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-1- Scintillation Proximity Assay This invention pertains to biological
assays for polymerase enzymes, and more particularly to a scintillation
proximity assay for measuring the activities of RNA and DNA polymerise
enzymes. 5 Hepatitis C virus is the leading cause of chronic liver disease
throughout the world. (Boyer, N. et al. J. Hepatol. 2000 32:98-112).
Patients infected with HCV are at risk of developing cirrhosis of the liver
and subsequent hepatocefitiRfilatisnoPraint tehsmyHCV is the major
indication for liver transplantation. 10 HCV has been classified as a
member of the virus family Flaviviridae that includes the genera
flaviviruses, pestiviruses, and hapaceiviruses which includes hepatitis C
viruses (Rice, C. M., Flaviviridae: The viruses and their replication. In:
Fields Virology, Editors: B. N. Fields, D. M. Knipe and P. M. Howley,
LippinEStiereiim pemtiskdpshiviorishdetphidoPaol Bheptereaty93d - 989 more
pAARE)atHAY iSaREmYRIRRESkYIRS SRR itiye-sense..
D%ir}tcglei-1I+ItJ§r(§nded RNA ger?:)?rgl)gfg?%pproxifrgggé%agg%%ﬁfﬁg%wgf%gﬁ%é and
condiStYBFE% draSiated region (UTR), a long open reading frame
encoding a polyprotein precursor of-approximately 3011 amino acids, and
a short 3' UTR. The 5' UTR is the most highly conserved part of the HCV
genome and is important for the 20 initiation and control of polyprotein
tranglation; ; . r ral .protein,5, NS5B, coptain
the RO gopenioo A S e MBS b Reat e Yriont the woria
(BoysindY 6f ﬁfgﬁfé#é’&tﬂ{e%iﬁf&%P@ﬂd@énﬂymwmfecrﬁ@rmmmmaaoﬁsk of
deepineeifiivsly SRR R SHAGIDRIARSH I ARBLRAGNRSRAIBAIN D,  hence

HCV is the major indication for liver transplantation.

HCV has been classified as 2 member of the virus family Flaviviridae that includes
the genera flaviviruses, pestiviruses, and hapaceiviruses which includes hepatitis C
viruses (Rice, C. M., Flaviviridae: The viruses and their replication. In: Fields Virology,
Editors: B. N. Fields, D. M. Knipe and P. M. Howley, Lippincoti-Raven Publishers,
Philadelphia, Pa., Chapter 30, 931-959, 1996). HCV is an enveloped virus containing a

positive-sense single-stranded RNA genome of approximately 9.4 kb. The viral genome

- consists of a 5" untranslated region (UTR), a long open reading frame encoding a

polyprotein precursor of-approximately 3011 amino acids, and a short 3' UTR. The 5"
UTR is the most highly conserved part of the HCV genome and is important for the
initiation and control of polyprotein translation. The carboxyl half of nonstructural
protein 5, NS5B, contains the RNA-dependent RNA polymerase.

Currently there are a limited number of approved therapies are currently available
for the treatment of HCV infection, New and existing therapeutic approaches to treatin g
HCYV and inhibition of HCV NS5B polymerase have been reviewed: R. G. Gish, Sem.
Liver. Dis., 1999 19:5; Di Besceglie, A. M. and Bacon, B. R, Scientific American,
October: 1999 80-85; G. Lake-Bakaar, Current and Future Therapy jor Chronic
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25 HCV and inhibition of HCV NS5B polymerase have been reviewed: R.

G. Gish, Sem. Liver. Dis., 1999 19:5; Di Besceglie, A. M. and Bacon, B.

R., Scientific American, October: 1999 80-85; G. Lake-Bakaar, Current

and Future Therapy for Chronic -2- Hepdtitis C Virus Liver Disease, Curr.
Drug Targ. Infect Dis. 2003 3(3):247-253; P. Hoffmann et at, Recent
Kenetits 6nVesiveadiitetser Apy toPrwep btig. drfai Disf@ONBB(3):247-253; P.
HL999n2002)1 %’egt%ﬁte-ga%n R %gggﬁtﬂ'g}%) ﬁl,; 92{3 ey Mvi%zgtf{@rgection

Walker et at, Promising Candidates for the treatiment of chronic he
(L Bpifimc¥Eing e Diegss 36831 236 NoE8T-3383:IM| PTWelkener al.,
Prepaiie CalNTRacHes: CURIRRDEEB ARIERSSINY BHAERIRSnvesting.
é}l‘gturgoﬁgfx%@é%%_sg%v.éO%Z :867-881, J. Z Wu and Z. Hong,

ARjetin A58henttentRRIA Wfﬁ%gfgf“%?ﬂ‘?ﬁ{‘?\’/'cw rent Status
agihEmetbizgpfiy ateiies, Doag-d Rey. Diafe @idois. 2003 BE3)72001-21.%,. ¥0dnnd Z.

itro, tiyity of HC is dependent on A -
T T e T et g
Cassallsud faeasurdatieDacRifs SN HEA NSSB polymerase have been

developed. Commonly, the standard reaction mixture consists of buffers,

salts, divalent cations, reducing agents, as well as nucleoside

triphosphates and an RNA template and primer. The most commonly used

15 templates and. primers are synthefi 1? alymeric template/primers

suc%‘a‘sg{f)%lée 4 osﬁrﬁéerﬁgtﬁ‘ggﬁggag eﬁ%%%-ﬁ%ﬂ?ﬁ%ﬁgﬁ% Sylerplate
and obpiitdigothy sdRNb o ERMARIenS:r E ABeinieno S imvitrMBa 3. th 3Esure the
ok JPoR2pEn QRSO Bl s o U LOOT ALY A1:8828): 20

Hovj\tl}ever NS5B can aIsBozl |t|atgs\%nﬁéikt,§)lb§%?§ %‘9“’# e‘s%sér? Igmon@’ tﬁe standard

TeRpHNG BT RISHES falhidFena ral R Nisalent shtiosso fiicngpadynigris well as

RQESRCRiINS NG SRAURNERS: TOmLInG mgfﬁﬁ&@r@ﬁeq&&m@m&ﬁﬁm

se(?uences include the internal ribosome entry site locate
templates and primers are synthetic homopolymeric template/primers such as poly-

adenosine monophosphate:oligo-uridine monophosphate (polyA:olige U; see, for
exampie, S.-E. Behrens ez al,, EMBO J. 1996 15(1):12-22, V. Lohmann ef al., J. Virol.
1997 71(11):8416-8428).

