METHOD AND APPARATUS FOR FORM NG A DI LUTI ON BY FLUI D DI SPERSI ON DESCRI PTI ON
OF THE I NVENTION [001] This application clainms priority under 35 U S. C.

119 basedworzodd/i245®r ovi si onal Application No. 60/589, 82PcTfusk@d/ odvhy 22,
2004, the conpl ete disclosure of which is incorporated herein by reference.
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I nvention [003] Dilution plates are generally prepared by either serial
dilution or direct deposit !g g 98 EII EI Eti havi ng 12 colums, with two
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colum 1 %%kgsqj{éﬁym&?ﬁem%rrﬂ%% I}?Fe'ﬁrﬁye%@ieng?- a known concentration
and of a given volune, for exanple, 200 m _ and the renai ning (non-control)
col ums wirigld of died Ip@mitionn 100 ml _ of pure solvent, for exanple, dinethyl
sul foxi de (DVSO), The serial dilution begins by aspirating 100 m _ of the

sanpl e from col _and di spensing the aspirated sanple into colum 2. The
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sol uti on dispensied diltiormoncentrati on of the sanple is half that of the
concentration of the sanple in colum 1. The 100 m _ aspirated from col um
2 is dispensed intof | yom 3. and i sm xed. The process is repeated

t hr oughou ol dfe 1O e (ski pping the control colums and

di scarding 100 m _ fromthe final colum), to achieve a 2:1

[003] Dilution plates are generally prepared by either serial dilution or
direct deposit. In a 96 well plate having 12 columns, with two columns being

blank control columns, dilutions series can be created, for example a 2:1 dilution
series. This means that 10 columns containing sample will ultimately be provided,
wherein each column contains half or fifty percent as much sample as the:
preceding column,

[004] In serial dilution, a compound of interest having a known
concentration at a set volume is diluted in a solvent. In this example, prior to
initiation of the dilution, column 1 would contain the compound of interest at a
known concentration and of a given volume, for example, 200 uL and the
remaining (non-control) columns would each contain 100 pL of pure sofvent, for
example, dimethyl sulfoxide (DMSO). The serial dilution begins by aspirating 100
uL of the sample from column 1 and dispensing the aspirated sample into column
2. The resulting solution in column 2 (100 L of sample and 100 L of solvent) is
mixed by repeated pipetting (i.e., aspirating and dispensing). After mixing, 100 pL
is aspirated from column 2. Column 2 now contains a solution in which the
concentration of the sample is half that of the concentration of the sample in

column 1. The 100 uL aspirated from column 2 is dispensed into column 3 and is



dilution series in 100 nL total. Preferably, pipette tips should be changed
between each colum. As is known in the art, different dilution series,

e.g., 3:1wp2Boclb124seequire aspiration and di spensing of ecrfuseesi2sses unes of
sanple. [005] The creation of the dilution series can be performed by hand
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one of the |at
interest/sample is depos:ted in each well. Each well is then topped off with

solvent, such that each well contains the same volume, for example, 100 ML.
Thus, to begin a 2:1 dilution series, for example, the first column would contain
100 pL of sample, the second column would contain 50 pL of sample and 50 uL of
solvent, the third column would contain 25 pL of sample and 75 pL of solvent, with A
each column thereafter containing half as much sample as the preceding column
and 50% more solvent as the preceding column, such that the tenth column would
contain 0.195 pL of sample and 99.805 L of solvent.

[007] Unlike serial dilutions, the concentration in each well is independent
of concentration in every other column. This reduces carryover error and makes
the dilutions more accurate than serial dilution. There is the potential for error
from additional sample clinging to the outside of the delivery tips. The sample to
be added to each column is taken from column 1, which contains the sample at a
high concentration. Any carryover from the tip could significantly alter the
concentration in one of the later wells, especially wells in columns 9 or 10, which
have a very low concentration of sample. In addition;, for the volume of the dilution
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have a very | ow concentration of sanple. In addition, for the volune of the
dilutionseries described above, (100 m ), a liquid handl er woul d be
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first vesselativelydast woslsswitbindheirasges oh domnve njionakliigwid thangters,eand such t hat
the sanple disperses in .the solvent. dispensing at |east a portion of the
di sper sed rgciwge}ose{ r%ﬂ??'ﬂteoqftarﬁygé{g[egﬂé first conduit into at |east a second
vessel , and substantially sinultaneously dispensing a solvent into at | east
the second vessel from at | sSUSHMMARYS®OFTHE (NVENTION O1 1] According to
anot her aspect of the invention, a systemfor creating a dilution series is

provi ded. The. emincludes at |least one first conduit configured to
aspirate and dié@@n?@ agcargiahce With e ipyventiaty anarraratusandmgtrodiir ce,
configure o A 1 3 b st ' ith a solvent and
confi gur egrét%rgs%:aﬁlgﬁ%}?%@iﬁngﬁgbifﬁﬁd%ﬁéﬁ?ﬁwyhﬁg conduit, wherein the
first pressure [8tRir decprding desnkaspeat of thewreseati invemtiort, manettmgsef t he
sanple to disperse.in the.solvent, i e at | east, one first conduit, at
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primed with solvent such that the sample disperses in the solvent, dispensing at

least a portion of the dispersed sample from the at least one first conduit into at
least a second vessel, and substantially simultaneously dispensing a solvent into
at least the second vessel from at least one second conduit.

