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reconstit ut egnomebdffeetingbD Aagamyed afocomvBied si ndoutdeswaated\fotry to gi ve, at

best, a gross, .estinmate of virus activity. er f.ar DNA testing, a
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HB V DNA I n(SeLUME afd éérhﬂieﬁ%ed"frbﬂx &8N Mkt enbinéSivhthShRefhav® quantitative
HBV DNA test 20 woul d be useful for nonitori’hg chronic carriers of HBV. For
exanpl e. t henasérger fwrenios ©r OINAmeplwhtied funheempVhshtbr, sgneldpredescri bed by
Hoof nag| e et al ., . eH‘ee]l_patol. %%ﬁ S 100 [gN 990%0 n be gssessed nore
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viral infections, especially HBV, and genetic nutational defects, that is
economi cal | gohteg iy exrost fre®theetlhglhusregeh makbie visionfcostamd @BNg t h gr eat

sensitivity. | t. .0 erefore an_ obj of the present invention to
provide a p&QPyé)?f}bemg‘e’?re?gﬁg?‘?iaf}‘g?bj\gé&’ﬁi%%?aﬁehe detection of viral
nucl ei c aci ds in PhesRRPDNA &Dbd dynttfesided W dfhBinu® Bir &t pddritlyaad g esent
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and are likely to act as primer for minus strand DNA synthesis Growth of
the minus strand DNA is accompanied by a coordinate degradation of the
pre-genome so that the product is a full-length single-stranded DNA, rather
30  than an RNA:DNA hybrid. Plus strand DNA synthesis has been observed
only after completion of the minus strand, and initiates at a unique site close
to the 5' end of the minus strand. Complete elongation of the plus strand is

not a requirement for coating and export of the nucleocapsid cores, thus most
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7- June 2002 WD 99129909 PCT/ US98/26404 It is a further object jpfe bh®
present invention to provide an assay in which sanple preparation does not
i nvol ve extractions, or other tinme consuming purification nethods. It is a
further object of the present invention to provide an assay having m ni mal
fal se posi¢itiaesllulat viriona containhiacompleeqiludtranticamt £ kegd singiéastiahded gap provi de
an accurately quantitative test for nonitoring the level of virus in a
viral inf e’é‘t%%‘ﬁ gengmes; Hegayse fhe hepatjtistirus geperae prasenomquseaddoenneto provi de
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infections. BRI EF _SUMVARY OF THE | NVENTI ON, An i nproved assay is disclosed
for debecting vBE isdriededbnimmunologisdephaifies suchias imapins\edeation i nvol ves

concentratjn iral (ticle roma bi ical s l.g. centrifuaation.
Once concellr?fcgg cgg?, ?‘%@pltﬁ%@“éluég% rgg%c?‘ge)%g%é%%?’ne eegfr{ri)(éﬁi%ﬁ‘glr P%(frggmcan be
mani pul at ealssgy (BlerSe0toz dadiSinfguididsSURIAY] allblestby transfikiol nsus€Be pr ocedur es
are known and can be used with the concentrated viral nucleic acid

mol ecul es. sopeaed fpHPV toqsevenh rapymissiary odtheinug to hleed secipigaisd Eaglydet ect ed
using a de i Voo r d . f f LSGl S j
porf or med SEel S p it Rl bRl B Thtonb el RSP RSy, ¢ 1, 4
chem t@l | yobjaets pokaialte canamiRtddrvitls beep af avethbodieXcfetiotsmay caude) ected to a
centrifugation step which concentrates the viral particles. This step has a
?gni f i caninfeetivact on t he accuracy and sensitivity of the 25 subsequent

e

ection assay e.r i Kt .St reat ed
wth a base Tl BRP IRy PR B AR T kR AR Epa it B T hed e
di | ut ed ing@oﬁﬁuumiiﬂhﬂm'abuéﬁlﬁfusiﬁ@afuuag@o&ﬁeg.2 Kb) RNNA pasiget nucl ei ¢ acid
sequence, such as HBYV DNA sequences, for a sufficient anount_of tine to
al | ow hybrRualitatiyoissiing fasairensias begredasribedchyoPikdeprettie a.07it RB-4ld$ds. 30
The hybrid r n i . I I I i1 . a solid
phase’” o 15 o Fas BN B3 JeRaRL LV, Vil ARt (AR EE (bR cf REin by
capt ured hotntrifigatior, fecdnstnrdie buffecindessd3sads el BMhadingiegdiadsity to
nonhybri di zed probe. 1-lybridization is_ detected by conventional means such
as a 4  781Yewfd begod giaes 98fimato ob vivesraatisgy  Heyyever dof BBY Phlskrestag.ant i - hybri d

ant i boay, e PEe Srad o daty pRRESHyacl B @B BORE HELATREIBVENG o1 | e

ant i body iia ssfAE cbirélatekaithoR ety cInivef diseask Al @ahtineive BBV DNWA pgspduct s, the
sanple is 5 collected as descri bed above and nucleic acid sequences are

ampl i 4 ed would bewseil forgaepitaring chrgilic carsigrsi ShIBYEt Kerexamplp. 48 t he

pol yner as L i gﬁ%m, i i sl uch as a

bi oti nyl at?eef?ag'?,?ﬁggs?wgn?&g]l |c§éit§!|1(%%th%F!(i)é ggp&ﬁ@pggggntaglree a\i’\/’l'?h base and
hybri di zedde¢mroill 8134 D0 € ORI aprbelzesdssedraotereabily with) abufpesvedsiettetion i bed
abbve. The 10 hybrids are bound to a solid phase that has been coated with
a ligand t3%8Y-is conplementary to the |igand bound to the priner, such as
avidin, and areydehenlodiye ﬁ%r}l\é@ﬁ?%%]?briﬁ%ﬂén Q&ag?&qﬂnﬁ)@a@dﬁgﬁgﬁs qie.
concentration step provides a nethod td concentrateé HBV, or other, virions
and c2h beyuaatithtive analgkis bévirarinféctibnsgvypeeirtn BV, dmipgeawtic mukitvealsi tivity
DETAI LED DESCRI PTI ON OF THE | NVENTI ON An i ppr.oved gﬁ)gay f] S d'hscl,osed f or
det ect i ng SFFAY. that e esanogucallydepniftln dQsCrepRES; LARSE SV BYRE: Of) &5 uith

concent ratérgg Sghsr-g{,it)ﬁarti cles froma biol ogical sanple by centrifugation.
Once concentr at eo’l, the nucleic acid 20 nolecules in the viral particles can
be mani pul at ed bis detefotcad abgichgf theypresant iakéngioprto peaiidea Mstyeffsaive,
procedures _ar.e known anﬂ]c n he uged Wi tgatithe concentrated viral nucleic
aci d ol ecSGNYLVe. B e;ﬂ,%tqcrfene NEEHUCiSFdS 1A SRS ei ¢ acid is detected
usin det ect i @ 4 ] 4 ; { itsea hybrid
capt guBr(g assay, lgrllsp?e eiréf é%]@étiéatﬁfﬁf gﬁﬁ&mﬁ@g& @g’%dgs%cﬁggg%&%tﬁem 93/ 10263.
Thi s pr ef eengitivé,assaydbr theequdnsiatios efinadsiaypcids ipesdroplaed general |y as
follows. A sanple of hlood is collected and the serumis separated The
serumis subject&t ftgﬁy.;r BgJﬁPtr‘?fftE%H‘ieFHH IZfeapoR & E@HEér?Praﬁfaé' ‘5%1“9’? ral

nucl ei ¢ acy I ng. oY i buffer. The sanple is then subjected to
al kal i ne ([;Slh&lp%tgf())@ %raﬁgﬁgﬁfpgléaﬁlg,rgﬁfl. negessar y) nick the nucleic acids in
the sanple. The treated, or hydrolyzed,” target nucleic acids are hybridized
to a probe or group of probes diluted in a neutralizing buffer. Most
preferably, the target nucleic acids are DNA and the probe is a

conpl ement ary RNA seqguence




S 7 June 2002 WD 99129909 PCT/ US98126404 An anti-hybrid anyiJQ,qglxeofither
pol ycl onal or nonoclonal, is imvbilized on a solid phase such as a'test
tube or pelgysiswene bead. It will be understood by those Ski%ﬁﬁs%ﬁhﬂﬂe art
that the inmobilized antibody can be 5 bound directly to the solid phase or
indirectly by use of a primary binding antibody or protein, such as
streptavidin or protltisa f@therrabject of heypresenbinveatisota propllesa asay whi ch
subsequently binds the anti-hybrid anti.bo a derivatized anti-hybrid

ot bady. o f UNBISTLARIPIS Piagpation Spets iBVRITe efpctans B s
derivatized fupgiduafiag phrigiRRim&hodshe anti-hybrid antibody. 10 Any solid
phase such as plastic or glass mcroparticles, beads, dip-sticks) test
tubes or microtiter lpkatfegherabjdase ofithedreseneinvghomiozadvalanplassays pl aced in
the anti bogy-c at.ed tube f.or a sufficient amount of tine to allow binding
or capture”of %‘@“ﬁ%?‘i“&?llg@s‘iﬂ%s“é‘fﬁi -hybrid antibody An enzyme that digests
si ngl e-stranded RNA mﬁo fy ; 63 j n added
to the sanple to el ilﬁigﬁmhirﬁ)y nonb%g{%fltz@ggﬂrgﬁtgéﬂ}ﬁ/bst g%glgra% ly, the
RNAase and a hytartiatthettesttforomonmeeringy, thel désvet bbeusial aovirdisfechomi ned as a

single reagent. Alter.natively,.nonz-hybridi zed probe can be renpved by
washi ng the sanple. tH§Brf‘i"agqé’heﬁhofg‘etﬂﬁ%ﬁ?“tj‘@f’%@{%‘&%if%‘éﬁ\?eﬁqmp fg’l’ nmeans

wel | known in 20,438 5 kISWS Pora aw&atymﬁh9!1éﬁ&tdét@&e%h'1&@u.p0' yclonal or
monocl onal antibody” specific for thé hybrid, a |abelled antibody specific
for an unllfibel | ed afitis hyfwrthet obsect bbdie present inveRion torpbeider kirthbesancan be
directly label]ed, or nodified and detecte ith a.labelled antibody
specific for t %UW&PfSF@ﬂnEﬁ%ﬁ)E‘.‘mgﬂép 5‘?‘8?@??%‘9{“9%% dpdrali s an enzyne, a
fluorescent nojgey|msOr a 25 biotin-avidin conjugate and is

non-radi oactive. The | abel can then be detected by conventional neans well
known in the art such as BRIBFA&EUMMARY QF THE INVENTIQN a fl uorescence

detector. A second preferred enbadi nment t he hybridjzation assay, for
detection of anplifi d“’rﬁ’ﬂ%‘fegiaésaé'df8‘S§G)C?E‘ﬁ&’é§,te°f‘égﬁgf‘#w 82G¥neral ly as 30

descri bed8bovesqwehdbst e fimpioRbinge: DSIVEALSRRAtradlld YRl DaFRe AR | cation
of the nucleic acid sequences of interest contained inthe sanple are
attached to a biotpgenl sample bascepirdugationprasreabtentratest, thieORickeipheifii cat i on)

