5 DI AGNCSTI C ASSAYS FOR PARVOVI RUS B 19 Technical Field The present
invention pertains generally to viral diagnostics. In particular, the 10
invention.rel ates to nucleic acid-based assays for accurately di agnosing
parvovirus B 19 infection and to priners and probes for use in these
assays. Background OF The Invention Human parvovirus B_19 is a_penber of
the family Parvoviridae, genus 15 Erythrovirus and i Q7NVHEPY 295 nm
i cosahedral nonenvel oped virus with a |inear single-stranded DNA nol ecul e
of approximately 5,600 nucl eotides. The viral genome encodes three major
proteins, VP 1, VP2 and NS 1. See, Shade et al., J. Virol. (1986)
58:921-936 and Figure 1 herein. VPl (83kDa) and VP2 (58 kDa) are the
structural proteins of the capsid. The two proteins are encoded in
over | apping reading 20 franes from about nucl eotides 2444 to 4789 and
“about 3125 to 4789, respectively. VP2 constitutes 95% of the capsid and the
|l arger VP 1 protein only 5% of the capsid. VP 1 is required for the nature
conformation of the virus. NS 1 (77 kDa), is a nonstructural protein and
is present anly in the nugiggNOBTECASSNYIHOR PARCORIRUGEBI® and absent from
the cytoplasmand intact virions in sera. 25 Parvovirus B 19 was first
di scovered in the sera of normal bl ood donors and is the only nenber of
the fam |y Parvoviridae known to be pathogenic in humans. The wvirus is
associated with_a w de.range of di sease manifestations. Human. parvovirus
:B19 nornal |y cag%ggggﬁgégynptonatic or mld self-limting infection in
children. I n adul t She pretedtiuventicn fBrtdifs geastaltyao sieal diagmstics. Ur aiiun the
synnetricahﬂpol%arghrai ig aqd.SOd &%@ritiii Parypwhrus.B %g,gas been
associ ated W t YT ARSI &nt apl astic 'gr TS TEYE AT 1M B O NGRS e 2005
patients w t h ubidanfestiongndie pomyts and ptotee forl @sesn théderassays B 19 i nfection and
persistent anem a have been reported in inununoconprom sed patients with
acute | eukem a, congenital imunodeficiencies, AIDS, and follow ng bone
mar row t r anspl aeckgroumd Of TRghwention us B 19 has al so been associated with
fetal death in preg ¥ﬁgg l. gﬁﬂ; ' . vj.Lus infection
general ly occurs dugﬁﬁg- |Igﬁ3ggfgﬂﬁ fﬁgﬂH@&&h§§MW§ngQé&ﬁé

15  Erythrovirus and is a small 22-nm icosahedral nonenveloped virus with a linear

single-stranded DNA molecule of approximately 5,600 nucleotides. The viral
genome encodes three major proteins, VP1, VP2 and NS1. See, Shade et al., J. Virol.
(1986) 58:921-936 and Figure 1 herein. VP1 (83kDa) and VP2 (58 kDa) are the
structural proteins of the capsid. The two proteins are encoded in overlapping reading
20  frames from about nucleotides 2444 to 4789 and about 3125 to 4789, respectively.
VP2 constitutes 95% of the capsid and the larger VP1 protein only 5% of the capsid.
VP1 is required for the mature conformation of the virus. NS1 (77 kDa), is a
nonstructural protein and is present only in the nuclear fraction of infected cells and
absent from the cytoplasm and intact virions in sera. '
25 Parvovirus B19 was first discovered in the sera of normal blood donors and is
the only member of the family Parvoviridae known to be pathogenic in humans. The
virus is associated with a wide range of disease manifestations. Human parvovirus
B19 normally causes an asymptomatic or mild self-limiting infection in children. In
adults, parvovirus B19 may cause a rash, transient symmeirical polyarthralgia and

30  arthritis. Parvovirus B19 has been associated with transient aplastic crisis (TAC) in
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approxi mately 50% of children having anti-B 19 anti bodi es by the age of 15
years. B 19 anti body preval ence may further increase during lifeti-ne and
reaches val ues higher than 90% in elderly individuals. In human parvovirus
B 19 infection, initial viral replication is believed to occur 10 in the
respiratory tract. The virus then targets cells in th%7%q}gn,5@5¢@w. Thi s

|l eads to large-scale viral replication with reported virema of between
102 to 1014 particles/m, occurring 7-10 days after infection but prior to
the onset of synptons. Cessation of virem a coincides with the detection
of specific IgMantibodies that remain elevated for two to three nonths.
Anti-B 19 |9G aggtitdeowittesndadyingirineBiie diserdére VCdaSB Bf mREtidnGil pdbistadit | bodi es
appear and persist. lifelong. The .absence of .a_lipid envel ope and |imted:
DNA cont ent nmak@SBaMERcFEPEe] & %@%WV"P%Q?@?@%W“P&C‘%G%%%herri cal

i nactivation. Renhyeaidl itiSuidddiRien€is) ACDS,|ahy follawing b@He nf@dGaAhSpRntafBa. Can

W t hstand convepnti o.nalmpﬁat t reat nent af _£I oq% roducts and transm ssioh
of B 19 t hrougt FREEFHP frsdlse berigissosiried iith &' deplh BPL8M™ PR ed factor 20
VIl and st&am or Niyesheahteies, Bag viass iMedtion ge@drallXoquR @ansd dhilakoolasitbeen
docunented. Human .parvaqyjrus .B 19 cannot_he grown ip conventional cell

cul tures maki n@pprf”é{'g‘gtfg%g&("f?g@ﬁée& Bhe ?;\[ﬁ’oB @?Bﬁ'ﬁ’%}e&h}' g‘Fag%(g%Sin"ﬁ% extrenely
di fficult. Thus19taaibodmpryvalepneansy, futtive imerehd datngy lifeimd and Réaclge Rala@nsi st ed of
sera fromvireni tiept.s. ec i nant antigens have been produced for
use in serol ogihigéfr%iaggggén?lﬁ“ d"‘ﬁ?@ t 25 to circunvent these probl ens.
See, e.g., Sisk andnBemaeprrvoBiret BISHnfetng)ini(idlSG&d)replbatidd iTbelioddd;to bbctx Pat ent
No. 6,204, 044. .| noenzyneti.c | gM capture assays, have been. used to detect
anti -5 10’ [ty mEEHRRRREIRL eyt BaRHEE rd B Soqh ey o s f o

di agnosti ¢ per lapgerseaic eirabfepBcationmeidl repbrted viversin of betwaen a0%atb llabpatitlesanls

however, is no 0 SPI A ddition. lgM based diagnostic tests cannot
detect the vi récscmglﬁg? ﬂg'&%‘édger&gf\?%%'g}n%brg °é‘se€|“§sé%1’ %:omgt %Sesa% °|%nf ection
and once | gM anirdinhochimsdeaweh thy dethaion peogbecifitieh aitibodieséimatemaineloiated ul at i on
for several no L[ e hi.gh val ence .of B 19
antibodies in %%ﬁgpﬁgﬁrm‘;ﬁ‘%u?‘gﬁi@% I%/%gg%eers %@ﬁ%{egﬁéﬁf%gga%%g@xhi gh

vi rem a ushdal | sntipediesiappegr 4nd persind lifelomez week, nmake the use of 5 serol ogi cal

based tests i nmpraciphgdsench Br A Livepe 4nd 1Y BRAVIREATRE JadSVidu§ Nt S

" B19 extremely resistant to physicochemical inactivation. Parvovirus B19, especially

at high concentration, can withstand conventional heat treatment of blood products
and transmission of B19 through the administration of solvent-detergent-treated factor
20 VI and steam- or dry-heated factor VIII and IX preparations has been documented.
Human parvovirus B19 cannot be grown in conventional cell cultures making
laboratory detection and isolation of the virus extremely difficult. Thus, for many
years, the only source of antigen consisted of sera from viremic patients.
Recombinant antigens have been produced for use in serological assays in an attempt
25 to circumvent these problems. See, €.g., Sisk and Berman, Biotechnology (1987)
5:1077-1080; U.S. Patent No. 6,204,044. Immunoenzymatic IgM capture assays have
“been used to detect anti-B19 IgM, as well as to diagnose recent B19 infection. The
diagnostic performance of a number of commercially available tests, however, is not

homogenous. In addition, IgM-based diagnostic tests cannot detect the virus during
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serol ogi cal diagnosis may be unreliable. Nucleic acid-based hybridization
assays, such as dot blot and in situ hybridization have been used for B 19
~detection. These assays generally have detection limts of 1 to 0.1 pg
viral DNA (10-105 viral particles). PCR has greater 10 sensitivity (-100
genome copi es). However, DNA hybridization techniques @he Lifg,ogzonsum ng
and limted in use and PCR is inmpractical for screening large numbers of
sanpl es. Therefore, there remains a need for the devel opnent of reliable

di agnostic tests to detect parvovirus B 19 in virenm c sanples, in order to
prevent transm ssion of 15 the virus through bl ood and pl asna derivatives
or by cl ose per siaemissieaeftinfecoramapcelsM nebadiss erstsymshesizere they easnent

invention is bas&gaupmcﬁmauqhﬁ?&wwmmms%mh@ narowsé a2nd probes for use
in nucleic acid-based assays, as well as on t% deve oprrent of a sensitive,

20 reliable nucleic H@uhcghmé@yéawep&fgw@@ttb@wpestbe popmaltppulation éagethenwits
parvovi rus B 19 g ink hxéﬂx@z‘eﬁﬂ'u&éﬁ%ﬁé}ﬁ% f% ofily OF8 WL Gk felu¥e deNf ect ed

i ndi vi dual s. The techni ques descri herein utilize extracted sanpl e DNA
as a tenpl at® f &wolagieal baspciagts immrasticak dn sdditiandin imuenepmpromisedpetienss. t he B 19

sequence usi ng ggrggg&qg,%ggmm@;&gbl@npl ification (TMA), as well as in a
5' nucl ease assay, such t he TagManTM t echni que. The 25 nethods all ow for

the detection of B NCW"‘I‘W”\??Pﬁé%ﬂdt?awr?ﬁﬁab%&%?h%%b‘m@éw%”i‘ters as |ow as

7103 virus parti gjvedizitlon hé\%@)@é’ndis&ﬂbww' d}fe@ﬁned'h&@%%ﬁ§e&?ﬂyh§ve' dentified and
excluded from transfusion, preparation of bl ood

derivatives. Th&FteChRls °§MP B P&ﬁé’f"“sDHést’fq ‘B@o""ﬁ@“é}"ﬁs)all’ ERApsgedeef ul in,

: I or hex anpl ao stsl’&ﬂ:dt&ﬁ@ (1ipb géxﬂtnz abpi&an H@H&&dgNAa@})mfﬁiahox?écﬂnmu&I\%eB% edd
echni ques, nucl ei ¢ .aci ence- ased anplification and in
assays that ut .ﬁ%?&*%aagb Pg&ﬁ @?mcﬁcr;gff’r W@%@FgeMBe’%%or di ngly,

in one enbodi mesainpled. he subj ect |nvent| on |s directed to a nethod of
detecting human par B 19 jnfection bi o] ogi ¢ sanpl.e. The

met hod conpri ses: if et{’@’ﬁ‘%‘??ﬁ’@‘“ﬁ%‘f"’& for eﬁe%‘? g‘ﬂ‘iaglf’ﬂ’@g‘lf’éﬁ‘c sanpl e
suspect ed of caestsatb AétegparbovirusBIY i @lraniv sdmpesBin bRleCWPrevatd Giindsivhef nucl ei ¢

a,'CI d conpr |1§ €s tﬁenvirus {hrc;[ugﬂ glggd and plasma derivatives or by close personal contact.

Summary of the Invention
The present invention is based on the discovery of unique primers and probes

for use in nucleic acid-based assays, as well as on the development of a sensitive,

20 reliable nucleic acid-based diagnostic test for the detection of parvovirus B19 DNA in
biological samples from potentially infected individuals.. The techniques described
herein utilize extracted sample DNA as a template for amplification of conserved
genomic regions of the B19 sequence using transcription-mediated amplification
(TMA), as well as in a 5' nuclease assay, such as the TagMan™ technique. The

25  methods allow for the detection of B19 DNA in viremic samples having viral titers as
low as 10’ virus particles/ml. Accordingly, infected samples can be identified and
excluded from transfusion, as well as from the preparation of blood derivatives. The
probes and primers described herein are also useful in, for example, standard
hybridization methods, as well as in PCR-based techniques, nucleic acid sequence-

30  based amplification (NASBA) and in assays that utilize branched DNA-molecules.
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sequence; (b) reacting the isolated parvovirus B 19 nucleic acid with a
first oligonucleotide which conprises a first prinmer conprising a
conpl exi ng sequence sufficiently conplenentary to the 3'-termnal portion
of the RNA target sequence to 10 conplex therewith, wherein the first
primer further conprises a pronoter for a DNA- dependqﬁ%ﬁﬁm%h£9&%nerase 5
and operably linked to the conpl exi ng sequence, wherein the réacting is
done under conditions that provide for the formation of an

ol i gonucl eoti de/target sequence conplex and initiation of DNA synthesis;
(c) extending the first priner in an extension reaction using the 15 RNA
target sequence as actedipglatie ohaenhodiment, the subjecOhenfion igdirecedt@nmiethod pr oduct

conplenmentary tg the. RNA target. s e . (d),.separati he first DNA -
primer extensi o(%dﬁt}rg%‘dlﬁélfm@r% 4 ﬁ‘geEgﬁlAﬁgcgpﬁ&gblil%%ﬁﬁéW?%s"ilhﬁﬁ‘eé‘ﬂdenzyrre
whi ch sel ecti veloynpddegr ades the RNA target sequence; (e) treating the DNA
primer extension prodquci wth a second.oligonucleotide whi ch conpri sés
a second pri ner congas S |}atﬁn fuclels, a4 e(%rfe|mn‘agb'°sl%%(ﬁ1 ﬁagé’?essﬂfﬁeftg‘f ‘ifr%f’ﬁ“?mmg

conpl enent afy thuntahpar@virueB HH DIEA, wierdin thamgadeid doél Obdpriges amRNA@xE@Nnsi on
product to complex therew th under conditi ons that provide for the
formation of an o'l gbnucl eoti de/t arget sequence conplex and initiation of
DNA synthesis; (f) 6yteactogtly isdimedParvbearusBifsuadic idibwstecisd prinmer in a DNA

ext ensi on react.i. . i . second .DNA pri.ner extension.-pioduct,
" thereby pr oduciokg&lém%oglr‘r%%g%ggfnﬁsg%aeﬁgmf %Icepé) haent © exb“&ls%‘%?caese; (9)
usi ng the tenplseffieicttly pompimemanyid the PHemiRPpaiipi of thediNA taeget igate teequence
usi ng a DNfyjde RMWA [ _ i Ze 0 r
'sequence; and%‘ﬁ&%ﬁ ﬁg ’%%ﬁiﬁeﬁgipﬁ@eﬁ é{f\g%g%s?s as%%'pgtggt%%%ﬁ cally
repeat i ng st epderehdent RiApolythgipse Aar@pdpiable hitdeed tO0O Bommexingzequencet he t ar get

o | j 4 : ' t he st f
00 B ng & | Shernd PR RPN p S RSl 0 B T

wherein the obliggomicotideteisdicseprentsecomplex andphitintiontod PN A synthesror t i on of t he
t arget sequence, u r(EB‘E%E(tending the first primer in an extension reaction using the

15 RNA target sequence as a template to give a first DNA primer extension product
complementary to the RNA target sequence;
(d) separating the first DNA primer extension product from the RNA target
sequence using an enzyme which selectively degrades the RNA target sequence;
(e) treating the DNA primer extension product with a second oligonucleotide
20  which comprises a second primer comprising a complexing sequence sufficiently
compiementary to the 3'-terminal portion of the DNA primer extension product to
complex therewith under conditions that provide for the formation of an
oligonucleotide/target sequence complex and initiation of DNA synthesis;
(f) extending tﬁe 3"-terminus of the second primer in a DNA extension reaction
25 to give a second DNA primer extension product, thereby producing a template for the
DNA-dependent RNA polymerase;
(g) using the template to produce multiple RNA copies of the target sequence
using a DNA-dependent RNA polymerase which recognizes the promoter sequence;
and (h) using the RNA copies of step (g), autocatalytically repeating steps (b)
30 to (g) - ]




5 conditions that provide for the hybridization of the probe with the
target sequence to forma probe:target conplex; and (j) detecting the
presence or absence of |abel as an indication of the presence or absence
of the target sequence. In additional enbodinments, the label is an
acridiniumester. 10 In yet further enbodi nents, the f X8 n?t%g &eond
prinmers, and the probe used in the nethods above are derlv ?romthe VP 1
regi on of the human parvovirus B 19 genone, such as fromthe

pol ynucl eoti de sequence depicted in any one of Figures 2A- 2U or | | A-11Z.

| n anot her enbodi nent, the invention is directed to a nethod of detecting
1.5 human parvowanqﬂfthéL@rgBtm’emenqeon in a biological sanple. The nethod
conprises: (a) isol At | e suspected
of containing human parr?/g'vem%mhmgﬁigl%ﬁ%xm\%ﬁh@rC%hg?%glh(rélg"lg Szogrcmam d conprises
an RNA tar get seque(ncaedmg blabeletbdigomigleothie pr@@toahfe[doqsmdet@p (h),swleremg nucl ei c
s e ol R BRGSO YRS N, € BUIRA 3R el leblnc DR

conprising a co uence Icrently conp y tot

3' -term nal Spor tqno)xmoxufthat h@vrﬂwbrthahglmdwa@tqlmmerqbewitbmmwsqqh@mew t h,
wherein the fir i .conmprises a pronoter for a DNA- dependent
RNA pol yner ase @I‘mghgg%%rg%%fneﬁf(ﬁaﬁged to the conpl exi ng sequence, wherein
the first primer cofipditetng the prgrncerns ebsduse iof/labk! fy aprinditationpefl hanueseusst | de 25
sequence depi ctgd, N, %@ngp%t&fquég&gur es 2A-2U or Figures 1 IA-I1Z and the
reacting is done un der conditions that provide for the formation of an

ol i gonucl eot i de/ t ar freadditigead erabrdimentsnihp lahelaya apmdinipesten of DNA synt hesi s;

(c) extendijgg the fh{)ﬁ Mﬁér%ﬁodxﬂe@tt@ﬁs@%s%nﬁ Lrk, QRd 448 hraBe §s8@inRNA
target sequence as emplate to give a first pri nmer extenS| on product

30 conpl enent arthe m@thmh abarpiarerderivge from dep M cregion o WWWFNSZ@@S (d)
separating the Jjds sdohds Rinh 08 Eol%fcﬁ&ﬁieg&lugﬁc@ depfidted ih 2P dnl 61 FDIed POt

sequence using an enzyne which sel ectively degrades the RNA target
sequence; (e) tAkutifdl€he DNA primer extension product with a second

Ql i gonucl eot i de In another embodiment, the invention is directed to a method of detecting

15 human parvovirus B19 infection in a biological sample. The method comprises:

(a) isolating nucleic acid from a biological sample suspected of containing
human parvovirus B19 DNA, wherein the nucleic acid comprises an RNA target
sequence;

(b) reacting the isolated parvovirus B19 nucleic acid with a first

20  oligonucleotide which comprises a first primer comprising a complexing sequence
sufficiently complementary to the 3'-terminal portion of the RNA target eequence to
complex therewith, wherein the first primer further comprises a promoter for a DNA-
dependent RNA polymerase 5' and operably linked to the complexing sequence,
wherein the first primer comprises a sequence derived from the polynucleotide

25 sequence depicted in any one of Figures 2A-2U or Figures 11A-11Z and the reacting
is done under conditions that provide for the formation of an oligonucleotide/target
sequence complex and initiation of DNA synthesis;

(c) extending the first primer in an extension reaction using the
RNA target sequence as a template to give a first DNA primer extension product

30 complementary to the RNA target sequence; - -

5




whi ch conprises a second prinmer conprising a conpl exing seqguence
sufficiently 5 conplenentary to the 3'-termnal portion of the DNA priner
‘extension product to conplex therewith, wherein the second priner is
derived fromthe pol ynucl eotide sequence depicted in any one of Figures
2A-2U or Figures 11A-11Z and the treating 1is done under conditions that
provide for the formation of an oIigonucleotide/targeﬂ”rggﬁﬂ@ﬁ@@xhonplex
“and initiation of DNA synthesis; 10 (f) extending the 3 -term nus of the
second priner in a DNA extension reaction to give a second DNA pri ner
extensi on product, thereby producing a tenplate for the DNA-dependent RNA

| : i » G ' ' f th
Parber sequence ustg %gﬁs’&%i‘?‘%é%g%’éélﬁt Qﬁﬁﬁiﬁi‘gﬁ BEE RIS % os Fhe
pronot er sequerfeguencesing plenzyme whirngglectine adwsthiedtNAdfargst sueficy) ,
autocatalytically r ﬁ%%@ﬂﬁemyﬁmﬁe&% gg)g},&Q,itﬂ'l}%cbil&’oxfﬁucieg{i&a

sequence; (i) adding an acr um ester - ed ol'igonucl®eotide probe to
t he product of whithegomphides a sgaenderimer ¢pmpobingjoenmerlexiigisdpeme sbicienly

compl eent agy. LBnfieRGli #nh(38lg A0 3F BE DIEMER S bRy oD [

derived fromthe polynucl eoti de sequence depicte any ‘one of Figures
2A- 2U, wher ei n cempleptheigwith, svherdindley saeraé primerrisideariveshGom thgpolynepldotide for t he
hybri di zati on QfquLhe iiQREn Whyldhe biiehal SESU SEAMSECAALA QI M be: tar get
~conpl ex; and (ifwdetegﬁingétﬁé Bresgﬁce or aﬁ?gﬁbe of FS@eycgﬁagﬁ

i ndi cation of ftflenpynsergepdtions thapproygeionihe fosmationef apeligenuciestidedaget. | n yet

anot her enbodi 6Rlnce EdMp1dx 1Y€ HitlaBbh b1DNA ERéle§d t0 a method for anplifying a
target parvovirus B19 nucl eoti de sequence. The nmethod conprises: (a)

i sol ating Hucl ei ¢ dicttendingthe3 tisrminyg piths seeundiprimesins BiNA exfension sasetiod ni ng

human par vovi I 1SR als8coRlNON AR EXlersiOR pfaUid:, fh&etd ptARuGRIPLBR BNhENA tar get
30 sequence; 6_07 Novenber_ 2005 (b) adding one Of nore priners capabl e of

hybri di zi ng toDNﬁéhRNﬂmﬁgPﬁéPbm§Eﬁﬁence, wherein the one or nore priners
are derived from t kg Rk RUGFRAS doPeoduce multiple RNA copies of the target sequence

using a DNA-dependent RNA polymerase which recognizes the promoter sequence;
15 and (h) using the RNA copies of step (g), autocatalytically repeating steps (b)
to (g)
to amplify the target sequence;
(i) adding an acridinium ester-labeled oligonucleotide probe to the product of
step (h), wherein the oligonucleotide probe is complerﬁentary to a portion of said
20  target sequence and the probe is derived from the polynucleotide sequence depicted in
any one of Figures 2A-2U, wherein the probe is added under conditions that provide
for the hybridization of the probe with the target sequence to form a probe:target
complex; and '
(j) detecting the presence or absence of label as an indication of the presence
25  orabsence of the target sequence. |
In yet another embodiment, the invention is directed to a method for
amplifying a target parvovirus B19 nucleotide sequence. The method comprises:
(a) isolating nucleic acid from a biological sample suspected of containing
human parvovirus B19 DNA, wherein the nucleic acid comprises an RNA target

30 sequence; -




sequences depicted in any one of Figures 2A-2U and Figures 11A-11Z; (c)
addi ng an ol i gonucl eoti de probe capable of hybridizing to the RNA target 5
sequence 3' relative to the one or nore priners; (d) extending the one or
nore primers using a-polynerase. In certain enbodi nents, the RNA target

sequence of step (a) is reverse transcribed to provi a he net hod
can further conprise anmplifying the cDNA using pol yrredoﬁzfioé’elghe ?ﬁosﬁ eaction

(RT-PCR) or asymmetric gap |ligase chain 10 reaction (RT-AGCR). In other
enbodi nents, the polynerase is a thernostable polynmerase, such as but not
limted to Tag pol ynerase or Vent polynmerase. In additional enbodinents,
the polynerase is_E (bpaiding bitor pdtepriatcRapable ofhybfididing td BgRRAtargdt E. col i DNA

pol ynerase |, or T4 DNA polynerase. In certain odi ment s of  the various
Pt hods desc) i HEAAEEIReRR N e Brirte PURE 1b ATV Bp8 s PEUPHIdeThg | af o1 nal
control can be sguéné&dicpittedintaheors@OFigies2 A OPURhdEig@es 11A-118FEQ | D NO 92). In
addi ti onal enbodi nents,..the internal, coptrol,.co i.ses S D NG 90. In
26 1 onal enbodi meADai JREHERs SREE pruCTRbiES RERRIL R det ect i ng
human par vowd r usqindO3' kdidtie€ tol tidonk Br orbpxh@gi cal sanpl e. The net hod

conprises: 20 (a) isqlati ucleic aci.d fram a hi ol ogi cal sanple suspected
of contai ni ng hurrazgﬁé{ew{d]& tB%‘g“eﬁrTgreBRﬂ,erS\m%%P ?’i’é;g'nucl eic acid

conprises a target $ecuieinemboditaén)s, the RBIAI tagettshpence@f atpad) ipaveteyi rus B 19

-nucleic acid with a detectably label ed ob uf fici.ently.conplenentary to
and capable of TEReHr bR AEMNARRENE Touh] BT b Sl f e oy obe 1 s
‘derived from t hDNohsmpolyeetasddais equenRE-PORY bicdspdmetric gdpJigasayghame of

Fi gures 2A-,2U EI g =1 1Z,  an rt.her, wherejin,the reacting is
done under lgong%ilngdn@ﬁzﬁé%éﬁr‘é%?%%e g?ﬂf‘%ne’&&p %{"iergsr? léo thglmﬁ?%@ee/ t ar get
sequence conplpekmeese sch ps ble heidimitadjtotTae pplymseseee Vet palymenase Imf | abel as an

Novenber 2005 IOt Rar imen nARRARES, R Ll EpaRhea T BER, . o
pol ynucl eot i de fragwengof £ionl DA Anebimsosé er Belgiapolamensepri si ng any one of the
nucl eoti de v Seq UENCERK, certain embodiments of the various methods described above, an internal
15 control is provided. The internal control can be derived from the sequence of Figure
12 (SEQ ID NO:92). In additional embodiments, the internal control comprises SEQ
ID NO:90. |
In additional embodiments, the invention is directed to a method for detecting
human parvovirus B19 infection in a biological sample. The method comprises:
20 : (a) isolating nucleic acid from a biological sample suspected of containing
human parvovirus B19 DNA, wherein the nucleic acid comprises a target sequence;
(b) reacting the isolated parvovirus B19 nucleic acid with a detectably labeled
probe sufficiently complementary to and capable of hybridizing with the target
sequéncc, wherein the probe is derived from the polynucleotide sequences depicted in
25  any one of Figures 2A-2U and Figures 11A-11Z, and further wherein the reacting is
done under conditions that provide for the formation of a probe/target sequence
complex; and |
(c) detecting the presence or absence of label as an indication of the presence

or absence of the target sequence.




depicted in Figures 2A-2U or Figures 11A-1 IZ. In additional enbodi nents,
the invention is directed to a polynucleotide, as 5 above, wherein the
nucl eoti de sequence consists of the nucl eotide sequence depicted in

Fi gures 2A, 2B, 2C, 2D, 2E, 2F, 2G 2H, 21, 2J, 2K, 2L, 2M 2N, 20, 2P, 2Q
2R, 2S, 2T, 2U, 11A, 1IB, 11C, IID, Il1E | IF 111G 3?17% 1%%365 | 1K,

L, I IM 11N, 110,1iP,11Q 11R 11S,1 1T, 11U, 11V, 11W 1i Vg In still
further enbodi ments, the subject invention is directed to a 10

pol ynucl eoti de conprising a nucl eoti de sequence conprising any one of the
nucl eotide sequences depicted in Figures 3A—3C or 4A-4C. In additional
enbodi nents, the in n ucl eot i above,
wherein the nucl eot% eﬂféege[&goﬁé@én%btﬁé%g ntngn af Cet ({r}uc 3 ucga’eomis%equence
depicted in Flcgupmg%usﬁotme s¢qneriee gmtpesmézﬁnylkﬁf: ofithe hwclmndxtda@renasrbodl msnt
the invention 4 n I t|de prinmer consisting of a
pronoter regi ongprlg?:‘{)lgg{légﬁtzg‘ ﬁpor%llk%&%ge%gn eént RNA pol ynerase operably -
| i nked to a human paraddtupralignt®dib@atsphcinfantorcio dpbatediton g pdpqulentdle, sf about 10
to about 755 nu t ronot e ion is the
T7 pronot er a%‘L Q’gavi’k%?&n ﬁhk Er‘éc%gé&ee%ﬁ@ %Q%%ﬁ%?p%%??glggseﬂaﬁm t ‘Iﬁeg ‘%I y, the
human 20 parvomlflglgeﬂﬁsl.ng%@DfZEﬂE,é!@M ZW%, IMAEN, Pe2PYPQ12R,egi on of

t he human par r chrafd h t i de sequence
depicted in angg)\éghée@ol?AF?l%?ggqg%é% ﬂF 6?12‘8112%\?%%%% %t further
enbodi nent s, t hBNilhQeh; bif, ilER,dil ddT,eldUaH\bllilﬁ’ohlPéllé'ék)r te. pri mer

consi sting of a T7 vovirus B
19-specific 25 co Iﬁégrﬁhﬁ%g&g@%%%?%‘%g&gn& tl%ﬂgg@a@?dqg nucl eot i des,
wher ei n t hé humucwmﬁvmpwgBﬂm@eQﬂé@@ﬂﬁqnee eooppisiog pnvepns effhence i s deri ved
fromthe pol y%ie@ﬁ’&ésﬁ@m&?@éﬁmﬁ%ﬂﬁlﬂ%ﬁﬁ%'094‘51“3% one of Figures 2A-2U or
11A-11Z. In anot her odi nent e inventionis directed to an

ol i gonucl eoti de pr é‘béddltmﬂﬁrfib@ilmglt%thﬁélfrv\?’éﬂﬂiﬂrl%@fegeiBlwé@iﬁﬂmldmdori di zi ng
sequence of abgyle dHeldA t%ﬁ%tﬁgsqu&cyﬁgﬁggf tqgﬁuc éoﬁclfe%gtgiegc eHa 1@1%&' di ni um

ester label. In cértain enbodi nent's, the human 8 nber
parvovi rus B 10Figyes BAIIC symbEdeAA Y C-sequence is fromthe VP | regl on of
the human s In another embodiment, the invention is directed to an oligonucleotide primer

consisting of a promoter region recognized by a DNA-dependent RNA polymerase
operably linked to a human parvovirus B19-specific complexing sequence of about 10
to about 75 nucleotides. In certain embodiments, the promoter region is the T7
promoter and said polymerase is T7 RNA polymerase. Additionally, the human
20  parvovirus B19-specific sequence may be from the VP1 region of the human
parvovirus B19 genome, such as from the polynucleotide sequence depicted in any
one of Figures 2A-2U or Figures 11A-11Z.
In yet further embodiments, the invention is directed an oligonucleotide primer
consisting of a T7 promoter operably linked to a human parvovirus B19-specific
25  complexing sequence of about 10 to about 75 nucleotides, wherein the human
parvovirus B19-specific complexing sequence is derived from the polynucleotide
sequence depicted in any one of Figures 2A-2U or 11A-11Z.
In another embodiment, the invention is directed to an oligonucleotide probe
comprising a parvovirus B19-specific hybridizing sequence of about 10 to about 50

30 nucleotides linked to an acridinium ester label. In certain embodiments; the human

8




parvovirus B 19 genone, such as fromthe pol ynucl eoti de sequence depicted
in any one of Figures 2A-2U or Figures 11A-11Z. In yet an additional
enbodi ment, the invention is directed to a diagnostic test 5 kit
conprising one or nore oligonucleotide primers described herein, and
instructions for conducting the diagnostic test. In ggr ain?eg? di ment s,
the test kit further conprises an oligonucl eotide pro SHPTY §'g a
parvovirus B 19-specific hybridizing sequence of about 10 to about 50
nucl eotides linked to an acridiniumester |abel. These and other aspects
of the present invention will beconme evident upon 10 reference to the

f.ol  owi ng det ai bgehAleSBId-PEdiROhBAMziRE leatdAeds bR MES refrl StftheMamGs | Ption of
the Figures Figure 1 is a diagranmatic representation of the hunman

parvovi rus B 19P¥RHBHRILY sgapinc uchas Tavethe Belymiglsotids dravgnce denidudn 8Y t he vi r us.