[011] According to another aspect of the invention, a system for creating a
dilution series is provided. The system includes at least one first conduit
configured to aspirate and dispense a sample to be diluted, a first pressure
source, configured to prime the at least one first conduit with a solvent and
configured to aspirate a sample into the primed first conduit, wherein the first
pressure source provides laminar flow conditions that cause the sample to
disperse in the solvent in the at least one first conduit, at least one second conduit
configured to dispense a solvent, a second pressure source for dispensing a
solvent from the at least one second conduit, and a controller configured to
instruct said first and second pressure sources to dispense said aspirated sample
and said solvent at substantially the same time.



and said solvent at substantially the same tine.[01 2] According to yet
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of creating a dilution series using a pressure driven pumping syringe based liquid

handler is provided. The method includes providing a plurality of vessels, wherein

at least a first vessel includes a sample and at least a second vessel includes a

diluent, aspirating a diluent into at least one conduit, aspirating at least a portion of

the sample from at least the first vessel into the at least one conduit containing the

aspirated diluent such that the sample disperses in the diluent, and dispensing at

least a portion of the dispersed sample from the at least one conduit into at least

the second vessel containing the diluent to form a dilution of the sample.

[015] According to a further aspect of the present invention, a method of

creating a dilution series using a pressure driven pumping syringe based liquid

handler, comprises providing a plurality of vessels, wherein at least a first vessel

includes a sample and at least a second vessel includes a diluent, aspirating at

least a portion of the sample into at least one conduit, permitting the aspirated

sample to disperse into diluent contained within the at least one conduit,

dispensing a first portion of the dispersed sample from the at least one conduit
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| east a portion of the sanple into at |east one conduit, permtting the
aspirated sanple to disperse into diluent contained wwthin the at | east one
condui t, wWoepemsEkssg a first portion of the di spersed samrplrasteosmeiohe at

| east one conduitinto a waste receptacle, and dispensing a second portion
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f or egoi ng dgseEPHON,d¥dvay peilearneddyt practied bbthenigveetian.l Tde dbjants phdon are

clainea. coarEs S ietPon iPa TR ad Bl iesaps Attt n ano

const i t ut elgmeatstard cobmatAS ipalfaliaNpointdd 6t iRttRe ApPeRABedidMRal of the
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princi pl es of HB&} dvisripiksnundsrsieedobratmththefpemonggomyal desrmiba]arfd gur e

: . . : of <t Ccal | . di Luti
seri co. adoroling GBE P HRhO kSR ooyt R Al el Are it v
vi ew of a rgstrittivenobthetiheestied, @ dddinfegure 1, [021] Figure 3 is an isonetric

view of the ma iféil dEcont aining first and second tubes of the system of
Figure 1, accorl®l8lg the a¢romparddng drawieas, whichjage Mcarpgiaied in asda t op vi ew

of the porRhLhes | N F X L,ayre 5 is.a front
Ui ew of 't eneiuft a o SRS RfReRoh TEsRefbr oBaime A e fyeboga [ "
cr oss- secndriagethieewiihifthe desbepibamtsairve tgegsihivee minciplesd of BRANVEHdHT a
sanple; [025] Figure 6B is a cross-sectional view of the tube of Figure 6A

contai ning a solvent in ' D | rated and di spersed,
according to one aspectw.ﬁﬁm&mﬁi gure 6Cis the
cross-sectional view of the tube of Figure 6B,

[019] Figure 1 is an isometric view of a system for automatically creating a

dilution series, according to the present invention;

[020] Figure 2 is an isometric view of a portion of the system of Figure 1;

[021] Figure 3 is an isometric view of the manifold containing first and
second tubes of the system of Figure 1, according to the present invention;

[022] Figure 4 is a top view of the portion of the system shown in Figure 2;

[023] Figure § is a front view of the portion of the system shown in Figure
2;

[024] Figure 6A is a cross-sectional view of a tube containing solvent prior
to aspirating a sample;

[025] Figure 6B is a cross-sectional view of the tube of Figure 6A
containing a solvent into which a sample has been aspirated and dispersed,
according to one aspect of the present invention:

[026] Figure 6C is the cross-sectional view of the tube of Figure 6B,
wherein lines have been added to represent the volume slicing of the dispersion
curve (i.e., the dispersed sample);

[027] Figure 7 is a top view of an embodiment of a plurality of vessels,
according to one aspect of the present invention; and
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wherein |ines have been added to represent the volune slicing of the

di spersion curve (i.e., the dispersed sanple); [027] Figure 7 is a top view
of an enbwoizowwti2z4sh a plurality of vessels, according tecons2aspedus of the
present invention; and[028] Figure 8 is an isonetric view of an alternative
enbodi nent of Nigk [ ' | ; used to
practice a net m%éﬁag':@érgi%ig%dat@%g?gga(\a’g?fléﬂr]]\%gﬁ Iagﬁe%ﬁf OF THE
EMBODI MENRsanifdkdanRelispensiy pottionraiw fHesterade bierustet @i pratticd hengthesent

enbodi ments of the invention, exanples of which are illustrated in the
accorrpanyiaﬁﬁomlm%@@.Prﬁﬁ%?%'@¥?”§5£si ble, the same reference nunbers will
be used throughout the drawings to refer to the sane or-like parts. [030]

