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BACKGROUND OF THE INVENTION

Polymerases are enzymes of fundamental importance to living
organisms. They are responsible for the synthesis of nucleic acids and their
transformation into other nucleic acids necessary for the synthesis of proteins.
Polymerases are, therefore, found in all types of cells including the causative
DNA virus for hepatitis B virus (HBV).

HBV is a cause of hepatitis, one of the most common infectious human
diseases, and the resulting hepatocellular carcinoma (HCC) is one of the most
- common cancers worldwide. The most effective way in preventing .HBV '
infection and disease to date is through immunization against HBV. The |
currently licensed HBV vaccines consist of the major surface antigen (HBsAg)
n either its natural form (p]asfna-derived) or recombinant form (purified from
yeast cells). The vaccine-induced antibodies have been shown to bind to the
most antigenic ‘a’ epitope located within residues 124 to 147 of HBsAg,

resulting in effective neutralization of HBV replication.

Although such active vaccination programme has resulted in a decrease
of HBV infection in the population, an increasing number of mutations located
within the ‘a’ epitope have been emerging. These vaccine-induced HBV
mutants are of concern, as they are capable of escaping the currently available

immuno-based diagnostic system and able to replicate independently.
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synthesis, the DNA ol igomer (4 nucleotides) is
HBVs are DNA viruses that replicate their genomes by reverse

transcription of an RNA intermediate. Packaging of this RNA pregenome into
nucleocapsides and initiation of the replication depends primarily on the
interaction of the HBV DNA polymerase with the encapsidation signal. - There
are two copies of the encapsidation signals on the pregenomic RNA. Only the
5’ copy functions as a template for the priming reaction. Following initiation
of the minus-strand DNA synthesis, the DNA oligomer (4 nucleotides) is
transferred by an unknown mechanism to the 3’ end of pregenomic RNA,
where it hybridizes to its complementary sequences. Reverse transcription then
continues toward the 5° end of the RNA template. The interaction between the
HBV DNA polymerase and the pregenomic RNA occurs as a covalent link
between the N-terminally located tyrosine residue on the DNA polymerase and
a specific nucleotide within tﬁe encapsidation signal. The HBYV reverse
transcriptase is one of the four domains within the large DNA polymerase.
Other domains include: i) the N-terminal protein, which is responsible for the
covalent association of the polymerase to the pregenomic RNA; ii) the spacer
region which is tolerant for mutations; and iii) the RNAse H domain involved

in the degradation of the mRNA intermediate.

Similarly to other polymerases, detection of the HBV DNA polymerase

activity in vitro can be used in the following three situations:
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Characterization of a n y isolated virus as a replicative virus and
assess the differences with regard to other known viruses. This is
particularly relevant for HBV variants with nutati ons on their
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t he test materlafl of asu% knwnto be i nfected;
a subject known to be infected;

- Assessment of in vitro efficiency of inhibitors of polymerases that may

be antiviral agents.

Various systems have been established to measure the HBV DNA
polymerase activity in vitro in the absence of viral replication and other viral
proteins. One interesting finding has been the fact that a detectable priming
activity of HBV DNA polymerase requires not only the N-terminal protein but
also a functional reverse transcriptase domain. One common feature of these
systems is therefore the detection of the priming activity of HBV DNA
polymerase, indicative of HBV DNA polymerase activity. Two of such
systems utilize the duck HBV (DHBV) DNA polymerase, and both have
demonstrated reverse transcrip.tase activity that is template dependent and
protein primed. One of the DHBV systems utilizes in vitro translation of
DHBV DNA polymerase to obtain lysates that contain a functional DNA
polymerase, while the other system packages an active fusion protein of DHBV
DNA polymerase in a virus-like particle from the yeast retrotransposon Tyl.
Active DNA polymerase has been measured by its priming activity, as
indicated by the radio-labeled protein in the presence of priming nucleotide (i.e.
{a-*P] dGTP for DHBV DNA polymerase). A similar activity assay has
recently been reported for the human HBV DNA polymerase. A 350 base pairs

3’ non-coding region of the polymerase containing the encapsidation signal has
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i nportance for,in vitro activjty. assay.
even lower in long-term HBV carriers and in immunocompromised patients.

The design of new protocols for chemotherapy to eliminate HBV is needed
since the majority of the patients will not clear the viral infection and,
therefore, will be at great risk of developing progressive liver disease and
hepatocellular carcinoma (HCC). It will also be of particular interest to assess

the antiviral effects of such agents on human HBV surface antigen mutants.

Limiting factors exist, however, for antiviral testing using the established
in vitro activity assays for human HBV DNA polymerase. One of these has
been the cloning step that places the coding region of the HBV DNA
polymerase under the control of a viral polymerase promoter (e.g. SP6 or T7)
on a plasmid (i.e. pGEM-T) is r-equired in all established systems. In addition,
HBYV DNA polymerase expressed in some systems requires further purification
(i.e. immunoprecipitation) prior to its activity assay. These tedious

manipulations are not practical in view of the large number of HBV mutants.
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5 incorporated the SP6 viral polymerase promoter, directly transcribing an
translating the PCR products in eukaryotic cell-free lysates and measuring the

priming of the HBV DNA polymerase in the presence of a radio-labelled agent.

According to a second aspect of the present invention, there is provided
the use of an assay according to the first aspect of the invention to assay
activity of various serum samples-and/or to screen for inhibitors of the HBV

DNA polymerase.

According to a third aspect of the present invention, there is provided
the use of an assay according to the first aspect of the invention to test and/or
screen potential anti-HBV drugs for their ability to inhibit DNA priming
activity of human HBV DNA p.olymerase. Such a use preferably includes the
steps of:

a) preparing at least one sample in a defined volume of assay buffer, each
sample containing in vitro translated human HBV DNA polymerase protein in
eukaryotic cell-free lysate using linear PCR product as template, an RNA
template for HBV minus strand synthesis which includes a sequence capable of

forming a stem loop structure,
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an ol igonucl eotide into which has been incorporated the SP6 viral

pol ynerase pronoter, directly transcribing and translating the PCR products
i n eukaryotic cell-free |ysates and meaur i ng the primng of the HBV DNA
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pol yner aseprotein using likeapPORgroduct dshientplaepart an RN Actepiptae for HBYNt i on,
there is provided the use of an_assay according to the first aspect of the
i nvent i on minusestrangch gyrthesis rwhichpaichidesaa sequencemapablegef fomingai stembi ity
to inhibit, DNA primng activi f human ,HBV DNA pol yner ase. use
Cof o nbl yIOBRe SRR resseialctal Bindiig S Briming <1 é Riner BBY DN o i n a
defi ned VW& seAssay buffer, each sanple containing in vitro transl ated
human HBV pol'yferase protein in eukaryotic cell-free |ysate using

| i near PCR product as tenplate, an RNA tenplate for HBV m nus strand

synt hesi s which includes a sequence capable of formng a stem | oop
structure,c) incubating the samples to obtain a complex comprising DNA

polymerase and the radio-labelled agent,
d) separating the complexes from the assay buffer, and

€) measuring the amount of radio-labelled agent in each separated complex,
the amount being indicative of the DNA priming activity of the human HBV
DNA polymerase.

