2 zinc fingers (ZF1-5), each may bind DNA. 

Potential DNA binding residues are indicated in red text, site of hydrocarbon staples are 

underlined in blue. Helical wheel diagrams show predicted DNA-binding interfaces of Slug 

stapled peptides. ZF1 is deduced to have negligible HBVCP-binding. (C) Luciferase reporter 

assay showing slug stapled peptides act specifically on HBVCP as Slug motif deletion 

abrogates HBVCP transcription repression in the presence of Slug-ZF4s and Slug-ZF5s. (D) 

Hydrocarbon stapling to preserve helicity and function of -helical peptides derived from 

Slug zinc fingers 4 and 5 (Slug-ZF4n and Slug-ZF5n) achieved enhanced Slug mimetic 

function (P<0.01, Student’s T-test), resulting in further transcription inhibition at the 

HBVCP. 
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Supplementary Fig. 8.  Sox7 stapled peptides. 

(A) Multiple sequence alignments of Sox7 orthologues and human Sox group F family 

members for the N-terminal DNA-binding HMG-Box. Residues of -helical regions 

corresponding to DNA-binding residues in Sox17-DNA crystal structure are highlighted in 

red text. As -helix 3 only has 1 residue that interacts with DNA, its role in DNA-binding is 

negligible compared to -helices 1 and 2. (B) Sox7 functional domains showing the DNA-

binding HMG-box containing 3 -helices (H1-H3). Only H1 and H2 are predicted to bind 

DNA strongly. DNA binding residues are in red text, site of hydrocarbon staples are 

underlined in blue. Helical wheel diagrams show predicted DNA binding interface of Sox7 

stapled peptides. (C) Hydrocarbon-stapled peptides (Sox7-H1s and Sox7-H2s) derived from 

Sox7 HMG-box helices 1 and 2 (Sox7-H1n and Soc7-H2n) show enhanced Sox7 mimetic 

function (P<0.01, Student’s T-test) to further reduce transcription at the HBVCP.   
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Supplementary Fig. 9. Combined effect of Slug and Sox7 stapled peptides. 

(A) PHH and cells with active HBVCP were transfected with HBV replicon for 24 hours and 

treated with Slug stapled peptides show decreased pgRNA synthesis 72 hours post-

transfection. When the cells were also concurrently treated with Sox7 stapled peptides, 

pgRNA expression was further diminished. (B) The stapled peptides are not cytotoxic as no 

difference in cell proliferation by WST-1 assay was observed in cells treated with the peptides 

compared with DMSO control. 
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Supplementary Table 1. Amplification and cloning primers for HNF4 isoforms 

 

Primer Sequence 

NotI-HNF4123-F 5’ TGAGCGGCCGCGATATGCGATCTC 3’ 

NotI-HNF4789-F 5’ TGAGCGGCCGCGATATGGTCAGCG 3’ 

HNF41278-XmaI-R 5’ ATTCCCGGGATAACTTCCTGCTTGGTG 3’ 

HNF439-XmaI-R 5’ ATTCCCGGGAGCAACTTGCCCAAAGCG 3’ 

HNF417F 5’ AACGGACAGATGTCCACCCCTGAGACC 3’ 

HNF417R 5’ GGTCTCAGGGGTGGACATCTGTCCGTT 3’ 

HNF428F 5’ AGCAACGGACAGATGTGTGAGTGGCC 3’ 

HNF428R 5’ GGCCACTCACACATCTGTCCGTTGCT 3’ 

Cloning strategy 

HNF4 

isoform 

Step 1: Generate fragments 

with complementary ends 
Step 2: Anneal fragments and amplify  

5’ fragment 3’ fragment Forward primer Reverse primer 

HNF41 A B NotI-HNF4123-F HNF41278-XmaI-R 

HNF42 C D NotI-HNF4123-F HNF41278-XmaI-R 

HNF47 F B NotI-HNF4789-F HNF41278-XmaI-R 

HNF48 G D NotI-HNF4789-F HNF41278-XmaI-R 

HNF43 E (Does not require annealing of separate fragments) 

HNF49 H (Does not require annealing of separate fragments) 

Fragment Forward primer Reverse primer 

A NotI-HNF4123-F HNF417-R 

B HNF417-F HNF41278-XmaI-R 

C NotI-HNF4123-F HNF428-R 

D HNF428-F HNF41278-XmaI-R 

E NotI-HNF4123F HNF439-XmaI-R 

F NotI-HNF4789-F HNF417-R 

G NotI-HNF4789-F HNF428-R 

H NotI-HNF4789-F HNF439-R 

 