5'-biotinylated pripers,are nthesi zed or purchased 6 7. June 2002 -. WO
007 20000 per) et ST EHAES cAEPe Farbif FAEPESetree bt iBy "as

Nati onal Bi 0SCchRRGRSprobdfure. (IladTBLEH probbdures it RhowR ahl @ah BB QtedMich al kal i ne
pH as descri bed above, nucleic acid sequences in the sanple are anplified,

usi ng the ti gathg-doocentratad vien suclpis asidamelscudlgnc Brefgreblyc thecancemraed
anplificatjon nethods.as.described in mre detail below The resulting
anplifi ca??on \f)llr%ldﬁl(?%éc ?frl&ej%t eéencteesulbsjme‘c e?]teftgona Sﬁ%?i'i%‘ rf) ”5?3“5‘% F{lﬁ?bri di zed
to a probe or §keldpeddssdy BpeFoatedlgarriliod fahowe. Altestsanmplobs Kload isng t he
solid phase with an anti-hybrid anti body as 10 descri bed above, the solid
phase is coat eePliictad vaith # ghgrpicalbrinegimiavicgrapdiserunhes sepgatRd. (Higserim at t ached
to the primer.; FsBB'eE?éﬂrEPh%emri?urgghSnB{e\or@tﬁcﬁ gorpéeﬂ hedy bRt G tpERFc sthe solid
phase is coat ed WY a conplerentary’li1gand such as streptavidin. Most
preferably, stTRiptseapildsa-significat affest onitheacquralyendaersitisiegof fheese pl at es
may be coat ed passivel g or ed commercially from 15 Xenopore (Saddl e

pur cha Ci
Brook, NJ¥°or Pospaneardeissiog %Ssacyhfl}?éﬁﬁ%%t%ﬁfi’lcpﬁ%fd‘“ﬁ&ﬂm& {5 then
i mobilizatio i i I ti : Concentration
A'blood sari arpated B2 BBt hefibdOs ol 3Ry R LER MbiERda PRGeT
conventional npbss, Biletedan dmeswaljzing bibfééryern amixpetifid for tangel notleici s added 20

to about SOpl precipitation buffer 1. .n a sanple pretg_a[atl on centrifuge
tube. The precd§d seduense. Bug 45 HBY RBNG so0sreEs SLOF aFiSis b AMQUAS HF'e 44 p, m
pol ystyrene be TS N R y includes
col or beads thtg)?a'sl ?ﬁ%b’ﬂ\%%&gﬁio%qﬁgﬂlpé? B%ﬁgcraggt%gtﬁ}'%{g}gée?\ﬁﬁgggéd pel | et.
The tubes3are Thakgbrig areithen tbongd o 4mi-bylbridasibbdes spembnezed cradsatdnt rol are

25 centrifuged at 4 C for the ti required tq congentrate the target
nucl ei ¢ aci d, RRpsgetNoprivhedzsd 5 i‘ﬁ@e"c‘%"e{dhérezﬂ@l@ﬂi NERRAINBARY i n the next
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renoved, w thol bing 't using a sma n-ti pped plastic
transfer pipethygbridifed grober Habradikation ididsweareddy donventnabolicnms sugpeghl ori de

4



30 solution. 25 to 50 ill of previously tested target nucleigc i(:?(&ﬁgative
serumis added to resuspend the pellet, the vol unme depending; %3 et her
t he sanpl WOH2999e further processed in a sanple preparati oRCFIUSISPs4at e or
a hybridi zation tube. For the tube the pellet should be reconstituted in

the 7 - - ~717 ] 2002, CVO. 99/ 29909 P S98( 26404 | | . Th

tuges are mxe@r%kjag’%ugf‘gk%“ﬁi‘ﬁﬁ’ﬂa’ﬂ% Wﬁo‘%b%@%épy%gngecongs
til | [ t ' q ' f t
or -untit conp fﬁl%&\eﬂ@ﬁ%&ﬁga%tgllgﬂidyb?laﬁﬁct%f'ell%'?F&ﬂé’orsagﬂggqﬁ]@g?)rmecr0 uge to

bring all of the vo the reconstitute I'S added to
t.he sanpl e pr efoandii¢tonlabeltedopitibbdy Grsp&fit. to 5 t he hybri di zation tubes,

Cal cul ation of Centrifugation Cong' tions Sedinmentation tine of a nol ecul e
in a particul ar rotBer $SAUAE okamg hﬁﬁé‘c’l“ TSSO PreqUCHy thet SampIRPM can be

calculatedcif ' At fh.C : e nown. See
The Tool sdsof B(%Jcl}l%ﬁ%rgnqg ?? é&h@ ag%be‘r% Oﬁ? nkgl'?%gcdl%rqlll%e Sgﬁ %eﬁwtl a?dl g}ﬁg

coef ficient, snuchestequenvaarhpylifecapor setchbdasucBwusdhbepaymerdss chgdh (10' ' 3
seconds) can be cal cyl ated . f ro"n equation 1: (1) - ~ (P, - P',~ .S where ~
i's the vol une f§ctt Pﬁiﬁ)w%mgea igarkhigoung primery fyeh ge adiQunYdted REMSEr ticle i n
g/cnB, pmis t TSR Jred) 4R, e frictional 1
S coefficient ﬁﬁe %@?@%%‘0’%&56@?% @?gﬁ%éd%%ﬂlg?gﬁpgb é%%?\%y]upon t he size

and shape of turtabebled ®N A& peobad ih heutvilizinesiuffer af dédedbeddbavd, tTHeough which it
IS nmoving, The %e,di mentation time can be cal culated from equation 2: r;

| (1nr, -1 n}0-, ~ hybsigs grehauindito p golichghass dhah baspeeniroatevith afigentbthgbist om of t he
rotor and 1) dendiBfieh@r) WendfigdidobR @hhe pRfndk X us AURE Ank e Bg; ;mbU' ar

velocity inr Cu “can calculate romequati o ~0 =
3U 8 7 June d¥péRed by dIIBh2AR0 MherXSTds\de8@Ib2B4B4vdr om t hese fornul as and

principles, the follo-ing equation 4 cgn be ysed to cal cul the tinme
needed to sedi ment Eh‘i/?‘f"gF“t W‘isfﬁpé”BY’gf’Wi@F t?’FPB‘?ﬁngaEﬁﬁég’gPEal sanpl e.

(4] 77, (e g A S, s AR
15 sensitivity
DETAILED DESCRIPTION OF THE INVENTION

An improved assay is disclosed for detecting viral nucleic acid
sequences. The improvement involves concentrating viral particles from a
biological sample by centrifugation. Once concentrated, the nucleic acid

20 molecules in the viral particles can be manipulated or detected using any
suitable procedure Many such procedures are known and can be used with
the concentrated viral nucleic acid molecules. Preferably, the concentrated
viral nucleic acid is detected using a detection assay A preferred form of
detection assay is a hybrid capture assay, a preferred example of which is

25 described in WO 93/10263. This preferred form of the disclosed assay is
performed generally as follows.

A sample of blood is collected and the serum is separated The serum
is subjected to a centrifugation step to concentrate the viral nucleic acid
using a precipitation buffer. The sample is then subjected to alkaline pH to

30  denature and, if necessary, nick the nucleic acids in the sample. The treated,
or hydrolyzed, target nucleic acids are hybridized to a probe or group of
probes diluted in a neutralizing buffer. Most preferably, the target nucleic
acids are DNA and the probe is a complementary RNA sequence

5



rotor top radius, RPMis the revolutions per minute or the r 5 Tis
the time in seconds. In general, it is preferred that the hi gh’g? nrate
be used svoe®wd s wWill mnimze the tine needed for centripapakdgiygslne
equat i on above can be adapted to any rotor by using the applic.3ble radius
values. It is 10 preferred that the spin rate in RPM be greater than 1

i 000, and it is rm‘steaqﬁrbytmdr@t!lbpﬁlmelthnép@lyph@nalaqrenmo@mtxer t han 20, 000.

The ph | ¢h t t HBY th d t
Coot Tias ent ofiRiRBzglodie S Bhpdd eh oY il S BSLAETERE AP ik i o1 e
nucl eocapsi d) pahRd&rsioRBbY £skeiskilleB on {1 drotaithe T@RlobillzedGibEEFLAENt at i on 15

coefficient is used with the fornul a above to determ ne the t1nme needed for
centrifugati oheof the bi ol ogi cal sanple. Table 1 AU (Aust raI i an anti gen)

