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Summary

HBV is a small, enveloped DNA virus that replicates by reverse transcription via RNA 

intermediate. Current anti-HBV treatment regiments that include interferon α and nucleos(t)ide 

analogs have insufficient efficiency, are of long duration and can be accompanied by systemic 

side-effects. The HBV RNaseH is essential for viral replication, however is unexploited as a 

drug target against HBV. RNaseH inhibitors that actively block viral replication would represent 

an important addition to the potential new drugs for treating HBV infection. Here we describe 

two methods to measure the activity of RNaseH inhibitors. DNA oligonucleotide-directed RNA 

cleavage assay allows low-throughput screening of compounds for potential anti-HBV RNaseH 

activity in vitro. Analysis of preferential inhibition of plus-polarity DNA strand synthesis by HBV 

RNaseH inhibitors in cell culture model of HBV replication can be used to validate the efficiency 

of these compounds to block viral replication.
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1. Introduction

The hepatitis B virus (HBV) is small, enveloped DNA virus that replicates by reverse 

transcription via RNA intermediate (1–3). The encapsidated viral genome consists of a 

3.2 kb partially double-stranded relaxed circular DNA (rcDNA). HBV is hepatotropic 

virus and upon hepatocyte entry the DNA-containing core particle is translocated into the 

nucleous where the rcDNA is converted into a covalently closed circular DNA (cccDNA). 

The cccDNA is the template for viral mRNA and pre-genomic RNA synthesis (4) and is 

responsible for HBV persistence (5). It is believed that persistence of cccDNA in infected 

cell is the major mechanism of HBV chronicity (6, 7).

HBV infection remains a major public health problem despite the availability of a 

prophylactic vaccine (8–10). More than 250 million people worldwide are chronically 
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infected with HBV (11) and are at an increased risk for developing end-stage liver disease 

and hepatocellular carcinoma (12).

Treatment of HBV infection include the use of IFN-α and nucleos(t)ide analog chain 

terminators such as lamivudine, adefovir, tenofovir disoproxil fumarate and entecavir (13, 

14). However, while these drugs can slow progression of HBV-induced disease, they are 

only partially effective and only very rarely lead to a full elimination of viral infection 

(15–17). For example, the first direct-acting anti-HBV drug, lamivudine, is very effective 

and well tolerated (18). However after 5 years of therapy 75% of the treated patients develop 

resistant HBV strains (19). Moreover, due to the overlapping polymerase and HBsAg open 

reading frames some of the resistance mutations also led to mutations to the HBsAg that can 

cause reduced binding to anti-HBs antibody (20). Clearly, new drugs with different targets 

and mechanisms for anti-HBV therapy are urgently needed.

Promising therapeutic approaches that directly target the virus-infected cells, as well as 

immunotherapeutic strategies that activate the HBV-specific adaptive immune response or 

innate intrahepatic immunity are being developed (9, 21–27). The HBV polymerase, the 

only protein with enzymatic activity encoded by the virus, is a multifunctional enzyme. 

The reverse transcriptase (RT) domain possesses nucleotidyl transfer activity and synthetizes 

viral DNA during reverse transcription of single-stranded pre-genomic RNA to rcDNA. The 

RNaseH domain of the HBV polymerase hydrolyzes the RNA strand of RNA/DNA hybrids 

that are generated during reverse transcription to enable synthesis of double-stranded DNA. 

Both activities are necessary for viral replication, however, the currently clinically available 

direct-acting anti-HBV drugs – the nucleos(t)ide analogs – target HBV RT, whereas RNaseH 

inhibitors are yet to be developed. Therefore, RNaseH is an attractive target for new 

anti-HBV drugs that might provide new approach to treat patients resistant to currently 

available anti-HBV therapies as well as may be used in combination with current drugs to 

increase effectiveness of treatment and prevent the development of resistance (28). Recently 

we developed a low throughput screening strategy using recombinant HBV RNaseH and 

identified several promising compounds that effectively inhibit both HBV RNaseH activity 

and viral replication (29–33).

This chapter describes two protocols for measuring activity of HBV RNaseH inhibitors. 

The first is used for initial screening of compounds for anti-HBV RNaseH activity in 

vitro in a DNA oligonucleotide-directed RNA cleavage assay (29, 33). In this assay, 

the activity of recombinant HBV RNaseH is determined by its ability to cleave a 32P-

labeled RNA substrate in the form of an RNA:DNA heteroduplex. The RNA fragments 

products of the reaction are then resolved by urea polyacrylamide gel electrophoresis and 

detected by autoradiography (Figure 1A). Inhibition of RNaseH activity is assessed by 

quantifying the intensity of cleaved RNA bands after compound addition to the reaction 

mixture and comparing to the activity of vehicle-treated enzyme (Figure 1B and 1C). 