Three PCR fragngtes FixhRs 242U Pighle€tha-pize W th approxi mately 700 bp,
correspondi ng to nucleotide positions 2936 3635 of the parvovirus Bl19

genome descri bed i n ISk deaddftiogyl embofingent, dhe inyentagdy dissgted to1a digggestic fsse wi t h
appr oxi mat elsy 3jG0cdaprivhd SHedr R oﬁ?&xu&ébtiié AR descrived h@SRAAEInRectifhs _
.nucl eotide posjtions 3073-3442 of the parvaovirus B 19 genone described in
Shade et al., [reopfychpg the i@@@ftwé@?-dzf@r@wmbaﬂ eRfidhs st %téﬂb?roxi mately 214
bp correspondi n@nipAsed @n HiELhREbiidDrdR SbhprRIE apdSviAd B1o-SeciibBytpiaizugVi r us B
19 genone descriggd in S%ﬁde etdﬁ)l., f%v?? ? 1986 ,§2:92§¥936¥@Figures
2A through 2U (B! fRee! w-tzilaou@muelfoqﬂﬁw@e% BELIHYR fiter APk ous

par?/ovi rgs B 19 iSOil‘ﬂése&d\ldﬂieﬁhkpédtbcﬂfﬂﬁ©re§@ﬁ]Hﬁﬂﬁieﬁwﬂw&mﬁtﬁhﬁi@%ﬁ0 bed
nucl eoti de , positions 2936-3635 of the .parvovirus 19 genone described in
Shade et al'®, fe‘%ﬁef“:c?lt(?t?g"q'(’ﬁ’gé‘fm :dﬁsfﬁfg@ﬁém{‘it{‘ié‘“}gffw 9"fragmsnt from
Figure 1). Figure 2A (SEQ ID NO 1) 1is the corresponding sequence from

i solate CH47-2 '.F' ur. .ZBt S ID NGO 2) is the correspondi ng sequence
fromisol ate A= CPEESEQ ID NO3) is the corresponding

sequence fromi sol ﬁiéu%&agﬂwb&p%&n(aﬁmﬂt&mad);axivsvimhaw correspondi ng

sequence fron1iso|atg
€nome.

433- 3: Fi gure 2E (SEQ | D 5) 4 he 30
correspondi ng §equehé@gF$%%$F%8 aogm%ﬁﬁﬁgﬁ? |%ﬂ#¥§%ﬁ9%§§§3@Fﬁp 96) is the
9 07 Novenibgr 266Ged; onervagpppokingtebel§d bpcerréspontingsonateetidpddtans 2036gure 2G
(SEQ 1D NG 7) |3§35tor%?he parvovirus B19 genome described in Shade et al., J. Virol. (1986) 58:921-

936; one with approximately 370 bp within the 700 bp fragment, corresponding to

nucleotide positions 3073-3442 of the parvovirus B19 genome described in Shade et
al., J. Virol. (1986) 58:921-936; and one with approximately 214 bp corresponding to

20  nucleotide positions 4728-4941 of the parvovirus B19 genome described in Shade et
al., J. Virol. (1986) 58:921-936.

Figures 2A through 2U (SEQ ID NOS:1-21) depict DNA sequences from
various parvovirus B19 isolates which include sequences corresponding to nucleotide
positions 2936-3635 of the parvovirus B19 genome described in Shade et al., J. Virol.

25  (1986) 58:92 1-936 (the 700 bp fragment from Figure 1). Figure 2A (SEQ ID NO:1)
is the corresponding sequence from isolate CH47-26; Figure 2B (SEQ ID NO:2) is
the corresponding sequence from isolate CH48-29; Figure 2C (SEQ ID NO:3) is the
corresponding sequence from isolate CH33-2; Figure 2D (SEQ ID NO:4) is the
corresponding sequence from isolate CH33-3; Figure 2E (SEQ ID NO:5) is the

30  comresponding sequence from isolate CH33-4; Figure 2F (SEQ ID NO:6) is the e

9




correspondi ng sequence fromisolate CH42-18; Figure 2H (SEQ ID NO 8) is the
correspondi ng sequence fromisolate CH42-19; Figure 21 (SEQID NO9) is the
correspondi ng sequence fromisolate CH46-23; Figure 2J (SEQ ID NO 10) is
the 5 correspondi ng sequence fromisolate CH -1; Figure 2K (SEQ ID NO 11)

i's t_he correspondi ng sequence fromisolate CH -6; Fi %L)lsfﬁ’éﬁ}ll-\?@@? Q D

12) is the corresponding sequence fromisol ate CH2-8;

NO 13) is the corresponding sequence fromisolate CH2-10; Figure 2N ( SEQ
ID NO 14) is the corresponding sequence fromisolate CH2-11 C, Figure 20
(SEQ ID NO 15) is the 10 correspondi ng sequence fromisol ate CH5-13;

Figure 2P (SEQ,. i sol ate
CHg-ZZ; Fi éure %SP@%Q%?% k%h%w(’&%(?ﬁ@ppaw @Egﬁ%g\?%féqgg}nce from

i sol ate CHI 3- 2drrespinding ecqReReé @EQISIOBtd@‘lZEUS) Figure 2H4SEQ & Nés$anttie ng sequence
fromisol ate Cgjds L B Q) o b ] ondi n
sequelnce fromi solsgbéﬁgm éng E@n(ﬁﬁQd ngég%rﬁbmkgg?%b{ﬁg{gw ° .
correspondi ng Setpsrandiag faquence @@hwpbw@%%;ﬁawﬁﬁs@@m@mﬂ@%@el D NO21) is
t he corressoongarfzgmﬁaﬂg iéhed iHTIsbARIGH IS, g-gtﬁza ﬁg(sﬁg%r s de (SEQ 1D

NG 22) show a ence e appr oxi mat fragrrent shown in
Figure 1 from Wmvdmm@qmg&m GﬁletCﬂBﬂ Flglméld@ﬁQélﬁ@@ 13)gs the 4677

nucl eotide fragpral,, Wé;ﬁ@&mnpgowg@%q f e seﬁ%gn 14?6513)21} -4893 of 20

Shade et al., J Tiro 986) 58:921 ce depic ed cont ai ns
.the parvovi ru%or'BSPEBdlﬁﬁﬁcﬂueP%ﬁr@ﬂhlS@p@ﬁméﬁdﬁ’la‘@fefm HEQ WP Nehi 4 isdbedes NS 1, VP

| and VP2, pl QBdh gur es 4A- 4C
(SEQ I D NO 23)éb§rﬁ%§vgdéﬁéseque%%%eonﬁ§9atgcé& ;lﬁé?ﬂélgl%r@n%tég?ﬁﬁﬂb'ﬁ@ﬁﬁ?s trEéCR fragment

shown in PP gur@“fSW¥‘b¢ﬁﬁ§W‘éﬁﬁm°lﬁe@556?’0‘?1@22B§E(%%N@ééhéﬁ@ 25 is a

4677 nucl eot i d@ntd et &cherﬁ%%{i)i%l%@ﬁ?lz@ m%gﬁé@@ksmw&@nbm% 217- 4893 of
Shade et al., J. |roI 1988%) 58: 921- 936. seguence degbct ed contai ns

the parvovi r FerEsponding sequepssdion isplein CHERAT: Kigurs e EMPIOdRdpHes NS1, VP1

and VP2,  pl usod bﬁmr@@a&ue&e fdRfsolate gﬁu.@m?tga}eeg (SEQUBNES$9) ifheur es 5A (SEQ
| D NO 24) and 5B QI D NO 25) show_t he 30 nucl eotide and protein

sequences, r e%EW?V&ngQ“F?CGl@PB‘df%?/?H%Z E'fl&'ée Y GFQ D NO20) igtheo7 Novenber
2005 - 15 correspondmg sequence from isolate CH64-2; and Figure 2U (SEQ ID NO:21) is the

corresponding sequence from lsolate CH67-2.

Figures 3A-3C (SEQ ID NO:22) show a sequence for the approximately 4.7
kbp PCR fragment shown in Figure 1 from parvovirus B19 clone 2-B1. The sequence
is a 4677 nucleotide fragment corresponding to nucleotide positions 217-4893 of

20 Shade et al., J. Virol. (1986) 58:921-936. The sequence depicted contains the
parvovirus B19 full-length open reading frame which encodes NS1, VP1 and VP2,
plus additional 5' and 3' untranslated sequences.

Figures 4A-4C (SEQ ID NO:23) show a sequence for the approximately 4.7
kbp PCR fragment shown in Figure 1 from parvovirus B19 clone 2-B6. The sequence
25  is a 4677 nucleotide fragment corresponding to nucleotide positions 217-4893 of
Shade et al., J. Virol. (1986) 58:921-936. The sequence depicted contains the
parvovirus B19 full-length open reading frame which encodes NS1, VP1 and VP2,
plus additional 5' and 3' untranslated sequences.
Figures 5A (SEQ ID NO:24) and 5B (SEQ ID NO:25) show the NS1

30  nucleotide and protein sequences, respectively, from parvovirus B19 clene 2-B1.

10




Fi gures 6A (SEQ ID NO 26) and 6B (SEQ I D NG 27) show the VPI  nucl eoti de
and protein sequences, respectively, from parvovirus B 19 clone 2-B 1.
Figures 7A (SEQ LD NG 28) and 7B (SEQ I D NG 29) show the VP2 nucl eotide
and protein sequences, respectively, fromparvovirus B 19 clone 2-B 1. 5
Fi gures 8A (SEQ ID NO 30) and 8B (SEQ I D NGO 31) show tdreNdMamBerno@d eot i de
and protein sequences, respectively, from parvovirus B 19 cl one 2-B6.
Figures 9A (SEQ ID NO 32) and 9B (SEQ I D NG 33) show the VP 1 nucleotide
and protein sequences, respectively, fromparvovirus B 19 cl one 2-B6.

Fi gures 10A (SEQ ID NG 34) and 10B (SEQ I D NO. 35) show the VP2 10
nucl eoti de and prot eﬁ‘ﬁ“"s‘é&féﬁ@ggy@{@ GERYD NQ-girshosi oVt us B 19 ¢l one

2-B6. Figures pudedtiddundy@keid sehundeSTopecivdNBobdmi 6Yind 8N clond A Sequences.
fromvarious parvovirus B 19 isol ates | include sequences correspondi ng

g whi ch d
to nucleotide posi tH@Hs 70488 HENE:25) andifB (BEQ WA N7 sheydbg¥horme descri bed
in Shade et at. puclkotidd @ protein séBfes, 28pRBilely) &#6m(phRBvike B 19Blohd ABIENt frOm

Figure 1). Figure 11A (S 5 1 62), 1St correspondi ng sequence from
i sol ate CH80-1; Fi gﬁgé'geigg (%l%%é Nggo)\iﬁ%jég)(sﬁgﬁ? Ng’ftlbf‘hr"@(s‘b"ot?[n%i ng sequence
fromisol ?t e CHi TeatideEié?ptbeinkb@ex(csg@sﬂ)d&iveilﬂ%baﬂv?vihbﬁgigbﬁeeﬁp@ tnﬂi ng
sequence fromi sol ate -4 Fi gur _ . is e
correspondi ng sequeﬁi@é"ef ?g%é%@ Iggé’gﬁi‘ggéﬁ%é%ﬁpgﬁ}%‘ow "II‘%?(ISEQ ID NO 66)
"i's the correspaiudiestijie apipreniacequeag, resmchtely, BdA phkdridis BRI goea-B6.1 F ( SEQ | D
20 NO 67) is the cogres dj ience. from.j.sqlat 19 -3; Figure 11G
(SEQ ID NO68) is wgre%ﬁ%Qﬁgﬁwgﬂggﬁﬁa@bﬁﬁaﬁﬁe&%tﬁ%ﬂagsqs-z; |
Fi gur e 11H10SEQutiBvtidblaadgfidtein Seqiidteess eespeetenNflorm gars@dueB tEclée@rBd. sol ate B
19SCL6-2; Figure I1). (SEQ iy . S i,ng sequence from
sz, Fhaure | hak St Bl dudbea NEB A9 SREBNADRMBELIRRC
sequence from iveidw@pav8id9BCLisI&es WiiguindudelséqubrSECoBspandifddb riddledtide t he
correspondi ng J f i.s0l . B 9-1;. Figured |l (SEQ.LD NO 73)
is the corres p%ﬁ%&oﬁgE%ésd%g%tletﬁefprag&r%%ﬁmssﬁ g%m@’félgc&lg- g" S':]—aldﬁﬁtrag’ }E{)Wf’l( SEQ I D
NO 74) is the (EBOESF3hABM(Ehes/80 be fragmehnt foom Figuled). eFiBTOBA(SBQAD Figure | I N

Fou e 1107 (SE TR SORpiaRIRREHAEIAECHEOT FaRNS RO || L
Bl 9SCL12-1; Fi §i%@®) BOhelcbRepSHED gl sByuei@e Tip)n isalate GHI borhigspblfdSEQ IPequence from
isolate Blgsa—iﬁ%’:&ﬁ) istte corresponding sequence from isolate B19SCL1-4; Figure 11D (SEQ ID
NO:65) is the corresponding sequence from isolate Bi9SCL2—1; Figure 11E (SEQ ID
NO:66) is the corresponding sequence from isolate B19SCL3-1; Figure 11F (SEQ ID
20 NO:67) is the corresponding sequence from isolate B19SCLA4-3; F igure 11G (SEQ ID
NO:68) is the corresponding sequence from isolate B19SCL5-2; Figure 11H (SEQ ID
NO:69) is the corresponding sequence from isolate B19SCL6-2; Figure 111 (SEQ ID
NO:70) is the corresponding sequence from isolate B19SCL7-3; Figure 11J (SEQ ID
NO:71) is the corresponding sequence from isolate B19SCL8-2; Figure 11K (SEQ ID
25  NO:72) is the corresponding sequence from isolate B19SCL9-1; Figure 11L (SEQ ID
. NO:73) is the corresponding sequence from isolate B19SCL9-9; Figure 11M (SEQ ID
NO:74) is the corresponding sequence from isolate B19SCL10-2; Figure 11N (SEQ
ID NO:75) is the corresponding sequence from isolate BI9SCL11-1; Figure 110
(SEQ ID NO:76) is the corresponding sequence from isolate B19SCL12-1; Figure
30  11P (SEQ ID NO:77) is the corresponding sequence from isolate B19SCL13-3;

11




07 Novenber 2005 Figure 11Q (SEQ ID NO 78) is the corresponding sequence
fromisolate B 19SCL14- 1.; Figure 11R (SEQ ID NO 79) is the corresponding
sequence fromisolate B 19SCL15-3; Figure 11 S (SEQ ID NO 80) is the
correspondi ng sequence from isolate B19SCL16-2; Figure 11T (SEQ I D NO 81)
is the corresponding sequence 5 fromisolate B 19SCL17-1; Figure 11U (SEQ
ID N0 82) is the corresponding sequence fromisolate B7P¥3ERb80% Figure
11 V (SEQ ID NO'83) is the corresponding sequence fromisolate Bl 9SCL19-1;
Figure 11W(SEQ ID NO 84) is the corresponding sequence fromisolate
B19SCL20-3; Figure 11X (SEQ ID NGO 85) is the correspondi ng sequence from

i sol ate B19SCLZHigde 1) BB NO.Ys)iShcdrispdadiNEs&dnck ﬁoﬂl%ﬁ}\%ﬂ%l%@ﬂpﬁdi ng

ce fromisolate 2-11: Figure | IZ (SEQ 1D NO Is the .
igﬂjggpondi ng s‘égtﬁaﬁc‘é.ﬁ?@‘g&% NG Ry is ths comespondingsequens fram isglate SEQ | D NO: 92)
depi cts an exerpivgCy1SEIURRCH STEBOTMIONED) Alhe do%s%BDlgit%kg gle@g},%;ﬂon(_l C%i gﬁno?g

i cri
the | nvent] on TP HECTdE2Rown LHYSERIANGRY &bt exresronineiaghoge " unl oss
Fecombi nant | DNA L echis aues amt B oy ot e e art. such
ggggmjlnggt a%@ﬁcﬁgﬁgﬁg‘ﬁﬁgﬁﬁgﬁ%'ﬁﬁg‘ﬁf’e‘F%@.N@@é),is theg. | _Fundameht al
Virol ogy, 2nd kotdspanding\é@juenck ﬁ&nlﬁorl]aé%igls_cEirl]@hﬁag?@dnﬁQs@gMN%Smpfé',d_ tedg.ng;
A. L. Lehni nger, Bi ochenistr rt ubl i shers, Inc., current. addition);
Sanbr ook, etg afbe,COWP%@mgéF‘}/"ﬁgc\ég?ﬁ‘d@hAe BLISGLA031 iswa b IR SEQRINGEP) | on,
1989); Met hodsisltmedﬁrrzgpﬁmdimggeqn(eﬁcefﬁh{M@Bl%@ﬂB;'&ﬁigﬁ@Yig{g H)Ag\agem ;3 |
; i i i . i e X ractica
Gt de' to M echPA R tsstitencs o Sole FTIRCI B4 FEHa 12 €6 QUsed |
B hew | nch utle: RhnE Al Eot o o hol e L ha contene o ear Ly i ot atee
and "the" include g . . . .
ot herwi se. Thus, f%lr'gué%(gzncgﬁéﬁbﬁye&‘%)gﬁ’é ?‘bem‘é{ﬂﬁ'é’r‘fﬁ"ﬁéﬁ'ﬁof‘h@ a mxture
of two or noristeant ¢ogarol(]C)amdbd degvddifardarg@Q@apkine afiddchyificiignan no aci d
abbrevi ati ons are used throughout the text: 12

15 Detailed Description of the Invention

The practice of the present invention will employ, unless otherwise indicated,
conventional methods of chemistry, biochemistry, recombinant DNA techniques and
virology, within the skill of the art. Such techniques are explained fully in the
literature. See, e.g., Fundamental Virology, 2nd Edition, vol. I & II (B.N. Fields and

20 D.M. Knipe, eds.); A.L. Lehninger, Biochemistry (Worth Publishers, Inc., current
addition); Sambrook, et al., Moleéular Cloning: A Laboratory Manual (2nd Edition,
1989); Methods In Enzymology (S. Colowick and N. Kaplan eds., Academic Press,
Inc.); Oligonucleotide Synthesis (N. Gait, ed., 1984); A Practical Guide to Molecular
Cloning (1984).

25 _

It must be noted that, as used in this speciﬁcation and the appended claims, the

singular forms “a”, “an” and “the” include plural referents unless the content clearly
dictates otherwise. Thus, for example, reference to “an antigen” includes a mixture of

two or more antigens, and the like.

30 The following amino acid abbreviations are used throughout the text:
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07 Novenber 2005 Alanine: Ala (A) Asparagine: Asn (N) Cysteine: Cys (O
GQutamc acid: Qu (E) 5 Hstidine: His (H Leucine: Leu (L) Methionine:
Met (M Proline: Pro (P) Threonine: Thr (T) 10 Tyrosine: Tyr (Y)
Arginine: Arg (R) . Aspartic acid: Asp (D) dutamne: Gn (Q dycine: Ay
(G Isoleucine: lie (1) Lysine: Lys (K) Phenylalanine: Phe (F) Serine:
Ser (S) Tryptophan: Trp (W Valine: Val (V) 1. Defi f7&Nos#oer#0®escri bing
the present invention, the following terns will be enployed, and are

i ntended to be defined as indicated below. 15 The terns "pol ypepti de" and
"protein” refer to a polyner of amino aci d residues and are not linmted to

a mni mum | ength of thegprody Thus, | i gopepti des, diners,
mul timers, and the like, ar e ?gﬁ,}l uded WI |n t%g(ggfl nition. Both

full-1ength proteins aASPafatg@ghtqnt(@) t her ebfpaitie eciérfspiPhssed by the

definition. The terns ;gte?& b de postErRhGRSEARQpPdi fications of the
pol ypepti de, for exanple, cosgl ation, acetylation, phosphorylation

and the |i ke. Further n@'r“@nﬂ‘f%ﬂfd Flr(Bbses @cing: By esent invention, a
"polypeptidg" refers tgaqiRd: @iqif Wi Ch kddakda

Leucine: Leu (L) Lysine: Lys (K)

Methionine: Met (M) Phenylalanine: Phe (F)

Proline: Pro (P) Serine: Ser (S)

Threonine: Thr (T) Tryptophan: Trp (W)
10 Tyrosine: Tyr (Y) Valine: Val (V)

L. Definitions
In describing the present invention, the following terms will be employed, and
are intended to be defined as indicated below.

15- The terms “polypeptide” and “protein” refer to a polymer of amino acid
residues and are not limited to a minimum length of the product. Thus, peptides,
bligopeptides, dimers, multimers, and the like, are included within the definition.

Both full-length proteins and fragments thereof are encompassed by the definition.
The terms also include postexpression modifications of the polypeptide, for example,

20  glycosylation, acetylation, phosphorylation and the like. Furthermore, for purposes of
the present invention, a “polypeptide” refers to a protein which includes
modifications, such as deletions, additions and substitutions (generally conservative in
nature), to the native sequence, so long as the protein maintains the desired activity.
These modifications may be deliberate, as through site-directed mutagenesis, or may

25  be accidental, such as through mutations of hosts which produce the proteins or errors
due to PCR amplification. '
A parvovirus B19 polypeptide is a polypeptide, as defined above, derived from
a protein encoded by thé B19 genome, such as from the nonstructural proteins, NS1

and NS2, as well as from the proteins which form the viral capsid, VP1

13




nmodi fications, such as deletions, additions and substitutions (generally
conservative in nature), to the native sequence, so long as the protein
mai ntains the desired activity. These nodifications nmay be deliberate, as
t hrough site-directed nutagenesis, or may 25 be accidental, such as t hr ough
mut ati ons of - hosts which produce the proteins or errors due to
anplification. A parvovirus B 19 pol ypeptide is a poIQﬁéBYWﬂ§”2%§ defi ned
above, derived from a protein encoded by the B 19 genonme, such as fromthe
nonstructural proteins, NS 1 and NS2, as well as fromthe proteins which
formthe viral.capsid, VPl 13 07 November 2005 (approxinmately 781 am no

Repr esent at | ve qETmADy [ELRIAR SRR oI Ao ARAED S amnBBAIN . ¢ o
herein. The pollsngéptRapecserdasive NSt VG aphYE? @ahdnyeSdaerdemetstdflrlbgmgeﬁrMbV| rus B
19, but may  DeSniiesdiibde el Jﬁ@fff@*&pﬂhé&%@ﬁ&ﬂg&&simwﬁﬁ&%ﬁ@aylt he

pol ypeptide may be 5 rom an € vari ous parvovirus :
strains and i sbf améstically puaetrebinafitly prodvsest Meaearpithe polypdplide magicons are known

bet ween t he§e ?&rfv@ﬁ BSm 01i tﬁ@&aﬁB&}SQQQrus ‘B9 stga%edfl se)la!.tegl €A ﬁﬁﬂxﬂl,?o@c' d

sequences of, for exanple, epito erived fromthese regions will have a
hi gh degree of C@@ﬁt@r@@évmhblrﬁmpsarékgown@t‘ﬂqqmﬂlamSttalsﬁeqdemﬁeesaMIml ogy of
more than 30% oDeaf #eahlijo LR EqR@lot Ry Mopkt %e s are 10
aligned. Thus, for efarrf) sqete?n VF”‘aWBES ept ?Qgcgto native

VP1 from any ®plopneilhhayg rblugh frareg of/seanpacefiomg ogy,rea,ﬁsmmdlduswms es. The
conpl ete genotN&%@%@mo&q%%@%?&efe%ly%e @1&%%,%9}; R§o é%gTeH&QXreparVOV' rus

B 19 strains and isol ates are novm“ ) J ViroL
(1986) 58:1821-dwped Ehns, fo5eKample thefgrm VEI mlwsptxmfmasnam@w)frm 203- 211.

Mor eover, epi té?xp%ﬁthf: K/Q'muﬁ)%[rv thd B s%aﬂa?a[ﬁ%o'la‘{e%dﬁl é)ie?’e %eﬁ&?&s L&gi ons are

al so known See, ) Pat ent No. 5, 7; er hat i onal
Publ i cati on No‘seqwegiqfﬂz%gve PTofeing fmpgy P*EYPJF%Bl%ﬁ‘FGmS prdkigglates apeef er t o

bi ol ogi cal | y agbw¥.esddes. gvg{aua/&m of vibre19des 58500838, GRlRAH &, LYibl agnent s of
such derivatives, ‘that retain desired activity, such as inhunoreactivity

in di agnostic %@%Q”?“W@Qﬁéﬂblh’mﬁﬁ‘@f eaifopes feorppastpvirpel By dsrived fxmn conpounds

having a nati \RespRbivRent bECIRRAUSES 820 S, BltdkNb W, B6o\hl;in@ RferRfiof@r €  am no
~acid additi onsp substitutions 2((Sgener afl |l y conser vative in natur e) and/or
del eti ons, ublication No. WO 91/12

The terms “analog” and “mutein” refer to biologically active derivatives of the
reference molecule, or fragments of such derivatives, that retain desired activity, such
as immunoreactivity in diagnostic assays. In general, the term “analog” refers to
20 compounds having a native polypeptide sequence and structure with one or more

amino acid additions, substitutions (generally conservative in nature) and/or deletions,

relative to the native molecule, so long as the modifications do not destroy

immunogenic activity. The term “mutein” refers to peptides having one or more

peptide mimics (“peptoids”), such as those described in International Publication No.
25 WO 91/04282. Preferably, the analog or mutein has at least the same immunoactivity
as the native molecule. Methods for making polypeptide analogs and muteins are
known in the art and are described further below.

Particularly preferred analogs include substitutions that are conservative in
nature, i.e., those substitutions that take place within_a family of amino acids that are

30  related in their side chains. Specifically, amino acids are generally divided into four
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relative to the native nolecule, so |long as the nodifications do not ,
destroy immunogenic activity. The term"nutein" refers to peptides having
one or nore peptide mmcs ("peptoids”), such as those described in

I nternational Publication No. 25 WD 91/04282. Preferably, the anal og or
mutein has at |east the sanme i Mmunoactivity as the native nol ecul e.

