WD 2011/ 011823PCT/ AU2010/ 000953 - 1 - METHOD AND APPARATUS FOR CONDUCTI NG
AN ASSAY FI ELD OF THE | NVENTI ON The present invention relates to a
met hod amnwloappanat2es for conducting an assay. |n particelcarauvotvmopsesent
invention relates to a rotatable platformwhich can be used for 5conducting
an assay, in particular nmulti-step assays. Wilst the invention has been

devel oped primarily for use in sequencing nucleic acid by pyrosequencing,
and wi |l be deVHETHQINANDAPPARATES BORGONDUCKINGHIN 456K, | 1
wi |l be appreciated that the invention is not limted to this particular
field of use. 10BACKGROUND OF THE | NVENTI ON The foll ow ng di scussion

of the prior art is provided tqyplacortis: iNWERIIGR i N an appropriate
techni cal context and enabl e the advantages of it to be nore fully

understood. |t sHbebstre imysptier icdatedto dvovboérnd afmaratenipr dislvggisd anassdy.t he

prior art throughqut the specificati houl d not consi dered as . an
Prpresa or - ThBHRRE e e B S R R B T B PR AR R T, S5 70
forns pagt ebndueiii®in SRAENHRbakoeME S#UBRsEH adshes. fwvaligl-the inventiohhfisdbéd ity to
determ ne DNA nucl eoti de sequences has becone increasingly inportant in

recent ti medevampedipsimaryy farmee inggqpensingameieihadid Dy exroseausaeise.fand Wlke
sequenci ng . : t ] Ln-t ] | .QF t i cal

ol cavage 20PsepnnEnERmiRR | KRkl G5l U By VIR ENERET,
accordi ng t inveh@or ishioz BnitEING thisqgniouls fleiddused from a | arger DNA segnent.
The el ectrophoresis step and the detection of the separated DNA-fragnents
are cunbersone procedures. However, whilst automated el ectrophoresis units

are conygrcially available,gﬂék$ @ﬁﬁ@?%ﬁ$?HE§NW§N’ N suited for
| ar ge- scal e genone projects or c ?nica sequencingrﬁﬁtre relatively cost-
25ef fecti ve uni t $huidllovingHistissiougii phet pran artnepededled Thpkee theenveaedn froan
non- el ectrophoretic i

non )t ophor ety R o Lor SROURRC g B SLO LSalr ry  Technaues
tools for ggR&tritco®NRENSIIS be a@pﬂf&&ﬁtﬁﬁﬁﬂ)‘&%’%ﬂ, Rt REPERGRL0R2B BR pPfdr @rtsol i d
phase principle was descri bed previously, wherei'n the incorporation of a
radi o | abel Hedu@ouhibe lspestficéionabouid astrcansidered sedn Expressrmalipplie] asfmistien
three- aB el i[h%t Elg:lhyprltl%rr quiiss \rxTJ}cf%iy lgnho%vn or forms part of common general knowledge in the

field.

The ability to determine DNA nucleotide sequences has become increasingly
important in recent times. Previously, the two most commonly used methods for DNA
sequencing are the enzymatic chain-termination method and the chemical cleavage

20  technique, which both rely on gel electrophoresis to resolve, according to their size,
DNA fragments produced from a larger DNA segment. The electrophoresis step and the
detection of the separated DNA-fragments are cumbersome procedures. However,
whilst automated electrophoresis units are commercially available, electrophoresis is not
well suited for large-scale genome projects or clinical sequencing where relatively cost-

25  effective units with high throughput are needed. Thus, the need for non-electrophoretic
methods for sequencing is significant.

Techniques enabling the rapid detection of a single DNA base change are also
important tools for genetic analysis. A mini-sequencing protocol based on a solid phase
principle was described previously, wherein the incorporation of a radio labelled

30  nucleotide was measured and used for analysis of the three-allelic polymorphism of the

human apolipoprotein E gene. However, radioactive methods are not well suited for



human apol i poprotein E gene. However, radioactive nmethods are not well
suited for WD 2011/011823PCT/ AU2010/000953 - 2 - routine clinica

appl i cat iwooandiszence t he devel opnent of a sinple non- pagixiactooeadsaet hod
for rapid DNA sequence anal ysis has al so,been of interest. Met hods of
sequenci ng based on the concept of detecting inorganic pyrophosphate (PPi)
which is rel eased during a polynerase reaction have been described 5

previ ousl y [Qsaechpisplapplicitions perhengp thecdeyploRmRret of e sippplg3ongsdigaciivg wo

89/ 09283) aﬂféﬂﬁ)f&rmpﬁh%q lﬁﬁ‘?\esreg:&%&:%nﬁggpéﬁsoﬁﬁ%’e%ﬂ%%Flgereﬁ.s each nucl eotide is

added to a grow ng n elc a stra uring a polynerase reaction, a
pyr ophosphat e noMthids of sequeh@ag baked oh tiasonbe@nf towntihg inatgapier ophosphat e

rel eased under these conditions can detected enzym cal .g. by th
generati on Byropfl@%ﬁ’f*atf ﬁ%_@vﬁ?@lfgﬂdﬁ fé?aégfiﬁv%%% £ Bl Fefiss kel it gbeibas
enabl e a5 baﬁﬁ‘evﬁdﬁs@%séedl%@rﬁafdoﬁgl P BubIa86h NROS W0 @R/8864 AW 8HBosguenced
sinply and rapidly whilst avoiding the need for el ectrophoresis and the use

of harnful rpediahabelygeferred to asggrpseqpericore. dvsteactenuvbadsidf oraddodh due giomgng

pyr osequenci ng .empl.oyed 0.2 m crocentrifuge tub or simlar) with

P gents. bor e s dueiane fidies By BuGeRerhf § WE P deldho Pl olralies" o
the DNA preg@fak bbdh folfd tHabpyrophdshRite tdlbSedrehdi® thdss co@li@bs\cah Ye Ibwplee, the
met hod suffers fromthe drawback that the read | engths are short, since the

reaction i scepynicaly 6-thy thaeencaripintaf dighoin thelvcdenapatbicH e eetiomh dueh

reacti on, by- . nd I i ch a
bor nt whbr o TRHRAEASEL £ BT HOML AR ADCL e RS ARt B O §
about 80 basiegplgamnd keideghdncedidigl thabtsd st tlec@Oilvrsismidhbeuse of harmful
Commer ci al equi pnent which utilise pyrosequenci ng have al so been devel oped.
These syst efdlitlaRels.| ow celI's to perform hybridisation of a target DNA/ RNA

nol ecul e. To expkaj S ]Qﬁﬁg' j $:l ] i onary
bead which is p05?¥?83§%£?hﬁ?ﬁﬁg?ﬁgﬁﬂ%el ,b??%?ﬁ%ﬁ?§g%ggrﬁﬁ%gfﬁ%géhg a
doubl e- st r andadcdiiAuan thtiz3 desiatlan)iwith tehgentomphendiet a0 thestbeasedueragent s,

i ncl udi a nucleotide (A. G. . C, or T). . are flowed, past the bead and |ight
o et ebf eqdrpey Rt e RN Ebipbia Eter ELR Bt medPrSnETHRER | ho
light is propgiid iRNALMbA shités MOFDAE defwiidk iR tHAeSd IeRSME _@%rs%ﬁ,dsiﬁ& Re Single

reaction. Between exposing the bead to different nucl eotides a wash step is
al so per f or madtiamt dilntedprigressh aflditipe pbardebtide refgracandiareencpon ayipoedugfs t he

| eotjde. 30 Qh hods of .. ing_ b hesi s. |
nown, 1or  exanprE B OEH bR e Su R SR LER B REEMESR i R B
met hod DNA paRBé®S IaF @xd‘nhplé,ttyﬁﬁibaawmﬂy go113d bhiie chiNAe depubh@dhelidbly withnel t ed

into siqgle strands. The single DNA nol ecul es are captured on a surface
wi t hi n 30f| 8up Bethodand serve as tenplates for the sequenci ng-bysynt hesis

process. Fl uoresgapt ¥aih ARG St WS reRhlsd §5rREfheAAHE Ha QNG Phect del dBp&Nd

These systems use flow cells to perform hybridisation of a target DNA/RNA molecule.
To explain, single-stranded DNA is immobilised on a stationary bead which is
positioned in the flow cell, typically by immobilising a double-stranded DNA and

25  denaturing the complementary strand. Reagents, including a nucleotide (A, G, C, or T)
are flowed past the bead and light is detected if a nucleotide is incorporated. The signal
strength of the light is proportional to the number of nucleotides incorporated in a single
reaction. Between exposing the bead to different nucleotides a wash step is also
performed and the process is repeated to detect incorporation of the next nucleotide.

30 Other methods of sequencing by synthesis are also known, for example by using
fluorescently-labelled nucleotides. In such a method DNA samples are first fragmented
and the DNA double-helix is melted into single strands. The single DNA molecules are
captured on a surface within a flow cell and serve as templates for the sequencing-by-

synthesis process. Fluorescently-labelled nucleotides are added one at a time and



WO 2011/ 011823PCT/ AU2010/ 000953 - 3 - incorporated into the grow ng

conpl enentary strand by a DNA pol ynerase enzyne. Unused nucl eotides are
washed awap.20ldpams2s! | um nation with a | aser, the incorpecatadorwobsst i des
emt light that is detected. The fluoresgent |abel is renoved before the
next nucleotide is added to continue the cycle. Tracking nucl eotide

i ncorporation determnes 5 the exact sequence of each individual DNA

nol ecul e. SHYQEWE RN thejggawing somplegreagirk s byrhPY ‘onlyitise #4YAY- net hod
uses the en ® ' if t t. lpven
posi tion iniﬁﬁ%ﬁ2mggghg%§g?R%ﬂgg%?%#hygﬁ@g%ﬁ??%ﬁ@f%gw% s§§%§¢P |(§§%Henzyne
i s used to detlestidenemitiehutidersldgicngds dhuénorsait tabel it acrgeted Dforeticarut e.
See for exanple US.P%%ﬁgt No. 's 05,7@9 34g.and US .4, 883, 750. . What i
needed is agﬁﬁ?%ﬂﬁw ddRoRtTE Ry sk acking miflpydeucorppialign dgirpigeysed
with a W@riﬁk%mﬁ&xﬁﬁﬁﬂk bf éRA iRRiadatSGAI RNesBE hods, and in particular for
conducting assays that involve nultiple reaction and washi ng steps such as
used in sequenci Agquencingiby ligetich isRlrotknewn. vithit DN4 segectsthg methppascattuss whi ch

can be ed as a nveni ent repl acement, for a whi ch requij a
P thr ocoht Bt PRARE S PAAREIE e pRe RERRE R BBl UL 2 wher e,
in case of BuflkRdeC TAE hids HREMEMGHNGy oflh DNA GidaRfdheEhs id dsell to ddi@ndiBeingum

sequenci ng read | ength. It is an object of the present invention to
over come or ubgaslyingr wauenge of dwdargenlaNdf mplgeuldi Seqiipaskagels Lot Patpiat No.’s

abovenenti o 0} t provi de a useful alternative. 20 SUMVARY OF
THE II\I\/E(?\I'I'I %%7‘30,%45 %%?@oétr’%zfto?o a first aspect the present invention

provi des a rot at 3ae igleatiédis mppattus Gndivadudiigg arsags salyanabaicd wiliet faprba

adapted to immpbjlise a first ,bi.ndi[gg partner in one or nore discrete areas
on a surfac8SfWishp yaita et ehemispispardbidegtigniesthods eduhig padiseler fahe present

i nvention pE(%/ciugﬁl?%gssﬁ {RLaRy V@hlgq&;%géf {Qaét%n aqlwégﬁg{'gg?eﬁg@uaﬁm&ed gal d

pl at f orm adapt e sel ectively | Ise a secon ing partner in one
or nore di seepirciag eadeioncid. $urthag ehafis se¢dddpd giphoatum which can bewsedeas a

enbodi t the entire upper surface of the platformis adapted to
mrobi | 126 SOTCRERt BPRAFREM S 48 YR Bt P ooM BT Tt <Fdnd
bi ndi ng par tqQice rX8d FAVBYE Vessélhs @y Do RIROLEBAL R 18C Qéiﬂ@@dde%éﬁng,fdi%itﬁﬁr ete

areas or predefined sites or targét sites are provided on the surface of
t he pl at f or ifedss limittthe maxinwah yequesaopradddgngtur f ace which is relatively

easily bound to the surface of the platform (e.qg. beads). to immppilise a
Firot binding partndl oorosdi@orud SR ExdpJ AR tobR TS i T rer
I n anot her the disadvantages of the abovementioned prior art, or to provide a useful alternative.

20

S

SUMMARY OF THE INVENTION
According to a first aspect the present invention provides a rotatable platform for
conducting an assay, said platform adapted to immobilise a first binding partner in one
or more discrete areas on a surface of said platform.

25 According to a second aspect the present invention provides a rotatable platform
for conducting an assay, said platform adapted to selectively immobilise a second
binding partner in one or more discrete areas on a surface of said platform.

In one embodiment the entire upper surface of the platform is adapted to
immobilise a first binding partner or selectively immobilise a second binding partner.

30  However, in other embodiments a plurality of discrete areas or predefined sites or target
sites are provided on the surface of the platform, or alternatively a secondary surface
which is relatively easily bound to the surface of the platform (e.g. beads) to immobilise

a first binding partner or selectively immobilise a second binding partner. In another



WO 2011/ 011823PCT/ AU2010/ 000953 - 4 - exanple, the discrete areas are a
coating on the rotatable platform wherein the coating is adapted to

i rmobi | i swotzha/diig2st bi ndi ng partner. I n sone enbedrnantwy/oovdse first
bi nding partner is chemically adsorbed ory the surface of the platform In
ot her enbodi nents, the first binding partner is covalently or 5 ionically
or hydrogen bonded to the surface of the ﬁl atform and in yet other, .
embodi nent s SyPPlgdhe RAgICl FeAsES2 RAtEtaRdhe rdablp Pdiony. Wheeindhe contingds
surface of : . - he- i ated that the second binding

%ﬁéﬂt@ﬁﬂlﬁ{dﬁhsletthégﬁs{ bllﬂgmgﬁ)gftﬁgﬂ

partner is |'e or react eto irst binding partner already bound
to the surface oln ttwe phdbfionants, The fipnt éswdhing ipameert is ahemgcaparads@bédoh ythe

rel evant to t hods, and .assays such as. 10 nucleic¢.acid sequencin t hods,
for exanpl eﬁ%@ éﬁf?@?' ﬁb?tﬁ%rx%{mﬂdé@e‘%tﬁetﬂ? fiFg i BEHGhY ‘EHVH]%P { Or

partnerssar ﬁ)n@éaﬂ?i DY HRAFJRET bRRIed Stol AR is@FAl b ORE Phi¥idh ChndTBY P& other
detectably labelled), "which are preferably sel ected fromavidin or

st r ept avi di ambedigtentspraacddr rWagls doratobeld dhel fipit dtinding pacgneal todbe surfadowdibe |
and as discu d further belo n.advant age of th rresent. .invention is to
TSpr ovi e r B0l B e e Pl BReROMEn e RASHRIET BRSOV ERAC O
associ at ed k&%ﬁﬁﬁh@ﬁn%@hﬂﬂrﬁ@%lr@idyvﬁﬁhh RYtheQLihdedT (Rlafre@geNt s. The
present invention will now be explained in the context of pyrosequencing,

however it will B&eappeacineadon Fapatipdailyvelsyinrioj ethods pigrassays such B s
assay. ' he reci at e j I t I 0 pt ed
Co ot 11 2ucie S PRUGENL AN, (P Lol Rl ARRERL, (T RBLIOHD AGPE. 7
or streptavaad Becond $iddept patiers ot hambh©gsiineapdirt hgnionkiey awd di whivh may be
streptavidin or streptactin or anal %)ng can be subsequently reacted with
say, bioti nQPtQ?%WYD}ﬂg%I}eq)’n vhidy gee prrdeiblyr sdeded deprat apding or WireRt2yding F t her

appr eci at eds&éﬁécﬁhrbrtaﬁﬁo E4R Oﬁf&e%tg}ok]gp pl atform al ready conprises a

first binding partner, and the plat is adapted to selectively
i mobi | i se &dlosegandari addingpspalr funther bel@w, bt advdntagehdribé praselyeinappioeds &t ed

that the_platformaccording t he first aspect can be consi.dered to be

" unt unct3 ondi Sl TSRl Fgan G 3B dragne o iPreaE SSnG G geY Vel be
consi dered {,QuRRs of WaRih L8R ehd BfgenRS €- functional i sed’ . Accordi ng
to a third aspect the present invention provides a nmethod for conducting an

assay, sai d met hdde pospnt isvengionheillsnap de gkplaB@driovhalcorged ofl ppréseguancing,
A R R A A
surfaces enbeddett vill B psdeidi@r@aoi (Barickt RbpRET @E Pl Rr8.adRRed s im@osi1isdD
2011/ 011823PCT/ AUZOlO/e(k)%(ggSS‘ - 5 - . . .

20  first binding partner, which may be for example avidin or streptavidin or streptactin or
analogs, and then the avidin or streptavidin or streptactin or analogs can be subsequently
reacted with say, biotinylated DNAs, in a subsequent processing step. It will be further
appreciated that in the second aspect the platform already comprises a first binding
partner, and the platform is adapted to selectively immobilise a second binding partner.

25 It will therefore be appreciated that the platform according to the first aspect can be
considered to be ‘unfunctionalised’, and the platform according to the second aspect can
be considered to be ‘functionalised’ or ‘pre-functionalised’.

According to a third aspect the present invention provides a method for
conducting an assay, said method comprising the steps of:

30 providing a platform according to the first aspect;

binding or immobilising a first binding partner to one or more discrete areas on

said surface of said platform or surfaces embedded in the surface of said

platform (e.g. beads); and



contacting sequentially each said discrete area with a series of reagents,
wherei n between one or nore or all of said contacting steps said platform
i s rotat esto=uoivitdzat any residual or unreacted said reagemAl2610/000953
substantially centrifugally renoved fromsgach said discrete area.
S5Preferably the first of the series of reagents conprises the second or
conpl enentary binding partner to the first binding partner, and then the
subsequent reagenf¥EFEESHBEEHAHY eh saidylisciipig hlieﬁgw@ra $Fifs Phigagahy ShELin and

as discussed furtpar.bebov: more o ac} off Sﬁﬁc&ggggtg% d%}%%sasafcpﬂﬁttf&n?ﬁg%{edt g@h

present invention provides a net i ng ‘an assay, sai

nmet hod conpri si ngtlaheangt epsiuaf orpnm‘eacdedlg;ami ptazehonmsabgantchllngcdmrifulgelly
second aspect; selecti Iy b| i mobi |i sing a second bi ndi ng partner
to one or nore di E‘%‘?%Yteé §]é*?c6‘3t§6‘i‘31aace of said platformor surfaces

enbedded5| n the pkaé&m@mthea@fstliﬁomea%hw o?e?éh%é‘ﬁtk abélﬂpﬁ@Q hth%a'sé’cotnér get
site with a series of reagents, wherein between one or nore or al sai d

contacting semplnmsaiady foiralmfg)pmm@s tp ghatlasl bludlmgtmamelarﬂpdr@sm dlafalsulfwﬁquent

unr eact ed sal d rea enfl ubsta tiall g centrlfu al It%/ noved frodwt @1
target site Preféfa %ﬁe{‘ & PretPod 01 "E e rﬂl}?%%n{ JPEhEY CETHPTT SE€St he
step of anabyisivng 20 the assay during and/or after each said contacting
step. In preferred enbodi ments, prior to contacting the discrete areas with
a subsequent readenerdigck Safairdi asneet éheapeasents inyaie peayides a mebpd fgr or

rinsingste r T eagent may be any reagent
whi ch ca@ sg an??ar},\?s;%agﬁ Iﬁ(ﬁggd;%%m?}egg? “@g?iegg {Itl on fromthe previous

contacting step oprovalitee platferm aedondingfio alwecrcmslladpt&k solution and the
conponents 25 present jn said solution (actlve ents i ke, e.g., apyrase
or other suitabl eseé?FiVﬁ]é(s IAHIng T JEyR s RIGCPI8die RARET (0l 8% PRAWES t he

concentration of PyzRIOGUEL %fxlsald su acWH 's%{d E)ﬁ?fo}’égsd?' s'ﬁQfaF@sa&ﬁﬂédd%Mn Qﬁee any

reagent which can substantl all'y was any resi dual utiron from
previous contacti pgtfstnepandr reduce the anount of any residual oI ution and

the co nents present.in said ﬁp?l ution, and q‘l\&an act ve ent
li ke apytase, in SYH&HING EAYiNHA %‘r@?%?aé%qt)f“‘?ﬁ@ SHiA S s“F%%’fnfSoPV Efbval
of excess nucl eot b@tevee§oﬁé &emafewaﬁwrsaa%on@auvgegt@psl B hxrdesRayatdisubn
and Ronaghi M, Analysis of read-length linmting factors in pyrosequencing

chenistry, Anal . BlabcﬂmefnreS(@@I)T))r uBBa(R) :saipl7 Feq8M, iwsubstantiglly neentpioealled in
its entirely herein ! al@fa tAli WO 2011/ 011823PCT/ AU2010/ 000953 - 6 -
detailed in Nasha%% gli néf 5%6I ?ng the washing step with an

apyr ase- free waspidigrablyeBe h@itheenteh@whtio fufRECMngists ener @aslof aRgldinof
pyr osequenci ng Preferably the rotatable platformis rotated at | ow

speed wA( | sfheoﬁsgaaediglnﬁ@nﬂm afteigpehsaid copracE:ip-e [naprefratedearbodbatits, POiot o
200 rpm Sotoagoﬂjt%tl hE CITRYSe "FBLCDNE o subsequent reagent each said discrete area is
subjected to a washing or rinsing step with a washing reagent. The washing reagent may
be any reagent which can substantially wash off any residual solution from the previous
contacting step or reduce the amount of any residual solution and the components
25  present in said solution (active agents like, e.g., apyrase or other suitable enzymes which
degrade by-products or otherwise reduce the concentration of by-products).

