WD 03/ 050308 PCT/ US02/ 38612 HI GHLY- SENSI TI VE GENOM C ASSAYS EMPLOYI NG

CH MERI C BACTERI OPHAGE STANDARDS St atenent of Rel ated Application [001]
The presewbD wppésogati on clains priority under 35 USC 119(pe)r/usn2/BssN

60/ 337,930 filed 06 Decenber 2001, which application is herein
specifically incorporated by reference in its entirety. Background [002]
For quantifying a ge ] ANy curate and
reliable standard i S%I&#%?@ﬁ?ﬁéﬁé@%@?@ I'n %ﬁéegﬁ&nl)s]f(gglc%éof DNA
standards, nost often, pICAHMERIONBAGHHRFOPHAGERIANDARDS t he first choice
since they are easy to generate. Measuring optical density (O D.) of

pl asmid DNA or PCR products can provide rough estimates of copy nunber of
a st andeStakembyt df Relagiédgpiigatidre nol ecul ar wei ght  of the plasmd or PCR

pr oduct ver, this nethod has sever I -

i nst abi IS[P?{)_‘O\A@F PESE é%fﬁlc ens ?1 RS r%n?;%rﬁ%sg?éé(ggiela(?)éﬁeﬁtgg#%)(ﬁ?'ﬁ%oﬁfg%c?ﬁ yi ng
pl asmi d aeemBREROQ, odich tplicativndhhenat sperifiyallyvemorpesatddryrrefembor intito entirety.

| aboratory but also varies fromperson to person in the sanme |aboratory. In
addition, plasm d DNA and PCR products are prone to instability, as they
are fourBhckgroned sensitive to nultiple rounds of freeze-thaw and incidental
DNase c m.nation,..Summary. of the. lnpy i 0 | - .aspect,
the proalil 1y aHET e o B s bre s ot PR et i dhallahd RN BaRR S0P
at | easibsabinelype@ssel. dcthe dhsBhge @i sarelaids, mosboftinogirsraifl DNpldd’ AR prbdugisnare
hybri di zat L on. et hodol th met.ho oVi.:n : Nt . an
o ecti QOeIBREPRE Foprage et P ias TR AP o Pl oA
sequenc gradubi cart fravid¢ foagh gtimstene! dopy tmgbepo o s@dad ydliiiiAg e theerdesulor weight DNA

gquantitated fro bi ol ogi.cal sappl e d as tern t aan
Mecti gtdaperaliraomaetlr et HRsrenaties @Fert bl SRR o M SRMERIRT
sequenceof optatdenbity ihdrenients epeduoeeters) roghantifhieg plaenidehé ECR ¢hrdoAs, sdipbentenlyray

be part of. vi ral  DNA uenc erein the presence.and a t

et hogertateot BBl B PGTE Gy oL s b el PIRRGT uPE P e gl B

pat hogenid@itivh, pis@si BN& apd PER prodakts ddBproae toandubilithNAthey areSesdae be sepstive to
preferred; however,..the re-sel.ec “DNA sequence may be of any origin and
t he sangP tlgéfci‘\?gsodfff?egzrﬁ%%i/a’grl cé‘%“éﬁﬁs A% seut Kgl *8" harboring the

pre-sel ected DNA sequence. The sanple may a bodily fluid such as whol e

bl ood, i ne, | asma, serum cerebrospinal fluid, or a biopsy sanple

cont ai ni NGBEP| .‘"“?‘Hé‘*“ﬂm det ecti on methodol ogy using a hybridization

met hod poef]eria bk yroadygt dpect, @l préstirenveiRnls dirg tefd wethddrfodreatiirly @untdatingat her

forms of probes | abel by florescent .dyes. .The. internal .standa be an
infectid t%c?f“é?e%(ﬁﬁﬁig\@ éé@'r‘fﬁ’i“’r'n’é?é‘r & oﬁl%yﬁameaﬁnﬁlz Ié’gtg??\rb lzéltl%fﬁlflggéoq%\g% ©
det ect abh@hsuasipioyit as Titetnal staiatd Hitiafdndbatryiofipgapariicié entprong a detectable
o o- sel dBEBHRR LS aEehiER ettty panr oo BLONARER SRR TR i
PCR W t hrdipine 6ldiciicabaapRnamdae bhedkma siitard aminttcrimls @autraphdge POOB/COSHBOG at
PCT/ US02/ 38612 beac designed to anplity and detect the internal

$HR q

st andar d*8EGERKE IS UINAERE Sesi gned to anplify and
[004] In the foregoing method, the pre-selected DNA sequence may be part of a viral DNA sequence

wherein the presence and amount of a pathogenic virus in a biological sample is desirably detected.
Human pathogenic viruses are preferred; HBV or other DNA viruses are most preferred; however, the
pre-selected DNA sequence may be of any origin and the sample derived from any organism suspected of
harboring the pre-selected DNA sequence. The sample may a bodily fluid such as whole blood, urine,
plasma, serum, cerebrospinal fluid, or a biopsy sample containing cells. The DNA detection methodology
using a hybridization method preferably may be real-time PCR using molecular beacons or any other
forms of probes labeled by florescent dyes. The internal standard may be an infectious bacteriophage
engineered to contain a single copy of a detectable sequence. The external standard may be an infectious
bacteriophage éngineered to contain at least a single copy of the pre-selected DNA sequence that 1s
desirably detected. For the real-time PCR with molecular beacons method, primers and molecular
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detect the pre-selected DNA sequence in the sanple and in the external
standard, are enployed. The hybridizati on nethodol ogy rel eases the DNA
within th&oe)mgismeﬂared bact eri ophages, herein referred t o @ET/USh2/B8811 C
bact er] o hages t he preferred. but

non- 1 PR geast B PR RS Ay aE Glely SR oS Aiienin tibr e
st andadetkst thb prepeekeptad DN@\ sehnerre:r ih a:hel:sample mhdjphBgstdrine steddamiyniaehploye £t Biens