Met hods for making pol ypeptide anal ogs and muteins ar &7 Nexgohet 290 he art
and are described further below. Particularly preferred anal ogs include
substitutions that are conservative in nature, i.e., those substitutions
that take place within a famly of amno acids that are 30 related in

their side chai ﬁ&ili@%?ﬁﬁ&&abépﬁat@dﬂd%ﬁltﬁf&ieg@) BdsR -OR SRS, adgininediiidgied i nto
four 14 07 Novenber 2005 famlies: (1) acidic -- aspartate and gl utamate;
(2) basic -- |ySREPoky gichnie valesiencienisoleucing)profimg.-phgviglanine, g| ani ne,

val i ne, | euci nemethBfihé 4optBihan;ALO4) BharpliRNAk AlgBRING GspardPile HIRRWAS,

trypt ophan; and 24%] uncharged polar -- glycine, asga%ra i ne, gl utam ne,
cyst ei ne, seri n® EHPSTHE HECoNNe O A% Pheylilapng tomiopkan. Idy¥eoassh, and
tyrosine aré 5 saekhdsRRSsifddas sbinb@tniso R1d0RrefanPl¥, 1G5 @GbEASY For exanpl e,

it i's reasonably ,.predjctable that an isol ated repl acenment of |eucine with
i sol euci ne or \}%/l‘fq“ﬁ”é’,ﬁ’ tg"r'ian'ziglbtﬁ‘a ‘Eeg]f“ée“(ﬁ“tqz%él“@? ‘ﬁ‘lﬂh‘ﬁ‘ﬁf"@,‘“&r YiPedRine with a
serine, or a Siaspdrtat withagRfatate] ¥@reokiRPWACLIHR, 0O simNarabisBRatdel d Wi th a
;structurally rel ated Lno acid,, will not have majar effect on the

bi ol ogi cal act irﬂgfpﬁfcfﬁ"e’gg};m ‘g,w‘?’ﬁétrb%‘f’?géﬁlﬁf’%%m‘&? a?‘?’?t"@ﬁ E%‘ﬁ‘aYFef‘y 10
include up to atmpurkeffatddthe binkekalattivitg. Pér eRiiple; 3 PNy petidy 6f iRtbleft@uagtCi d
substitutiqgs, ;or ;. even, up tg about. 15-25 conservative %r‘pfn:conservative
ami no aci d subSTTYGHR 880U 310 CURTVIIYE QP -cRRPIALS 2Bunpcid SybsIKans,or 'y o
desired functi evenab td dbeutnil2é conservitdmar mm-consatvaiite. amveaciif sulsskitukibns, 6r t he art
may readily determ | QN f. the nmol ecul.e of interest that can tolerate
change by refe%§%@%Q%8&§%%§?%%§’8m%ﬁém?§?ggﬁﬁ%?¥ifﬂg “%?5???wwell known
in the art. By utictDrmto€ekill inghewztamdy, readiie deterafiremregiong of the mopollypiept i de, t hat
t he indicated ; l e i e ' f en e organi sm
W th whi on. ¢ ne tareascd bl ERHELT ARGl AR Aol ARG

subst ant i al> abpletsceelidhown lnghe 431. ol ogi cal nmacro- nol ecul es of the sane type.

Th "isol d"g W i€ i - | ei id
e term"isolate Bymstgpteﬁe§%% ‘L*%ﬂ?‘fﬁﬁg%@‘é@é@ﬂ%{"gﬂﬁg}aﬁh@'ﬁ%@ﬁ’C ei c aci

nol ecul e devoid, in e or part, o r y assoclated with

molecule is separate and discrete from the whole organism with which the molecule is
found in nature or is present in the substantial absence of other biological macro-
molecules of the same type. The term “isolated” with respect to a polynucleotide is a
20 nucleic acid molecule devoid, in whole or part, of sequences normally associated with
1t In nature; or a sequence, as it exists in nature, but having heterologous sequences in
association therewith; or a molecule disassociated from the chromosome.
A polynucleotide “derived from” or “specific for” a designated sequence refers
to a polynucleotide sequence which comprises a contiguous sequence of
25  approximately at least about 6 nucleotides, preferably at least about 8 nucleotides,
more preferably at least about 10-12 nucleotides, and even more preferably at least
about 15-20 nucleotides corresponding, i.e., identical or complementary to, a region
of the designated nucleotide sequence. The derived polynucleotide will not
necessarily be derived physically from the nucleotide sequence of interest, but may be

30 generated in any manner, including, but not limited to, chemical synthesis, replication,
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it in nature; or a sequence, as it exists in nature, but having

het er ol ogous sequences in association therewith; or a nol ecule
dtsassociated fromthe chronmosone. A pol ynucl eotide "derived froni' or
"specific for" a designated sequence refers to a polynucleotide sequence

whi ch conprises a conti guous sequence of 25 apprOX|nateI | east about 6
nucl eoti des, preferably at |east about 8 nucl eotides, @m$¥8W§rably at

| east about 10-12 nucl eotides, and even nore preferably at | east about
15-20 nucl eoti des corresponding, i.e., identical or conplenentary to, a

region of the designated nucl eoti de sequence. The derived pol ynucl eoti de

w Il not necessaril eriv Sic fr ucleotld equence of
interest, but n&YD transé;ﬁp b"é‘r?éga‘ts‘pra’yf’“ ¥ CLYS ﬁ hel THACREC VT (fbynot
limted to, c hethe mqhensq/asﬂbh:e:s inghe negp:h(s)(fmtn watich tm5paﬁxubbmmb@den2@0%sr everse

transcription or transcrl ased on nf or ion provided
by the sequenceldth‘t T SES B e'ﬂﬁmsretlalsge’lO(r)”‘rtm?l FF oM agorh(’tlﬂf? Onﬁn“‘fil;nucl eotide-is

derived. As syolynudltotiday represent either a sense or an antisense

orientationcof the nal uc eotlde ref.ers to the
percent si m5I arity g%?ngo‘ {Jt’ers% r?ﬁcgt “t“f‘ﬁ‘éf ctweerfrero p%)é'lnudeon TY9e noieti es.

Two DNA, or tvvawppblympctqrdraetseqhmmh’e @rteo pd’lmbtsdeann'(ueadek yrehom)l ogous" to

each ot her when the ) hi bj t | east about Q% sf & ably at
Feast about " 7o oHEnBRAGRGSEPI kR bl el 8RB qupl LY
| east about QOWVoamcbfqnmxatpﬂaefamuaN% natre;bre&sblyabbma@ﬁ%@@%%equence 10

simlarity ove preer ﬁ%ﬁ ined éa]L&R%/h b m%%lgregeg%b?fétlleeﬁt ab 95‘?:,99%A,hs "%qeé L

substantially agous so refer ences s e identity
to the spetffi eldllmovmqgﬁmeﬂlb@pﬂlm&wmbfuécﬁc@s ulserdlg@neswstanﬁalldentl ty"

refers to an eﬁ%ﬁ&?%ggﬁf}efeg%? Leg}[l gslsﬁwth%&in%eé%q}xg?y to%?é ecttﬁ)ed%ﬂl O acid

correspondence ynuc es or € sequences,
respectively. P@Qb@ﬁmﬁﬁedm@‘mt:y can be deternined by a direct corrparl son of

t he sequence infor rm%&%%er e %Eﬁgs{}%‘g&m‘&&“ﬁ toaddcg ({gg,r soSequences,

counting the exact natc tween t he tmo g sequences,
di vi di ng by t h#cid-oragipe acatcmorytqmeméﬁvos@wwwdesmaolmm plegienerst he resul t

by 100. Reedl | s U@ ey bR e TR Bn BRIUOSHARS 15308 HiSfisdorded 10 the

anal ysi s of
sequence information between two molecules by aligning the sequences, counting the

exact number of matches between the two aligned sequences, dividing by the length
of the shorter sequence, and multiplying the result by 100.
Readily available computer programs can be used to aid in the analysis of
20  homology and identity, such as ALIGN, Dayhoff, M.O. in Atlas of Protein Sequence
and Structure M.O. Dayhoff ed., 5 Suppl. 3:353-358, National biomedical Research
Foundation, Washington, DC, which adapts the local homology algorithm of Smith
and Waterman Advances in Appl. Math. 2:482-489, 1981 for peptide analysis.
Programs for determining nucleotide sequence homology are available in the
25 Wisconsin Sequence Analysis Package, Version 8 (available from Genetics Computer
Group, Madison, WI) for example, the BESTFIT, FASTA and GAP programs, which
also rely on the Smith and Waterman algorithm. These programs are readily utilized
with the defauit parameters recommended by the manufacturer and described in the
Wisconsin Sequence Analysis Package referred to above. For example, percent

30  homology of a particular nucleotide sequence to a reference sequence can be ' .
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20 honol ogy and identity, such as ALIGN, Dayhoff, MO in Atlas of Protein
Sequence and Structure M O Dayhoff ed., 5 Suppl. 3:353-358, National

bi onedi cal Research Foundation, Wshington, DC, which adapts the | ocal
honol ogy al gorithmof Smith and Waterman Advances in Appl. Math. _
2:482-489, 1981 for peptide analysis. Prograns for det@rndweinbg 2005! eoti de
sequence hompl ogy are available in the 25 Wsconsin Sequence Anal ysis
Package, Version 8 (available from Genetics Conputer G oup, Mdison, W)
for exanple, the BESTFI T, FASTA and GAP programnms, which also rely on the

Smth and Wat ernan_al gor.i t These prograns. are readily utilized wth the
defaul t par anet g?tg‘mplg%mﬂlghgngggyt n%ﬂ?ﬁﬁ‘é‘?ﬁﬁdewatﬁﬁ‘&i‘“d‘é@éﬁ%gﬂ in the

30 homol 0gy of & par Ll ar ek ent o cequahce To a1 ef of ence Sequence. can
30 honol ogy of a pargicul ar nucl eqt. S . _ _

be 16 07 Novenber 2d%‘?%ﬁé'?‘gp?#%ﬁﬁ%ﬁwcf%‘étiﬁ’(’j‘ﬂjﬁ%‘wh%ﬂoﬁﬁﬁqﬁﬁf’@FenSm th and
VAt er man wi t h ainteftanlstto u@@?rmmf@c@gaﬂﬂbragrmopﬁ@{e]ﬁ%yﬂfe.[ﬁﬁvtérﬁﬂygljﬁ?te |X fle
posi tions. ot her .. net ho t shin cen 0 ogy.in e

pootLLome, A0t BRSO Rl Ak MURREGESTL HBD SRR Llg oM
copyrighted by InkﬁéliClE(dmetine,(rjImd(Mo@angiE‘ng@ub ngi’xl:[; thﬁﬁynge&???tggsbyt&gbﬁthl(zmﬁlt ;: 25
and Shane S. St n istribute i Gen , .

View, CA). Fr omwa%ﬁ%msaﬁof'%mocf“ E’)%e iog}'g%w%{%%(ll%fﬁ%tpﬁm“ﬁﬁfs&erfﬁ?p g&T Gorithm can be
enpl o?/ed wher e ﬁetetﬁrm,tilltlel: @areaamﬂg Egap @empenflecbf;‘mjrqgap gbﬁensiﬁﬁpg:can%%ﬁeoaagg(é (fgr gap
"exanpl e, gap op 0 a « 2,

of six). From tfégip gg%@ g:gor?etr_%%%%gegﬁrgtﬁ%ﬁf@%mg vvﬁr eéeﬂ"‘ét%lls&‘leg"“ sequence 10
honol ogy. " 16 hé&on@lpgr-atﬂ’téerpmtaglueamsramsforcadl:mi;gthemgr_cedn?iﬁpﬁy ?ed*itht lflmrd}egi ; % I gr
simlarit betpagsl r. Wi own_i ar. ,
anot her a?/i gnnent Q%%ggérdgér%%}%?e%ﬁ% ,(Q)ﬁlslgk ey?nﬁ th dgerau ‘%"°§‘5‘ra£ﬁ%‘1”é‘? s. For
exanpl e, BLASTNregrin is BILAST Pusedavitlhéefayl earametens gFértvgarfié, BRAISAY adéf aul t

arameters: gengty =Sl et gl = X rand = both; cutoff
i 60; expectgziﬁdggﬁﬁ/g%?%xusi BL%%V\%E);‘”%C%EEB??%%%%&EC SSeiiidibes: sort
by = HI GH SCORElterzpeassyant <bothy uteEd Gicaprct = 1GMeBinTkBLOEWBIG2;+ DDB) + PDB +
GenBank CDEs t 1 BISkiBERES0 Lol bl (B-SIGH S CORMANBEred - EbReallih | S Of

at the fol address:

t hese prograns can be found oW ng I nternet

htt p: / / ww. ncbiOeatk gdiMRlgt DIRBA BIDRSTGenBank CDS translations + Swiss protein +

Spupdate + PIR. Details of these programs can be found at the following internet
address: http://www.ncbi.nlm.gov/cgi-bin/BLAST.

Alternatively, homology can be determined by hybridization of

20 polynucleotides under conditions which form stable duplexes between homologous
regions, followed by digestion with single-stranded-specific nuclease(s), and size
determination of the digested fragments. DNA sequences that are substantially
homologous can be identified in a Southern hybridization experiment under, for
example, stringent conditions, as defined for that particular system. Defining

25  appropriate hybridization conditions is within the skill of the art. See, e.g., Sambrook
et al., supra; DNA Cloning, supra; Nucleic Acid Hybridization, supra.

“Operably linked” refers to an arrangement of elements wherein the

components so described are configured so as to perform their desired function. Thus,

a given promoter operably linked to a nucleic acid sequence is capable of effecting the

30  transcription, and in the case of a coding sequence, the expression of the coding
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Al ternatively, honology can be determ ned by hybridization of 20

pol ynucl eoti des under conditions which form stabl e dupl exes between

honol ogous regions, followed by digestion with single-stranded-specific
nucl ease(s), and-size determ nation of the digested fragnments. DNA
sequences that are substantially honol ogous can be 'Qﬁ@&k&m§92MB a

Sout hern hybridi zati on experi nent under, for exanple, stringent
conditions, as defined for that partlcular system Defining 25 appropriate
hybri di zati on conditions is within the skill of the art. See, e.g.,
Sambrook et al., supra; DNA Coning, supra; Nucleic Acid Hybridization,
supra. " Qper abl sgqientueaiidn thie@tdpestranttripiondidicis) 8RTBRprdént ETRIROhSterM&y €1 N the
conmponents so de§ ri bed areﬂwgnfl ured so as to performtheir desired

function. Thus, % GFERUHYEHEE BIclaidseAuGace Sﬁll‘é’& ap § fupcions tadicectths d

sequence i s capblcsipd aBl/bespieBibutthReor Sthub [N Shp B i@ eniAd hirafbididye case of
a codi ng sequencetr t h %fx ression of the coding 17 07 Novenber 2005
sequence when tfg %‘FC&E YEREFS €31 G5PreoTRt ?%TCBFI? prospeter seqyepcedpdtient . The

pronot er negd cﬂdlhgibﬁudh&’lhs@kiﬂui‘&;cx\meﬁ Ihtrbh arliiRd RbBioBLIcquchELdR Mfve SO | ONg as
it functions to di scri tI,OI’l and/ or expression thereof. Thus,
for exanple, .ﬁ?@}%@ﬁ.%@raﬁmlw%%&t%%go Mg SEAUEHEnscri bed sequences can be
present between the“mbmmﬁaar’aseq:ua&@lﬁtﬁ&&b@n&l&@ﬁ@ﬂoﬁ&%&ﬁ%@a as can
transcri bed |ntoons ‘E?dft eF‘E 01252 e can still be -considered
"operably | i nkBHYElOYITSt BEEMyC ‘éu"é‘i“l gemmt %B?%WF”‘C%‘W@ Bérein to
descri be a nucVigiueotitiotiginor eanibativaanmt asocmﬂdwﬂththll%ehb&ﬂo@éftg@nom C, CDNA,
viral, se yn thet.ic origi.n virtue of its origin
or mani pulniaot'S i 0%1?& eos f‘f%glvs@‘&qﬁwgt'ge‘ﬁaﬁ”f%‘%éﬁ‘ Pat't‘fF ghep"t‘)‘%{’l eI ARt s used

pol ynucl eot i dewith tebpemhoabrqtdm orpobypeptide mtamela polypeplidt pRodutbibbyteRprdtsion

ool voopt 1o prSdiEREbims ek nkdSREE m ke Bttt il bl fibensdlior ce. - |
general , the genessdin tmlsfnm organieth aedbsaibeld fufthet belewp Mas hdtorgahisnt ansf or med
organi =, oo A5Aek UL bl BORGUGRL SE AR i 20002 1
"control dPement” Aetearwml ¢lement b@fe;snmebﬂyxtunkdﬁlc&eegum@mdmmb irthels i n the
transcri i on @Atk hARSLALAAM £ 1 QHEL ERILAS, SERECRLD yhi oh 11 i<

| i nked. The terminc es pronoters Fansce ptron sequences,
upstream r egu|tmp<§)udes promoters, transcription termmatlon sequences, upstream regulatory

domains, polyadenylation signals, untranslated regions, including 5'-UTRs and 3'-
UTRs and when appropriate, leader sequences and enhancers, which collectively
20 provide for the transcription and translation of a coding sequence in a host cell.

A “promoter” as used herein is a regulatory region capable of binding a
polymerase and initiating transcription of a downstream (3' direction) nucleotide
sequence operably linked thereto. For purposes of the present invention, a promoter
sequence includes the minimum number of bases or elements necessary to initiate

25  transcription of a sequence of interest at levels detectable above background. Within
the promoter sequence is a transcription initiation site, as well as protein binding
domains (consensus sequences) responsible for the binding of RNA or DNA
polymerase. For example, promoter may be a nucleic acid sequence that is
recognized by a DNA-dependent RNA polymerase (“transcriptase”™) as a signal to

30  bind to the nucleic acid and begin the transcription of RNA at a specific site. For
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domai ns, pol yadenyl ation signals, untranslated regions, including 5 -UTRs
and 3'- UTRs and when appropriate, |eader sequences and enhancers, which
col l ectively 20 provide for the transcription and translation of a coding
sequence in a host cell. A "pronoter"” as used herein is a regulatory

regi on capable of binding a polynerase and initiating transcription of a
downstream (3' direction) nucleotide sequence operabl Nol"?m@ﬁz&ﬁereto. For
pur poses of the present invention, a pronoter sequence includes the

m ni mum nunber of bases or el enents necessary to initiate 25 transcription
of a sequence of interest at |evels detectable above background. Wthin

t he pronoter setiéing udhSradsctiptaiesSganerplly require DINA wlitloi dsublesstrasded wthd  as
protein binding domains .rgc nsensus se uen(gﬁsi% respon ipl eltor t he bi ndi ng
bf RNA or DNA ~BUTHePRGNNE fepomgarisRiEtcespdieup Rty Be CHPRIPECE aci d
sequence that i @equeme toeitzasdribyd) AceDhit-bel dpdiechenideRNAd P aluyl DN Aadependent
("transcri ptase’ as, a Si gnal to 30.lgi g.g.f%o Ehe nucl ei ¢ acimd and begin the
transcription o fRRYRFAsES isagnizea varicly of different promefr SiNerces MuCh BVl i g,
such transcri pt askailgateiratficenteqprometiNA whi ch is doubl e-stranded in the
portion conprisjing the onot seqguence .a its conmplenent: .the tenplate
portion (sequegﬁ%‘gm? OI‘DB'{’}E?%E@ ipﬁgg)emﬂeeérc‘fﬁg%%p BB fggﬁ eé“-:eg% an%geed.

| ndi vi dual DNA-whapeiptenthat priviotpatqnenee setspartef tg séqpenca tragcrited.yThok, di f f er ent
pronoter sequengegy .}agsgﬁ%nrogl%@/tﬁﬁgbymplr(lgtdnllc,){uder&bak.Qs Ldnc€f fiCiency in
~pronoting transcription. Ran pol'yherase brnds to a pronoter
sequence to initiatd cottrehsmoerncptdimets tht hatscrjptioniotf e nudentjdesegesnteswiwot part of

t he sequengg tr i hus.,. : ' ! eby will
ot nal uda ot hap s SRR B bl ectele FORG PR BLRAMERCd BB Y, T
of a nucl eoti decgenpgence when 10 RNA or DNA pol ynerase will bind the

pronot er sequence aRdDNk%ﬁé{d%lﬂgﬁ%h%%}?ﬁ&aggqggnemgtﬁ%thégizgm-dependent

DNA pol ynerase" is an enzy esi zes a " conpl enmentary DNA copy
from a DNA t emspaplemenaraRplAccoprfrem HRNAJenplater Bxamples afel i polymerpse Iand

bact eri ophage T DNAPRIYIRERSRage A7 DNARWIENA- SeRRAAGNA hGRMNA POI ynEr ases

require a conplenentary priner to initiate synthesis. Under suitable
condi tions!5a DR erbyTeawsesred DIk cpplmenansering o wifiatelngyhesis. Bnder
suitable conditions, a DNA-dependent DNA polymerase may synthesize a
complementary DNA
copy from an RNA template.
A “DNA-dependent RNA polymerasb” or a “transcriptase” is an enzyme that
20  synthesizes multiple RNA copies from a double-stranded or partially-double stranded
DNA molecule having a (usually double-stranded) promoter sequence. The
RNA molecules (“transcripts”) are synthesized in the 5' to 3' direction beginning at a
specific position just downstream of the promoter. Examples of transcﬁptases are the
DNA-dependent RNA polymerase from E. coli and bacteriophages T7, T3, and SP6.
25 An “RNA-dependent DNA polymerase” or “reverse transcriptase” is an
enzyme that synthesizes a complementary DNA copy from an RNA template. All
known reverse
transcriptases also have the ability to make a complementary DNA copy from a DNA
template; thus, they are both RNA- and DNA-dependent DNA polymerases. A primer
30  isrequired to initiate synthesis with both RNA and DNA templates. -~
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conpl ementary DNA copy froman RNA tenplate. A "DNA-dependent RNA

pol ynerase" or a "transcriptase" is an enzyne that 20 synthesizes nultiple
RNA copies from a doubl e-stranded or partially-double stranded DNA

nol ecul e having a (usually doubl e-stranded) pronoter sequence. The RNA

nmol ecul es ("transcripts”) are synthesized in the 5 t@73ovehs£6dson
beginning at a specific position just downstream of the pronoter. Exanples
of transcriptases are the DNA-dependent RNA pol ynerase fromE. coli and
bact eri ophages T7, T3, and SP6. 25 An "RNA-dependent DNA pol ynerase" or

"reverse transcriptase’ is an enzyme that synthesizes a conpl enentary DNA
copy from an RNA t erfp¥éed]” ipgn enzyamedhat degsadsy the RNAmegtioniohaaB¥A-DNA o0 have t he

ability to makeupleg OriedciBMeanty RNAdGRIEMask BT hulNRes. 18R lRL& thus, they
are both RNA- and DNA-dependent DNA pol ynerases. A prinmer 30 is required
to initiate sy/fPRERESeFRRaR2lineanang BNAse Biplivity axaddition & tbeir Novenber
2005 "RNAse H' pbi§mafscbdyE HbWaler, 38F RS drite AR ROSE LdfathS wididuRNA DNA

dupl ex. These enzynes may be endonucl eases or exonucl eases. Mst reverse
transcriptase BHISHEPORGIRST 194 Vibb nkhs dperadatioapayeresylt st separptiop of RNAddi tion to

their pol yner as@ a&NA:BNWYcomplRYEX RérnatiQbI) She l@l@ﬂe%ﬁaf’gimbt?%uﬁh@ﬁﬁA ¢are
avai l abl e without an 5 assocl ated pol ynerase activity. The degradati on may

result in sepaldPrOACRPnsRER thit pertions afths Rikdamely o prperminenzamesdte ugwing,  t he
RNAse H may si pailiohs6fthe RRR. RNA at  various | ocations such that portions of
‘the RNA nelt off or germ"; enzynes to unwind portions of the RNA. The
terms "pol ynucl eot iig@ems ‘gp Hii% oofigruucleotide,C f'rucleicqeidg andginpcleipyc| ei ¢ 10
aci d nol eddl e"achitmolerad ate@EddihBreindo indRlisISIgolAndR! RS FinGclé s fghnyrucl eot i des
.of any |engt hue gﬁ]iatﬂ%r w nulﬁl eotides or d_eox*rj bonuc| eotides. This term
refers only to the i ‘ijeoé PSLPE deprgrbanugleptidesy This tgrm refers quly o the t er m
ijnclbludes t (rj [ plmhnaxychnu&blegfaadmse'bmgl 'Hruls,ahd’ t&ﬁdlﬁh&gm&ipl@ﬁd%ﬁﬂlel an@Singlel P! eh ,
doubl e- and si | e+ anded RNA. | so,i.ncl ude modi fi cations, such as
by nethyl at i orfiE @N%V Al e ‘i.?H i aEle PEdsgRNG: elsp froludes

pol ynucl eot i denodMizatibngandh a6 Y akthylatidlh@d/oeby@ppipg bydwitddddteld @8ms of the

," ol i gonuc ll? ot ingyhuclcotide. More particularly, the terms “polynucleotide,” “oligonucleotide,”
“nucleic acid” and “nucleic acid molecule” include polydeoxyribonucleotides
(containing 2-deoxy-D-ribose), polyribonucleotides (containing D-ribose), any other
type of polynucleotide which is an N- or C-glycoside of a purine or pyrimidine base,
and other polymers containing nonnucleotidic backbones, for example, polyamide

20 (e.g., peptide nucleic acids (PNAs)) and polymorpholino (commercially available
from the Anti-Virals, Inc., Corvallis, Oregon, as Neugene) polymers, and other
synthetic sequence-specific nucleic acid polymers providing that the polymers contain
nucleobases in a configuration which allows for base pairing and base stacking, such
as is'found in DNA and RNA. There is no intended distinction in length between the

25 terms “polynucleotide,” “oligonucleotide,” “nucleic acid” and “nucleic acid
molecule,” and these terms will be used interchangeably. These terms refer only to
the primary structure of the molecule. Thus, these terms include, for example, 3'-
deoxy-2',5'-DNA, oligodeoxyribonucleotide N3' P5' phosphoramidates, 2'-O-alkyl-
substituted RNA, double- and single-stranded DNA, as well as double- and single-

30 stranded RNA, DNA:RNA hybrids, and hybrids between PNAs and DNA or RNA,

20




"nucleic acid" and "nucl eic acid nol ecul e" include pol ydeoxyribonucl eoti des
(contai ning 2-deoxy-D-ribose), polyribonucleotides (containing Dribose),
any other type of polynucleotide which is an N or C-glycoside of a purine
or pyrimdine base, and other polynmers containing nonnucleotidic
backbones, for exanple, polyam de 20 (e.g., peptide nughevemgsbos (PNAS))
and pol ynorpholino (commercially available fromthe Anti-Virals, Inc.
Corval lis, Oregon, as Neugene) polyners, and other synthetic
sequence-specific nucleic acid polymers providing that the polyners contain
nucl.eobases in a configuration which allows for base pairing and base

- stacking, such 2akal§odnglygskpown{yronef medifiyigns, fpxpraplp.dabsls whicharsdaewn

di stinction in LfAghd nREHMEED “dpe’ sBstibBbAISE onP&! M&Hshﬁ%dnﬂ%ly occurring
"ol i gonucl eoti de, " "nuclei ¢ aci d* and "nucleic acid ecule,” and these

terms will be uBUspofighsafit ﬁ’éﬁ&@éﬂmﬁm"%%m%ﬁ%ﬂoqsé?@rasdﬁq sxamgle, thase pri mary

structur e of thentﬁrmh&&gédamki@ay@,g h{é&%hbﬁihsﬁteh %’Ebéﬁg&nesie?sr exanpl e, 3'-
deoxy-2', PNA ol.i god eoxyrl bonucl eotl hosphor ani dat es,
2' - O al kyI s ubBltoFRhqFAEtdateR K arbamiies ¢ic.). Hith n@aaw@bechéltgﬁ%lﬁ&é@ A, as wel | as

doubl e- and si ngloeph3Rttdated PEHhIDRhiBRIARNANDYARA bekiivesREar Rtk fes bet ween
PNAs and DNA or, RNA, . 20 07 Nosé\éenber 2005 and al sg |lr¥c udzggélgnovﬁ%%types of -

modi fi cati ons, ®&r a@ﬁ‘&ﬂ"ﬁl"@‘oSﬂhﬁﬁﬂ@twaléﬂéhoﬁwﬁeﬁ%‘hPFFé’OatF“E““g

net hyl ati on, " c@pdant m6ieis] suts] t@ﬂ:x%pl@liﬁbtélﬁs (Rheing hudidigsNnatiky al | y occurring
et e BB LSSk o) JR Lt o such e ror
phosphot ri 8t ermgoralen, pttqstpdm@ corinlag eislatofsd 6. pamehIe SadioRlie netalyMbblon,negat i vel y
TRt I L e e M
am noal kyi phosplpba anoe&hems:)e,lc dclig . )coMel aNinn@difipe RA@ns thdpodinuésatidsUch as,
bept 1 dost pol § LR RR G R IR R R BRBR i Or's (0. 0. " acr e,

10 psoralen, etc.), Mmmmmmﬁeﬂmﬂ Mgemhmlmaardsegm”@r tafgedntisic a¢id@di oacti ve
metal's, bojen, g Be Aot adiFhatk e o ded RORGEWBAMR, UrtYRe0" o, NS P