Dane Parti.cl egun Par oca Iarre t and ~
fil arrentsISarlt f‘gt“érgf‘tﬁ tﬁF&#é‘i@? gsi{%ﬁec& glyHF‘&% ?ﬂs?{% hm DZOU0 nm
~Vari ousScdi I gtk dﬁbr&@ﬁhf §ddh' a@,%héb%a\'f'ﬂﬁ\ orlﬁfUﬁlﬁthﬁ}( Gt 1@6(51ﬁid*'to thé)
CsCl1.1R-1.22 g/cnY' I glent'1.1U-1.3G g/cnt'"' Using the

sedi nent at i onscaiabmhascaedwwhmﬂm Sllbﬁﬁguénﬂl‘babmdsthﬂanlldl)bbrmrmbpdym 20 the Dane

particle nucl goca eus Co C 28RS 8RS rotor

£ 25000- 38000 JEVAE gé?‘hﬁ”?f‘%‘?fb 2 iRl iRt Yot i top rotor
radi us of 5. 3a§tiBon7t orai‘dé?mlﬁéd %c@@&l (fr3a8n{39t§f)th5|aﬁth@|bﬁ%l'a%h€6’d}“ me far a
Dane particle core to be pelleted woul m nutes. Samml’e Hvdrol vsis
9 7 Jud@ 2062y\solid phaegwoch miastwag&lmmromalcéwbeadsr dipesticks,gewnst i t ut ed

sanple is treated with hydr o]l yze the target nucleic acid and
render it accgﬁbﬁBf@‘crﬂﬁt@m‘%ﬁesﬁépgéuﬁ? denatured and, if necessary, nicked

by incubating the smeray@n@m@h %hﬂl@ﬁist;blﬁébd%\thé?ﬁlnuboﬁ Ricga@nhbe f?a0- 1 to 2.0 M
base at 20 to 100C for ' 5 to 120 m nutes. 5 Pref erag , treatment is
achi eved wthsxﬁﬁzxemoarﬂommfma-to adiDWablsdmgloarcamtameofstbchymd KOHle at 60- 70C

for 30 to st, preferably, t a n 0.415 M
Moo ot a5t BIEHESR pftey A R et fEeshETRYE shandRRRLARIE- £, oot ed
wi th one-Bal f RWA HOBrid sAR)anF 9 Radedh ﬂ{ernaﬂdte@tchﬁn'é%b.ﬂlpﬁestotéh%lﬂé’tgr ol ysis

reagent. The pH will be approximately 13. This 10 basic pHw Il both nick

and denat ure anhegwhyhridiesd prabe.nddossipeeferably, the RINAaspeed arbybrid n addi ti on,
base treatnen ucleic acids to
i nprove accesé?tg&tfcirntu@%?’ @%?g{l?gr e{;@ﬁig% %\ﬁ@ﬂg@?ﬁ& IS%EFCI% enri!r otein, and
l'iqui fy mucoualiteBasiely gai- nmtdmafd obé eambea:rw!rxdw@@ys”ahfr@qhe y@hple.
honogeni zes the specimen to ensure reprodu0|b|I|ty of anaI{S|s 15 results
for a given sanpl eHvBadizatipistthemdetagsted by semengonalanegns syl knpwngn t he

sampl e tgni nc acﬁg: backgr ound
byrrgest rgyo/i ng{hgra]aite%}ébg?”ﬁgw%gﬁﬁgg%dzmam y cr?rfo(?gdhg}lgrﬁﬂ%%gnpl e. gI t is
bel i eved t hat sgzaifec for eatlipbnd, alabellédhacitiodgtspeci@e fyrmmumateledantRN Aases
present in the sapple that entially degr obes used in the
20 assay. Ath?ri%tﬁ’GﬁyﬂfégﬁwﬁéB@ 56F 8788 G&h % r?ﬁ%& e€ted in the
sanpl e can bem%HmAdfdne%etéate@%%Q ﬁemttbda?tspeaﬁcwthc RlRed 0 those

skilled in the art, prior to yS|s Ication I's especially useful
when t he sanppmbi5s \anwfersblgnﬂhy latr@hcsearwuymesa Ghortelseen uodledude arcd d

sequenceg _to be detected.. Methods of anplifyi | ei c i d sequences are
conmer ci §§ K?&PT%H‘%COIER%‘%PQ&S&OHJBHF AEUTR- gﬂ}fgﬁg?lfqa&é SHBF syst ens t hat
currently ex'ééte?h} 8) oRhiigndl AYGRORRA an(ltsg%@megsjﬁc&&%&er eaction

(PCR), PCR in |gasec ain reaction | i gase hybridization, Q
bacteri ophageaB.ﬁnlmepﬂetet@seﬂubreammdptemnm based arrpl ification system (TAS),

genom c anplification w ranscr,ip, enc W'S) and nucleic acid
sequence- based anphy *’*F%‘H{Pr@# bé’ﬂ merg élP‘a‘yrl’?@ﬁaé'\?@ a532Y1 ﬂ)ése met hods
have been_prepge&shiy aln?d”'i‘flﬁgrn‘ﬁ@Lexc(ahd sélit‘]he@ées is PeHBARE gé',?em’d%%@ 7 (1988)
and !0 7 June 2002 WD '99/299U9 1' CT/ US98/ 26404 Lew s, Genetic I|;

i r~Ti rr e@P~i ndeshisbedsatk®e with the felfowing 30@di{icaORst echnol ogy i s described in

PCR Protocol s A Guide to, Meth d t |
bavi d H Gal fand, TGRSR SRPHERYL THRBHIG: SRR e eSS an

337-385 (Acad MDibGR) Prfdhli shers,
1990). PCR tec f‘gcég'sﬁﬁg Séaﬂglg aaé;gtgdr?:?gdégo %}r/@wr )%w% b l Sci ence B{

140: 1408- 14l Ofo(rmyxnphﬂcatmnw@noﬁ@tland pNo®rs ﬂp@gﬂ,hmsech@mputplm@t! 202, to
Mul Iis. Ligation anplification reaction is described by Wi, D.Y. and

Wal | ace, R B. Genonrics 4;560-569 (19895’ and Barringer, K J., et al., Gene
89:117-122 (1990). Transcription based anplification reaction is described
10 by Kwoh, D.Y., et al., Pr~oc. Natl. Acacl Sci. LISA 86:1173-1177 (1989).
These net hods have the advantages of high sensitivity, but the

d| sadvant ages of be| ng prone to faI se- p05| t| ve resul ts from reactl on

. o, " o o o .



20 Bi osciences, Tnc. (Plymouth, MN). PCR using one primer is dJescriBﬁd by
Loh, E.1'., et al., Science 243:217 (1989). This techni que ig 0P 008 sed

wi th cDNgyf §ogler i ved from nessenger RNA by reverse transc,;éﬁf)gg%%mjhere
-are al so asymetric PCR systens and ot her nethods that use one prinmer or
vast excess of one 25 prinmer These nethods generate nostly singl e-stranded
DNA, suit abl efrborcaiimerdialyeayadalde sgurc& sughas¥atioealBiossiemdes,andie used with
random hexamerlﬁ é_la q‘e&zﬂerate m xture of all or nost of the possible DNA
hexaners) so SIH%ROHE MNXt one hexamer will act as a second priner by

hybri di zi nr~ sonewhsgt I : edqw isdedeRe! : first
primer. 30 PCR rn si tcgrtaitgag%égreﬁls@ 0 %%%Pg#pﬁsgfll?:%tl oﬁeb}r{]&ggéﬁg F‘gdor tissue
sections foll sayadndes in eiceaimpdearesindified, ysng theHigand-diornad pamersTii s t echni que
is descri?ed by ase, AT., el aL., 'ikérrpjifi CE'[C% on and, detection of
lentiviraP DNBFSOREANGR Wit qopventjonabampligigation Apgiheds as deggribedigmyorg7: 4971- 4975

(July 1990). : 2 Q9/ i hai n reaction
|3 dbsor i bea AR SPArel R paR o oo e NG Gy ana
Barringer, K. dikjlieapHland ateingbriitzed té a-ptatde ¢d &80 of piohessas dusbribedi zati on is
descri bed by Landegren, U., et al., Science 241:1077-1080 (1988). 5 The
bact eri ophage?®®§l i case systemis described by Kraner, F.R and Lizardi,
P.M, "Replicatabl : "enli : . A0 ; Lizardi,
PM. et al., " Expgrﬁg%k[ai%tﬁeg{#%ﬁe{h? solid phateSyitiah dlin iy ézrf\tllﬁlimﬁg%%u di zati on
probes", 103i oléscabed amhvegsheGolid phRastilodted weiB8)ljgabd wehiplenténtareto al . ,

"Quantitative agsays based o he use of replicatab hybri di zati on 10
probes", di ntheé%aaﬁhaéss atF"‘“B%&"l‘QQP“E“féSE?Pe H‘EH{J&‘CQ.”@EF'.‘S, et al.) NucL

Aci ds Res. | 4; 0 ; i 4 : al .,
Proc. NatL Actggﬁa%%‘r&g’ Ie(S]/J&ﬁtg%l&df;?%:%;§3 11153:#{(%'%3(8151??@%% leg%?{s}%eﬁgaédl %lgh by

Stoflet, E. S. 3sstepadvidinSdilemnpef@3blydatept®Adinl @88 miASBBE plstesierecr i bed by

Conpton, J., Nalur¢ 3 50:91-92 ( | 991 ).. 15 Detection of Copcentrated
ol ei ¢ Ach dsUpHle B SHRPASRIAN TSI el & BEI GO LIRS e ng
any suitable Réﬁﬁf‘ogé (%%gi)(e BRIJRONS) & prepirBd dehe ale 19&36&?0&[198% can be

practiced routi most preferred method for detection of nucleic
aci ds i s hybrfaliimatobiizatien @f entdhybrsd antitsygeci fi ¢ hybri di zati on probes. 20

G unstein et §1I » P‘ﬁ ..Natl ~Acad ~Sci. US A 723961 ( 1975) and Sout hern,
J. Ml. Bivl .%@&%@%ﬁ%bri di zation techni ques using

radi ol abel | ed nucl @ 51088 k#nple @S iecMidGlieh & staigd, Mbidrehhaatdparmey Bpes have
t he advantages of high sensitivity and specificity over other detection

met hods and deonventiomadmigass aThé¢ sdrim sempie bshydaplabputi :ata bmlpsedés! are 25
often lahglled wt radi.oactive .substance _that can he Si]ly detected.
The “exi €9 ng. IRAPRhs S P EEiniRaEEe b R sl e P AruEst Shes o | apel
probes i ntrodyge I%Ggmfaheﬁgbff@%ie%%%efdosrolmo%%wmag oradygactive waste
products and nonlitoring of personnel and the workplace for contam nation In
addi tion, thepsihaytenddeids, 10 enMfTrisaCli avaict imhé EQOTp anthpsefaalalp imdud€dP requi res

30 that radioactive probes be produced frequently Radi oactive nucleic acid
hybri di zat i oncaler besds ghap abowivisilizatigacfithe esulsag eeniritugedpslietudhe as clini cal

6 o0n0st sy A P 0B TSR AR erueve oo
25  centrifuged at 4° C for the time required to concentrate the target nucleic
acid, as determined according to the equation described in the next section.
Immediately after centriﬁ}gafion the supernatant is carefully
removed, without disturbing the pellet, using a small, thin-tipped plastic
transfer pipette. The supernatant is discarded into a sodium hypochloride
30 solution. 25 to 50 ul of previously tested target nucleic acid negative serum
is added to resuspend the pellet, the volume depending upon whether the

sample will be further processed in a sample preparation microplate or a

hybridization tube. For the tube the pellet should be reconstituted in the
7



- probl eéns associated with direct radioactive |abelling. The ROfl,e29850N .