Whilst the washing reagent may be any reagent which can substantially wash off
any residual solution from the previous contacting step or reduce the amount of any
residual solution and the components present in said solution, and may be an active

30  agent like apyrase, in other embodiments preferably the washing step for removal of
excess nucleotide is free from apyrase, as detailed in Mashayekhi F., and Ronaghi M.,
Analysis of read-length limiting factors in pyrosequencing chemistry, Anal. Biochem.

(2007), 363(2): 275-287, which is incorporated in its entirely herein by reference. As



5 added to the target site; and the platformis rotated at high speed
whi | st di spensing the reagents, for exanple at between about 400 to 1000
rpm Howewenroit/diism| | be appreciated that other rotatiorah/aAapesx®osse
possi bl e. In preferred enbodi ments,, each said discrete area is
prepared for each said subsequent reagent by substantially 'drying' said
discrete area by rotation of said 10 platformto centrifugally renmve any
resi dual redgfaitésinsMaphayrishi af ériepiaging g Bathing sigp with é’%lﬂEEﬂ?e'%?f‘eWé?la’ég y

S“bSta”tialE%g@%ﬂm&ﬂ@h@ﬁﬁﬂﬁ&%ﬁ@ﬁﬂ ﬂﬁﬁ%&*g%??ﬁﬁkﬁﬂﬁéﬁﬁm»hkh t he reagent from

t he previous p. According to a pect the“present invention
provi des use of Phedempblytthermatbtopldifogn tio rdthed fat dew speedsebdstddigspeiag ghé or
conducting an assay. 15According to _a sixth pect the present invention
provi des a Rfiaéeli‘,%n%if CSPRBle 4 Pepr s Fomt ééé%?@ﬁn"@mt éotaﬁéP ilP LEMeYe KRG
aspects and,QnQ ®Mthé et KRS Ge (pRlifc?Al id r8@R8Yat MYl NilkOdiBpH8MNhd
aspect the present invention provides apparatus for conducting an assay,

sai d appar ataagemonpri etamgple at between abowp@(r 40 u)OPorpm.ot Bioimegersdl dvipl b¢ f or m
according to saLdtfir§t (o] zqconﬂ agfects atla 20pr edet erm ned control | abl e
user - sel ect AMECIPSE M SHST rdH LG SPSRES BRRP TP %ppar at us for di spensing sai d
first binding parf pesfe@8d @nbdilithdne cath MRIICIHESE! Sl iRMRafran (abadhSwid ace
of said platformfor immobilising said first binding partner to said

di screte arsdsequent appesnbbyssubsienddlpédizingg ssidi dissiséoptbabbndpiagomaitt sed

onto saig ;’Bﬁtfgf {T?E:Sntﬂ%@%ﬁ?%&n@%e% %?lﬁﬁﬁi a U REE t}?e%% £ 2 Ligfiyn for

sel ectively'1 nmo I'Sing sa Seco ing partner to sard discrete
areas,; apparafuusd, pesferdblspabsamlly e@dgenit@mination cdiddiscraietdicswithl e 1Isageat e
areas; and gptionally apParatus for dispensing a washing reagent.
Preferably {IRE BpPEVEYSPor rotating the platformis a notor, and the 30

det i ned | I -.S5el 0Ot
predeterm ned robatl anal (,SP Siasgécg ftlg§ ‘gfﬁs&% ﬁ@érﬁﬁ%ﬁp@mﬁgﬁpgéé’v@? ﬁleﬁﬁ%&n} 0

1000 rpm The apparatus Is a y provi vacuu
extracti on sgstding totheXirstactedone avpstsdor @agecti ashisedy. are spun of f t he

rot at ab latform I.n an alternative design, the rotatabl e platform does
o haokE b 1 O Mo "B BR4 R SERMA M yditn T e G it Rafnping 1R

plurality Oéla@ﬁoﬁﬁ %@éo@diﬁ%@(ﬁﬂeq{}stv&ls&:c%n 55t 1s3n@ oMOor more reagents for said assay.
2011/ 011823PCT/ AU2010/ 000953 - 7 - loaded into a cradle for holding each

di screte reacti ohcopeiding b a scytathyaspostntéie. prEgnt ereanplos prowdds fappaa@s Zom
m cr of uge tube of:) rees. on a platformin the formof a

n be mounted at 45 de .
rot at abl e c?%ﬁvg}ng?P?%?%S@@ﬁ??ﬂﬁ?ﬁf?%ﬁ“?ﬂ%’cap of the mcrofuge tube is
open and i s posit hgRedudfor iheiiodie patiaim ptdndng thaid Nt desezuid apecoht 4 he
cap aCI2(l)’] J predetermined controllable user-selectable rotational speed;
optionally apparatus for dispensing said first binding partner onto said one or
more discrete areas on said surface of said platform for immobilising said first
binding partner to said discrete areas, or apparatus for dispensing said second
binding partner onto said one or more discrete areas on said surface of said
25 platform for selectively immobilising said second binding partner to said
discrete areas;
apparatus for dispensing reagents into contact with said discrete areas; and
optionally apparatus for dispensing a washing reagent.
Preferably the apparatus for rotating the platform is a motor, and the
30  predetermined rotational speeds are user-selectable and between about 10 to 1000 rpm.
The apparatus is also preferably provided with a vacuum extraction system to extract the
waste reagents which are spun off the rotatable platform.

In an alternative design, the rotatable platform does not necessarily need to be a

disc per se; it could be comprised of a plurality of discrete reaction wells which are



5 upward). The cap is nodified such that reagents dispensed into/onto the
cap at low rpmcould be spun into the tube at high rpm The plastic hinge
of the mwoabugaigabe is al so preferably nodified to accassmonivacesel to
direct waste reagent fromthe cap to the tube. The cap serves as the

di screte area to receive and imobilise a first binding partner, or receive
and selectively imobilise a second binding partner, and then receive

10subsequentoadeghiént sradlefar holdinggaeh disgiatercygsion gvedldppaoley tormander e
t rough/ cont aj : : I or
iy by 1 s Cv bl » IR EILA0RL B0 ONEh B Sl 145 FRE R PR

Accordi ng t & én feingbf hreespde trative Ipitles eotfiguntentthocapprfakd oesoygpartetius f or

conducting an assay, said apparatus c rising: .15a plate co ising a
discrete ar 8EC:aMy _BBSIEI%UEidrH’?ﬁE? ?r_é?ém&?f) R AR C{ﬂo gt ed t o
sel ecti vel yupmwﬁe%%p@s S6Geed s@h%hﬁga%%%fstﬁﬁi’ehse@ﬂﬁto%rﬁ&ﬂfe%‘aﬁﬁf loﬁﬂ?HﬁCt ed
to said plate by a flange, wherein said tlange conprises a channel for the
passage of foulildefpomngaihd tgicat dighopsailte pastiahings of tre sfienohlgeytulichis also

cont ai ner conprises ap.open to nd the plate conprisges flan 20adapt ed
Lo sel ot i vaIgoang ruBERERsL A ATa 1F A ol BB D Rimdpo e Tl RRET G
tight seal tRetgMdrts RS @E@BkYrdahe rdlele@nll $maosaRe b PrsttbiRli GOPiraien & -
Preferably the contai ner conprises a radially outwardly extendi ng annul ar
flange for &isphernd sgjeetivelycianneliliera segond m@mém?ﬂWcW%@elare@@Wéusel :
Preferably [ [ | ' [ r i.d
cont ai n2¢ i té F@%@ESgeggg{ts’gﬁ%ﬁ{rg@éeag%&%%}%%??%ljgé gg{]}%ﬁﬂéﬂeatgsu%w%%l%ﬁrs@#ﬂer ably
t he appar at udvaheige ¢othdwpéiatng camd assiyheaampledirmgarybytihersgydotdosiasipect is a
nodi fied m crofuge/ microcentrifuge tube, such as a nodified Eppendorf .
Accor di ng t 8WRbeHi Httpbesdpacdhe ¢mdepr esent i nvention provides a rotatabl e
cradle, said cradl I, egel 3 , te
conprising a di sg‘rcg?lgﬁfgr g)aqggﬁglggt%sge{to&l?n%%ﬁ%lt ?fslveéﬁg() i@gﬁhgﬁsngﬁﬁgﬁ%g{??ner
or adapt ed todeliecsn yshy, shidmppathiuvs eompseognd bi ndi ng partner. Preferably

t he rot #able cradle is also.adapted to rec%gi ve 2 or. . nore_co .ners, each

contai n&? connect el P PRIESTEH Tgels aigaadspted to f%‘ﬁ‘@@{hs%grr%i?’w Frrehnge

conprises a channel, Jdaptem@sa@&ﬁ@gﬁngﬁoﬁiﬂigéiéiset(srgmﬁ@ﬁqg_pﬁhﬁér?aﬂcp sai d
container. Preferably said plate i's the cap of a nodified mcrocentrifuge
tube and said cont aicpe@pinescon@rt2d 101 #a0d pPRRJIPCT AUR0 10 GO0 9BA [lang: comprises

a channel for the passage of fluid from said plate to said container.

Preferably the container comprises an open top and the plate comprises a flange
20  adapted to selectively engage the open top of the container and provide a fluid tight seal
therewith. Preferably the plate is a cap for the container.

Preferably the container comprises a radially outwardly extending annular flange
for supporting the container in a holder, such as a carousel. Preferably the container is
substantially cylindrical. Preferably said container is disposable, and made of plastics

25  materials.

Preferably the apparatus for conducting an assay according to the seventh aspect
is a modified microfuge/microcentrifuge tube, such as a modified Eppendorf® .

According to a ninth aspect the present invention provides a rotatable cradle, said
cradle being adapted to receive 2 or more plates, each plate comprising a discrete area

30  adapted to immobilise a first binding partner or adapted to selectively immobilise a
second binding partner. Preferably the rotatable cradle is also adapted to receive 2 or
more containers, each container connected to a respective plate by a flange, wherein said
flange comprises a channel for the passage of fluid from said plate to said container.

Preferably said plate is the cap of a modified microcentrifuge tube and said container is



the mcrocentrifuge tube itself. Preferably the ninth aspect utilises the
appar atus according to the eighth aspect. According to a tenth aspect
t he presewd 220nvam23on provi des a nmethod for conducti ng aoTaAIRENW/0086%8 d

met hod conprising the steps of: 5providing a rotatable cradle according to
the ninth aspect and apparatus according to the eighth aspect; engaging at
| east one plate to sajd platform bindin%>or i mobilising a first binding
partner to HXimicHcspirigege ypeusellp Prelsrabbyt ihg dinth pineat wWyisey t%mﬁ%ﬁquﬁsi ng a

second bi ndi,ng. Rk tNGE RS ALd.di screte area; and 10 contacting
sequentially eécﬁgég@deé950%%t%'area with a series of reagents, wherein

bet ween each or @aweyordfngdaiadertbnspmct thogrese@psvenabpol protdesabhaehed &dl e i s

rotated such that any residual or unreacted said reagent is substantially
centri fugal F?‘ld;é%%%aﬁs%ﬁ?éép ﬁ?ﬂ SUPRITE G Ng §leps of: According to an

el event hsaspect LARiIMES BRhtablRVEId RRoREBYViI0ARS nihBasPlctllg afpirAbat abl e
cradl e according to the ninth aspect for conducting an assay, or use of the

appar at us accor diagegrding tchide eighHt #spegpect for conducting an assay.

According to a tmelfthdgipegt tmﬁ Pregfnfﬁinvention provi des a kit
conprising the apparattus 4ecBFdihg 8"t hé"8i"yht h aspect and one or nore
reagents for sai gindfBay imAeSalstiondfifsobiadinldipalB&b RaidspREke Lide, dIseBeiely
invention provides a kit conprising 20the rotatable cradle according to the

ni nth aspect andbdégor impobilsgrgeiecend bipndingipdrtagdayaid discrete eggidi ng to a
fourteeqih aspect iRl eEAkiol PUERLLANREAYLIGSARPRTAL Horch Rlu L QRINES | N0
an assay, said apparatdas conpri’sing: apparatus for°rotating said
rot at abl e cradl ebaoeer eich@riany bheidicaitictiagpept s#t ratatdblercedi¢ Brroiargdduch
control |l abl e user-sel ectable rotational speed; optiagnally apparatus for

di spensi ng a fir 8@t gdngridgalparnirested paig reagepte SHsHatiay sratiiyeroismevedi d
di screte area,; agg RAdiatbs fQr dispensing one or nore reagents into
contact with sai iscrete area(s). 30O her aspects of the present

i nvention rel at e Acoordorpduah ichegesth aggsatheiprespatrialdngion provides use of the

15  rotatable cradle according to the ninth aspect for conducting an assay, or use of the
apparatus according to the eighth aspect for conducting an assay.

According to a twelfth aspect the present invention provides a kit comprising the
apparatus according to the eighth aspect and one or more reagents for said assay.
According to a thirteenth aspect the present invention provides a kit comprising

20  the rotatable cradle according to the ninth aspect and one or more reagents for said
assay.

According to a fourteenth aspect the present invention provides apparatus for

conducting an assay, said apparatus comprising:

apparatus for rotating said rotatable cradle according to the ninth aspect at a
25 predetermined controllable user-selectable rotational speed;

optionally apparatus for dispensing a first binding partner or a second binding

partner onto said discrete area; and

apparatus for dispensing one or more reagents into contact with said discrete

area(s).

30 Other aspects of the present invention relate to conducting an assay in parallel.
For example, according to a fifteenth aspect the present invention provides a rotatable
cylinder for conducting assays, said cylinder having at least one circumferentially
extending lane, each said lane comprising one or more discrete areas adapted to

immobilise a first binding partner or adapted to selectively immobilise a second binding



For exanple, according to a fifteenth aspect the present invention provides
a rotatable cylinder for conducting assays, said cylinder having at |east
one circuwbenamtiie@Bl y extendi ng | ane, each said | ane coOWpTIALI200)/0006530r NDOr €
discrete areas adapted to inmobilise a figst binding partner or adapted to
selectively imobilise a second binding W 2011/011823PCT/ AU2010/ 000953 -
9 - partner. It will be appreciated that in this aspect the present
i nvention pPydes!tavidl Pe riereciagid Behdiydhis gpegt the PassenivReBiion SEavades a
cylinder is fi.gu t r ! : il e dk: il
appr oci at e { R R e R B S RO, 1 DSt RS R
si mul t aneousdtytable. Tie gallal peeson willt apprdciatdthaahydy @cb@ti@ednttdnablet hany edraplabl e
cylinder may be housed in containeL havi ng a | ongi tudi nal |l y extendi ng

r

aperture t o' EMaBNSPRENSPHlY HinParaliser and reagents, etc to be di spensed

onto thesdiscretg @NeEgs aﬁﬁreéi@ééﬁstﬁ?ti the ‘Mﬁﬂa{a%)i%ecﬁﬁﬁéﬁﬁfa?;bl%%&u@é& il tc8hhiRP

elements will be in the tangential path of the waste ui ds when the

cylinder i shponaaddngtudmadly expade aveuef or eabichihs hreding parivai adddegentssi ng

a shutter fo | osi ng the 10l ongi t.udinal | y ext.endi ng. aperture during

Centri fugat fnt B¢ isbelelfoontp T e e eedto bl QRS TR M BeBE R 0she i on
provides a gethash doheRoRausE ﬁﬁﬂw&@ng@ﬁﬁ@épaﬂﬁ@f Ghe RRISRATLIGOWREN BleNGlihde iSt eps
of : providing a rotatable cylinder according to the fifteenth aspect;

bi ndi ng or Femebial highrngeastai therlprst ths may b ayaideddy usozondiuber Ivpewsiigdbe et e
1oareasy or 1o§1§itﬁéﬁh%1§%;é{e&’dirﬁ‘gd%ﬂn%gtuge; dulrl} Whidrldddna second binding partner to

one or nore scre areas,; I'ng quentially each said discrete
area W th a seri éscaflingeageni-gcenthesmicn thepwsan asahioar pranideofa maihdd for
contacting steps said rotatable cylinder is rotated such that any residual
or unreact e@orgglﬁan%@a@?ém spigl nagihed erpprisingthogeanet i f ugal |y renoved from

said discrete ar eaﬁrovidi%gfa{(ﬁ&gﬂgqg{i\%ﬁgc&rﬁﬁ?%@@ﬂlgqﬂgegn%isdﬁg&& t he present

i nvention provides use e rot e cy der accor to the fifteenth
aspect for said asbmding or immobilisin@rsdidhrdt dimhngipgtib@etot tneaspecire tdserete

present .invention provides a.kit cqnprising.the rotatahle | i nder
hecordi i to the 1 PEERSReReGLhbEPIARE SBmEi dhst seoad pimlide pifince sy ge
assay. or more discrete areas; and
contacting sequentially each said discrete area with a series of reagents,
wherein between each or any of said contacting steps said rotatable cylinder is
rotated such that any residual or unreacted said reagent is substantially
20 centrifugally removed from said discrete areas.
According to a seventeenth aspect the present invention provides use of the
rotatable cylinder according to the fifteenth aspect for said assay.
According to an eighteenth aspect the present invention provides a kit
comprising the rotatable cylinder according to the fifteenth aspect and one or more
25  reagents for said assay.
According to a nineteenth aspect the present invention provides apparatus for
conducting an assay, said apparatus comprising:
apparatus for rotating said rotatable cylinder according to said fifteenth aspect
at a predetermined controllable user-selectable rotational speed;
30 optionally apparatus for dispensing said first or second binding partner onto one
or more discrete areas for immobilising or selectively immobilising respectively
said binding partner to said discrete areas; and

apparatus for dispensing reagents into contact with said discrete areas.



According to a nineteenth aspect the present invention provides apparatus
for conducting an assay, said apparatus conprising: apparatus for rotating
sai d rot avelkba/ays2snder according to said fifteenth aspect/AaRorw/000953
predeterm ned control | abl e user-sel ectablg rotational speed; 30optionally
apparatus for dispensing said first or second binding partner onto one or
nore discrete areas for immbilising or selectively inmmobilising
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di spensin (K t as. WO
2011/ 0118%3?3 ARsonsP iRt 53}t-ﬂ&filﬁfg\@tmﬂgﬁ%ﬂé@%%{oﬁhréé‘g{& on will now be

expl ai ned i n t hePgooseguéncixig pyr osequenci ng, however it will be appreci at ed
that the inventl?n i S not lln]tethO this assa roseq enC|n n a

twentieth aspect " AHdeUghAspect o%gé%fuéSnBYrﬁéﬂq%ﬁ% $ e SRR fWé’H‘ti?‘bn 5

provi dessa bRk%k@QJRnﬁMﬁé Qﬁﬂ%&@%r%@&ﬂ%ﬁhg@&péﬁgﬂ N B @ic AciAUGH B CsAET d
strand, said platforn1adapte to i mmbilisSe a nucfeic acid strand bindi ng

partner in phdoon adapted do smnexbdlsaraeasclcm agids s,trzfndcl@n@mgsmtdelpiraom@onﬁwe on
beads enbedded i t he assay

i s pyrosequ ﬁ%’ieh reaa? &”}W afs? SES@HPII"“PR/%P{ %%g\%gévpﬁig‘id%g i3 P%‘E?CS pl at f orm

for conducting Sﬁque%hts}gﬁ@ﬁ as?ecﬂuﬂfeeels@ayaﬁl Hrédelddidings ahd thelPrepindtidRhiidon
adapted to selectively inmmbilise a nucleic acid strand in one or nore

di screte ar eEyides aarosafplile pdatiormsiar ¢opdusting sequsncign Oééawl@%é@d%@ndnsas%u
sur f aceml . plmfPF&%gfﬂté‘&’ &’seﬁ&ﬁwgﬁfqﬁ%@% a”fﬁIci‘e?ﬁocg ﬁ’ae% di o?%ﬁ&é%‘i’s‘é?e@(f' ng.