W th m)dlfledlln rlc Auc asvvell
as unnodi fi ed flmlmaom mayht@ ephﬂrylnglckmmdde doxtbﬂe—:mdan@d autheoihdick. othen
particul ar, DNg, héﬂcgs%%gw# thQHg&l %hxgx}cg%hgch méz,ngtsb% amp?{" e%l "Phe ECIhn? “ttalr(aglétm "target

nucl ei ¢ acid region
sequence’ refers to the pa:tlcular nucleotide sequence of the target nucleic acid which

is to be amplified. The target sequence may include a probe-hybridizing region
20 contained within the target molecule with which a probe will form a stable hybrid
under desired conditions. The “target sequence” may also include the complexing
sequences to which the oligonucleotide primers complex and be extended using the
target sequence as a template. . Where the target nucleic acid is originally
single-stranded, the term “target sequence” also refers to the sequence complementary
25  to the “target sequence” as present in the target nucleic acid. If the “target nucleic
acid” is originally double-stranded, the term “target sequence” refers to both the plus
(+) and minus (-) strands.
The term “primer” or “oligonucleotide primer” as used herein, refers to an
oligonucleotide which acts to initiate synthesis of a complementary DNA strand when

30  placed under conditions in which synthesis of a primer extension produet is induced,
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15 denotes a nucleic acid nolecule with a "target sequence"” to be
anplified. The target nucleic acid may be either single-stranded or
doubl e- stranded and may i nclude other sequences besides the target
sequence, which nmay not be anplified. The term"target sequence"” refers to
the particular nucl eotide sequence of the target nucleic acid which is to
be anplified. The target sequence may include a probe-X\Navemhes 285 regi on 20
contained within the target nolecule with which a probe will forma stable
hybrid wunder desired conditions. The "target sequence"” may al so include

t he conpl exing sequences to which the oligonucleotide prinmers conpl ex and

be extended usiing 1Mﬂ€pre§e%5£ﬁhuo‘i€o%&%@aﬁo‘iyrﬁerfz ligduBin ﬂkﬂfﬁcﬁ&% target
nucl eirc acid is_original si ngl e-stranded, the term target sequence" al so

refers to the J&¥ @hBEAcP@ @Fﬁeaﬁti asyitabegemperatyye, pH, meigbeoneenfyationcad as

present in the $@EGRinAMG], The ﬁ"tﬁér@s prétbrablP Singib 368Rtd BHHhGinGm effcletlcy
originally doubl e-stranded % term arge% uence" refers to bot h the

plus (+) and it AuRfcaonshyt E‘ﬁﬂélteﬂ‘laﬁéﬁlx 'Eﬁrq?ﬂblﬁﬁ ¢d: Ipdoublsisireapdedidiecot i de

priner” as sseqrhRf@ifft trbAddqs &p&t@te%@straﬁ«lﬂlﬂm r%%&ptg p}'ggirggxtaﬁ{oﬁ to
initiate synthesis of a conplementary DNA stran 'aced under

condi tions i n RFJEFS sTiHT draapationstey ‘WPI?Pé‘D’ efieated hyihg, ‘b‘l‘@dﬂétﬁfﬂaﬁl"eﬂ)ﬁ'@mced 21

07 Novenber 20Qarikd Sut usih$lalkdiCfoRbRRIVYHEutizdtbk ! %E'adﬁﬁm@ﬁ‘;’s a .
pol ymeri zati on-i nduci ng agent such as a DNA o pol yner ase- and at

suitabl e tenpe F%IFE}?’EC“%JLI‘O termplpte. aphewmlsst ‘?YdW d“’&‘ﬁbpon%‘&g or hybrdigaon at i on. The

priner is pl’ ef Q/ﬁtﬁlﬂie)ferﬁplﬂg{o%lﬁtar;ﬁqﬂféﬁgmg@fe c%%k%ﬁfaﬁxb&bfs@%esxét@a
anplificat but may alternatj vel | e- st randed

doubl e-str deH0 Y‘P?féseSWb‘F}f iyg¥tended by %%f‘ddﬂti"éélf eryalepflyhopdad bpses lipked atifsands
bef ore bei ng us'edd&&nmém&bao%tt@mﬂa@mmwr&sibmeAmh&eﬂ@natur ation step is
typically effected %’ét’ff hut o%]t ernativel % carried out using
al kali, followed bYP hezgir, Ehﬁtt‘?rﬁ‘np (& oligonygleofide probeg refargiod epentary to a
t enpl ate, and m}me@n&w orwmﬁgaeotiaemaume@abow o alt EdntadsiaQitcleidhdild t he
tenplate to glve a | ner /teml ate conpl ex for |n|t|‘gt|on of synthesis by a
10 pol yner ase, SSHPE co HHEAR A MY5IP1G 3T SEAINGS REF e 1 DB PEECEMIlel 26nded bases

| i nked at ISt s an3lyteeile ﬁﬂpﬂhhl@ﬁ&i&tr@ﬁcyls bnpr&memhsaw&oatpesddmfbwa pidazess of DNA
synt hesi s. onucl eot r obe"

As d i " | d
refers to a s@%’cﬁgr&és‘e% Cr'l“§l§8t“%1ﬂ“aa\ ol %&rf é’é‘?‘?"d‘ °°t51§pE?F ‘ﬁg’ above,

t hat cont ai ns wedinal|Semeleaiaghay, such as the TagMan™ technique, the probe will contain at

least one fluorescer and at least one quencher which is digested by the 5' endonuclease
activity of a polymerase used in the reaction in order to detect any amplified target

20  oligonucleotide sequences. In this context, the oligonucleotide probe will have a
sufficient number of phosphodiester linkages adjacent to its 5' end so that the 5' to 3'
nuclease activity employed can efficiently degrade the bound probe to separate the
fluorescers and quenchers. When an oligonucleotide probe is used in the TMA
technique, it will be suitably labeled, as described below.

25 It will be appreciated that the hybridizing sequences need not have perfect
complementarity to provide stable hybrids. In many situations, stable hybrids will
form where fewer than about 10% of the bases are mismatches, ignoring loops of four
or more nucleotides. Accordingly, as used herein the term “complementary” refers to
an oligonucleotide that forms a stable duplex with its “complement” under assay

30  conditions, generally where there is about 90% or greater homology. -
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sequence conplenentary to a nucleic acid sequence present in the target

nucl eic acid 15 anal yte. The pol ynucl eoti de regi ons of probes may be
conposed of DNA, and/or RNA, and/or synthetic nucl eotide anal ogs. Wen an
"ol i gonucl eotide probe” is to be used in a 5 nuclease assay, such as the
TagManTM t echni que, the probe will contain at |east one fluorescer and at

| east one quencher which is digested by the 5 endonudl’dleyembeidfivity of a
pol ymerase used in the reaction in order to detect any anplified target 20
ol i gonucl eoti de sequences. In this context, the oligonucl eotide probe wll
have a sufficient nunber of phosphodiester |inkages adjacent to its 5 end
so that the 5 t0 3 il G3%6IAR LI MiEARP VAL 153 fubhidhl f Blrhpledeor ade
the bound probe to separate’the | uorescers and quenchers. \Wen an

ol i gonucl eot i debﬁwmﬁemﬁ?lsotld%w“qﬂﬁest“ﬁ@hWufﬁF'é%t}Yrﬁombmeiﬂ@ry\m formpe suitably

| abel ed, as desgyigds R8WAWon-ERcH l;asé’iﬂalring hﬁh&@@ﬁrﬁﬁéraﬁﬁ?'idfz&akvﬂl dybridi zi ng
sequences need not have perfect conplenentarity to provide sta%le hybri ds.
In many situati Gﬁgplat%)t%lﬁlll%o‘#%ﬁ (ashy\thD are pyfficipnfpl stable fesppie thepafmitghout = 10% of

the bases are NMysshci@Sed tydd rm@gNh%%eaEetmﬁatemmﬁ{tﬁesfaucl eotides.
Accordingly, as used herein_the term"cConplenentary"” refers to_ an

ol i gonucl eot i de t hatAsfugrdhsrel, e sagn cbipdipg Ry ffarntoifirst andsseqnd @ivksatles under

assay 30 condi t ih@nRgecifBRIRASIR b ¥achldake Jcﬂesr&m rm@ﬁm oAk Bat er
l\gvenb[e}?YZOOS The t;rms ) i di ztep" and "lh%l‘ldl zation"

refer to the fofR¥SBPranscyipr asddupleyes \Aﬁ@ﬁ‘ﬁﬁﬂ’&?@ 8t ofdke wgqiralved which are

-sufficientl y cqnpbmmgysa&rtutﬂe@ecmdmm&pamh@mmg\@aa 1W§a§@ﬂb’1§§5¢n&bﬁcéﬂ%ﬁe

airin pri.nmer brldlzes with targ | ate), - suc
Eorrpl eges H@%‘P‘P‘H%%Ofél?e Irs ppepbes t%ﬂlels‘if"%dtraﬁ’l‘l@r t°6"’é ir;“g”‘f"’ﬁ*égrﬁ‘l‘?‘"m ng 5
function r eqUI r€hif9¥ind @e@ﬁcxtytthlﬁ t&dﬁerp&hwﬁ&rtaﬁ%etmplm ThebitdiddNAneynt hesi s.
As used herein,, the terg1 Qv% % Ealr refers . to 'rs& and S8 cond
mol ecul es  t hat SPERiers o de rdmeRair 15 yPisaly,ngeqyafent. & UGBS %ﬂ%ntary
pol ynucl eot i de 11iﬂi¢ate§ otheryisathetents faffinity moletulelagd CargetiadalghoDireues hercibpeci f | c
bi ndi ng" of th r t he r to he second nenber of
t he bi gdl ng paﬁ? refeﬁ%aﬁr%t feémfdsm%?}’eﬁggﬁgaé B@pagorcf%g“ﬁ ndi ng of the first
menber to flhe seconﬁlemnisésgecxﬁc-bmdnngmubcm and\idffinigmeddcele” araifeldni ty and

SpeCI fi CI ty t ha LOnd eliler%%g??(?{]e?eg oanllo CCUF%}&% HPSCF@CUVGP%)[ITP({ %g ég bet veen

fter
the nembers of & B A Honcoval el s the
cont ext cl ear | ghemical or physical means to a detectable substance present in a sample. By

“selectively bind” is meant that the molecule binds preferentially to the target of
interest or binds with greater affinity to the target than to other molecules. For

20 example, a DNA molecule will bind to a substantially complementary sequence and
not to unrelated sequences.

The “melting temperature” or “T'm” of double-stranded DNA is defined as the
temperature at which half of the helical structure of DNA is lost due to heating or
other dissociation of the hydrogen bonding between base pairs, for example, by acid

25 or alkali treatment, or the like. The T,, of a DNA molecule depends on its length and
on its base composition. DNA molecules rich in GC base pairs have a higher T, than
those having an abundance of AT base pairs. Separated complementary strands of

"DNA spontaneously reassociate or anneal to form duplex DNA when the temperature
is lowered below the T,,. The highest rate of nucleic acid hybridization occurs

30  approximately 25°C below the T,. The T, may be estimated using the-following
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i ndi cates otherwise, the terns "affinity nolecule"” and "target analyte" are
used herein to refer to fi rst and second nenbers of a bi ndi ng pair,
respectively. 15 The terns "specific-binding nolecule" and "affinity

nol ecul e” are used interchangeably herein and refer to a nol ecul e that
will selectively bind, through chenical or physical neans to a detectable
subst ance present in a sanple. By "selectively bind" 07 Noweraber 200rat t he
nol ecul e binds preferentially to the target of interest or binds with
greater affinity to the target than to other nolecules. For 20 exanple, a
DNA nolecule will bind to a substantially conplenmentary sequence and not
to unrel ated sg A tl

doubl e- st randeda%ﬁHA&%s T&E@#e??s /r(ﬁmﬁ{)gtr gt(ﬁ%)o‘é{”o\}/\-kl?wlg lhog 1f18 f the

hel i cal structure ohsriharen, Iadéploﬂlﬁél serepleiaafersiiga eamplenfitisue df Bedci at i on of

the hydrogen boagiagohat eaatpﬁés-}ma Peludd” or alkali
treatnent, or the eI i l?e S“@ cﬁn gxgﬁ)&% Jg%uﬁpab)gtﬁéﬁb}s%@f ength and

on its base cof%@%ailfai“mlFSHBMCW%‘EWQOMS@WW%M‘W&M@CW&W@ a hi gher
T. than thopseihas BBIA, lﬁ&’dﬂg@ﬂﬁ@ &f1 xﬁTexbm RAk ﬁérro@%l%rﬂn@ﬂlux

conpl enentary strands of DNA spont aneousl’y reassoci ate or anneal’ to form
dupl ex DNA whelPh8uidestaleaeifheskin, secretionsof the Bin.agpirseryTintestingheachi ghest rate
of nucl ei c aci genhylimhitaal i, oo %ﬁlﬁagodaQQlﬁsoaﬂgﬁﬁtlﬁJ)ﬁélegQn&lsg%kﬂweg he T,,,.

The T.” may be estimated using gmg venber
rel ationship: & utrggelculiug Cﬂ‘f ‘%}t%ﬂfl%w neflingifed tocpgdigiyned meglig| . Bi ol .

5:109-118).  Atoifliohhekdutaor s thOkiin GAMRINFELE! Rolbifmpanpl e of
ti ssue or I ui d | so] a om a subject, that commonly i ncludes antibodies
produced BY t &S & POmPOT‘ﬁ‘chaI sanpl es that include such antibodies are

known in the art and uteﬂ%kx’dﬂethbt&mm%cl”%d ‘ddict@le faBel” R:lfé?‘i’(da mbBle@HTR, Sserum
fecal matter, uri mar r ow, spi nal_ fluid, h fluid, sanples

of the skin, cé?:‘ﬁbg’tOfSﬁECt‘B’P “fqln'éi“égk?“ﬁ “°trl'€§‘ﬁ‘fl foatadiogetive ﬁ?’é’gfsr oresceihd

geni tourinary &éﬁﬁﬁrﬁnes&e@@bl&om&;ﬁiote\d anzyeb, lenzydleQ@htraes, kSzynRc8ARSs, DI Opsi es
and al so sanpl es of vitro ture constituents including but not

ul
linmted to corffPRcsHE F%‘&F&r“°‘§'§€°ﬁrldt"fs getpligns pefal sglsgigapdsde-ec Birtis " and

tissues ins Culatnldm&stﬂiﬁdﬁdiﬂﬂbr ap@ns) afEBORRYI rmélfenﬂ@ﬂlﬁﬂs&e‘é” reftogel | conponents.
g | gzﬁﬁeher el réilbsvt.ance or ali)o ion thgr%o whic rllgcapa etx%gitlgg lﬂgobreeslcencg?xft g toa

detectable range.

II. Modes of Carrying out the Invention

20 - Before describing the present invention in detail, it is to be understood that this
invention is not limited to particular formulations or process parameters as such may,
of course, vary. It is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments of the invention only, and is not
intended to be limiting.

25 Although a number of compositions and methods similar or equivalent to
those described herein can be used in the practice of the present invention, the
preferred materials and methods are described herein.

As noted above, the present invention is based on the discovery of novel
primers and probes and diagnostic methods for accurately detecting parvovirus B19

30  infection in a biological sample. The methods rely on sensitive nucleic-acid-based
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capabl e of detection, including, but not limted to, radioactive isotopes,
fluorescers, chem |l um nescers, chronophores, enzynes, enzyne substrates,
enzyme cofactors, enzyne inhibitors, chronmophores, dyes, netal ions, netal
sols, ligands (e.g., biotin, 15 avidin, strepavidin or haptens) and the

| i ke. The term "fluoresce?" refers to a substance or @ rtionz@gereof
which is capable of exhibiting fluorescence in the d&¢QVEBI%E2Rnge. 11
Modes of Carrying out the Invention 20 Before describing the present
invention in detail, it is to be understood that this invention is not
limted to particular formulations or process paraneters as such may, of

course, vary. |detdcBomdbchfighe ealleMd@natiQash dfpatotiReBl RhaffenfkRBYcidsed herein
is for the purpose of describing parlﬁi cul ar _enbodi nents of the invention

only, and i s notdycptes HFagpleocop@nme el HEP s 8f W hough a nunber of
conposi tions and nmetdydiuld, Helidentors haeid hmalcBiictdriged rediomavitesie | bed herein
can be used in the practice of tge %resent i nvention, the referred

material s and rRAERGES BP gengme phych at dpwable freeidoninenestia 55§ e A esent
invention is bgs&mds @fivéd RontlihSe eapdny ale kxtitiéBl usefl fortRteSticatd pvelras and

o agnost 10 e LA gl o7 G Darvovt s B 15 30 Infection
24 07 Novenber 2005pgeiveed B OpribRehAd proBs désorticd abdve uteludeih nfididadcidan of
EAEENR KT O T e WO TR e TR
regi ons Wt hi nsiyges. par vovi rus B 19 genone which are desirable targets for
di agnostic 1% estﬁ . F";r l nmer.s and queQ oobes eri vedS ferlg)re ;ta{;l %gﬁvreggrioo_ns are
extremely USef Uf PFHIa) RERET A pro) E PRAOU PSSP R &Y i 6 T i °bi ol ogi cal
sanpl es. Par vovherapgoBmi©ly @7 kivefragmen df the plresirckeBIOrgetent @loespendimggoused i n
puclel £ oct O BaRadoBenid o heiesfoh L Pl (SpRoIRSNE e B 1S
use in these assdspgidasequepresdithiadgionden twedifferepiparvovirus B19 isolates are
depicted in Figures 3A-3C and 4A-4C herein. As explained above, this fragment
15  contains the NS1, VP1 and VP2 coding regions.
Particularly preferred primers and probes for use with the present assays are
designed from highly conserved regions of the parvovirus B19 genome to allow
detection of parvovirus B19 infection caused by a variety of isolates. As described
herein, a highly conserved region of the parvovirus B19 genome is found within the
20° 700 bp region spanning nucleotide positions 2936-3635, numbered relative to the
parvovirus B19 genome described in Shade et al., J. Virol. (1986) 58:921-936. This
region is found within the VP1 region of the genome. The sequence of this region
from 21 different parvovirus B19 isolates is shown herein in Figures 2A-2U. The
sequences from an additional 26 isolates are shown in Figures 11A-11Z herein. A
25  comparison of the sequences shows that this region displays from about 98% to
99.5% sequence homology from isolate to isolate, making it a highly desirable targét
sequence. Also desirable for the design of primers and probes is the 370 bp region
found within VP1 which spans approximately nucleotide positions 3073-3442,
numbered relative to Shade et al., J. Virol. (1986) 58:921-936, as well as the 214 bp

30  fragment depicted in Figure 1 which occurs within the 3' portion of the 4.7 kb
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t he approximately 4.7 kb fragnent of the parvovirus B 19 genone
corresponding to nucleotide positions 217-4678 of Shade et al., J Virol.
(1986) 58:921-936. The nucl eotide sequences of this region fromtwo
different parvovirus B 19 isolates are depicted in Figures 3A-3C and 4A-4C
herein. As explained above, this fragnent 15 contains _the NS1, VPl and VP2
coding regions. Particularly preferred priners and prc%é‘é‘“’?‘&?er@g@ with the
present assays are designed from highly conserved regions of the
parvovirus B 19 genone to allow detection of parvovirus B19 infection
caused by a variety of isolates. As described herein, a highly conserved
regi on of the pragwentiandispaid ribleqiidn positidns 4728494l \ummbnredrbllaeveZG)SHﬂeeﬁp regi on
spanni ng nucl eo Sq22936- 3635, nunbered relative to the
parvovirus B 19} Wﬁo@eg%&é%g% %d in Shade et al., J. ViroL (1986)

58: 921-936. This r@@ﬂ‘bhkhpsmodmmﬂW(Jtumregnddserevadxlyelghimdfﬂ:ﬁnatddelogﬂnorre The
sequence of thi; f arvoy i r.us.B ) tes is
shown herein i nss)ll—i{tegg%lggp étk{n ?}tﬁ%ﬂo@rﬁ%ﬁgc ST ouﬂdéwﬁthgl esf’ P%'ﬁ%"lq

i sol ates ar® shemigns pyprifieguin BER Tdattidng Zudhes @pscded&nBEd ltecmpasweibas m)US he
sequences Sowpafialos L4Hss 1599'6@92&25,5'4%5§s{8rmb%&g%m Lulofes piyined Seauence
honol ogy fromisolate fo 1sdlat 08¢ be% target
sequence. Al sohefeisi Andshes nfethod pfbtaing gwleotﬁdeppqwmeswahﬂxepembdasequmcedﬁe 370 bp

"region found v positions
3073- 3442, nunbe?h%aMchoWPfsng%%?gﬂgd@gﬁaggi?,ggkﬁ{e}{w%%1@?66@%6) 58: 921- 936,

as wel | as thepRdurehin azonventigpaeattordeed polymdcleatidesygithesizet, folidvekd bgccur s wi t hin

the 3" porig on 5 f : )ans

nucl eoti de pos}l%lgélgmﬁ%ép%gﬁ%&)ﬁz‘nggy %g@ %?.9‘\?"8 01? gg@ £{%ldeﬁmg °§(F

Virol. (1986) S8U@ocvigBER. Sucec.g. fmwpanewo(lw)m 37 Aogd. SggUbhs are

readi |y obtai ngglydshamsadshcd ih@%hcncbﬁﬁb@ﬁe@ﬁp&ﬂr%r%[a‘éd%é&I‘Abg PiGnd VOVI rus
B 19 sequence found within these particular regions as priners in PCR
reactions suchinosny fitiaie U@SQE PT 15RltroneNunerousspdoning viecters ajenewgto thuse efit Nos.

4, 683, 195, 4, 61 202 aAnthd thetSideiidh B aphobRRELorifly IoBr REGHARCRRALL VI ded
here| n. Anot her nmet hod obt ai ni ng nucl eoti de sequences Wwth e desired
sequences 'Ps byriEhhEs! OFsrfgd%n‘?H‘ ass@at Lipiied S plasraids, pheges. AppApp9nsy nt het i ¢

“ol i gonucl eot i dBsmidycROMEREhel b druS@WERR bicQAfble AHpRORbEhAQkAEeot i de

synt hesi zer, faollowed b
with the proper Control elements.

Recombinant clones are readily identified by restriction enzyme analysis and
polyacryamide or agarose gel electrophresis, using techniques well known in the art,
20  and described in the examples below.

Primers and probes for use in the assays herein are derived from these
sequences and are readily synthesized by standard techniques, e.g., solid phase
synthesis via phosphoramidite chemistry, as disclosed in U.S. Patent Nos. 4,458,066
and 4,415,732; Beaucage et al. (1992) Tetrahedron 48:2223-2311; and Applied

25  Biosystems User Bulletin No. 13 (1 April 1987). Other chemical synthesis methods
include, for example, the phosphotriester method described by Narang et al., Meth.
Enzymol. (1979) 68:90 and the phosphodiester method disclosed by Brown et al.,
Meth. Enzymol. (1979) 68:109. Poly(A) or poly(C), or other non-complementary
nucleotide extensions may be incorporated into probes using these same methods.

30  Hexaethylene oxide extensions may be coupled to probes by methods known in the
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10 ligation with an appropriate DNA |igase and anplification of the |igated
nucl eoti de sequence via PCR See, e.g., Jayaraman et al. (1991) Proc.
Nat|. Acad. Sci. USA 88:4084-4088. Once the sequences have been prepared
or isolated, they can be cloned into any suitable vector or replicon.
Nuner ous clonlng vectors are known to those of skill |n the art, and the
sel ection of an appropriate cloning vector is a mat t er? SFW@HWFégj 15

Sui tabl e vectors include, but are not limted to, plasmds, phages,
transposons, cosm ds, chronosones or viruses which are capabl e of
replication when associated wth the proper control elenents. Reconbi nant
cl ones are readadt.yClogtdnti. {1091 J 4. IGa&k.ISoe 1 1D682e163367). 5 Pateyt Nos 4,812 10

Phe art) 20" anit AOEER a0 HoRoY RGO ek el h o s FRaRe St Woses or

use in the assagds(lh&ﬂ) FetnLeptr 27:4705-U708d Thicully { theitner Seqeneescapesin dedariee of I eadily

hosphor am di § e~ EREIE7 P eabeeat ORieyE i i, S0 BLARRp B FPE 066 ane
4,415, 732; Beaumalgeaee oﬁbetwe(eﬁsl)&m() nu'EEbmcahbdg,@ﬂda&&la@ﬂﬁ)e@&éxﬂheamdd Appl i ed 25

5 oey ot Ul Akl R b0 8 ARl RS PPy e
Narang et al ., I\‘M(hlS 3(E|ami)mmh, wdawgéngﬁﬂxe%exathdstaﬂaerapgmsphod| ester nethod
- di scl osed by Brown ?/fore%ver ¢ Mgbefs mayge é/on@r:d &)][a%?l%)for%gtegtoog TE 96 Xrg A) Or

poly(C), or other non-conple eot 1 06 extensions
i ncor porated i rﬁb@rqimm&nw ﬂqumhasmgsagmumm@dﬂth r@@nvm@mmtme oxi de

2008 ar . O ond o AR iR PR Phor NG B MBAde! BBty o ont

No. 4,914, 210 forbiatiayletisamobes socthat radDacrtemdluetescant chemij@oinedventi carymatioi ds Res.
18: 6353- 6359, %P‘éieéfl%g‘d%e laﬁéls aﬁ%gﬁg&cI%%aV%Qt %ee %E ﬁ? nénip%uc;ryp' cally,

the primer sequences are in the range o et weén nucl eotides in
| engt h, such as401ﬂ§3R@0(19?©5@©3—éW19d1 diseloseptheuse 9ifpmn1ayld&9 tiigtintlehslsy ange  of

bet ween 18- 40 %&ﬁﬂ%ﬂéﬂﬁsmc@%@s i&Ekd?@@% 155581 1*34?%}668&1833&15&@&%% ranges.

The typical probe i1s in the ran between 10-50 nucleotid l ong, such
as 15- 40, 1718- 3bthe grierminy ofgligomg OtmyVIP@hgﬂlhoalH@fﬂR}%e@ho@W@eélﬂlﬁf é’éP ranges.
Moreover, the BERDEmeMBYs REIGAVRIEE fdr yrltiRBiSIng athRb-de®lafigddl ON. There are

oligonucleotides which are readily labeled by fluorescent or other types of compounds

derivatized by amino-reactive groups, such as isothiocyanate, N-hydroxysuccinimide,
or the like, see, e.g., Connolly (1987) Nucl. Acids Res. 15:3131-3139, Gibson et al.

20 (1987) Nucl. Acids Res. Liv:6455-6467 and U.S. Patent No. 4,605,735 to Miyoshi et al.
Methods are also available for synthesizing sulthydryl-derivatized oligonucleotides
which can be reacted with thiol-specific labels, see, e.g., U.S. Patent No. 4,757,141 to
Fung et al., Connolly et al. (1985) Nucl. Acids Res. 13:4485-4502 and Spoat et al.
(1987) Nucl. Acids Res. 15:4837-4848. A comprehensive review of methodologies

25  for labeling DNA fragments is provided in Matthews et al., Anal. Biochem. (1988)
169:1-25.

For example, probes may be fluorescently labeled by linking a fluorescent
molecule to the non-ligating terminus of the probe. Guidance for selecting
appropriate fluorescent labels can-be found in Smith et al., Meth. Enzymol. (1987)

- 30  155:260-301; Karger et al., Nucl. Acids Res. (1991) 19:4955-4962; Haugland (1989)
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several neans known for derivatizing oligonucleotides with reactive
functionalities 10 which permit the addition of a |abel. For exanple,
several approaches are available for biotinylating probes so that

radi oactive, fluorescent, chem |um nescent, enzymatic, or electron dense

| abel s can be attached via avidin. See, e.g., Broken ﬁovembe léﬁ& Aci ds
Res. (1978) 5:363-384 which discloses the use of ferritin-avi 5bi otin

| abel s; and Chollet et al. Nucl. Acids Res. (1985) 13:1529-1541 which

di scl oses biotinylation 15 of the 5 termni of oligonucleotides via an
am noal kyl phosphoram de |inker arm Several nethods are also available for
synt hesi zi ng anflandbabéof Klavriescent Praies gyoResdasbtGherizaliiViclacudar @rabeqticl,y | abel ed
by fl uorescent t S rivatized, b o-reactive
groups, such as]!ﬂllr g%t ?lﬁ%c%ée/lf%ge% ﬂ%rﬁf gﬁﬁ%éggrgbugglﬁlﬁor?ﬁc%}n andddean%uﬁ/%s tF'?rﬁef see,
e.g., Connolly S(lql%?!)sclmdlmUAcPad@tRes4 31&54@131&6&&9 Canme(lasp) al . 20

1987) Nucl. A 5 735 t
Myochi ot 2l Mgl el Rt ARkeAiRdx RexE sika dop T =° 10

sul f hydryl - élerlw-ﬂzaadﬂmllﬂcgonucl eotides which can be reacted with

ol connol 1y et a1 &R rf e B RAdREh it AR GE 1O P )

(1987) Nucl . AtdchiiquRe descritied hglay.- 8t te¢hnglognp¢ dlowrts A8 label\to beplafd at
et hodol o s 25, bofioh AR ADBMAL AORILR o & ISR SELLfoMB! Lhevs ot ol

"Anal . Bi ochem (1988 rob S may be fl uorescently
| abel ed by i nR-Pﬂ@}mamfﬂstmrbe'ﬁlemﬂunun@b@wIleeroscttcmef Probing, |tgatmgrrgzdt er m nus of

t he probe. i i Ig s can-be
found i n st hoGRERERAFLIN Maao ARV R Dk, SRRERAE FRE) 0 070 "l
Nucl . Acids ResAppfligaion pf tmanwmmoteMQ@pammmengZm Tz Novenber 2005
Handbook of Fl pgy ﬁé&@@mﬂz@p&% %ﬂuﬁ%%ﬁ&ﬁ&f‘sﬁﬁlﬁﬁ%%‘ o %me\ﬁwkéét Probes,

I nc. Eugene, Preferred fl uorescent i'nc | Uorescei n and

derivatives t hdlp 661 Chems (4983339 M74dr 8% Barry et aly, @in. Chgne (1988034:2083209846 and

Lee et at., Q’Aﬁ’ﬁﬁﬁﬁdlecﬁl@%ﬁﬂ)e diredi ]aﬁgchgcﬁ% ,thcq:}i’(ﬁ)e@aﬁé%n-xﬂl%onm ROX,
HEX- 1, HEX-2 ZOE, TET-1, or KI— and the |ike. Additionally, probes can

be | abel ed wi tHKerpmchemistr W’é@’fséﬁlac(:%@} ofth¢ lbel etany locatiannvithinethe descri bed
‘bel ow. Curr entpréic BBOL Y USS Pabd: Mok tshes A1 dndlsaks iy be placed at

. In certain embodiments, an internal control (IC) or an internal standard is
added to serve as a control for target capture and amplification. Preferably, the IC
includes a sequence that differs from the target sequence, is capable of hybridizing
20 with the probe sequences used for separating the oligonucleotides specific for the
organism from the sample, and is capable of amplification. The use of the IC permits
the control of the separation process, the amplification process, and the detection
system, and permits the monitoring of assay performance and quantification for the
sample(s). A representative sequence from which the IC can be obtained is shown in
25 Figure 12. The IC can be included at any suitable point, for example, in the lysis
buffer. In one embodiment, the IC comprises M13 ssDNA containing a nucleotide
sequence from a parvovirus B19 and a unique sequence that hybridizes with the
probe, for example, comprising séquences from the VP1 region, where the target
sequence is modified by substituting or deleting 5-20 bases or more, preferably 5-15

30 bases, such as 5, 10 or 15, bases or any number within these ranges. The substituted
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any location wthin the probe. See, e.g., Nelson et at. (1995) "Detection
of AcridiniumEsters by Chem | um nescence” in Nonisotopic Probing,
Blotting and 10 Sequencing, Kricka L.J.(ed) Academ c Press, San D ego, CA;
Nel son et al. (1994) "Application of the Hybridization Protection Assay
(HPA) to PCR' in The Polynerase Chain Reaction, Miullis et al eds.)