nmet hod of indirect labelling is to attach biotin, a small vitamn, to the
nucl ei c acWwO@ %8919 a chem cal or enzymatic techni que. Fol | owpOUUS98/26404
.“hybridization, the S biotin is detected by reaction with avidin, an egg
white protein which has been | abelled with an enzyne or fluorochronme. Bound
enzyme can be daweevelmsy Thedubesrewixed ewp yprtpx ot medivm setting fort es and t he

fl uorochrone c . r Wi .ncident |ight qf appropriate
wevel ength | nPEoutRee P ShsngF 6 SR bl 5P st e eibes BB - or ot her
hapt ens of ten 1Qiidif1g spasRSa i@ ofilpkds 8RR RII oF tne volimt BEwR! 8BEE ofthE Pr obe
‘tends to interact nonspecifically with materials other than t?’ue

conpl enent ary mecomsticuted peliet & ghled t drdiampld prepargtiob addrgplatenst. 50l gh

_backgr ound redu&eg sensitiviéy and increases the likelihood of a

fal se- posi t1ve theByPHdIZatN 8RS | abel ling is al so | ess sensitive than
direct |abelli %Hﬂﬁ%@fé rihﬂgﬁhhid&d-%ﬂ? ty islimted, 15 only a snall
fraction of th ases are pelted grvl a limting nunber of sites for

si gnal generation. Afedimentatiogtine dflzemblebdklin Bgadroki rotoohavingds edibud eads to

i ncreased non-specific bindi Rﬁ hi gher backgr_ound, .and ultimately, failure
of the probe td amgupiaingat 3 RAM san becalatlated if the sedimentation ceaflipieat of t he

h ith b i Engl . I
20" sulted o oohiEanoRie EARAE Lo TAPROQIERe BIRRERIBYChIREISND. Kooun i n

the art. Pref eritel sedirhdiraticet duetticiemts s, okt camimondy éxpeesSbiPaPs@aesrgt hat can be
synthesi zed or isolated,,n accqordance with nethods wel|l known in the art as
descri bed by MaWitalPE§l0T, secondg) can bgsaleulated fremsgpational: L abor at ory Manual |
Col d Spring Harbor 25 Laboratory, Cold Spring Harbor, NY (1989). gg§

exanpl e, HBV probes can be synthesized fromlinearized plasmd tenpfate

usi ng phage T7 RNA pol ynerase obtai ned fromLife Technol ogi es
(Gaithersburg, MD). Preferably, the HBV e pbes are a nmixture of ad and
ay subtypes. ad and ay subtypes are tH& %ostcomon subtypes found in 30
clinical patients The probes are preferably“single-stranded RNA acid
approxi mately 320 S Jn ot Preferably.. th .0be is di.luted in a
probe diluent t aete§ﬁ§%|ea\1(§;[l%rlru§§¥ge:beau {lgh éﬁn@g Illsyttt})]rei%allﬁ) ‘Jétgrto?éfr)le %aur#lffér. The

di luent is usedn%ﬂbn@ﬁ, 554 MR RASHbE e trelifim in g/cm’ JandUNE thR0PI2ti1¥KA1991 29909
PCTI US98/ 26404 t he pr obe and al so hel ps restore the sanple to neutral pH,
bet ween aph oxicveffelignt pHeBeanhgficdionalsopftpiénd depends upoh thesizeirnd

envi ronment for, hybridization. fficient volunme of probe diluent,

pref erably one-spl%\é/ef Obgia ?Cuilesa'lsfgté’& stgoﬂbu?f%g? i"&eg'uc%@'r 'ﬁ%‘ %h’@gﬁta'lsf vol ume
of base-treatednéviggnpl e. Preferably, the probe diluent is a

2-[ bi s(2- Hydroxyethyl ) am no] ethane sulfonic acid (BES, Sigma, St. Louis,
MO) / sodi um acet at e bUHef sedimeyiationiime sambe galculpied frasbequfitivnént is a mixture
of 2 MBES, 1 Msodiumacetate, 0.0S% of the antim crobial agent kagB, 5 mM
of the metal chelating agent EDTA, 0.4% of the detergent TweenT~' 2=2U and
20% of the 10 hybridi zati on accel erator dextran sulfate. The pH of the
probe diluent is between approximately 5 to 5.5. The concentration of each
probe in the probe diluent is from | ,;0/800 rglhi. Preferably, the
concentration of probe is 20 to 200 ng/g . Mdst preferably, the
concentration of each probe is approximately 7S ng/m . 15 After treatnent
wi th base,,fn ' t.. ] f I c i with a
sut i c; eni2AmoaieFfip 3BT KEthe bRAT! 16 WRABR G bRl ERTRC RIS et
to allow hybri di aattopaf tHretar ald ¢ is heQnphlaoicibaseinredinad Sampbe are
neutralized with 50 p,| probe diluent. The probes and sanple nucleic acids
are incubat ed feelcubybest Grinrequetign B to 120 minutes at 20 20 to 80C to al |l ow
hybridi zati on. Preferably, RNA probes and sanple DNA are incubated,for 30
to 60 mnutes at 50 to 80C. Myst preferably, the RNA probes and in the
sanple are incubated for 60 m nutes at 65C. Hybridization has been detected
with the use of an intercal ating agent suei¥pas acri di ne orange or ethidium
broni de as described in U S. Patent No® 25 ;563,417 to Al barella et al.
The intercal ati ng went becones inserted between hybridi zed base pairs of
probe and sanpl e nucleic acids and causes the tertiary structure of the
hel i x to-unwi nd. An antibody specific for the newy forned anti <, enic
determ nant created by the intercal ating agent and the unwound helix is
detected by conventional neans. Thi s- met Hod | acks 30 selectivity for the
target hybrids because intercalating agents fail to recognize specific
sequences. Furthernore, the anti bodi es recognize only the intercal ating
ac~ent/nucl eic acid conpl ex, but do not detect a specific sequence.
Therefore, additional selection or purification steps are required to 14
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and avoi d conplicated washing procedures. Any anti-hybrid an%i‘gﬁgizﬁg? may be
used to capture the hybrid onto the solid phase that are speci a
doubl e- sypapdedeRNA/ DNA. I n a preferred enbodi nent of the Pé?ﬁsﬂélzﬁﬁfay’ a
‘pol ycl onal anti-RNA/DNA 30 hybrid antibody is derived from goats 1 nmuni zed
wi th an RNA/DNA hybrid. Hybrid-specific antibody is purified fromthe goat
serum by af fi nity FHoomithesedbrmowlaagrad pratcigtdbit Nl lbwhing equationdidahbed on a
solid support. 15 7. June 2002 991 29909 PCT/ US98/ 26404 Monocl onal

anti body pr eH%q'dﬁletG %“F?éegleém%lf‘%f’wgé%?ﬁd&%%t YRl particleef intprest of the

ol ycl onal agt. H preferred anti body for capture of RNA/ DNA

lr[:ybri ds is prgtgg)&gregﬁg%f%—ggg net hod of Kitawaga, Y. and Stollar, B.D., Ml.

| rnnrunol ogy 19:413 5 420 (1982) or according to the nethod set (4orth in

U S. Patent No. 4,732,847 to Stuart el al. Both polyclonal and nonocl onal
anti-hybrid antibodies can be inmobj | i(ﬂagl_ n fhe solid phase in the present
assay as described bel ow. | mobi FMNi=Zat L } -hybrid Antibody The
anti-hybrid antibody is i mobilized(Bd0é7 aREM /d phase such as a 10 test
tube surface. It will be understood by those skilled in the art that a

sol i d phase whetelisshpsadimestatiorecoebdtivnst hyd thaeotopdbyem opdils meis the

pol ycar bonate .or, any,sol.id plastic terial .in the shape of_test tubes,
beads, ni cr of4P% foglrégl}js’(}?‘%yls‘f ﬂngq}HE?qfé)quQUtﬁ%éﬁ‘q rd’t%hé%‘LTéq i ncl udes
gl ass beads, tifedf Seddis. wgaﬁrzﬁ,rﬁ@iisaﬂgxfaegiebﬁiatmigeék@fsﬁﬁm“b% e of glass.

A functionalized solid 15 phase suc plastic or glass that has been
modi fi ed so sihat thihwils mifigvee thontmd necdedifdseentrifugationo Theeduatizinde or

| dehyd | so b d. | nobilizati t hy i b b
i roct Cor i ninvedan bReaBRuR A I o B ineha pheble b deleeRatte p
anti - hylyi d wérb&ﬂmaimeagm%éaﬂwmkﬁréﬁ%rhmlésmnaai& H{?ﬁ% skilled in

the art or briefly described below. The 20 antibody can also be

bi ot i nvl at edpeefeiresitheeiaspin ratei heraserter than2@A0Gt r ept avi di n coat ed t ubes, or
nodi fi ed by ot her ans to, coval ent.| i to,the solid. phase. Solubilized
bi otinyl ated anti bﬂ%ypqyéﬁab%_aimrﬁ%ﬁb ygg%ﬁg/n”fcrlu"écn‘g% ﬁ"«?psfg\fl%d‘?aﬁm@oat ed tubes
bef ore capt uggefatichhsr tiy bIB Wivaeh56¢10 (IRferatd 16Q5 eiid Ak heliqw or in

conjunction with the addition of the hybridized 25 sanples to_
si mul t aneoushycleoaspsid) precsupiearizedin e fallewingiabboty The sedimpntatien t he hybri ds

Most pretera t he. i | t e i hase,i.n accor dance
wtht hzg nmet E‘%%ﬁ(c)lfe nﬁsg’%"‘ngﬁﬂ?&@f %[é%a%rgﬁgfo &eﬁér%%wﬁ?e.deﬁ §9\ﬁ eclz ?3:

| 23-137 (199€gntrikigatian df teltdolbgiealaariptdiydr ate portion of the antibody 30
with periodate to yield reactive al dﬁggde groups. The al dehyde groups are
then reacted with a hydrazi de-nodifi lgd|id phase such as

M croBi nd- HZ~*="" "mt crot i teT Pt EREtARNMlah Sitighn |7 0T Dy Tat 5. RARGLRt or i es
(Chantilly, 'VA) Passive coating|of the antibody_accordjng to the mell known
method of 16 VO 99129909 7 Juhe 2005 PCT/ UsobP3tdaiicl pleocppsid I\jnc

Bul letin No.[| 6 (Nov.Swa@88) (Nunf, Rodlkmkrde, Dehnmickdaland lalpswedksc ept abl e.
Al ternativelly, Ventrex Star~~Mtubes (Ventrex Labgsat@riles Inc.,
Size (diameter) 22 nm 42 nm 28 nm
Length 50-1000 nm Various
Scedimentation cocfficient 40-548 1108
Buoyant Density in CsCl 1.18-1.22 g/em’ 1 24-1.27 g/em’ 11.30-1.36 g/em’

Using the sedimentation coefficient of 110S (thatis, 110 X 10™7) for

20 the Dane particle nucleocapsid, and a Heraeus Contifuge 28RS with a 28RS
rotor (25000-38000 x g), having a bottom rotor radsus of 7.3 cm and a top
rotor radius of 5.3 cm, at an RPM of 22,000 (38.000 g) the calculated time

for a Dane particle core to be pelleted would be 110 minutes.