i nfect t he det ectab
v 13, BBl Rafte Rt S e PR e B D e
W th &nrngioaaasrcﬂafmdgas; tbme]éaaafthDNNA theryinbe used, but it is not so I imting,

and do e-str chasla da. [0Q6] The DNA
sequen@@%’ u’g (la%P n'l {é’r%n te%?%a%eiﬁgmégeﬁegﬁﬁ% ey “‘gﬁﬁ%‘?ﬁ’gé‘]ﬂ%rﬁnt 0
t Ee rrgsmq.ﬁhhgr ehdaamt l&btgﬁ@ﬂ}ﬁmhérﬁﬁﬁ Mwh&t?hs lli’(&bi_lﬁtyblaﬁ E@Eprﬁgbﬁg@gle Eifpﬂ@ﬂs e
the inserte equence e 0 af fect ..i nfectivi t he ba age an
hbsol UPESSRATS Lo oL BitihbSioh g o DSKbeeRopzges BEGiATAH RO AP
easi | ysiqpghsamae dirdiyar DNA, iiag Ot Laetl bt A%SRY so [HDRE, aRd Goublt Rfan@d DN ARGEESmay

chi ITEI‘tI, C (ﬁ?Ct ﬁl‘l ﬁ%‘]’a?e contains a readily-detectable DNA sequence that is
not preEsefft S{H 2 ol ogi cal sample, such that when a known ampunt of the
i nt er njabe]st ArdaN Al safubites ised fob&ﬁhﬁéﬁlﬂph&gﬁeﬂ)ﬂ saddteds droershrers@mn ®ebef ore
processi (% he extent of reco veré rh ernal, standard chineric

bact erFHFHNGEITRIKPELT DROGHE §PiFET Bas%eélgp Be PLRBYAYBRCT AP RICENYct ed
DNA COalﬂ’eétl1ﬂi€dlv1ti'yh>€t‘lﬁIbﬁbteerlﬁfgel’aabb%luté fien i orse lteCin®Un(IMaryd DINOM tRe Vi T al
partlcle auch as a[ ogenic virus, in the sanple, such that during the
process§ PRy d may &F RSty sfsesé?fa’y\ﬁ“r’%&“‘dgﬁ‘?s@f es in the sanple and the added

chi nerjoe7) ban&eﬁthmplfmﬂarﬁalﬂlﬁbﬁd &‘&tenb(ﬂfabe wﬂdtﬂfsg(?eéfdhﬁd&ad’tﬁalé DRAtsaRRhce that is
condi ti ons du.ri}rl‘ngtﬁsla ngq s'%an and isol ati O? DNA, such that the
r ecovelPlPEient HdG Bipigg R o2 3 knowgramopptof fh “Ft%‘?]Fleg@f’flvg Rmefifat  of

any practedphagess ac[aél&tdlheﬁaﬂﬁle Heforé froceliihg |tHb€b|xte§tadﬂ9éo@ver§\bf o utindl bendise of a
Chln‘EI‘IhC baterlo of the jnvention is f er abl Sedto detect viral

DNA i g r%;gr. rge FAg bejifed 1 S5S tegeqoN v g Preasitetet DRy conpineised t o
det ectth@tih. ePreMy, itHie ;Jm i@t DA ﬁzﬁrasm aevlra$p&hc1a$udhaa@taeaﬂhagemcmasm ine, or
even host-der n a sanp In a preferred enbodi nent, the

i nt er FATPIELSYAY P'od“&‘ﬁg%PFOGCSB‘%P@FG?“EJ‘M&@@V‘%H%? Fsin ermBlsgndhe addefar ¢ of

t he hwﬂﬂz&rl%ﬁ%ﬁerwﬂﬂag&%‘ﬂlerw ®oth Ridgd Mt @d’n&ajreaﬁﬁeﬂﬂaﬂﬂﬂoﬁ%ﬁnhg AASRprbQssiANy
is not present in extracted from

assay in |ch

t he séﬁ%rse atipr o @}ﬁ%ﬁumﬂm‘f%ﬁw&%mtcmaltsr?eéﬁr%PNrArrﬁ @Fﬂ‘é‘ra“)é fedlsetvie of taia
SequEe g enyt-sEEREEDN A ipfsénd & the 5 Inag e /ﬂfhod?{ RE LR & chivhetibBackiNOphage of
hybrrd zation net be used. In a

non- | ihh PYSRGORISH ‘?r%g}ﬁ’t‘g"df%tecbﬂ’fa} B@ﬁdﬂaﬂvw&g&ar%amf/r b5 "oht linitiam 2eRTY ene

ext en(i)'eﬁlg:dfté AR ABIHBODEAL hbiclSdcal Sandied sﬁcﬁ%@odc@rlhppﬁlsnel & V&Ebst-dhiRe ORA
priners detect SEQ ID NO 6 and SEQ ID NO 7. A nol ecul ar beacon is used

V\:hl ch“i‘%S abl e of detecting the aforementi oned CCR5 sequence, such as
that qegyens e pefowd emBoddRkdt, thOnRaBstardardRAM AR baf&RIFRiR coﬁtﬁhﬁs brﬂ:tc%ﬁﬁ@fl a

standard Fhl meri c_bacteri ophage conprises a portion of the hunman

sequem@’ of the Bymal ¢ HRIBNAsEHGAtH dgsirtepalstaatad mgy e bjed forganess, m[vrml In a

non- | ihdinkd DHASK AdIpr&ef fin thh ONACRIR Uk EackIGTEhr the bMGH1Q M RELh&EDRA My%elprb\é&rﬂt Ion
for quantltatlon of HBV virus in a whole blood sanple froma h

i ndi vitRFaaN IntesRed sfagdard DYy seausnseaiot Brysephia tiedtupsg gﬁ@ﬁ’@loﬁ detpcdableshy) té% QBW rom
pl as My bridibi fe W@ 62yh @ @n SANA Bardf) €l mia$ b&$s2 € Ninl aHoh MinfifiSEen®foalhbne meDNA.