However NS5B can also initiate in vitro RNA synthesis in a primer-independent
fashion when RNA templates of heteropolymeric sequence, including sequences from the
HCV genome, are used. These sequences include the internal ribosome entry site located
at the 5’ -untranslated region of the HCV genome (HCV IRES; Kieft ef al,, RNA 2001
7:194-206) and the 3’-untranslated region (HCV 3°-UTR; Pellerin et al., Biochem.
Biophys. Res. Comm. 2002 295:682-688). Here, the 3’-end of the template is used as the
primer and elongation proceeds from a hairpin loop via a snap-back mechanism leading

to a double-stranded molecule in which template and product are covalently linked.

Scintillation proximity assay (SPA) makes use of the limited pathlength of certain
electron-emitters (Hart ef al., Molecular Immunology 1979 16:265-267; Hart, U.S. Pat.
Nos. 4,271,139 and 4,382,074; and Bertoglio-Matte, U.S. Pat. No. 4,568,649). An
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at the 5'-untranslated region of the HCV genome (HCV IRES; Kieft et at,
RNA 2001 7:194-206) and the 3'-untranslated region (HCV 3'-UTR,;
Pellerin et at, Biochem. 25 Biophys. Res. Comm. 2002 295:682-688).
Here, the 3'-end of the template is used &as the primer and elongation
proceeds from a hairpin loop via a snap-back mechanism leading to a

exgemrysHandedompnssdefiawhialyte mplalieiandppasiit bt aievdneal ssityliate
Hakeds»Seintilafion nroximit aReqN s use of the limit.

Wp thle%gth of certain %%%étron-e#?t%%%%ﬁﬁ?&ﬁoﬁgﬁglrl ggOdy ) bound to

the heags R8L3PE9Ts 18- HEsnE vicHRRO IR Hi thr aselate Tcag@mane a radioactive

1a¥kBRRIEH 4nanc-ReraaliorMalit il ShEALMNAAR0 84 AR the plastic
|

beSXem a%‘ﬁPA il.:( composed of an analyte in solution, plastic beads whic
A A W RERTEIE St SRR sl utiop avitic bfTarinasinmanalytie hen

theagralyanistpeyifioalint dond e/ hradsantsspecific for the: walNtRdhear the

J:létmhg he a‘nalyte incorporates a radioactive label which emits
SmZ?ectrons 0 6r'%clac}“gltively short pathlength, such as tritium, the plastic 5 beads

will only scintillate when suspended in solution with the radioactive analyte
when the analyte is specifically bound by the binding partner and thus
localized near the surface of the beads. SPAs have been developed and

exSBiahive domr By RIRMHGHNUIRATRS a3BASy T RAYGRALAISEEs. SPAS
havQ r%glglsr%{r%grng says, competition assays, enzyme kinetic assays,

s_tugles of figana/ et ARF YT GRMBHEROR BTk hingtitagressof
smémméiigmnﬂm(&ﬁﬁi %ﬁé%;?ﬂﬂ?@#ﬁ&ﬁt@ﬁ)ﬁﬂéﬁ@%&%&ﬁiﬂéd@gﬁ cé’”ﬁﬂi:elu

. No escribed to date all re
ol KR R ehead SR R AR Febckonal Ne.
5,6fig % retop P Artdeactibed (bibtinyiledyrengpatifivbiokidp Bitehtdions, such as
aptavidinsc d late complex formation of the species of .

B A S PP O
bm@ﬁqjémgg%@m%mmhe}atc complex formation of the species of interest, or

other interactions which rely on the precise and specific structural complementarity of
binding partners. While this gives SPAs high specificity for an analyte of interest, it also
requires extra steps in the preparation of reagents and the time and expense of developing
a binding partner system specific to the reaction of interest. It also limits its use to those
systems where specific binding partners can be found or developed. For example,
specific antibodies are needed for antigen-antibody assays, specific receptors are needed
for ligand- receptor assays, chelate ligands must be matched to the geometry of the ion
with which they form the chelation complex. If no antibodies or receptors are availabie
for detection of a substance, specific modification of the analyte with a member of a

binding pair such as biotin-streptavidin is required.

Therefore, in order to use the standard SPA assay for measuring the activity of any
polymerase enzyme, including HCV NS5B polymerase, a synthetic primer such as oligo
U must be modified with an affinity tag molecule (e.g. biotin), allowed to anneal to an
appropriate homopolymeric template (in this case, polyA) and reacted with SPA beads
coated with a molecule which can bind to the tag molecule (e.g. streptavidin). However,

it would be useful and cost-effective to develop a system whereby heteropolymeric



binding partners. While this gives SPAs high specificity for an analyte of
interest, it also requires extra steps in the preparation of reagents and the
time and expense of developing a binding partner system specific to the
reaction of interest. It also limits its use.tg those 20 systems where
specific binding partners can be found or developed. For example,

tespsatfic aritikitiesansmesded donantifed antibocyea deayd;spenificSP A assay to
recept eded lj - tor assays, chelate ligands must be

m&%&%gg%tgéﬁﬁ%e{%e% %%g%%gig{?%%ﬁ% which they form the chelation
complex. If no antibodies or receptors are available for detection of a
substance, specific modification of the analyte with a member of a 25
binding pair such as biotin-streptavidin is required. Therefore, in order to
use the standard SPA assay for measuring the activity of any -polymerase
enzyme, including HCV NS5B polymerise, a synthetic primer such as
oligo U must be modified with an affinity tag molecule (e.g. biotin),
allowed to anneal to an 30 appropriate homopolymeric template (in this
case, polyA) and reacted with SPA beads coated with a molecule which
can bind to the tag molecule (e.g. streptavidin). However, it would be
useful and cost-effective to develop a system whereby heteropolymeric -4-
templates with either no primers or unmodified primers can be utilized in a
SPA assay to measure the activity of a polymerase enzyme. 55
Description of the invention The present invention is based on the
discovery that a SPA assay can be performed to measure the activity of a
polymerase enzyme using either no primers or unmodified primers by
contacting the products generated from the polymerase with a SPA
support



structure (e.g. beads) under acidic pH. By eliminating the need to use
modified primers linked with an affinity tag molecule (which, by itself, is
cost-effective), the SPA assay can be performed with either nucleotide
sequences which are native to a given polymerase enzyme or other
heteropolyrneric sequences as templates which represents a more
accurate condition to measure the agtivity of the polymerase. Accordingly,
the present disclosure provides a method for assaying an activity of a
polymerase enzyme by: incubating a reaction mixture comprising the
polymerase enzyme, anapprppdaief theplatetiamd a plurarity of
appropriately radiolabeled and non- radiolabeled nucleotide triphosphates
to provide labeled transcripts with or without an unmodified primer;
cohbadtinee sl s dasetipisthe dsospentisniofty\SPRsepbetper formed
to Rieture,ata Rk anging fremr Ak ot 2:0:ta dhoulir-p randimeasking R dified
level of scintillation that correlates with the activity of the polymerase