Sample Hydrolysis



Portl.and, ME) are coated with streptavidin by the nethod of e 2dgp and S
Wasi, S., Anal. Biochenr. 191:337-342 (1990). After binding of streptavidin
t he bi oti nWOR9889%09oat pol ycl onal anti body descri bed above) orcatusesmésns '
- 'produced by nethods known to those skilled in the art, is bound to the

i rmobi | i zed streptavi | owi ng anti bpdy |nd|n es can be
post-coated with a dg‘g‘éFW”é‘GQHeg Sﬁ*Wé‘?éﬁsFmiﬁe 15 breg eadnﬂ" g&é’raé%@to bl ock 10
unbound S|tes 0 i i bed by
Esser, P., Nuncn%}rpﬁez% I&}%ﬁ;ﬂ&f&@g&&é@ al:n‘dzagd?%ﬁdep@tl’d&gﬁigf unc ag@'cfssacrf:l n No.

9, pp. |-4 (Jundenh@fiad axﬁd\luﬁnccemsyglniaited bipérubaling Maﬁllpﬁeazmd callecibn , J.

‘I mmr ~nol . Met hods 84 17-124 ( 1985 Pr ef er abl A each tube is coated
with between 10 Wgceawﬁprsmt a0 Q. 190§ M base @hi2Q i &~for frsa 1! 2Preineieabl y each

tube 15 t I d t,i bod As
i scussed abovel rRabid FRARRL TRt ReYeat % B0 8M NaPER of » Sl Etsiast bty
fragments or degichakikasd itWoct0°0@E 36 iR60-mimineS nfostt;b]@fe?dmy -t¥ Rihfle

anti body. C_a~ture 20 I—fybrldl zed sanples are incubated in ‘the an I -hybrid

coat ed tubes f ois imcubafetiic Detits MiNaOH ab65°0 foe 46 onialiteswApppiximatedf ondre

hybrids by the i bilized antibodie brlds re bound to the
i mobi | i zed anthng meod syypleds treafe Wr‘\“f%‘F%QP Orll‘éﬂ‘éé’ pesepadspiafeaedito 15 to 65C

on a platforms : ferably,

t he 25 |ncubat|lggggﬁiaﬁ\éﬁ%l@@B@F%%%nﬁpﬁﬁé&gg%ﬁb%%pg’rgxﬁ?%?fé Wi Jfﬁgshakl ng at

300 to |2000r pnbashdysi will ®btlr mibk yid da@pture @ ngjeritysofithe hudleic wbal inahe at  one

hour at room tenperature w.th vigorous Sb&léﬁi%&ggon a rotary platfqorm shaker
f

with a rotary sHSRIMeg- dpadditiva: base trealgpsn Injeragtons SRVCLOTEPHeeR | t
wi |l be under Sté}fadnd.@{ehé E&&?tosxlﬁyré\%dadc&s bhl?yq{ftthé et el UciP HebMaet | T8,

tenperature, 30 an varied’to ac ve alterndtir.~e capture
ki netics as desprotin, a@drhxqud”atmmumeﬂaettreah‘gdmtlod pﬁmtbmtnndymmmuantl body,

specific for th RNA/ DNA hybrid iis conjugated to a | abel . for. detection of

captured hybri & TV DDEBSh R 1 SRTRER B YEE TDP Bl OF sBgg0) 56000 7
June 2002 t L C t he

nmouse m)nocf:rngl% %{@@Eggyﬁg SQ@?F’E é%{ ngifﬁﬁ?hghliﬁg?%%@yp{% © P\ P Et?%

Col | ection as As'ﬁﬁ@létmmsx&amkmetrdsehoxhﬁ;eﬁ?z@&he 'saanplemndgadm baeckerodat ect abl e

| abel such as al kal i ne, phosphat.as thos skilled
in the art thaﬁ’ ?ﬁt@y@&t‘*&teéﬁp&ﬁg%%{% Rﬁ’“iﬁgg bﬂ‘gs e 1 SPPEs cent

mol ecul e or a bntmarewd diaf‘b&s@@ieﬂﬁﬁérﬁ‘ a@am&ﬁméeenzﬁk@ s868 hPRA L0 ugat e
is produced by well known nmeans such as direct reduction of the nonocl onal

anti body with diresaniththeisample thayrpuldgiagerdialificlesde Rdbhvpeahes used inltbei s, MO)
to yield mynoval gnt antibody 10 fragnents. The reduced antibody is then
directly c®© ju ¥ to maleirnated al kaline phosphat ase by the nethods of

| shi kawa et al . AmplifitafiBpu~oass~~ 4: 209- 237 ( 1983) and Means, G and
Feeney, R, Bioco~aj. em 1: ?-12 (1990) and the resulting conjugate is

purified by HPLC. Al The musl¢ioarid sequepeestederdpacied indhe waplecaeped i ndirect |y
b1 an 15 unl skl ool ih RO PSS M A e BB g0 oo
i mrunogl obul i n grigtto Ihs}d;@e,tsmtﬁdpmcaanohab@dpbe;dug@@éfuawmn tHeuampdnt i body.
25  contains only trace amounts of the nucleic acid sequences to be detected.
Methods of amplifying nucleic acid sequences are commercially available.
Examples of applicable ampliﬁ'cation systems that currently exist or are
being developed include polymerase chain reaction (PCR), PCR in s,
ligase chain reaction (LCR), ligase hybridization, Q_ bacteriophage
30 replicase, transcription-based amplification system (TAS), genomic
amplification with transcript sequencing (GAWTS) and nucleic acid
sequence-based amplification (NASBA). General reviews of these methods

have been prepared by Landegren, U,, et al., Science 242:229-237 (1988) and
10



“1n addition, captured hybrid can be detected by conjugating 7t igebgbp probe
used for hybridization to a | abel, such as an enzyne, or to a hapten) 20
such as bivwdbsrdbat is then detected with a |abelled anti-haptpmssgdesfpd~—.
-"Excess Probe Digestion and Hybrid Detection After capture, any excess
sanple is renoved fromthe capture tube, a solution preferably containing

both a singl e- dievdindbdOrreticdingiraerizg Neprmhbel .S fchd GOIRNARER taehnelogy
trati , / descr i bed
cons ugat ed ant it HoERBePintCR Bode 8 R0 MERSITHR ARHERRES Pibe | <

i ncubat ed for apphexi AdhelsyDRvidTH WGafantOJokh INSHInSkRhnd THBARAT UVRitbet ween 4
"and 45C. The purpose of the RNA digestion enzyne is to degrade

nonhybri di zed PpoB@-4otiad 33d8héAR jc Poess.hlact, dsecourt Braseilopaovint t o

.renove the exc .praob c secondary st ruct.ur ikn the nycleic acid
can be 30 ricog’;‘.%? r%jggﬁ)ea‘gg&eccﬁp@ﬁg%%ﬂg? d?%g‘ﬁ?‘ff’}ﬁa/?%% 'ELe\L?gﬁfcéﬁ" assay
background. Praisgriabkyl410 (EosBpaydh US. Pdaat Nak. 468019 p4d Aldgenobapween 0. 0~
and 9.> ng/m and is incubated for between 10 and 60 m nutes. Nbst

preferably) thdMelhisyigation rpbificaiqngiegetion istdesaribgd by W) Davidarids i ncubat ed

appr oxi mat of y BN UfofiehEacs3RT (195%) apt Bainges e S Raalo Dol N1

Frederick, MD) goarn 7al 2291090 Sk ahschiiptomrdisze aaiplificefidn BakBom [ssdeRé@aar abl y
diluted in a conjugation buffer that pronotes lséﬁem fic anti body-antigen

i nteractiok®, blbgdkeol Ihdh-epbclrdccNatindicasy Set LBdn§ubbtle 1157 €989k apt ur e t ube
and stabilizes conjugate for .long-termstora . ref.erred buffer contains
0.1 M TrisTM HO, pﬁq‘f.s%‘,“eg‘?_gs R e el %%f&%ghﬁﬁo’ggs‘i‘&%ﬁ%g%f ant i body
W th other nucli@jabvahces o BEihE pronénelfAsépsiiétedult Ofrofii @BEdidZpradual kal i ne
phosphat ase, normal goat serumto block non-specific interaction of

conj ugat e wi t h copamazasionr &os impraved detgctproofamplifiadtarezo nueleis|agisk
ISP . = Cative. A
Dot orrod wash BaePless oA HOBRerSRCWRRE BRI aLiReR L BSET L

0. 25% Tweels r Ma2éhrdamd veitidihe Bent geefeged embeddiend ol . hybeldeation Assal.

captured hybrid is preferably achi eved by binding the above-descri bed

conj ugat ed” ant iLheyigandiisasiagiad ta theprmer by, 6enventional methedsswell Enowe that i on.
Tubes are then yashes ]@Wiﬁ gﬁetaptesgjﬁpgy ﬁioqgﬁ?src'ri%@ﬁbmw]fop%k}%ﬁ)ile%HEEnge any
excess conjugate.” Prererably, Tive manual washes are pertornmed using either
an Eppendor f T" 'ahtifRgpadanfbqizttb arsolid phase. HterhatGeidiatdopidverchapigendor f |
Hanburg, CGermany), .a CorningT"~ repeat sg/ri nge (Corning, Corning, NY),
sinple punp re@uikablaligAndbayad prgies s PyFhased dioay p sypRlieh ks Maiang!

reservoir jpt hsgggc%lggg I&@l@p]?gr_ougpm;ci all'y avail abl e tube washing systens

avail abl e Trom Source Scientific Systens (Garden G ove, CA) can al so be
used. As described #R esingapt primer isydesdribedary ladls &.¥e edet eivi@dewi t h a

di t |abell , h -conj bridizati 25
ot obe. o s hogd SetaRUABS P TE e SREY CRRCRL AN bbbkt
| abel l'ed anti -*ﬁ%%ﬁiéfébﬂgémdx HpAe0ErsE RRheBBERe). STIRHO SR AU dyhighigCt efl by

colorinmetry or chem |l um nescence as descri bed )by Coutlee, c~t crl.,
din. ~I~lrcrvPGR sysEmslo0tia0omethdd3bit useroat griaisr pr vbsserdesalof ahe ne

phosphat asg conj.ugat g1 30, detected, by chem | uri nescaree Wi, ,r eagent

direct sequencing. Single primers can also be used with random hexamers (a
degenerate mixture of all or most of the possible DNA hexamers) so that at
least one hexamer will act as a second primer by hybridizing somewhere
along the sequence at a distance from the first primer.