The internal
corresponding portion of the human CCR5 gene extending from amino acids 132 to 224 (SEQ ID NO:5)
is used. The PCR primers may detect SEQ ID NO:6 and SEQ ID NO:7. A molecular beacon is used
which is capable of detecting the aforementioned CCRS5 sequence, such as that sequence shown in SEQ
ID NO:8. In another example, the internal standard chimeric bacteriophage comprises a portion of the
human CD4 DNA sequence, used with corresponding probes and molecular beacon.
[009] In a non-limiting example of the reagents used in the practice of the invention for quantitation of
HBY virus in a whole blood sample from a human individual; DNA for quantitation by the method herein

is isolated from plasma from the whole blood sample and is essentially free of human DNA. The internal
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2 WD 03/ 050308 PCT/ US02/ 38612 standard is an infectious chineric M3 phage
engi neered to contain a single copy of a portion of the human CCR5 DNA
sequence woak/ossobut not [imted to that nentioned above; pamdiShivescext er nal

standard,i,..an.i.nf.ecti : i i J i contain
o o gk s SR B et i R et JRRL B R UBIR LRI ATEH B o fhe OO
t he ahmumt CORS DNA sequebot ductpds buhmot finitedyioi thay mehiioned povbiznt! heiepishmbgandard i

standards i.S. carri | i i EL). - se
ot abi 8% Eeshfur At d s ModMEASE AR Ab BGEn b 3l halrBrloh G Kl
desi gibdA tequamp| THeyquanithtide obbe ampunt pHPN AR botk phihd Sregogwphimmrie bader{ophdghose

designed. to .anpl.if n : - | ganmpl e
and R AR g SRR e BRI R (DR P GnE AR p sl W T
as mefiokan @dmatsaué mofepdld] beddvas dexigasdia bmph i nudbdaiect aprtéradl signdandseguagmee, anc

det ect,abl rer-sel ect ed e IS 1.4 the
st aies: RBrdl QRppihERs £ RERHERREAPN Syullat 08 SRl TR b Eedl (1 |
Vi I us stasliatd eteainipéoyby intthie neabmitiDiléxanpdan ts merttiooed sbevhod as t hat of the virus

ot AR et San Bud i Ring ARk AL acdl B ISEARNEG DURLAflcdDG, RGFvnor | e s

and eacon anp y a recogni ze in e sanpl e, _

engi neangemanbe it the insmodeerticaphage isge hogrntitated.z peowen| of tHetgemyneeoédlmptias  a
bacter., o e parti sSuc a t.]

oxt er AEro LTS RE ey % Sl Beulh BRBBR: RALhRE gt 0 A e o
127 t chekbdhende, tvhich HBWPCS myerees antl heldohdr wecpnanpd iz ddespgozedd thersa@pi@ may B0, 1.
PCR pri.ners.an l.ecul ar beacon for anplifi 1.0 [ ' f
this SeyEraa etRus R R dnaon PRy SE QbR O

r eadi M1 3phegeanactizlecfor dsa ag HHB Vienstmahtedagdmayeosipasee soeip@ped WRAchcddylgr i di ze

to SEQID a 1 3, A ful nolecul ar, . ., d ct this
sequeABe ERoa Sa* PHE MBYS A R ISR ctus S o P RERID N1 1A

ment i primersahdmeleciliveebdoh dornaipli Stadmdardduamitative ofithis sefectd io tis epotbstirdpldage
engi neer t.o. conprise a DNA sequence that i.s not th r.e-sel : DNA
s equeﬁ%‘g‘ggﬁdn fhe Sagp!e; %ec'i'ea&gﬁ'tpéﬁpf?glﬁr gnstglﬁ thIEaH ° PHECSam r%’%reﬁdﬁﬁ%%%ﬁlgél%%& ed
phage SparibiNG:2 and SBQID 3iy A hefil mokenlat beatartd detel't thanstqesatercpegnizes tindar d
sequences rovi(&j@ss‘i5 i Y stabl e reagent facilely used in performng a

hi ghl 9“%‘8’??55?‘?‘?}8 the viability of the phage is, unaffected by the
i nser {o1an @fs nicheorze gbeacle infeemabasalyrdinmy behageeddbls tprcorioghese aginageditoat e

quantitation of_ the nunber .of sequen resent .i.n the.standar and
Thus. ENBPEE ARG SR 3 of a0t FEAgORTe FafdRtiinealng Sphar e AL,

t he meiehagplef the invention, in the non-limting exanple of detection of
HBV i ugan. who bl ood, a sanpl e, of whol e blood is centrifuge d a 100
mcr ol?qltzgr %F’Pfﬁﬁﬁf{ﬁﬁ?e théﬁﬁoq’%r%rfga{keelﬁfengpﬁﬁgﬂ? AAStRT ospanfiaﬁ? g%hlgchgt andar d
chi m@f@édeglgﬁghwé@g%gﬁ?&}exyagé\;ah piarfrgrﬁxh@(at}e%m);mhagﬁ dssay. asde](ci/,iaba‘rmaoﬁthfe ENA
extracted. Regl-tine PCR for and the ra t i.5 perfor on the
proce88) ! ?cée,d O ISR Pt e sgsyensey aélraﬁ%%yj? rtpgﬁ%aglfﬁgpﬂg‘l"aegs TREC q?errer ic

bact egiaphage othahahbtr BODNARequpraket pregennifi theveanHiBY, 56 due Hestadédréicdtiod oby t he
same ;t)ri mer s and.m)ll ecul ar beacon used for the sanple. The recovery of
CCR5 M75¢ 1iB8BEAHT8P%nd the anount of HBV detected is used to cal cul ate the
act ualjo13pnayRarPbut HiZ\hdtibdt df€he driviefitionain thedgltiniting example of detection of HBV in

human whole blood, a sample of whole blood is centrifuged and a 100 microliter aliquot of plasma is
taken, a known amount of internal standard chimeric CCRS-gene-fragment-containing bacteriophage is
added, and the DNA extracted. Real-time PCR for HBV and the CCRS fragment is performed on the
processed sample, along with a HBV external standard using the chimeric bacteriophage containing the
portion of the HBV sequence detected by the same primers and molecular beacon used for the sample.
The recovery of CCRS in the sample and the amount of HBV detected is used to calculate the actual
amount of HBV in the original sample.