Howeve appreci ate sequenC|ng a nucleic
aci d strandarrayobe sutfadeiofeaid paﬁfodmm@a%ﬁldsfdmﬁeheéd inEslaQNEurﬂi&Pr ef er abI y said
nucleic acid strand is DNA o or a nodified fornm(s) thereof e.

fol | owi ng bi sul fPfeéerﬁblééhwewn&@e@oﬂﬁalpéfa/&rlﬁ D aeaseRcRe. v@ﬁwwe&ﬂéwht

present in E@Bﬁ;ﬁ@%lh@éd%‘%%{ ok PRHIELEL ue aﬁ’% bhdieittal ] dsl&%?@ﬂﬁg%%'u?i‘h%h, tat

copi es of t el c aci stran are on each o one or nore
di scret e ardmsuss@t Birthenlrdlywt he rot at abl e platfornlls substantially circul ar
and has di anet 20, bet ween abou 50 t.o ef er abl e rotatable
D15t T or i compr | s LEEabbaeH it S pgms DRTAEr B o g dRmibBerdd

equi di stant by, ®RBGRE bikAMd Reasemt aslec&»‘enﬁ@%d&%@ad%& @m@a fa@f At psat ik  be
appreciated that the dianeter may be any dianmeter, and the dianeter may be

chosen to ao&turﬁlﬂwdazmrrmgelunlﬂ:m)wdbf It gvi§ dreestppreviaseds thav\mm% ofathe macRicorcidror e

i n nunmber. 1%referred enbo nts the dlacre e areas are distributed or
pOSi t | oned tra are retamed on eac € Oone or more discrete arcas.

Preferably the rotatable platform is substantially circular and has a diameter

20  between about 50 to S00mm. Preferably the rotatable platform comprises between about

2 to 500 discrete areas which are equidistantly spaced from the centre of the rotatable

platform. It will be appreciated that the diameter may be any diameter, and the diameter

may be chosen to accommodate the number of discrete areas, which may be 2 or more in

number. In preferred embodiments the discrete areas are distributed or positioned

25  substantially evenly around the periphery of the rotatable platform to form a
substantially circular array.

Preferably the discrete areas are adapted to selectively bind, capture, or
immobilise a nucleic acid strand (e.g. the sequencing template or the sequencing
primer). For example in some preferred embodiments the nucleic acid strand is

30  biotinylated and the discrete areas comprise avidin, and preferably streptavidin or an
analogue, for binding the biotinylated nucleic acid strand. Alternatively, the discrete
areas or the beads are adapted to bind, capture, or immobilise avidin, and preferably
streptavidin, and in a subsequent step the biotinylated nucleic acid strand is selectively

immobilised to the avidin/streptavidin bound to the discrete areas. However, it will be



25 substantially evenly around the periphery of the rotatable platformto
forma substantially circular array. Preferably the discrete areas
are adaptwo 2om/maed2ecti vely bind, capture, or inmobiliseraTmurbmioossi d
strand (e.g. the sequencing tenplate or _the sequencing priner). For exanple
in some preferred enbodi nents the nucleic acid strand is 30 biotinylated
and the discrete areas conprise avidin, and preferably streptavidin or an
anal ogue, f 8PPTBFIAES Hept pﬂer shemstﬁw afceryaijeRle &rdmueqtaling aAucicis acish sipd (e | Y,
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embodiments it is contemplated that the discrete areas could even be relatively raised

portions compared to the surface of the rotatable platform.

30 In preferred embodiments the discrete areas are about 1 to 5 mm in diameter.
However, it will be appreciated that the discrete areas could be any diameter or shape
when viewed in plan view.

Preferably the rotatable platform is conveniently formed of a plastics material,

however, it will be appreciated by the skilled person that other materials are possible,



such as glass or quartz. Preferably the plastics material is selected from
the group consisting of polycarbonate, polystyrene, or polypropylene. It is
al so contwopbatad28hat the rotatable platformcould al sechawroioawigzat ed
structure. Wiatever the material which the rotatable platformis formed
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not i ncl ude RLEMOlGFOMHA Wit %Ggsmge Wazhi SHOWH e repevedotoatdnive fomat st m is
posi ti oned ﬁl‘gnféﬁﬁﬁ&ﬂof QeHﬁqfﬁ alfold O %gﬁoaﬁ E{é T ! au%pﬁtogﬁééslqﬂ

of the plat m suc ste f are spu he sur ace

of the r ot amhtleeﬂlpdisatd be spu:luoff rbe pta$form1 amd onowiee te auplove ithe hdridding of the
‘stati o The skilled person, famliar with the techni ques and

cheni st b(‘-i"ﬁ?tﬁ “g‘i}rao%%ém]ioﬁbdddw |1 appreciate that the nucleic acid

strand i mmbi | i sagkehRil g wHskS rr@atg%n@rc%am ey uResd tﬁeopm@oﬁ;lﬁa@etry 5edytRs benmove
the conplenentary nucleiC acid strand. 30 Denaturing nmay be achi eved by any

met hod, howevdeotsiceddshitia @maﬁtpb@fsrec@ﬁpueawmb@mmﬁgsufﬁeled11$cﬂulgteé sr @0 or
even the ent i L& otat?ble platformto a tenperature sufficient to denature,
e.g. 94 to 5518) (Blf: 8§p03|ngthe di screte areas to a solvent heated to in

excess of 94C,  suclhiaenobithdn@ric willl ther dpptdciddy that g ditsiChedseoiRas i@y be
exposed to a denaturing conposition (e.g. conpositions conprising NaCH).
Ot her n& hoakt; IOHBIVﬂﬂéncwez%ﬁl?lqd@tl%tBP@W%@Q@&QF%@%@W addpd_to the discrete

areas and then spun off the platform after each pyrosequencing reaction is complete.
Therefore, in an alternative embodiment, it may be desirable that the rotatable platform
not include a trough and the housing within which the rotatable platform is positioned be
configured to have a trough disposed adjacent the periphery of the platform, such that

25  waste fluids which are spun off the surface of the rotatable platform during its rotation
are caught in this ‘stationary’ trough.

The skilled person, familiar with the techniques and chemistry behind
pyrosequencing, will appreciate that the nucleic acid strand immobilised to the discrete
areas may need to be denatured to remove the complementary nucleic acid strand.

30  Denaturing may be achieved by any method, however preferred examples comprise
heating the discrete areas or even the entire rotatable platform to a temperature sufficient
to denature, e.g. 94 to 99°C, or by exposing the discrete areas to a solvent heated to in
excess of 94°C, such as a buffer. Alternatively, the discrete areas may be exposed to a

denaturing composition (e.g. compositions comprising NaOH). Other methods include



heating by infra-red or equivalent radiation. It will be appreciated that
the rotatable platformshould be formed of materials which are capabl e of
wi t hst andwogosiais2denat uri ng condi ti ons. The rotatabl e pcatAtovoostd al so
be enabled to heat and cool so as to hybridise 5 or nelt DNA to the
captured nucleic acid target or to the captured sequencing primer. In the
case of pyrosequencin once the dsDNA targﬁt has been captured and

denat ur ed, aeaé@@u@hénﬁﬂg@re&_r PrgfuivAe daeigtion Mywili b sepregiachehals hraogiable
al ternati Vehbﬁtfohﬂeslﬁﬁﬁ\'%e' Ror¥e" b9 hAediaf0 thE& Ccl?eOtcH%aﬁﬁie %‘?q%ﬁﬂﬁhﬂlﬂn$rsﬁ9f?r'
In this case the rotatable platformmay be heated to renbve any tertiary
structures denathengssbiiioand t hen cooled to hybridi se the 10sequenci ng

primer to the i bilis target. It will be appreciated that .heating
the chanber may 48 el G e SRR ot T ang EOTICE, B5dp Aabridhen
relativedy gphkli MOAUTRR QbiERRRNMS a8l8a¥SES tb R GPATRESequEnSEANELeDYn

suitable neans. Alternatively, one may use an oil overlay to reduce
evapor at i ontlgurasagl pyresdymanding heade. dsDiNve targefi haaldleen parawsd ané daedtirednown

to the 15 artisan. Alternatijvel denat ur.at i eagent coul d be dto
the. capt ur ed S BRA aRIeCen Ak R prRes A AP G ar s e
to reduce tRghmii@Verthd beuldd g&juchtih@ pAhdr anmsakadenfe &ﬁauﬁ@qumg)rﬁrﬂqﬁsebe to
the DNA target. Once anneal ed, the pH buffer may be spun off to waste. The
skil | ed per Seatedid 1emeyp aay iteitiaryt Waiciesyin by aiNgendihec eoalerbtophdsidise thoo
i nvention, | ! I s abl e of providing. For exanple,

t he preggntg?ﬁ%@%%ggﬁngﬂgﬁﬂ%gﬁﬁﬁggﬁ%fggggd base read | ength conpared to
prior art device$ afilll heethoesated ahsx péaing, thpr chainbar tmaetbodsneamnducd the
pyrosequencing in a 0.2 nL_mcrocentrifuge tube (or sim.lar) and reagents
are added t 6°PpExity Bk theedfiyicst piasq Yhew rdaitvebt shpb velogige of &eagents pEe wied the
present in [ dded guent;| t
reaction co%?gw%#%g“?ﬁg%%%ﬁﬁ?ﬁgﬁgggffg%%g%?ggf?m§@f§gnzynégggﬁﬁygﬁghmgi
subst r at e( spvapbhionedatngothei beapeg fgape dOihar auitdblomdds wed Iwabll kbh@vn Thiehe

pl at es e heated, (28C) and shaken during t reactjion. Hence, t vol ume
bt "ol Lbt i BeeuL AT e eTg g Sl YARDRE S R raE PR Snd

evapor at es Whjuehcif® 8BS mBRthdEsHl ek of B 18w JIHhdRA 19tedube Hegas Bb&ﬂhéﬂa&‘%éﬂ kRe but
in an accumrul ati on of byproducts. The prior art nmethods suffer 30 fromthe

dr awback t hand angak hadeduenginhprimee tchapi¥ Attargetl YOrplhannealgd, the pi bnddet mhy kel y
based on th% accu Lati?n of degradation products, e.g. generated by the
activity of t e Dy %8 The present invention does not offer the drawbacks
known fromthe statekafedt perséd twillShpprecidldetht nieHy ladsadadeychvBicR @6i tesht and
is contacted with a nucl eotide, the remaining nucleotides as well as al
react i o&0 pr BygBYEQN. AhFapgusppbnddmentyris capabde glprpvidmng. wdior example, the present
2011/ 011823 0 - - a ed. fr e discrete
area as desgggé@%?gégégiQgﬁgxﬁ?%éﬂg?éqggiggéglg+%%&§%?¥d%5FI%p&ggﬁgghﬁgfore
bei ng cont aategtbdwi tlhh &xplubsepti@ntarnuddtealsi dendweag@ybseqliéncirg donk eopl ailed
that base read length of in excess of 300 or 400 bases are possible, and

wi th i mpr ovEHEREQUEYLE HBPE 691 Mgt EaRsAts grespddedsiogthe @by spaucatially to
SFurther adyaplages bhed6r Gk 450K bRstfteins kid bl PRESARLICARMEURE Julka
clarity the 1 nvention provides relatively sinpler apparatus than prior art
f 1 ow t hEdughequehtidly tBwbea rdagtietherntaidinarthadpdéA e kateort buffot elhehainias and the

relatively faster sequencing than.prior art nethod nd vi ces, and that
botont | al 1y “HoUERoftiaschh bauhied inguls dat Sl tan 16 phESpe Bt A
further |imigt)and Haklh defin@He PRUDAEen@Nthel VOIRAE b fMI@fidbh gddatinathrof

10 conducting Pyrosequencing, is the very long tinme needed for one reaction
cycle, i.e. oflees egidvalensrio ge wrleme wdiidoevageratcFrghich deesme desdltfipp domeion of
reaction cygle is.naormmll bout 60 seconds, or even re. whi.ch js based on
the time nedidaqistdaiius bt acsimBREPART BYadiat Madiof i bl
reacti op) cy@log tHendriwBidkethaCidpeatl endegradabinpiradlcls uhsit avticiakd moad likely
remai ni ng nucl eoti des of the previous reaction cycle the next nucleotide

15 i s addedbased ofjthe agrangyicacolearpdptien ProHectarph regherated dyHbe aftivigeddhs bed
enabl es. L Neub IR MGGl ROUL AL On A fef TRUEE B UG iR PRE L RPGSL
(i.e. via centrifugation steps, washing steps). is results 1n a nuc
shorter cyche, sinoe therimomeilixed endeddin cidcaambiatcentactod swith i k@byleotide, the
approximately 15 seconds, thereby creating an approximate at |east a
four-fol d dEUREREE THRCPies e ] BoThiE gt BsEREUGI HhbY-BIPI4FIS g e aBrasntly

i nproved fluid handling conpared to sone prior art devices. It is also
possi bl e that the present invention could provide increased sensitivity
conpared to prior art devices given a high-speed photomultiplier can be
used instead of a CCD array.



Pyrosequencing is a nethod of DNA sequenci ng based on the 'sequenci ng by

25 synthesis' principle, which relies on detection of pyrophosphate rel ease
on nucl eovogertvnes2spor ati on rather than chain term nati eaTuzno 000953

di deoxynucl eoti des. ' Sequencing by synthegis' involves taking a single
strand of DNA to be sequenced and then synthesizing its conplenentary
strand enzymatically. The 'sequencing by synthesis' nethods are based on
det ecting t Rebsi@tiplly faneyed dromniResibicyte piga s deseoiRed afarenesidiscige aiss yhalyo by
30 detectin ' i Il [ .of
the  DNA pol SRay EEESHSR PURERHHAE BhubE WHEN SR RIRLELAR: FoREL M€
dependi ng onoemplacdnthal ae beadAERYth dfnntdxeeByaf a¥@quretd) iges e@cidsaihlet hed PP

is quantified using an enzyme cascade.which gene s light. WO

2011/ o_11823Wéﬁlﬂ@?%feﬂﬁetﬁd%ggmm%P@te&tlﬂgqpfees_ Gt 56 i@?eOAtrag% PPi -> ATP + SO4
2. Luciferase: LyGHh& dd0artaAERyillPheQQhdhed Bie! dRilted RRsof, hinddler Jor ARYEARE:
degradation of remaining dNTPs and ATP Furthernore, there are several

reactions knoentigmproveleamelatily lsinaplyr frpacatesdthan paicantti flow-Shrohgh bslpr ddect s
li ke e.g. the use of PPDK (phosphoenol ruvat e di ki nase) .which transform
by pip T bR R ASE RS R RLY B PRSI i RRedo e
det ect ed by nRiifhds Gh@BedEcdsN atkhar psitMeNydeheetdlings prreas@iiereqaheng@tiparddie

' sequencing by synthesis' nmethods may alternatively be based on detecting

the activit {0 &f PAODNA N fysber lgartaon Hgrier pé arathesh, Byl ipmedisetar gie mpdogef mer

addition,re i i e i . |k to a
person g&iI?@%hgﬁngﬁ%&§§¥EM§nglgﬁggggigﬁgﬂﬁggh?ﬁggE@?ﬂ%ﬁ%%ﬁrﬁﬁécgégggﬁ%ing

of a singl eadditiamdf oiic Aeddiyle SP thas ingzéded fohenecrengloan®oleas yioshdlBngboat 6ihg

it, one base pair at a tine, and detecting which base was actually added at
each step. THENLMHHEHNeMPIRAVEICh iihBassd piethe ity Predpdio feerpdmplbihe Eawininghd

solutions o / . i a ﬂﬂg@ ter
t he reactio%?&%%g%éﬁ%ﬁgﬂ?ﬂﬁé?ggﬂﬁg%gggrgg%%egﬁ%ﬁﬁgﬁahen 1ﬁ§”g§§g%&ﬁn of

nucl eoti de ednpineaintld radening metleotigEaiof ¢t fpagieuorcab@sesyctf the hextrerjEotde.
The sequgence o dded .nucl eot i des ich produce detectable signals, e g.
chom | ub neGotrdsonallae SMEY HEGUeEHTEHIEY o TGR T HESSRbT BBt nf he
tenpl ate. s%ihgrﬂﬂc%adésstohu@&érﬂb\ze%dattapnﬁlcﬁefggmcs;e&i Brd. WBL c&triVicGRoy €r sa
and incubated with the enzymes DNA pol ynerase, and 20 optionall P

sul furyl asestepuciisbimgssicpmdlbis mpyltsawea nayedh shopigr wmgle dfmeXempihe basewpding t he

substrat es adenosi.ne 5' hosul fate (APS) and luciferin. Oher reaction
cascades. pr BUPHORC: Bl JRRRARE e GhEh By SLoBR ek el BRloLEAS Y §
broad over vieQw, a Pyf-aseauabst g rfnoihews the foll ow ng general steps: 1. The

addition of one of the four deoxynucl eotide triphosphates (dNTPs) or 25
sui t abl 40 der i vat iFpePrespatrigyention alseciahplsampreneddlud handlingeeinpared torpENONA
pol yrmer ase | S rregc P or I i fve
bnt o tho. ¢ e ars kRS 1EpE8 ol TR ERERAHyeal cpBl irbBuCHICRH
2. ATP sul f wengltavétg cqupatedttaprively devioamegiven PRightspedllphotdinulsipAdiRahrbiegged s
the luciferase-nedi ated conversion of luciferin to oxyluciferin that

gener ates visiBHel 86CY pERY- i n anounts that are proportional to the anount

of ATP. The i ghpypyodiaetsiif alh&nbd oF T RS EALRYEEL bRARL FRQuiRifebEct ed

and anal yzed.
25  synthesis’ principle, which relies on detection of pyrophosphate release on nucleotide

incorporation rather than chain termination with dideoxynucleotides. ‘Sequencing by
synthesis’ involves taking a single strand of DNA to be sequenced and then synthesizing
its complementary strand enzymatically. The 'sequencing by synthesis' methods are
based on detecting the activity of a DNA polymerase (a DNA synthesizing enzyme) by
30  detecting a reaction byproduct of the nucleotide addition reaction of the DNA
polymerase (DNA + xdNTP -> DNA,, + PPi or a different byproduct depending on x. x
can also be ATP). In the Pyrosequencing reaction the PPi is quantified using an enzyme

cascade which generates light.



3. Unincorporated nucl eotides and ATP are subsequently degraded by apyrase
or other suitable enzynmes. WO 2011/ 011823PCT/ AU2010/ 000953 - 16 -

Several mwoi2bilgAal82ens to the cl assic pyrosequenci ng protrorau2arc®ovwst| known
inthe art and are well suited to be perfpormed on an apparatus according to
the present invention. Since the |light produced in every single nucleotide
i ncorporation step.is proportional to the anount of nucl eoti des

i ncor por at ed, duvilbpylases S PRl 2 Abld Y@ 5 transformation the gener at ed
i ght informati I: Spect.f:i | . j : : ern. In classic
Pyr osequenci ng?ptﬂ%dé@ﬁgg'htﬂ%g%{l%lgrré:ylpsggt)iogg%éﬁg?%%%a%%w Furtherrmore, said
sof t war e pref eBabpyrasd: degwsddton of hemguengtdN TRsahd glTOf 1 ncor porati on rati os
of m xed po uIEtions at specific positions. .Tf}{ee prefl.e t invention .

cont enpl at oL TEREIRHE e AL Kl Rgtons SRR 4 Rl SRIERaycPfer iy  ng
the nucl ¢i cgpchiybenmt aike £.0 B sgavenassk %héi}%o@rﬁﬂ%ﬁwﬁ&dw dihaRy wch

cycles of step-w se nucl eotide additions. ilst the present invention has
been exenpl ihnddrmPPh +i¥siheAMPo>gyrosegtdid! adj. Hurthairhdre lee byppedsisanad

that the present invention is.also useful for. other nucleic.acid seqguencing
cherm st r1 650 SHACER Phart FRies /T B CMe et Fhls Pt sBtier, T B,

t hrough enviy GphmBdis anethadss@by AlBmagealy baehasdd oR deketih HHYV Mt GADNN SO
avoid certain of the steps referred to above, or at |east nake them nore
conveni ent . liggsesistegtiag & irengtipe hyripFakict efathe psmAaddE N Eretignsofhe S8 ligase.
Optional}y, t I . capture dsDNA and

denat ury)sa§hﬂ%é%ﬁ}0§p%%a@%ﬁéio%m?%p%?soéﬁgyr%?éﬁ \%}et "an anneal ed sequenci ng
primer ready for Epyehasigguecingthodt fiusvselséquendihg ng thdngleedrdndr ofa I9epabat e
isolation step. In one 20 enbodi nent of the present inventjion, the .

rot atabl e pPYtthGIZRGHY wenieeniyy WYane kg it Haeepnraibpt adinge. anddgecting

addi tion of ) I i r i f
pret erent i a' Ty ans” oF° FrufREUTR B Lo M ERBIATONR Saf § RERGR RARST
skilled in ishermashilivelibod seldeost dndl, Chét atdier TernictfidowirdnddghandNamoved
sequenci pg" jncludes, .for exanple, a nmethod, of i bilizjng 25 nucleic
2eid t el atkETo/ea RSB GBI b T Ry BFTAICES G Aiepr ieples TR otus
tenpl ate or c¥hFRmERISHe 3 RPLIQ BuR & ba¥BY ofMBR @EBhiS YHh&Ghshck bradded
step-w se manner in the presence of nucleotides wherein the nucleotides

i ncl ude, fonudseideh evhidppriodwel dojeckiblchsignals, rean dheilemgicorent eignalmatlionrs the

Sanger " seauthery Sl i Rk Ehdk pERE BRIRAEShbAD AGhRELS B el EibGt en

conpri ses t b@ush@pS pAher bNGieEREFathdthcabitddelithaHe BUSRIDNA Jolherbfe and
extending prinmer strand; identifying the incorporated nucleotide; and
renoval 2&f epéonsly AP swlfwpkse dueibrseriad/ s nrmgsetapdarty waperl esynplaatwithe

extending s .S.F . >k r i of ess eqt i WO
2011/ 011823 PR GREBHLSS PG RORARR LA Ahad SHERCRIHY S IHENTRLLEE,

woul d al so prdédisg adeethble stgnel dre el knbowitd leugtisatNA sequenci ng" i ncl udes,
for exanple, nuclejc acid sequencing hy ligation, It would be clear that

)y |
the term "nucl ei & BER¢ Ogﬁawnewwgewnwrlgéql?owth%&}lﬁwl%geqe%mri sing a

nucl ei ¢ acid temhatfaion2of SN ESICIHAOfR | A kyndYRiud! GibRGphiies RENTRE) Lp the
tenpl ate or 5vice-versa, followed by success?/ve rounds of DNA |1gation of,

for exaidpl e, | abelilabtt dadgiaots desedr tcs iler hudlabeddié dtipndbesplate.  Thel DNdoul d

al so be clear to the person skilled in the art that resent. i nvention
ont el ot ae. any PERREEEE SRR e H B e un oAb bt BN TERE S Dhvislier B

aci d i mmobi | i sat yiRNeRPRAES WHRM SR f P RYhbhaRAPPDsRicANHeHighiBet i on. 10The
person skilled in the art would al so"understand that the term "fl ow hrough
2. ATP sulfurylase quantitatively converts PPi to ATP. This ATP triggers the
luciferase-mediated conversion of luciferin to oxyluciferin that generates visible
30 light in amounts that are proportional to the amount of ATP. The light produced
in the luciferase-catalyzed reaction is detected and analyzed.