30 PCR m situ is the use of PCR amplification on cells or tissue sections
followed by detection using /n sifu hybridization. This technique is
described by Haase, A.T., ef al., "Amplification and detection of lentiviral
DNA inside cells", Proc. Natl, Acad. Sci. (USA) 87:4971-4975 (July 1990).

1



réagent (Lumigen, Detroit, M) using a detector such as an & juagiongd" ~

| um noneter (Source Scientific Systens, Inc., Garden Grove, CA) or an
Opt oconp | WO9929909ni nonet er (MGM I nstrunents, |-1anden) CT). PCI/US9IZ2600e
.72002 WD 99/ 29909 PCT/ US98l 26404 The fol | ow ng non-limting exanples

illustrate use of the.disc]osed ssa t hi erijrent two
different serum sarrp‘li Sk RS '¥a5HBR %’%egw?e?)b f‘brd]ﬁeﬁ'ﬁf}@i)fp by HCM
|| assay were ugefomfo3a:s6B0TH9E(198S) shd BWriRES K'J\/Q,t%? Genpgonghhoor 4.4 x

105 genones/m, referred to as PC1ow, and the other one PC high at 209
pg/m or 5.85 x(1990). gbtg@sﬁebyhﬁidlzahnnuhd@cehqzxeby hendegadn, &F., ¢/lid, Semnad f ugat i on

"(both I m and gjé were used) the pellets were reconstituted in
30p.1 of HBV Dl\&nne %?w{@ﬁé serum 10 The pelleting for each sanple was
.perforned ig triplic (@ﬂ% h : ol

W thout the centri fug?atltgl n. CIE-%%)BD%\%:E 'i%ﬂr@te%%g sté@%?&gﬁ&g@gg‘uan@&?tgﬁgd by a
non-r adi oact i veardtybizacli ZAM. o'm@asaublbmﬁ: repdrtarsty Nafhrp 3Bociont402l or sanple

seruminto m cropl ate wells al i quot of a hydrol yzi ng reagent was
pipetted into 168°885H-izads PM 3()"@ 'IE"QPF‘H\.E'@l agplifigpfiopdisecamplingitpet t ed i nt o

each well. The \%eﬁmzm&ﬁ ns?egd B,gpﬂgﬁ,g(grﬁ)a& % @J;\Aglggséoa%nqgéput es. The

contents of eac was tr r'rred to a Wi th
anti-hybrid antHhedg!l, "lentitamiweptsayebmd maheumbﬁmbplicamﬂahyﬂrid[ﬁdtmd shaken

t haker f t Th at ted and blotted. A 75
o1 3o i Feler soher SkuncRrresE ot LBl SRR D o o Mk e
phosphat ase- cony4gared 1mq'ﬂa§'(1§sq>' Y isHREGIclihy Ko 15 Y dPA hybr T d

was pipetted into eac the e was incu at roomterrperature

for 30 t 3 m nuPes, Nadcardakder. \I\MMIB’I“XIHW(EQSQ\MCGAW&&CH%&H@Ufy
aliquot of a second detection reagent containin m | um nescent 25

al kal i ne phosphiet b3t ¢itle SGKECHE T 644 ﬁk%ﬁa@ﬁ%@ deseribeddybat ed at

room t enper at ur@&q§8fonl 9. NaR,Bh58:0¢%, (15610l ate wells were read on a
| um nonet er. Theor Onfl aolgt al ned in tr} pI icate for both the standard and

the t mM ahll 0 Betgttigme: Qg gIdss are shown in Table 2
Coefficient of 30 Varjations ar cul ated for i pli.cate sanpl es.
Results are expresserdrl’? ﬁ%&{‘%%ﬁ@‘fﬁfg{ﬁlﬂ%?' %C%{hlEF ‘f‘ﬁ ‘ECEH%%P?%U ons are in
genones/ m  deriygadbfel?Brs SFvﬁa'ﬂ?%ﬁéﬂh&d&@f%ucl?@etect?on%ﬂ@ﬁn@\gﬁ)%n?ﬁ“@ar?@é 29909
T~blc 2 Standardl m centrifuged

cent ri f ugedgenmresticedgentoredys / ﬁhgms&msfemeﬁ®¢tbe¢fm.d4teﬂtlQm pfudeig | U 7.0 x

| U genomas/rﬂgen nones/ n PC hi gh5. $ .x | 1..5 x 1071.1 X

| Ungenones/ m oeuRaS PP BEREHELItr et Bacaro s oY R Bbf.
pre-centrijsgatGRinseM e, FROP Ny, 1BBI R EOS£ 62 3D6T EBF8) hid SeRa&Rt yation is
33 .3 times ( 1000p1/30~t1) and with the 0.5 ni sample the 5 expected

i ncrease i s 16./M80t Hiek 98’§ﬁé(bR:7t50|dIBSqﬂhéﬁléh@é@atimteﬁlﬁéqllesmﬂ%anpl e were 25
times for the F;%dfo?vﬁeﬁncﬁj na 1e|c 'S proger:s tl@l?clggamdngna— zgtlgn gro@es have

the advantages of high sensitivity and specificity over other detection

methods and do not require a viable organism Hybridization probes are
25 often labelled with a radioactive substance that can be easily detected.

The existing hybridization techniques that utilize radioisotopes to
fabel probes introduce additional expenses for disposal of radioactive waste
products and monitoring of personnel and the workplace for contamination
In addition, the short half-life of radioactive compounds such as **P requires

30  that radioactive probes be produced frequently Radioactive nucleic acid
hybridization is therefore discouraged in commercial areas such as clinical

diagnosis.
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sarpl e showed an increase of 16 tines and 19 ti nes, respecti\%]ﬁé. &ghg
recovery was about 75% Exanple 2 10 The schene was slightly RfR82 n
this exmeobsrewpy To further evaluate the increased sensitipttxshgheudie
‘functional testing of the concentrated nmaterial serial four-fold dilutions
were prepared fromthe virion containing sanple referred to as PC | ow,
prior to the centrPrabgahaverbeerivdiceictlydabelied iearrmatterapttoanoidtha negati ve
serumat 1:4, |;16 . 64 - 256,.and 1.: 1024 . Dil.utigns 15 of the materi al

(ol ther 1 obRs higtitad WRBIRH tiga e It HE L ARE s Romimpty i s

experi ment  af fetholl o ireks labsliag isd dtfach BRINCH SmUB Mitah®s A0 hd fudlgd 1n 20 ~I
of negative serum and vol unmes re-neasured with a pipet to nake sure the

pel | et got r easihusing atchemical er engynlatio anisiuef Fallowing Mytbwidizsitiost thag f or each

ampl e rformed in i plicate.and. resul t ompared to.the standard 20
;S)r g? oco\INaiSIo 10%1 f%‘gﬁﬁ%a?%@' %'éllf‘ﬁl? ngﬁ‘tvl% tsa%ﬁ@ @Hfg;prgfeén ?@hﬁ%&ﬁsied bel ow i n
Tabl e f t25d§§l1e1ex& l?lﬁéll%@k@i&%%n}?ﬁb%r%uBreBhF&n@Ogaufﬁﬂiﬁ%éa%%04 SOPl m
concentrate

concent r at ed BlgteatedbOmseivu®ith Colvemnvedioimrsybslsstes erdithieHymnocheshel genonts/ ni
genones/ n~l PC_| qw undi | 445, 1$4445 1841 . 44 " 1.57. x 10"1.17.39 x 10 ' 8.04
e o81. 081 4 K7 SAgHS hihpeaties it il fegh of Aogepbfindeyavelenf

10~U. 91: 1G27, Bdttect@inbothybidizallon Probes Yilbioln $r dfheBhAftens often

10' 0. 8C1; 64695G 1neg2. 29 x 1U51,93 x 1050.91.15 x 101.12 X
100. 971: Y561 780kases tre " hydraphpbmity k of theprabe . Bl probe tenda 4o jntaraeiaion1024434

~negl. 39 x 10 'n 7. X..10' Ne The, advant age, of cqgncentrating a | ow
positive ser lfr%e%@%%{l/l\%“@gﬁnaﬁéméf 8@1‘%@3@%?% pﬂ@ﬁtﬁgu@{ugﬁﬁg{%@g erating
procedur e sanpiding UShigh bhélggroimi ddipll tacRirdiRd Ridub@SdenigiQitpahd and no
centrifugation the PC | ow sanple can only be detected undiluted. The SCOP
assay det ect iiBerepsegithe jikelibosd php falsepogitive wesylt.1 bulingenlehelsingis alsthen 1 ni is
concentrat ed it . tei i r ! the 1:64.dilution
(065 poi nt - drselythfe AR Ul Ld Rl pRERRE M ettt Al DB o0 Loy s
between B% t wonlP@¥malllfechonbf thenassntaratdbelled giviiea lifmiMeshimye dfo a | evel of
6956 genones/m, an . increase in the assa~~ detection Iimt of 20x. This
20-f ol d i ncr edig® forssignat genertion i merepse i e dihellingdansityof 2 orbent r at i on of
6956 di vi ded i l. 4 i ) i Vi ' h e 500al
concentrated lég}rﬁc}f}éﬂ&g&%g?é ?@%’ﬁ%g’ﬁgmﬁﬁ‘ﬁﬁ%y@“ﬁuﬁ on,'m(é}l;c!]-l 'valent to
27, 500 genondailuie. ofBye prodbe enlbytnglizeeith ads wargerduesanid mtdrferéestoftie 1 nl  and
perform ng the centrjifugation step described in detail above, the
sensitivity i Pf%W‘i%L%F@tPéE{qgoﬂ“glfeqqé’déé?lﬁﬁdé’r@weP referanftwdlh can be

i ncreasegh by QRRY %Elﬂﬁéaﬁ'd)’ag%@ﬁg.m d, down to about 6956 genomes/m . r 22 7
June 2002 Cains W claim 1. An inproved assay for the detection of a
target viral nucl ePmbecian beguepnedby meshdsisdinognanlthesatpPeferalilg, thapr ovenent

i Si th t f entrat] i I ticl . i Si the t t
hucl ei o aci d BERALRES M-rEdRer AN BRbET et anesy Bhedar SERYBner el n
the pelleted i} arastiandevth MBHLRY f;veﬁlqdn%vazﬁﬁ gﬁ@% al aesrcﬁsetﬁ@)enga%ﬂs,n a

bi ol ogi cal sanple negative for vira e assay of” claim1 wherein
the viral parT|eld.,iMokchlep@idning A3 orpManuel, €olBSpritgHathoay of cl ai m