[013] The invention is also drawn to phage particles comprising the inserted internal standard sequence
or external standard sequence, particularly wherein such insertions do not have a deleterious effect on the
viability of the virus and thus accurate quantitation of the number of copies of the particular DNA in a
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[013] The invention is also drawn to phage particles conprising the
inserted internal standard sequence or external standard sequence,

parti cul awby3mwhesoei n such i nsertions do not have a del et ePcausozsdoert on
the viaaBie drine v@ﬁsthﬁxswhémsnbenétm aaampleastee‘uqmmmmieabi 1ﬁuamafstztﬁaaanunber of
copies of the parti culﬁ . th éOSOf ‘?(5 /US 2/t38612 184 | e of
the vi feauencespfpemglistan 15%"@?‘6’6?5 Hb?ﬁfj‘ dF & PRSI B aGar Mg a it 8

i nter ng3 §Ea@9df&h@EQﬂﬁqﬂ@mGﬁSﬁ@rat e@@ttemmam Lsmndaerdhes@quememwmg@mmm t he
phage standard.,

I t h th S
i nser t With 3EQ P NG ? Hgg%ﬂ{?&}s’é‘logﬁ%ﬁ gggs ﬁfeerr%"i‘r%y eé‘?‘qlgy aptﬁﬁ\g‘gﬂ)’ﬁﬁﬁg%ﬁﬁ?cl e
with SEQnvEatdeX 5 inserted at position 6247. These are nerely exenplary of

th d t 014 t her. t f
e | nOAN | BIFSanS I Rp BRI B AR POPE SRR o T BB FPBCTONS  of

t he flméeﬁ,gs dn@aguinggetd@gdaje&cagmd;escrl ption. Brief Description of the
Figures [015] Fig. | depicts an exanple of the nethod of the invention for
accurately quantitating HBV genomes in a biological sanple in which an

inter n@.l,ememgammhmg\ges CCR5 is added to the sanple before DNA
extraction and real -tine PCR%t BV, . and cgng rison%ycl) a stand@gg curve
der i vel@13lr ofig driepisisan exampl Garhed i MM EIGgR RBRT U B A e hows a
nol ec Uée%m&ﬁﬁﬁ@fblcfg@fal $ahIR WBLh b Mhtddhal atamrd cbmag):tca:]helslamédgeﬂe gEngld) , and
a schematic (B) show ng the h%(bl‘ldlz Qﬁn of .the beac ijEghe tetarng

' the

sequenksye D?\Ié*s‘i}l“fi?tf?ﬁ ap%reebtaa?% I & Hx %"’TR“UW&%F\B‘F% HYge
ends Ofxidrhlf stRREDORi r;qllageongequent fluorescence. [017] Fi g 3A-C shows a

schematic of the P nplification of DNA contajni ?glp%{ﬁt\? cgl z{g)ﬂued;ce for
the belédn XigiZshosny moli’ﬁ‘dfard”%“t"anﬂé]i‘eodeéeﬁF%Of&é%oF{f’@d’ HOPRESMhE %Shount s
of PhaggediBY Brd8Hirghe l@@ﬂﬂ&eﬁﬁm 0FihgBeacdit63he tdret 8dqubncg§ resdifinBinssbgunstion loe
genom ¢ | ocations o rimers_and beacon used Iﬁ a HBV assay of the

i nvent nheﬂuow@rewéaeecequeﬂ g ofthe peagomand gapsequenpilviresgince.ne sequence

encodi g7/anFip % AL sHswslsbhdfic 3F e PLRAMPBIR2BbA FEDNA caitgininp@ taﬁ‘@d’t K&fuence for
central ly-1ocated sequence that of the recognition squﬁn gfv 5: beacon
[019] the éeacel EHovd).-eRda plandard RS defived diomepacasiig agopuis ehhagsER Viaddidde ocr
assay. g gsglqgsdgzg sequences at the 5 and 3' ends of the portion of the
CCR5 gene are I% priners, and the darker, centr ‘#{ | t ed ‘% uence
t hat ol"lﬁlheﬁgﬁeé(}g‘nFlioiwénhe%a‘ti@ﬁ&%at&“s phige pamers And hegany|us éé AR

exanpl gsen@bn.t IR sBARYIsédudiceyatARd' SHABABAAS of ﬁ@g&lu@fce andoBMg ams@acidl 127854 are
invention. [021] Figs. 7A-F depict the stabil f% of Phage cog&eo?l ng a HBV

pol ynudF BERipeimes andrihedaghengentragy-losatad seguence théfo s TERqEgUion fequ
tenperghiype (Figs. 7C-D), and 37C (Figs. 7E-F). [022] Fi gs 8A—D show t he

concurrent ]gnul ti pl ex) assays for both the HBV seﬂ;gence dgA— B) and
CCR5 (ilYs. FigG typws thglesabensiohpamasntns abeason uesdn el qsgay e Sh‘l‘ fif erence
bet Wee{éql!léll?lyesaa’ﬂﬁte CCRA 3' dPbi thd SRlidnUT tHelTAME e BR tRelHTR primers, and the darker,

centrally-located sequence that of the recognition sequence of the beacon.

[020] Figs. 6A-B shows two examples of the sensitivity and dynamic range of a HBV assay of the
invention.