Bi rkhauser, Boston, MA; Weeks et al., din. Chem (1983 °V?@beia é 1479;
Berry et al., din. Chem (1988) 34:2087-2090. An AE nol ecul e can be
directly attached to the probe using non-nucl eotide-based 15 |inker arm
chem stry that allows placenent of the |abel at any |location within the
probe. See, e. gordelgte@basPapreintablXoscur &/ebB6eigllenpticofBhelt@Fst48@endesucker t ai n

embodi et s, aNhALGAR GRBLHOL wllfies 0% oBela TR o3 BREM iy 2dded Co

serve as a cont target ure an eraf)ly, the 1C
i ncl udes a sequ@nwcetlhé}EAGH‘T‘ﬁ@T@CGGGﬁGﬂMWT 6@@1@@6@591)1 tshercthf)abl e of -

hybridizing 20 wid.d ?Jg ﬁ%ﬁ%&%ﬂpﬁ@%&@f&é

T@ré
ol i gonucl eot | des specl organi'sm from t e sanpl e, and i s capable
of anplificati oﬁ$EQTﬁé‘TQJ%<B Hoﬁhei(he |C pernits the control of the separation

process, the anplif *rﬁé‘éo'h@%p?&r?&??z?ddmﬁﬂaglyE&ﬁdgﬁﬁe%ts{)&fhc t?bﬁ%‘irﬁéﬂxala”d permts

the nonitoring of assa or nence an uantification sanmpl e(s) .

A representati \ﬁéﬂné@fﬁﬂﬁmﬁé’e)ﬁ ﬂle‘i??x/\fﬂ?lbwﬂtgrfepmf@“@ah“% taplCairohed Thalshown in 25

Figure 12. The G ecalbpBBndip sl Hﬁtﬁl@d @Ith @@éfec?aﬂfetl:ﬁ)@ﬂ tﬁatﬁ%odlfférentfﬁ‘aﬁl fgxanple, in
the lysis buffer. In one enbodinent, the | C conprises ML3 ssDNA contai ni ng

a nucl eotide gistseiahlelabdl f%hheaarg%iﬁmesW? ﬁeBbQ@nW@fﬁhP daiwtabledabebice t hat

hybri di zes 19i t by fuBRphdet, @REC chiPbe RARABEBY HrectoPRBBhHiATy SRIUyaRGES from the VPI
region, where the target sequence is nodified by substltutlng or deleting

5-20 bases or misieeion sidiess Typicgllysthe sopymumbes efthe I whick does notqpfersre With phases or
any nunber wt hma}mgaaasct{oaik%@mﬁmym&ﬁgltﬁé{tadm%&ﬁz iNepasgier 2005 or

del et ed bases preferably occur over the entire Ian?gth of the tar(gﬁt
sequence such PFaERPhA ty loveg endzandptandasd pupve is eyeraied by diltios pspmple®fd.  Thus
for exanpl e, i fintérhiohaMy@6depted BY URRFEvIviuH A Gldftatich e Arnepeel (SEQ I D

AGCTAGACCTECATENAR TS T8 TS8R B0 80) 11 the | C. The sol |d support may
addi tional Iy i ncl ude aptieh esbsiegk, fah IC, aoddstided Rdréth,i8¢ombined with RNA
: isolated from the sample according to standard techniques known to those of skill in

the art, and described herein. The RNA is then reverse-transcribed using a reverse

transcriptase to provide copy DNA. The cDNA sequences can be optionally

20  amplified (e.g., by PCR) using labeled primers. The amplification products are
separated, typically by electrophoresis, and the amount of radioactivity (proportional
to the amount of amplified product) is determined. The amount of mRNA in the
sample is then calculated by comparison with the signal produced by the known
standards.

25 The primers and probes described above may be used in polymerase chain
reaction (PCR)-based techniques to detect parvovirus B19 infection in biological
samples. PCR is a technique for amplifying a desired target nucleic acid sequence
contained in a nucleic acid molecule or mixture of molecules. In PCR, a pair of
primers is empléyed in excess to hybridize to the complementary strands of the target

30 nucleic acid. The primers are each extended by a polymerase using the-target nucleic
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standard (I C probe), thereby facilitating capture when using the IC probe.
The 1C probe can optionally be coupled with a detectable |abel that is
different fromthe detectable |abel for the target sequence. In
enbodi ments where the detectable |label is 10 a fluorophore, the I C can be
quantified spectrophotonetrically and by limt of detection studies.
Typically, the copy number of the IC which does not i ¢ Slorerksr ai®n  t he
target detection is determned by titrating the.ICwith a fixed IU of
target, preferably at the |ower end, and a standard curve is generated by
diluting a sanple of internati onal |y accepted | U For par vovirus B 19

125 1 U

quantitation, an e| e used. In
Aot her -enbodi AeAE e R THLGIBE pradiss ol nerest TRerh rref PR

i sol at ed from tdeecdsmfren me@ngdallmggdtstraadi amﬂap:ﬁnetrenhthbqhﬂmd&abmd to those of
skill in the art

d descri bed
reverse-transcf i“ﬁ‘%da‘?@é? A aerraé‘\e/’eapg gle ¢ cr1 ealﬁ rscg?é?e ‘égeomteglcgf Youteree g’Spy DNA. The
cDNA sequences naaler bftagpitsequame imolGiea rifhe PCR excbthoe fay amplifyingCRjet usdleig | abel ed

B o 2B L SR PD BRI BLR n RERRLANES A NBLELY CBY

el ectr ophoresi AR Nt I oac prop or

anount of anpl hﬁns&dalﬂbdxdlMR)Pm$cde([P&adeessm1%[11111/100{19%RNA in the
sarrplelsthenclcula ed b rison, W|t the.3| p by the
known st andar dsIa Vil ham pr tf?é’rs Sa'lc ingiplep an éqs"f:arafJ dﬁ oAgg?rcg'f/:glbe used in

pol yner ase chaﬂpproarcé,amﬂhgnsor(@@?Iedbh@éc?r¢se,mrdptﬂa&l ¢tal geaserNaypar vovirus B 19
i nfection in binl@ol &l AT Pheenf R 4ol AERTLANSA Qo g1 1 v N0 @

desired target=nucl’ei ¢ acl d sequence c¢ontai’'né a nucl’ei¢ acid nolecul e
or m xturellof nol edmpae@cular,rquGRes relafiweelyrsherf oligomicieetide prisnessphlichy/fladki n excess

to hybridize tge {S‘%% 9@&%&5@@%@%}’0 a&r@ﬂﬂéi %enieﬁ?uch%{agﬁﬁelﬁoenﬂéjﬁ&e' ¢ acid.

The primers are exten y a polynmefase using tho-farget nucleic 29
07 Novenber 20@sh etbdrcraghspraner extpridagdowarhibe ethere To¢ palynueloetidstsampletsone t ar get

seduences | NeMBEhARRlhShradiseani 8y hOR AR A AR ract ot r and

New priners are th yrrerase and the
cycle is repealr@&fstvdﬂ@@mm&emdamoiﬁfPweﬂﬁe&@ﬁanﬁéﬂmmﬁwe@)mthtarget sequence

ol ecul es.15The, RCR. BRHD R SRk ARl oaTER! (REL elidrs, geid sequences in
a sanple is we nown I n the art and has been describ in, é.g.,
dCTP and dTTP) using a primer- and template-dependent polynucleotlde

polymerizing agent, such as any enzyme capable of producing primer extension
products, for example, E. coli DNA polymerase I, Klenow fragment of DNA
polymerase I, T4 DNA polymerase, thermostable DNA polymerases isolated from

20 Thermus aquaticus (Taq), available from a variety of sources (for example, Perkin
Elmer), Thermus thermophilus (United States Biochemicals), Bacillus
stereothermophilus (Bio-Rad), or Thermococcus litoralis (“Vent” polymerase, New
England Biolabs). This results in two “long‘products” which contain the respective
primers at their 5' ends covalently linked to the newly synthesized complements of the

25  original strands. The reaction mixture is then returned to polymerizing conditions,
e.g., by lowering the temperature, inactivating a denaturing agent, or adding more
polymerase, and a second cycle is initiated. The second cycle provides the two
original strands, the two long products from the first cycle, two new long products
replicated from the original strands, and two “short products” replicated from the long

30  products. The short products have the sequence of the target sequence with a primer
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Innis et al. (eds.) PCR Protocols (Academ c Press, NY 1990); Taylor (1991)
Pol ymerase chain reaction: basic principles and automation, in PCR A
Practical Approach, MPherson et al. (eds.) IRL Press, Oxford; Saiki et
al. (1986) Nature 324:163; as well as in U'S. Patent Nos. 4,683, 195,
4,683,202 and 4,889,818. 10 In particular, PCR uses rg7aidv¥ghe 264%0r t

ol i gonucl eotide priners which flank the target nucl eotide sequence to be
anplified, oriented such that their 3 ends face each other, each prinmer
extending toward the other The polynucleotide sanple is extracted and

denat ured, preferahly by Feac add1 ondl %dz t%g‘iﬂ il p(mf IB{OE&cwaa?égprg&fcgﬁszed in

primers mhlch are presen ron 1s cata
the 15 presenceamrfammberfqﬁsirortdmbagtscctwhudieamlbﬂxieflbngzpid(sbcmm@stS(dNTPs --

dATP, dGIP, C-ll_ armnrgeagt Iﬁ}d o"ﬁhe ggewoup CL?'CHE lfI’husatlﬂg nmn%rrpof%kort grgglfcgsd ent

pol ynucl eot i de I'ZI'ng as any enzyne ca € of producing
pri mer extensi onontqmng:khctasget smnence)gmvpdn@pneﬁuallgc\mm e@Nqu:ic)I Preferabbe PCR Kl enow

fragnent of t her DNA

pol ymer ases 1so a@ggygﬁ gS&Tﬁ;%%guﬁm%§%¥¥%%§%§*gﬁ%§I%@%éﬁ@%fe froma
variety of sources (RMNs Iwé)ﬁpdnellﬁeﬁév keverse tEnpraibing thfhdim uso ¢ledrophi | us
(United States gtﬁﬁ t d), or
Ther nococcus | |étﬁ(%r[g1 H?u{f {R y%r}e%%cgng{\lem I}Ef §mé1§ l'E}“}'ﬁgThl S
results in two mlﬂlobf’gls‘pirfem@ét%eps Wﬂembefblntuﬁ RateifdNor éé%)?eﬂpl w&NAmayrer s at
their 5 ends caMAlGOldYddalbesinltrIE diBWky o kRhhEst E5disamkigent s of (he

25 original strands. The reaction m xture I's then ret afolyner|2|ng
condi tions,10 e. @aC"OIbQRﬂ AEFR)7g desedbed dirplarshellivt el (PRACIGRMerf rppad-Bnat ur i ng

agent, or addl ngy nore pol ynerase, and a second cycle is initiated. The
second cycle provides the two_ original strands, the two |ong products from
the first cycle, twolhERrdeeHeS Prdersetssy kmepnpavthe SeMancnassave ori gi nal

strands, and tvperkialHhdn), By QfbWeinsl and e&éahrem%aydqme&ha shstpdfod Rudii@duct s. The
shoft products have t he_ sequence of the taqget sequence with aIH[prl mer 30 r

07 Novenber 200§ é%fgféfa&ﬁn@nerlm%aﬂém?e%&aﬁ tiprptesienrqtde pavosiBPonal t wo
l.ong produgss gend dstkibRhereintiafl boused HORGMaE™ ahudysks B ldaeM Glcpr@siesbr t 0 t he

nunber of | ong d. short products remai ning at the end of _the preV| ous
cycle. Thus, ngfn lqﬁgl%ahgmp Cpr"ﬁ‘ﬂ'é{ﬂf'§Per ormed in conjunction with thermal

cycling by monitoring the generation of fluorescence signals. The assay system
dispenses with the need for gel electrophoretic analysis, and has the capability to
generate quantitative data allowing the determination of target copy numbers.

20 The fluorogenic 5' nuclease assay is conveniently performed using, for
example, AmpliTaq Gold™ DNA polymerase, which has endogendus 5" nuclease
activity, to digest an internal oligonucleotide probe labeled with both a fluorescent
reporter dye and a quencher (see, Holland et al., Proc. Natl. Acad.Sci. USA (1991)
88:7276-7280; and Lee et al., Nucl. Acids Res. (1993) 21:3761-3766). Assay results

25  aredetected by measuring changes in fluorescence that occur during the amplification
cycle as the fluorescent probe is digested, uncoupling the dye and quencher labels and
causing an increase in the fluorescent signal that is proportional to the amplification of
target DNA.

The amplification products can be detected in solution or using solid supports.

30  In this method, the TagMan™ probe is designed to hybridize to a target sequence .
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containing the target sequence grow exponentially with each cycle.
Preferably, PCR5 is carried out with a commercially avail abl e thermal
cycler, e.g., Perkin Elner. RNAs nay be anplified by reverse transcri bing
the mRNA into cDNA, and then perform ng PCR (RT-PCR), as described above.
Alternatively, a single enzyne nay be used for both steps as described in
U.S. Patent No. 5,322,770. nRNA may also be reverse OfXe¥crhepEd?>i nt o cDNA,
foll owed by asymretric gap |ligase chain 10 reaction (RT-AG.CR) as descri bed
by Marshall et at. (1994) PCR Meth. App. 4:80- 84. The fluorogenic 5

nucl ease assay, known as the TagManTM assay (Perkin-Elner), is a powerful

and versatil e PCR:based. ction stem, f ucl eic._.acid .targets. Hence,
primers and prof tg%feis’\r/eg%%‘) ufteé?{%%useg%?ﬁﬁ%gaq&apvd{f?brelfgggnﬁﬁ 15 genone.
descri bed her eiflnoresantbeponaeige. i The Baghtahthh/pohaispiekeditopelainepbbd he presence of

infection in a bjiological sanmple. Analysis.i erfor Ly conjunction with
thermal - cycl | EeBy TR Ae € ha T s R For Rt SR c 8Pl Ll o The
assay system dusipendeguan drplificgionghels' flosregeit labkidstleayphoff €tai ¢ anal ysi s, and
has the capability to .generat uanpt.j t.ative .data allow ng th .

det er ni nat i %n 8f ly%ﬁr?sﬁﬁlggo%xfn ‘ﬁﬁeﬁ%earc g‘{l!yﬁ)p"ﬁ%%t '? ﬁﬁcrﬁagéoélh}gc’:m%pn ?ﬁ}é? 2ase assay
i s conveni ent | Ylugeptocrrasalls insih greadeon flueosasnpd whicki\ognlbe Tetectédo| dTM DNA '

pol ynmer ase, which s_endogengus 5! cl ease ctivit di gest an
Potarnat of i gonucl dbEr SR D Mol WA onfble! el el B BB, 00, o
dye and a quenetigs in(aslest otdaingkrsttareied ednformBtioanovhehlattybridipaidvi8eithe USA ( 1991)

- 88: 7276-7280; i X - . As
results 25 ar ea‘gegft{.eegﬁcé‘gé%eﬁg tﬁ%aégﬁgé%taﬁgekgpﬁoggglﬁ?lﬁ&#%gg%egé%ggég&#é%@z)ccur i
duri ng t helGanpbithé epdrieomoleenje: | The aiganheledtideprobsalsorexisis indtdeastondi gest ed,

. i th ¢! 48 I inth
uncoupling ecoq1¥cnnt§’tﬁ)g WS RRREEed @B?Argelt Blgignutc%g«lﬂ%'ﬁg% @I[E thefalifefge ' N the

fl uorescent signa t I's ‘proportion cation of target
DNA. The anpl i mplseuld is notppatiercd slogeeenough talibe eeportad mofecwlofoquersh iy usi ng sol i d
supports. 30 ' ; IVBrdSs g4 Bq;pgbri di ze
to a target seg%é%gégg%%%%\?}en@gc;ﬁ?eg%%a-%u? %Pﬁ&tqﬁrgmcﬂ%gia?e 5%:R l:tza)@réo}duct.
The 5 end of eombriaighkHEvERortereolesyletand quencher mplgedeandbsprobegzbibiter dye. The

‘3I end of gshe (ﬂffg'prﬁ du&e&gﬁg glgﬁlal §rRenBfi MR tl{yp%%% is hybridized and

unhybridized. Asa résult, it is possible to determine whether the probe is hybridized

or unhybridized based on a change in the fluorescence intensity of the reporter
molecule, the quencher molecule, or a combination thereof. In addition, because the
probe can be designed such that the quencher molecule quenches the reporter
20  molecule when the probe is not hybridized, the probe can be designed such that the
reporter molecule exhibits limited fluorescence unless the probe is either hybridized
or digested.
Accordingly, the present invention relates to methods for amplifying a target
parvovirus B19 nucleotide sequence using a nucleic acid polymerase having 5' to 3'
25  nuclease activity, one or more primers capable of hybridizing to the target B19
sequence, and an oligonucleotide probe capable of hybridizing to the target B19
sequence 3' relative to the primer. During amplification, the polymerase digests the
oligonucleotide probe when it is hybridized to the target sequence, thereby separating
the reporter molecule from the quencher molecule. As the amplification is conducted,

30 the fluorescence of the reporter molecule is monitored, with fluorescenee
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extension and contains a dye that will quench the fluorescence of the 5
fluorophore. During subsequent anplification, the 5 fluorescent |abel is
cleaved off if a 5 polynerase with 5 exonuclease activity is present in
the reaction. Excision of the 5° fluorophore results in an increase in

fl uorescence which can be detected. In particular, the oligonucleotide
probe is constructed such that the probe exists in at7Neasibeo2®5

si ngl e-stranded conformati on when unhybri di zed where the quencher nol ecul e
i s near enough to the reporter nolecule to quench the fluorescence 10 of
the reporter nol ecule. The oligonucl eotide probe also exists in at |east

one conformati O&H\e@%mlﬁgf@&ue%aﬁ@n&gfﬁmtewagﬁtmpmdm T80 tdp6heer SloBult hat  t he
quencher nolecule’is not positioned close enough _to the reg orter nol ecul e

to quench the BPESrdbcEoEsEh dypandhhpender ’P(ﬂ?cél’fdﬁf referably 24898IRG t hese
hybridi zed and ggphybridi zed confornations, the reporter nolecul e and

quencher nol ecul’e on the probe exhibit 15 dlfferent fl uorescence signal
intensities when t h&Viledisdengd ofths prigless aRfl RIPRES CAYRAY P BRODLIFIUREES A esul t, it

i's possibl esto @rbed Hch BB a bW ntBepelfur&hX thelpriBét sequencefny br i di zed
based on a change in the fluorescence |nien5é8¥ of the reporter nol ecul e,
t he quencher @eq e PrIBET SSAuehieh IR SECRHY {98 dBP theprebs S591P1°8h, because t he

probe can be de@lpgﬁlgdmwﬁmeﬁsb@tenaeme quamh@rofaaw@@ubasquammsoﬁghe reporter
20 nol ecul e when t he, rob rég h dlze 4} robe c%@ be’ dﬁflgned
such that the TEpEPE W‘ eé%ﬁ? 285 IE gpwq WﬁBW@% fo&“lht ess t he

probe is eithersohyfedidesaedd, mork teicgBp1 B4 nubleokeslinngigih, the present invention

Sequence vdfng a nulrer e ary heted e RR o8 mptFesachgs iR P e

activity, ong abhcrmp@rmﬁame@o@maﬁmsel; beethgllé)tbh]irblwgndyd)gfah@hwbg&t hB t19 t

sequence, an a | e a \A | dl e ar ge
ghdo P%F%gt Vi3 ac ﬁtétB%? (%e Lnucfgotlcg ?{ ca Q)Qhe SO él

B 19 sequence Ion,
pol yner ase di gesipsrtiMere pmferapwme pebt 1sdeacped1bdne\sbiei'supnorubsf ah'yxbe;rivmczled to the

target sequence?wésrt]i;&? o8 ﬁ),?ﬂrbg‘ %r esoma supp Cor;[tcti‘gh s%gtgag??{]lgagﬁ5t he

guencher mol ecd Peati’on i uor escence
of the repbft esolawninetubesth, soraprifdraded leagd 15F Ofatons nlebcahe'ﬁleiiﬁluwd Novenber

2005 COr 1 espONgl g o e ffier QFdhd0S e Yhcs B sEhFoufdChoBTRlok Llfile 1. The

reporter nolec ‘
: six atom linker is generally sufficient when high cross-linked polystyrene is used as

the solid support.
A wide variety of linkers are known in the art which may be used to attach the
20  oligonucleotide probe to the solid support. The linker may be formed of any
compound which does not significantly interfere with the hybridization of the target
sequence to the probe attached to the solid support. The linker may be formed of a
homopolymeﬁc oligonucleotide which can be readily added on to the linker by
automnated synthesis. Alternatively, polymers such as functionalized polyethylene
25  glycol can be used as the linker. Such polymers are preferred over homopolymeric
oligonucleotides because they do not significantly interfere with the hybridization of
probe to the target oligonucleotide. Polyethylene glycol is particularly preferred.
The linkages between the solid support, the linker and the probe are preferably
not cleaved during removal of base protecting groups under basic conditions at high

30  temperature. Examples of preferred linkages include carbamate and amide linkages.
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is preferably a fluorescein dye and the quencher nolecule is preferably a
rhodam ne dye. Wiile the length of the prinmers and probes can vary, the
probe sequences are 5 selected such that they have a |ower melt
tenper?furﬁ t han Eﬂe p{Lner sgquences. Hencelr t he F[lneihsequezgfssgaeences
general Iy | onger an e probe sequences. ypically, e pri u

are in the range of between 10-75 nucl eotides |ong, ~®6MNeveRlsi M|y in the
range of 20-45. The typical probe is in the range of between 10- 50 _
nucl eotides long, nore typically 15-40 nucleotides in length. 10 If a solid
support is used, the oligonucleotide probe may be attached to the Sﬁlhd
the “sol i d support ByniBRGERc ik o UL R BB BB E O G o e
probe to the seolipahuclentidpprobe infladescopiradicépabilyss, gliss platespelystyrend, weidined to t he
ol i d support . i elAiEEhe AdhLunfReY g b8y bRl 3GR oL BB P T
more preferably at Eoeadttalkﬁd%nmoawﬁthbﬁadl\m& sayJtregensqud ¢(Hid|lt10dlS€fnlg][ h of the
l'inker willsde p r I ~exanple, a

six atom i nkepgelqgergﬁ;ﬁ%?g I’gg%{l} |a?:1| 1;;%9 ng! Rpﬁh%#%ggg%lr%iggépol ystyrene
is used as thé28pViSdPatendplos. 6.53084% ﬂé23v5élhaed§ 8®6,930. nkers are known in the
Support . The 1 i nier B par} B eeiEces oftb ARG UL AL LR Ao, 1 Ne SO 1
significantly foﬁtféfrsﬁamen‘meﬂlhtefé ﬁéplrfvmqn(ﬂ&féﬂ aSQWSoFMAtmo‘tléﬁsgiftethoge(juePce to
the probe attagbggit Bl ltld SURRREL prosEli G oL & JsibRd of 2
honopol yneri c ol | gyl nuc gggt}[ul deavvhl r{mbseln?leaééy Jl%ﬁxg@on to%ﬁae i nker
by aut onded %WHH hés@hsseqwqeémb@ dzﬁicylt orimpgssbledo éﬁ@muw digei@ssapnal i zed

pol yet hyl ene %etﬂ&&cmpaﬁﬁﬂlap?l\w@gn ﬁ&hénli'a? ahfo@zhﬁ%tlc rabield aPigk¥gEET S are
preferred over homopolyneric i gonucl eot i d ecause they do not

si gni ficant |y F#rligpaten évsmthatmeprﬁwﬂmm than # billiasfRNAeapiss of dtaggse t ar get

ol i gonucl eot i dgqueRe! W8S fvd b&idﬁ@ Qﬁahl‘aﬁvé?f’-rté AL bR, arld\‘,te&rtﬁé gebsefd or The

| i nkages between the soli port, Ii'nker and the probe are preferably
not cleaved d@bsesrer A diedirast S‘iﬂ“’lﬁﬁé@‘ﬁ?’@%‘@éfw giheasay eana@lse proaislee conditi ons

at high 38 teuReftdilsmeasufesailp hﬂﬁur@ﬁft&rg&fsgd'u&%é oVérlBRRRdibs HpEofcar bamat e

and am de |inkages. 33 07 Novenber 200
se\%ral orders of magnitude. TMA provides a method for autocatalytically

synthesizing multiple copies of a target nucleic acid sequence without repetitive
manipulation of reaction conditions such as temperature, ionic strength and .pH.
Generally, TMA includes the following steps: (a) isolating nucleic acid,
20 including RNA, from the biological sample of interest suspected of being infected
with parvovirus B19; and (b) combining into a reaction mixture (i) the isolated nucleic
acid, (ii) first and second oligonucleotide primers, the first primer having a
complexing sequence sufficiently complementary to the 3' terminal portion of an
RNA target sequence, if present (for example the (+) strand), to complex therewith,
25  and the second primer having a complexing sequence sufficiently complementary to
the 3' terminal portion of the target sequence of its complement (for example, the (-)
strand) to complex thércwith, wherein the first oligonucleotide further comprises a
sequence 5' to the complexing sequence which includes a promoter, (iii) a reverse
transcriptase or RNA and DNA dependent DNA polymerases, (iv) an enzyme activity
30  which selectively degrades the RNA strand of an RNA-DNA complex (such as an
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Exanpl es of preferred types of solid supports for immbilization of the

‘ol'i gonucl eotide probe include controlled pore glass, glass plates,

pol ystyrene, avidin- coated pol ystyrene beads, cellul ose, nylon, acrylam de
gel and activated dextran. For a detailed description of the TagManTM
assay, reagents and conditions for 5 use therein, se@yNovénberb#wsl and et
al., Proc. Natl. Acad. Sci, U S A (1991) 88:7276- 7280; U.S.. Patent Nos.
5,538, 848, 5,723,591, and 5,876,930. The parvovirus B 19 sequences
described herein may al so be used as a basis for transcription-nedi ated

anplification ( SS . ovides.g nethod of identifying target
nucl ei ¢ acid se%%%@sa"gﬁg‘é%‘ﬁfww TECOFHETMEP PO bi ol ogi cal 10
sanpl e. Such sequena®ascargppndn dfkHeflréactidntmitirei nigy ®s Sortligedisp@RE &Gk ottsi NQ

di rect assay t hods. In particular,. TMA.i.s an isothemal, aufocatalytic
nucl ei ¢ acid tgﬁbeéfaca%{l oS lﬁﬁ‘ﬁ%&?‘? 4irst ‘é’ﬂfl‘f‘ﬁ’ﬁt‘”’q‘c‘f‘gﬁy ﬁ‘r@&f’%leﬁ%‘{egargﬁan a
billi on RNA copsegengfis fortigll peluding DyAeniting ahth eucdedsaid syfthesivingdomditions

gqual itatively, to.accurately.detect, the esence or .. absence of. the target
sequence in-a bﬂgngfuglélg gé?“uglg%bdf grfp‘ﬁ‘ﬁ%ateasgs“g@eo °‘é‘1°§38t‘1?318®10 atﬁg)f%ra
guantitative nezsotd tinfe stfficieatnopmtidomhultiple geties et eingeesequeate. alheoncent r at i on
range of severgl .orders of ni t.ude. . TMA.provi nmet hod f.or

aut ocat al yti calr?{/cmnsagiﬁ %ég?uf]’gﬁ%esn%ﬁs i"?) e 8%?%%8“%%%{3 rt’ﬁ?'ﬁté’tnmﬁﬁt&ﬁ eic acid
'sequence Wi t houtabiligpeiréattiongompauentpsiich b theconfponapaatzimoes aadwithdut ons such as

‘tenperature, iqpj&; n . neral.ly. TMA includes the.follow ng
steps: (a) i soﬁgiuﬁlﬁggrg?ggﬁ%etgg%égﬁgpﬂlatggoﬁﬁ%’bﬂ%?oﬁéwéﬁ&?n ?%tg?nc e OB{hSI ogi cal
sanpl e of ilft eraewlifitigpestion Agfordinglygheiredciart g takei pldoe padeveonilitioss tBit19;  and
(b) conbining ipt - BRGLS . i gl e i . [ cid, (ii)
first and secon Sg?s%agﬁgc egit?? e 6?‘?‘%3%%@%2”?‘?@%?&%?? p‘rri\;,%:?igt ﬁﬁ‘?f}%% a

conpl exi ng seqUénteaction fqnvericatly Hges ootrrpluere Atraturatiomsterte s@arategheri nal porti on
of an RNA tar g@inasBRUeBGRex pbaRELSARL fibkd g e (+) strand), to
conplex therewth, 25 aﬁ&xéhe secor_ldu%or[l%rr%r)%(t avilnﬁ?hgb%borrpl exi ng sequence
sufficiently conpl efrhiaPYAmglymetsees Srcluderenerprafangsoiptases rsuelf astaitian t ar get
sequence ofs i t §yQO8RlERBRMs (M) rE%AERhBeriftfe (bailable FHomABY) LGP ex
therewith, wheréein the first oligonucleotide further conprises a sequence
5 to the conplBRiisiglngegubMelonarpeineilqkimiasisus{Mpilovevsrse tpaspiiptasg r ever se
transcriptase @raiRhbseRd PN KeRandanh I WmRy Mer ases, (iv) an enzyne
activity 30 which selectively degrades the RNA strand of an RNA- DNA conpl ex

(such as an 34 Promoters or promoter sequences suitable for incorporation in the primers are

nucleic acid sequences (either naturally occurring, produced synthetically or a product
20  ofarestriction digest) that are specifically recognized by an RNA polymerase that
recognizes and binds to that sequence and initiates the process of transcription
whereby RNA transcripts are produced. The sequence may optionally include
nucleotide bases extending beyond the actual recognition site for the RNA polymerase
which may impart added stability or susceptibility to degradation processes or
25  increased transcription efficiency. Examples of useful promoters include those which
are recognized by certain bacteriophage polymerases such as those from
bacteriophage T3, T7 or SP6, or a promoter from E. coli. These RNA polymerases
are readily available from commercial sources, such as New England Biolabs and
Epicentre.