Pi’“&ﬁfy‘?ﬁe?"l‘ﬁ%fﬁ%@?e SO AHE AR BRH I rRHRE S neliBated th tHeport
strueresanRae biapmpatidsithapimodulatentheraetivitynetdhe pelymenase primers
niSRe, N arpeferied embodiment, the polymerase ghzxmS IS HCW. 1oy

polymerase  ACCOrding o' a first aspect, theré is provi ame
canfdreagsalyimgedn wativititiof anpdhrnérase enmameycemprisingie steps given

poi%@?%éb&’&%% 5‘?%%}8%@%@%%@?%%99@%_ n§9§_da£"PMrBSEQ§%%@Ey ?gs%ﬂts 8

appropriaté template, and a ality of appropriately radiolabeled an
morsoiedeaioletslstyh tieleettectiisisSpatestis pedviveabeled transcripts,
with either no primer or with an unmodified primer; h) contacting said
labeled transcripts to a Scintillation Proximity Assay (SPA) support
strietare ag !y phe IR HSHHEORICY 16016 Aol h BT ARd C]hiwadsitiiy & @
poilevehef seintilatioy wheieinisaichselabillatiomienet comelaipg Wb thelymerase

activity of said polymerase enzyme. 5 . .
enzyme, an appropr..ateytemp ate, anéya p?ura%ty of appropriately radiolabeied and non-

radiolabeled nucleotide triphosphates to provide labeled transcripts with or without an
unmodified primer; contacting the labeled transcripts to a suspension of a SPA support
structure at a pH ranging from about 2.0 to about 4.5, and measuring a level of
scintiliation that correlates with the activity of the polymerase enzyme. In another
embodiment, the reaction mixture is incubated in the presence of compounds that
modulate the activity of the polymerase enzyme. In a preferred embodiment, the

polymerase enzyme is HCV NS5B polymerase.

According to a first aspect, there is provided a method for assaving an activity of a
polymerase enzyme, comprising the steps of: a} incubating a reaction mixture comprising
said polymerase enzyme, an appropriate template, and a plurality of appropriatety
radiolabeied and non-radiolabeled nucleotide triphosphates to provide labeled transcripts,
with either no primer or with an unmodified primer; b) contacting said labeled transcripts
to a Scintillation Proximity Assay (SPA) support structure at a pH ranging from about 2.0
to about 4.3; and ¢) measuring a level. of scintillation wherein said scintiflation level

correlates with the activity of said polymerase enzyme.



According to a second aspect, there is provided a method for assaying an

activity of a polymerase enzyme comprising the steps of. a) incubating a

reaction mixture comprising said polymerase enzyme, an appropriate

template, and a plurality of appropriately radiolabeled and

non-radiolabeled nucleotide triphosphates to provide labeled transcripts,

in the presence of one or more compgunds that modulate the activity of

said polymerase enzyme, with either no primer or with an unmodified

primer; b) contacting said labeled transcripts to a Scintillation Proximity
Acdisdang (SRAEsupbespstrudtene iatraopdadagimghfrbivaboeay2 O 4o abouty of a

..and i I CiHillati e I ingillation level

PG I Lttt o el Sy T
salGthel Bvatayes and featireepoith dimpdatorandnd theidanner dnnatidately

rad[DRRADS AT AccAMPlished nWil RRCam MPRE Ee Il RRRAEET IR hscripts,
consideration of the following detailed description of the invention taken in

in tBE AREARHISOVARS (e HEESHPARRAY ‘Bramiu& G e RIS absaiknspiaisrase
enz@modimentss: g printiect:ohNSSB pelymesaseisencantaiiafinkhaid labeled
experiment as.ﬂgrforr%;d in.a 384 V\f(eé%‘ﬁl te with jt\ISSB concentration ]
e B VA RO N B Y (oI Yo BR U oG, Pl pneing
frotd B TRCand &ip@i K- ERdverenpreseng in develiffer contidliming 40w said
scintlRdBEL&Q) ﬁ.‘g&ergﬁ%‘?ﬁ&%%ﬁgﬁ&a&?ﬁ%éw%lér 2l 1§,:6- reactions

were stoppe 5 hour incubation at ‘with a solution containing
100mM sodium acetate (pH 3.0) and 2.3mgIiml Protein A-PVT SPA beads.

Figrg %9@{&3@9@%%9 esRhknawn NaaRInhibitorsy Jhe.enerimentane:

_was 5 performed in a 384 well plate with NS5B concentration at
in Gvhish/ b, MEY IRESAYtHBIATEcat 0P gIESP MNP, TERBY ANPARY | €DPn

condidetAliBhwer@ P resentng a-hiktencemainingraamM chis{Riké&: Qb dofmMction

) nesium acetate, 4mM DTT 10% ‘
thm%g accompanying examples, whicﬁqgustrate exemplary embodiments.