1, wherejn the biol ogi.cal Le | bi ned wi t h ipitation buff
and ( nertLentrabRIes . FOR SPTgRsLhs N RS EohtRrth B RE Vbl B o1 cl o 4.
The assay of &lsghmeai,zgd/\hs&ﬁmbaﬁt@i PlaghROlehplats 85TRE Qhé@? TERNA fuged for a

|l ength of tinme determ ned by the foll ow ng equation: -1 (nr, - Inr~)
s( 0. 1D47RPM Ipolymeerasesolitained &ogekiferd pekitolegiec@efithesbarg MIP).t he viral

particle, rt is th ot,or .po iy ro is.the tor ;top radius, RPMis
the revol utions perfeﬁﬁfarhiﬁf’éﬁ%mngﬁ\ﬁﬁ&‘?‘ies&heda T"ftgret%f(e)adtqnﬁélyi n seconds. 5.
The assay of @bgip@s 4adiier é&b?ﬁ% b tAB@YRt d5mABA subtypdhpuagsay of claimb
wherein RPMis above 20,000. 7. The assay of claim]1, further conprising
the step¥ of clipidat patiantyy Ehteeprebespire puiferably siede-straydedyiNAdindi ng a nucl eic
aci d sequence in the Mi@to d sam?l eatlo a conpl enentary nucl eic acid probe
to forma doltPPEVRTAY ¥ ', “® M capturing the hybrid onto a solid
phase to which an mfdraiy/ahé BrodBtii Bshed of a prtichileAthbs AgaE ahas been

i mobi | i zed; d) elimnating any non-t[%bri di zed probe; and e) detecting the
bound hybr i d.neutralizing hybridization buffer. The diluent is used to dissolve and dilute

40,

1
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-'8. The assay of claim1 conprising the steps of: a) concentyayhegohepatitis

I3 viral | conprising hepatitis B DNA by centrifugation of the
bi ol ogi calwtéé%s}g@? 23 7 June 2002 b) resuspending the pel | BEEHSHES484 ti s
B viral particles in htunan serum negative for hepatitis B DNA, c) treating

the sanple wt qh@Pgﬂ,E%BRI%}SQ%%%QOH}EC Qzﬁﬂﬁﬂeit{) 'ga[tgl gﬁégﬁg?eenybri di zing the

denat ured hepatit In the treated sanp enentary nucleic
acid probe to fapproxamdielyopld-6sindagri@gtolprbvide a negre Ensekablé Bavitdigndmy fori d onto a

solid phase to i.ch an aptji-hybrid antjbody or anti_hybrid fragnent had
been i nmobi | i zé\\glgrlﬁbzaEP‘P-ngﬂ’éﬂcf V%‘HV‘erﬂfrPfﬁ%‘ihh@mz@éprf@gb’e‘?"eahﬁif g) detecting

‘the bound hybrifume if (68 sRHAlze sl Snc WARLEIhd AL AR A sample s

serum obt ai ned by s€eparation o e serumiroma np 10. The
.assay of clsai ms@mpherRreferabiy, the probyhiiludhtded 2pibioe Hydr&lyetiylpdsgo Py
digestion with an enzyne. 11. The assay of claim8 wherein the viral
particle is a WQM@iSP%%“'BaG‘idr@IESp%&m%Isé. Lowps, M@ ¥sediwmacetrtechudfern 8 wher ei n
the target nuclyegi o PN L L . . . a | aim 8
wherein the pro %&i@&Sﬁbgm}xﬁbﬁ@‘éﬁiﬁ‘é@e‘gé%ﬁé’%é%°af§;’€' t%é$a¥5g§° nucl ei ¢ aci d
sequence. 14. ThhetarsSAF%O6 the antimirobibkeagennNeRg shhM ofihe ahetslashplading S

conbined with a precipitation buffer and th centrifuged for a tine
sufficient to %F‘Ptgbfﬁegﬁ%oaftaﬁé‘ﬁﬁ%?“é%“@?ﬁ’?ﬁ%%a%%% ofthe| ai m 8, wherein

t he bi ol ogipcal oy | f ' r.m ned by the
foll ow ngnguath?gﬂ?ﬂz%lifac%lg%%{%t? lf nr-, ! Sgrf?tg'. ;[glggf{%f\lﬁ g’ildﬁ\‘%hdglrﬁéﬁs}g: S the
sedi ment ati on desfdencipprdximatelyi Std Hi8. The @ondentrhtion 6Bekich protiedinithe t he rot or

top radius, RPMis the revolutio per mnuie of the rotor, and T is the
time in secondé’.’o%‘a‘[]"?ﬁblsé‘%)} tBBBQI“&"% fise Yo the qaneEREAtionRIPrabs 000. 17.

2ssay Tor the dotais gl MO MargaBR coheclfion Becden B R2' < Pops
of : a) separ at iapproxenatelyf7Somg/tthe bl ood; b) concentrating hepatitis B viral

D eci pi tatlbon but | ors BHANEHES SEHY PR AGUP! Feores Hod WaMMIANd bu f or
o o ards oy AN SR gl & TR UL ok SR a1 @
| nr") described probe diluent, to allow hybridization. Preferably, 150 ul of base-
treated sample are neutralized with 50 pl probe diluent. The probes and
sample nucleic acids are incubated for approximately 5 to 120 minutes at 20
20 to 80°C to allow hybridization. Preferably, RNA probes and sample DNA
are incubated for 30 to 60 minutes at 50 to 80°C. Most preferably, the RNA
probes and DNA in the sample are incubated for 60 minutes at 65°C.
Hybridization has been detected with the use of an intercalating agent
such as acridine orange or ethidium bromide as described in U.S. Patent No.
25 4,563,417 to Albarella et al. The intercalating agent becomes inserted
between hybridized base pairs of probe and sample nucleic acids and causes
the tertiary structure of the helix tounwind. An antibody specific for the
newly formed antigenic determinant created by the intercalating agent and
the unwound helix is detected by conventional means. This method lacks
30 selectivity for the target hybrids because intercalating agents fail to recognize
specific sequences. Furthermore, the antibodies recognize only the
intercalating agent/nucleic acid complex, but do not detect a specific

sequence. Therefore, additional selection or purification steps are required to
14



‘s (D. 1047 RPM)~ where s is the sedimentation coefficient,;r5,

rotor bottomradius, rois the rotor top radius, RPMis the revo U?IOHS per
m nut e ofwotdmestor, and T is the time in seconds c) resupepidbiitsabhe
.pelleted hepatitis B viral particles in human serum negative for hepatitis
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10%& ()-'"""" " #(((~Theanti-hybrid antibody is immobilized onto a solid phase such as a

10 test tube surface. It will be understood by those skilled in the art that a solid

phase includes polystyrene, polyethylene, polypropylene, polycarbonate or
any solid plastic material in the shape of test tubes, beads, microparticles,
dip-sticks or the like A solid phase also includes glass beads, glass test
tubes and any other appropnate shape made of glass. A functionalized solid

15 phase such as plastic or glass that has been modified so that the surface
contains carboxyl, amino, hydrazide or aldehyde groups can also be used.
Immobilization of the antibody can be direct or indirect. Preferably, test
tubes are directly coated with anti-hybrid antibody in accordance with
methods known to those skilled in the art or briefly described below. The

20  antibody can also be biotinvlated and subsequently immobilized on
streptavidin coated tubes, or moditied by other means to covalently bind to
the solid phase. Solubilized biotinylated antibody can be immobilized on the
streptavidin coated tubes before capture of the hybridized samples as
described below or in conjunction with the addition of the hybridized

25 samples to simultaneouslv immobilize the biotinylated antibody and capture
the hybrids

Most preferably, the antibody is attached to the solid phase in

accordance with the method of Fleminger, G., e7 al., Appl. Biochem. Biotech.
23:123-137 (1990), by oxidizing the carbohydrate portion of the antibody

30  with periodate to yield reactive aldehyde groups. The aldehyde groups are
then reacted with a hydrazide-modified solid phase such as MicroBind-HZ ™!
microtiter plates available from Dynatech Laboratories (Chantilly, VA)
Passive coating of the antibody according to the well known method of

10
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immobilized streptavidin. Following antibody binding, tubes can be

post-coated with a detergent such as Tween™™-20 and sucrose to block
10 unbound sites on the tube and stabilize the bound proteins as described by
Esser, P., Nunc Bulletin No. 8, pp. 1-5 (Dec. 1920) and Nunc Bulletin No. 9,
pp. 1-4 (June 1991) (Nunc, Roskilde, Denmark) and Ansari, et a/,, J.
Immunol. Methods 84:117-124 (1985). Preferably, each tube is coated with
between 10 ng and 100 pg biotinylated antibody Most preferably each tube
15 is coated with approximately 250 ng of biotinvlazed antibody.
As discussed above, the solid phase can be coated with functional
antibody fragments or derivatized functional fragments of the anti-hybrid

antibody.