The present invention pr@gg@mm—%mﬂ-m@p_mBmﬁﬂrrg‘ ormation of a
dilution series. As used™herein, 1es” may enconpass a

single dilution or several dilutions created froma sanple. The method
mni nizes the {028 Medekemceovil meat be matld intdesail detheeresghbembodimiersta df

system di gperse . sanpl d.the solvent, si.miltaneously,. eljmnating the
ead Lo saBarane-SeTs B el bishaeRi e, ARETHEA G e RS ne

vel I's. | nvaRstielepposdibie, fissamenaierdhdd hdmbers Wilkbe used theugadiomeof the
sanpl e tube nesting wt hin the solvent tube. This nesti ng design m xes the

sol vent afiwiagpie refer iqtheasamg arikeeels. f or sequential mixi ng of the

drops that m R BenbersRt B e isEpRIARsCR ithod ¥R YRR Ky BTN s
has t hr ee obariutivs setibs. Alsussidigeref tee forar diutiontabriegmbg epeoAphsB sanpl e
remai ni ng on tg%ng, it allows rmuch smaller volunes to be di spensed, and it

makes t he SR ERYIONr sevssalgdiiufions cigated fighmasaspley Theonethothainigizasd of
m > . e o -S .
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to the present
This nesting design mixes the solvent and sample, eliminating the need for

sequential mixing of the solvent and sample and provides a washing effect,
washing off any sample drops that might remain on the end of the sample tube
into the well. This has three benefits, the flushing reduces error that can be
caused by sample remaining on tubing, it allows much smaller volumes to be
dispensed, and it makes the exchange of tips between wells unnecessary.

[031] The method of the present invention aspirates a sample once and
then dispenses the aspirated (and diluted) sample repeatedly, for example, nine
times for a 10 point dilution. The time to create such a dilution series according
the present invention is approximately 90 seconds. This time is significantly
shorter than prior art methods, which may take up to eight minutés. In addition,
the accuracy of the dilution series formed by a method according to the present
invention has been checked against hand calibrated dilution series. The accuracy
of the dilution series created according to the method of the present invention may
vary from hand calibrated values by less than + 4%. This is significantly more

- accurate than prior art methods. Finally, the dispersion technique used by the



I nvention has been checked agai nst hand calibrated dilution series. The
accuracy of the dilution series created according to the nethod of the

present iwoentdamsaay vary from hand cali brated val ues PgTIiss®sok@ns 4%
This is significantly nore accurate than prior art nethods. Finally, the
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provided. As shown in Figures 1-4 and enbodied herein, the system 100 nay
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100 may i ncl ud¢0B]veacoedihg $0 ankarspéoRof thednweitions al systern ker audicamny
conventi onal stack'er sui tabl e for rcﬁlcgl ving/storing, and dispensing a

pl ur al i t y [YMig&sdijutionssgries,is prvidedy; Asshowerinfigures t-dans embgdiedpl ural ity
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the plates in t direction"to address I n
one enbodichenmnelsaa lﬁes’tlaem Bf awingel ammpsaa(senpndvaet olssygingdl glenpsita wakkingf i xed

pl at es art'eul at eﬂ b @?t C hﬁt ll_] nd a novabl e mani fold may be used.
As enbodi étf’ 8 8 M SoREpling 3 ?%@f&ﬁﬂes an input area 104 for
recei ving and gz f.l@é‘]dS)\lmerﬁFl?bVe§f -Phid §fsté91610(?ﬁﬁ.h Y IREREE o febact udi ng a

plurality of vessels or wel 06a, each ate contarning a sanple in,
exanmpl e, stasker 162. dbeweitieal stagker rmawdoefany@ggeesnmataaNeasanameaomay be
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on which platys sortairing al pitiedtydi welld. nEiie atekbi bhedld 2A$d Bave a platform on
which to manipulate the plates in the x-direction to address individual columns of
wells. In one embodiment, a PerkinElmer PlateStak™ was used. Aliernatively,
fixed plates articulated by robotic handling and a movable manifold may be used.
As embodied herein, the stacker 102 includes an input area 104 for receiving and
storing a plurality of plates 106, each plate 106 including a plurality of vessels or
wells 106a, each plate containing a sample in, for example, the first column or first
row of vessels 106a. Plates 106 may be any conventional microtiter plate, such
as a 96 well plate or a 384 well plate. Plates 106 are moved from the input area
104 to a track portion 108 on which they are translated while they are filled. After
being filled, plates 106 are moved from track portion 108 to an output area 110
where they are stored for later use. The stacker should be configured to store,
dispense, and manipulate standard SBS-footprint microtiter plates. (Society for
Biomolecular Screening, www.sbsonline.org/msdc/pdf/ANSI_SBS 1-2004.pdf)
Any conventional microtiter plate may be used with this system. For example, 96