The second protocol is used to measure inhibition of HBV replication in cell culture by 

RNaseH inhibitors (33). This method includes isolation of HBV core particles DNA and 

measurement of preferential inhibition of plus-polarity DNA strand synthesis by quantitative 

PCR (Figure 2). This is because during HBV replication inside of viral capsid particles the 

plus-polarity DNA can only be made when the RNaseH removes the pgRNA from newly 
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synthetized minus-polarity DNA strand and generates the short RNA primer for synthesis 

of plus-polarity DNA strand (34–37). Thus, the amount of plus-polarity DNA is strictly 

dependent on HBV RNaseH activity. In contrast, synthesis of the minus-polarity DNA 

strand is largely unaffected by RNaseH inhibitors (29–32, 38). Antiviral activity of RNaseH 

inhibitors is tested by treating cells replicating HBV (e.g. HepDES19 cells, which contain 

a tetracycline-repressible expression cassette for a replication-competent HBV genotype 

D genome (39)) with the compounds, and determining the amount of HBV minus- and 

plus-polarity DNA strands in core particles (31, 32).

2.1. In Vitro Enzymatic Assay for Screening HBV RNaseH Inhibitors

2.2. Materials

1. 10% dimethyl sulfoxide (DMSO).

2. Diethylpyrocarbonate (DEPC) H2O (see Note 1).

3. 10x RH buffer: 500 mM Tris-HCl, pH 7.5, 50 mM MgCl2, 1000 mM NaCl, 20 

mM DTT (see Note 2).

4. 0.5% octylphenoxy poly(ethyleneoxy)ethanol (NP-40).

5. RNAseOut™ Recombinant Ribonuclease Inhibitor (Life Technologies, Cat. # 

10777-019).

6. 5x TBE buffer: 1.1 M Tris-HCl, 900 mM Boric Acid, 25 mM EDTA, pH 8.3.

7. in vitro-transcribed using MEGAscript® Kit (Ambion) 32P labelled RNA 

(DRF+) (40), sequence:

5’GGGAACAAAAGCUUGCAUGCCUGCAGGUCGACUCUAGAGGAUCCC

CACUUUGUCCCGAGCAAAUAUAAUCCUGCUGACGGCCCAUCCAGGCA

CAGACCGCCUGAUUGGACGGCUUUUCCAUACACCCCUCUCUCGAAA

GCAAUAUAUAUUCCACAUAGGCUAUGUGGAACUUAAGAAUUACACCC

CUCUCCUUCGGAGCUGCUUGCCAAGGUAUCUUUACGUCUACAUUGC

UGUUGUCGUGUGUGACUGUGGGUACCGAGCUCG’ (see Note 3).

8. Complimentary DNA oligo, D2507: 5’GTTCCACATAGCCTATGTGG3’; 

non-complimentary control DNA oligo, D2526: 

5’CCACATAGGCTATGTGGAAC3’; 1 μg/μL (see Note 4).

1.DEPC treatment is the most commonly used method for eliminating RNase contamination from water and other solutions. DEPC 
destroys enzymatic activity by modifying –NH, -SH, and –OH groups in RNases and other proteins. To prepare DEPC water, add 1 
mL of DEPC to 1L of H2O. Shake well to disperse the DEPC through the H2O. Incubate at room temperature for at least 12 hours, 
then autoclave on liquid cycle for 20 min to inactivate the remaining DEPC.
2.Prepare 10x RH buffer in relatively large batches and freeze aliquots at −20°C.
3.Use standard protocol provided by manufacturer for in vitro transcription and radiolabel RNA with [32P]UTP. Please refer to the 
reference (40) for further information. Purify in vitro transcribed radiolabeled RNA using RNeasy MinElute™ Cleanup Kit (Qiagen). 
Determine concentration of RNA fluorimetrically using QuantiFluor® RNA System (Promega) and dilute to 0.2 μg/μL. Check quality 
by agarose electrophoresis. Store radiolabeled RNA at −75°C in small aliquots.
4.You may use any other RNA and complimentary DNA oligonucleotide. Non-complimentary oligonucleotide is included in the 
assays to determine specificity of RNaseH reaction for heteroduplexes and exclude the potential contribution of contaminating 
nucleases to the RNA cleavage reaction.
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9. 6% Sequencing Acrilamide solution, for 100 mL: 5x TBE, 20 mL,5.7 g 

acrylamide, 0.3 g N,N’-methylenebisacrilamide, 48 g urea, H2O to 100 mL (see 
Note 5).