[021] Figs. 7A-F depict the stability of Phage comprising a HBV polynucleotide after storage for 3-4
weeks at 4°C (Figs. 7A-B), room temperature (Figs. 7C-D), and 37°C (Figs. 7E-F).

[022] Figs. 8A-D show the concurrent (multiplex) assays for both the HBV sequence (Figs. 8A-B) and
CCRS (Figs. 8C-D) sequence in a samplé and that there is no interference between HBV and CCRS

amplification in the same tube.

Detailed Description of the Invention

[023] Before the present methods are described, it is to be understood that this invention is not limited
to particular methods, and experimental conditions described, as such methods and conditions may vary.
It is also to be understood that the terminology used herein is for the purpose of describing particular
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Det ai |l ed Description of the Invention [023] Before the present nmethods are
described, it is to be understood that this inventionis not limted to
parti cul awormsibids, and experinental conditions describedpcagissusdsinet hods
and co \ied higRirgOsiie thidEEed {s0atinveRont vl 5k NOI 0gy
used h%?dg?lhgpéogﬁyan e%ﬁﬁnrt%)ntggg%o?hdelsntcgrsllbl rtlg pgétlt?%%érs l% Oéll 0510308
PCT/ UShpited®6ly2he apntisidd pleimss only, and is not intended to be limting, since
the sc ded cPms, kel Rhy & henappenged
cl ai ms[%‘ﬁ 2&5] lkp@m%l@?i‘&wmht& ggilhgg?ﬁ%catcl ons ar? r{gﬁgrg) pendedncl ai ms, the
si ngul iagludeqyrsl refgrences gnless tbamntetctrréearly Histateg giepyign: alhug é’Ff’@W&?eéef“ﬁ?ﬂcé%t@ the
cont eé’i’netﬁéde%cll ool hfofe rgétn@d's%ﬁ/%r stel3UB thE e @é@ﬂpé&,ererl@;&roeamﬁ Wi "a
met ho I ncl udes one or nore met hod and/ or steps of the t pe descri bed
her ei rbeeonay apparghtite thogi personphekdliseen rapgrammreqdwgtthﬂéé@clpwwﬁ@ h | ed in the
art UWE'SJ E@rﬁ s@gefglﬁh%thg vﬁ&' EEI&l&%d%&eJth%&ns Lpe%%rema%§§le dehd rﬂ%mg as
ot her n|ca SC|ent| ic terns used hereln have the sane
meani n@mnlyomm!QMIbmﬁ@f Qrtdm@'d' skij! i fhe agfto whigh Hug ipvenkipn pelpngs ¢ héhcalgh anyo
unTCh h0hcs b EALER0SRALAR ISy ool RGN aARIbea WELMALS pelMa ARSIk HoS oSk a7
or equivalent to those descri bed herein can be used in the practice or
t est i nyf thegirestitanysniéanethe prafsresd mietheds andangrafsara ey epsvrivedisABRePINetiass i al s are
now de5GhibRAheref dre RURLbER! hARR by FEALARNL G thd nBhSus GO RALAAGH her i n
by reference to descri e et h s and/or materials in connection with
whi ch doheecierbvittcahich the pabléamntseu Cltf<b26] The assays of the invention provide
hi ghl i | @Yl atin® fhedevel
pr osel Qe e 08 (RARERhuY R0 FECAE) Qs lal shEkAE Rl T PV Blanginclod | o
nunberofefpres¢lecitd PHAstples in ¢ ﬁanmldm?@ftf@gbl& alited forpsletscting thqvembseefridrabpsriidlesi t ed,
the as; t r artki cl es
conpri §|%)r(1”01 "le & Bgob%??(gtbglﬁﬁm rﬁ%edﬁ@%gééhﬂ%n?k&%&%ﬁ{rgﬁg gr% g%%%r d, where
recov drayteociphagmttlcmommlmh@md)paﬁd DiNfeseresnicd: t fanan igietrabstandandevledre
correcte h t I guence
ent 1 a8 an RS o e e
i nter rtabtemmmm cohtiiging @ DN steecﬁtneﬁermyel)afwmgrdnﬁmem HNA, ounhtthas the alatestabilyy
assay. o [ @XLALAR i SRR by URPA B SRIELRIE st BURLA TRUGN Enlf
si ng Ie- Nt e v bact eri ophage partlgle conpri sing at
I east sttdmdaréatmi @I\gén@:eqmeimrddma«teorsngiepelot@anawr,tlhem@!npﬁ(éerloshﬁ@hmfhdt: t he

For 1 nereyas HdreOb il Bau A Bl SOREBED I S, Dk P PR e e =
assay, qutiditeatibhlAf the ptdqelestedm&‘r a thrasanple iartphaig@s thadetenhak stantlird. dlsygys are
rel €asg %rlélza(t)lon tb?sefl @F dtdc ) h%g %IU@E le n tllle s%aglgep:g lb%{h%g)gﬁa)égé fddec{ tg %lze] ass-g Eare

genoni € assa [ nven I on izing via s “conpri si ng external
and |n'ebasladifromsheamdmmbk@wat%duﬂmwmg@wlers a highly accurate and sensitive

assay O[B?’{Jm \éfgléﬁobxaé & SIC 1|r:1I (I;,‘C o nl(ljt hzx%g QIRA%%S)ﬁa 2 c&h%%fﬁ% e%eﬁ}aﬂﬁi%Xnt x‘ﬁalg enerate

(appr ox S a herefore t
t her ei sman'd:hé Dbaﬁcsequdnoq:shﬁ@essz taghdy msrytetamd gpusitivd fssay fonysepealseasonsg Fﬁ’ﬁuhe Whig@ h

o RO B0 ) AP gl g ot b

resi stance
t 0 DNabeeih rtleaiacthphagtd axteeaqyeo a,lnannér b:}hlawgwsng P whahtnhagches with thatgaeaguredbibe

pr ecl Slgrﬁ@gg@iﬁ% SoffR. T {]Js agl 'tcPrrA t%m”aﬁﬁﬂg&ferk&%hﬁ’%%a&%@'bééa&’%%f helease

t he st &Y pact'erio
resistance to DNase treatment and temperature changes And lastly, it is easy to be precise because no

DNA extraction is needed: the PCR conditions release the standards' DNAs from their bacteriophage
particle packages. In the case of M13, the single-strand, circular form of DNA is automatically released
into the PCR reaction mixture once heated to 95 C, during the initial segment of template denaturation.
The engineered phage particles of the invention are referred to herein as chimeric phages, to reflect the
presence non-phage DNA within the phage genome.