being filled, plates 106 are noved fromtrack portion 108 to an output area
110 where they are stored for |ater use. The stacker should be configured
to store,woizs@ensss4 and mani pul at e st andard SBS-f oot pri BRCTRISCE0S023985F

pl ates. (Society for Bionol ecular Screening,

it SSOnl\ielpand ABERAS BRTARHIAESnTey 200 68d hiSfiatiRY BREEE R 1 c otiter

plate may be used with this system For ex . wel | :
m cr ot i t ergrpater % lesoer densitedf walls er1aydde veey., plates with a greater or

d [ | I be. d 35] | nbodi t he stacker
102 st ores. pl ek dE TepeRE e hectanier ERGres Bafrohs tather a
sanpl e(s) p}évibuglgrsé‘pfarét@bﬁ&@?la}/@i WitRfa @ellrpgfe%) SFPhierasi Gh e‘é@*\ l'\JA?%I (%f‘:)e% ﬁ%tr ot

desired, an apparatus that fills the we in the first colum
row, or ota9dMaef Wellss)f 89 desirgds)an apparatuschebfils hermglisia thddiest ¢adumhe

et r anspa?t Bt [ eRoEE ko EnHE), OF e ity B b TogN B Ffeeiodeut on
series. [ @y6ler10Daudi thé valls ik bhe BoniBolkREISY HeS) SAeh QendIIEPR I5@Nt ext  of
creating a series dilution us%&? mcrotiter plates each having a plurality

of vessel dranspodgddp the stagkaei 02 fysiorae uni) negded for a dilutinruseries,i t abl e t o

hol d [ i i d d N racgks o est tuybes or

M cr ot ubes. or ok SRR e N B s WaaBET oG Ay ToRladt B reatiiia !

each of t Isesgies eldatiqm esi,ngtr’nie:rqitiu;lr7 plaﬁ%ségaérkhaﬁﬁg!ﬁplﬁfminb@f ﬁsfs@l!ﬂ?ﬂshc{hldg ]9Wt5 he
d I h Ln Fi . ccordi ng to another aspec

rvertt B AR TB83 hionP i dsibedn G AL i sour vt o

' j j ' =5, 1 ' of fluid
channei s pus e kAR vetRS of Ptiek B Prafbds or A Galtlkbkidrent 't he
mani f ol d coptainiog edelsralitybf dé@essionsd Inleanh@]lcfmehsmd'etmpleaj therpltieatey of | ui d

I t dapt. the f ti of the device to_various
ol cat i JRSselS iFhe nftagell1n il a8 GRS esistonTmBigee B (i e,
' | e hei : ' a ' NS,
ngcﬁsggbbi ae!s?bgo%eﬁ Elr?g{%rﬁg%rrﬁgbm}af Eié%ﬂ%fcligéqr@%r@}sgb e%}#t‘)%rggl:(g) rom si de
to side, in¢ludsaglyralityigifluidpearnele (nat shicten) mAseembodiedyhdreimpand shewinby any

oo oL, TEP oS 10 e etey Y SRRFhr s el B o one
anot her omaniigid il 2eth Bae entboimknt, ithe PRENIRNP Y 2 inclsdEeRht [Pt ampl e, the
vessels | ghgnr?eslg. Additional or fewer fluid channels may be used to adapt the function of
the device to various applications. The manifold 112 may be movable in a z-
direction (i.e., adjustable height). The movement may be provided by any suitable
means, such as by a stepper motor. The manifold 112 may also be movable from
side to side, in a y-direction. The side to side movement may be provided by any
suitable means, such as by a stepper motor. The y-direction movement permits
the system to be used to fill vessels spaced far apart from one another or
positioned very closely to one another, such as for example, the vessels in a 384
well plate (not shown). The spacing between the fluid channels may be such, for
example, that each fluid channel is configured to line up with a well in a given
column of a 96 well plate. In a 384 well plate, each fluid channel may line up with
every other well in a given column of the plate. Thus, in order to fill all wells in a
given column of a 384 well plate, it is necessary to provide a means for the
manifold 112 to translate in a direction transverse to the stacker track 108 so that

it lines up with the remaining wells in a given column.
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wel | plate (not shown). The spacing between the fluid channels may be such,
for exanple, that each fluid channel is configured to line up with a well
in a gi vewmocodanmmsef a 96 well plate. In a 384 well plarer/usaas/obions d
channel may line up with every other well in a given colum of the plate.
Thus, in order fi I e@ﬁﬁ : e, it
i s necessary t(g(t)%%]ovl:'lk eﬂéu'%ewg%hﬁ olﬁdta gé‘é:fﬁsif%’cm %g&t%{ raﬁ\é\?zlgkset%ﬁéa

di r ect i on 1ti6anade sk of a suiteblet matesial,tsusblaslPBERD Edct fitst tuben®$6 igp wi t h t he
remai ni ng wel | ven columm. [ Q38] Each flu d hannel includes a first
Condut ¢ | eBRtralzashadd Taay be GRSIEMIRG SREAT RN foT EHATI & SR40BR: o |