10. Ammonium persulfate (APS): 10% solution in water (see Note 6).

11. N,N,N′,N′-Tetramethylethylenediamine (TEMED).

12. Sequencing Loading Buffer: 98% Formamide, 10 mM EDTA, 0.025% xylen 

cyanol, 0.025% bromphenol blue (see Note 6).

2.3. Methods

2.3.1. Oligonucleotide-directed RNA cleavage assay

1. Thaw frozen compound solutions. Vortex, then briefly centrifuge. Dilute test 

compound to 10x desired concentration in 10% DMSO in DEPC H2O.

2. Prepare Master Mix. Calculate the total volume required for each component: 

volume for 1 reaction × the total number of reactions.

Reaction mixture for one reaction:

3.5 μL DEPC H2O

2 μL 0.5% NP-40

2 μL 10x RH buffer

0.5 μL RNAseOut

3 μL DNA oligo, 1 μg/μL

2 μL Test compound or 10% DMSO

6 μL HBV RNaseH

1 μL RNA, 0.02 μg/μL.

Assemble Master Mix in the following order: H2O, NP-40, RH buffer, 

RNAseOut. Add all components to 1.5 mL microcentrifuge tube, vortex briefly 

to mix, then centrifuge the tubes briefly to spin down the contents and eliminate 

air bubbles.

3. Assemble reactions on ice. Aliquot 8 μL Master Mix to each reaction tube. 

Add 3 μL of the appropriate DNA oligo to each reaction tube. Add 2 μL test 

compound or DMSO to each reaction tube. Add 6 μL HBV RNaseH protein to 

each reaction tube (see Note 7). Vortex tubes to mix, then briefly centrifuge the 

5.Unpolymerized acrylamide is a neurotoxin. Always wear personal protective equipment when handling acrylamide, avoid skin 
contact. Filter the acrylamide-urea solution before storage. Store at 4°C protected from light. Urea can precipitate from the solution at 
4°C, warm the solution to dissolve urea crystals before preparing the gel. For more details about urea-PAGE see (41).
6.Store frozen at −20°C in small aliquots.
7.We expressed the HBV RNaseH in E. coli as a C-terminally hexahistidine-tagged protein (29) or as a maltose-binding protein 
fusion with a hexahistidine tag at its C-terminus (33). The HBV RNaseH is purified by nickel-affinity chromatography (29), dialyzed 
in buffer containing 50 mM Hepes, pH 7.3, 0.3 M NaCl, 20% glycerol, and 5mM DTT, and stored under liquid nitrogen in small 
aliquots.
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tubes. Initiate the reaction by adding 1 μL of 32P-radiolaballed RNA diluted 10x 

with DEPC H2O immediately before the experiment to each reaction tube, so 

that the final concentration of RNA in the reaction is 0.001 μg/μL. Vortex briefly 

to mix, then centrifuge the tubes briefly to spin down the contents and eliminate 

air bubbles (see Note 8).

4. Incubate reactions at 42°C for 90 min.

5. Stop the 20 μL RNAseH reactions with 80 μL 1x formamide loading buffer per 

reaction.

2.3.2. Denaturing Polyacrylamide Gel Electrophoresis

1. Warm the 6% Sequencing Acrylamide solution (6% acrylamide/bis-acrylamide 

[19:1]/6M urea in 1x TBE) to near room temperature and check to be sure the 

urea has not crystallized before pouring a gel.

2. Set up a vertical mini-gel. Prepare 6% Sequencing Acrylamide mix – for each 

10 cm × 11 cm mini-gel mix 20 mL 6% Sequencing Acrylamide solution, 

150 μL 10% APS and 20 μL TEMED. Pour a single phase gel and insert the 

comb. Let the gel solidify at room temperature, the gel will be ready to use in 

approximately 40 minutes.

3. Remove casting clamps, rinse the plates carefully with dH2O and remove the 

comb. Mount the gel in a mini-gel rig, using 1x TBE as the running buffer. 

Immediately rinse the residual unpolymerized acrylamide and urea from the 

wells using a syringe and needle.