3. Unincorporated nucleotides and ATP are subsequently degraded by apyrase or

other suitable enzymes.



DNA sequenci ng" includes all of the above nentioned techniques. also In a
further enbodi nent the "fl owt hrough DNA sequenci ng" nethods as descri bed
herei n mayoizoclude3t he use of enzyne(s) i mobilized on trhe/Arnfoaoessf the
platformand/or on a further surface boupgd to or inmobilized on the surface
of the platform e.g. on beads 15 which are nodified in a way that the can
bi nd said enzyne(s). According to a twenty-second_ aspect the present

i nvention provi degVeRlnBpHEaatde @ ShdtlatindyreequeRdngh Brogcol auw el kpowR iy
strand, sai g6t NAd CORNT SiBE § BE REGRTPH AT PphBlRdaR okl [PIHD AecaT di ng
to the tmengFeth asgecgg %in&%ng o? i%ﬁbﬁ%ﬁ?@indlaonu é?c 5@?%
strand bi ndimgnfar.tSiece the Hghtdplidsadeinec@arseelamdclichidde sebgutatioal steppiindi ng
or inmobilising a nucleic acid strand to said discrete area; optiona

denat uri ng am%ﬂ@% f%&wawyowr@é ftne) H%ﬁ%wweﬁaalab@t f—%%ﬁr_g af’hﬁ&féI#PKg a
sequenci 59 Bﬁhﬁ@ﬁmﬁﬁnRﬂ?g&kﬁﬁ&ﬁﬁ@ﬁQBﬁﬁhmﬁﬁﬂmQngéﬁkhﬂﬁk@ﬁ&yﬁﬁhhﬁkhﬁu%%¢h
said discrete area with a series of reagents 5 conprising A, T, G and/or

C nucl eot i dé&s chissit eyrpsgpening ehs dighatpagemuesl edlciddey@gednogdiurtheverei said
bet ween each or any ef said contacting st.ep said.platformis rotated such
Chat - subst ant Py PR IE hafar r sl Bl B G Sedeh: LRy
centrifugal bypdignenedsfeedid eitidndi screte area. An optiona
washi ng step or enzymatic treatnent may inprove the renoving of 30the

residual or unredéteiseridgetition Aeplsrpiay wauencingemepodhihaticespisstthe ieps
pr esent 10 M BRI ATLRLRY eﬁuc?eiggéiaqan{)]%{e t§ %@%&&e;p@& St glé‘%ﬂgngﬁagﬁeg ‘rdlg%i erc

acid strand, said ne conpri sing € steps of. provi

accordi ng t oydl&e of weei-widel nsdle@ilpeadditiosl ecWhiel shebpredémgin@entiommbbd [besih ng a
nucleic acid strand to said discrete area; WD 2011/011823PCT/ AU2010/ 000953
- 18 - opti SHAMlficdeWHb UIePREG AN PYFSREENREGLaky Wabhs erfseriaiey thalcihei Riegdt d

S TSR & FEPURISLORSRG) TRk UG Enpie, o R 1
such chemistries that benefit from a flow through environment and a solid phase. The
15  present invention can also avoid certain of the steps referred to above, or at least make
them more convenient. Pyrosequencing requires that ssDNA template is present.
Optionally, the rotatable platform also serves to capture dsDNA and denature said
dsDNA to leave ssDNA, for example with an annealed sequencing primer ready for
pyrosequencing, thus eliminating the need for a separate isolation step. In one
20  embodiment of the present invention, the rotatable platform may be used to generate the
ssDNA by, e.g ., the addition of an enzyme or enzyme mixture which effects the
degradation of preferentially one of the dsDNA strands.
Specifically, the person skilled in the art would understand that the term
“flowthrough DNA sequencing” includes, for example, a method of immobilizing a
25 nucleic acid template or a sequencing primer, hybridising the primer to the template or
vice-versa and perform a primer mediated synthesis in a step-wise manner in the
presence of nucleotides wherein the nucleotides include, for example, optionally with a
strand extension termination moiety, such as a dideoxy moiety, and optionally a
detectable label (e.g. Sanger sequencing). A further nucleic acid sequencing method
30  embodiment comprises the steps of: incorporating a labelled nucleotide into the
extending primer strand; identifying the incorporated nucleotide; and removal of the

strand extension termination moiety and label so that the extending strand is ready for

incorporation of a successive nucleotide.



conprising A, T, G and/or C nucleotides or the respective suitable

nucl eotide 5 anal ogs, wherein between each or any of said contacting step
sai d pl atwonmiwmi1s2et at ed such that any residual or unreactred2saimogseagent
is substantially centrifugally renoved frpm said discrete area. In this
aspect, it wll be appreciated that the élscrete area al ready has

i mmobilised thereto a nucleic acid strand binding partner, and it is to

this nucleic aci dhePeEAr skillsdiihdherpparukbplse wa@erftﬁ@d Hiaé s ermciflewdhionghy
| ecti vel , t t
sel ective yD‘?ﬁ]eQr uencm%gl Op.ldtgﬁ be&?ahnd%@%'cEQ: 85 Re Eg&fr?%gg%%h&o& I R JED

may i nprove t novi e resi unr eac I'n one
enbodi ment bheleaeguenid &lmcontlact dond ssfuepcico bprligagsn’ecdrhgises immobilising)a A

followed by T foll owed G and then follo C nucl eoti des, | owed by
15A agai n, 8tdeicgeid temPPay te S%PP%@%:PHW%%@@%% PEERE o 4 '&“}Pha}‘i Gre,
and the 4 x{e&AddediAQal 1531 sn‘t:‘ctcgsswe roundd Bf @T@A h?g'atlgm@dfdir%&ﬁmﬁﬁ:c hare b
discrete area is contacted sequentially with a series of reagents

conpri sing nudﬂmMEBandﬁ@ﬂﬂﬁihdqﬁ@mﬁ4des The sequentlal contacting step nay

i f f h | | dded
o e o < LRt a2 nd pERPE sRHR §P s s Mo BRGL ifepBiof

A+T+G+C nUCb@fﬁéﬂnﬁﬁﬁasti galDNA?rs%q&Er@ﬁ@ ARthodr wHRSI E@fprEdbS@ipsOdf hinasie e
added as a m xture, the m xture added again, etc. The sequentlal

contacting §ﬁ@@bﬁm9qu@nééﬁmM@%MBkaﬂé%@*hmoﬁ%ﬂddqm§ﬂpyrosequenC|ng 25
e thodo :l gy, and TLF %81%88 %Elmteh %!1 tl?eoﬁlt %:ottﬂcf| %Isg glﬁ%ljs)fahd bitat ﬂ?f{ {eirrﬁagl%wtp{rgﬂgﬁ ful

if labelTed nucl éo es are utilised, suc uoresce I'I"e
nucl eot i des Daverseqacing? sndladegl dliedf viet dboae dhdritiehedtectiyigues. also Thta Wirther be
appreciated that the entire nethod is iteratiye in that the sequence of

nucl eot i des WRYIIBENG dRfedllpWthapyehy PAYL feaedcBeddneBndy 8t dasyibsd Sisesin ey
conbi nat i on; 39, Angde LR &%ﬂ%\gg R ht%eh ng? s £drﬁde8%tftﬂy %rrﬁfanho&mo% £

required to sequence the n I'c acl ate. exa , and C
may be addeturdwrl yudidcea bkmoivo ouinaholizsl oe theTMfaadmﬁdtealgetfmfm tet‘g n beads

enbodi hat t procedu e nown tation detection, as

f ewer E§€ é{vﬁi‘b‘i %f%ﬁ?gﬁseéllwdmyrté%}tﬁ‘sﬁ gt}lﬁ?%%%@ / AU2010/ 000953 - 19 -
Preferably the malBOdiRf1otlNeehBV@BSIRRPEMIRNGEHPIREAERSpbRICS b BRIRY for
anal ysing the nucleic acid strand during and/or after each said contacting

step. The apeildpsiing sapeisdngni mvkliy séid shiowevad nicthod domphisinghe eicpseted t hat
e e e
binding or immobilising a nucleic acid strand binding partner to said discrete
20 area and then selectively binding or immobilising a nucleic acid strand to said
discrete area;
optionally denaturing and removing any complementary nucleic acid strand,
annealing a sequencing primer to the discrete area; and
contacting sequentially each said discrete area with a series of reagents
25 comprising A, T, G and/or C nucleotides or the respective suitable nucleotide
analogs , wherein between each or any of said contacting step said platform is
rotated such that substantially any residual or unreacted reagent is substantially
centrifugally removed from said discrete area.
An optional washing step or enzymatic treatment may improve the removing of
30  the residual or unreacted reagent.
According to a twenty-third aspect the present invention provides a method for
conducting sequencing of a nucleic acid strand, said method comprising the steps of:
providing a platform according to the twenty-first aspect;

selectively binding or immobilising a nucleic acid strand to said discrete area;



5 nucleic acid strand by correlating the output of Iight wth the nunber of
nucl eoti des whi ch have been incorporated to the nucleic acid strand. All
appropri ave 2angh1s828t abl e t echni cal measures to detect treTiATROIEOOSBEI on of
a nucl eotide may be taken by the artisan,g For exanple, a suitable detector
for detecting the light produced by the reaction is a photonultiplier. It
w |l be appreciated that as the rotatable platformis rotated the 10sanpl es
pass the det ect or OPtinatlErdepptyring |ang HemexiRg| #y ¢RRRlempEayetudeigracid strand, |
preferred enmbodi ment.Syind} & BLact i RgakhediSLLE e areas with a
subsequent reagent gaé%é)sa%e%(?rslgﬁete area i|tss seu rjéaggt ed to a washing or
rinsing step wthcentwamhi sgueeadlgntachThadwdisdrereg arceagéht a neyicheofarpagegagent
which is suitable to wash  of esi dual solution fromthe prevjous .
contacting step, ﬁ?l@?@%ﬁy%ﬁ% A gfl?“‘:?ﬁ‘i’gd%%fs&hﬁﬂﬁp_ﬁ?tﬂ‘gf P elegie
sol utionsfrom the,pley QusresPBERetA REISHCRhy SOWRY B8ntadihedidy i@ pla@8rm is
enbodi ments the washing reagent is the buffer in which tghe f ol  owi ng
reaction step i s poattdrivel. thThenyarhidng oeageedctadnyaidl sogevnisaswbsiwashilng

enhancers, such as_- . of anpl e, -. apyr.ase, phosphatase, etc.

Sui t abl e washi ng ?%ﬁ%ﬁ%ﬁ@&@%ﬁﬁogﬁ%dlﬁ#%ﬁg% |l ed artisan. 20Preferably
the rotat abie pk akpt,mti will B¢ abpciated Gw sRegdciohl hish MicdPenad MmobRised
reagents and said enzyne, for exanple at between about 10 to 200 rpm so as

not to renotergteaganles addasrnddinding gudeareans i fselg;thismacieiseacy] standrinding
rotated;@t hi { ) st . di i the. washi ng reagent, for exanple at
bet vveenlgbog%%égpaﬁg%ll@%kwf%ﬁﬁggtﬁ%\?&\%/igr@?vﬁl SWFH?'| be appreciated that other
rotati onal speedanaspiopsiseadhirg, st&bASeitiyanitis sedmahoviaytihpraendt uwmhogng bep
may conprise heating the nucleic acid strand to effect denaturing, or
exposi ng t h&erdgtifeal Or yeiegeted regaentt o el evated pH, or exposing the nucleic

acid strand to a i . %t . al.n preferred
enbodi nments t he gﬁ%ﬂpﬂé@l@ exl n%/éealﬁgllﬁ({)h?lxggg#pﬁrnléssegectoﬁgmg%se%thg#' wherein after
t he nucl ei ¢ aeli)dAsfotlawdd bg Tdiefatved by (1 drel em il wed tbar(y nsdtlecinkds,i fsllowebined

30 by a ginse step with a rinsing reagent. Preferably each said

di scret & aread 1%8MhFEpSr ed for each sai d subsequent reagent by

substanti al | ypgr Wngsat fudiotieb €48 «8QRPS Dixt@baildaRe AixaRl Mabd il t o
centrifugally renove any residual reagents such that there is substantially
reduced cont am nat rogthafembydipent1gaol $8id3RCTEHALPGLB/@0098E seqiMtially avith a
discrete area.w t-h _a reagent. . preferably substantially,no contam natj.on of
sad i sor etgihetdehof T uyBrE £ AWt X RAGGHE ¢ dnd R T BRkiRE
aspect the pipseRtcohpyie®bhO6r thE Wlicdase:use of the platformaccording to the
twentieth or twenty-first aspects for sequencing a nucleic acid 5strand.
Accordi Ay to &t juciqofifle op i paplog W@P@§Wat&m\ﬁ@ﬁt$%n§ﬂ@wfﬁ@§’ desiepd
conprising the plopélfe%t?;n%ﬁ&%lqliepg to the twentieth or twenty-first aspects
and one or nore reagents Tor seduencing a nucleic acid strand.

Accordi ng to &.} weltyr&i widiecaislpeot aryh@eduasamnid orrdesindd aibs@rod viede sreajdded at us

for 10sequencing a nucleic acid strand, said apparatus conpri sing:
apparatus for rofsf MYuaprd hreamirpraidded 324ngCto the twentieth aspect at a

predet er m ngg, C%ﬁérﬁiah a&'n?acﬂﬁg r s'téﬁl a{?f;ti?%a‘?ﬁ&@&l‘?}l LRBRI fPegd: pyrosequencing

25 methodology, and the sequential contacting step b.) is particularly useful if labelled

nucleotides are utilised, such as fluorescently labelled nucleotides where each is labelled

with a different dye.
It will be appreciated that the entire method is iterative in that the sequence of
nucleotides may be added in any predefined order and/or any predefined combination
30  and the sequence repeated a sufficient number of times as required to sequence the
nucleic acid template. For example, A, T, G, and C may be added only at a known
mutation site. The advantage of this embodiment it that this procedure speeds up known

mutation detection, as fewer base additions are required.



optionally an apparatus for dispensing a nucleic acid strand bi nding
partner onto said discrete areas for immbilising said nucleic acid strand
bi ndi ng Mspaontwaus28o sai d di screte areas; optionally anprappanatowmodser

di spensing a nucleic acid strand onto saig discrete areas for selectively

i mmobi lising said nucleic acid strand to said discrete areas; optionally an
apparatus for denaturing and optionally renoving any conpl enentary nucleic
acid strand; 20appasiablysthe grethids ple s inyenaionfurteragrarsisecthiutieR 6t perl¥Esing

t .he' I respegld RN @9FarddtA Bhadt hﬂ&%a&ﬁ'?zﬁ@ﬁ&nth&ﬁ s&%mﬂ%tangfygig c2ithd

di screte areas; apparatus for dispensing a washing r€agent; an

optional |y amy appssishowedarit diild perepiprgiadaiethar inbreecomnzy wé pgalsequeaniag the

According to g twenty-seventh aspect the present inventjon ovi des,
apparat us 28PTYISHERENBPRE 40 iRl Lo e AR R en 4Ry (el kpait in the

conpri si 719: naARRI R{d Srdfor by %ﬁ&lhﬁhgg Rl Qutﬁllltaéff RERD RAE WA hBAbEOOf Bcleotides
twenty-first aspect at a predetermined controlTable user-sel ectable

rotati onal speddhaveptacona¢dryoragddppbe atdsicfagid diraplerdd] agprapumic lagd sugdilel

strand onto_said discrete area for .selectjvely i bilising.said nucleic
el d st r ana ToMEl ta e ot 05 o6 REBTRIURAT 1 PRI kigp iy oS T B L
denat uri ng anfa@PFbah@hipye, A URMIE BetdEtYr fR MBleei@N{haNphNpeledee HCthd réilctignd;
apparatus for dispensing A, T, G and/or C nucleotides or their respective

anal ogs or &otbhefamubipdics. héreidl be prrveciynd et agithchrosaipie plaskoratie retaied: the

appar at f i (N I :
2011/o1?@23%%?@5%&%?g#ﬁ%ﬁgﬁgg@gg€g¥§g@?ﬁ%ﬁ%??§?ﬁﬁM§%8§F%?ﬂs for dispensing
one or nore enzyme @efeded oadbodiments, Rk etoalebytative appadisdree heas rwitata ng

the platformis a notor, and the predeterm ned rotational speeds are .
user - sel ect a#sedusHETIEEMsath shddiscrety 62 POTBICFISFto Tvershing A angig e sisp with

di spensi ng %@}ﬂgi’ﬂgg%fggﬁt. a‘f’ﬁé’wﬁélﬁﬁggﬁ?ﬁérﬁrm@éﬁ@%ﬁﬂe’&%er@’wﬂch & ANieto Gast?

nucl eoti des, an I spensi ng ng reagent” can be any appar at us,
however prebfr abidpnat helwjopafratushd previnid apntactingnkstgpet prefepebly eohmablo gyff

pi ezo actuated or. driven hy ai ul ses. The apparatus.is als referably
Pt ovi dod v PPyt BT ol FERe e BREs Sotisine VEk: dI PRt
whi ch are spilleRid crhhiRimhet@ iRl &hRlati QhMs HOBuRRARWAMUShE $olRlwiRg REaMbed
with a suitable detection neans/apparatus to detect |ight produced by the

10 pyrosequetepinpenfaraeti the wagliingablagetienac tlop soniiin wirdidengwantags,tsheh gki | | ed
person. {or bEXBITPLE SRRt OHALP ke T R OHR Gk REDEAL Do ePOve
known to the killed artisan.

20 Preferably the rotatable platform is rotated at low speed whilst dispensing the
reagents and said enzyme, for example at between about 10 to 200 rpm, so as not to
remove reagents added to the discrete area; and the platform is rotated at high speed
whilst dispensing the washing reagent, for example at between about 400 to 1000 rpm.
However, it will be appreciated that other rotational speeds are possible.

25 As discussed above the denaturing step may comprise heating the nucleic acid
strand to effect denaturing, or exposing the nucleic acid strand to elevated pH, or
exposing the nucleic acid strand to a suitable enzyme or enzyme mixture.

In preferred embodiments the method of the invention comprises the step of
wherein after the nucleic acid strand is denatured the complementary strand is removed

30 by arinsed step with a rinsing reagent.

Preferably each said discrete areas is prepared for each said subsequent reagent

by substantially drying said discrete areas by rotation of said platform to centrifugally

remove any residual reagents such that there is substantially reduced contamination of



The apparatus for denaturing and optionally renoving any conpl enentary
nucl eic acid strand could conprise apparatus for heating the platformto
94C, or fwotzhewo1ifesyri nge or peristaltic dispensers whi ebThizpswesieat ed
reagents or other denaturing chemcals. Li an alternative design, the
rotatable platformdoes not necessarily need to be a disc per se; it could
be conprised . of a plurality of discrete reaction wells which_are | oaded
into a cradpd fds?cr%l%%gvl a8 Heggeabr Reeraidy st yrntipdly| ng gortamgiatipy fovaidt .