such as P cly t bé rf fzﬁgrﬁé% withina
second con E@ oréccggg tngt%EBiné%%nd t&?;gebgil%. 'econdé.{taél)&aciﬁlyeéttlﬁ?| be nade
out of stan’taHssmateaslall Ehe:ilrwttubaéﬂGsnay hbve anytseitable. mfﬁeedi[amemrtltmbcmellG

h i) di I i ment , f b
TT% eavr EihodineRP e i Tings 1188ty sials ARG  QRurtaL oL 02InGhes epd g
0. 063 i nclgger dReineedr &1D.063 ﬁi&\%&n%élé’cﬁldh%fﬂiltéﬂhé‘ﬂw Sut%r WidrhetB wilf Agct

calibration of the system however, alternate inner dianmeters may require
recal i br agffeat edlibratiors pkthensysiem hm‘ews alietnate Inmwlameterquy egjuired

The | nner 'ehURER B el SR St ifadtariB s B UF bP Reded nerains BN,

cont ai n t hecdlibratiort shsuld e wititin ttiee BediAAly dKilVindtherba¥he hiareBamels dfnsi de
of the second tube 118 and the outside of the first tube 116, as will be

descri bedtesesend wbesel & most hesf suifisient sizeria contais tha §rsddde m26 @ndrioi nner

di f
0. 063 1 ncReu AL, IS LA e shSa5 of HitESedk AR Bl b offsREREC°
t ubes. BOtl’fe firse tube $16 abedl Hd Beseribadniselo®c dndrieudrabodiheri el sbdagdof
suff|C|ent | ength to eachfromélhe mani fold 112 to a respective punp

First andUR&SohtP esh F"V@ aRdONerdiameteisel QR4 iinlesandt rﬁbweéﬂd%hapesh
f
flrst. angade eI, HRHRfor b0 DES Tfcd edTilo AXeh &1 GDPEiorled Ageph0M (e

ts may be strai ght or
sui tabl e theofitst eand sEicond duldkes. t Bothathedivsit tabes 1tiBeardl #peseveddtabps ¢18ust be

| t.hat .the d ' bol t
per tur bed SBguRhE Bl SfeBeh nelhc eddaymonk vindraniol! S P e dsbedtveipuithes
116 ext en#lr!;hélﬁkﬂl@éc@ﬁkﬂi c@HélunQJ mag HRNE dro8e8edtidhs ¢ vaIGRING sHipes and

approximately 0.15 to 0.3 incheS and in one
sizes, although round cross-sections may be preferred. In addition, the first and

second conduits may be straight, curved, coiled or of other suitable geometry.
The conduit that contains the dispersed sample must be long enough to contain
all sample so that the dilution parabola is not perturbed by the pump mechanism.

[039] As shown in Figure 2, first tubes 116 extend through and out of
second tubes 118, for example, by approximately 0.15 to 0.3 inches and in one
embodiment by 0.236 inches. The difference in heights between the base or tip
116a of the first tube 116 and the base or tip 118a of the second tube 118 was
selected to prevent the tips 118a of the second tubes 118 from coming into
contact with any solution in the wells of the plates 106 or with any solution in a
wash station, to be described later. Other suitable distances between the tip 118a
and the tip 116a may be used.

[040] Alternatively, the first conduit may not be nested within the second
conduit, and instead may be positioned near the second conduit. In such an
embodiment, the second conduit is positioned relative to the first conduit, such
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enbodi ment by 0.236 inches. The difference in heights between the base or
tip 116a of the first tube 116 and the base or tip 118a of the second tube
118 was swbeotsad245@ prevent the tips 118a of the secondPCwhsg20050359%:F om
comng into contact with any solution in the wells of the plates 106 or

di st ances et et Trg g SEEChTBond h HEER pRTLA Ehey g Ropdo o7 ©

Al t er nat i k¢ Yirsttchadbitr st conduit may not be nested within the second
conduit, and instead may osi tioned near the second conduit. In such an

embodi ment, t hé%ﬂco‘H@%@%da $ prafeped; it isoprssible tapractices meshed aseorgigdui t

ht hat f; t | east
atip 2 1 helpfalt i SpERAfyBRafb ot PR etont BURdLR! | 2
possi bl e t8uqb1ranérrﬂa®danemtlbdebsaprmeldédlbebwsdﬁmemmem takegdongemand maya
system that does not incl udg%gqaﬁﬁ@nd conduit. Such an epbodiment is |ess

pref erred rﬁ%‘d‘%gﬁs'f'ﬁé’fﬂ?%eé PWEMRS, FHEN P@cﬁmp‘égim% iPRQViges t Pe
de of ]
outsi de Ofhd B@néﬁ ﬁ)@yﬁpﬁgh% fﬁe{gthoa@_f m@g@s@ﬁﬁfm@b@aﬁ td?& J%aﬁé.ﬁg 0

permtting the net ent invention to racticed Usin
convent i ogahvertionat coaim@icid puessuwre idvigan pumping sgsnge gasémwlaidl hamailefs

handl T Ge h dif 042] As
enbot ed. RUFGAY TR SCADC oS R HE A0 OMUAGH G bnal  hanal er ray 1 el ude
a_commn bl ock (g4 émbédr’é%ﬂmer‘&hrﬂaﬁd)bﬁo\%% Figlredetnacshyiionty of f1ui d

channel s (not shown). The nunber of fluid channels may be selected as
necessar y hesdigi apay mbldamcommomlqcmrde&mfmd t262vé.\ﬂalmfald 2iplindudéesns.