4. Pre-run the gel for 5 min. at 40 mA (220–230V).

5. Heat samples to >90°C for 3–5 min. and chill them immediately on ice. Rinse 

the wells in the gel again with a syringe and needle to remove urea that has 

diffused into the wells. Promptly load 50 μL of sample per well.

6. Electrophorese at 40 mA (220–230V) until bromophenol blue is near the bottom 

of the gel. Cut the bromophenol blue band from the bottom of the gel and discard 

it in the radioactive waste.

7. Soak gel in dH2O with shaking for 30 min. to remove the urea. Change the water 

2 or 3 times during the soaking phase.

8. Dry the gel at 80°C under vacuum for 1 hour.

9. Detect radiolabeled RNA by standard autoradiography. Analyze film images and 

quantitate using ImageJ software (http://rsb.info.nih.gov/ij/).

10. Calculate inhibition activity of compounds as the percentage of intensity of P2 

band (Figure 1B) with compound present in the reaction relative to the intensity 

of P2 band in the control vehicle containing reaction as follows: % Inhibition 

8.We recommend including a control reaction without HBV RNaseH into each experiment to monitor the quality of RNA and any 
unspecific cleavage that might occur due to contamination.
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= 100% − [(relative intensity of P2 band in the presence of inhibitor/relative 

intensity of P2 band in control vehicle treated sample)*100%] (see Note 9).

3.1. Cell culture based assay for measuring antiviral activity of HBV RNaseH inhibitors

3.2. Materials

1. 1 M Tris-HCl, pH 7.5.

2. 0.5 M ethylenediamine tetraacetic acid (EDTA), pH 8.0.

3. 5 M NaCl.

4. 1 M CaCl2.

5. Core Preparation Lysis Buffer: 10 mM Tris-HCl, pH 7.5, 1 mM EDTA, 0.25% 

octylphenoxy poly(ethyleneoxy)ethanol (NP-40), 50 mM NaCl, and 8% sucrose.

6. Micrococcal Nuclease (MN) (2000 U/μL, NEB #M0247S), MN buffer (NEB 

#B0247S).

7. QIAamp® cador® Pathogen Mini Kit (Qiagen, Cat. No 54104).

8. TaqMan® Fast Advanced Master Mix (Applied Biosystems, Cat. No 4444556).

9. Primers and probe (IDT Inc.) for the plus-polarity 

HBV DNA strand: 5’CATGAACAAGAGATGATTAGGCAGAG3’; 

5’GGAGGCTGTAGGCATAAATTGG3’; 5’/56-FAM/CTGCGCACC/ZEN/

AGCACCATGCA/3IABkFQ.

10. Primers and probe for the minus-polarity HBV DNA strand: 

5’GCAGATGAGAAGGCACAGA3’; 5’CTTCTCCGTCTGCCGTT3’; 5’/56-

FAM/AGTCCGCGT/ZEN/AAAGAGAGGTGCG/3IABkFQ.

3.3. Methods

3.3.1. Cell Culture and Compound Treatment

1. Day 0. Plate 0.3 × 106 HepDES19 (tetracycline-inducible, tet-off) cells (39) per 

well in 12-well plates in 2 mL of DMEM/F12 supplemented with 10% fetal 

bovine serum, 100 U/mL penicillin, and 100 U/mL streptomycin plus 1 μg/mL 

tissue-culture grade tetracycline.

2. Day 1. 24 hours later replace medium with 2 mL fresh medium without 

tetracycline to induce HBV replication.

3. Day 3. 48 hours later replace medium with 1 mL medium without tetracycline 

containing the desired concentration of the test compounds. Balance the dimethyl 

sulfoxide (DMSO) concentration for all samples and limit DMSO to ≤ 1% v/v. 

Also use DMSO as vehicle control, final concentration ≤ 1 %.

4. Day 4. Repeat compound treatment. Change the medium 24 hours later with 

medium containing the test compounds without tetracycline (see Note 10).

9.Quantitation of P1 band intensity is unreliable due to a 3’–5’ exonuclease activity of RNaseH.

Lomonosova and Tavis Page 6

Methods Mol Biol. Author manuscript; available in PMC 2023 October 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



5. Day 5. Repeat compound treatment. Change the medium 24 hours later with 

medium containing the test compounds without tetracycline.