For 20 exanpg] difih 6defbede M M crofuge tube can be nounted at 45
degrees on aspﬁ %%rn1pn %%ﬁ %orn1of a rotatable cradle. In this

configuration théccagingstoopencapdoursh aspetheechpricpontvahtipl aneides hseiofishee
surface of tre cap fa |n IH%& %€ The ca is nodi fied such that %ea qyts
di spensed iR O’Efﬂé‘“&i n&t of tli&ﬁlt\ﬁefﬁ fgﬂuﬁﬁp‘?ﬂtﬁ I Seeepgpe adyuc icg‘%l pm

The pl as§icfpiquage of the nlcrofuge tube is also nodified to act as a
channel to direct 25waste reagent fromthe cap to the tube. The cap woul d

serve as the di séwcetrdingr éa 2 otwsehyfbitin adpects depuameseng ineagivn oproaitis t ekit ube

itself would serve as waste tro van t he erator could
| oad one_sargngngre HinbRfy S aEribedd the Ribu R AT hERS e B BE 8T B of e
cradle. Qhﬁfor@ﬁe@%&{ SR sedudBeiRs 89@0kid RUPAanAN rel ate to conducting
sequencing of nucleic 30acid strands in parallel, i.e. nultiplex

sequenci ng. For éxeeing, orhvasiesiath aspesidhe Peseiiripvandes psovidesaapaniags for
cylindey fogeq@ggﬁéghggeﬁgﬁﬁﬁ@%bggﬁ%nmﬁ]gﬂglghlr?ﬁ]d strand, said cylinder
erentia xtendi n

having a circu each sald | ane

conpri sing one OrammﬁﬁudWSCKBMBQ@Eﬁdqﬂaﬁﬁﬁtadxﬁmngﬁﬂmbbhm&ﬁuahﬁmp&ﬁ 4i andi ng
partner or adapted to WO 2011/011823PCT/ AU2010/ 000953 - 22 - selectively

i mobi | i se a secoR# ﬁ?ﬂﬂmﬁﬁcﬁﬁﬁﬂhék‘“¢H€k§KWkP@ﬁ“@B¢§Gﬁ“hnII appreciate

that this enbodi e n Ly n
T @Eosnglll?% a?pm Ssee ﬁlg LRONE !it é%rﬂ*l ﬁf’ﬁHﬁl fMnel

parall el . | ed nder st an ntlon
conprises the enmbodionsid slisnde fageds ufoe sindnsuliose dalle nedleicascidveskhnd dimlihg
conbinai%ons and/or 5 %gﬁqlons of the disclosed enbodi nents and
features) BRI EF DRYHSf BECHELFECISRAW NGS Preferred enbodi ments of

the invention wl} tml\amp%n%wat&% dfay;eﬂ@mg ShuaXenelesebYonthdid diRf&s ence
to the acconpanylng drawi ngs i n whic
areas for selectively 1mm0b1hs1ng said nucleic acid strand to said discrete areas;
optionally an apparatus for denaturing and optionally removing any
complementary nucleic acid strand;
20 apparatus for dispensing A, T, G and/or C nucleotides or their respective
analogs or combinations thereof into contact with said discrete areas;
apparatus for dispensing a washing reagent; and
optionally an apparatus for dispensing one or more enzyme solutions.
According to a twenty-seventh aspect the present invention provides apparatus
25  for sequencing a nucleic acid strand, said apparatus comprising:
apparatus for rotating said platform according to the twenty-first aspect at a
predetermined controllable user-selectable rotational speed;
optionally an apparatus for dispensing a nucleic acid strand onto said discrete
area for selectively immobilising said nucleic acid strand to said discrete areas;
30 optionally an apparatus for denaturing and optionally removing any
complementary nucleic acid strand;
apparatus for dispensing A, T, G and/or C nucleotides or their respective

analogs or combinations thereof into contact with said discrete area;

apparatus for dispensing a washing reagent; and



10Figure A is a plan view of the rotatable platformof the invention;
Figure 1B is a side view of the rotatable platformshown in Figure 1A

Fi gure 1Gvoosienisenal view taken on line 1C 1C of Fi gureTtMBRofoiogosse 2A i s
a perspective view and Figure 2B is a cutyaway perspective view of an
enbodi mrent of the rotatable platformshown in Figure 1; 15Figure 3Ais a
perspective view and Figure 3B is_a cut-away perspective view of an

embodi nent of theOPtmna%l&Bnépmrw B SPRIAARE P OTiTBRfE €NAYMEFQJUHAS- 4A and B

are plan and si dPre‘férﬁB‘@\rﬂ&}?eﬁ%%?&ﬂai{ﬁ' YorO%o@fin !t‘h@rg@&fbffﬁ ﬁ”go%d?&”t f hoe

rotatable platform gure 1 and a i ng peri pheral trough; Fi gure
5is a sectpnﬂa%nnnmdn@huap@ap@musnhm%rmganﬂﬂemmdbMambeabwaﬂmdme@howm in

20F|gureIA nstal |l ed therein u ovvsotlcal dt cti
appar at us ut'Pf ABPERUP é%ru@%I?er‘?@lnéﬁﬁﬁdd?Cr%‘? ﬂgﬁfff‘ "rf@]é‘éét o) andfor €
Fi gure 75 shquSe&Rick,Cahd det ecﬁgﬂeaﬁngp%mﬁgsfeéfgeh{ Ic'ah LS C!l'ngfe%pakdm@' RAvdRr
monitoring a reaction; 25Figure 8 shows heater ring for heating the

di screte ar eﬁerewytthwanﬂae@tttﬂws mmll%lrg(mméjet tsvh@mhmip@r,avm@ acesdpo riawrngyt he
heater ring_sho vie

Fotatabl e prLenbrn [ RgFeriese rererbiEtuiabr bl falidlarttat il one

m crocent ri tugRt iMdRadtOeoomd uﬂhd:mgress@qu%mpth@qo&tabwgﬂaabﬁn aqihd;apghtriug us e
10B is a side view of the rotatable cradle shown in ure 4A Fi gure

10C i s sect pparovpdesiwith kewitabie detsetiarnmean@pphrafysga rdételEOthtle@@}}Céd bomhe s
PErs pecid) Vepﬁ(])gé%u%{lmﬁ '}Pé%'u&;a J%Bl%oéelﬂfgﬁorg %ﬁ l;eo ndtwf t%Mt}{ a%l{lﬁ&gbg_g+1§-for WO

pl at f or m of nventi on I'sin e formof aro
2011/ 011823PCIApAJ20 bﬁbﬁaﬁ@@ﬁler wWidch may be mbgite® bhhedts @ @hovegthanmotaesiid t
for a pol ys})ﬁf&[\rﬁ well coated with streptavidin in the presence of EDC,

The apparatus for denaturing and optionally removing any complementary
nucleic acid strand could comprise apparatus for heating the platform to 94°C, or further

15  syringe or peristaltic dispensers which dispense heated reagents or other denaturing
chemicals.

In an alternative design, the rotatable platform does not necessarily need to be a
disc per se; it could be comprised of a plurality of discrete reaction wells which are
loaded into a cradle for holding each discrete reaction well in a rotary format. For

20  example a modified 0.2 mL microfuge tube can be mounted at 45 degrees on a platform
in the form of a rotatable cradle. In this configuration the cap is open and is on the
horizontal plane (the inside surface of the cap facing upward). The cap is modified such
that reagents dispensed into the cap at low rpm could be spun into the tube at high rpm.
The plastic hinge of the microfuge tube is also modified to act as a channel to direct

25  waste reagent from the cap to the tube. The cap would serve as the discrete area to
perform the sequencing reaction and the tube itself would serve as the waste trough. The
advantage is the operator could load one sample or many by inserting the desired
number of tubes into the cradle.

Other aspects of the present invention relate to conducting sequencing of nucleic

30 acid strands in parallel, i.e. multiplex sequencing. For example, the present invention
provides a rotatable cylinder for conducting sequencing of a nucleic acid strand, said
cylinder having at least one circumferentially extending lane, each said lane comprising

one or more discrete areas adapted to immobilise a first binding partner or adapted to



Figure 12 is a pyrogramfor the streptavidin negative control well
denonstrating that only tenplate bound to streptavidin could have generated
si gnal ; 5FoQure1if®3i s a pyrogram for EDC negative contr ecTmai2bioglomssng no

signal during sequencing; and Figure 14 is a pyrogram of the
SEQ OLI G0- 30BP synt hetic oligonucl eoti de sequence using a
sequence-wash-sequence strategy. 10DEFI N TlI ONS I n describing and

cl ai mi ng t héclpreshnmmeRyta Ao HedPBPRBY g he skitlpd arisgy Wil rrprerddigdad in
accordance Wil any&ﬁmgﬁﬂc énﬁbﬁg %ﬁ?{' §i§ﬁslplgy{o l&éelluﬁ\%mﬁl{ankéus?)l %@g ?{a@i@l under st ood

that the term nol ogy use erel or the purpose o ng
particul ar enbodilhesktifedfddréssed wilbmideostaralnthyt thanthvestionotomprisendied t o be

limting. Unl ess defined otherwise, all 15 technjcal and scientific terns
used hereineﬁ§9%npﬁg2@§%§“W§éﬂﬁﬁﬁ“§gﬁ¥ﬂﬂﬁﬁﬁﬁ a&ﬁ@é?@@g@ﬂmﬁymgﬁﬁ havi ng

or di narys skipbimdaflodd\§ (RE distiBseftnddihénd MueRhiu@R. pertains. Unl ess the
context clearly requires otherw se, throughout the description and the

clainms, the words 'conprise', 'conprising', and the like are to be

construed in an inclusive | usive or exhaustive
sense; that is to say, inBﬁﬁgﬁgﬁggggggﬁjﬁQﬂ%@ﬁ@ﬁ?ﬁésvﬁﬁ$§not limted to
I'n what fol | ows pregérdth@hd@hbas W 6 ihvediicahed now Yo dékdribedByNyay6t &ainphd |

‘ratio’ will mean 'weight ratio' and 'parts' wll nean 'weight parts'.
Not wi t hst an@ikygwithagferchee ouhe p¢cOBIPaREAE R VENgD ipariieist ers setting forth the

broad sgppe of tgfgru:re{:‘i’ggée é( nidw %@E?&‘tmﬁ‘ﬁeﬁﬂ ormtJ}‘%hJ‘MFﬁtlo%a' val ues set

forth in the spe npl'es are repor as precisely as possible. Any
nuneri cal val ue, FraveVRis a sidhefcandflthe aonblse pitfoantshadwn &f FiQgus: Iecessarily
resulting fromthe standard deviations found in their respective testing
measurements.  FigurergC gy wotinel yiewplakennghlines KodEsdriigte dR; sone of the

quantitative expggssl ORgs QH@%CB% €1"ﬁ0z AMaFingk 2%‘{%?(:%%%%3}"{)%5@&2% d&i%évrﬂf

"about'. It is understood whet her the”30term
explicitly emnembbdimenesfythquaathbleplgionarshben én Riguse heant to refer to the

actual given value, and.it is al.so neant, to refer to the approxi mation to
Stch i Tbn val uel st Shdut B SREURR KB FHP SPrBg Babut BRTRE P r y
skil'l in the,ahbodihldal Shd 8o ARPIE YK Rk sBBwn GIBj LR 1:ne experimental and/or
measur enent conditions for such given val ue.

2011/ 011823PCT/ AURXO1¢/40a8bRB are plan and side views respectively of an alternative

embodiment of the rotatable platform shown in Figure 1 and having a peripheral trough;
Figure 5 is a sectional view of apparatus having the rotatable platform shown in
20  Figure 1A installed therein;
Figure 6 shows optical detection apparatus utilising focussing optics for
monitoring a reaction;
Figure 7 shows optical detection apparatus utilising direct imaging for
monitoring a reaction;
25 Figure 8 shows a heater ring for heating the discrete areas on the platform;
Figure 9 shows apparatus incorporating the heater ring shown in Figure §;
Figure 10A is a plan view of the rotatable platform in the form of a cradle
adapted to receive at least one microcentrifuge tube for conducting sequencing of
nucleic acid;
30 Figure 10B is a side view of the rotatable cradle shown in Figure 4A;
Figure 10C is sectional view taken on line 10C-10C of Figure 10B;
Figure 10D is perspective view of a modified microfuge tube for use with

rotatable platform of the invention which is in the form of a rotatable cradle;



- 24 - The ternms 'predom nantly' and 'substantially' as used herein
shal | nean conprising nore than 50% by wei ght, unl ess otherw se indicated.
The reci twbi20n/mis2a nuneri cal range using endpoi nts i nclragag2adooomsaber s
subsuned wi thin that range (e.g., 1to 52§ncludes 1, 1.5, 2, 2.75, 3, 3.80,
4, 5, etc.). 5The terns 'preferred" and "preferably’ refer to enbodi nents
of the i nvention_that nay afford certain benefits, under certain

ci rcumst ances. Hb@Wet! ISgtMEpiamystlnient solayrae selifoasdaridy seglavidiuit t he
same or oth LTt es. Furthernore, the recitation of one or nore
preferred eﬁ%ﬂ%?%%nts ogs not inply that other enbodinents are not useful,
and i s not i ntendtenrd &2 s@wdgamtfbemeenbmdiridmn@gatﬂvmntrhbwsktdgaoma‘tratihg

10i nventi on,

t he e nore', unl ess
expressly sHE%P?Wéﬂng?ﬁﬂ¥W£§8)“*WEWFQ?ﬁ@ﬂggﬁV%ﬂ%@HW%£%$mﬂ enbodlnent

embodi nents’, ' Fhgrerbadi ﬂ?«?&éram fo E@@@g%é@ﬂt@l well @lﬁbvﬁﬂg‘ﬂg 'sfg?lﬂlt durmgS one
enbodlnents', "an exanple e dinent', 'at Ieast one enbodi nent one or

nor e enbodi sepescingirdd’ one 15 enbodlnent mean 'one or nore (but not

Cpecifred ot nerwgare T N ok oG8 G THER R h Sl B R oy y

t hat any or s@iubn&fush{ged ddg@fRc AV Shguatd Yo#Xsgl usi ve. The enunerated listing
of items does not inply that any or all of the itens are collectively

exhaustive of anything, unless expressly specified otherw se. The 20
enunerated listing of itens does not igﬁi he itens are ordered in
any nanhzr according to the order in gﬁNﬁﬁﬁgﬁire enuner at ed.

Headi ngs of sect iwdschbiay iade dlaiminghsSppane iveagyl, im&bllmlr@rtd‘nhhelogj/ wile of
thi s patent appllcatlon are for conveni ence only, are not to be taken

as |initing be Heeddin aegsdance with thagelipijonsseiauthelony. H@Félsﬁ to e andestined Birhdi ng
part ner’ 'Stﬁmgﬁﬁlﬁ&ﬁaggus& HE?@}H 1S%?Hfaf Agb %ﬁh&gnﬂﬁgﬁaﬁfcuﬁ?h&boweﬁﬂ an be

any |igand/receptor pair Ing partnér palir is referred to as
the "first mmmmmmmmmmmmMMmmmmwmmmgmmmmwm@@mwmmmmris

referre to a "second bi ndin artpner". For exanple, the hindin
bar tner Ubat ST 190 SSERER SURSPTHRARRR b BTB: PRATHE BIHAPRY par ner

pairs can, {,Rler@3&BY Bne hAVeh dauﬁgsgmm ¥ lafti B vaih tlaé maeﬁ%@ls&wgucl eic

acid. As used herein, the tern1 rotatable' is intended to nean adapted to
be rotated. WO PDicht (LXSRBRGTLALGIGIGOOBSYise, hBoughout the description and the

claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the
20  sense of ‘including, but not limited to’.
In what follows, or where otherwise indicated, ‘%’ will mean ‘weight %’, ‘ratio’
will mean ‘weight ratio” and ‘parts’ will mean ‘weight parts’.
Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the invention are approximations, the numerical values set forth in the specific
25  examples are reported as precisely as possible. Any numerical value, however,
inherently contains certain errors necessarily resulting from the standard deviations
found in their respective testing measurements.
To provide a more concise description, some of the quantitative expressions
given herein are not qualified with the term ‘about’. It is understood that whether the
30 term ‘about’ is used explicitly or not, every quantity given herein is meant to refer to the
actual given value, and it is also meant to refer to the approximation to such given value
that would reasonably be inferred based on the ordinary skill in the art, including
approximations due to the experimental and/or measurement conditions for such given

value.



PREFERRED ENMBODI MENT OF THE | NVENTI ON Nunerous enbodi nents are described in
this patent application, and are presented for illustrative purposes only.
The descrwbedi@risedi nents are not intended to be |imtirgriAv2awoesase. The
invention is widely applicable to nuneroyg enbodi nents, 5 as is readily
apparent fromthe disclosure herein. These enbodi nents are described in
sufficient detail to enable those skilled in the art to practice the

i nvention, and i t'hf &g ‘pedempendy’ o8d tuhanitlieps urpddurdie shadl mean be
utilized an . kit . arting fromthe
scope of thgo%@%%wﬁg%ﬁ? pawy ‘K‘?ﬁ%ﬁ?l%ﬁgh%ﬁ%gg‘thg%?ﬁ ed in the art will
recogni ze that t Hée prc@gent ofi amendricahranpy ubiee prdpointcmdlnest &l vanbass 10

uher oi o1 KEHGRE SHLE R BRE) €3 of 510 PERUFL bArck 3 rtoughdut. o) A

preferred embodi mepteRk ‘ﬁx@ﬁar&ﬁeﬁﬁﬂﬁoréféﬁﬁl@t Q8 WichlboBRMARE RS fivERESh hi h
reference to pyrosequencing. Description of a preferred enbodi nent with

ref er ence t oapyfloskepranchangfitshonded certitin biscunakaweadldwariet, iothgr ebodimestst i on

to pyrosequenci assays. .15Referring to, Figure 1 a rotatable.platformin
the Torm of T4Y gy R AT EbHadaTdr <R reon by BuTiRPeR EONBTTSE o or nor e
di screte areagadorélameas nide pRIGE helodih@ialfesthol HEPIQiika deHcH cmbbdfdnfsOr
conducti ng sequenci ng of the nucleic acid. The discrete areas 2 are

preferably awsdtuseld, prd ismolingnded to, exebile ethopiempodineapt fsym dhascopnel e e
posi ti OF@d a{v%l@(qlthe circunference of the disc 1 in equally spaced
intervals. For exanple, a disc 1 20 having a dianeter of 120 nm has a

ci rcunf erence of TBE fernera’afa’ biyd oy’ mdag ‘Sndon oi@einksss ekgedsBt Peaifieds 2
spaced apart by 6mm (between centres of discrete areas/target sites 2) at
radi us of 58thHYF-oRl¢ lKENE efitcrbogdimeie “emiedimentes gmpedimgnigpptsxi mat el y 57
discrete argaohRHt hemPRMBAST YarPlmi mei® Cscme HANGH Renist. R, BUREC Of

di screte areas cou be a smaller or greater nu y using elt
| ar ger di scerhbodinent| {agtcasti e retbedin®mt’af@ar neorgembodimemstamh®her with a

spacin f, say,. 1 or, any conbjnation thereof. Preferably the discrete
SRR GRS AT L W s b A et B 0 R A g
100 pt. inveﬁ%imgyﬁﬁmdéjmm?isg@d?ﬁ&ﬁotﬁ@@nsé n Figures 2 and 3, in which

| i ke features have been given like reference nunerals. In these exanples,
the rotatabl e pl dhé onurgerated lisgae GOitarm dags dbaimgtl e thapiityhor5dl ofghd geragual |y

spaced around_ the riphery. The ll.s..are..about 3 nmm.i i amet er d can
b6 T abr 1 car S eRrEb R A em ity kSRt AR S e B PR Fet P2 “ana
white high iRaate @Okysk) emaudive BEhnythinal fiQeckpiced eseHedatiRerhiRl aakly 1
mmto 3 mm and well depths of 0.8 nmto 2.8 mMmm WO )

2011/ 013823 pernarzd liofieneosans dopg not imply thaf thedigis ashdidaictan sy Mgandsest

shown in Fi . rther conprises a trough 3
di sposed at g%{{?gdlﬁ Foltt:ioll é#&y&ﬁ@]iqu ﬂg%)g%r\ggfrﬁn&l 8{?’8? ecei ving waste fluids which
are spun off or teadingd aoedi@sgyofidanintthie pawnf gpticafontdnd thotitd ahs pl at f or m

1 during its rotation, Preferably the trough 3 is a myul ded el enent of the
pl at f or m 1. PRENEARPIiFatior AHIsK e vnisacs Ay Widiare BALA bedadsniah ifRdnsBguenci ng

reaction vagkeiotaRgeMSway.e

25 As used herein, the term ‘binding partner’ is understood to mean one of a binding
partner pair, which can be any ligand/receptor pair. One of the binding partner pair is
referred to as the “first binding partner” and the other of the binding partner pair is
referred to as the “second binding partner”. For example, the binding partner pairs can
be streptavidin/avidin and biotin. The binding partner pairs can, for example, include

30  streptavidin and biotinylated nucleic acid.