conventi ot dEicEEEhete A5 toh T R AEePE g BB RonR e By

exanpl e, aefdcted a$ nbeeééaﬁy hadeaptithedunaticiiof tiel dovied &Y v&’ioussamlcaﬁoﬂ?@EK
The first tube 216 may have any suitable inner dianeter as described above.

Sel ect i on ManiRI4 3?%&‘@%/ pﬁrﬁ‘é‘PVﬁhI%@ﬁﬂ&r@eﬁﬁ diselifised ahnygl ppbwothar of t he

system fr 09\%%%‘ | | Lbration
shoul d be%\;‘wh %‘%ﬁn e or ff\%érémwm({hapﬂs 'ﬁéﬂgkg%dqrﬁg&?'b%" ‘?‘#ﬂﬁ%@-ﬁ@%i shoul d
be of suf firstitelne 2l @myade bat okashithble mateeiahsoch asPEER. tThedirseribec2is/e
punp. Fi rst condwts 2'%1%3]6& haye cross- ectJ ogs of a variety and shapes

and sizesM *ﬂ%‘éﬁj@’ﬂy ey lg@@mr&% ghavee reQlgetion of alierate

inner diameters may require recalibration of the system from the parameters that
will be provided herein. Such recalibration should be within the ordinary skill in
the art. The first tubes 216 should be of sufficient length to reach from the
manifold 212 to a respective pump. First conduits 216 may have cross-sections of
a variety and shapes and sizes, although round cross-sections may be preferred.
In addition, the first conduits 216 may be any suitable geometry. The first conduit
216 will contain the dispersed sample and therefore must be long enough to -
contain all sample so that the dilution parabola is not perturbed by the pump
mechanism.

[043] According to another aspect of the present invention, the system
100 may include first and second pressure sources. Any suitable type of pressure
source, such as for example, pressure driven pumps, may be used. In a preferred
embodiment first and second banks 120, 122 of pressure driven pumps may
include ganged syringe pumps. As embodied herein and shown in Figures 1-5,
the first tubes 116, 216 may be connected to the respective outputs of a first bank
120 of ganged syringe pumps, the output of each syringe pump being connected
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In addition, the first conduits 216 nmay be any suitable geonetry. The first
conduit 216 will contain the dispersed sanple and therefore nust be | ong
enough t owoandscziizdsal | sanple so that the dilution parabelca/ussoosoespert ur bed
by the punp nmechanism [043] According to another aspect of the present

vent | o BE G RSIBAOR1 8165 deobh Mot 11 8RR Kb BOATIUEE 1594 e,

Any suitab pressure source, such as driven
punps, nayemonise(butputswfprﬁ‘oenddmhmmd bhgange;? swingenpuraps othe dmplkisncglgo, |
122 of pressure driven pPsS may include g ed syrjnge punps. As enbodie

o 61 n an@aShUHNGR PEMELPEBG Losheplid 1 Gnstof shsmecubos 318: ik sice b Hifoct od
to the re | iohlk f g ' punps, the
out put of Soge fnle she Bluie SiskEhSa KRS e e 1S, THERIFTS SHaldiBe 1B o' 1
The secongytinges thd 8medier He poientiat ihl tvolunhe of tepditiitionesarigsp ukise imbutokecond

bank 122 of d i h ' . bei
connest ed 526N anEngs PLELGHBERCand BSodit Bafes o b SUpimAs L comaaed' ne
vol ume di $panskbnit ?%«Tﬂj,tsh&h}@ 4 Fonfgﬁzhfr’of:]ms@&fﬂ\@ Firdt %d%do%@o%nk%h@o

smal | er the potent final vol une the dilution series. The 1nput of
each syri g2 g @gapget! syringe ipusmpssae ’adynintdraakmol@s, suclrasstqppepsnoters,

connected to a solvent. feed, such.as contai ner of DMSO. The first and
second baM&EC'EE?, C‘l@?"&d a%§8ﬁ1p§‘§?'i 11:8% punps are run by internal notors,
such as st eppefo4d]t Actordihy & one 2ispedt iothb e Sdhtan ettt &e dpden Pidt]