6. Day 6. 24 hours later harvest the cells. Aspirate the medium from the wells. 

Wash cells two times with phosphate-buffered saline (PBS), add 0.5 mL of 

trypsin (0.05%), incubate 5 min at 37°C, and collect cells into 1.5 mL tubes. Spin 

cells at room temperature, 2 min at 2000 × g. Carefully aspirate supernatant, 

wash cell pellets with 1 mL PBS. Again, spin cells at room temperature, 2 min at 

2000 × g. Carefully aspirate supernatant, and loosen the pellet by vortexing.

3.3.2. Extraction of HBV core particles DNA

1. Add 0.2 mL Core Preparation Lysis Buffer to the cell suspensions to lyse the 

cells, vortex thoroughly, and incubate at 37° C for 10 min (see Note 11).

2. Add 2 μL of 1M CaCl2 to each tube (see Note 12).

3. Centrifuge at 21,000 × g for 5 min at room temperature. Transfer supernatants 

into new tubes.

4. Prepare 80 U/μL solution of Micrococcal Nuclease in MN buffer. Add 5 μL of 

Micrococcal Nuclease solution to each tube. Incubate at 37° C for 60 min (see 
Note 13).

5. Centrifuge at 21,000 × g for 5 min at room temperature. Transfer supernatants 

into new tubes.

6. Terminate nuclease digestion by adding 20 μL of 0.5 M EDTA per tube. Mix 

carefully (see Note 14).

7. Extract nucleic acid from core particles using the Qiagen QIAamp® cador® 

Pathogen Mini Kit according to the manufacturer’s instructions with some 

modifications described below in steps 7.1 – 7.3.

7.1 Add 20 μL proteinase K into each tube with core particles, vortex, and then 

briefly centrifuge.

7.2 Add 100 μL Buffer VXL with Carrier RNA in it (1 μg Carrier RNA per 100 

μL Buffer VXL) into each tube, vortex.

7.3 Incubate overnight (16 hours) at 37° C (see Note 15).

10.RNaseH inhibitors can be added only once at day 3 if desired. In this case cells are incubated for two more days without changing 
the media, and are collected as described at day 6. However, false negative results can arise from instability of a compound at 37°C.
11.Core Preparation Lysis Buffer is very mild cell lysis buffer that contain 0.25% of NP-40 and will only lyse cellular membrane but 
not affect HBV nucleocapsids that are resistant to NP-40 detergent (42) or the nucleus. Consequently, low speed centrifugation will 
separate the lysates from nucleus fraction and unbroken cells.
12.CaCl2 is needed for subsequent treatment with Micrococcal nuclease which activity is dependent on Ca2+ (43).
13.Micrococcal nuclease is a relatively non-specific endo-exonuclease that digests double-stranded, single-stranded, circular and linear 
RNA and DNA substrates. The enzyme is active in the pH range of 7.0 – 10.0 as long as salt concentration is less than 100 mM (43). 
Micrococcal nuclease treatment is necessary to remove any non-encapsidated RNA and DNA from the lysate that might later interfere 
with qPCR. HBV core DNA which is protected from Micrococcal nuclease digestion by the viral capsid.
14.Addition of excess EDTA is necessary to inactivate Micrococcal nuclease.
15.Buffer VXL contains strong detergents that will lyse HBV core particles and release rcDNA. Proteinase K will degrade proteins in 
the lysate as it exhibits broad substrate specificity and is active in the presence of detergents, and is routinely used to digest unwanted 
proteins in DNA preparations (44). We use a long incubation time with Proteinase K to ensure the cleavage of HBV polymerase 
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7.4 Proceed according to the protocol from QIAamp® cador® Pathogen 

Mini Handbook, p. 21 (https://www.qiagen.com/us/resources/resourcedetail?

id=dd291a2f-f2ff-4768-ad97-8e2462fe58c0&lang=en), starting at step 6 of the 

manufacturer’s protocol.

8. Elute core-associated nucleic acids with 50 μL buffer AVE. Store at −75° C.

3.3.3. Real-Time qPCR

1. Thaw frozen HBV core DNA samples on ice. Vortex, then briefly centrifuge.

2. Thoroughly mix the TaqMan® Fast Advanced Master Mix.

3. Calculate the total volume required for each component: volume for 1 reaction × 

the total number of reactions.

Reaction mixture for one reaction:

10 μL TaqMan Universal PCR Master Mix

0.2 μL Forward Primer, 20 μM

0.2 μL Reverse Primer, 20 μM

0.4 μL TaqMan probe, 2 μM

5.2 μL H2O

4 μL sample DNA.

4. Prepare two PCR Master Mix solutions (one for measuring (+) polarity strand of 

HBV core particles DNA and the second one for measuring (–) polarity DNA). 