30 Some of the reverse transcriptases suitable for use in the methods herein have
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07 Novenber 2005 RNAse H) and (v) an RNA pol ynerase whi ch recogni zes the
pronoter. The conponents of the reaction m xture nay be conbi ned stepw se
or at once. The reaction mxture is incubated under conditions whereby. an
ol i gonucl eoti.de/target sequence is forned, including DNA primng and

nucl eic acid synthesizing conditions 5 (including rib | eqt i

tri phosphat es and deoxyri bonucl eoti de tri phosphates) $2$% “ﬁﬁﬁgﬁéd of tine
sufficient to provide multiple copies of the target sequence. The reaction
advant ageousl y takes place under conditions suitable for maintaining the
stability of reaction conponents such as the conponent enzynes and w t hout
requi ring modi bi RRIAEON aQfvithBRMRY AMV RRVersd tranSiplabed Bt BNV dvaNBe during the
course of the 10 agg%ification reaction. Accordingl the reaction may t.ake

) Y.
pl ace under coRtforablria addrapecnens &N & sHiP pof-1oph RY F?]%’rer’i‘ﬁ‘fw%ﬁ*?mcl ude
substantial |y eQ8sd @tcribRN iSustl ! RNALH &NeadiiavaildleféR G iMhesaanveni ent | y
does not require a denaturation step to separate the - DNA conplex -

produced by t hBesepeitabpRiRriekt ensi on reaction. Suitabl e DNA pol yner ases

include reverse trame RINAPERASEBts pfodGitd 85 tRYd méthodd Ray¥edleaR teaapl&its Vi rus
(AW) reverse transcrj ptase ilable fro Sei kagaku, Ameri ca,

i (ava m e.g., !
Inc.) and Mol owegiﬂcr-‘rﬁ%“r?éalwemé%ﬂ& tvs?ta%quemuggévé%"@*’ﬁ HA%kri pt ase
(avail abl e fr ofkchenigns. TBEbRREARIRRIQBAE And AlPUAEHIO bRbids antbE-QiRlcalys OF
pr onot er sequen,ces{‘ﬁw t&gl e for mc(gr or atflon. in the primers.are nucleic

h

aci d sequences™hopt fepeed fargepgatedly gedifiing 4 ghangipg FFETIR CHFHIRRTIRAT | y or a
product 20 oftedpdr@tle)pi; idn@trehighiesittie idAt are specifically recogni zed by an
RNA pol ynerase that, recogni zeg and. binds to that sequence and initiates the
process of % ranscri FF‘B’#'?Q“W%?@W%WF?E&’ ﬂ?%f“’éh"gf’én%‘fdb‘@ &4 The
sequence nmay opfieadiad, hybridiatidadeith segih@abpedifc dligsndrs, @xilsbaetophgretieyand t he
actual recognition site for the Rgﬁ%gol%/rrerase whi, ch naégis?goartt added
stability or SEEEESTTWTT 1 PG HOgt FOLPT T s eobs demasensys {flplEased
transcri ption igftdpiciramdyotopiodaties, sSvedlfas us &belb atptionot er s i ncl ude t hose which
are recogni zed by c¢ertaln, bacteri pphage | ynerases such as those from
bact eri ophage T3, @’76 Lol e@b@ ,megﬁpd 39 ‘gelte(gﬁ?)rlig&e%(lfeo?{?"égé o, R T =T
pol ymer ases  aligonuelastide probesaddriatd feorh rherh TdRI 790 bp,370 bpandHd bppsuch as New
Craland 510! 2 8efl R TG BB Db AR A0SR Pt oS

assays (HPA). In this embodiment, the probes are conveniently labeled with

acridinium ester (AE), a highly chemiluminescent molecule. See, e.g., Nelson et al.
(1995) “Detection of Acridinium Esters by Chemiluminescence” in Nonisotopic

20  Probing, Blotting and Sequencing, Kricka L.J.(ed) Academic Press, San Diego, CA;
Nelson et al. (1994) “Application of the Hybridization Protection Assay (HPA) to
PCR” in The Polymerase Chain Reaction, Mullis et al. (eds.) Birkhauser, Boston,
MA; Weeks et al., Clin. Chem. (1983) 29:1474-1479; Berry et al., Clin. Chem. (1988)
34:2087-2090. One AE molecule is directly attached to the probe using a non-

25  nucleotide-based linker arm chemistry that allows placement of the label at any
location within the probe. See, e.g., U.S. Patent Nos. 5,585,481 and 5,185,439.
Chemiluminescence is triggered by reaction with alkaline hydrogen peroxide which
yields an excited N-methyl acridone that subsequently collapses to ground state with
the emission of a photon. Additionally, AE causes ester hydrolysis which yields the

30  nonchemiluminescent —methyl acridinium carboxylic acid. ~ .
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35 07 Novenber 2005 an RNAse H activity, such as AW reverse transcriptase.
It may, however, be preferable to add exogenous RNAse H, such as E. col
RNAse H, even when AMV reverse transcriptase is used. RNAse His readily
available from e.g., Bethesda Research Laboratories. The RNA transcripts
produced by these nethods may serve as tenplates to Bg@ygﬁ%ag [tional
copies of the target sequence through the above-descri isms. The -
systemis autocatalytic and anplification occurs autocatalytically wthout
the need for repeatedly nodifying or changi ng reaction conditions such as
tenperature, pH, ionic strength or the l'ike. 10 Detection may be done using

a wide variety of rrewmciﬁaAEﬂleieuﬂh@gmdleﬁ@cauaclﬁ@mememlagmdbmbds| di zation with
sequence-specific, oligoners,

rop resi ectronetry.
these methods cA¥irgfss ‘ﬁ@?'@r“ﬂ%egﬁ‘élglé@ 148 b‘ﬁ‘ﬁe Lﬁ%’r"ﬁ% Ieégﬁog%'tsopl c or
gom sotopic | aﬁe}kaﬁt,ly @ﬁlpmﬁllsﬂlta@% tﬂ@tafg&hﬁbﬁnc&hd&?é rate@ﬁElhp&Bl@ﬁxﬁb:g&aﬂjag hod of
etection is the us t se ific ucl eoti de
pr obes, derlvedreld}“"t?&f hagl%e ‘ﬂ‘f‘gg’ éabs‘ﬁda’ﬁge hgg% #r agnent s
descri bed atﬁovedlrefhyelnpbledirﬁswm&yttben&aﬁﬂphymdambﬁdrﬁbﬂ.at| on protection assays
(HPA). In this enbo

acri di ni um est er gofn‘%ﬁjé é Sﬁisl Eﬂ%ﬁ’?gsosg%%? )ﬁbﬁt‘%%l?}’ébﬁgeb% I\SM ) h

Nel son et al. lﬁ;&aﬁ@ﬁe)d ifhahetadgetanclet amm sdiuﬁmmi dbsiitesso :tbpumenmnhteuﬂ nescence"
| IA(r:]aygrr:]I iowglsg &g ﬁ %‘a ngbluBl s ttherf\&dg ?‘i‘d Fp © tﬁ%&d@ybﬂglﬁfd_pr% ok on of the.
Hybri di zati on Rr}dtod;&bd c)lrmsﬁmagn taldPAgpraximatéICRto 10midines. bk yomeivdrigge Chai n .
Chom (10839 2dPa a5 oG 3HRE s PR RRhms ol e SRER i G0
One AE nol ecul estepst;akds appokimatedyt 2 tadhe@bndso Prdferaty, dizalififesentigl hydnalysis t6p is

any Locati on i Tt Fo el EBRald t gleiFh ki RepPAERRANS @ 70 002
5, 185, 439. Che¥icmativahes @eeorciehﬁf@enttmli hgg@b@d sty mpebeoondnstediat thoral kal i ne
hydrogen per OX't]g'F emrg hTth’z{llgévgae\aﬂzd gkotb%%ﬁéﬁ' gﬁ%ﬁéh}e%{hle ga?:%?otglaglhlbt on

subsequently co a ses to ground st ssi on
© Addi tional ¥, A@l@&/@%@éar@s tiréfereh‘yfﬁlrrUhg/@t@fWﬂr@Yﬂ%heéYqﬁmamélzed and

unhybridized AE-labeled probe. HPA is described in detail in, e.g., U.S. Patent Nos.
6,004,745, 5,948,899; and 5,283,174. '
TMA is described in detail in, e.g., U.S. Patent No. 5,399,491. In one example

of a typical assay, an isolated nucleic acid sample, suspected of containing a
+ 20 parvovirus B19 target sequence, is mixed with a buffer concentrate containing the
buffer, salts, magnesium, nucleotide triphosphates, primers, dithiothreitol, and
spermidine. The reaction is optionally incubated at about 100 °C for approximately
two minutes to denature any secondary structure. After cooling to room temperature,
- reverse transcriptase, RNA polymerase, and RNAse H are added and the mixture is

25 incubated for two to four hours at 37 °C. The reaction can then be assayed by
denaturing the product, adding a probe solution, incubating 20 minutes at 60 °C,
adding a solution to selectively hydrolyze the unhybridized probe, incubating the
reaction six minutes at 60 °C, and measuring the remaining chemiluminescence in a
luminometer. '

30 The oligonucleotide molecules of the present invention may also be used in
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30 ‘nonchem | um nescent -nethyl acridiniumcarboxylic acid. 36 07 Novenber
2005 i 5 When the AE nolecule is covalently attached to a nucleic acid
probe, hydrolysis is rapid under mldly al kaline conditions. \Wen the

AE- | abel ed probe is exactly conplenmentary to the target. nucleic acid, the
rate of AE hydrolysis is greatly reduced. Thus, hybrloc)ll\;ed an

unhybri di zed AE-|abel ed probe can be detected d| rectly 1o ef ?I on,

wi t hout the need for physical separation. HPA generally consists of the
following steps: (a) the AE-label ed probe is hybridized with the target

nucl ei.c acid in solution for about 15 to about 30 mnutes. A mld alkaline
sol ution is thenceidded sapehcAbasedarplisidation (NRQBM)W I‘lmt%rnhdﬁioaezda R60b@r-i S

hydrol yzed. This reaction.takes r.oxi rratel m nut es.. The .
remai ning 10 h %W&FSI%&?C&?%CESSA%Q F‘?“‘if&f“ % “3’%“053 RIS he anount  of

target present 1so‘ﬁh:nﬁal amplettam@lcés SPRPHfic axalﬂaioai 1 provide R&&@@Qﬁldﬁthe Preferably,
the differential SIS te ature as
the hybridi zat |n3(r:11m§ ep, eﬁ)a %né ‘llgﬁl""af‘“ gg‘gég deﬂ?fsé&ﬁgﬁ’l 3 second
differentiad hytabtygirsing b Py, abecond)DNIAqirﬁdr aévefseﬁmstrﬁimaﬂaim&{ Thi s

all ows el evate be u anpl.e e of 10-11, 15

whi ch yields | gr g@‘f“*%‘ﬁ Erence sangd][qﬁé n@ S%S‘?’%ﬁ quetsgEsEen

hybri di zed and stramdéryRINA cic zewtrabdd- fraabethekingicodrandeHRINAI & DINYS ©F ddadte- | N det ai |
in, e.g., Nag; 04, ¢45; and 5 83 174. TMA is
described in de‘?al %}?N .enl&% ;&’ éﬁﬁﬁgsg@g‘%%"eﬁ@ié emplafsifar tgﬁarrpl e of
a typical assayyntlgsis o&:ﬂratmmsttmﬂby domtmh(ﬁ’alﬁpdtﬁmm&wsmﬁmganNAcont aining a
20 parvovi fous Fol%lg?r%s%r&:gén?%%Hg%%’Dﬁ.éstranéﬁlu servesdi% U]:x%cngqr%aé %ﬁ ent rate

cont ai ning the magnesi um eot'l
primers, dit higmhess Qf@Isecoadldomglpmcmryl,lméA stidné by damgatxmmfa$e®pd pﬂma{ I y

I ncubat ed at a&%éjlp %P&bieggﬁﬁ aQNerf&Eﬁ B%Wgrya\sne é)pc}n?olfler si?e d tge ?cct ad € any

secondary structur ter coo ing to ro
transcri pt ase, Dﬁmﬁpﬁlsmaaséempéaﬂdfomsﬁltﬂeblaoﬁa@dde@na;mdtlteMtm xture is 25

oy o o e nd QRNADQME foe B o2 fva pHIERECThORASER dRGALIS 20527

by denaturing t uct a pro e SO0 i on ncuba lﬂuelﬁo m nut es
at 60 C, 15 knownin thcartand described in, e.g., European Patent 329,822, International Patent

Application No. WO 91/02814, and U.S. Patent Nos. 6,063,603, 5,554,517 and
5,409,818.
The parvovirus B19 sequences described herein are also useful in nucleic acid
hybridization and amplification techniques that utilize branched DNA molecules. In a
20 basic nucleic acid hybridization assay, single-stranded analyte nucleic acid is
hybridized to a labeled single-stranded nucleic acid probe and resulting labeled
duplexes are detected. Variations of this basic scheme have been developed to
facilitate separation of the duplexes to be detected from extraneous materials and/or to
amplify the signal that is detected. One method for amplifying the signal uses
25 amplification multimers that are polynucleotides with a first segment that hybridizes
specifically to the analyte nucleic acid or a strand of nucleic acid bound to the analyte
and iterations of a second segment that hybridizes specifically to a labeled probe. The
amplification is theoretically proportional to the number of iterations of the second
segment. The multimers may be either linear or branched. Two general types of

30  branched multimers are useful in these techniques: forked and combed.-Methods for
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adding a solution to selectively hydrolyze the unhybridi zed probe,

i ncubating the reaction six mnutes at 60 C, and neasuring the remaining
chem | um nescence in a |lumnoneter. 30 The ol igonucl eotide nol ecul es of
the present invention may al so be used in 37 07 Novenber 2005 5 nucleic
aci d sequence-based anplification (NASBA). This nethod is a pronoter-
directed, enzymatic process that induces in vitro conp?ﬁﬁﬁﬁgﬁrﬂgﬁngeneous
and isothermal anplification of a specific nucleic acid to provide RNA
copies of the nucleic acid. The reagents for conducting NASBA include a
first DNA prinmer with a 5 tail conprising a pronoter, a second DNA
primer, reversemhtima kiR RaRhedBNASIE adill moltdhldShIA Kaowy iBlieasteand BeEtited and
dNTP's. Using NASBA, | arge ampunts of single- stranded RNA are generated
from either singegs¥ShilfetNRRASGIBIDNA, or doubl e stranded DNA. \Wen RNA is
to be anplified, the,soRNAsSRIfER id@ntionf ©ORE AbR of Bk ki descibentibiess of a
first DNA strand by elongation of a first pringr conHag?% t%%tRNf 10

pol yer ase r ecoRfifPTRede enfian thepresengshtheoreapiam Foreyample FHFESIS RS ¢ enpl at e

for the synst hegé galéripBosaeddicd, anpifidatienEM Ay ampNAths nicksiclachly f@l ongat i on of
ol yner ase

a second priner resulting in a double- str d activ P

promoter site, SFQIqInEe FfBa“Vﬁ)RVf?eé"t %&‘H&Sﬁ%&@’g@ a%fgy'zip‘frzonnﬂ%tf e for the
synthesi s of | axa@plamusihsPOR ahdldicitionRT PERyphdithe Jikd, hedessiBbierain.t h t he ai d
of a RNA pol ynerase. The BA techni que js 15 kng in art and
described in, efhg‘.s’,pa%ﬁ‘f’%ggﬁcaﬁg? ?ﬁf'ﬁ?%ﬁf”ﬁ;ﬁl,w Vﬁ{yéi?‘ tﬁégﬂq %’ﬁ%%’p%a[?%nt

Appl i cation No.saWfde 9ditiRdBir orgamibnis] sBch R3&1T€nd Nepatiti6 BOGEs, 608xanp]654, 517 and
5,409, 818. __The parvyovir B 19 sequences descri 21 2] | so usef ul
in nucleic'8cid hyéﬂsd?agi’f ?pgﬁerﬁ’naes g}r%flq%falsscagﬁ‘lg;cgcn ?éej%%ﬁlir‘ %Jﬁgusb?{c tg?i utilize
branched DNA najreacddabst vardatio atinhySormats uclkeowen mdehehrhbe v at i on assay,

i ngl e-st ded L yt ic.acid i i di .

51 ngl e- str anded=lergp e Y HFufE Cnlipec Mt SRRl A IR

det ect ed. Var i atddifinthedtsctiteidpropesls,aismg krehmiquesvell lpwwn ibyat.oped t o

facilitate separatign of the -ﬁela@ssg €S odnf ilgau(ﬂggﬁgﬁﬁﬁaé,gfms%ﬁda”eous
Py The Signaf e

material s and/or to anplif that 1s ected. One nethod for
anpl i f yi ng1$ he seipgriafith bewnd probes, as well as other detection reagents, can be provided in

kits, with suitable instructions and other necessary reagents, in order to conduct the

assays as described above. The kit will normally contain in separate containers the
combination of primers and probes (either already bound to a solid matrix or separate
with reagents for binding them to the matrix), control formulations (positive and/or

- 20 negative), labeled reagents when the assay format requires same and signal generating
reagents (e.g., enzyme substrate) if the label does not generate a signal directly.
Instructions (e.g., written, tape, VCR, CD-ROM, etc.) for carrying out the assay
usually will be included in the kit. The kit can also contain, depending on the
particular assay used, other packaged reagents and materials (i.e. wash buffers and the

25 like). Standard assays, such as those described above, can be conducted using these

kits.
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25 anplification nultinmers that are polynucleotides with a first segnent
that hybridizes specifically to the analyte nucleic acid or a strand of
nucl ei ¢ acid bound to the analyte and iterations of a second segnent t hat
hybri di zes specifically to a | abel ed probe. The anplification is
theoretically proportional to the nunber of iteration (ﬁ thbe Z@ ond
segment. The multimers may be either |inear or branchdd MY GéNeral types
of 30 branched rmultimers are useful in these techniques: forked and
conbed. - Met hods for 38 07 Novenmber 2005 nmeki ng and using branched nucleic
acid nol ecules are known in the art and described in, e.g., U S Patent
No. 5, 849, 481. |n aiibtBxeerinepfabct of the invention, two or nore of the tests
descri bed above ar the resence t he organi sm <For
exanple, if the fi ?Bs?l ‘Yaerggxmsp?eé gsmﬂﬁc‘fnrﬂ?ﬁ%e pti B et Eﬁe EtF*Ahpi i fi cation
(TMA) to anpli fivettive. Hucdxemplesare dferédofor 1llmmtpumnses bhilgrandmreabt er nat i ve
nucl eic acid tgﬁg S forned, for exanple, by using PCR
anplification dg%ﬁ m-lt-%f' %%) %?fmlg%mg&h“&%nggﬂnbeﬁ “Merein. Thus, par vovi r us
B 19 can bé speci f|Itfﬁ)lrtlstzava|bderseddemtqnw¢gccute¢ysuﬂsdspealmwm:ens utdde(egarrpl e
cont ai ns ot her a r exanpl e.
10 As is readi-f“g&g@sgg?lggm o ggtsll)a&t g&%eggp%ntoﬁes cdre ?‘Bty Eedrl%loﬁ are
subject to a grueatbedlewedddr. vari at i on, and many formats are known in the
art. The above des R r rovi [ nd _aqpe of
skill in the art cglﬁllhr tg%@@,ﬁ?ae&gn |f§lz%ﬁ%&\é%‘gl?&€fg§ﬁg% %{:"gﬁ%la?soﬁrscgﬁ
t echni ques wel dndiusrgvencording théheamanufafheersbdicutend eNitoidieldseafisamand éagnknt s,
i ncl udi ng Hhe PLENES SrchRs-ARES: Fhi upport with bound probes, as well
as ot her det ectl&on rngcgerfts chﬁﬂkec p?og)u\gﬁeged in kits, with suitable
instructions and oilh'é?lsﬂ'e%@ngffmgemeyceptwhmm@lbDbTénduct the assays
as descri bed aRgifraidiaudtl donthidord rté@ln’%d bthdd. 58 SERARS ontai ner s
~the conbination Iglmprl marsonandc ; ?ﬁ& %readg bou(ﬁ(t(f?%lg a solid
matri x or sepdieitieRespigtign Pfé’a@é?ﬂfstNérhgbﬁen@lcnlg DNepalymerased, Kdenaw x), control
formul ations (dRgsbd e o&aculas @ﬂréag&@tcwﬁe) urdh3RE k61l c&?aqu%m &gﬁm the assay

format requires sane and glna geherating reagents (e.
substrate)?if apfhusef éﬂ?é‘ldlftgé‘é eﬁ@ﬂufg@ﬁerﬁaitrectranm%blp stgandedPN. fragmﬁg«‘i ructions

(e.g9., WitteRyerd @pRatedlBgarbid &M etc.) for carrying out the assay
usually wll be m%feauded i'n the kit. The kit can al so contain, depending on

t he

Example 1
Parvovirus B19 Nucleic Acid Extraction for PCR

20 Human serum samples that had previously tested positive for human
parvovirus B19 by either IgM or PCR tests were obtained from commercial sources
and used to isolate DNA for subsequent PCR experiments. Samples were stored at -
80°C until used.

DNA was extracted from 0.2 mL of serum using the QIAamp DNA Blood

25  Mini Kit (QIAGEN, Valencia, CA) following the manufacturer’s specifications with
the following considerations. Carrier DNA was added to the lysis buffer to enhance
nucleic acid binding and yield. In particular, an amount of 5.6 pg per sample of poly-

adenylic acid 5° (Sigma, St. Louis, MO) or poly-dA (Roche, Indianapolis, IN) was
added. Additionally, parvovirus B19 DNA was eluted with 200 pL of buffer AE
30 (Qiagen) instead of water. - z
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particul ar assay used, other packaged reagents and materials (i.e. wash
buffers and the 25 |like). Standard assays, such as those descri bed above,

can be conducted using these kits. 39 07 Novenber 2005 I11. Experinental
Bel ow are exanpl es of specific enbodi nents for carrying out- the pr esent
invention. The exanples are offered for illustrative %y(r%\p %Usy, and are
not intended to limt the scope of the present inventi A any way. 5

Ef forts have been nade to ensure accuracy with respect to nunbers used
(e.g., anounts, tenperatures, etc.), but sonme experinental error and

devi ation should, of course, be allowed for. In the follow ng exanples,
enzynes were purchased fromcomercial sources, and used according to the
manuf acturers' directions. NltrocellulEose filters and the like 10 were

al so purchased from comrercial sour ces—’II“?T—%he i sol atl on of DNA fragments,
except where noted, BReétectiDNA Parmamirysusl I Rampdes by BCRg t o st andard
procedures. See, gmiaf &P @ pr cedggme@eus@g?wﬁ Q%os s, T4 DNA

| igase, E. coli, yner ase ? enow rentt er biol ogi cal
reagents can be&qgummha@wdnefthmindes@mmétal bdtupmas eﬂeétolfﬁnrmtﬁsdfrmdtsaﬁcor di ng

to the manufacty t £ re
~separated on ag 8§1§nate§1 {oﬁﬁgﬁﬂpq m@%‘t‘zﬁﬂé)&%\lf‘gﬁ}g?&}% élﬁ%%‘?ﬁgﬂe
Extraction for (R@FhemaSHmﬁmaIBElrfuﬁammp oEapptaxmtatdhadl7 b e"ﬂle@lasby'nla@m ed
positive for h I ; P

obtained from (L:IJ?)BB i %Fpg%rte%eg té]fgm:lid)‘%t (?ée&a)@ﬂ[mslz%q 3 O%Eﬁr subsequent
PCR experi ment §319$armp1<:elsscmleqden Shade etdl..alt Virolg(1989) é&?lll-%léséﬂie DNA was
extract ed fbomaPprgmmaSef} fzo?ﬁ% ok rg%tﬁ.g tte 160 &aé?g%n%c‘ﬂoﬁ@c?pos&ﬁns'\éo% Ki t

(Q AGEN, Val enc n manuf-acturer specifications with
the fol |l owi ng G6%%siThe proroxinaicly &4 kb fragmepia adfy nudlgetifietisgment | ysis buffer to

enhance nucl elc&reﬁdnqmgmﬁfcta&ld@wmyan@m 4898 ofRHalid &4 3 vir@(198EUNL Of 5.6 g
per sarrpl e of 58 93/1 936,

In order to amplify the B19 fragments of approximately 700 bp, 370 bp and

15 214 bp, the primers shown in Table 1 were used.