[028] As will be seen in the examples below, the assay of the present invention tailored for the detection
of HBV has a 6-log dynamic range, and can detect as little as 10 copies of HBV up to 10,000,000 copies.
In contrast, the Roche HBV Monitor assay has a sensitivity of 200 copies, operates over 3 logs and thus
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particle packages. In the case of ML3, the single-strand, circular form of
DNA is automatically released into the PCR reaction m xture once heated to
95 C, durwogsmhisos nitial segnment of tenpl ate denaturati onPCTmz/mgi neer ed

phage QQ{ (ﬁe'te%{]ﬁ)%) ©@bod. ¥ cbﬁgg %ta%ei?"n R%\IAI\%{ ggs%f(ﬂﬁ:} es Q)% rgll logs agnﬁlcl%%egg[ beztgﬁhﬁges

to reflect presence’ non phagesy
Wil | benEﬂe(erhODmdth@®§§am§doesobwlﬁcﬁDOMdQéXé@§ay of the present invention

tailor range, a
det ect as I i %{}g as @géé QQPregjrewﬁ@p)g%St%d% 8&6'8%" éote(ihg@ues rgjbr(‘:e nt r ast,
t he Rotdngst HBNenvbsvre anplded ay PARsndinsatad i IUEQ the Syalodr X200 sma:ma @8rnighplgaditiessingy er

3 | 03l el YR ORLAR0008 BOTHLRRH AORReS SRR, oL Al 70010 H0900

copi es; assay operates over
0.7 rrﬁtptlﬁlx sega@ipe, ahni0$smﬁbetdgalemsdaﬁer whvify. i¥ tlter;fd'rg: eﬂﬁcMaqh(ch 1ereﬂﬁe)cted bo2%jte The

chi meri r I. n combi.nant DNA.t echni ques.
In bri er’fgtew‘?g)?ueg’tla%lsl%q?& (lzcg(gn arglél llgrrpfngfa&@l %f%h Ant ef‘ﬁss%rsi%‘a“ %o the Smal
or Xmakhagictegzdsipn ovesanitigndforeisgledt itose M35 nlgigesTodrrymgasele(iﬁbbamget s&juames. The

i nsert E %Den@é hpM% %ﬁ%@?ﬁ@%sd lF'p lgrég Q@ tg E{ﬁf seglgelng( rr%nd e trlgtl(yl\’ln eln onclillc 24 Upt the

al pha- pepti de sequ actosidase ac |V|Fy i's
t her ef of@metiqpeen belfonhd amthi dntereétlaeevedifdschwhint &he fanget @qaenoés Hoteinearpinagrisde. By

Pi ki Tl IR MO S8 SAUEH [ oLl QYR BY (asgties of sequenc ng

characteri za Rerefor & Sel K3 phages carrying the
desi r al¥B@] t hragditios tbeesseqidnees ngatored aovesf ont lhan ilvledt qnhmeﬁssehsenZ%ﬁﬁht b@ | ong

and | tﬁierflt#ﬁll tofh %'éx%}r?e s%g\%gge to%S Ei%tle éd 1ﬁtrc]) theeq\g? acleflg? é‘f %]Vl?gﬁh A etcﬁ’g?’éi’ n are

f ound on t%er net com
i nvar i aiutmmaaerdcgeacvrelc Dlré"emtthdtestrsamplt hEWSreanne) tanahwdys snsérecIDNAtslétﬁlemek tnltcptlhe

clonin 3 n additi rget .sequences oned a
one calg“;§ b etﬁjo% M'ﬁ\l’f& %339mu1§r]1j§\2‘%wq be iy El?eg‘?&é%? ?“6%1 g ﬁéx‘étéﬁﬁwge‘%tgﬁuence
to be dj&’crecttemhsn r’ﬂhms, irhen emxﬁplbaﬁnhsrembpdlmgnﬁ of The iaentich, prhiraerd @td@hdoanfod the

cont am nat ete e can al ways insert
coua R TDARAONLE o briget Back 3insd AR AR R B LSt TT hrany
anpl i fsiege ahdelotlbﬂe &trdnaﬁcUBNAl’mhﬁﬂrmphmtcarew Btdinbiet same Iﬂortnbefor Guahfiteti@ntan@aans.
Thus f t he invention, s _and
beaconnrh?e T espgk’ Strandee:@ﬁ l}gm lﬁﬁ'gjgnbﬁ the MOSGORYEF <Rt gdg}a}igﬁé‘ﬁ%ﬁ“ﬂw t he
t eachi lngsylddger abont. thivive@anaad ;ts blhmgﬁlsamlaman Ys f@itiegloablaBandedbicRrisihage) @ed DNA
bacterlog age can be usec ﬁ) format, for ufa titatiye standard. 1In
the ca8€ of singl e’ §tHant OCF ‘ONAT® r‘ia§°"ﬁﬁﬁ?)b85‘f g9 {affé THETONEY RIS &t and
rel i abdxgemkblpcasy tcsm«:hucekmmw aﬂg;eaxmlﬁpbgtmédsuﬁlg\m or and its biology is
avai l able. As for the double stranded bacteri ophage, the |anbda series are

a preferred choice for the sane reasons as above. Al of these reconbi nant
phages are extremely easy to produkeamgies i fy and quantify by nmeasuring