Step ¢), d) and e) above may be replaced by:-

c) incubating each said test tube and said control tube with equivalent
amounts of a radio-labeled nucleotide triphosphate comprising the first
nucleotide incorporated into said HBV minus strand DNA, under defined
conditions favorable to DNA priming activity of said human HBV DNA
polymerase, resulting in the formation of a complex comprising said DNA

polymerase and said radio-labeled nucleotide triphosphate;

d) separating said complex from said assay buffer in each said test tube and

said control tube by filtration through nitrocellulose membrane;



6 b) preparing a control sanple in an equival ent volunme of the assay

buf fer, thevo@pi8a8 sanple containing in vitro transl ated humranr/sdsyosdiA

pol ymerase protein using |linear PCR product as tenplate and an RNA tenpl ate
for HBV m nus strand synthesis which includes a sequence capable of form ng
a stem | oop structure, essential for binding and primng of the human HBV
DNA pol yner ase, c) I ncubating the sanples to obtain a conpl ex
conprising DNA pol ynerase and the radio-1abel |l ed agent, d) separati ng
the conpl e}es fmeasuring thesamobnt b€ saichmadio-lebeled medentidey trtipteosphmtenin of

radi o-|1 abel | ed agent in each Sfpal‘ ated conpl ex, the ampunt being indicative
of the DN&aghi saidgseparated: complex, sad nemoppty borpg Jadigativesef said DNA step

c), d) and_g). above. be,repl a o i ncubating each said test
t ube and §%F6“Eﬁﬂ¥?6€ﬁ¥%%%dhPﬁanﬁgﬁgﬁﬁéﬁfo GRS of a radio-1 abel ed
nucl eoti de tri phosphate conprising the first nucleotide incorporated into
said HBV m nus strand DNA, under defined conditions favorable to DNA

primng aqyi vi tabr@paried thBurespetipve MloRMlsy BB 4@, rddesJABElEd hitlétede
formati on of a conplex conpriSing said DNA
triphosphate in said separated complexes which remained bound to the
nifrocellulose membrane of each said test tube and said control tube, a decrease
in the amount of said radio-labeled nucleotide triphosphate in said separated
complexes of said test tube as compared to said control tube being indicative of
inhibition of said DNA priming activity of said human HBV DNA polymerase

by said potential anti-HBV drugs.

The present invention concerns a simplified activity assay for the
hepatitis B virus (HBV) DNA polymerase, which assay is potentially more
rapid than previous assays. The method involves the incorporation of the SP6
viral polymerase promoter into an oligonucleotide, which is then used as the 5°
oligonucleotide in PCR amplification of the HBV DNA polymerase from serum
samples. The PCR products, containing the entire coding region and a 300 bp
3’ non-coding region with the encapsidation signal, are directly transcribed and
translated in the wheat germ ceil—free extract. The priming of the HBV DNA
polymerase to the intermediate RNA template, the key indicator of its
enzymatic activity, is measured in thé presence of the radio-labeled [a->>P]
dTTP. Applications of the present invention cover the activity assay from
various serum samples (including those of HBV with mutations on the major

surface antigen), and screening for inhibitors of the HBV DNA polymerase.

The invention provides a simplified process for assaying in vitro the
human HBV DNA polymerase activity directly from the linear DNA template

amplified from serum samples. The protein involved in the activity assay is
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radiolabeled agent, such as [o-**P] ATTP, the resulting protein is assayed for its

priming activity, a crucial step in hepatitis B viral replication.
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a simple, sensitive and rapid assay that is
specific for HBV DNA polymerase activity. The present invention includes a
method detecting HBV DNA polymerase activity from serum samples

comprising:

- One-step extraction of HBV viral DNA from serum using

phenol/chloroform;
- PCR amplification of the codirg region of HBV DNA polymerase (2400
base pairs) and its 3’ non-coding region (310 base pairs). The 5’

oligonucleotide includes a 5° proximal SP6 viral polymerase promoter;

- In vitro translation of HBV DNA polymerase with PCR amplification

products as template;

- Activity assay on extracts containing the translated HBV DNA



3" non-coding region with the encapsidation signal, are directly

transcri beWi9i88¢8ans| ated in the wheat germcell-free extr aetr/sddvmoprsi ni ng
of the HBV DNA polyrnerase to the internediate RNA tenpl ate, the key '
indicator of its enzymatic activity, is neasured in the presence of the
radi o-1 abel ed [err] dTTP. Applications of the present invention cover the
activity assay fromvarious serum sanples (including those of HBV with

mut ati ons on the major surface antigen), and screening for inhibitors of
the HBV DNA pol Belymesase and in the presencepfandiodabaledprimang auclentide s i ed
process for assaying in vitro the human HBV DNA pol ynerase activity
directly fromthe linear DNA tenplate anplified from serum sanples. The
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a SP6 viral "pol ynerase pronoter at its 5 end. t | evenent
of this amibstdnees ohjpolymerdseenctivityentd amupplicationpom pobescraseraétiviey 601
produci ng the HBV DNA pol ynerase directly fromlinear DNA fragnment :
anpl i fi ed HBMvadanimwitlhvpiutations omtheswdagecantigent he r adi ol abel ed agent,
such as [err] dTTP, the resulting protein is assayed for its primng
activity, a crucial step in hepatitis B viral replication.

In accordance with the present invention, serum sample may contain a

HBYV variant with unspecified DNA polymerase activity. The present invention
enables its qualitative determination.  For cases whereby quantitative
measurements of the DNA polymerase activity are required, the activity assay
in the present invention can be further developed (i.e. measurement of the
primied DNA polymerase on nitrocellulose membranes). For cases whereby
inhibitory effects of a molecule on the DNA polymerase are to be determined,
the amount of primed DNA polymerase can be compared to that produced from

a control sample where no inhibitory molecule is present.