41




adenylic acid 5 (Sigma, St. Louis, M) or poly-dA (Roche, I|ndianapolis,
IN) was added. Additionally, parvovirus B 19 DNA was eluted wth 200 L of
buffer AE 30 (Q agen) instead of water. 40 Exanple 2 Detection of
Parvovirus B 19 Nucleic Acid-Positive Sanples by PCR Two different PCR
procedures were used to anplify parvovirus B 19 5 fragnents. One nethod,
described in detail below, was used to anplify fragnmeftNgsmbesddioxi mat el y
700 bp, 370 bp and 214 bp (see, Figure 1). High Fidelity Expand PCR
(Roche) was used to anplify fragnments of approximately 4.7 kb. The
approximately 700 bp fragnment corresponds to nucl eotide positions

2936- 3635 of the parvovirus B 19 genonwapiescri bed in Shade et al., J.
Virol. (1986) 58:921-936. The 10 approximately 370 bp occurs within the 700
bp fragnent at nucl eotide positions 3073- 3442. The approximately 4.7 kb

fragment is a 4biernucl eRbudatee f ragnent correspoRGireiict 0 NUGk €96 mGe

positions 217-4893 of Shade et al., J. Virol. (1986) 58:921-936. In order

to amplify the ™9 fragnents of approxi mately 700 bp, 370 bp and 15 214

bp, the prisrers shown in Table 1 were used. 41 07 Novenber 2005 Table 1
ion 5 VP-5

Primer Sequence_ PCR groductG enomi c re%
AGGAAGTTTGCCGGS(K@TT(’: PTG A48T S AF YRRV P- 3 EPEETGAAACTCTAXNGGTG ( SEQ
| D NO: 37) 370bpVPB VPBCEG.OMCATRRATATGASSRAGBGBGAAG ( Sgp | D NO: 38) 2¢# bp
10VP1/ VP2 VP2-3 GTTGITCATATCTGGTTAAGTACT (SEQ I D NO 39) 214 bp VP1/ VP2

VP25 GACATGGATATGAAAAGCCTGAAG (SEQID NO:38) 214 bp

10 VP1/VP2
VP2-3 GTTGTTCATATCTGGTTAAGTACT (SEQ ID NO:39) 214 bp

VP1/VP2

K-1sp ATAAATCCATATACTCATT (SEQ ID NO:40) 700 bp

15 VP1/VP2
K-2sp CTAAAGTATCCTGACCTTG (SEQ ID NO:41) 700 bp

VP1/VP2

20
For this experiment, PCR was performed in a final volume of 100 pL using 2 uL of

purified parvovirus B19 DNA (purified as described above), 0.2 mM of each deoxy
nucleotide triphosphate and 1.25 units of Pfu DNA polymerase (Stratagene, La Jolla,
CA). The amplification profile involved denaturation at 94 °C for 2 min., primer

25  annealing at 37 °C for 3 min. and extension at 72 °C for 3 min. for 35 cycles. A 3-
min. preincubation at 94 °C to ensure initial denaturation and a final 7-min.
incubation at 72 °C to ensure the full extension of fragments preceded and followed,
respectively, the 35 PCR cycles. PCR products were electrophoresed on 7%
polyacrylamide gels, stained with ethidium bromide and visualized under an UV

30  source. Purification of amplified fragments was carried out using the QiaQuick PCR

purification kit (QIAGEN).
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700 bp K-1sp ATAAATCCATATACTCATT (SEQ I D NO 40) 15VPI I VP2 K-2sp
CTAAAGTATCCTGACCTTG (SEQ I D NO 41) 700 bp VP1/ VP2 20 For this experinent,
PCR was perforned in a final volune of 100 L using 2 gL of purified
parvovirus B 19 DNA (purified as described above), 0.2 nM of each deoxy
nucl eoti de triphosphate and 1.25 units of Pfu DNA pol ynerase rat agene,
La Jol | a, CA)I.O The anplification profile involved der?gﬁ?y%{?t?eg%%t 94 C for
2 mn., primer 25 annealing at 37 Cfor 3 mn. and extension at 72 C for 3
mn. for 35 cycles. A 3- min. preincubation at 94 Cto ensure initial
denaturation and a final 7-mn. incubation at 72 Cto ensure the full

ext ensi on of fragsePCR pPRreGEFE: 3A08p BO frpareh was hashaed widdl e, 700Bg 35 PCR

cycles. PCR products were el ectrophoresed.on 7% polvacryl ani d el s,
Y5 ned wi th et RGP SIS S AR e e BAs g,
Purification of usddritic neded FGROusg tpaimem shoarin iTede DUt usi ng the Q aQui ck PCR
purification kit (Q .. 42 07 er 2005 st CRto a ify the
370 bp B 19 fragmntﬁ'@éﬁgﬁgﬁ%ﬁmé Wés“f%&leﬁﬁ‘pﬁgéﬁwamyﬁglbvi sual i zed
on the pol yacr ykagmetieof@skb.as Miliews/ Othe BijighlitelivexpaidsCRAIES(Rottepshdf or t he
nested PCR using.pri ) i | L | pand .PCR (Roche)
was used to amﬁ?‘ﬁvsﬁ'ﬁ’ésﬁm%‘ﬂ%{@%&@%%ﬁ@ﬁ%ﬁé %)gé{%%naé‘g fol | ows.
The Hi gh Fi del i HickEX (FFRGTRIRAGGCTGRCIMAN AGGS ") (BEQ R N©:43) edes-uSed
. (5" CCCCCCTTAT T 3! SEQ | D NO 42) :and. Hi cks-3 o
{3 TreTarTAGECTE O TR Ao pRB T BRE 43te ffien ey 840G e
vendor's recommindafdi"Ofis2 Anplification conditions were 94 Cfor 1 mn.,
50 C for 24740 ndn. 0 Or ' for 35 0 . CY .
pre-i ncubatli%on%a{}" @%r&g éz?&ft 1§r?ﬁf%rf135r3'éﬂsdcy§%%d§ rﬁ'lﬁ%uégg’fl i)ég%ﬁg‘—i foé%mﬁl ‘for 7 mn.
were al so i ncl dd posTeutR@R 357 p i bir § mie vere dwpedlwied dlioPORpades sse gel s and
purified using s%&ﬁat?dqg l%ghxfokecg%rslaf?@pdﬁﬁted ggﬁgqggﬂéi{ Purification kit (Promega,

Madison, WI).

15 Example 3

Cloning of Parvovirus B19 DNA Fragggents
The PCR fragments were cloned into TOPO-TA vectors (Invitrogen, Carlsbad,

CA). Cloning into these vectors is highly facilitated when the amplified DNA
contains a single deoxyadenosine (A) at its 3” end. Accordingly, a catalytic reaction
20  to add the 3’ (A) overhead was used. The reaction mix contained 1.25 mM of dATP,
0.5 units of Taq polymerase (Perkin Elmer, Boston, MA) and proceeded at 72 °C for
15 min.
PCR fragments were cloned into the pCR2.1-TOPO vector using Invitrogen’s
TA cloning kit (TOPO™ TA Cloning® Kit with One Shot TOP10 Electrocompetent
25  Cells) following the manufacturer’s specifications. Bacterial cells were incubated at
37 °C on Luria Broth plates containing ampicillin at 100 pg/ml, 0.66 mM IPTG and
0.033% X-Gal. A number of white colonies were inoculated in 4 mL of Luria-Broth
ampicillin (100 pg/ml ) and incubated overnight at 37 °C with shaking. Three mL of
the overnight cultures were used to prepare plasmid DNA using the QIAprep
30  Miniprep kit (QIAGEN). Recombinant clones were identified by restri¢ction enzyme

43




Madi son, W). 15 Exanple 3 Coning of Parvovirus B 19 DNA Fragnents The PCR
fragnments were cloned into TOPO TA vectors (Invitrogen, Carlsbad, CA).
Cloning into these vectors is highly facilitated when the anplified DNA
contai ns a singl e deoxyadenosine (A) at its 3' end. Accordingly, a
catalytic reaction 20 to add the 3' (A) overhead was used. The reaction mx
contained 1.25 nMof dATP, 0.5 units of Taq pol yner asé Nopepher 208 rrer,
Boston, MA) and proceeded at 72 C for 15 mn. PCR fragnents were cl oned
into the pCR2.1-TOPO vector using Invitrogen's TA cloning kit (TOPOTM TA
CloningR Kit with One Shot TOP 10 El ectrocorrpetent 25 Cells) follow ng the

Loria Brot h pl Ataeeuar no PR as) 4B O FERABHRELe, 76 ana

Luria Broth plates containihg in at
0. 033% X- Gal . Agﬁemﬁ@lreleﬁﬁomlﬁes@&ftbﬁi@ngre inocul ated in 4 L of

Luri a- BrOth  am ci bk (lRefhdthe DA cAGUBEH 0l R aD! llunlor 37 C Wi th

shaking. Three mL of ~the overnight cultures were used”to prepare plasm-d
DNA usi ng t he @ampidefoBeechnbingnt elgndgiwere(pPCIPACERY) aboReand s DA suspindedin wer e

jdentified Dy MBI TRHANAYED, rvEDPULHD iy WioROfYfulnctd L h ECOR

(New Engl and and Bi ol abs) and 7% pol yacryam de or lA) agar o e gel
el ect rophr esi s dggminater effeapagionivus B1P Aragments was perdermed piinseantAppli®NA sequences

of the clones, gl aesMEUNTS (§Mode! i nant cl ones were
prepared as abovag}psanS DN,& ' ﬁ&ﬁbﬁgsta&me&s%%gpm Tris-HCl, pH 8.0, 1

us
" mM EDTA) at 0.2 ng/Frﬁg“reSPa@dhf@&hﬂégg@dDé‘f%l -3 Bdepiet R4 isesprenses Fame2bar vovi r Us

B 19 fragment spiasindes fakdIRe, Hﬁi‘ﬂ@% afPlifRARKd ?eﬂuen@é@élﬁgstcﬁ% ab@s@%héﬂ?’ (or
Model 377) DNA Sequencer system ures 2A through 2U (S NOS: 1-21)
depi ct DNAOseqpEispaad 'F’r“(‘a‘ﬁl\ec’é‘fe P‘iﬁéWﬁ)&%ﬁ@@@@ H@GV’&‘ES(%W gp‘lﬂmefl ed, anplified

and sequenced @scrme@mhb&cktabgv»emzms@ﬁss Q. ﬁéttnéﬁm%gﬁeﬂ%&eot' de
positions 2936-3635 of thee(Parvow rus enone described in Shade et at.

J. Virol. (19888ursbaabdesgthed ghoy- 'l?'@efe%@?(g&?rm Dxis tgseqrengefiem1 and
descri bed abovigjiate EHINLE Biburt BEGHADNDD) isitife defiRnSLRUHLREIS OHABN9;

Figure 2C (SEQ ID NO:3) is the sequence from isolate CH33-2; Figure 2D (SEQ ID
15 NO:4) is the sequence from isolate CH33-3; Figure 2E (SEQ ID NO:5) is the
sequence from isolate CH33-4; Figure 2F (SEQ ID NO:6) is the sequence from isolate
CH42-7; Figure 2G (SEQ ID NO:7) is the sequence from isolate CH42-18; Figure 2H
(SEQ ID NO:8) is the sequence from isolate CH42-19; Figure 2I (SEQ ID NO:9) is
the sequence from isolate CH46-23; Figure 2J (SEQ ID NO:10) is the sequence from

20  isolate CHI-1; Figure 2K (SEQ ID NO:11) is the sequence from isolate CH1-6;
Figure 2L (SEQ ID NO:12) is the sequence from isolate CH2-8; Figure 2M (SEQ ID
NO:13) is the sequence from isolate CH2-10; Figure 2N (SEQ ID NO:14) is the
sequence from isolate CH2-11C; Figure 20 (SEQ ID NO:15) is the sequence from
isolate CH5-13; Figure 2P (SEQ ID NO:16) is the sequence from isolate CH7-22;

25  Figure 2Q (SEQ ID NO:17) is the sequence from isolate CH13-27; Figure 2R (SEQ
ID NO:18) is the sequence from isolate CH14-33; Figure 2S (SEQ ID NO:19) is the
sequence from isolate CH62-2; Figure 2T (SEQ ID NQ:20) is the sequence from

_isolate CH64-2; and Figure 2U (SEQ ID NO:21) is the sequence from isolate CH67-2.

30 Figures 11A through 11Z (SEQ ID NOS:62-87) depict DNA sequences -
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isolate CH47-26; Figure 2B (SEQ ID NO 2) is the sequence fromisol ate
CH48-29; Figure 2C (SEQ ID NG 3) is the sequence fromisol ate CH33-2;
Figure 2D (SEQ ID 15 NO 4) is the sequence fromisolate CH33-3; Figure 2E
(SEQ ID NO5) ts the sequence fromisolate CH33-4; Figure 2F (SEQ I D NO 6)
is the sequence fromisolate CH42-7; Figure 2G (SEQ ID NO 7) is the
sequence fromisolate CH42-18; Figure 2H (SEQ I D NO 8Y Nozemliep2®quence
fromisolate CH42-19; Figure 21 (SEQID NO9) is the sequence fromisolate
CH46-23; Figure 2J (SEQ ID NO 10) is the sequence from 20 isolate CHI-1;
Figure 2K (SEQ ID NO 11) is the sequence fromisolate CH -6; Figure 2L .
(SEQ I D NO  12) fréms ag iniditoed) 26 poreovimobidiisbitat miriGHR aBplifidgud @q@htedSEQ | D ‘

NO 13) is the s 150 -10-. Fl gure D NG 14) is the
sequence from i(geg#lg’? %&%Q}ﬂck%or&?ﬁgoﬁ? %8&?'§E8’5%t§nf\é%‘f&ﬁqsﬂlet he sequence
from isol ate GHbotBys BHOgemomeZBsc(iBED $RINDalLE) Virgl. (1B%) S&GUIBOEthEr om i sol at e
CH7-22; 25 Fig 7)1} u f. [ Q&3 4 { 13- 27,
Figure 2R (SEQufOI%Lb)g %@"@F g%eejléa}é%%%%r&bg&?b?g%i PR LA 1Y g@:(’%ﬁgg;ur e 2S
(SEQ I D NO %9) thesegtence fianjiselate EHBP-dnFiguro 1 BB (SEQHBPNO;63 Fis thesequrite ESEQ | D

NG 20) is the Ar i 2; i LD NGO 21)
is the sequenczi rcggqﬁlgels%’ll:g@ée f&gg@%%%@é?éﬁ%g&fﬁﬁe%bt 1?%%%&%%?(SEQ | D
NOS: 62- 87) depi%FisDRAIB (il HENO:64Yis the seqpenserfrem iRbooB I95Ch2-ArFigwell 6 onal 26
parvovirus B 19cj R i Lfi i f 4 descri bed
above, which cgﬂi(gg%ond 2g%&{dg@c?;ﬁg@%?é{?%g@gg%g&g%g&g&g the

parvovi rus B 1NQjehavthe sauened frselisplpfe B &% Figure 11G (S£Q 8p NO6BYBdhe

58: 921- 9364t heeqélz&g i8R iioﬁm%ﬂ-ﬁ,@”{%@ o4 @ed m@oda_@whk peggen@@@y,ﬁ) . Figure
11A (SEQ ID NO 62) is 5 the sequence fromisolate 0-1; Figure 11B (SEQ

D NO: 63) is tHeledganbe2; kg 1l §iQIDNGR) is the spugnge &om isolate’ SEQ | D NO: 64)

s the sequenceissam s, skt BEOTEINO: fis it BHIGLEIPILERRIRA65) 15 the
sequence fromisolate B19SCL2-1: Figure 1 IE_ (SEQ ID NO:66) is the
sequence from FigstedtE (HQEING:72) is e geguence fipmi PBSAB-1phipupdlk he sequence

fromisol at e BSEREM40I3) e ¥é@entd forh 26elH19b0L£8) Fiiite | INE gequence from
i sol ate BlQSCL(S- 2; Fi gur)el 11ﬁéq(ﬁesE(P I D N0:869 lguz?a ueﬁsggl from isolate

872080 6-215 Fi BOre) 11t Faerse o T IS CLE S Kigtin ORL S HBING 20n e
.. B19SCL7-3; Fi gsty@ende frobn (sSfafQ B1BEMX1 41 Fighe 11O ESE@MIROER) fsityFeduerdeat e
. B19SCL8-2; from isolate BI9SCL12-1; Figure 11P (SEQ ID NO:77) is the sequence from isolate
B19SCL13-3; Figure 11Q (SEQ ID NO:78) is the sequence from isolate B19SCL14-
I; Figure 11R (SEQ ID NO:79) is the sequence from isolate B19SCL15-3; Figure 11S
20  (SEQ ID NO:80) is the sequence from isolate B19SCL16-2; Figure 11T (SEQ ID
NO:81) is the sequence from isolate BI9SCL17-1; Figure 11U (SEQ ID NO:82) is the
sequence from isolate BI9SCL18-1; Figure 11V (SEQ ID NO:83) is the sequence
from isolate BI9SCL19-1; Figure 11W (SEQ ID NO:84) is the sequence from isolate
B19SCL20-3; Figure 11X (SEQ ID NO:85) is the sequence from isolate B19SCL21-
25.  3; Figure 11Y (SEQ ID NO:86) is the sequence from isolate BI9SCL22-11; Figure
11Z (SEQ ID NO:87) is the sequence from isolate BI9SCL2-14.
Sequence comparisons revealed approximately 98% to 99.5% sequence
homology of this 700 bp sequence between the various isolates.
Figures 3A-3C (SEQ ID NO:22) show the sequence for the approximately 4.7
, 30 kbp PCR fragment shown in Figure 1 and described above from parvovirus B19 clone
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Figure 11K (SEQ ID NO 72) is the sequence fromisolate B19SCL9-1; Figure |
IL (SEQ ID NO:73) is the sequence fromisolate B 19SCL9-9; Figure 1 IM
(SEQ ID 15 NO:74) is the sequence fromisolate B19SCLI O 2; Figure 11N (SEQ
ID NO:75) is the sequence fromisolate B19SCLI 1-1; Fi gure"llo (SEQ I D

NO: 76) is the sequence fromisolate B19SCL12-1; Fi gurg ?&g&g | D NO: 77)
is the sequence fromisolate B19SCL13-3; Figure I1Q (0 é\é frf)b 8) is the
sequence fromisolate B19SCL14- 1; Figure 11R (SEQ ID NO:79) is the
sequence fromisol ate B19SCL15-3; Figure I11S 20 (SEQ ID NO:80) is the
sequence fromisolate BI9SCL16-2; Figure 11T (SEQID NO0:81) is the
sequence from i=Bl. anesaqh&f&ad&p]etédm Hiedigtres it alabl 7 iakiebtide fi¥gm&R) i s t he

Sequence 11 om BTN SERPHE Fpbpisan I AR Yo (b ates

t he. sequence f rs8mwei-gz4. anhesquaIESQp%d&pntEhguhéﬁmvovirXsBBE@HI&g{HGp&B) is the
f Bl 11Y 86 the -

sequonce from EOrRFEmE REaErIS L Pt i eBaT U, 87) i s the

sequence frHm iuswdnalnted BlOBCEs? T]:Afragﬁe:qweqm:med 0ﬁmandd31_ﬁlﬁ6dmﬁmﬁaickdtlde

borween the valt Bhs Tossi SR %%é‘%@%%ﬂ#%gg%@%%@q?ﬁ?e

segugnce fgrdt Isgquapp;epmadtwcsmdeétal J%;kbm8m89[42fgag67m% skrlrgvvn in Fi gure I

and described above..fro qne venber

The sequence depi che%flrl Mijﬂfe&ﬁdguﬁ\zosg%)sg%w feﬂuﬁrbcgl S pRrofimels ﬁgpf

correspondl ng kbp Rﬁkﬁ@ntmtwopmmmgmsf@ﬁisar&%ﬁs B19 ShmdeétTmSmuedce Virol .

(1986) 21- C e |cted con L irus B 19
full-Iengt Hpopessri‘:‘%l§77 I%Otsd%?% eﬁ\/\ﬁ" ndm fOSl{]ﬂg ?%%%§V52 pl us
addi tional - 5' Shvde@al,'s/ Efm?lr €asd)asozl- %qcrhnmqsedceErdpe:tq‘drcagnnmmesequenced

cont ai ned an aﬁg! t L n i bet ween

nucl eoti de pos |on J? (ﬁné@gb%ﬁez{dﬁgﬁé&%gﬁucg%g%g%sggélrg/gg‘;@e%y Shade et
al., J Virol. plaoggyiosss 91243 9@8anskicd srgeancdA- THETESEDt $eQuddCrdX@ntambdw t he
sequence for t J gggggé]; .1 FHgure 1 from
parvovirus B 1%%‘:1 g%?él %gagéfﬁéh%ssemﬁgg‘@gg%ﬂ I's a %%ﬁ%f’%@%j e fragnent
cor respondi’ng @d3Mtwl9c$eql{mmrm06p$bmﬁd%98Jof’t’f@h@lﬂéﬁ)éﬁr%ﬂ-??zﬁ-J Virol.
(1986) 58:921-936. The sequence depicted contains the

Example 4
_ Cloning and Expression of Parvovirus B19 NS1, VP1 and VP2 Recombinant Proteins.

Fragments encoding NS1, VP1 and VP2 (see Figure 1) were amplified using
20  the 4.7 kb fragment of parvovirus B19 cloned in pCR2.1-TOPO (described above). In

particular, PCR primers (see below) were designed to PCR out the NS1, VP1, and
VP2 regions of parvovirus B19. To facilitate the cloning of these regions into yeast
expression vectors, Xbal, Hindlll and Sall restriction sites were introduced in the

. primers as required.

25 The primers used to clone and amplify parvovirus B19 fragments for yeast
expression of NS1, VP1 and VP2 recombinant proteins were based on the sequences

obtained above and were as follows:

NS1-5 (sense primer)
30 5S’ATACTCTCTAGACAAAACAAAATGGAGCTATTTAGAGGGGTGCTTCAAGITICTY’
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parvovirus B 19 full-length open reading frane which encodes NS 1, VP1 and
VP2, plus additional 5 and 3' untransl ated sequences. The fragnent
sequenced contained an additional nucleotide in the 5 non-coding region
bet ween nucl eoti de position 367 15 and 368 of the B19 sequence reported by

Shade et al., J. Virol. (1986) 58:921-936. Exanple 4 ' Expr essi on
of Parvovirus B 19 NS 1. VP 1 and VP2 Reconbi nant Pr ot%z?\frg)g&gbeg?&abgnents

encoding NS 1, VP 1 and VP2 (see Figure 1) were anplified using 20 the 4.7
kb fragnment of parvovirus B 19 cloned in pCR2.1- TOPO (descri bed above). In
particul ar,  PCR %ri ners (see below) were designed to PCR out the NS1, VP1,
and VP2 regi on€ 8@%‘5‘}4?/0vi rus B 19. To facilitate the cloning of these
regions into yeast expression vectors, Xbal, HndllIl and Sall restriction

sites were intresiqedseepidig primers as required. .25 The primers used to
clone and anpli § ¥,AEﬁn[Tt‘,?UGACH%A&CJ@MB%@%K%%%%EAM?%ACA%R%@ér%'pf?)’lspf NS 1,

VP | and VPZ reconbi hant- proteins were based on the sequences obtained

above and were as follows: NS1-5 (sense priner) 30
5' ATACTCTCTAGACHAARRBAARANTBOAGCTATTTAGAGGGGTGCTTCAAG. TTTCT3' 46 07 Novenber

2005 (SEQ | D NGO AT\ GETRAGAAA N CA SNTERGTHAAGRALGTHGCAAATGGTGGGAAAGT?’
GAGTATGICGACT T%}'\M}}CT ACAAAGCTTTGCAATCCAGACAG3' (SEQ ID NO 45) 5 VP 1-5

SN (sense priner) _
5" ATACTCAAGCTTACAAAACAAAAT GAGT AAAGAAAGT GGCAAATGGTGGGAAAGT3'  "(SEQ | D NG 46)

10 VPALL- 3 0antVPAbkh@ui-spasq rmer)
5' GAGTATGT CGAC BTACAATEEGECOACACKBCTEIAABCFCMOBACAATRER AATREQsEAD NO: 47)

VP2- 55N (sense \gydsrer) 15
5' ATACTCAAGCTTACAAAACAAAATGACTTCAGT TAATTCTGCAGAAGCCAGCACT 3!

VP2-5SN (sense primer)
15 5'ATACTCAAGCTTACAAAACAAAATGACTTCAGTTAATTCTGCAGAAGCCAGCACTY

(SEQ ID NO:48)

PCR primers were synthesized, purified and suspended in 300 uL of dH,0 and
their optical densities at 260 nm determined. The reaction mix contained 0.25 ng of
- 20 template, 100 pmol of each primer, 10uL of 1.25 mM of each ANTP and [ unit of Taq
polymerase (Perkin Elmér, Boston, MA) in a final volume of 50 pL.. Amplification
conditions were 94°C for 1 min., 50°C for 2 min. and 68°C for 4 min. for 35 cycles. A
7-min. post-incubation at 75°C was added to ensure the full extension of fragments.
Aliquots of 5 pL. were used to check PCR synthesis by electrophoresis on 1% agarose
25  gels. The entire PCR product was then electrophoresed and fragments exhibiting the
expected sizes were purified from the gels using the PCR Purification kit (Promega)
following the vendor’s recommendations. Approximately 0.8 pug of pixriﬁed PCR
DNA was digested with the appropriate restriction enzymes (Roche) for 3h at 37°C
and the products were further purified using the Promega PCR Purification kit.
30 Plasmid pBS24.1 was used for heterologous expression of the parvovirus B19
recombinant proteins. This yeast expression vector contains 21 sequences and

inverted repeats (IR) for autonomous replication in yeast, the o.-factor terminator to
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(SEQ ID NO 48) PCR primers were synthesized, purified and suspended in 300
ItL of dH2O and their optical densities at 260 run determ ned. The
reaction m x contained 0.25 ng of 20 tenplate, 100 pnol of each priner,

| gL of 1.25 nM of ~each dNTP and 1 unit of Tagq polynerase (Perkin El ner,
Boston, MA) in a final volunme of 50 L. Anplification ditd.on were 94C
for I mn., 50C for 2 mn. and 68C for 4 mn. for 35 é’@”"mbe 30;

post.-i ncubation at 75' C was added to ensure the full extension of
fragnents. Aliquots of 5 L were used to check PCR synthesis by

el ectrophoresis on 1% agarose 25 gels. The entire PCR product was then

el ect r ophor esedenaye trinsergpvemntegniastionisingd thegeastieu2-dand og$ejesoneliie purified

fromthe gel s usifoddio @ﬁpﬂ&aa&a tﬁegnmg%;getge@re B sond Bl ARG, e

vendor' s reconmendations. proxi nat was
di gested with tdnésdestiomms. at/e(Pichwantes ettal ©W9éﬁE}M1o@RﬁHHeoolGEws G@ieat 37' C

and the pr Oducéﬁpd%ﬁlg WasﬁfPrp)é[nféngﬁzger g zgipz%lﬁrsz HE%PP%H% rification

kit. 30 Pl asm use ol'ogous exXpression of’ the
parvovi rus 8 1haptecodbl {delandandCelCnik, edfhWsley-biss ince Neweak.oh Yverct or

cont ai s 29 SequeREES ANt NS0 el SOGA btk 8l SHLGIRRANS LP! | cati o

in yeast the a-factor term nator ure
transcription tl8unismdeslbintestiondikeline phesabatase éﬂpﬁermgarma!ﬂjmhfdmnamh,ectl on. The

Col E1 o1 gin Ol &b b ool indepl A AR 10 BB iy BlgRabicgoent for

propagation and selection In pressi on
of Het er ol ogoudragaemes werg @&G@WﬁthmdlgestbﬁpBWdtaeﬁ mtEn@Nfeeargnwgt A Qui de

to Design gnd E&f?ﬁ'ﬁlﬁé !hgpeasth rgﬁloér Z/E'Mgiqbﬁlﬁgnrﬁaeggl %éﬁgl?k'aa eds.

Wl ey-Liss, Inc. 161. Pl as s di gested
with BanmH ( Sal L&%Z@Qwe%wmﬂa@re@mﬁﬂml orjaBantiFEnaH, ct:ea«tnrdmgmpétmn ne

al kal i ne phosphatiass siByek RoRE P@ﬁ'ﬁ}ﬂgrhéﬁlts b BOLiaRAPLIhon walél)wﬂeﬂ@&t the

conditions recommended by the vendor. The digested and purified PCR

fragnents wer eVih thegoglietipigd agatissnkit a‘ﬁlpgé%opb Begian mixywas then ysedtoDNA

fragment 10 comindiofh BO-olHB 108 asth e&mbéeuxgimﬂrteﬂmreamwa%/s%?% f(Rusens et
al ., Gene I(51987) 61: 265- 275) digested with either BanHUSful or a

BamHUHI ndHP, dBisériatessoptaining emplrcélyt 3tileq feiml afier xovpmighbineubiation 4187 18CR
fragments to D&.vehdfflies bt @l kRSNRIioR Bk 'pﬁgcd(%.ldﬁ inoculated in 3mL of Luria-

Broth with ampicillin at 100 pg/ml and incubated at 37°C with shaking overnight.
Plasmid DNA was prepared using 1.5 mL of cultures and the QIAprep

Miniprep kit (QIAGEN). Recombinant clones were identified by analytical restriction
20  enzyme analysis with BamHI-Sall. Large-scale preparations of recombinant plasmids
were made to perform sequencing to confirm the nucleotide sequence of the cloned
~ parvovirus B19 fragments. '
Yeast expression plasmids exhibiting the expected sequence for NS1, VP1 and
VP2 were used for yeast transformation as follows. Competent Saccharomyces
25 cerevisiae AD3 cells [Mat a, trpl+, ura3-52, prbi-1122, pep4-3, prcl-407,
[cir’],::pDM15(GAP/ADRI::G418" )], leu2(4AD)] were transformed with plasmid
DNAs encoding for NS1, VP1 or VP2, cloned as described above. Selection of yeast
recombinants was achieved by two rounds of uracil-deficient plates followed by one
round of leucine-deficient plates after incubation at 30 °C for 48-72 hours. Cultures

30 were then grown in leucine-deficient media and then in YEP supplemeiited with 2%
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with the Roche Rapid Ligation kit and protocol. The ligation m x was then
used to transformE <coli HB 101 conpetent cells and transformants were

- selected in Luria 15 Broth plates containing anpicillin at 100 gg/m after
an overni ght incubation at 37C. Several colonies of each transformation
were picked and inoculated in 3nL of Luria- Broth wt il at 100
g/m and incubated at 37"C with shaking overnight. ngm%d\és pr epar ed
using 1.5 nmL of cultures and the Q Aprep M niprep k|t (Q AGEN) . :
Reconbi nant cl ones were identified by analytical restriction 20 enzyne
anal ysis with Ba al Large-scal e ons ant. plasm ds
were nmade to peft ?%‘@HHE Eﬁ P’f"ff"@o‘?{g‘icf’ %f'fcﬁ eﬁ"ﬁéﬂ%&’ g@%@&@éﬁ%’e of the
cloned parvovi rbb[sfeBhébﬁmgé@gﬂ@ﬁm(sxhe\‘mbmaxpfmgl on plasm ds exhibiting the
expect ed sequence faq

transformation as fo qeéwencﬁcfgﬁ)th‘i ‘@HP“@&%@WEOW&{H&%‘?8‘8%%?/‘?%fhﬁg A3 cel l's
[Mat a, trpl+, Bigaibs 520. Iphtievld: BlgurgepASBQ P INEY:243 6 SH (SEQ]ID:NO:25)

pDM 5( pGAP/ l D) were transfo ned Wi th smd DNAs
encodi ng fo'rAPR Slf %‘/égil %%’é@lglﬁm‘%?(r%tﬁl 5‘lq§en° tf)veh é%@%ryovggfgi: i on of
yeast reconbi nelohes2- wasF@ﬁdssléa\(sEQfﬂyNDM) amﬂﬁisEQfIDmJ()ml)lshcnkerhé ¥Pent pl ates

fol |l owed by one eum ne- def i cl.ent Iat es .af n tion at 30 C
for 48-72 hours"u%ﬁfj%lf?ggm SREFEY & ecdved(m (e)‘ﬁlréllsﬁr??dl ::ztzllﬁgnt nedi a and

‘then in YEP supﬁlgmme’m mQ/IDtNO woamm(srsmwmw) sE®0Ge §PRowd®tiddindhuant es et
al ., Proteins: uct . nct 1989 efore
checki ng expres%rlot()ﬂrﬁ1 sg%ue?cﬁs res%ecuve i’na[ﬁ m?vé%%glg’aonf%?&) qu%ur ﬁééggsggr t he
vari ous prdtOel n@Iﬂ@émandeB(BEQ@rl‘é@ﬁl)@o&lvatewlauu@ecmldowdnmtemﬁqgum% 5-10. In

particul ar, gl‘lé%pg(?lvgﬁ %E%%o%nﬁ%lg% onH\ 65%'g(n§5¥% E@%ﬁfﬁé)ﬂ)sanﬁb w the NS |

nucl eoti de and ences, respec VOVI T US cl one
2-Bl. Figures GAEQ$E(I§Q P) slowasy VHMCEBKKCQEQIMQHN@U@@SS séspaativehe ﬁvm

nucl eoti de and r 19 cl one
25 1 B gar ed R TIBU FRHEERE sk EBSHE Ko 4 AL CRYID KB
VP2. nucl eot i de shend the)iPgd mudleptideand protarssequencnsaespestivply, frofiny pamyoyuvsBh rus B 19
clone 2-B 35 Figitepe8A (SEQ 10 1D NO 30) and 8B (SEQ ID NO 3 1) show the
NS 1 nucl eotl de and protein sequences, respectively, from parvovirus B 19
clone 2-B6. Figures 9A (SEQ I D NG 32) and 9B

' Example 5

Detection and Quantitation of Parvovirus B19 DNA by TagMan™

A sensitive diagnostic method for the detection of parvovirus B19 infection
20  was designed as follows. In particular, TagMan™ PCR technology was used to detect
and quantitate parvovirus B19 DNA. Quantitative PCR requires efficient extraction
of nucleic acid. The volume of plasma/serum used for DNA extraction also
influences the sensitivity of detection. Two approaches were used to isolate nucleic
acid from 0.5 m! of plasma/serum. In particular, DNA was extracted by (a) binding to

25  silica; and (b) annealing to target-specific oligonucleotides.