PFU. l.es The, fol | ng exanpl.e |s t forth so as tq_ provide
t hoseE@?ﬂgrﬁ‘ rg%liom PRPleds g‘)\,}g’rg awotpgg)védee tﬁ?fﬁﬁf’%f@@ala. E‘&ll%g’ﬁf‘@ "

descri q@m‘pmne mcldawand)demmmanmmne ntakearitRish 0d snettidvds SrdoMpbiitidnst @€ t he

i nvent.i on tolimt the scogge of the .inventors

nvenh ar t cf 1ioel gnf h Wh
regard’ & ?rh fﬂ?/té’hf'? 51 10 TEpiF Bie pe0opp &L K s inveng rf%’r%?'?st rem‘ée@f}ﬁ‘"r i t h
res pedtavé been umbtetromused:c(nac)gwuh REFRLNG SumBeBdi3ed @lg) athouts,Genpepdtire, 3Oy Bt

?)r(]g?yag%gte%{eﬂer {}\/Igl ezrozrisnagfi gg Vlzaj?')tgls s ould%g gc%ogntgde for Cﬁr?lgsgtmed(?cated otherU\xplLeeIS)arts are
parts by weight, molecular weight is average molecular weight, temperature is in degrees Centigrade, and
pressure is at or near atmospheric.

[032] M13 bacteriophage DNA standards were made as follows: the amplicon of interest was generated
using the appropriate primers for the assay and a Pfu polymerase to generate a blunt ended product. The
product was purified on a 1% agarose gel and ligated into M13mp 18 RF DNA (Gibco) according to
manufacturer’s instructions. The ligation product was used to transform DHaSF’ competent cells
(Gibco). Plaques generated from phage containing inserts were identified using blue/white selection for
the absence of B-galactosidase activity. Positive plaques were screened by PCR using primers M13-pUC-
f(5’-CCCAGTCACGACGTTGTAAAACG-3")(SEQ ID NO:9) and M13/pUC-b (5’-
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parts by weight, nolecular weight is average nol ecul ar wei ght, tenperature
is in degrees Centigrade, and pressure is at or near atnospheric. [032]
ML3 bact ewnaplosiges DNA st andards were made as fol |l ows: the pampiSozsss1nf
interest was generated using the appropriate priners for the assay and a
Pfu polynmerase to generate a blunt ended product. The product was purified
on a 1% agarose gel and ligated into M3np 18 RF DNA (G bco) according to
manuf aéﬁ@ﬁﬁATMGMTEE@AMQAGGHBé) (]SiE@aIDNQr 19rindde cyaaBCRI$X5AC fav 30, 4FT for m

DH(er r}oF,0 et.e e rated fro ha
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abs encamoﬁeré}mgab asetdm boskeed evhabbrd thé phage Mo i inveet @rnag RSVl f he ceeqeszdy PCR

usi ng s M13-pUC f OOA CGACGITGT, CG: 3 Ql D NO 9) .and
V131 5 URE T S5y s hsampean. RSB P A AT AP Fesi e fede
( SEQ | RINMG2-fHeh) witér. BadCridphigdeavaein c(ng&f); ihtothe R reb&fonf Klthe @Qﬁmutzaﬁd or Im.

These are the enerlctprl mers for age fl anking the region of
i nser t fOALTAEARIEP Y‘f%?rf“f’r‘fé"’?‘%tf’(ﬁf‘@sb@eﬂ?éa ‘screen whet her the phage has any

i nsert (098] N&A extErhAGMALS c@le WAQrRQ5EERE edth 2R1-tiMB PERTMLY NGhe SRIBANRDIHY
sequence anal ysis. Bacteriophage was tittered and serial dilutions were

made i HPIGRIAEBENE famgay £10° tpae *dP)- ghrihgRhageis sigle surnded ng Partitigeqriseropdyio
reacti s dome $tARdeiDONA BaHi& DB realBRAPOR ALdaPPhaSt &PAARS wekt stdblei € ond O €xpose
t he phage DNA %0331 An external standard curve was generated for each

r eal - t EABETHER 284 ¥y alfaqualy stacksivsrerintencdst 286t i cat es rangi ng from 2.5 x 106
t 0 2. 510%4}10¢he AShddNE tRIABGtdrSis HoR@liSFig! 1, %}Q&%até}g& ?i{ahhé;hg\/(\ggﬁ(gn?ei%)gds to

0.5 doubl e-stranded DNA copies In the real - assay age standards

wer e stiglpgieal simple inivhigheangaiemel standarA of Bhage- §pﬁﬁwglﬁedsnoéhq<sgm}@rbeformﬁ>mau ned at
-20C.  [Q34bn ThErenEhROBCRfor IS, 'ama/ h9dn 'téa &Mm aume%egvedlfmi PleaREGYT ately

quantitating HBV genones in a gi cal sanple an 1 nternal

st andaf#hded UPH&@M@@%‘/ ige. e?cFéie‘MS 4 @Olﬁﬁléaré?mll for lﬂ@f@ﬁeﬁwa pextion atthé BBVand
real -t eﬂ‘gmg) ?B 4l skﬁ%an@f% sﬁ%ﬂ%fhb%%é}d%zgn&l StRlaLshs %é’ & &?Jebye?lgesf roman

exter naI ndard usi ng shows a nol ecul eaconh for the
det ect fieafingfin seppratien efriheofuorephonend qugadhoras thieands efiibe @aemhemnsmuers) showi ng

the hy@([o'rég!:e%@g ! 91 9%hogv§'§s RAGRGY thePd lﬂfcgtﬁ)'h 5(}) ﬁ?ng[ thgl%g %&gcé n

separation of uor ophore and quencher at t e en on and
c o nsecfqethe bCaP%l @i@%ﬁeﬁ‘é@ cupve gerivgd Slmviecreasisig hwpurtts of Rihge HBVRAGRdderprmipldscat i on

der %gQm@mh@ge@mn&%&glh%i%eﬂggepshageg%%ugg Liipvand e ax& 91@9@09 %ﬁg ve

from i ncreasi ng dto sa
shows ihwdgmmtatlt@cfaﬁndo%snﬁfofthheeqpmcmogdlaadmbea@dﬂ1173156(4 arfnhaP‘ElBV assay

of th r!nQ:Yse E'xjid tﬂ@darl@? ecenéﬂ@qgéslte?ggtd%%g%t @ttth@h%g%%&loﬂ @gciugnce%@ gl% bggc?é]. zﬁé.ar ker

sequence encodi ng am no are t ners
centr aﬁhbys the taateds slarsncandtatpgacon st rethe EEBGRssey-die sleaqumeenoefs at the Strmdcon.