For a better understanding of the present invention, reference will now

be made, by way of example, to the accompanying drawings, in which:

Fig. 1 shows the linearized genomic structure of human HBV. The
coding region of human HBV DNA polymerase (box) and its 3’ non-coding
region (/ine in red) included in the PCR amplification in the present invention.
Numbers below represent position in the wild type human HBV genome of adiv
subtype, as defined in GenBank: Arrows indicate the positions and directions
of the oligonucleotides used in the PCR amplification, and their sequences are
displayed either above the arrow sign (5”) or below (3°). In addition to the
sequence matching the starting part of the HBV DNA polymerase (the first 27

bases of the coding region), the viral SP6  promoter
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DNA pol ynmerase activity from serum sanpl es conpri si ng: One-step
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PCR anplification of the coding region of HBV DNA pol ymerase (2400

base pairs) and its 3' non- codi ng reglb(h (310 base pairs). The 5
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2309 to 2335 (arrow), whereas the 3 anti-sense oligonucleotide covers the

region 1917 to 1940 (arrow).

Fig. 2 is a photo which shows electrophoresis pattern of the PCR
product amplified using viral DNA isolated from serum carrying wild type
HBV. The fragment with the expected size of 2800 base pairs is indicated by
an agrrow. Also indicated on the ‘M’ lane are the migration positions of

molecular size markers (1 kb DNA ladder, MBI Fermentas).

Fig. 3 is an autoradiograph which shows the iz vitro translated wild type
HBV DNA polymerase in wheat germ lysate, directly from the PCR
amplification product in the presence of [°S] methionine. The [*°S] labeled
human HBV DNA polymerase of 90 kilo dalton (kD) as expected is indicated
by an arrow. Indicated on the left outside are the positions of molecular size

markers (Rainbow protein migration markers, Amersham).

Fig. 4 is an autoradiograph that shows the in vitro priming activity of the
wild type HBV DNA polymeraée (synthesized in wheat germ lysate) in the
presence of [0->’P] dTTP. The [o-*>P] dTTP labeled human HBV DNA
polymerase of 90 kilo dalton (kD) as expected is indicated by an arrow.
Indicated on the left outside are the positions of molecular size markers

(Rainbow protein migration markers, Amersham).

Fig. 5 is an autoradiograph that shows the in vitro priming activity of

HBV DNA polymerases of the wild type (lane 1) and the surface antigen
mutants ‘s’ 145 (lane 2) and ‘s’ 126 (lane 3) in the presence of [o->2P] dTTP.
The [0-**P] dTTP labeled human HBV DNA polymerases of 90 kilo dalton



pol ynerase. and in the presence of radiolabeled primng nucl eotide.
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i npl ementing the method, a nethod of determining the inhibitory effect of
substances on polynerase activity and an application on pol ynerase activity
of HBV variants with nutations on the surface antigen. In
accordance with the present invention,l$erumsanple may contain a HBV
variant with unspecified pol y rase act ivity. The present invention
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determned, the amount of prined DNA pol ymerase can be conpared to that
produced from a control sanple where no inhibitory nolecule is present.
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anti-priming effect when the incubation is carried out in the presence of either
ddTTP or ddATP, as compared with the control. In contrast, inhibitory effect
is observed with ddGTP, ddCTP. Consistent with our results, similar anti-
priming effect is seen by addition of lamivudine which is a (-) enontiomer of
3’-thiacytidine, a cytosine dideoxynucleotide analog widely used clinically for

treatment of HBV carriers with active HBV replication.
GENERAL DESCRIPTION

Wild type HBV viral DNA is extracted from serum sample by
phenol/chloroform. PCR amplification is carried out in the first step of the
present invention using specific oligonucleotides (Fig. 1). The 5’ sense
oligonucleotide matches the first 27 nucleotides of the coding region of HBV
DNA polymerase and incorporates the SP6 promoter at its proximal end. The
3’ antisense oligonucleotide has its matching region 300 base pairs downstream
the stop codon of HBV DNA polymerase. The resulting linear DNA
amplification products of 2800 base pairs (Fig. 2) are directly subjected to in



10 (ATTTAGGTGACACTATAGAACTC) is incorporated in the 5'

ol i gonucl eaybPgugokge | ocation of the 5 sense oligonucleotide.] - :
position 2309 to 2335 (arrow), whereas the 3' anti-sense ol iﬁ%ﬁ%‘é%@ﬂ’@

covers the region 1917 to 1940 (arrow). Fig. 2 is a photo which

shows el ectrophoresis pattern of the PCR product anplified using viral DNA
I solated fromserumcarrying wld type;4BV. The fragnment with the expected
size of 2800 base pairs is indicated by an arrow. Al so indicated on the 'M

| ane are whgonigisetiptionimistationsinotherwhegiuarin seildraetsystém dcdoldin

| adder, MBI Fernentas), Fig. 3 is an autoradi ograph whi ch”shows the
in vitro tinstnettianspravidédibypmangfactersdPromegadd.SiA)wheat germ | ysate,
directly fromthe PCR anplification product in the presence of [err]

met hi onine. The [3[err]S] | abel ed human HBV DNA pol ynerase of 90 kilo

dal k 1S, L nd] db Indicated on the |eft
out si de ar b ¢ ne RS eYBRESiaP T SR a7esed "Rhr e Meliiorige, priovtra”

ut si d O LYo 6 5T7e Re o .
Chove. 1 he ‘TEsich, YRR B 61ln product witith rolp Qs <B4, & ARAOSTRD B30

(synt hesi zagettedoedic $43 amﬁmmid)pdlmbmegfo%pﬁﬁe ghowslonl Fig! 3P.THise [err]
dTTP | abel ed human HBV DNA pol ymerase of 90 kil o dalton (kD) ‘as expected is
i ndi cat ed Tesultuis sensigkent with previous reports on DHBV DNA polymerase activity

assay, and more importantly indicates that the human HBV DNA polymerase
has been appropriately translated using the linear PCR amplification products

as template.

To assay for the human HBV DNA polymerase activity, in vitro
translation reaction mixture containing the newly synthesized polymerase in the
absence of any radio-labeled amino acid (i.e. [*°S] Methionine) is incubated in
a solution that contains dATP, dCTP, dGTP and radiolabeled [o->2P] dTTP.
While any type of label that is conventionally used in the nucleotide assay arts
may be used to label the nucleotides which will be incorporated into the primed
polymerase, such as fluorescent or absorption labels, it is preferred to use a
radiolabel. [a-*°P] dTTP is chosen in the present invention because of its

higher priming specificity as compared to the other three nucleotides.