As used herein, the term ‘rotatable’ is intended to mean adapted to be rotated.



centrifuged off the platform and in order to inprove the handling of the
waste fluids a trough 3 is provided. However, in an alternative enbodi nent
t he housiwg 2d1vi1id28n which the rotatable platform 1l is posiAtonadosan be
configured to have a trough 5 disposed adjacent the periphery of the
platform1l to receive waste fluids which are spun 100off the surface of the
rotatable platform1 during its rotation. The uids in the trough 5 can be

fl
extracted through a cordtii @%WBW%TQFaT#IEﬂ%VﬁNHON der to mnimse
contam nation. PN%B%E@R'%B%&{H&H%‘%% SEHY h?th%:&a@enﬁ Q?ﬁhc%ﬁ&mhd arne.
a guenc

sequenci ng nmet hod preferably enployed is pyros ng. However, it
w | be apppesertetbrilhatragtdy@rrposes bolgs Thé dsserbehaningliacms ateaiot iraenddd 3¢ r and

may be 15utili.sed, as discussed.preyiously. . referably the discrete
areas 2 ar elb‘é %?%lntaé‘yéﬁqlsécffﬁe ‘S‘?nflﬂl?ﬁﬁ’i’lfi?lgé‘pf’]ﬁ“é‘bﬁdeIné‘fn@r(ﬁ%iealbgfht‘%er‘i’&’ For

exanpl e, 5t hgg Bl%&lcﬁliy_capﬁﬁjeﬁit $ch AN TAYsuPEehd AL ¥l ad b @Rdnd he diafieatig ar eas
2 conprise streptavidin for binding the biotinylated nucleic acid strand

t heret 0. Howeligtent detailvid dnable thqppskidied irethetahad potchies thehevensvn.iaad i@is ¢o be

ilable for,i iljsi 20nucl ei i t i t 2.
Accor ding t 8 TRRRDE! ShOb DR sk FabnSh T BB g B e
nucl ei ¢ aci digbhicRpartidg FRnathRBtepanifahd picsent invenfsVAERLiae, thos: dkiltddehc

acid strand is immobilised to the discrete areas 2. Any conpl enentary
nucl ei ¢ aci hesar wibrepeenizechaldbepresens dnvgndon Bxpbe dractiend withwpliusby heati ng

the pl atfor . .about./ 0X| C. I i.§ then
cont act ?a(g S EeH c(f l%} éé\ct%ng‘% A;ldv?n‘?tfg %Ih%é ) [ﬁé@leé% d %ﬁnnl? g?@eo%?%éetz)ﬁfl%%?@? % a%%etr%/\lge n each
contacti ng sikepfébacephmidrals mefdr todike phat ddowthobt. t hat any resi dual or
unreacted nucleotide is substantially centrifugally remved fromthe

di screte areas 2A preferredepdodigianbal B Praventipveaien sl pavthselescbrpMides t he
step of ana i G, a6y i id
p Lréféﬂeﬁ&_rt%g)?fr&gﬁe%bﬁl o (BeQChEpttfoﬁ ng ag)géfglggae i@rgg(écﬁﬁleﬂtf R re?@lféﬁkbest@

contacting step. analysi s“step conpris I ng the next base pair
in the nucl eysagiedcisg slamdd byt beaakenl aatlinngng the iowinput topyrbsegloénairsadsiysng

fromthe_incorporation of nucleotide wth.the nunber of nucl eotides ich
have bebbne bounBelHHE HEEFdr § FAe B AT 4 P derorer orer

det ecting t heybiiahd wRIAUERH sEVwWonE hGRalLRR: drfao RANPIAMYLEILRIVeBS retalif a Wi | |
be appreciated that as the rotatable platform1l is rotated all the sanples

pass the denedtigncidstrandlongeohdwtingecqusnéing of thomatled aciiD The discrete areas 2
20111 01162361, ARGIDL 000555, F DI By ARl L ool 1
around the circumference of the disc 1 in equally spaced intervals. For example, a disc 1
20  having a diameter of 120 mm has a circumference of 377 mm, and by forming 3 mm
diameter discrete areas 2 spaced apart by 6mm (between centres of discrete areas/target
sites 2) at radius of 55 mm from the centre of the disc 1 results in approximately 57
discrete areas around the periphery of the disc 1. However, the number of discrete areas
could be a smaller or greater number by using either a larger disc 1 or smaller discrete
25  areas, e.g. 0.5 mm diameter with a spacing of, say, 1 mm, or any combination thereof.
Preferably the discrete areas 2 are shallow wells, which comprise a volume of between
about 0.5 to 100 pL..
Other embodiments can be seen in Figures 2 and 3, in which like features have
been given like reference numerals. In these examples, the rotatable platforms are 120
30  mm in diameter with 50 wells equally spaced around the periphery. The wells are about
3 mm in diameter, and can be fabricated from materials including polycarbonate, clear

polystyrene and white high impact polystyrene (HIPS). Platform thicknesses are

typically 1 mm to 3 mm, and well depths of 0.8 mm to 2.8 mm.



every 10-50th cycle (say) but less than the 80th cycle) using centrifugal
force, and another round is commenced with the next nucleotide. In

pref erredwertbndiineat s, prior to contacting the di scretepraraazod/oodsd a
Ssubsequent nucl eotide each target site _Z,is subjected to a washing or
rinsing step with a washing reagent. The washi ng reagent may be any reagent
whi ch can substantially wash off any residual solution fromthe previous
contacting step, g enpedimentamsipedt shewn iyt esre 4.pherasttale platioem ldtghen| e

platform1 | I i | i . i
reagents anglg‘r(]é‘1 I?%/e?r%qg)fugfrl 3edg ﬁpﬁﬁg}%y\@é a%%gdleg%‘@tﬁ if%gn %%?%%%I%%ﬁg%&?he
pl atform 1 mhidchatrat@oh |t ohdeglrifs pekedvayhirdrs tthadsusfaen si thg rotheblegdéniorg ¥ eagent ,

for exanpl e at between abo 400.to 1000.rpm The present_ inventiqgn
provi des us&Udpe {t%@tar“é)ﬂla?)é%%‘é‘b | e fYBP%Hglsr Ogléa‘gﬁlﬁ&eﬂbogéhe Platfg%gl dic acid

strand, @ndygyké hp;S‘r@éIE)t!éii MY ithREcK Qkﬁ‘hﬁtlﬂ_l: %‘edﬂeﬁéiﬁ@!ﬁéﬁbﬁo@%m@ R&oOhts RN €
15reagents for sequencing the nucleic acid strand. Referring to

Fi gure 5, thentpfugséntl thqpleoinprandlisorder tvingesveadpphamting of dre waste Whiitlhat he
rotatable platform 1 far.sequencing a,nucl.eic aci.d strand. .Th ar at us
compr i ses & "Beby EPVIEY afPHE T ri ke Ry dmBtimeR haBPuyRy F Rl

control | abl @hithahe 5RhE6IE PRDMALidHbANGhedSRADE cosligited vERIRugE3Pabl e of
delivering rotational speeds of between 20about 10 to 1000 rpm Apparat us

i s al so prodistegdadiacetshreppsiphgrytHéhmpletfeing | feicgeise manlg fovdsovhinl agispen et e
> . lising g . A . o
R S T T P

di spenser 7caiisheasicedshyougige coudix.6 Appafianulse plstfains O ipoer wadiniraise

di spensing A, T, G and C nucleotides into contact with the discrete areas 2
and for di speHINHGUANWBSHIRRY Reagume systeas isggad Mot sheappar at us may t ake
the formof ink jigt sd¥RfcihSRRARLII eraPRPARADUSI ik DyRlsShicRERY] it
denaturi ng and reno\slf%(%lg %n‘% conpl(il)gngrr?tﬁgfy ]ﬂu%:{%iel:’giyag?(ﬁlestlr 'ngl,%qg& ’lsuch
appar at us mmewll bakeprediatel dratrotier metheds bhgpqoaiding nmiclabevid sirand inhy b&i gur e)

di sposed_w thj.n the _housing 4. A suitable detector 8 is also provided to
det ect I(lj?ghfm ?ﬁgd%ﬁccgﬁcuﬁﬁfdtﬂ%‘e“%‘ﬁbﬁ/rosequenci ng reaction. Suitable detectors

will be known toptdigaslkithd 8dcBRISOR 2 &Ohd IR sEled; RN Il LdPIht @hclMai ch
may be nounted beneath or above the rotatable platform 1. Particul ar

ref erence i scidowanddéortesaBplguthe suelergidzstanil orydiedwptingtdtediandethb dgcreent s of
phot orrul ti pl.i er ,det ec

Cont | gurat | BitcL2eSae Ry i TE S Rt R Bl L EEa A e
i magi ng ( Fi glowéyer, it will be appreciated that other chemistries are available for immobilising a
20 nucleic acid strand to a discrete area 2.

According to a method of the invention for conducting sequencing of a nucleic
acid strand, a rotatable platform 1 is provided and the nucleic acid strand is immobilised
to the discrete areas 2. Any complementary nucleic acid strand is then denatured and
removed, for example by heating the platform 1 to about/approximately 94 °C. The

25  discrete area 2 is then contacted sequentially with A, T, G and C nucleotides, wherein
between each contacting step the platform 1 is rotated such that any residual or
unreacted nucleotide is substantially centrifugally removed from the discrete areas 2.
The method of the invention further comprises the step of analysing the nucleic
acid strand during and/or after each said contacting step. The analysis step comprises
30  detecting the next base pair in the nucleic acid strand by correlating the output of light
resulting from the incorporation of nucleotide with the number of nucleotides which
have become bound to the nucleic acid strand. A suitable detector for detecting the light
produced by the reaction is a photomultiplier. It will be appreciated that as the rotatable

platform 1 is rotated all the samples pass the detector. If no nucleotide is incorporated



WO 2011/ 011823PCT/ AU2010/ 000953 - 28 - Figure 6 details a focussing | ens
10, an aperture 11, a photosensitive surface 12, a photomultiplier 13 and
det ecti orweleotios2scs 14. Figure 7 details an aperture 2EI/A2ptocasensi tive
surface 16, a photonultiplier detector 1%,and detection electronics 18.
Referring now to Figure 8, a heating coil or ring 20 is shown. The heater
ring 20 5consists of an alum niumring bonded to a heater PCB (printed
circuit boattn therpés mulight pigpamnd fegrepeiion mixtye ppuva ol 1 BITIPHFYEledtent

(not shown) e%«%y bl &Jrcr:ge;@%g'tb%?fésgﬂﬁ Tl s 1§ J%g‘%;&htrﬁﬁ%%z%@é,%?ﬂ- The

heater ring may or have the projection 1 on e surface
dependi ng oandthe rdeis] grooinenbal weh ltlsy ixs ouaddadidar eas on t he rot at abl e

platform 1. The projection 1l are designed to ensure onl he_ bott om of
the 10vel s in t ﬁfépﬂﬂgﬁ‘tr%?fle?m%@%bv%, GFIR EOPHEHTE FE HSERTR P§ 130 The
heater rgng s@ggd]&npﬁ&g%{}ﬁ@![egclgtﬁfgeg fed QubR¥ed :&pa %@sﬁ?@%ﬁﬁﬁsiﬁ@ﬁeﬁ f[é?/tittﬁtaabl e

platform 1, and nove | I'ow the rotatable platform1l to rotate
freely, andwashiggireakent. rldmyashinpecageritmdy bnanyrreagestwhichreanesibistantinils wasly be

hi d i | ids 22 id he h i 0 id
eS8, 1B haY RTERLET R, P b S vions B Bl slebnh it SRR A IR L arse

the enzyne sgpdenucl eotide(s) mxture (i.e. 200 rpmor |ess) where the
centrifugal force is | ow enough not to nove the mxture fromthe discrete

areas 2 and to aPradtibly thorotatiide pladfermdrs rajatpd ecleadspaeriwbpitidéwendes @€t i on
to be c I - e [ ol e, 400
rpm soﬂgﬁeﬁ%g%ﬁuﬁg%%§é§%g?PhagggggggagggﬁﬁP e‘%ggg%tq?ﬁéégﬁ aﬁgg’%gs not
20subst ant i plakfpradris esratedtiehipietpuee whilissdisRinginatieas ashinglighgannFoneamtpde at
Figures 10A to 10C, in an alternative design the rotatable platform 1l does
not necessaPfMgemakpt ¢80 bl ®0dp8le per se; it could be conprised of a

plurality of di Sefglggfesérﬁqﬁ;einﬁan \ids %F’e %@&h&?ot%ﬁle'tpga?%‘?ﬁ i1k Qeq%eﬁéiﬁxghe 31

for hol di ng each crete reactfon wel inaro ormat . For ‘exanpl e,
t he di scr et eucleiaatidomramet|ang a3 @mpmainghbe iratathle pfatformdfand omodi fioed 0. 2 ni

m crofu tube whi.ch can be mounted at 45 degrees on a platform11 in the
forn1of%§ r SREEUBIY Seaudrineshe ny 1fﬁls€ﬂﬁfiguration the cap 32 is open and

is on the hori zonkﬁérri@gm Glehe tepredat BYVEdiRRR1IR priNBe CaPafafi OBudRvR d) -
The cap 32 is nodifie suc% that reagents di spensed into the cap at | ow rpm

coul d be spthe rofatabla pletfombé f@3eauenkingtr mushiiq sueé siordt ddeappowps clinprisap 32
R AR N e T R S
to act as arshasatlpeb@, sutRBSPAbtorichgatest ddlifbgRdroramphel speadembsvicent he tube
33 V\D2O2 Olzall-‘t/)(?u]f]ig%ogp IID(%IE)/ 1%%2 Oigéa?a?tgsg iSSSals-o pzrgvizied%gliaslf)gnssing the nucleic acid strand

onto the discrete areas 2 for immobilising the nucleic acid strand to the discrete areas 2.

Such apparatus may take the form of ink jet-type technology or a suitable dispenser 7

such as a syringe pump. Apparatus is also provided for dispensing A, T, G and C

nucleotides into contact with the discrete areas 2 and for dispensing a washing reagent.

25  Again, such apparatus may take the form of ink jet-type technology. Apparatus is also
provided for denaturing and removing any complementary nucleic acid strand, and such
apparatus may take the form of a heating coil (not shown in this Figure) disposed within
the housing 4.

A suitable detector 8 is also provided to detect light produced by the

30  pyrosequencing reaction. Suitable detectors will be known to the skilled person, for
example a photomultiplier which may be mounted beneath or above the rotatable
platform 1. Particular reference is now made to Figures 6 and 7 which show various

embodiments of photomultiplier detectors for use in the invention. One optical

configuration uses focusing optics (Fig. 6) and the second uses direct imaging (Fig. 7).



As di scussed above, the determ nation of a DNA sequence can be achi eved

t hrough the use of the Pyrosequencing application (see Agah A, Aghajan M,
MashayekhwoRoi1/0ams2si S., Davis R, Plumer J.D., RonaghipcWAuv2G0006958 P. B. ,
A multi- 5enzyme nodel for pyrosequencingg Nucleic Acids Res., 2004; 32:
el66). Sequencing is achieved by detecting the release of pyrophosphate
following the incorporation of a conplenentary three
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during a | ong sequence run. For exanple, inhibition of the apyrase results

in a reduct rgfablg platermenrplhel prafectinis?d crpadesaaned o eiesuecotily e haem ofdhels t o
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sequencl ng using yr osequenci application
i s currentl| prdférablyedsipedo mdreaipt tbaont@bt thelﬁdtﬁalblb@Mfoflﬁaeaﬂdiﬁlha@/d&hn td. ,
Ronaghi M, AnaIyS|s of read-length limting factors in pyrosequencing
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t he present invention ena e reaction conponents to be was
after a nunbed do¥n puidk posts d& exposur es, allomjng fresh reagent to be added
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(i.e. 400 rpm) so the wash removes all reagents from the target sites 2 and does not

20  substantially contaminate between discrete areas 2.
Turning now to Figures 10A to 10C, in an alternative design the rotatable

platform 1 does not necessarily need to be a disc per se; it could be comprised of a
plurality of discrete reaction wells 30 which are loaded into a cradle 31 for holding each
discrete reaction well 30 in a rotary format. For example, the discrete reaction wells 30

25  may be in the form of a modified 0.2 ml. microfuge tube which can be mounted at 45
degrees on a platform 1 in the form of a rotatable cradle 31. In this configuration the cap
32 is open and is on the horizontal plane (the inside surface of the cap facing upward).
The cap 32 is modified such that reagents dispensed into the cap at low rpm could be
spun into the tube 33 at high rpm (see dotted arrow). The cap 32 serves as the target site

30 2 to perform the sequencing reaction and the tube 33 itself serves as the waste trough 3.
The hinge 34 may be modified to act as a channel to transport the centrifuged waste

reagents to the tube 33.



5' - Bi ot i n- AGTGTGCAGGACGAGT CCCCACCACACCC
AGGAAACAGCTATGACCATGCTTGCATGGTCATAGCTGITTCC- 3" The self primng | oop
sequence wblowedi1s26e pyrosequenci ng reaction to 5comeneeTiatamordoass3’ end
of the synthetic oligonucleotide as it f_gé_ds over its conplenentary
sequences. Therefore, the first nucleotide to be recognised by the reaction
was the adenosine (A) base, highlighted in bold. As a result, the first
nucl eotide used in the reaction sequmst he conpl enentary nucl eoti de,
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15Streptavi din Coate i gh | npact pol ystyrene discs were coat ed

Wi th strept asticicd hyhlcowghg dlecrektaﬂeeﬁmympﬂma@l@tetfeﬂmm@ th¢1mcpttp0t2él|on ofind

| h | | b. d
P oen or | EoabtefeR ORI prin oyt e al P b RIBRSBBAE S B PR LD o

EDC at a cogmeRrtsi@hdddneplaldhyrink bmw&m&a&nk&m& |Ih1|’[1§115'11rtﬂe ByropREFh&E O
litres of streptavidin at a concentration of 5 rans per mllilitre,

t hen i ncubafuighe envartasbigragenasinedgnhasehpefat it @y Ihﬁ S WiYHSel PRAY Niso Xt 1 1’@ &er educe
evapor ag Onaﬁglctl(%p?% A?ﬁ&&dhq et ﬁ%é 1‘[18 (gr%e l?;fa]t Illérﬁeé"@ pashed

w t h phosph ere |ne an en vva vvere a ovved to
air dry for signfiolndicatitle werigcdrp@nti it @ﬂtﬁelnactleéuaelalnd&eﬂdeedleba@ﬁane@mt @kni ng
desi ccant. 25The abil \t%)é to covalently bind the streptavidin to the

pol yst yr ene omRiete st daellgerpnde dagosprpyory anletrgtian Al dexigruckstts ol

experinments %ﬁ%]ﬂg@]gst
Sequenci ng (‘)K}TIlﬁ bﬂ%n%g%%rﬂ%{ qug%g Fﬁgﬁ%&gg@v\g@%‘é ?:@ggy descri be %el ow
wi t hout a wagphrast epll dddredsegusnoelcofidd preordo nita alditain cg“chlwnﬂmomldcmdmas TA(C

or T) TTG C, th the order .of nucleotide 30 dis atlo bei ng TACTGIG
C. The cdntrol UFRe e 8CGS PhRYTOSILENNS e’f:eD?:a‘E)F‘C%P} JﬁYrPrO cts

Pyrosequencking égfsuiphagteraﬁé uiﬁms@p}ﬁtesfﬁmﬁ%ﬂaé},s rhedcas- 9o @a«tss;lqhmgh@ bORRS
(Figure 11). No real signal was observed for elther the streptavidin

negati ve or rEDOGngeyatr¢dpeticomt sigrias qdtitydrare 4 Pngndquedye runWibr example,
2011/ 011823[3%1- ’[A‘(L)Jrg 8 t?l{a %]9}91‘%856 resul?’s in a reduction in the removal of unincorporated
nucleotides that leads to non-synchronised incorporation of bases and thus poor signal
20  detection. As a result the length of sequencing using the pyrosequencing application is
currently limited to no more than 60 nucleotides (see Mashayekhi F., Ronaghi M.,
Analysis of read-length limiting factors in pyrosequencing chemistry, Anal. Biochem.,
2007; 363: 275-287).
Therefore, in order to reduce the effects of by-product inhibition, and increase
25  read length, the present invention enables the reaction components to be washed away
after a number of nucleotide exposures, allowing fresh reagent to be added to continue
the next section of the sequence, while ensuring the template remains bound to the
support.
Sequencing Target
30 A five prime biotin labelled synthetic oligonucleotide with a self priming loop
sequence (highlighted in underline) was used to achieve up to 30 base pair sequencing

on a platform according to the invention. The complete base pair sequence for the

synthetic oligonucleotide (SEQ-OLIGO-30BP) was;



The Pyrogramresult for a polystyrene well coated with streptavidin in the
presence of EDC are shown in Figure 11. The result denonstrates that the

t enpl at e wedohwumns23t o t he vessel through a bi otin-strepravriAtizoonooss

al | owi ng sequence identification. The Pygpgramresult for the streptavidin
negative control shown in Figure 12 5denpnstrates that only tenplate bound

to streptavidin could have generated sij Therefore, no signal was
Contri but ed by Sctitin A rplal 6 HastCuBthtim RECds Bie RS GG o 11,