According to one aspect of the present invention, the system 100 may :
i ncl ude am@shciuglesa weisbingistationrdd6wddiei washing stadionmay be eaniibugrd td to

washed by eah oot R of IS R TIG Bhe Pt s Stoc BRE RSO 150 "ahen”
that sol veuished by ffusbirsethef systerhiwith salvdnisieearite sobemt iddd 124.%uohtthat he
washing station, As the solvent flows out of second tubes 118, it washes

the tips $eWgNbIS dispansad fied firskandaeeRndibnesy! 16 13Btisloihedrashingie wash
station .agfap%g.'. V%H@%I{qéﬁ{'f%v&éooﬁmf%%agébéf?ll gé, it RaSREY tﬁ&ﬁp%ﬂﬁl?@a fpui d
n ed. e Was VI a Nto a waste

uncont am na station is then draine vacuum |
r ecept acl @rdiyubksai 16.1 ABoinditlehtly batitemaldlg, twedvash statisndactieelyplintpbfigidar e

e S SRS R I N R I T A
then drained via vacuum into a waste receptacle by drain 128. Wash station 126
and first and second tubes are movable relative to one another to position the
wash station under the first tubes. In one embodiment, the wash station 126 is
movable to be extended across track portion 108 to wash the tips 116a. After
washing, wash station 126 is retracted from track portion 108 in order to permit
manipulation of well plates on the track portion 108.

[045] According to one aspect of the invention, a controller for system 100
is provided. As embodied herein, the controller may include a computer 130 or
other suitable instrument control means. Computer 130 may be provided with a
plurality of protocols from which é user of the system may select the type of
dilution series to be created. For example, one variable factor is the dilution
factor: a user may select between, for example, a 2:1, a 3:1, a 5:1, a 800:1, a
1600:1, a 2400:1, and a 25000:1 dilution series. Alternatively, it is possible to
program the computer to switch between dilution factors in a single dilution series.
For example, a portion of a dilution series may be prepared as a 2:1 dilution and
the remainder may be prepared as a 5:1 dilution.
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novabl e to be extended across track portion 108 to wash the tips 116a.
After washing, wash station 126 is retracted fromtrack portion 108 in
order to wermidoimsai pul ati on of well plates on the trackcparsteosn2vd8. [ 045]
According to one aspect of the invention, a controller for system 100 is
provi ded. As ergug)i %d?l%re\}d?rabﬁé‘%c@&%rtﬁé'nﬁél\F@Mmbrtﬁ'tH@'%né‘tb GPEBIEr rt30. or
ot her suitable instrunent control neans. Conputer 130 ma e provided with
a pluralithe examptﬂm’ovﬁieﬁrhﬁremhlthﬂ]fllaalu@éwmeﬂsﬂB@ ut.yslﬂ@wevmy offerdimal t he

f odil b d bl e f
theCat ut voIhEE s o8 ok BxamalF. S0t and B i s sSREity B1is8ry "' 27 5!
a 5:1 A@lo&%} \ihrbablb i56R8 sblvent udé80 Fbr exéﬁfé)le?l azﬁélé}Qnéy dblaét befiyesH | es.

AIternativeIg possible to programthe conputer to switch between
di lution P @r&ﬂd an@qsmg$ solyentitsush aseq bulfer. Fothasaaitable, typepof solvantst a

or epar o0 SE05€ 8B, ARoRSTRBGERICR e kidb 9ho Wit PR EUAR S TRsSHR, ™

vol une of usbeé. @drekampl@fdwé?r mhfi sbleet BeBadrea 98wl AestoliRs pldte dritea f i nal
vol unme is _100 . However, other final volunmes such as, for exanple, 50 nL

and 10 n 384%'&3@@@1'1@&9@&9 byegsalsaf. Oth@mh@s ane/or shapes, suchaissiorvent  used.

For exanp ent, such
as a buff%rﬁam@% ?%%lgeltggfeu%%gée}gﬁ'o so vents S%bge ﬁ'ﬂ%@%’@ﬁﬁ vari abl e
i s the si phurality of ylepregsidrise Porusadh set affvaviebles! selested, thewongpaephy a user
may sel ect betwee e and a 384 wel | mcrotiter

96 wel| mcrotiter
pl ate. VeSSB@E 6&%%@6 ‘é’h@@s!'s%ﬁ"ﬁcﬁm%%&éfs‘glsl%)‘ﬂéﬁd $3nkle apddhe paoyi@ts of
t est tube S i urality of
depr essi o2 LD 56 BlsRSed gt bath PP SIERS TILELNERBERY " St ki
dat abase dhatabasesstre shoendebomt of di spersed sanpl e and the anount of
sol vent to be dispensed at each point in the dilution. Tables of exenplary
dat abases are shown bel ow. Di spensed volunes to create 1C50 dilutions
(Di spensed vol unes ar e pjgp8hséd@holdhes 18Qr¥EN IC5NRRIOGRS el | pl ate)
Dilution ratio 2tol 3tol % 0l 3tol 3tol 3tol 3tol 3tol 5tol Final volune
(nL) 50 100 80 66.7 50 4(DiEpenses volgmes are in microliters)

SOLVENT = DMSO (96 well plate)
Dilution ratio 2to1 3to1 3to1 3iol 3to1  3to1 3tol 3tol 5tol