Depending on the type of label used, detection of the radiolabeled
primed polymerase product may be achieved by any appropriate means.
Generally this may include a step of separating labeled mononucleotides (i.e.
[a->2P] dTTP) from radiolabeled primed polymerase product. In the present
invention, the product of the priming reaction is preferably analyzed by SDS-
polyacrylamide gel electrophoresis. Fig. 4 shows results of the priming activity
assay on the human wild type HBV DNA polymerase in the presence of [o->?P]

dTTP, the specific priming nucleotide for the human enzyme. The detection of



I ndicated on the |eft outside are the positions of nolecular size markers
(Rai nbow pr¥@#P#8MBgr ati on markers, Amershan). Fi g. POTESG00017
aut or adi ograph that shows the in vitro primng activity of HBV DNA

pol ynmerases of the wild type (lane 1) and the surface antigen nutants 's'
145 (lane 2) and 's' 126 (lane 3) in the presence of [a-[err]P] dTTP. The
[err] dTTP | abel ed human HBV DNA pol yméBases of 90 kilo dalton

11 (kD) as, expected, for all the three viral strains is indicated by an
arrow. | ndhe apioteipn bepd Péfﬂt‘e sPXRECERde SiA%e UPGBI XPRSIISf tanuiradiographse

mar ker s ( Rak.nbow L0 m.arati - nmer sham . Fig. 6 is a
sunmary oﬂn@lﬁ?&-s&ﬁ%%ngfafggﬁ& °§W¢%P&S@W&F%S on the wild type
human HBV DNA pol ynerase. Columns represent radi ol abel ed hunan HBV DNA
pol ynmerase remai ned on nitrocellul ose nenbrane, as neasured by cpm Control

indicates in vilkrwildri alsogbacpbssitle €dr hhevpolplérae weHVRAG Cadsay! fe @bsence
of nucleotide analogs. Results of activity assays in the prese%ce of
parti cul amonitdredt byl diltrationgtheough nitrecelladosecmembirane.y Under appidpfiats or t he

activity assay.in the presence of ddTTP). There is_no _obvious anti-primng
ef fect wh&NAHIONS, AYBH lta&’veir@nélaugrﬁﬁgél%mdwlﬁb@lﬁé primed modymwerase toaarbeid TTP
or ddATP, as conpared with the. control. In coptrast, inhipitaopy effect is
obser ved ISAGICTIN ghiyTAn isigSfteint mpi 6F mhiscipomied [Pt} S
Pri NG iy rdsdir8%h RfroR€flbios@nthbtaaie] vudi ne which i's a (=) enontiomer
o

The present invention is further illustrated by the following Examples;

however, the present invention shall in no way be limited to these Examples.
EXAMPLES
General Experimental Methods

Viral DNA from serum carrying wild type HBV was isolated as follows.
200 pl of the serum sample was added to 400 pl of lysis buffer (Tris chloride
10 mM, pH7.4, EDTA 1 mM, and sodium dodecyl sulfate 2%) and 25 pl of
proteinase K (20 mg/ml), incubated at 65°C for 3 hours. Viral DNA was then
extracted by phenol/chloroform and precipitated by ethanol. PCR amplification
was carried out using the following oligonucleotides. The 5’ oligonucleotide
was a sense oligonucleotide Q\AATTTAGGTGACACTATAGAATATGCC
CCTATCTTATCAACACTTCC) and contained a SP6 promoter at its proximal

end (underlined sequence) and had its matching region at the starting region of

the coding region of HBV DNA polymerase (position 2309 to 2340 in the wild

type HBV genome). The 3’ oligonucleotide was an anti-sense oligonucleotide
(ACAGTAGCTCCAAATTCTTTATAAGGGTCA) which had its matching
region at 300 base pairs downstream of the stop codon of HBV DNA



3'-thiacytidine, a cytosine dideoxynucleotide analog w dely used clinicall y
for treatmewlo afish¥8Y carriers with active HBV replication.  GENERN 0. -
DESCRI PTI ON WIld type HBV viral DNA is extracted from'serum sarrpl e
by phenol/chloroform PCR anplification is carried out in the first step of
the present invention using specific oligonucleotides (Fig. 1). The 5
sense ol i gonucl eotide matches the first 27 nucl eotides of the coding region
of HBV DNA pol ynerase and incorporates the SP6 pronoter at its proximal

end. The 3polgfiera(rorm! paatuic 1990itge MNasin the m%@mwggr B0 Tese ¢

pairs downstreamthe stop codon of HBV DNA pol ynerase
| i near DN/resulfingf PCR: proddupt wahs therefibre2st@itarahan ﬂmtrestdbﬁshed &i p&bHs}ﬂjdl’ ectly
subjected to in 12 vitro

transcri ptieparsr sl 30 i basei pairis wiea!Phed FTR e(3000r e(é/m;mﬂe)maadcﬁiﬂ]ng to

I nstructi royid nuf ur er Pr.oneg

synt hesi zce)qu 3?@@@ glFierF"W@&’ﬁmBgE nngmi Mﬂt—%@m raHBl@ﬁledn
yields a ze of about 90 kD as expected -
for the 84@22?7 aﬁf%g&ggﬁngfg%gglﬁ&e@pﬁﬁ OMEE3wn on Fi g. 3. This result
IS consistent with previous reports on DHBV DNA pol ynerase activity assay,
and nore inportantly indicates that the human HBV DNA pol ynerase

Unless otherwise noted, the polymerase activity assay was conducted in
solution containing 100 mM Tris HC1 (pH 7.5), 10 mM MgCl,, 30 mM NaCl,
10 % glycerol, 4 mM dithiothreitol, 100 pM of each unlabeled
deoxyribonucleotide triphosphates (ATP, dCTP and dGTP) and 5 pCi [a->?P]
dTTP. The reactions were incubated at 30°C for 30 min, after which time a S
ul aliquot was added to 85 pl of tricine sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) sample buffer (Novex, U.S.A.), and 10 pl
were analyzed on 10 % SDS-PAGE. Following electrophoresis, gels were
fixed by soaking in 10 % methanol plus 10 % acetic acid and dried under
vacuum. Dried gels were exposed to X-ray film and signals quantified by laser

densitometry.
EXAMPLE 1
Polymerase Activity Assay on HBV Surface Antigen Mutants

One of the direct applications of the simplified activity assay on human
HBV DNA polymerase reported in the present invention is to assess the
relevant activity of variant HBVs with mutation on the major surface antigen,
in particular those induced following vaccination (i.e. ‘s’ 145). Viral DNA was
extracted as described above from serum samples containing such HBV

variants. The mutants involved in the present invention include ‘s” 145 -



has been appropriately translated using the [inear PCR anplification
product s aswOdIB8e. To assay for the human HBV DNA paaiscoememe
activity, in vitro translation reaction m xture containing the newy

synt hesi zed pol ynerase in the absence of any radio-labeled amno acid (i.e.
[3[err]S] Methionine) is incubated in a solution that contains dATP, dCTP,
dGIP and radi ol abeled [err] dTTP. Wilijg any type of |abel that is
conventional Iy used in the nucleotide assay arts may be used to |abel the
nucl eot i deSlyinentanArginine mydahigirandes’| m%(rhr@opmen@dAmmebewdmh agech as
fl uorescent o% abior%ti.on abel s lt is.ﬁlgef.erred 0 u(ge a radiol abel .
[err] dTTFaRabls, ol sscaping the currently available immpunghased defgcdion; Systemp i ni ng