Pyrogram resul t AGGA@QQCR%AT@A@@NT%TT@C%WTCﬁT’i\(%‘fGTﬁCCSd?OW ng no
signal during sequ

only bound to 10 the polystyrene well in the presence of EDC Therefore

binding to the p m. Was achl eved coval ent bondin Assay Setup
Five micro litr elsr%‘éﬁe Pr‘ém&ﬂgr a%ﬁreus%e.%@W&géhearryraﬁavemgﬁr%t@%r | of a

coval entdy bonfedcstb@REAY éi'fdrbf@l%asty%%eﬁé’b}i%_ép){fcﬁa'aﬁdéjhssﬁbﬂh%\fe‘?ﬁt@ to provide
1 pico nole of target for sequénci ng tenpl ate was i ncubated for 10

mn at roonrewpseeaty equenceb.| lwrdlore, thiediritmusiepedst atiedeegbisadbnghet o occur

hoshed toi B E e QTR Oyt AR Bl Bl 8 4 SRt BPEmi ulR a

unbound t enpletif NBLadRIRGENcSRYY EHREOMPMESRenta | Ware st THygniding ¢d trmas
positioned into the instrument. The run was nmanually setup to allow for the

m croi nj ect Heacqthe EOWP@ﬁQ)SeHPQHCé@fo?EQ&Ie[GO 30BY eqastipn wias ToEGhe @hXAd mi x

that i ne ENA p I and 1
mcro | |¢ %%f su st rat e gsdélcljdrrglés/ ﬁ%oég %%cgy?ésr%ﬁﬁengn% %Pc¥1,roﬂ%§n Fol | owi ng
a 10 secondrermegm@dhéterogbllym ﬁwlecbaleetmmlap&tsabtchemﬂthemm@mdleceﬂzym}e: and
substrate additiogn, a negative control 25nucleotide

ni croi nj ect éﬁu%hd@@t)saﬁlaﬂ@rdqrpf pecleqfiden KisedUenging s rslamér@ﬁpsT &E@T@Te

bei n ener t t he
first base ?‘5%‘2%%2%%&2% G TG (08 1 1Fi BHECORIG0 Tt Alch el

addi ti on. THautéxdows et a odpnaenchtent ifdes mivas madaded at 100 nano I|tres at 30
second rlgt erval SS si ng.t.he fo%d)ﬁ ng di spensation order: TGIGIGI. The
correct “addi ti on P n{patedDisgd "r esulted in a I'ight signal 30 peak. The

peak val ue depenggd, mrpatchﬁomwﬂ@ﬁé dfaés vhe c%ﬁ‘t@@ WHRGH @Bl deh hRo R hfaQWvalthe

resulting graph of these peaks is referred to as a pyrogram
Fol | owi ng t hekaggdictwesn the PItOtﬁelsenCeP@hmemW&ﬂiﬁrch@Qwalt h&thyédeBi on content was

R SR e
back to 60 r&ue} Oi5iMRE RPEEs JHHDE @t a mcaﬁmroabxaa&ﬁ;ﬁgrﬁwpar%ma%d 2.82 -
20 micro litres of streptavidin at a concentration of 5 milligrams per millilitre, then
incubating for 4 hours at room temperature in a humidity box to reduce evaporation of
the reaction. Following incubation, the wells were washed with phosphate buffered
saline and then water. The wells were allowed to air dry for 1 hour and were then stored
at 4°C in sealed bags containing desiccant.
25 The ability to covalently bind the streptavidin to the polystyrene platforms was
demonstrated by running a number of control experiments using a control
oligonucleotide provided by QIAGEN GmbH. Sequencing of the control oligonucleotide
was achieved as described below without a wash step. The sequence of the control
oligonucleotide was T A (Cor T) GG T T T G C, with the order of nucleotide
30  dispensation being T A CT G T G C. The control wells where either absent in EDC or
Streptavidin. Pyrosequencing of the positive disc demonstrated good strong signals
(Figure 11). No real signal was observed for either the streptavidin negative or EDC

negative controls (Figures 12 and 13).



and the cycle for sequencing recormmenced by addi ng the sane vol unes of

wat er, enzyne and substrate. Subsequently, the next set of nucl eotides was
t hen | oadwd 2aneh1ss2gnal peaks neasured. The second and t rcrRetomoadss

nucl eotides used were: GACTC G T C and TGQICACA T, with the underlined

nucl eoti de used as a further negative 5control to nonitor for reaction
nonspecificity. A wash step was applied between the two sets of sequences.
The conpl ete seqd@pkurogsn resylh fye RAdeWYERe wrl gpaed withsirgpipddindndbtons a

Pyrogram of g{{é&qc@%@lﬁd F-ROBR ir?P’i%hfe%eJ%ﬂ. GholdsHR '&Hﬁbﬁé%faitél‘??azg%]“ﬁglﬁaté’ﬁéd‘g a

sequence-wash-sequence strategy. ive prine, biotin

SEQ OLI G0- 368khd terind atseclwnibhgls @ bfotiprsitmeptagidimomdsdiguencequas:clidmtiéidationt o t he
wel | 10of a streptavidin coated hjgh inpact polystyrene disc to al]|ow for

bi ot i n- st rept avi ﬁﬁﬁiém%m%e%g@éb‘? trep _ntna%ﬁéf CPBH@W@O\_W@ ki i:lgRFﬁ/l?u_nbpund
tenpl at es wageWeshats A chRAcSPAUERGRdNE dedpiRAdia QBTN oMk dled fignaddi tion
of enzyme and substrate. negative control nucl eotide %dCHP was | oaded
first to noihewsforé,oro sgmspesditgbutyd byrashimal emplatopost Saviem thé rashi 61 r st

nucl eoti des _of é@g known sequence were mcroinjected at 100 nano 15 litre
vol unes at gﬁage nd intervals. Peaks were generated for each of the

correspondi ng bagggetdin tdiQlt QAU GRgatRRAn YAl 14 Sifowiaini I8 shd apeddinige Ah t he
run of the sane nucleotide within the sequence. At the addition of all the

nucl eot i des sighalidysing jsegrengiag. Thehesigdagronsieted thea strepteidia ed only hayod to

revol utieons pe ' e - gl ent 5. of . leaving
the tmf at 4R SISO FBH Becae U e b i o U B £V
seconds 20 udtgewpesihewasalemcthondihgback to 60 revol utions per minute and the
sequence process recomenced by the addition of new enzyne and substrate
and the next set ASFAYREMRoti des. The result denpnstrates the ability of the

sequence- wash- seqenie: PRI JIRR Ao GRRLEL SHRGSa Hio AR I by

Whereas this invention is illustr descri wth reference to 25
enbodi ment s bprdegentptavidontoanpl el et ras dikeplbdstn mogesidod piadeslcaff tagetrfyr ng

out such_inventiaqn in actual ractice, it. is.to be understood that.various
Changes Ly ‘gucndnie The IRl B THRracHBh 10 Bi fommr P UL R h: &
Wi t hout  depg{diinNGreptaQiist mdﬁ%g?efcgmi %@%%ﬁc%ﬁ%@ WibsehPRaBIASHEL N and

conprehended by the clains t Il ow. 12011/ 011823PCT/ AU2010/ 000953 -
33 - THE CLAIPREeDHERN NG WHEW A IVENTICON I RREMASO Hoks gwlionisedAvatettatcabire

Fi vt “binai 5 RaPERR BB waP BfinBiret o ar oas on a surface of sald
platform 2. A rgeqicakbavadiatéqiencaccording to claim1 wherein the entire
Hpper S% face of T?lg Id{jsc 1 was positioned into the instrument. The run was manually setup to
allow for the microinjection of 2 micro litres of water, 1 micro litre of the enzyme mix
that included DNA polymerse, sulfurylase, luciferase and apyrase, and 1 micro litre of
substrate that consisted of luciferin and buffer. Following a 10 second period to allow
for baseline stabilisation, post enzyme and substrate addition, a negative control
25 nucleotide, dGTP, was microinjected at 100 nano litres to ensure that no random signals
were being generated during the run. As the guanosine nucleotide is not the first base in
the sequence it should not generate a signal peak on addition. The next set of nucleotides
was loaded at 100 nano litres at 30 second intervals using the following dispensation
order: TGTGTGT. The correct addition of each nucleotide resulted in a light signal
30  peak. The peak value depended on the number of the same nucleotide in a row. The
resulting graph of these peaks is referred to as a pyrogram.
Following the addition of these eight nucleotides, the reaction content was spun
off by rotating the disc at 1000 revolutions per minute for 5 seconds. At the completion

of the high speed rotation, the rotor speed was reduced back to 60 revolutions per minute



Splatformis adapted to inmobilise said first binding partner. 3. A
rotatable platformaccording to claim1l wherein a plurality of discrete
areas ar ewdisiwdim28ed on said surface of said platform iPoTavv2aroveayess4. A
rotatable platformaccording to claim 3 _wherein said discrete areas are
substantially flat. 105. A rotatable platformaccording to claim3 wherein
said discrete areas are shallow wells. 6. A rotatable platformaccording to
cl ai m 5 whep®d Resyrly fAsnrgRingapranEeRfsH by adding shq iameoyol e vieriiebhout 0.5

to 100 pt OEnz} ic alr#d ?)sq\ﬁl\ﬁfal?e @Lb?e??%ﬁt%? th deQt m nlzcled%id'éé){vvﬁg @11311 ?(THB,E@‘EIECPF m

according to erein s screte areas are relatively 15raised
portions corigalgetaksomedseresiulhaseond ashihddrsets af atdleotpleat fadrwere 86 AACrIbCat abl e

pl at form accor.dj n y f clains, 3.to 7 erein sai i screte areas
are about 1&%%% &nf g:i%_ﬁ’&ggg _.W@.t %u‘?%f]élie&muéyg]ﬁp‘é‘?‘f‘sé’?ﬁfé YRGS any
one of c4ai H&nt?bltt&n%n%&%?gdacéﬁi fbRbRLAHQL {%'O\%a}ls% mﬁﬁpﬁg%ﬁ%&)h@d batwebd Gelgb di sc

and the thickness of said disc is about 201 A rotatable
pl at f or m aceds df seguenses | Rierpompltesajuencealath @ndesetreindfigas ldr e di stri but ed

bout th i ph iddisc. 11, t f : di ng.
e m 10 wher o) nfibE0L SRG So8Sntriafe SERAERG PR PEHE SR bRl e
periphery ofequdhét hirfiCa sequence-wadh-séqucatatidit s . phatihepimackiofifliangléd any one

of claims 9 to 11 wherein the dianmeter 25of said disc is between about 50
to 500mm 18EQAOLErQt¥mPetemplts withselE pamiiglgor scamayceaties logdedrptogheweli ng

cl ai ns er ej ' b hs f g,gf t l,ect ed
R e g
pol yst yr enebpindaigretchytuen@e aingktpotheprapWngnabowtd tempfaoy wedwhihetagd ggs or
quartz. 3014. A rotatable platformaccording to any one of the preceding
cl ai ms wher &HCRE FA3i08 cOMMHFe! Wil dretdditigned snaya ankakeirHe dRcedve
platform whgl&) 'ﬂuél@btg?e(‘(ﬁ@i}['P?g/ak foaB0RRlEH &Bni'téF‘fBPhédsgé‘cn?& yinfthd Rbeiinndi ng
partner. 15. A rotatable platformaccording to any one of the preceding
cl ai ms wher 8evensdithk first stclditidds ngthp&nowe sequsnaheer caikioynjedsdathldd nano
coval en&% y (Pl‘[re Ivglr{lllnfeglalt %O se%[)ng Yn(gérgglg.rbeaks were generated for each of the corresponding
bases in the sequence. Peak values varied depending on the run of the same nucleotide
within the sequence. At the addition of all the nucleotides of the first set, the rotor speed
was increased to 1000 revolutions per minute to remove the liquid contents of the well,
leaving the template in place bound to the streptavidin coated disc. After five seconds
20  the speed was reduced back to 60 revolutions per minute and the sequence process
recommenced by the addition of new enzyme and substrate and the next set of
nucleotides. The result demonstrates the ability of the sequence-wash-sequence on
streptavidin coated discs of the invention.
Whereas this invention is illustrated and described with reference to
25  embodiments presently contemplated as the best modes or modes of carrying out such
invention in actual practice, it is to be understood that various changes may be made in

adapting the invention to different embodiments without departing from the broader

inventive concepts disclosed herein and comprehended by the claims that follow.

30



WO 2011/ 011823PCT/ AU2010/ 000953 - 34 - bonded onto said surface of said
platform or van der Waals forces immobilise said first binding partner to
sai d surfwoeonfoise3d platform A rotatable platform accec@iamotomoeasy one of
the preceding clainms further conprising_gtrough disposed at the periphery
of said platformfor receiving waste fluids which are spun off or
centrifuged a fromthe surface of said rotatable platformduring its

Cotation. ATHETLATSDIGATNE THE 1By 1RCLEN ARS 4SO Sonpr i si ng t he
steps of: Piovi gl i bl MABAAL A Dant iR 81418, hyhpdt:

bi nding or immbilising a first bindi part one or nore discrete
areas on sai d sufifradéndddg saindr pl @tefoo mnire disdrecomt@atn ngirkeeoesud platfyrneach
said discrete area wWi.ith a series aof reagents, wherein _between one or nore
or al | of S& d Oontly HaUSTRpEosiny IR bR AR RGO RHae S
resi dualsor unrgpabef iSflafici 8aasmbbiliSe SHPStRBHHd@J par@ent rifugal Iy renoved
fromeach said discrete area. A nethod according to claim17 wherein the
first of thé. sedimttadfe pleganteosdngtd daim t hdicwatonburdimd! digerpirarepsrare o t he
first binding partner,. and.the.subse ni. reagents are chosen from washi ng
or Tinsing reagaiibuel AEriba LS A e e or cl'aimo 18 further
conprising ghe atemtMe pREGYS hOGrdiRe A siRY 3 WheteldsADdisoeteafitfRrar€ach sai d
contacting step. A nethod according to any one of clains 17 to 19 further

conprising the sthspngelly Betating the rotatable platformat a speed of about
10 to 2 rem whi ' ' 1d.rea - ' abl e
pl at f or %&at B'a \é\%eljé)?fﬁag)?é @%@glt% E%SE?%Q ioo(g%gff%%qﬁl? %ﬂg%%(ig %%:[egﬂq ?{/Srhg%%}%?ll ugal ly
renove said reagent.s fromsaid target sites. Use of the platform according
to any one of clains 1 to 16 for conducting an as;‘?gg. A kit conprising the

pl at f or m ac€or diig AP lapyiore agrrdipaithgaim ¥ gherimid ghdloyywabre@mnesgent s
for said assay. V&raﬂf%rﬁﬁoet%vefeﬁrabwwmdgqﬂ[a& f@éﬂmgptﬁ 3f G AR BA BB,
9] attorm accor

conprising: apparatus for rotating sal ing to any one of
clainms 1 t0716 atroamtghieplettemmhcvedlicgnt ¢laint 2blhercussaid dBtrett abdsere pfatvelynal

speed: | o0t ional Ly ebporatuc, o1 0 shenslog. Sl sk fiad ng par ner onto
T ot AT o BUDRA B3RO U i 26 g g 1
areas are about 1 to 5 mm in diameter.

9.  Arrotatable platform according to any one of claims 3 to 8 wherein said platform is
a substantially circular disc and the thickness of said disc is about 1 to 4 mm.

20  10. A rotatable platform according to claim 9 wherein said discrete areas are
distributed about the periphery of said disc.

11. A rotatable platform according to claim 10 wherein about 2 to 500 discrete areas
are distributed about the periphery of said disc.

12. A rotatable platform according to any one of claims 9 to 11 wherein the diameter

25 of said disc is between about 50 to S00mm.

13. A rotatable platform according to any one of the preceding claims wherein said
platform is formed of a plastics material, selected from the group consisting of
polycarbonate, polystyrene, high impact polystyrene, polyethylene and
polypropylene, or is formed from glass or quartz.

30 14. A rotatable platform according to any one of the preceding claims wherein said
one or more discrete areas are a coating on said platform, wherein said coating is
adapted to immobilise said first binding partner.

15. A rotatable platform according to any one of the preceding claims wherein said

first binding partner is chemically adsorbed or covalently or ionically, or hydrogen



WO 2011/ 011823PCT/ AU2010/ 000953 - 35 - optionally apparatus for dispensing
a washi ng reagent. 24. Apparatus according to claim23 wherein said

appar at uswbaniwai®si ng said platformis a notor, and thecpraadetosoodsaed
rotational speeds are sel ectable from begtyween about 10 to 1000 rpm 5 25.
Apparatus according to claim23 or claim?24 further including a vacuum
extraction systemto extract the waste reagents which are spun off said

rot at abl e pl at f Bpided2gto saishsirtice of sdd Blat P aryandgt Wiaels dereey mimebibs wil 25
further includi . %’1&1 i j eri phery of said
platform such ?1 éfﬁm\t/c\l/g e?tfl%u?ﬁgﬁ\%ﬁf% gf(r:%{&s%%t?\&o f the surface of the

r ot at abl e pll&t f drmtatibié pigtfotns accotditg Gnargranerod cled preckding ddiswmifdrtharough. 27. A

rotatable platformfor conducting an assay, said platformadapted to
sel ectivel y i mbifpigee afrgaéjbaaapwﬁaﬁ tﬁ@ pﬁ‘éﬁ’}ier%PP?a%A g]ﬂgoré? Iorgy IY}P%W‘@Ee
areas onsa surf agRIsQhidald sphpdt gf Rnirid8ed ﬁvﬁ;?fr%adgé é‘urpiclébf fiMag@eedi ng to

claim 27 wherein said second binding partner ‘is 15bindable or reactable to
a first bindi ngpleptmdrriag temdatidnound to said surface of said platform 29.

A rot at abl e pl at,f or cording to claim27 or claim.28 erein.the entire
Upper surfadl of Bahd PPk &n gyt whf wiheledupighs PSR i se sai o
second bi ndi ng part pejidiRd3Plattbirh at R @&Rb & MyaddeQff MaGE QlliIGg to claim 27 or
claim 28 wherein a gl urality of discrete areas are distributed on said

surface of said pl abigmmdramgmebdisieya figlbinding prapreP enpPamPErdit@elesfding to
cl ai m 3¢, wherein sablgsaghgg&a«acte%fggi?ﬁa%%%% sypstantially flat. 32. A

rotatable platformaccording to c erein said discrete areas are
shal | ow 25wel | s. 33corfadtipp atqiehgalpl @ich atithdaseeas aicngitha whias of B2ganaer ei n
said shallow wells conprise a volune of between about 0.5 to 100 [t.L or a
wel | depth of about Wheisin betwpgn ongpr more gf all ghtadd pPrHIqige veaes said Mg ds ¢l ai m

30 wherein said di Sfdtﬁé@slgc@ﬁf-e}ét K g?%sﬁﬁaﬁgﬂ N&é%téﬂaﬁﬁ@a@%‘i fd sgpﬁ%@%r ared to

the surface of said rotat orm 3035. A rotatable pla
according to any onecmfifughldy remm@B30d flonBehchihadeliswresandadi screte areas are

g? Oglt ail 0328{7-2%%%6%@ gcgqtoﬁélg%?ogclﬁlﬁbif%/ %H%Pr{ t%e %lrsa‘}toff %{ergeraigsc gfr rgégré tst 0 any one
comprises the second binding partner to the first binding partner, and the
subsequent reagents are chosen from washing or rinsing reagents.

19. A method according to claim 17 or claims 18 further comprising the step of
analysing the assay during and/or after each said contacting step.
20  20. A method according to any one of claims 17 to 19 further comprising the step of
rotating the rotatable platform at a speed of about 10 to 200 rpm whilst dispensing
said reagents, and rotating the rotatable platform at a speed of about 400 to 1000
rpm to substantially centrifugally remove said reagents from said target sites.
21.  Use of the platform according to any one of claims 1 to 16 for conducting an
25 assay.
22. A kit comprising the platform according to any one of claims 1 to 16 and one or
more reagents for said assay.
23.  Apparatus for conducting an assay, said apparatus comprising:
apparatus for rotating said platform according to any one of claims 1 to 16 at
30 a predetermined controllable user-selectable rotational speed;
optionally apparatus for dispensing said first binding partner onto said one or
more discrete areas on said surface of said platform for immobilising said
first binding partner to said discrete areas;

apparatus for dispensing reagents into contact with said discrete areas; and



is a substantially circular disc and the thickness of said disc is about 1
to 4 mm WO 2011/ 011823PCT/ AU2010/ 000953 - 36 - 37. A rotatable platform
accor di ngvoeoolaiszs36 wherein said di screte areas are dipstrratotopdosbout t he
periphery of said disc. 38. Arotatable platformaccording to claim 37
wherein about 2 to 500 discrete areas are distributed about the periphery
of said disc. 539. Arotatable platformaccording to any one of clains 36
to 38 wherein the dPRifRIREY aprarals prdispensing pepiiahcaBglit 50 to 500mMm 40. A

rotatable p ? %@gﬁﬁﬁ%%&ﬂﬂﬂ YOI 29 %efgm 941?5}2?&@%3? s rg’[g i ﬁﬁ@hﬁtﬁﬁﬁ d

platformis |cs materi a ron1t group
consi sting of pol aymatoln,mndttm prpdétystiyederggtionhlgipeedspac telgodbls frymereyeen

pol yet hyl ene an | ene, or is formed fromglass or quartz. 41. A
rot at abl e pIath‘ﬁFggégﬁéﬁﬁén¥o any one of claims 28 to 40 wherein said one

or nore ﬂ'SQSGtﬁpﬁ&ﬁﬁéz@@ﬁdﬁ Q@é&hﬂ93%Pcﬁﬁh§4@&ﬂk&QkﬂkhMQEEQmﬂnﬁéaﬁc&ﬂﬁt'ng
is adapted to i mopbilise salé first binding partner. . r ot at abl e

pl at f or m accor dbystent & extsacothe vabteatagients wigch aespumplé tseldmotgalbht Iﬂatf@‘tn

nyar ogen- bontied AR aoe il SR SR ahrafy a By ok BRS¢ o ces

i mobi i se sai ddfspdSs%H aBjaBetit Mgk Mpha@rofts@ldwt@rﬁlugd&&ﬁat&&asﬁﬁhﬂdmafchqm 43.
A rotatable platforn1accord|ng to any one of clainms 29 to 42 further

conprising a tr&gPbhssegecs itthe rsatplle plaHery defing Hp eigla droreerfved in
rece|V|ﬂg wast e f]; i ggbmhlch 20are spun off or centrifuged away fromthe
surface of said tota |l e platformduring its rotation. 44. A nethod for
conducti ng an aasatasapldifomi hedosdwgbing ah Agsat haidplepsmoidappdav isdleaityedy
platformaccording to any one of clainms 27 to 43; selectively
bi ndi ng or i moBNIPRilisg2 ae%)a@ bHWing RINRGINPRE OR 8107¢ iSRS A5asPraesupges Qlcr et e
areas on said sgﬁg@&gbﬂﬁ.sald platform and

28. A rotatable platform according to claim 27 wherein said second binding partner is
15 bindable or reactable to a first binding partner already bound to said surface of said
platform.