Capture
20 Hybridized samples are incubated in the anti-hybrid coated tubes for

a sufficient amount of time to allow capture of the hybrids by the
immobilized antibodies The hybrids are bound to the immobilized
antibodies by incubation for 5 minutes to 24 hours at 15to 65°Cona
platform shaker with a shaking speed of 0 to 1500 rpm. Preferably, the
25 incubation time is 30 to 120 minutes at 20 to 40°C, with shaking at 300 to
1200 rpm. Most preferably, capture occurs with incubation at one hour at
room temperature with vigorous shaking on a rotary platform shaker with a
rotary shaking speed between approximately 300 and 1000 rpm. It will be
understood by those skilled in the art that the incubation time, temperature,
30 and shaking can be varied to achieve alternative capture kinetics as desired.
Conjugation of Anti-hybrid Antibody
An antibody, specific for the RNA/DNA hybrid is conjugated to a

label for detection of captured hybridized probe by well known conjugation
17
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JULLLLLLL{Y¥7 Sl—lsl:et&d:tlab%lalﬂﬂ’&u(h) as do\ enzy0BsRh (lherescent molecule or a biotin-avidin
conjugate can be used.
The antibody conjugate is produced by well known means such as
direct reduction of the monoclonal antibody with dithiothreitol, (DTT, Sigma
Chemical Company, St. Louis, MO) to yield monovalent antibody
10 fragments. The reduced antibody is then directly conjugated to maleimated
alkaline phosphatase by the methods of Ishikawa et al., J. Immunoassav
4:209-237 (1983) and Means, G. and Feeney, R., Bioconj. Chem. 1: 2-12
(1990) and the resulting conjugate is purified by HPLC.
Alternatively, captured hybrid can be detected indirectly using an
15 unlabelled anti-hybrid antibody for which a labelled antibody is specific. For
example, the anti-hybrid antibody can be a mouse immunoglobulin that is
detected by a labelled goat anti-mouse antibody.
In addition, captured hybrid can be detected by conjugating the RNA
probe used for hybridization to a label, such as an enzyme, or to a hapten,
20 such as biotin that is then detected with a labelled anti-hapten antibodv.

Excess Probe Digestion and Hybrid Detection

After capture, any excess sample is removed from the capture tube, a
solution preferably containing both a single-stranded RNA digestion enzyme
such as RNAase at a concentration between 0.01 and 1 mg/ml and the above

25  described conjugated anti-hybrid molecule is added to the tube, and the tube
is incubated for approximately 5 minutes to 24 hours at temperature between
4 and 45°C. The purpose of the RNA digestion enzyme is to degrade non-
hybridized probe that may be bound to the tube. It is important to remove
the excess probe because secondary structures in the nucleic acid can be

30 recognized by the detection means, resulting in elevated assay background.
Preferably, the enzyme is added at a concentration between 0.05 and 0.5
mg/ml and is incubated for between 10 and 60 minutes. Most preferably, the
enzyme is RNase A (Sigma, St. Louis, MO) and is incubated with the

18
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captured DNA for approximately 30 minutes at a concentration of 200
ng/ml. RNase Il (NCI, Frederick, MD) can also be used.

The RNase and conjugate are preferably diluted in a conjugation
buffer that promotes specific antibody-antigen interaction, blocks
non-specific binding of conjugate to the capture tube and stabilizes conjugate
for long-term storage. A preferred buffer contains 0.1 M Tris™-HCI, pH
7.5, 0.6 M NaCl to reduce cross reaction of antibody with other nucleic acid
species, ZnCl, and MgCl, for stabilizing alkaline phosphatase, normal goat
serum to block non-specific interaction of conjugate with the capture surface,
0.25% Tween™-20 to block non-specific binding of conjugate, and sodium
azide as a preservative. A preferred wash buffer contains 0.1 M Tris" -HCl,
pH 7.5, 0.6 M NaCl, 0.25% Tween"™-20, and sodium azide as a preservative.

Detection of captured hybrid is preferably achieved by binding the
above-described conjugated anti-hybrid molecule to the hybrid during this
incubation. Tubes are then washed with the above-described wash buffer to
remove any excess conjugate. Preferably, five manual washes are performed
using either an Eppendorf ™ Repeat Pipettor with a 50 ml Combitip™
(Eppendorf, Hamburg, Germany), a Corning™ repeat syringe (Corning,
Corning, NY), a simple pump regulated by a variostat, or by gravity flow
from a reservoir with attached tubing. Commercially available tube washing
systems available from Source Scientific Systems (Garden Grove, CA) can
also be used.

As described above, captured hybrid can also be detected with a
direct labelled RNA probe, such as an enzyme-conjugated hybridization
probe, or a hapten-modified probe that is subsequently detected by a labelled
anti-hapten antibody

Bound conjugate is subsequently detected by colorimetry or
chemiluminescence as described by Coutlee, et af., J. Clin. Microbiol.
27:1002-1007 (1989). Preferably, bound alkaline phosphatase conjugate is
detected by chemiluminescence with a reagent such as a Lumi-Phos™ 530
reagent (Lumigen, Detroit, MI) using a detector such as an E/Lumina™
luminometer (Source Scientific Systems, Inc., Garden Grove, CA) or an
Optocomp "™ Luminometer (MGM Instruments, Hamden, CT).

19
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positive at 1.57 pg/ml or 4.4 x 10° genomes/ml, referred to as PC low, and

the other one PC high at 209 pg/ml or 5.85 x 107 genomes/ml. In this
experiment after the centrifugation (both 1 ml and 0.5 ml samples were used)
the pellets were reconstituted in 30pl of HBV DNA negative human serum.

10 The pelleting for each sample was performed in triplicate and results
compared to the standard protocol without the centrifugation.

HBYV DNA in serum samples was quantitated by a non-radioactive
hybridization assay by p'~=tting 30 pl control or sample serum into
microplate wells. A 30 pl aliquot of a hydrolyzing reagent was pipetted into

15 each well. A 30 pl aliquot of HBV probe was pipetted into each well. The
plate was mixed and incubated at 65°C for 60 £ 5 minutes. The contents of
each well was transferred to a microplate well coated with anti-hybrid
antibody. The microplate was covered with Parafilm™ and shaken on a
rotary shaker for 60 minutes The plate was decanted and blotted. A 75 pl

20  aliquot of detection reagent containing RNAase A and an alkaline
phosphatase-conjugated monoclonal antibody specific for the RNA/DNA
hybrid was pipetted into each well, the plate was incubated at room
temperature for 30 + 3 minutes, decanted, washed six times and drained. A
75 ! aliquot of a second detection reagent containing a chemiluminescent

25  alkaline phosphate substrate was pipetted into each tube and incubated at
room temperature for 15 + 3 minutes. The plate wells were read on a
luminometer. )

The results, obtained in triplicate for both the standard and the 1 ml
and 0 5 ml centrifuged test volumes are shown in Table 2 Coefficient of

30 Variations are calculated for the triplicate samples. Results are expressed in

Relative light units and the concentrations are in genomes/ml derived from a

standard curve.
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recovery was about 75%.
Example 2
10 The scheme was slightly changed in this experiment. To further
evaluate the increased sensitivity in the functional testing of the concentrated
material serial four-fold dilutions were prepared from the virion containing
sample referred to as PC low, prior to the centrifugation. The dilutions were
prepared in a negative serum at 1:4, 1:16, 1:64, 1:256 and 1:1024. Dilutions
15 of the material (either 1 ml or 0.5 ml) were centrifuged for concentration. In
this experiment after the centrifugation the pellets were reconstituted in 20 pul
of negative serum and volumes re-measured with a pipet to make sure the
pellet got reconstituted in a total volume of 30 ul. The pelleting for each
sample was performed in triplicate and results compared to the standard
20 protocol (SOP) without the centrifugation.

The data are summarized below in Table 3.

25
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1. An improved assay for the detection of a target viral nucleic acid sequence in a

biological sample, the improvement comprising the step of concentrating a viral particle
comprising the target nucleic acid sequence by centrifugation of the biological sample wherein

the pelleted target viral nucleic acid sequence is resuspended in a biological sample negative

for viral DNA.
2. The assay of claim 1 wherein the viral particle is a hepatitis B viral particle.
3. The assay of claim 1, wherein the biological sample is combined with a

precipitation buffer and then centrifuged for a time sufficient to pellet the viral particle.

4, The assay of claim 1, wherein the biological sample is centrifuged for a
(") length of time determined by the following equation:
_1 (Ing-Inr,)
5(0.1047 « RPM )’

where s is the sedimentation coefficient of the viral particle, r; is the rotor bottom radius, r,
is the rotor top radius, RPM is the revolutions per minute of the rotor, and T is the time in
seconds.

S. The assay of claim 4 wherein RPM is above 15,000,

6. The assay of claim 5 wherein RPM is above 20,000.

7. The assay of claim 1, further comprising the steps of:

a) treating the sample with a base;

] b) hybridizing a nucleic acid sequence in the treated sample to a complementary

nucleic acid probe to form a double-stranded hybrid;

¢) capturing the hybrid onto a solid phase to which an anti-hybrid antibody or anti-
hybrid fragment has been immobilized,;

d) eliminating any non-hybridized probe; and

e) detecting the bound hybrid.

8. The assay of claim 1 comprising the steps of:

a) concentrating hepatitis B viral particles comprising hepatitis B DNA by

centrifugation of the biological sample;
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c) treating the sample with a base to denature the hepatitis B DNA,
d) hybridizing the denatured hepatitis B DNA in the treated sample to a
complementary nucleic acid probe to form a double-stranded hybrid,
e) capturing the hybrid onto a solid phase to which an anti-hybrid antibody or anti-
hybrid fragment had been immobilized;
f) eliminating any non-hybridized probe; and

g) detecting the bound hybrid.
9. The assay of claim 8, wherein the biological sample is serum obtained by

separation of the serum from a blood sample.
() 10.  The assay of claim 8 wherein the non-hybridized probe is eliminated by
digestion with an enzyme.
11.  The assay of claim 8 wherein the viral particle is a hepatitis B viral particle.
12. The assay of claim 8 wherein the target nucleic acid is hepatitis B DNA.
13. The assay of claim 8 wherein the probe is an RNA sequence complementary
to target nucleic acid sequence.
14.  The assay of claim 8, wherein the biological sample is combined with a
precipitation buffer and then centrifuged for a time sufficient to pellet the viral particle.
15. The assay of claim 8, wherein the biological sample is centrifuged for a

length of time determined by the following equation:

1 (lng-Inr,)
5(0.1047 « RPM )’

where s is the sedimentation coefficient, r; is the rotor bottom radius, r, is the rotor top
radius, RPM is the revolutions per minute of the rotor, and T is the time in seconds.

16.  The assay of claim 15 wherein RPM is above 15,000.

17.  The assay of claim 16 wherein RPM is above 20,000.

18. A hybridization assay for the detection of hepatitis B DNA in blood comprising
the steps of:

a) separating serum from the blood;

b) concentrating hepatitis B viral particles comprising hepatitis B DNA by combining

the serum with a precipitation buffer and then centrifuging the combined serum and buffer for
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g) eliminating any non-hybridized probe; and

h) detecting the bound hybrid.
19. The assay of claim 18 wherein RPM is above 15,000.

20. The assay of claim 19 wherein RPM is above 20,000.
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