onCthe 1y And? CABER S8t (RdEREndn? O reb BT WAL e, spme paib Bho: noo
product neyligematditidesd POR HMplaReHtie wisecA®RASoutCRIg! did YirtaD img,_l#% ) from

i ncl ude a step of separating |abel ed nononucl eotides (i.e. [err]

r adi ol abel tethplatenen agdN/nEhesmalpCydles t(PetkintElmerr €zan) fongs mgcm, uding
product of the primng reaction is preferably anal yzed by SDS-

pol yacr y| ah@qiepejymesase: (PepnegasihsS.An).g cagh seinle eansisting of 15 mini ratng.
tivit .on the h ild t HBV | i,n.th
of [ o 55p) SHRIINE remBeratite RoXe. 2 inkd 5 e MRS DR R e A . The

detection ffextension temperature (72°C).

The PCR product containing the SP6 promoter and amplified from each
mutant HBV was added in wheat germ cell-free system. The coupled in vitro
transcription/translation was carried out according to instructions provided by

the manufacturer (Promega, U.S.A.). Briefly, 10 pul of PCR product was added

to 25 pl of wheat germ extract supplemented with SP6 RNA polymerase, amino
acid mixture (in the absence of [*°S] Methionine), RNAse inhibitor and reaction
buffer. The reaction mixture was incubated at 30°C for 60 min. The resulting
extracts containing the transiated HBV DNA polymerase were added to the
solution described in General Experimental Methods, and the polymerase
activity is assayed as above-meqtioned. Results of such assay shown in Fig. 5
indicate that the HBV DNA polymerase of either the mutant ‘s’ 145 (lane 2) or
‘s’ 126 (lane 3) displays similar priming activity as compared with that of the
wild type enzyme (lane I). Alternatively, quantitative measurements may be
carried out by laser densitometry that allows comparison of the intensity of the

radiolabeled primed polymerases.



13 the protein band of the expected size upon exposure to autoradi ography

I ndi cat es t\@?)ﬂ%h%ﬁ? ng activity of HBV DNA pol ynerase. It wll. also
be possible Tor 3 pol ymerase activity assay to be nonitor eBCH$GPI00t Rt i on
t hrough nitrocel |l ul ose nmenbrane. Under appropriate conditions, quantitative
bi ndi ng of the radiol abel ed prined pol ynerase can be observed with only an
I nsignificant anount of unincorporated [err] dTTP being retai ned on
nitrocel | ul ose nenbrane. The pkesent invention is further
illustrated by the foll ow ng Exanpl es; however, the present invention shall
in no way be limted to these Exanpl es. EXAMPLES  General Experinental
Met hods EXAMPYE @l DNA fromserumcarrying wild type HBV was isol ated as
follows. 200 [err]l of the serum sanple was added to 400 [err]l of lysis
buffer (Tris chloride 10 M pH7.4, EDTA 1 mM and sodi um dodecyl sulfate
299 and 25 [err]] of proteinase K (20 ng/m ), incubated at 65[err]C for 3
hours. Vi destipgfondshibitorsefiiamasdBYV PiNARdymieoass or m and preci pitated
by ethanol. PCR anplification was carried out using the foll ow ng

ol i gonucl eoti des. The 5' oligonucl eotide was a sense ol igonucl eoti de

bromot er at 1 {8 K BTRLN BHPIAIN b PHAFEY A Bpbartonsfouid Bikide ng

(29,7 BB, Wbt s Y e DA ENRANGLMET I

\r/]v:z ??Saggt)?ﬁ?ggee cdditiydeyu ek okead eto AMMETERIACOEMABAT Wkl Taphédedal CArhahi ch
simplified activity assay reported in the present invention would allow faster
analysis of the inhibitory effects of newly found molecules on DNA
polymerase of variant HBV carrying mutations on the major surface antigen.
Briefly, a candidate inhibitor was first incubated with the wild type human
HBV DNA polymerase that was PCR ampliﬁéd and in vitro translated as
reported in the present invention. The incubation was in the presence of [a-
P] dTTP and with other conditions identical as above-mentioned. Its
inhibitory effect may be determined either by laser densitometry following
SDS-PAGE analysis, or by measuring the amount of radiolabeled HBV DNA
polymerase bound to nitrocellulose membrane after filtration. Significantly, the
assay of inhibitory effects of such antiviral agents may be readily applied to
HBV variants including the véccine-induce('i mutant ‘s’ 145 that is also
involved in the present invention (Fig. 5). Further assay on the potential
inhibitory effect derived from the above-mentioned assay may then be extended
to other systems such as HBV-producing cell lines and transgenic animal

model.

Depending on the type of label used, detection of the labeled hybrid
HBV DNA polymerase product may be achieved by any appropriate means.
Generally this may include a step of separating labeled mononucleotide from

labeled human HBV DNA polymerase. In a preferred embodiment, detection is



region at 300 base pairs downstream of the stop codon of HBV DNA

14 pol ymer 29@ QOf18%# position 1940 to 1911 in the wild type HRCTHGH98917 The
resul ting PCR product was therefore shorter than that established in

publ i shed reports (by 50 base pairs). [a-32P] dTTP (3000 G /muol e) and
[35S] Met hionine (1000 G /nmmole) were obtained from Amersham Unl abel ed
dATP, dCTP and dGIP were obtai ned fromll?romega. g IUnI ess ot?erw se
not ed, the pol asg activjty assay was conducted in solutjon containing
100 M Tr iagﬂm%g%mﬁlﬂ?mg tﬁeywm}sénz&mg@ (Wil @t | thiso peantgin, ghe @ssay 4 v

di thi ot hrejtel r f .;each deoxyri bonucl eot i _

t Ir i plhgsphﬁ%@ogdi‘%&ahﬁﬁﬁmﬁe%&gaﬁﬁﬁﬂ@grﬁwﬁsﬂwﬁ% P@ekéiapt i o?s
[ rﬁ*r@u r oa) e | ti a. h. i quo

ﬁgeahgggﬁ%@%ﬁﬁg 0 tgl?c?ﬁ@hrsgggpﬁgnkgo ee\é@qrﬁgﬁl fg?l S- 3@?‘%@%@#&% de gel

el ect r ophexeassslabSY Mdabhuslestiie flvid eiroG R X mdthirafe Iwhidé thel blefid 1 |

were anal yzed on 10 % SDS- PAGE. Fol | owi ng el ectrophoresis, gels were fixed

by soaki ndiybmidipolymerasereattion psoditt 46 eaptnied el mtocelulode nredebranacuum

Dried gel re, exposed to X-ray filmand sjgnals quantified by |aser
densi t ometiyen th EEalradlw%iraérla e £2%9 i the ssmplified Assmy/ reuartescin

Anti gen Mifxg'f;résent invention, then the amount of radioactivity bound to the filter may
be quantified using a plate reading scintillation counter. Such measurement has
distinct advantages over the prior one described in the present invention in that

it does not involve an electrophoresis step.