Fi g. BPfhe h&%oﬁ 8GRL t€ﬁ§ g%‘fe aRar A I%H aan? ket §{x‘q‘?rainy %ﬂﬁ%@s say.

The sha sequences at t he porti gene
are tﬁbatPUhequPmtw Semdcetdfehe@aadoer cent rally- Iocat ed sequence that of

e SRRt AUARINEALEAL: & IR BRAGADa 0T s Py BRSSP EIRARLRS ©f
depi ctlgg t7epists ssistabilyy of PhPkraagepoeinga HBVmglyauﬂwdp@ﬂtvngedwd%wa:ks grd C
stor a%onf] ?ermp:ér'aﬂxrél,\g%(% °%. ﬁg.%’shows the concurrent (multiplex) assays for both the HBV sequence

and CCRS sequence in a sample and that there is no interference between HBV and CCRS amplification

in the same tube. The results show that the generation of M 13 phage comprising a HBV gene, or a CCR5

gene is extremely efficient and the titer of infectious phages is as high as 10’ per microliter culture

supernatant. Further, the method of the invention achieves a very high correlation between plaque-

forming units of the infectious M 13 phage comprising either a HBV gene or a CCRS gene and the copies

numbers measured by limiting dilution quantitative PCR.



roomtenperature, and 37 C. Fig. 8 shows the concurrent (multiplex) assays
for both the HBV sequence and CCR5 sequence in a sanple and that there is
no i nter{gs &nesoeet ween HBV and CCRS anplification in tRCEE/3BUBe. The
result hIOﬁg’ g, generation of M 13 phage conprising a HBV gene, or a
CCR5 g\%lr??e |séL2>e<i§4r enely efficient and the titer of infectious phages is as
hi gh as 109 per mcroliter culture supernatant. Further, the nethod of the

i nventjon aghiev ry. high r ' t : ' nits of
the 1 ntect | SUSTHR PSRN nE Rl p R Al DRe] SRR A o ok

t he copi es hybtidizeios mrtadelpgd wiyrelnithd methel ediplays aoan igisematl stenglpidag IHGROUY WD
03/ 050308 P, S02/ 38 : I 1S ; ' i ng
at oast ond brERCaraRy Saioluner S FpeoDNE FRFAGLUP bt BN
hybri di zat i ianherpe¢-bebateid BINA sagharce bninONA aantiteldd énplthywolagica sampie.andag an
standard an_i nf i . . ri : {G : LS ctabl e
arger DNA BRI pth R S BRGNS R B8P
sequence orsequen®NA quantitated fromthe biological sanple, and as an
external standard, an infectious ML3 bacteriophage particle conprising the
pre-sel ected DNA sequence. 2. The nmethod of claim1, wherein the

hybri di.zat i The matiidded okiogl, wisreiretht hylirdizaR@Rneihmgiblogy satdl-dime RER awplifiodtosul ar
beacons. 3. The JEt QP ea(C)fnscl aiml, wherein the internal standard is an

i nfecti ous W% HACTEr | ophage conprising a portion of a human CCR5 gene. 4.
The nethod of claim3, wherein the portion of said human CCR5 gene is SEQ
ID NO 5. 5.,The thaod. o | ai. . i - =Sel quence is
a portion o heamﬁ%}g’gé’? |91 1|ms{’E‘£V \?lrermlr?g%mt%?%%ﬁeﬂrﬁép %b@%eg?&%ll\gﬁn?% gt,e%eagegi n the
ext ernal stangasidg a portion ofiif leotan QURSEB. particle conprising a portion of a
hepatitis B virus genone. 7. The nethod of claimb5, wherein the external
standard is an infectious ML3 particle conprising a portion of a hepatitis
B virus gerDieanetidhd of bieimBtwiectiothe pérdomofaaid\wheareCARS benepoBEQ HANEXS.t he
hepatitis B genone is a portion of a hepatitis B S protein. 9. The nethod
of claim8, wherein the portionis SEQID NGO 1. 10. The nethod of claim1,
wher ei 1 t heTlraitod of slaidel ,edierth the pieselegeODINA Goqusistis npprodn offadkgntis Boduys.
urine, plasma, serum cerebrospinal fluid, or a biopsy sanple containing
cells. 11. An infectious chinmeric ML3 bacteri ophage conprising SEQ I D NO

1. 126. An Thefreglidd@fslathi,mererein thlt xtbradtsendadpiag e fetinpy M33 pgtiGEQ@niiDsN@a5. 8

portion of a hepatitis B virus genome.

7. The method of claim 5, wherein the external standard is an infectious M13 particle comprising a

portion of a hepatitis B virus genome.

g. The method of claim 7, wherein the portion of the hepatitis B genome is a portion of a hepatitis B

S protein.
9. The method of claim 8, wherein the portion 1s SEQ ID NO:1.

10. The method of claim 1, wherein the sample is selected from a group consisting of whole blood,

urine, plasma, serum, cerebrospiﬁal fluid, or a biopsy sample 'containing cells.
11. An infectious chimeric M13 bacteriophage comprising SEQ ID NO:1.

12. An infectious chimeric M 13 bacteriophage comprising SEQ ID NO:5.