Fig. | Effect of NS5B poiymerase concentration. The experiment was performed in
a 384 well plate with NS5B concentration ranging from 0 to 160 nM. HCV IRES
template at 0.26pg/well, 1uM CTP, GTP, ATP and 1uCi "H-UTP were present in a
buffer containing 40mM Tris (pH §.0), 4mM magnesium acetate and 4mM DTT. The
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DMSO. The reactions were stopped after 2.5 hour incubation at 30 C with
a solution containing 100 mM sodium acetate (pH 3.0) and 2.3mg/ml
Protein A-PVT SPA beads. 10 Definitions The terms "polymerase” and
"polymerase enzyme" refer to an enzymg that catalyzes the
polymerization of nucleotides (i.e., the polymerase activity) . Generally,
reheticeszyeme sifipndtiafiersydthestsrattiei 8rand 6 fChei firinselutivn embed itora
1B6hH SRR el BRI PR SRS, ARPHALBIOCIRAIQUATG G = end
of the template strand. polymerase” catalyzes the polymerization of
ribonucleotides and "DNA polymerase” catalyzes the polymerization of
deoxyribonucleotides. "DNA polymerases" can include "RNA-dependent
DNA polymerses" which utilize RNA as the template to produce DNA
strafigs fe.PoevergetenscrptaddnaswdlB48 THkNbitdapdhdenp@hifent was

lymerases. which 20 utiliz as the template to.produce, D
PR e Bt A e oo R o e B iy s
teRAiEANA O BEhIRGE, 9RNDTTEPOGA P usSIWhich patdlyEes tivewere present in a
lymerization of ribonucleo idges or deoxynucleotides and allows the
MR UL and 10%

bR i piRE Y BATHE (o s B Y FRRSIE UL A6 G
DS 0MEHe eaigitbne arctbatdpped affedIes\vikalgaoabaddhat SpECifigshtbeolution

region encoding a protein, terme ) rotein;, "NS5B
B S e ety B A R PARAE yeh e oends
are used interchangeably herein. NS5B in its natural state, functions as

an RNA-dependent RNA -7- polymerase (RdRp). The nucleic acid region
encoding the NS5B protein may also be referred to as the "NSSB gene".

Ddiinisotize term "NS5B" may refer to either a nucleic acid

The terms “polymerase” and “polymerase enzyme” refer to an enzyme that
catalyzes the polymerization of nucleotides (i.e., the polymerase activity) . Generally, the
enzyme will initiate synthesis at the 3'-end of the primer annealed to a polynucleotide
template sequence, and will proceed toward the 5° end of the template strand. “RNA
polymerase” catalyzes the polymerization of ribonucleotides and “DNA polymerase”
catalyzes the polymerization of deoxyribonucleotides. “DNA polymerases” can include
“RNA-dependent DNA polymerses” which utilize RNA as the template to produce DNA
strands (e.g. reverse transcriptase} as well as “DNA.-dependent DNA polymerases™ which
utilize DNA as the template to produce DNA strands.

The term “viral polymerase” refers to a polymerase enzyme contained within the
genome of a virus which catalyzes the polymerization of ribonucleotides or

deoxynucieotides and allows the virus to replicate.

The term “NS5B” refers to a portion of the HCV genome located near the 3" end of
the viral genome that specifies the region encoding a protein, termed the "NS5B protein”,
“NS5B polypeptide”, “NS5B polymerase” or combinations of these terms which are used
interchangeably herein. NS5B in its natural state, functions as an RNA-dependent RNA
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encoding the NS5B polypeptide, to an NS5B gene or to an NS5B
polypeptide, or to any portions thereof, depending on the context in which
the term is used. NS5B may further 5 refer to natural allelic variants,
mutants and derivatives of either NS5B-nfucleic acid sequences or NS5B
polypeptides. The NSSB nucleic acid, NS5B gene or NS5B protein
PRlYIRPERPE SRR Ml rTdtorisl pislpené reginroenocal ingrtHe NSt ataelymenasko be

réfatetilb Rings TRMBARPIOPHRIE IAERIBIE <4k 526 Q,T,i%%igfgﬁgog{ 1Y, nucleic acid

AS%@?&‘/ @Pﬁ"éﬁfer to an homogeneous assay procedure whic
“Araytieduciiantmaleaoiie e AR NS HH @raemmithas NS SR oalyphptidn euno any
pativasibactbfelepehelintonrofueite i easah MRAMM i D& HINSSREIGY, ifirther
cintillant which is eitaer incorporated, or forms part of,"a

u b

ro O R B o DA Mt B A E Al BB s Bmer rareid

seggggg;epmdfggja yohiieepitidau ﬂlbxarl;lﬂﬁwﬂuﬁelé mﬂymsmgﬁﬁ TR s prc;tein
ek t molecules are not.necessary for the practlc_e o1

St 5 1

to3rbRIoBHEE tsraplate.is mixed in aqueous solution containing scintillant
support structure. The radiolabelled product is caused to bind to the

scintillant- containing support structure. The scintillant is activated
causing emission of light, which can be detected 20 conventionally using a

s I o B et s dreen poporione
windepro diacsquantiéa e SR caerppanicioaiveling RRBIAXIMAIGY BuR of
T e e
scipBlsofiehes peieintonatetedndrfolynipito e negpdh bpoeinergrais or
o s b Jh e Bk ferre
mayRe %ﬁ%&?ﬁbﬁﬁ%ﬁ% Felacigecapiae roeaiibe prptiriimesitisaty far the
prapotp\ifyhoRies@t invention. In a direct assay, a sample containing a radioiabelled
product is mixed in aqueous solution containing scintillant support structure. The
radiolabelled product is caused to bind to the scintillant- containing support structure.
The scintillant is activated causing emission of light, which can be detected
conventionally using a scintillation counter. The amount of light produced is directly
proportional to the amount of reactant bound to the surface of the support structures.
Beads that are used in SPA can be microspheres, approximately Sum in diameter, and
can be made from hydrophobic polymers such as but not limited to polyacrylamide,
acrylamide, agarose, polystyrene, polypropyiene, polycarbonate, and polyvinyltoluene or
from inorganic scintillators such as yttrium silicate. The core of the bead can be coated
with a polyhydroxy film which reduces the hydrophobicity of the bead. In one
embodiment, SPA beads are made from either yttrium silicate or pofyvinyitoluene
containing an organic scintillant such as diphenyloxazole and are cominercially available

from Amersham Biosciences (Piscataway, N.J J

The isotope of an “appropriately radiolabeled” molecule refers to an isotope that
has a relatively low energy beta-emission, for example tritium, or iodine-125 auger

electrons. Only that portion of the sample which binds to or is in close proximity to the
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containing an organic scintillant such as diphenyloxazole and are
commercially available from Amersham Biosciences (Piscataway, N.J.)
30 The isotope of an "appropriately radiolabeled" molecule refers to an
isotope that has a relatively low energy peta-emission, for example
tritium, or iodine-125 auger electrons. Only that portion of the sample

sqitfidlattindetooiEiSURRSITSEprOXimIG} Ltteshls 18 seaintifitinn cuertithag can be
cSHRRET SIEYGHI B AESI inciciRilatian 6YENISINRL AN RRXEHALE the