In the present invention, the following nucleotide analogs capable of
inhibiting the HBV DNA polymerase activity may be assayed for their anti-
priming activity. These include ddTTP, ddGTP, ddCTP, ddATP and
lamivudine. Assay conditions are identical to those described in General
Experimental Methods. Briefly, the nucleotide in the assay mixture is
replaced with the corresponding nucleotide analog in the anti-priming testing of
the particular nucleotide analog (i.e. dGTP should be replaced with ddGTP for
testing the anti-priming activity of ddGTP). Conversely, no nucleotide is
replaced when testing the anti-pfiming activity of ddTTP (as the radio-labeled
nucleotide is dTTP in the present invention) as well as lamivudine. At the end
of incubation, the reaction mixture is transferred onto a (2 x 2 cm)
nitrocellulose membrane by gentle dotting. The unincorporated radiolabeled
dTTP is then separated by washing the nitrocellulose membrane in 400 ml of
Tris.HC1 (pH. 7.5), 100 mM NaCl, 20 mM MgCl, and 0.5 % bovine serum
albumin. The remaining radiolabeled human HBV DNA polymerase bound to
the nitrocellulose membrane is then measured quantified using a plate reading
scintillation counter. Results shown in Fig. 6 indicate a significantly lower

amount of [32P] labeled human HBV DNA polymerase in the presence of



One of the direct applications of the sinplified activity assay on hunman
HBV DNA polwgBpAses’ eported in the present invention is to alsé.{e@?”t/&g”

rel evant activity of variant HBVs with nutation on the nmjor surface :
antigen, in particular those induced follow ng vaccination (i.e. 's' 145).
Viral DNA was extracted as descri bed above from serum sanpl es contai ni ng
such HBV variants. The nutants invol vieéi in the present invention include
's' 145 15 (@ycine to

Ar gi ni ne i PS, i i , j abl e of
csdapi ng (CER A ACTEas FeRpa’cd RO Boh@or S8y (h nd 6f o8

capabl e ofuclettidenidldg)l tereforé pointing tb'theéig ahti?m’rﬁﬂ'@aﬁﬁ}ify. Ofn contrast

ol i gonucl eoti des, PCR anplification was carried out with the viral as

t enpl at e v antDjrinTingractivityys bbseryerbfor either ddd TPGet ddATPor 35 cycl es using
Taq pol ynerase (Pronega, U.S. A ), each cycle consisting of 1.5 mn at
denaturing tenperature (94[err]C, 2 mn at annealing tenperature (53[err]Q

contai i ng 1 he. S Ppeenb EERRRY 18 Bae b Hitplifiod petiiplAfoaleth B8 Goca i

wheat ger &t DNASSoIgHRIA® THE moERtisH rﬁike‘éi}?%sg%jﬁl% %H&Cdét%hiﬂ?fi&ﬁ%fsl ation

was carried out according to Instructions pro y the manufacturer

(Pronega, HinfarAHBVEDNE pylynidiadecactivityodir&Ely froadsartimneamplédwithbe the [err] |
of wheat germ extract supplenented with SP6 RNA pol ynerase, am no acid
m xture (ipresend rgsminesensfof zlening.s) Therefossiihegllowdudast iaasespimnent andd

reaction buffer.. Th eaction m xtuyre s in d 30[err]C for. 60 mn.
The resul tmﬁgltonng o% tfle Increasing numli)er ov}avarlan%m{/% w1£tllt1 mu tlonl on t?lelr

major surface antigen. This invention also makes possible an easily accessible

assay for inhibitory effects of antiviral agents on these HBV variants, with the
particular emphasis on those that are induced following vaccination (i.e. ‘s’
145) related to liver diseases and those found in asymptomatic individuals

which would eventually lead to liver disease.



extracts.containing the translated HBV DNA pol ynerase were added to the
sol uti on de¥QwPH&E8i n General Experinental Methods, and the poinseeyenmes
activity is assayed as above-nenti oned.9 Results of such assay shown in Fig.
5 indicate that the HBV DNA pol ynerase of either the mutant 's' 145 (Il ane
2) or 's' 126 (lane 3) displays simlar primng activity as conpared with
that of the wild type enzyne (lane 1). Alternatively, quantitative
measurenents nay be carried out by |aser densitonetry that allows

conpari softLAIMBe intensity of the radiol abel ed prined pol ynerases.

16 EXAMPLE 2 Testing for Inhibitors of Human HBV DNA Pol yner ase
Screening for inhibitors of human HBV DNA pol ynerase woul d provi de novel

t herapeutic agents for HBV infection, as effective inhibition of the

pol ymerase activity will lead to inhibition of HBV viral replication. The

sinplifieg actias t; : I IR, t 1.0 I | ow
faster angl ySi sA%fMt Z’?ﬁﬁ‘f‘ﬁ@?oﬂﬁsg&} fecH ilgmg‘{ %EE%?/‘% ;B(/)msngl{ gg{}l ;bsl\? ‘Jén DNA
pol yner asgoBfmarake,anvhidBY coaiprises Jusingat aPnhe 05’ t BHgoMicMEotsdl fIRCEPERL i gen.

Briefly, a candidate inhibitor was first incubated wWith the wild type human
HBV DNA peimpidicasiontdfaiBMaDNKERdymierdse ddomradsanaplej an oligonucleatidel inte

which has been incorporated the SP6 viral polymerase promoter, directly

transcribing and translating the PCR products in eukaryotic cell-free lysates and
measuring the priming of the HBV DNA polymerase in the presence of a radio-
labelled agent.

2. An assay according to Claim 1, wherein the radio-labelled agent 'is

radio-labelled nucleotide triphosphate.

3. An assay according to Claim 2, wherein the radio-labelled nucleotide

triphosphate is dTTP or an analog thereof.

4. An assay according to Claim 1, 2 or 3, wherein the radio-labelled agent -

is in an assay buffer.

5. An assay according to Claim 4, wherein the complex is separated from

the assay buffer by polyacrylamide gel electrophoresis.

6. An assay according to Claim 4, wherein the complex is separated from

the assay buffer by filtration.

7. An assay according to any one of the preceding claims, wherein the

sample is a serum sample.