(2) Isolation of nucleic acid by binding to silica.

In the presence of high concentrations of chaotropic salt such as guanidinium
isothiocyanate, nucleic acids bind to silica. Small sized nucleic acids bind more

30  efficiently to silica under conditions of acidic pH. The bound nucleic acids are
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(SEQ I D NO 33) show the VP1 nucl eotide and protein sequences, respectively,
from parvovirus B 19 clone 2-B6. Figures |I0A (SEQ ID NO 34) and 10B (SEQ

| D NO 35) show the VP2 nucl eotide and protein sequences, respectively,
from parvovirus B-19 15 clone 2-B6. Exanple 5 Detection and Quanti tati on of
Parvovirus B 19 DNA by TagManTM A sensitive di agnostl thod %@9& th
detection of parvovirus B 19 infection 20 was desi gne VT‘B‘?eF

particul ar, TagManTM PCR technol ogy was used to detect and guant i tate
parvovirus B 19 DNA. Quantitative PCR requires efficient extraction of
nucl eic acid. The volune of plasnma/serumused for DNA extraction al so

i nfl uences the amwiemeumlow sdehleﬂtniepﬁ buffexat Eiplplempaitess. ViBiee used to

i sol ate nucl ei i | ser 1. arti cuI DNA was
extracted by (asfbsgg“ i ng lzﬁqssmca??rcfgg“%a% (%3"‘%??&2’%@%@%

target - speci f i cluibn gepz;wfhneﬂmd drissoldtian. A snb@dtic base 0bs watloenguradied by bi ndi ng
to silica. Int re ntrtlosofcaotr ic salt such
as guani di ni umml‘:;:\les'(E;f1 (H‘ligo S&faepmn%geé’ﬁguseua%nf nglg?tlons reﬂmﬁg? Smal | si zed
nucl ei ¢ aci #is lsédindenrmgelaeﬂhcafpﬁmcleent ly to sili ca under condl tions of acidic

pH The bound %gl SISEH@CI %ﬁv&%s OI'HI g%an?nNPéme(b urgam ilfﬁf &vil Slg%?l#edel ut ed in

| ow salt, alkalin enperatures. tion of
nmagnet i zed sil boxaallﬁscguamégmhasotlsodymw tgsaattilizg pfoaxinsl and mh@&aM/BNasesgmand

el ution st eps ?) a@g CJI‘EE! (FC Cf?%lntdl" ﬂoi( qbé ggher'%%cﬂrq%les%e I{!'?]CCSaSSO?FMBbIIIZZl lOeISl:i to

capture the nucleic aci AT e A us efimnating
centrifugati ongndrdmnmgre@ntoﬁcﬁ strecdurmdtnucleagmtcamnssihhs ekagramucicicesid. The | ysi s

buf f er useg, wa fromOr non- Dur h Thi ffe

cont ai ns gﬂ)anl Ehel P UM P G allsgﬁy t e%? ce%"F%ﬁlaf"%%‘dblg’oatnéshéls%{%&a factivate
RNases and DNelstis. buﬁhevaﬂetaﬂngdnte tHErbbuﬁxﬂmué(exil:@ﬂdfMIoheng nfléiab hdid at es t he
process of sol ubili Zal ration_of «nd nucl ear
pr ot ei ns, t hus"F tI'ea3| resmﬁec arvoaréllsgﬁ%l 'Fﬁtgn?l?esd perfO mﬁtclla%aci dified
to enhance nucP(éR,casdescnbebbeidwng, and 50 | of alkaline eI ution buffer was
used to elute the bound nucleic acid. Followi ng nucleic acid isolation,
the presence of parvovirus DNA was determ ned by perform ng TagManTM

15 (b) Isolation of nucleic acid by annealing to target-specific oligonucleotides.

Although use of magnetized silica greatly facilitates rapid and easy handling
during the washing and elution steps, isolation of nucleic acid is still laborious and
time consuming. Therefore one-step capture of specific nucleic acid target from
plasma or serum using magnetic beads was used. In order to make this applicable for

20  awide variety of viral nucleic acid capture tests, generic magnetic beads coupled with
oligo dT were used. Sera-Mag magnetic oligo (dT) beads (Seradyn, Indianapolis, IN)
with an oligo dT length of 14mers were used in combination with Capture
oligonucleotides containing 20 poly A's at 3' end contiguous with the parvovirus-

specific sequence used (designated at the end of the sequence specified below).

25
The antisense capture oligonucleotides used were derived from the 700 bp
fragment and were as follows:
VSPCl - AAAAAAAAAAAAAAAAAAAAATCCTTAACAGCAATTTCTGATA (nt 3492-3514) (*)
(SEQ ID NO:49) '
30
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PCR, as described below. 15 (b) Isolation of nucleic acid by annealing to
target-specific oligonucleotides. Although use of magnetized silica
greatly facilitates rapid and easy handling during the washing and el ution
steps, isolation of nucleic acid is still l|aborious and tinme consum ng.
Therefore one-step capture of specific nucleic acid target fro | asma or
serum usi ng magneti c beads was used. In order to nakeaq7%?°§’e‘3%%q,sgbl e for
20 a wide variety of viral nucleic acid capture tests, generic magnetic
beads coupled with oligo dT were used. Sera-Mag nagnetic oligo (dT) beads
(Seradyn, I ndi anafpolls IN) w th an ol |80 dT Iength of l4nmers were used in
conbi nation witHh AL BRI B HESTCORT TR PEP31%P As at 3' end
cont i guous vvith(SﬁQ@mefrO)/ow rus- specific sequence used (designated at the
end of the sequence specified below). 25 The antisense capture

ol Pows: vaRcl ARt R s NERFPARR LA 28 5702 3514

fol lows: VSPCL - SAARAAAAAKKAAAAAMKARAT
(") (SEQ I D NSEYP M550 07 Novermber 2005 VSPC2 -
AAAAAAAAAAAAAAAAAAAACGCCCTGTAGTGCTGTCAG (nt 3549-3568)  (SEQ | D NO: 50)

VSPC3 - A AAAAABREAT ACANGRTCTGToRTG AG3PRrARGHRIC (373556 | D NO 51)

VSPCA - AAAA AANAAN TGCTGATTCTTCACTTGC (nt 3737-3759) (SEQ I D NO 52)
10 VSPC5 - TGCTGTACCTCCTGTACCTA (nt 3789-3808) (SEQ ID
NO 53) 15 VSPCB - GCCCTCTAAATT FCTGGG (rit 3838- 3857)
(SEQ | D NO84) VFRECHRAAAMNINA CISTARET/@0293HBD)

(SEQ ID NO:53)

VSPC6 - AAAAAAAAAAAAAAAAAAAAAGCCCTCTAAATTTTCTGGG (nt 3838-3857)

(SEQ ID NO:54)
15
VSPCT - AAAAAAAAAAAAAAAAAAAACTCCTAATGTGTCAGGAACC (nt 3910-3929)
(SEQ ID NO:55)
(*) Nucleotide numbers are according to Shade et al., J. Virol. (1986) 58:921-936.
20

The magnetic beads were suspended in Novagen lysis buffer (Madison, WI)
and a series of seven capture oligonucleotides (VSPC1-VSPC?7, described above)
were tested individually or in combination, to capture parvovirus B19 DNA from a
panel obtained from the FDA Center for Biologic Evaluation and Research, U.S.
25  Department of Health and Human Services (FDA-CBER).

(c) Washing the beads with a wash buffer.
Following capture, the beads were washed with a buffer containing 10 mM

Hepes buffered to pH 7.5 in 0.3 M NaCl,, and 0.5% NP-40. Afier treatment of serum
30  with lysis buffer, hybridization, magnetic adsorption of beads, and removal of lysis
buffer, 1.5 ml of the wash buffer was added to the beads. Following the usual

vortexing, magnetic adsorption, and removal of the wash buffer, the beads were

washed a second time in 0.5 ml of the same buffer, so that the magnetic beads can be
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(SEQ I D NO 55) 20 (*) Nubleotide nunbers are accordi ng to Shade et al., J.
ViroL (1986) 58:921-936. The magnetic beads were suspended in Novagen |ysis
buf fer (Madison, W) and a series of seven capture oligonucl eotides
(VSPC1- VSPC7, described above) were tested individually-or in conbination,
to capture parvovirus B 19 DNA froma panel obtained {romth Cent er
for Biologic Evaluation and Research, U S. 25 Departne(&tl\?ogfél?—(fg%{): h and
Human Services (FDA-CBER). (c) Washing the beads with a wash buffer.

Fol | owi ng capture, the beads were washed with a buffer containing 10 mM
Hepes buffered to pH 7.5 in 0.3 M NaC ., and 0.5% NP-40. After treatnent of
serum 30 with doppactedpfof Eay sushgnion ohi 198! of UniveaphPCR dufidcontphingal bk beads,
and renoval of ' f . f_the sh._buf was.added.fo the -
beads. Fol | ow rfééé?‘lﬁgfogglﬁgﬁ m%néafs%é.glﬁ“ %e&ea&ﬁévétgé e’lcéptgrﬁgt(‘))ﬁoﬁt Ve e Ee°rmva| of
t he wash buf f era TagMen'l plattsfonatastiontyagMan™ @B déscritedibalo@. Sevetal of t he sane
buffer, so that,;he i . 0 er 2005 conpacted,
for easy susper?slg(glnC%Q?g%hﬁpglg?g%ﬁ?%g?lgngﬁ%wzﬁwyears S6H thl’yni ng all the
reagents fof tHedMadifassaassay. The beads with the captured DNA were
transferred to a T, %Iyﬁ, | @ I 0n: TaghManT P s, descri bed
bel ow. Several oli g% uq@%iéwf?l ?@g%%i ﬁ%@%@%mvélr%&é ﬁ?m eﬁ%{lng? el(c:g%%uri ng B
19 as det ect ed 2bNABniphgavb &V altesmsive ik ampleying tha kaptyred ezelad®n Tdrt echnol ogy
anplifies captyied hid9%h UG Es: Rl [IQI[}}% ARLIONS i qal.t ernative is
“amplifying the (_:épt{)Jr ecg&t ar get. gsl%.qs’ﬁoro 'S, asr?gﬁis??cg? ron

ol i gonucl eot i d&#¢h e di progtotad sesfuenge, paordentd gansra® RNA appliohs wingT7IRNA with a T7

pronot er sggue j ' : i ' gL 10-

pol ymer ase. Thir;(ggm%rhrr%'l i ??gg:{l lgir?&gorﬂ?ﬁr}@%rg %A?‘%fk&%gig#%é%ngé ow), derived
from the 700 p78bbprsarcacessreseesingdp neslaotider 3836H35 véthe PB3GABEBE of the
parvovinis B 1§enoﬂ€9&&?oe@%ﬁ%ahPQQI.,'ﬁVﬁIf@%éghﬁi1|-936~1ve\fér{?£}£d fok thoip ©)

58:921-936 were tested for their “abi anplify. e priners were as
fol l ows: 15 Sethslity txamphily- Jbsiprimprs eieanfofipvsrer s

oy D)

15 Sense strand ampliﬁéation primers
VSAI-AATTCTAATACGACTCACTATAGGGAGAAGGCCATATACTCATTGGACTGT (nt 2942-
2961) (SEQ ID NO:56)

VSA2 - AATTCTAATACGACTCACTATAGGGAGAAGGCCAGAGCACCATTATAA (ut 3272-
20 3288)(SEQ ID NO:57)

VSA3 -AATTCTAATACGACTCACTATAGGGAGAAGGCACAATGCCAGTGGAAA (nt 3317-
3333) (SEQ ID NO:58)

25 VSP2-GTGCTGAAACTCTAAAGGT (Anti-sense Primer- nt 3424-3442) (SEQ ID NO:59)

RNamplifire kit (Qiagen) reagents were used to examine amplification
efficiency using 50 copies of the parvovirus DNA as target' in a final volume of 20
mLs. The amplification primers were tested individually or in combination using
30 VSP2 as the second primer. Following one hour incubation at 42 °C as recommended
by the manufacturer, an aliquot of the amplified material was diluted 100-fold, for

detection by the TagMan™ assay to assess the efficiency of the amplification primers. :-
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VSA 1- AATTCTAATACGACT CACTATAGGGAGAAGGCCATATACTCATTGGACTGT (nt 2942- 2961)
(SEQ I D NO 56) VSA2 - AATTCTAATACGACTCACTATAGGGAGAAGGCCAGAGCACCATTATAA (nt
3272- 20 3288) (SEQ I D NO 57) VSA3

- AATTCTAATACCGACT CACTATAGCGAGAAGGCACAATGCCAGTGGAAA (nt 3317- 3333) (SEQ I D
NG 58) 25 VSP2- GTGCTGAAACTCTAAAGGT (Anti -sense Primer- 7%ove4§er2§(§542) ( SEQ
ID NO59) RNanplifire kit (Q agen) reagents were used Q[o exam ne
anplification efficiency using 50 copies of the parvovirus DNA as target
ina final volume of 20 nls. The anplification priners were tested

IF(r)]?: X:Mdﬁgl L%eOLOLBmE‘H%QBSW PE%E%@%%?nggéﬁ?f@t%}segﬂ/o\?% ‘r"’f‘n‘gl ﬁ*ﬂr’f%cturer,
an aliquot of tbtﬁcnanpdgeﬁerﬁdlgrm{.fﬂe:rm;ﬂlbomas diluted 100-fold, for detection
by the TagManTM ass e efr,jlme cy.of . .the a i fication
priners. 52 07 Novear g8 @B% iﬁlftolhn%ei\f[natl e O X‘P\ﬂ%“‘aﬁﬁf’iﬁ@k‘é’%ﬁ ”’B?l ner s,
VSA2 and VSA3 whe mtidﬁﬁ?reaomrscdnmghisywereaa‘sﬂablshmtsmgplagmﬂe)m caagiifRiAhanpl i cons.
and “the optt it b bR eTARNBRAHA I ol Bl e P iy P o o
cont ai ni ng t he th&N81 ahdiMP2 freghapaéaat, F@&dl)lmaraﬂﬂlﬂcmon'ﬁhn@rsfdem@ﬂﬁﬂm i ncl udes
the VPl region, and VP2 re re 1). PCR
9%%&5%r I Vggle ? N%ova' weFle us«iﬁz‘lihe n%ngenng(isa rgl%g\éettggﬁ tbel N

anplification priners egron, w,
-were used. The ahumb’eofl (1986) $8 9@1 %161 Werepr@seﬁ}h&dbm&bcema:lhospho}ax’xﬁdrte)lmd % 1986)
58:921-936. X &R gramdite represents
DABCYL. AT, bot FmpeLs FRBARCTL dr, H SRRl oL Foen o r%°‘a“°§ ‘e’f‘“%g 10 VA,
~ The nunber 40 deéd’l‘g nHleedrnb@s dehlenmdgh the oighttoli the s@yeren oéer tethe nucleotidds én

nucl eoti des ingthe Ard NBLS virus B 19 sequence. VSPI-
GOAGGCAAAGGTTTORA e iea Pr?én‘é’gm‘stﬂ@§g@ﬁy°g350) (SEQ I D NO 60) 15
VSP2- GTGCTGAAACTCTAAAGGT (Anti-sense Primer-nt 3424-3442) (SEQ | D NO 59)
VSPPRI - XCCCAT G pAdAGGEEAGAI TR TEEN @& Phkber- %33394:33%?%);‘() ﬁﬁ&%o D NG 61) Vpara 8:
TCCATATGACCCAGAGCACCA (nt 3262- 3460) (SEQ I D NO

15 VSP2-GTGCTGAAACT CTAAAGGT (Anti-sense Primer-nt 3424-3442) (SEQ ID NO:59)

VSPPRI-XCCCATGGAGATATTTAGATTZ (Probe-nt 3379-3398) (SEQ ID NO:61)

Vpara 8: TCCATATGACCCAGAGCACCA (nt3262-3460) (SEQ ID NO: 88)

20
Vpara 9: TTTCCACTGGCATTGTGGC (Anti-sense Primer- nt 3313-3331)(SEQ ID NO: 89)
Vparal0: X AGCTAGACCTGCATGTCACTG Z, where X is Fam and Z is Tamra. (nt3286-3310)
(SEQ ID NO: 90)

25 The plasmid DNA concentration was estimated spectrophotometrically, and

serial dilution was performed to obtain 5,000-10 copies/20 pl. The reaction mix in a
final volume of 50 pl contained 20 pl sample, 1X Gold Taq amplification buffer
(Perkin Elmer) wifh 3.2 mM MgCl,, 300 uM each of dNTPs, 1 pmol each of the
amplification primers, 0.4 pmol of the probe, and 1 unit of AmpliTaq enzyme. The
30 reaction conditions included 10 min at 95 °C to activate the enzyme followed by 45

cycles of 30 secs at 95
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Vpara 9: TTTCCACTGGCATTGIGGEC (Anti-sense Prinmer- nt 3313-3331)(SEQ I D NO
89) VparalO: X AGCTAGACCTGCATGICACTG Z, where Xis Famand Z is Tanra.

(nt 3286-3310) (SEQ ID NO 90) 25 The plasnm d DNA concentrati on was

esti mat ed spectrophotonetrically, and serial dilution was perforned to
obtain 5,000-10 copies/20 W The reaction mx in a figal,wahdsgof 50 ttl
contained 20 Al sanple, | X Gold Taq anplification buffer (Perkin El nmer)
with 3.2 mM Mgd ,, 300 M each of dNTPs, 1 pnol each of the anplification
primers, 0.4 pnol of the probe, and 1 unit of AnpliTaq enzyme. The 30

reacti on condi t}.ons i ncl ude 0Om Cto_activate the enzynme fol | oned
by 45 cycles (;,f: agﬁmgtg%”sw’g’tégéé"s@%@gwﬁwegﬁt@@or& alternating with 60 C
in an ABl 7700 SequusiagthPptifetpair VSES bmigv$H26vHMh gdidrated T09\PPCR prodicVSP2
whi ch generat ed 109, b roduct —and the probe VSPPRI, as few as 10
copi es/ assay wé’f“gmﬁg'iog%?gﬁf BSS@W@%{QWB‘%%‘%& ClRRis- Me‘é‘ﬁsﬂnﬂ?‘h a final
vol ume of 50 j lslumkhiaS26u0BaTInsI @h@{ea@b@ﬁn@trﬁﬁd@ge@@ttﬁéﬁma&hﬂbleg as few as
50 copies/n] of ar_vovif%us B 19. DNA coul d be extracted and detected by

TagManTM t et hnSPHYYne &5 (R s 3-0pis3/mt efpajvavigs 18 PNA qoald brjextirasted apd asa/ ser um
vol unes of 50 pitect@bydraaf tcRoldpy. 86k pasRdirdsqs a BpRliMS Visus, Usi ng the

FDA- CBER parvovjrus B 19 DNA Posi tive sanple (106 copies/m) TagManTM
technol ogy det BETRAScRE Yalypegef 50 HEGpHld ke gxdpctedsad psedifor aplyat t enpt to 10
correl ate the nucl aigngasd Kb AUCBERPAHBGHsEE 6 DN sl\(i'vééémdg%odcgﬁigs/ S
quantitated in_ sevgral antibody-positive sanples. Accordingly, novel human

parvovi rus B19T2Mptenfedgolagdetrsted as fewies 4% eonies pergsnglnanateng équences have

been di scl s edsorfelafthd dilelcQE@ SR Afmunbiitette virR DN RLE Gh Pl Bftitadbd@l . @l t hough
speci fic enbodi nents _of the invention have been described herein for 15

purposes of i | €t 2athody PositivesyBieST0di f i cati ons may be made wit hout

gﬁxil fl\i/g ing from thecspiingly, 3t hERAPRNRREEN0-seRéinddy arddReRERA 252005 AVENDED

using these sequences have been disclosed. From the foregoing, it will be appreciated
that, although specific embodiments of the invention have been described herein for
15 purposes of illustration, various modifications may be made without deviating from

the spirit and scope thereof.
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1. (Arended) A method for detecting human parvovirus B 19 in a biol ogi cal
sanple, the nethod conprising: isolating nucleic acids froma bi ol ogi cal
sanpl e suspected of containing human parvovirus wherein the nucleic acids
are isolated fromthe biological sanple by a method conprising (i)
contacting a solid support conprising nagnetic beads t@ﬂ&x%@ﬂ&@b@? capture
nucl ei ¢ acids associated therewith with the biol ogi cal sanple under
hybri di zing conditions wherein target nucleic acid strands, if present in
t he bi ol ogi cal sanple, hybridize with the capture nucleic acids, and (ii)
separating the solid support fromthe sanple; anplifying the isolated

nucl ei ¢ acids using a sense and a r wherein each (a) the
sense prinmen b) the.an ens nsj sts of
SEQ I D NO. 89: F‘%ﬁ?ﬁ‘%ﬁf 4 eﬁ?‘l’:& k?e'-’ﬁe% E‘é ki %h%mrﬁgﬁo "*’at ¢ds as

an |ndnm&md@nmphmnge presence of human parvovirus B 19 in the sanple
wherein anplifyi n?]]ug[ fl uorgg ni.c. 5 nucl ease assay using the sense
prinmer and tY&4A Eﬁé‘ﬁ%ﬁﬁoﬁﬁ i3k samnle pespedfedipfronipining haman east one
probe pHuVihEiwHirén %trﬁr%k?cbic?dsla@@%blate% fr&ﬁﬂﬁqg&gélcgngmﬁfenl}}p Qlnog! @l m 1,

wherein the iuﬁture nucl ei ¢ acids further conpri yher chain to
i nk t PRERIEHADCcoRtcting 2 selid sipperd cdzrhpnssmg indgrsatip poads. th. coﬁ}ﬁfﬁemdfpd)re The

th h h h lLyA :
(Arendi oS pB st oc O bRt i B ey T swen e Bl condos. compr i se
th oWh uargetatucéée sfid dé, F W
I e:st 90?312 eﬁ%ie ?@gr dentﬁﬁay toﬁigsE&5lrpthe Bld%&éﬁ@é%%&%&%%ﬁéﬂ%?

cl ai mPPCSHh¥t seraratnghg @lldeﬁbépoﬂ gom th¢ saorpdescent | 'abel  sel ected from
th F tet t

(Tavey - arg 35 e BhigRSRERRRd: hERGRh ol Ailsen it e P teT)
6. (Amendedp) fﬂqeemtphmmbrobnsmdtaofﬁmlmsw t he probe further conpri ses

det ect abl e L belﬁ at the 5 O&gg the 3'-end. 55 Novenber 2005 7.
(Arended) TR a‘r‘“r@f’ %e&S%PmE‘FYa?WIftS RehNGBY; ﬁ@@dﬁartl%h@ pissense @lithsce i s

pr eseninplified GATEIOAEH) ad E&?Inﬁﬁfaﬂ&gof’tﬁe Pfege e 18 Of hRGE ﬁ%@o@&% ]%%“ ﬁéﬂgéan&ggt rol

sequence is derived fromthe nucleo equence
(New) The netheseinempbifidngu®s afflnordgenicd mpelease mssan usiapeld shbe/prirabeldnddhgr obe

Sequelffisense primer and detecting is done using at least one probe comprising a detectable label.

2. (Amended) The method of claim 1, wherein the capture nucleic acids further comprise

a homopolymer chain to link the capture nucleic acids to the solid support.
3. (Amended) The method of claim 2, wherein the homopolymer chain is a polyA chain.

4. (Amended) The method of claim 3, wherein the capture nucleic acids comprise the

oligonucleotide of SEQ ID NO:55 or a nucleotide sequence having at least 90% sequence
identity to SEQ ID NO:55.

5. (Amended) The method of claim 1, wherein the detectable label is a fluorescent label
selected from the group consisting of 6-carboxyfluorescein (6-FAM), tetramethyl rhodamine
(TAMRA), and 2°,4°, 5°, 7’,- tetrachloro -4-7- dichlorofluorescein (TET).

6. (Amended) The method of claim 5, wherein the probe further comprises detectable

labels at the 5’-end and at the 3’-end.
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for the internal control sequence. 10. (New) The nmethod of Caim4, wherein
the capture nucleic acids conprise the oligonucleotide of SEQ I D NO 55.

11. (New)' The nmethod of claim 10, wherein the capture nucleic acids
conprise the oligonucleotide of SEQ ID NGO 55 and one or nore of the

ol i gonucl eotides of SEQ ID NOS: 49- 54. 12. (New) The gmtlhefr&hosd ai m 11,
wherein the capture nucleic acids conprise the oligonucleotides of SEQ ID
NCS: 49 and 55. 13. (New) The nethod of claim 11, wherein the capture

nucl eic acids conprise the oligonucleotides of SEQ ID NOS:50 and 55. 14.
(New) The nmethod of claim 11, wherein the capture nucleic acids conprise
the oligonucleotides of SEQID NOCS:51 & 55. 15. (New) The nethod of claim

11, wherein i ids_conprise th | i gonucl eoti des of SEQ
D NoB: 59 &, s e TR Mol of (B L SRR kAT corihol ATUEe st

nucl ei ¢ acids conprise the oligonucleotides of SEQ ID NOS: 53 & 55. 56 07
Novenber 20%5@7@ lalg)ﬁj Thg}egegho_d of claim1l, wherein the capture nucleic
aci ds conpr i%s& PRRedy L hemathef ebelme d, whergndhg miaymtcgatrgd ssguengsis derged  The
met hodfiefn #ié abeTeckitle sSUNRAE! §F SFTONRYY5. e _nucl ei ¢ acids conprise the

ol i gonucl eoti des of SEQ I D NOS 49, 52, 53 & 55. 19. (New) The nethod of
claim1, wherein the capture nucleic acids conprises the oligonucleotides

% 5220, ( ReOHRRE pERAT AL R R o oriirs e e B Do PRI FEEneR | s

conpr i fethetihernabtogwlveuemdd des of SEQ I D NCS: 49, 52, 53 & 55. 57

10. (New) The method of Claim 4, wherein the capture nucleic acids comprise the

oligonucleotide of SEQ ID NO:55.
11. (New) The method of claim 10, wherein the capture nucleic acids comprise the
oligonucleotide of SEQ ID NO:55 and one or more of the oligonucleotides of SEQ ID NOS: 49-

54.

12. (New) The method of claim 11, wherein the capture nucleic acids comprise the

oligonucleotides of SEQ ID NOS:49 and 55.

13. (New) The method of claim 11, wherein the capture nucleic acids comprise the

oligonucleotides of SEQ ID NOS:50 and 55.

14. (New) The method of claim 11, wherein the capture nucleic acids comprise the

oligonucleotides of SEQ ID NOS:51 & 55.

15. (New) The method of claim 11, wherein the capture nucleic acids comprise the

oligonucleotides of SEQ ID NOS:52 & 55.

16. (New) The method of claim 11, wherein the capture nucleic acids comprise the

oligonucleotides of SEQ ID NOS:53 & 55.
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17. (New) The method of claim 11, wherein the capture nucleic acids comprise the

oligonucleotides of SEQ ID NOS:54 & 55.

18. (New) The method of claim 11, wherein the capture nucleic acids comprise the

oligonucleotides of SEQ ID NOS:49, 52, 53 & 55.

19. (New) The method of claim 1, wherein the capture nucleic acids comprises the
oligonucleotides of SEQ ID NO: 55 and one or more of the oligonucleotides of SEQ ID NOS: 49
—54.

20. (New) The method of claim 19, wherein the capture nucleic acids comprises the

oligonucleotides of SEQ ID NOS:49, 52, 53 & 55.
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