Add all components, except for sample DNA, to 1.5 mL microcentrifuge tubes, 

vortex briefly to mix, then centrifuge the tubes briefly to spin down the contents 

and eliminate air bubbles.

5. Add the appropriate volume of PCR Master Mix (16 μL) to each well of an 

optical reaction plate (MicroAmp Fast Optical 96-well reaction plate, Applied 

Biosystems, Cat. No 4346906).

6. Add 4 μL of HBV core DNA samples or standard HBV DNA (see Note 16) 

to each well, cover the reaction plate with Optical Adhesive Covers (Applied 

Biosystems, Cat. No 4360954), then centrifuge the plate briefly to spin down the 

contents and eliminate air bubbles.

7. Run the reaction. For the Applied Biosystems Real-Time PCR 7500 Fast system 

instrument, use the following parameters: 95°C for 10’, 40 cycles at 95°C for 

15”, 60°C for 1’, and detection at 60°C for 1” after each cycle.

protein which is covalently attached to the (–) polarity strand HBV DNA. If not removed by digestion with protease, the HBV 
polymerase that is covalently bound to DNA causes binding to purification column and hence incomplete DNA elution (45).
16.Double-stranded HBV DNA template for a standard curve is prepared by isolating total DNA from HepDES19 cells using QIAamp 
DNA Mini Kit (Qiagen, Cat. No 51304) and amplifying 1388 base pairs genomic region of HBV DNA with primers H2900+ (5’-
CCGCTTGGGACTCTCTCGTCCC-3’) and HPE180STOP- (5’-TCACCATGGGAAGCTTACTCTTGTTCCCAAGAATATGG-3’).
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8. Calculate the amount (+) and (–) polarity strands DNA as the percentage relative 

to the quantity of DNA in DMSO-treated cells to estimate inhibitory activity of 

compounds (Figure 3).
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Figure 1. Oligonucleotide-directed RNA cleavage assay.
A. Schematic representation of oligonucleotide-directed RNA cleavage assay. Internally 

radiolabeled RNA is bound to a complementary DNA oligonucleotide to form the 

RNA:DNA heteroduplex substrate for RNaseH. The RNaseH cleaves the RNA within the 

RNA:DNA heteroduplexes. RNA, grey line; DNA, black line; S, substrate; P1 and P2, 

RNaseH cleavage products of RNA. B. Example of primary compound screening assay for 

HBV RNaseH inhibition by an oligonucleotide-directed RNA cleavage assay. Activity of 

HBV RNaseH is assessed in the presence of different concentration of compound of interest 
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(compound # 46, β-thujaplicinol is shown) or in the presence of DMSO as a vehicle control. 

Reaction products are resolved by denaturing polyacrylamide electrophoresis and detected 

by autoradiography. S, substrate, 32P-labeled 264 nt RNA derived from the Duck Hepatitis 

B Virus genome (DRF+ RNA); P1, cleavage product 1; P2, cleavage product 2; “-”, a non-

complementary DNA oligonucleotide as a specificity control; “+ ”, complementary DNA 

oligonucleotide; RNA only, includes RNA but no enzyme as a control for RNA quality; 

RNA + #46, control for compound solution purity and the lack of compound-induced non-

specific RNA cleavage, no enzyme present. C. Example of quantitation of compound anti-

HBV RNaseH activity. The intensity of P2 band was quantified using ImageJ. Non-specific 

background values were determined from the incorrect oligonucleotide negative control lane 

and subtracted from all experimental values. Relative activity of HBV RNaseH is presented 

as the percentage of intensity of P2 band with compound present in the reaction relative to 

the intensity of P2 band in the control vehicle-containing reaction. Data are mean values ± 

one standard deviation from three independent experiments. Insert, structure of compound 

#46, β-thujaplicinol.
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Figure 2. Replication inhibition assay.
Plus-polarity DNA is measured by amplifying HBV DNA across the gap in the minus-

polarity DNA strand. Minus-polarity DNA strands are measured by amplifying sequences 

downstream of the 3’ end of the vast majority of plus-polarity DNA strands in viral capsids.
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Figure 3. Inhibition of HBV replication by RNaseH inhibitors.
Inhibition of replication by compound #46 was measured against an HBV genotype D 

isolate in HepDES19 cells. The EC50 value was calculated based on the decline of the 

plus-polarity DNA strand with GraphPad Prism using three-parameter log(inhibitor) vs. 

response non-linear curve.
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