A



reported in the present invention. The incubation was in the presence of [e
32rr]] dTTPw?ﬂQ/postsh other conditions identical as above-mentioned. Its .
i nhibitory effect nmay be deternined either by |aser densitonBETHCPYIOEN ng

SDS- PAGE anal ysis, or by neasuring the@nount of radiol abel ed HBV DNA

pol ymerase bound to nitrocellul ose nmenbrane after filtration.

Significantly, the assay of inhibitory effects of such antiviral agents may
be readily applied to HBV variants including the vaccine-induced nmutant 's'

145 that ig al s..i ovol, v L. h ese I pvention (Fig. 5). Further assay
on the pot%ntiaﬁni %Sr%gkifcgpb(ﬂgkf c@%‘g}i veﬂﬂ?ﬁﬁb‘htﬁﬁe& v@‘%ﬁﬁ\"n FHamsassay
may t hen LYl . ' ell lines and
T ansgeni coet oay AR BN Gl BE e o o B RucE ARHBER AR 168 ameld

det ect i on defrivedefrorabelceihelasbape] ﬂdﬂﬂaDHépﬂ@ﬁm‘mhﬁﬁﬁathﬁéi%ﬂl MR¥pdifisAghi eved
by any approprjate neans. Generally this may include a step of” separating
| abel ed nomeE§isease. de from | abel ed human HBV DNA pol ynerase. In a
preferred enbodi nent, detection is

17 achieved by filtering the sanple m xture (which at this point in the

assay net kpd, i | ymer ase and. excess

| abel ed m@;onugﬁ%{ﬁf%ﬁ%ﬁgﬁgﬁl‘g&ﬁ% oceFW|°3§\’leA°ﬁﬁ?%Pa‘?‘Fsam%r ms to

uni ncor poragggdagxﬁgssf{,ﬁwseghﬁﬁrgamﬂg@ot ide flows through the nenbrane
while the | abel ed hybrid pol ynmerase reaction product is captured on the
nitrocel |l ul ose menbrane. When the |label is a radiolabel as is the case in
the sinplifjed assay r?ported in the present invention, then the anount of
radi oacti ity bbasmuse ef apassay acsordiag to any one of Claims 1 to 8 to screen for

inhibitors of the HBV DNA polymerase.

11.  The use of the assay according to any one of Claims 1 to 8 to test and/or
screen potential anti-HBV drugs for their ability to inhibit DNA priming
activity of human HBV DNA polymerase.

12. A use according to Claim 11, including the steps of

a) preparing at least one sample in a defined volume of assay buffer, each
sample containing in vitro translated human HBV DNA polymerase protein in
eukaryotic cell-free lysate usiﬂg linear PCR product as template, an RNA
template for HBV minus strand synthesis which includes a sequence capable of

forming a stem loop structure,

b) preparing a control sample in an equivalent volume of the assay buffer,
the control sample containing in vitro translated human HBV DNA polymerase
protein using linear PCR product as template and an RNA template for HBV
minus strand synthesis which includes a sequence capable of forming a stem
loop structure, essential for binding and priming of the human HBV DNA

polymerase,

AU



be quantified using a plate reading scintillation counter. Such measurenent
has di sti ncVOABMeBages over the prior one described in the PCFSE9/00017
invention in that it does not involve an el ectrophoresis step. In
the present invention, the follow ng nucleotide anal ogs capabl e of

i nhibiting the HBV DNA pol ynerase activity may be assayed for their anti-
primng activity. These include ddTTP, ddGIP, ddCTP, ddATP and | am vudi ne.
Assay conditions are identical to those described in General Experinental
Met hods. Briefly, the nucleotide in the assay mxture is replaced with the
correspondj ng nucl eofide anal og,in the anfi-primng testing, of the

parti cul aFj nucRReRbating, fhe o samples  tocTebtanburd Gemplex| somprising: ENAP for

testing t nti-prim Wity 0f ddGIP). Conversely, no nucleotide is
repl aced \aﬁbﬁn&é‘@eflhg]tﬁﬁéﬁﬁ%’#ﬁeﬁeﬁrﬂg?&gacti vity of ddTTP (as the

radi o-1 abel ed nucleotide is dTTP in the present invention) as well as

| am vudi ne. At the end of incubation, the reaction mxture is transferred
onto a (2dx 2 ceparatingakie tomplaes froththe asddy WAfr] andlotting. The

uni ncor por at ed radi ol abel ed dTTP is then separated by washing the
nitrocel l ul ose menbrane in 400 M of Tris.HC (pH 7.5), 100 MM NaCl, 20 niM

Myl 2 and 0.5 % bovi.ne serum al bumpn. T remai ni,ng r.adi ol abel ed human HBV
DRA pol yEd ace MERHEREIRE REORRAE phEdip URBRISd Agss ihgadhsapaERoeamMe

quantifie ' . i.n I ohbrhlakion counter .. Results shown in
Fig. 6i ng‘.‘%’éﬁé’q’é‘?s‘%@# ﬁ?‘{égaﬁﬂeygf ?,f&é,eﬁ%o@f@’% af@‘é‘b[ #&E%ﬁ%ﬂ“% Y HBV DNA
pol ynmer aspNA pdl geence of
18 ddCTP and ddGIP as conpared to the control assay (in the absence of any
nucl eoti de anal og), therefore pointing to their anti-primng activity. In
contrast, ) .

13. A use according to Claim 12, including comparing the amounts of the

radio-labelled agent in the separated complexes.

14. A use according to Claim 12, wherein steps c), d) and €) therein are

replaced by the following steps:

c) incubating each said test tube and said control tube with equivalent
amounts of a radio-labeled nucleotide triphosphate comprising the first
nucleotide incorporated into said HBV minus strand DNA, under defined
conditions favorable to DNA i)ﬁming activity of said human HBV DNA
polymerase, resulting in the formation of a complex comprising said DNA

polymerase and said radio-labeled nucleotide triphosphate;

d) separating said complex from said assay buffer in each said test tube and

said control tube by filtration through nitrocellulose membrane;

e) measuring the amount of said radio-labeled nucleotide triphosphate in
each said separated complex, said amount being indicative of said DNA

priming activity of said human HBV DNA polymerase;

g



no anti-primng activity is observed for either ddTTP or ddATP. The

present in ti LS based on a sinplified activity assay o él#,  HRV DNA
pol ynerasewgm’/g&lﬁgvention makes possipl e fast determ natiorano %@EMHBV
DNA pol ynerase activity directly fromSerum sanple w thout the present

requi renment of cloning. Therefore it allows fast assessnent and nonitoring
of the increasing nunber of variant HBVs with nmutations on their najor
surface antigen. This invention al so makes possi ble an easily accessible
assay for inhibitory effects of antiviral agents on these HBV vari ants,
with the particular enphasis on those that are induced follow ng

vaccinatign (1 Bmpabingl4hd {ShEURR Gehdunte ofdsaRA 1850A8bEIEAORECEOHAL | N

asynpt onat1 c i s which woul d eventual I'y I ver di sease.