Unbound radiolabeled molecules will be at too great a distance from the
sdptikianivsfaratenpprsasea Elaimmeidisb et dreny gaewsy beng fipunaied in the
ligingingieskinHRgiiguid aqueous medium. 5 The term "affinity tag” as used

herein refers to a ligand (that is linked to a primer) whose strong affinity

for a "receptor” can be used to extract from a solution the entity to which

the ligand is attached. Examples of such ligands include biotin or a

derivative thereof, a histidine polypeptide, an amylose sugar moiety or a

defilég EpwoFEinYdasgar atsTe tyeansiséesicoamtisear (Beick Hakmddp mgsmer)
whiRdyeierabigy AliReheddo- e AN 6L e ioN AR0S FAUMRRLRYIR entity to

suitable "receptor" moiety attached to a solid support. The term "primer"
which Shrligancins ritarled ZrampUrt eletiadisamds inelidsoresieLr 4 Seaitve
thetegfeasitandad s feuviae sthanaadsekhardaoied drondstihigiegiesie

syste nerated by restriction, enzyme digestiqgn, or produced
eSS ) RARER SO BT Lo el BPOSAPEPAreATARR e K allaghed to the
prinnctionaliytiactaad anchyitiatar f tempibie ctepptid® maiagieitaahtd to a solid
Su%rétr@'esis. When presented with an appropriate nucleic acid

The term “primer” as used herein refers to an oligonucleotide, either RNA or DNA,
either éingle—stranded or double- stranded, either derived from a biological system,
generated by restriction enzyme digestion, or produced synthetically which, when placed
in the proper environment, is able to functionally act as an initiator of template-
dependent nucleic acid synthesis. When presented with an appropriate nucleic acid
template, suitable nucleoside triphosphate precursors of nucleic acids, a polymerase
enzyme, suitable cofactors and conditions such as a suitable temperature and pH, the
primer may be elongated (extended) at its 3' terminus by the addition of nucleotides by
the action of a polymerase or similar activity to yield a primer elongation (extension)
product. The primer may vary in length depending on the particular conditions and
requirement of the application. For example, in the method of the present invention, the
nucleotide or oligonucleotide primer is typically 1-24 or more nucleotides in length. The
primer must be of sufficient complementarity to the desired template to prime the
synthesis of the desired extension product, that is, to be able to anneal with the desired
template strand in a manner sufficient to provide the 3' hydroxyl moiety of the primer in
appropriate juxtaposition for similar enzyme. It is not required that the primer sequence
represent an exact complement of the desired template. For example, a non-
complementary nucleotide sequence may be attached to the 5' end of an otherwise
complementary primer. Alternatively, non-complementary bases may be interspersed

within the oligonucleotide primer sequence, provided that the primer sequences has
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template, suitable nucleoside triphosphate precursors of nucleic acids, a
polymerase 20 enzyme, suitable cofactors and conditions such as a
suitable temperature and pH, the primer may be elongated (extended) at
its 3' terminus by the addition of nucleotifles by the action of a
palymerase or similar activity to yield a primer elongation (extension)

S"&%&%&?Wﬁé*ﬁﬁﬁmﬁwwa@wmm@eﬁmgm theypartisttad to

fobaroiianeproddipitanentabihe soplifelon: FYGXATple, ihs metiod
o&th? present invention, the 25 nucleotide or oligonucleotide primer s

prtcilr}ll((‘iailly 1-24 or more nucleotides in length. The primer must be of
sufficient complementarity to the desired template to prime the synthesis
of the desired extension product, that is, to be able to anneal with the

desired template strand in a manner sufficient to provide the 3' hydroxyl
moieh ellfie iMAn R aRRIRP Al RRRlipn RS ITlarenaume LIS,
m{g(g%requwed that the primer sequence 30 represent an exact comp emen

78 SEAREGGdnRIaiedy d3@riptieaifon- complementary nucleotide

sequence may be attached to the 5' end of an otherwise complementary
primer. Alternatively, non-complementary bases may be interspersed
within the oligonucleotide primer sequence, provided that the primer

sequRNEEs Iee N %Yé t tarity.with the sequence of the
desired template strand tgfIlg fugrﬁztiona“y% %F%{/? e %\r%ﬁsrﬁgstl??%r abtll} and are
deizas e b srRe Ry iR iakenth exBN&ar! prottast. & Fae pairing and binding fo
a teipraRARRIIAE; ARMISINSIRIBIRE aafH% ich is not o
p c{ngdified or linked to%aﬁ "affinity tag' mpltie%é%)le. T@%@ﬁ%ﬁﬁﬁs@%ﬁggé% and
A P RSB R B PO B GBI RERISOGIER P Shunaste tefimecthy RN chain.
specific steps taken by an RNA polymerase of recognizing and binding to
10 a template initiation site; priming by incorporating a first complementary

nucleotide; and
The term “template” refers to an oligonucleotide of DNA, or preferably RNA, at

least 50 nucleotides in length, that serves as one of the substrate for a polymerase. The
sequence of a template is complementary to the sequence produced by the polymerase
during transcription. An “appropriate” template for a polymerase is one which is able to
serve as a substrate for a given polymerase. The term “homopolymeric template” refers
to a template whose entire sequence is made up from one nucleotide, such as
polyadenosine or polyguanidine. The term “heteropolymeric template” refers to a
tempiate which is not “homopolymeric” and whose sequence 1s made up from more than

one nucleotide.