29. A rotatable platform according to claim 27 or claim 28 wherein the entire upper
surface of said platform is adapted to selectively immobilise said second binding
partner.

20  30. A rotatable platform according to claim 27 or claim 28 wherein a plurality of
discrete areas are distributed on said surface of said platform in an array.

31. A rotatable platform according to claim 30 wherein said discrete areas are
substantially flat.

32. A rotatable platform according to claim 30 wherein said discrete areas are shallow

25 wells.

33. A rotatable platform according to claim 32 wherein said shallow wells comprise a
volume of between about 0.5 to 100 uL or a well depth of about 0.5 to 3mm.

34. A rotatable platform according to claim 30 wherein said discrete areas are
relatively raised portions compared to the surface of said rotatable platform.

30  35. Arotatable platform according to any one of claims 30 to 34 wherein said discrete
areas are about 1 to 5 mm in diameter.

36. A rotatable platform according to any one of claims 30 to 35 wherein said platform

is a substantially circular disc and the thickness of said disc is about 1 to 4 mm.



contacting sequentially each said target site with a series of reagents,
wherei n between one or nore or all of said contacting steps said platform
i s rotat esto=uoivitdzat any residual or unreacted said reagemAl2610/000953
substantially centrifugally renoved fromsaid target site. 30 45. A nethod
according to claim44 wherein said second binding partner is bindable or
reactable to_a first binding partner al r‘eadé bound to said surface of said

platform 487 AAvetaydte plademypsrgrdine (9 drim A2 wEerel) widiliageRAETas i t he

subsequent reaggf & ER LM Weshi g, or rinsing reagents. WO
2011/ 011823PCT/ AU fgé; 008@@% ?eéﬁ? Elg,47. A rr%t hod according to any one of

clai ns 44 t 8846 Afrotatdbde pladoqn hsdonding hreclsinep’ ehe@imadbpsi hp Shiediags@yrair i ng
and/ or after each sai.d contacting step. 48. A nethod according to any one
of clains 44 toarffﬁsrtﬂg‘ﬂtﬁ‘ggb%Fﬁ‘fﬂ?@iph@gtqgémgt“@_ﬁ' of rotating the rotatable
platform at 38 SpeghiMie ?llﬂﬁbﬁtm 3Q ot @n € Wary R MR clafths 96 &PENShAgimBeumeter

reagents, and rotating the rotatable platformat a speed of about 400 to

1000 rpm to subst sind flia¢ isybeteernrabpuigd] toypOPembve reagents from sai d target
sites. 49. e qf the platformaccording to any.ong of,clains 27 to .43 for
conducting 3 adualibiChiliad BSEARE A8, ¢ FoMRe R PuPihedh aRed™ o
any one of clai [foded 6 APaaitd nRRGiPrscbORBTR M BREEAIPScongiktisAsd assay. 51.
Apparatus for conducting an assay, said apparatus conprising: apparatus for

rotating said pPelyfaponai eehdivinct Bighimpeai@obbtyeing: pelyetitylee @8l at a
pr edet eF ned CE&&Bl%'pyﬁ%,g)r‘f?ﬁ{rm&?h%ﬁltaggis%rr85 i onal speed,
at us or

optionally appa I spensing s second 'bi ndi ng partner onto said
one 15o0r nodé didsotaeitde pladasn actosdng tsanyf@eaf ofairaal 8l tqpd@ivhaem daal one or
selectively imuobilising said second bindin Part ner to said discrete
areas; appar at uBIfQHISHPEFETRS aFR FRkgE ﬁf1§alidrl’g?6 EEntvheieingaidheasing ipdaptedt e

areas; and opti Mé‘biﬁ%[@ﬁfé?biﬁl@fng%iaﬁﬂgrng ng a washi ng reagent.

42. A rotatable platform according to any one of claims 28 to 41 wherein said first

15 binding partner is chemically adsorbed or covalently or ionically, or hydrogen
bonded onto said surface of said platform, or van der Waals forces immobilise said
first binding partner to said surface of said platform.

43. A rotatable platform according to any one of claims 29 to 42 further comprising a
trough disposed at the periphery of said platform for receiving waste fluids which

20 are spun off or centrifuged away from the surface of said rotatable platform during
its rotation.

44. A method for conducting an assay, said method comprising the steps of:

providing a platform according to any one of claims 27 to 43;
selectively binding or immobilising a second binding partner to one or more

25 discrete areas on said surface of said platform; and
contacting sequentially each said target site with a series of reagents, wherein
between one or more or all of said contacting steps said platform is rotated
such that any residual or unreacted said reagent is substantially centrifugally
removed from said target site.

30  45. A method according to claim 44 wherein said second binding partner is bindable
or reactable to a first binding partner already bound to said surface of said
platform.

46. A method according to claim 44 or claim 45 wherein the subsequent reagents are

chosen from washing or rinsing reagents.



52. Apparatus according to claimb51 wherein said apparatus for rotating
said platform 20is a notor, and the predeterm ned rotational speeds are
sel ect ablwof2oomibe8ween about 10 to 1000 rpm 53. Appar aCus\taemaodisag t o
claim51 or claimb52 further including azyacuum extraction systemto
extract the waste reagents which are spun off said rotatable pl atform 54.
Appar atus according to any one of clains 51 to 53 further including

trough 25di §pos édnatap%éwd%@ Peransied clpims 44 50 40 rker enrpRriséigcthe Meatof wast e
fluids which arg,3 ﬁ&fefaséapguﬁﬁ%mﬁ& Aerbhe Lot %%'uﬁg&{ g.t formduring its
t rough. a p

rotation are recel In sa 55. A rotat tformfor
conducti ng é&.quénnetihgd adcoading ol ®iyconaaif dlaghs ddhch 47sfa;|rt}iep¢canﬁri1;|ing thdappet to

i mobilise a nucleic Cld S d. bi ndi ng par.t in e discrete
areas on a surf SU&st %5(?@3%5‘?&’? %atgégeeﬂqfég‘é‘ftélglt%agﬁ m%‘i‘W&Pﬁg to
cl ai m 555 wher ei ;g &lade MY Cniradf: %ﬂle%{aﬁ’a@ﬁ ﬁl&f%t%sp%toiboét Mdofiogg form
t hereof.” WD 2011/ 011I823PCT/ AU2010/ 000953 - A rotatable platform

according to cl mmrt@@b@trantléﬂm enBugtibriemave mgmsfremaatﬁattesmteand is

bi oti nyl ate n c acid. strand bi r co rises avidin
or st r eptavid ot OERP TG B dkup ARV B OhaPR R TT Lo e e e o
strand. 58. afayet hod for conducting sequencing of a nucleic acid
strand, said nmethod 5conprising the steps of: providing a platform
according t 80 any lgheornaitristngaihmp aiorm gegrdingity amnencn! dlarmsBi7 |t 43 aed enmerc ei ¢

acid str@and bin r d discrete area and then selectively
bi ndi ngi@lr i o F'?rse?g%nttgﬁ)ﬁﬁ%ﬁglg%&am d strand to said discrete area;

10opti onal | §1 den@pmtu@gomdﬁc&mg\anmgsa@znym@@pmh&amttrﬁpmmg:cI eic acid strand,
anneal ing a Sequeng[l)pr;l(‘r:]aurl)sr %og'rs(gtatgr?g ;[a?deplg{fgr% géc%rcﬁrrlge g) an?/ o%e of claims 27 to 43 at
a predetermined controllable user-selectable rotational speed;
optionally apparatus for dispensing said second binding partner onto said one
15 or more discrete areas on said surface of said platform for selectively
immobilising said second binding partner to said discrete areas;
apparatus for dispensing reagents into contact with said discrete areas; and
optionally apparatus for dispensing a washing reagent.
52. Apparatus according to claim 51 wherein said apparatus for rotating said platform
20 is a motor, and the predetermined rotational speeds are selectable from between
about 10 to 1000 rpm.
53. Apparatus according to claim 51 or claim 52 further including a vacuum extraction
system to extract the waste reagents which are spun off said rotatable platform.
54. Apparatus according to any one of claims 51 to 53 further including a trough
25 disposed adjacent the periphery of said platform, such that waste fluids which are
spun off the surface of the rotatable platform during its rotation are received in
said trough.
55. A rotatable platform for conducting sequencing of a nucleic acid strand, said
platform adapted to immobilise a nucleic acid strand binding partner in one or
30 more discrete areas on a surface of said platform.
56. A rotatable platform according to claim 55 wherein said nucleic acid strand is

DNA or RNA or a modified form thereof.



contacting sequentially each said discrete area with a series of reagents
conprising A, T, G and/or C nucleotides or the respective suitable

nucl eot i dwoanalngr3 wherei n bet ween each or any of sai dpcumctooogsst ep
said 15platformis rotated such that sub $_anti ally any residual or
unreacted reagent is substantially centrifugally renoved from said discrete
area. 59. A _nethod according to claim58 wherein each said_ di screte area i s
cont act ed s&gueAtiPHaNe Nty accordipg t%@ﬁ%é@@frﬁ@ﬂb%ﬂhﬁ@%@e Auclgic agidang/ or

C nucl eotides. ¢ andibBioti ﬁ%l%h@i?lg tl’?ecrﬁﬁge%é ch%tsﬁ’a}rﬁil ]ﬁh@ggch nuc r1§e% Jidin

sequential contacting step conprises elt ot| e or its
anal og | s addedosﬂmtaadchh yr anghaexadot biadinyg therbiatiyyldted nndeic acidptreniet er mi ned
or der, §+T+G+C nucl eoti des or anxﬁgrfdet elrm ned or deS| re ubset of

t hese are aé edA9BCROG{GHCGREICTRR equacing Rf BPRCIGHQEY HgaT-naiddpethodsel A

nmet hod agcordi ngoﬁlﬁngﬁg/thg@gep@t)fcl ains 58 to 60 further conprising the step
of analysing said nucleic acid strand during and/or after each said
contacting step. 62proAidies hpltfageeeairdige toargl @iemfelaimhéd & h/isai d anal ysi s

d b d d
o ot g e Lo mlr e PR fuslee S S TP R B BB a2 R iRt e

become bound to theamleh@itendelkeetivel Jfﬁﬁdmg%@lrﬁﬁlobﬁsfﬁgtahﬁ@le@@&@d diedid tho any
one of clains 58 to 62 wherein said rotatable platformis rotated at

bet ween about 10 toSHQ@élsﬁﬁ?FﬂWIst di spensing the reagents and said enzyne

SO as n to renove orm
is rota 6ed at about Igfgog‘gﬁgh%@%ﬂl d\%ﬁﬁﬁbﬁg&ﬁgg%& n&ﬁt&rj‘ 1@1@ %ﬁg rglltia({a’tgent
WO 2011/ 011823PCT/ AuH2ABADH LQpBncin@Primetonte Biockercear; dhig tO any one of

clainms 58 to 63 wherein said denaturing step conprises heating the nucleic
acid strand to effeeqnt%félﬁatseﬂqeﬁaallwcaﬁﬁégﬂ%ﬁget% g2 M) dejeeienel §2g¥sand t o

el evated pr. A et hodREGRL AL RIGLAIAPY AR Al RypR L0 sGLROMPT T ST Ng

the step of wherein nucleic acid stran enatured the
conpl enent ary st r andudleotide rmoaleds, lsshegein betsees tah qmahjnoﬁsaid ogitagingeageatd. A

met hod cording to one of claj 58 to0 .65 wherein each sai r get
ite i propared fophbdenraarieubh Tl PuaTeN sy SHBELaieT & LAy | ng
said target site bylsrs%ﬁaﬂm %m%ﬁagiuplra{lwcﬂmrﬁsmmsueft@ﬂabI y renove any
reS|duaI reagents such that %’ here i's Substantially no contam nation of said

target siteSHith Iaetheég@o)rdmygecl@ltn bhehpicat dagh midcgsradd aga iscoatgtedne of
clains 55 to 57 _for uenC|n of .a nycl.ei.c [ a A kit
Comprising the. MAEPERm Aobbralng facaiy e Gl & i tnB5t Estid one or
nmore reagengs. f arme@oducdordife SLANANSY HeRin Qidsgheittil asitek ik rsaptomprises
20 either:
a.) each nucleotide or its analog is added separately and sequentially in any
desired or predetermined order,
b.) A+T+G+C nucleotides or any predetermined or desired subset of these
are added as a mixture, and the mixture added again, efc.
25 61. A method according to any one of claims 58 to 60 further comprising the step of
analysing said nucleic acid strand during and/or after each said contacting step.
62. A method according to claim 61 wherein said analysis comprises detecting the
next base pair in said nucleic acid strand by correlating the output of light with the
number of nucleotides which have become bound to the nucleic acid strand.
30 63. A method according to any one of claims 58 to 62 wherein said rotatable platform
is rotated at between about 10 to 200 rpm whilst dispensing the reagents and said
enzyme so as not to remove reagents added to said target site, and said platform is

rotated at about 400 to 1000 rpm whilst dispensing said washing reagent.



Apparatus for sequencing a nucleic acid strand, said apparatus conpri sing:
apparatus for rotating a platformaccording to any one of clains 55 to 57
at a predsperminestscontrol | abl e user-sel ect abl e rot ati oralr/AApem00953
optional ly an apparatus for dispensing ashucleic acid strand binding
partner onto said discrete areas for immobilising said nucleic acid strand
bi nding partner to said discrete areas; .optionally an apparatus for

di spensi ng 8*nuéi BFEo4asrding Hipyomes! s af srhbracraient! daRIEBRSEPI vel y
i mobi i sing sajg, ek %E%tir%qggm%léi@!agidtsﬂraﬁ fodeffycfs&{ ﬁ{u‘?ing,r & posing the
optionally an apparatus to enaturing an optlonaIﬂy r émovi ng a%y
25conpl enent ar ynmeik acid saandltosdlenaunl; pthppar at us for dispensing A, T, G

and/ or C nugleot,i de r their respective. angl ogs, or conbi nation her eof
"to cont actwi fme pacolipe i ae! C@bfﬁagéf%@} PSPPI RBASIRGT ANGEShi ng
reagent ;sand ophiQnald thcRic AR aE/IUS déiRiturbd #R&IH PN QR y QraldlPis SerRvAABY
solutions. 3070. A rotatable platformfor conducting sequencing of a

nucl ei ¢ aci d st ramek stemivithplratsingrrmagedapt ed to sel ectively i nmobilise a

lattorm . 0 2013010 aS8RER KBh TR oDo0ea PGP BR-B. S ol full JRAT s or m
according to cl ?feﬁhr%ﬁ fHNRER kild Sathsdq e k@b entdgisdbgidtang drfinpkndabb@ se
reactable to a first binding partner already bound to said surface of said

pl atform by rotatiqnoefge g efgmatorcspimlagadlyremare a1y ievidiahrgazents se¢haihay 71
wherein,said nu i i.d.. i.S. - ifij ormt hereof.
e TTat ol LS sBfhuay Mo hitaion 8F LML ste IRALGLERAL O M L e

nucl ei ¢ aci d7st Uaadf ihs phit@iinnytateg tany bheoffdlaigts S5itadl figr adtdime conpri ses
avidin or streptavidin or an_analogue for binding the biotinylated nucleic
aci d strand. sequencingn\OhpIEC feiFl SEdRHuct i ng sequencing of a nucleic acid

strand, Sai@8ne%nggﬂ%ﬁ@ﬂgﬁg%ﬁéﬁgahﬂ%C&ﬁ&ﬁgé?gﬁy8%9 }9%?Q§9t8h§55@6ﬁ90r

according to any one to 73; ectively ndi ng or
i mmobi |i sing a mocd eagemciod cetduwtiog sausaiing di sowadie aadeaandpti onal |y

e R T g SRR RIS BYSAE b BoA0wit SR 10,2
sai d discrete area yhjabads £85di8n 0 pla88IE A Srding to any one of claims 55 to 57 at a
predetermined controllable user-selectable rotational speed;
optionally an apparatus for dispensing a nucleic acid strand binding partner
onto said discrete areas for immobilising said nucleic acid strand binding
20 partner to said discrete areas;
optionally an apparatus for dispensing a nucleic acid strand onto said
discrete areas for selectively immobilising said nucleic acid strand to said
discrete areas;
optionally an apparatus for denaturing and optionally removing any
25 complementary nucleic acid strand;
apparatus for dispensing A, T, G and/or C nucleotides or their respective
analogs or combinations thereof into contact with said discrete areas;
apparatus for dispensing a washing reagent; and
optionally an apparatus for dispensing one or more enzyme solutions.
30  70. A rotatable platform for conducting sequencing of a nucleic acid strand, said
platform adapted to selectively immobilise a nucleic acid strand in one or more

discrete areas on a surface of said platform.



conprising A, T, G and/or C nucleotides or the respective suitable

nucl eoti de anal ogs, wherein between each or any of said contacting step
sai d pl atwonmiwmi1s2et at ed such that any residual or unreactred2saimogseagent
is substantially centrifugally renmoved fpem said discrete area. 20 75. A
met hod according to claim74 wherein the discrete area already has

i mobi | i sed thereto a nucleic acid strand bi ndi ng partner, and wherein said
nucl ei ¢ aci dlst Adirtahls platfpipe pSoBIigL ¢lainy 3% Wherge widnuedsieiagid same i ndi ng

partner. 76. Us Bm‘aﬁblfa N rd%t%lg{% g‘fﬁ&ﬁ;?ﬁo%%é‘@gﬁ&g@lﬁé’ad? BOuld 1odaft ﬂﬁ% al0 of Qi3

for sequencing a nuclelic acid strand. It conprising the platform
according to anphﬁhﬁnof clains 70 to 73 for sequencing a nucleic acid

strand. 78. for sequenc a nucl ei c _aci rand, ppar at us
conpri si ng: p rél{ ¢ Batiprgy a¢qo Eﬂ Jaigt Z(f%? %ﬂa?w&iaﬁeﬁ*gsaf% %fi‘i} 6&3

clains 7§ to 735@%mqspﬁ@gg;ﬁpyq&ggmg@@kag&hgmg%opser sel ectabl e rotatlona
speed; 30optionally an apparatus for dispensing a nucleic acid strand onto

sai d di screfd adeatatahe pleifenn asp@r@mg rmdiint 7k pngaisai dwhersiethe nadeid astdr and to

" amoving any. corh B RLaPy PRetaf RPN Eh Rt ST LRl LR gRRR Y

di spensing A, Tor £n @afloRE fér Bikdiheeel S yited RlEic heigRAGAd. Ve anal ogs or
conblnatlons thereof into contact with said discrete area; apparatus for

di spensi ng A4wadhnagod Exgenductiandeqsnsivaal f pudpic apWatrardisailgretiod pensi ng
one or ppre enzwﬁpﬁﬁhy{he%&%s of:

providing a platform according to any one of claims 70 to 73;

selectively binding or immobilising a nucleic acid strand to said discrete area;
optionally denaturing and removing any complementary nucleic acid strand,
annealing a sequencing primer to the discrete area; and

15 contacting sequentially each said discrete area with a series of reagents
comprising A, T, G and/or C nucleotides or the respective suitable nucleotide
analogs, wherein between each or any of said contacting step said platform is
rotated such that any residual or unreacted said reagent is substantially
centrifugally removed from said discrete area.

20 75. A method according to claim 74 wherein the discrete area already has immobilised
thereto a nucleic acid strand binding partner, and wherein said nucleic acid strand
selectively binds to said nucleic acid strand binding partner.

76.  Use of the platform according to any one of claims 70 to 73 for sequencing a
nucleic acid strand.

25 77. Akit comprising the platform according to any one of claims 70 to 73 for
sequencing a nucleic acid strand.

78. Apparatus for sequencing a nucleic acid strand, said apparatus comprising:
apparatus for rotating said platform according to any one of claims 70 to 73 at
a predetermined controllable user-selectable rotational speed;

30 optionally an apparatus for dispensing a nucleic acid strand onto said discrete
area for selectively immobilising said nucleic acid strand to said discrete
areas;
optionally an apparatus for denaturing and optionally removing any

complementary nucleic acid strand;
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apparatus for dispensing A, T, G and/or C nucleotides or their respective
analogs or combinations thereof into contact with said discrete area;
apparatus for dispensing a washing reagent; and

optionally an apparatus for dispensing one or more enzyme solutions.