19 CLAWYShosphhte inARaid" sepiratedcdomplexesaashichl eemiinsdnbbemdit tot ithe B vi r us
(HBV) DNA pol yrerase, which conprises using, as the 5' oligonucleotide in
PCR anpl i hitratélhriose midBibran’ofedonsaid sest tubmand saidsioatrohfubs, agisareaseot i de

i nto which has been incorporated. t

] SPG viral,pol yyrergse pr.onoter,
directly tndheamomiplasaid radieciahe eagmi eom{gqumqwan&ets Inp S&Gk%ﬁwmtﬁé .
cell-free |ysates d.peasurin [i ng: Y/ . ein
the pres eﬁe\éx;g?xeé 9 1@?@% glbléq ?se}églﬁggrﬁ{i%@%d) Lortfdl Y uENE iREIKHTE 3F |

inhibition of said DNA priming activity of said human HBV DNA polymerase

by said potential anti-HBV drugs.

15. A method of producing HBV DNA polymerase directly from linear
DNA fragment using linear PCR product as the template.

16. A method according to Claim 15, which method includes incorporation

of the SP6 viral polymerase promoter into a 5’ sense oligonucleotide.

17. A method according to Claim 16, wherein the 5’ sense oligonucleotide
encompasses the first 30 nucleotides of the coding region of human HBV DNA
polymerase gene, the SP6 promoter being located upstream of the HBV

sequence in the oligonucleotide.

18. A method according to Claim 15, which method includes synthesis of
the 3’ antisense oligonucleotide which is located 300 base pairs downstream of

the stop codon of human HBV DNA polymerase gene.

* c L M S *



2. An_assay according to Claim 1, wherein the radio-|abelled agent is

r adi o- | abel WOP018%8eot i de tri phosphat e. 3. An assay acceodis@soamit ai m
2, wherein the radio-Ilabelled nucleotide triphosphate is dTTP or an anal og
t her eof . 4, An assay according to daiml, 2 or 3, wherein the
radi o-1 abell ed agent is in an assay buffer. 5. An assay according to
Claim4, wherein the conplex is separ a} ed fromthe assay buffer by
pol yacryl am de gel el ectrophoresis. 14 An assay according to daim 4,
wherein the conplex is separated fromthe assay buffer by filtration. 7.
An assay according to any one of the preceding clains, wherein the sanple
is a serum sanpl e. 20 8. An
assay according to Caim7, wherein the serum sanpl e contains
o
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either the human HBV wild type virus or a surface antigen nutant, for
exanpl e deregh/flshggm vacci ne escape, nornmal popul ation, and patients-with
hepatitis B liver disease. 9. The use of an assay accordFR§SE8”%MN7 one
of the preceding clains to assay activity of various serum sanpl es. 10.
The use of an assay according to any one of Clains 1 to 8 to screen for

I nhi bitors of the HBV DNA pol yner ase. 11. The use of the assay according
to any one of Clains 1 to 8 to test and/or screen potential anti-HBV drugs
for their ability to inhibit DNA primng activity of human HBV DNA

pol yner ase. 12. A use according tp/L aim1l, including the steps of a)
preparing at | east one sanple in a defined volune of assay buffer, each
sanple containing in vitro translated human HBV DNA pol ynerase protein in
eukaryotic cell-free |ysate using |inear PCR product as tenplate, an RNA
tenplate for HBV m nus strand synthesis which includes a sequence capabl e

of formng a stemloop structure, b) preparing a control sanple in an
equi val ent vol ume of the assay buffer, the control sanple containing in
vitro transl ated hu ?Eﬁgﬁig¥nerase protein using |inear PCR product
as tenplate and an I HBV mi nus strand synthesis which

I ncl udes a sequence

ng a ste op st
bi ndi ng and @B ng qk
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21 €) . incubating the sanples to obtain a conpl ex conprising DNA

pol yner ase V¥A 80489688 r adi o- | abel | ed agent, d)  separating thPeTsapIb@XES
fromthe assay buffer, and e) measuring the anount of radio-I|abelled
agent in each separated conplex, the anbunt being indicative of the DNA
primng activity of the human HBV DNA pol yner ase. 13. A use according to
Claim 12, including conparing the anmounts of the radio-|abelled agent in

t he separated conpl exes. 14. A wu g4according to Claim12, wherein steps
c), d) and e) therein are replaced by the foll ow ng steps: c)

i ncubating each said test tube and said control tube w th equival ent
anounts of a radio-I|abel ed nucl eotide triphosphate conprising the first
nucl eotide incorporated into said HBV m nus strand DNA, under defi ned
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conditions favorable to DNA primng activity of said human HBV DNA

pol yner ase, “tﬁﬁnhhhng in the formati on of a conpl ex conpr|S|ng sai d

pol ynerase and sai d radi o-|abel ed nucl eotide triphosphate; Tsc9mmmn7_
separating said conplex fromsaid assay buffer in each said test tube and
said control tube by filtration through nitrocellul ose nenbrane; e)
nmeasuri ng the anount of said radio-I|abel ed nucleotide triphosphate in each
sai d separated conpl ex, said amount being indicative of said DNA primng
activity of said human HBV DNA pol ynerase;

22 f) conparing the respective amotfit s of said radio- | abel ed

nucl eotide triphosphate in said separated conpl exes which renmai ned bound to
the nitrocell ul ose nmenbrane of each said test tube and said control tube, a
decrease in the anmobunt of said radio-|abel ed nucl eotide triphosphate in
sai d separated conpl exes of said test tube as conpared to said control tube
being indicative of inhibition of said DNA primng activity of said human
HBV DNA pol ynerase by said potential anti-HBV, drugs. 15. A nethod of
produci ng HBV DNA pol ynerase directly fronllihear

+ddATP + Lamivudine
Effects of Nucleotide Analogs

+ddTTP +ddCTP +ddGTP
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DNA fragléit using linear PCR product as the tenplate. 16.

r i t hod
according t m 15, Kﬁ%xqggr | I at | on ORIMP SP6 vi ral
pol ymer ase ?ﬁ?rt i nto &2 sengserfa'ﬁé)g%ng’k&t%%ﬂg o hod
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t h&lébgr'BPWE’f“ %‘ﬁf“ﬁg‘“f‘gcm ed upbt r adh B‘I‘eﬂtﬂl‘l@al-wcs@q@’eﬁb‘@ in t WO 00718968
i goRU2Qd60, A8, 1/48,8°12P A9f3d; 2P had I o] A2 paithi ch 1t hoy o
incl udes synthesis of the 3' antijken & Whi P2 %%
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