The present invention provides for methods of assaying the activﬁty ofa
polymerase enzyme by using a Scintillation Proximity Assay (SPA). SPAs work by
bringing a radiolabeled molecule within close proximity to a support structure’s
scintillant to stimulate light emission. In a first embodiment of the present invention,
there is provided a method for assaying an activity of a polymerase enzyme, comprising
the steps of: a) incubating a reaction mixture comprising said polymerase enzyme, an
appropriate template, and a plurality of appropriately radiolabeled and non-radiolabeled
nucleotide triphosphates to provide labeled transcripts, with or without an unmodified
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adding consecutively complementary nucleotides to elongate the nascent
RNA chain. The term "template" refers to an oligonucleotide of DNA, or
preferably RNA, at least 50 nucleotides in length, that serves as one of
the substrate for a polymerase. The 15 gequence of a template is
complementary to the sequence produced by the polymerase during
prisreschptiontadinieyepd dgrided ttamptite fo maSphi;éﬁz&ia:sé‘ﬂWﬁwhksbyﬁSPA)
ﬁ#&@ﬁ%tﬁ%‘%a&@ ? eﬁﬁ%? T QE%%Q P 8' gﬁteﬁ# }_ easuring a level of
mopolymeric te ers toa temp ate whose entlre sequencg
Smdbaemwﬁreﬁeswddeetwétxeaéﬁva%qserybedemwhéherasew@wfﬁmﬁ@oiymerase
rm "heteropolymeric template” refers to a 20 template which is not
"homopolymeric" and whose sequence is made up from more than one
nucleotide. The present invention provides for methods of assaying the
activity of a polymerase enzyme by using a Scintillation Proximity Assay

(SPA). SPAs work by 25 bringing a radiolabeled molecule within close
proxXiresetersbedppett efictliret sadbindimantoStha pretenighventivsite In a

pdiherROdinERL Afie HESENLANERIAR, %%ﬁé%&%vﬁgﬁ@%@@af%gle
assaying an activity of a polymerase enzyme compriSing the stegs of. a)

stREaEAINY et rEE ATk B EHPRIRET sid Wotiase disaosaAymiaesin of ds
(d@ﬂ@f@ priatgdeNIRtpte, B Sriphata Qi SRPIAPHAIRL SRR SIGHBNG ] require a

-radiolabeled 30 nucleotide triphosphates to prowde labeled
gm‘ﬁ&&wm B Wbt At TS BRI COT A RRPE ggmay not
rel@iiﬁ ectimphatipitaly pribeintibatandpiini Yo Ie8yH SRfdosuaRedlire primers

o BAE 0S5 SRR SRS 010 B0 L3 b O e
geaotivityIiF Yail [pY) ymbiiasd -enzynséatéd region (HCV 3°-UTR). Radiolabeled UTP
and unlabeled CTP, GTP and ATP are incorporated into the the double stranded helix
upon polymerase-template binding. The detection of product (ds RNA) is measured by
adding a fixed amount of Protein-A Poly-Vinyl Toluene (PVT) SPA Beads (in low pH)
which couple to ds RNA and stop the reaction from proceeding further. Close proximity
of a bead to incorporated radiolabeled UTP causes a photon to be emitted and captured

by a detector. Absence of signal (photon) indicates lack of ds RNA formation via

<

enzyme/compound blockade.

In a second embodiment of the present invention , there is provided a method for
assaying an activity of a polymerase enzyme comprising the steps of: a) incubating a
reaction mixture comprising said polymerase enzyme, an appropriate template, and a
plurality of appropriately radiolabeled and non-radiolabeled nucleotide triphosphates to
provide labeled transcripts, in the presence of one or more compounds that modulate the
activity of said polymerase enzyme, with or without an unmodified primer; b) contacting
said labeled transcripts to a Scintillation Proximity Assay (SPA) support structure at a pH
ranging from about 2.0 to about 4.5; and ¢) measuring a level of scintillation wherein said
scintillation level correlates with the activity of said polymerase enzyme. In a preferred
embodiment of the second embodiment of the present invention, the polymerase enzyme

1s HCV NS5B polymerase.
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In one embodiment of the first embodiment of the present invention, the
polymerase enzyme is HCV NS5B polymerase. In this assay, NS5B binds
to a single stranded RNA template with or without primer and initiates
de-novo synthesis of ds (double strandeg) RNA. The template can either
be homopolymeric, which will require a 10 complementary primer (e.qg.
poly A- oligo U), or heteropolymeric which may or may not require a
complementary primer. RNA templates for NS5B that do not require

prinis nistode dheningesnaliibasAme et Sited LIk
opes V?:.?F%éﬁsg)eﬂa r:%i‘t?lh%ny number of

suntr ted region of the HCY genome (HC (
RIgf“f"un Fg@fs AT ?SPFﬁ?mqﬁﬁeﬁﬁﬁﬁdammwwpwm @rfiisakaated by

thc:rrtﬂy@afﬁsaﬁobﬁdiﬁ{af? Tt@i)rﬁg_ﬁ&fﬁg%@@g@ﬂ@ﬁ?ﬁl @%@ﬂﬁ(}lﬁif ﬁﬁﬁ%ﬁ%@ﬁm
rase- a inaing. e derection or produc S IS
SR e PSR RrocIp Py o with e

measured gafi amoun
acpy p Sthamsatertiseloihp BiesaticiveotipteasptissRNA A SIIPNRE polymerases

frdgasiea-om %9%@&1?9' J@g&%ﬁ- roximit be -
incorporated radiolabefed UTP ég%ge%sggﬂp%o oorllxto e ear%%?gﬁ‘%nvdmses‘ DNA
PORARERERT By naide N Alspredcnt Bldap(iomnydndichies lagienids DNA
poFNArAENAIRY IR 20 &RZY @%&%HQB&%&@%@E@?@ 555008 hvase (HIV-
mbodiment of the present invention, there 1s provi e(fa methodd6r
ssaying an activity of a polymerase enzyme comprising the steps of: a)
incubating a reaction mixture comprising said polymerase enzyme, an
appropriate template, and a 25 plurality of appropriately radiolabeled and
non-radiolabeled nucleotide triphosphates to provide labeled transcripts,
in the:REERRNAGE PIPRERLIQLE ¢ that modulate the acgic\‘/' of
said polymerasgeﬁénz me, with or?wnﬁo%%ga% %Iﬁ%no%ﬁgggg?i%(é??ﬁ 1Th the ar
to g alamly %ﬁ&%ﬁ%ﬁ@%t@aﬁ%ﬂmﬁoxiﬁwm&yi not be
conbSRAXSTIRAIEAL RS itk RNAHIGHTBIR AROUY 20400 .0 200,
re %) measurk[%l%{al vel of scintillation wherein said 307scintillation leve
PIESFREALER WifiT2he activity of said polymerase enzyme. In a preferred

Example 1

HCV NS5B RNA Polymerase Assay

N-terminally histidine tagged HCV polymerase, derived from HCV BK strain,
genotype 1b (NS5B570n-BK) contains a 21 amino acid deletion at the C-terminus
relative to the full-length HCV polymerase and is purified from E. coli strain M15. The
construct containing the coding sequence of HCV BK strain amino acid residues 242 1-
2999 {GenBank accession number M58335) downstream of a Taq promoter expression
cassette was inserted into plasmid constructs. The plasmid constructs were transformed
in E. coli and colonies were inoculated and grown overnight in 10 L of Terrific broth
(Tartoff and Hobbs) supplemented with 100 pg/mL ampicillin at 37° C. Protein
expression was induced by addition of 1 mM isopropyl-p-D-thiogalactopyranoside
(IPTG), when optical densities reached between 1.5 and 3.5 ODyggo and the culture was
then incubated for 16- to 18 h at 22° C. NS5B570n-BK was purified to homogeneity
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embodiment of the second embodiment of the present invention, the
polymerase enzyme is HCV NS5B polymerase. -11- The methods of the
present invention can also be practiced with any number of RNA and DNA
polymerase enzymes because labeled grpducts which are generated by
the polymerase (i.e. ds RNA or DNA) can be brought in proximity to the

uSiRASHEROMCD BiBtebalanyMetEnacitieglibaosslitian éﬁfﬁiﬂﬂ@%@ﬁ?% hetNTA,

Ci tilhation relgtes wit tt? activity of the polymerase. The present

S%’i%ﬁ W%ep%)ﬁ[e%n?ogﬂf{ﬁ%ﬁ Bﬁﬁrﬁolymerases from prokaryotic and
eukaryotic species as well as from RNA and DNA viruses. DNA
polymerases can include DNA-dependent DNA polymerases or

RNA- ent DNA polymerases such as.the Human, i
|mnmggﬁ?f93aaﬁsv§ﬁ r‘t‘igsrg‘i{fg?éé“ﬁoaﬁ§§ﬁp‘f’§¥epéﬂfﬁﬁfovﬁ)‘?sr‘?@‘f8ﬂ8€&fﬁﬁs and
cpiiapatsatidngitingd ¥iamplestaike e IRE © pahld Hrasesitiie dSRBDaNOLD),
e clearly understand and ta,practice the t invention. . The
S e R el o rom
Gerdiety ascheiiug iustbativeaheh13, e fresantatblbdherantationampiedMICKP,

5 NA, Pol say N-terminally histidine tagged HCV o
Gﬁ‘fﬁ%ﬁgé’é Hapriny 648\7%%‘2&%?% JEHOYRE 1B 3EBE S PERIRIEE
4eaMars Rl a0)radchdslietitmaldhetECaterminvuspDretativestadbestances, test

full-length HCV polymerase and is purified from E. coli strain MI5. The

CQBRSRTE L SRR AR gresg tlen @l AT Bihsraheuinqrbaarp at 30°C,
a £6Ritdbe sodAhin2ORRIDENBaNKAReRSS IGIHNI MNEIIMSE3320 JOWRRIEaMT SPA

o e e £
temperature. The amount of light emitted from the scintillant contained in the SPA
Beads was converted to counts per minutes (CPM) on a Topcount plate reader (Perkin-
Elmer). Figure 1 shows the results of the assay under -different concentrations of the
NS35B Polymerase. Figure 2 shows the results of the agsay in the form of dose response

curves of several known inhibitors of NS5B Polymerase.

Exampie 2

HIV-1 Reverse Transcriptase Assay

Recombinant reverse transcriptase (RNA-directed DNA polymerase) from HIV-1
strain can be expressed in E. Coli and purified as described in Mizrahi ef al., 4rch.
Biochem. Biophys. 1989 273:347-358. The reverse transcriptase is added into microtiter
plate and mixed with 5 pg/mi poly (rA) template pre annealed to 2.5 png/ml oligo (dT)is
primer, and 1uM dATP, dCTP, dGTP and 1uCi [methyl-1°2’-*H] dTTP (Amersham
TRK-576) in a buffer consisting of 40 mM Tris (pH 8.0), 4 mM magnesium acetate and
4mM DTT. Reaction is run at 37° C. for 30 min. After incubation a solution containing
100mM sodium acetate (pH 3.0) and 2.3mg/ml Protein A-PVT SPA beads is added to

each well and the samples are treated and scintillation is detected as described in

Example 1.



25 in E. coli and colonies were inoculated and grown overnight in 10 L of
Terrific broth (Tartoff and Hobbs) supplemented with 100 gg/mL ampicillin
at 37 C. Protein expression was induced by addition of 1 mM
isopropyl-(3-D-thiogalactopyranoside {IPTG), when optical densities
reached between 1.5 and 3.5 OD600 and the culture was then incubated
for 16- to 18 h at 22 C. NS5B570n-BK was purified to homogeneity -12-
using a three step protocol including subsequent column chromatography
A, SP-Sepharose HP and Superdex 75 resins. NS5B
Polymerase was added into a 384 well plate at various concentrations and

Ecodmmbgtedwﬂ{grgsgﬂmgg@gyg_gslggv IRES template sequence (SEQ
ID NO: 1) 5 which contains nucleotlde residues 21-371 of the HCV

ated regaop from I?;%I:%% %ésmn number AF356827, at
O 2 g/a/emoncen?ra and erasel Lagee {Blegiqw) Fivagment
Wlmih@rghlameT@a{M@dm@iﬁﬁ)gnla\buﬁgm@ﬁtammg 340mds Trishitd &iyed
JRagh t T.In some in tanc
uSf:HoErEliaE)ou ndsi&ﬂ L%]3‘}Sj}I\I/Ifgégn%tzfslrl}% atrg%/%v%lr%% a&%‘ap,&%?e?i ?Eg%%‘? stranded
Die it Scat’ Socraohedution @@nmmdg)m#am bdifiestianetader(pbtimers or
SRR EDIATLREEIRARY T ORA, Baadawas added to each well
Samples were left to settle for 12 hours at room temperature. The amount
of light emitted from the scintillant contained in the SPA Beads was
converted to counts per minutes (CPM) on a Topcount plate reader
(Perkin- Elmer). Figure 1 shows the results of the assay under different
concentrations of the 15 NS5B Polymerase. Figure 2 shows the results of
the assay in the form of dose response curves of several known inhibitors
of NS5B Polymerase. Example 2 HIV-1 Reverse Transcriptase Assay



20 Recombinant reverse transcriptase (RNA-directed DNA polymerase)

from HIV-1 strain can be expressed in E. Coli and purified as described in
Mizrahi et al., Arch. Biochem. Biophys. 1989 273:347-358. The reverse
transcriptase is added into microtiter plagfe and mixed with 5 jig/ml poly

(rA) template pre annealed to 2.5 p.g/ml oligo (dT)16 25 primer, and 1MM
dATP, dCTP, dGTP and IgCi [methyl-1'2' 3H] dTTP (Amersham

TRK-576) in a buffer consisting of 40@iEris (pH 8.0), 4 mM magnesium
acetate and 4mM DTT. Reaction is run at 37 C. for 30 min. After

incubation a solution containing i00mM sodium acetate (pH 3.0) and
2.3mb/mi ProteiieA forvasgpiag e i dderne yarens o/ anzame themprising the
@@ggkes are treated and scintillation is detected as described in 30

Examp -13- Example 3 E. C0|I DNA Polymerase I (Klenow) Assay

The p8 rHéCHé lﬁeﬁﬁf@%’foe RSP ENATHBIS e e R SRy eIsRew L an
Frag menh@wbt@asm%mél@@mlaplef (@pgrdpHiiiteigendiatbbled and non-

18012-021 ,£an,be assa usin the methods de cr qeln Exam Ie 2
but using 525 tgmp Ste el }ém% SUBRELRARSE S B’iﬁ)&lm A fre gaﬁbfif 8><quWlth
ends (e.gsigeneraimaizy Dwa;ﬁe drdigestibhpampdimerprimers or

Single@tfﬁﬂgﬁgtiﬁ&'ééﬁ ' Qb%Pe%Cﬂf ol g}gqg g]gjcrfm?fﬁionlﬁmg%lm Ag'szﬁf (SPA)

method for assayifg an activity of a polymerase enzyme, comprisin

steps of: wpm‘ée%@mgee@tréa%ﬁwma&%@hmﬁs&r@gt@aiaapbquﬁn@ndse

enzym§, &fkasuring a level of scintillation wherein said scintillation level correlates

with the activity of said polymerase enzyme.

2. The method of claim 1 wherein said polymerase enzyme is HCV NS3SB

polymerase.

3. The method of claim 1 wherein said appropriate template is a

heteropolymeric template,

4. The method of claim 3 wherein said heteropolymeric template is selected
from the group consisting of the 5’-untransiated region of the HCV genome (HCV IRES)
and HCV 3°-UTR.

5. The method of claim 1 wherein said appropriate template is a homopolymeric

template.

6. A method for assaying an activity of a polymerase enzyme comprising the
steps of:

a) incubating a reaction mixture comprising said polymerase enzyme, an appropriate
template, and a plurality of appropriately radiolabeled and non-radiolabeled
nucleotide triphosphates to provide labeled transcripts, in the presence of one or
more compounds that modulate the activity of said polymerase enzyme, with

either no primer or with an unmodified primer;
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appropriate template, and a plurality of appropriately radiolabeled and

non- radiolabeled nucleotide triphosphates to provide labeled transcripts,

with either no primer or with an unmodified primer; b) contacting said

labeled transcripts to a Scintillation Proxirgity Assay (SPA) 10 support
structure at a pH ranging from about 2.0 to about 4.5; and ¢) measuring a
level ob saintittation wieieir!sditsciniiiation: Bveliibnielaresximibythesay (SPA)

activity of said polymerase enzyme. 2. The method.of claim 1 wherei

said polyrﬁéprg%% Seﬁluzci%g %?—@/‘%g@ %%1%8 yorﬁ{ej%a(gsgg %E?]Pﬁg raﬁeatlﬁ%d of
claim Lwhmasivrisgid Epploprisietidstiptateis enheid ropuiintericiteriplate]ates
20 4. Them&tﬂ%dag{iggjrgfga\@@ g%gﬂge%tgglgplymeric template is
selected from the group consisting of the 5'-uhtranslated region of the
HCV genome (HCV IRES) and HCV 3'-UTR. 5. The method of claim 1
whergin saigeanplioRriateiemplaade R IONBRRIMBRLE 22 IamRIate ONAsR
method for assaying an activity of a polymerase enzyme comprising the
RABINEEHS%) incubating a reaction mixture comprising said polymerase
enzyme, an appropriate 30 template, and a plurality of appropriately
radiojabeled and non-radiolabeled nucleotide triphosphates to provide
e e bt st St T
heltethlalpths aetivitptef said polymerase enzyme, with either no primer or
with an unmodified primer; - 15

9. The method of claim 8 wherein said heteropolymeric template is selected

from the group consisting of HCV-IRES and 3°UTR.

10. The method of claim 6 wherein said appropriate template is a homopolymeric

template.



b) contacting said labeled transcripts to a Scintillation Proximity Assay
(SPA) support structure at a pH ranging from about 2.0 to about 4.5; and
c) measuring a level of scintillation wherein said scintillation level
correlates with the activity of said polysmiérase enzyme. 5 7. The method
of claim 6 wherein said polymerase enzyme is HCV NS5B polymerase. 8.
The method of claim 6 wHerifilatidm Bt tessmgtate is a 10
heteropolymeric template. 9. The method of claim 8 wherein said
heteropolymeric template is selected Jsgardhe group consisting of
HCV-IRES and 3'UTR. 15 10. The method of claim 6 wherein said
appropriate template is a homopolymeric template. -16- Scintillation
Proximity Assay Abstract The present invention provides for methods of
assayipgreserd dtvigtonatopblonferaseterdy nfatrp visinthe Soivitilatfan

5 pﬁ%ﬁé@ e‘%ﬁﬁ‘ﬁé Wﬁﬂg'&@&iﬁ&?&ﬁ&%%hﬂﬂ@%&%ﬁﬁ% W%E%o%ﬁ@%eed of

tags. The methods of the present invention can’be practiced wi
PR Etk ad AR A B RRY fetymEhs e ShedamidhemGsent inveEigURNBE
pratBdedl @itk 2P mmbe RNk LARORNE AMBmerase enzymes.

(FIG. 1)
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