Final volume (pL) 50 100 80 66.7 50 40 33.3 26.7 96

Column 2 264 38 304 236 191 153 127 102 23.3
Column 3 16,5 308 219 157 118 89 74 6 19
Column 4 13 36 288 222 166 133 113 89 154
Column 5 11.2 28.8 279 216 16.2 13 114 8.6 5.2
Column 6 82 184 211 155 122 97 84 65 1.1
Column7 5 85 125 104 78 59 51 4 0.3
Column 8 28 3383 74 46 35 28 23 19 5.83'mix
Column 9 14 11 28 14 11 08 06 06 1.3
Column 10 07 06 05 03 02 02 02 02 03
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Colum 2 26. 38 30.4 23.6 19.1 15.3 12.7 10.2 23.3 Colum 3 1155..5 30.8 2
1.9 15.7 11.8 8.9 7.4 6 19 Colum 4 13 36 28.8 22.2 16.6 13.3 11.3 8.9 15.4
Col umm 5 W0 2006012648 27.9 2 1.6 16.2 13 11.4 8.6 5.2 Colpamruséood/025918. 4 2 1.
115.5 12.2 9.7 8.46.51. 1 Colum 75 8.5 12.5 10.4 7.85.95.140.3
Col um 8 2m8< Bdlﬁneﬁsébe%@of%&ofﬂouﬁerﬂ)mdm% weliand aQﬂnPéteCFd dm’ﬁto%we]saﬂn ﬂetulﬁ'es%oB
1411 gere 8 %)Ilumwloo706050 : 8 . m x
= di spens&®I5PUTe BF ?'8898 "buffer/ DMSO i nto wel | and aspl rate 10 uL |nto
the sanple tubes to re-disperse the sanple profile SOLVENT = DVSO (384 wel |
plate) Dilution ratio 3tol Final volume (m_) 40 Colum 2 14.9 Colum 3 9
Colum 4 12.8 Columm 5 11.6 Colum 6 10 Columm 7 5.3 Colum 8 2.2 Colum 9
0.7 Colum 10 0.2 SOLVENT=Aqueous (96 well plate) Dilution ratio 3tol Final
volunme (m ) 100 Columm 2 38 Colum 3 32.5 Colum 4 33 Colum 5 2 1.5

Colum 6 12.8 SOLVENT = DMSO (384 well plate)
Dilution ratio 3to1
Final volume (pL) 40
Column 2 14.9

| Column 3 9
Column 4 12.8
Column 5 -11.6
Column 6 10
Column7 5.3
Column 8 2.2

. Column 9 0.7
Column 10 ‘ 0.2

SOLVENT=Aqueous (96 well plate)

Dilution ratio 3to1
Final volume (uL) 100
Column 2 38
Column 3 32,5
Column 4 33
Column 5 21.5
Column 6 12.8
Column7 6.1
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Colum 7 6.1Colum 8 2.5 Columm 9 0.9 Col umm 10 0.3 SOLVENT=Aqueous (384
well plate) Dilution ratio 3tol Final volune (m) 40 Columm 2 16.8 Colum 3
10. 9 Col wo 2d060145€0l um 5 6 Columm 6 3.4 Colum 7 1.3 @ofrmseod/08594M X
Colum 9 2.1 Colum 10 0.6 * m x = di spense 2QuL of top off buffer/DVSO
into well @6]9 girate 10 uL igngo the sanple tubes to re-disperse the

sanpl e profi gﬂf 47] The principle of operation for the nethod of the
present irGaomr8 is based updh9di spersion of a sanple into a carrier
stream T hen non of dispersion is based upon at | east two conponents,
convecti ot&ﬂﬁmqﬁﬂa‘; introducecp-%y the pressure driven syringe punp and
sanple diffusion. To begin, sanple is aspirated into the first tubes,
primed with solvent, fromvessels arranged in a first colum or row. As the
aspirated sanple is drawn into the first tube prinmed with sol vent, }
convection results in the sanple bolus taking on a substantially parabolic
flow profile as it noves through the first tube 116, with the fluid

adj acent the tube walls novi nGELVENT=-ARieds @m@Iltﬁlafe‘)i ction with the
wal I's) than the fluid in thecenter of the tube due to the’influence of

| ani nar f IRilutiosratie sanpl e t@@trses the tube and becones el ongated due to
its parabolic flow profile, the original concentration of the sanple
beconmes diluted in the solvent. [048] Diffusion also plays a role in the

di sper si oFimdl vdlansa(pll)e i nt o gohe solvent within the tube. Mlecules wll

m grate froman area of higher

Column 2 16.8
Column 3 10.9
Column 4 8.9
Column 5 6
Column 6 3.4
Column 7 1.3
Column 8 6 *MIX
Column 9 2.1
Column 10 0.6

*mix = dispense 20uL of top off buffer/DMSO into well and aspirate 10 uL into the sample tubes to
re-disperse the sample profile

[047] The principle of operation for the method of the present invention is
based upon dispersion of a sample into a carrier stream. The phenomenon of
dispersion is based upon at least two components, convection currents introduced
by the pressure driven syringe pump and sample diffusion. To begin, sample is
aspirated into the first tubes, primed with solvent, from vessels arranged in a first
column or row. As the aspirated sample is drawn into the first tube primed with
solvent, convection results in the sample bolus taking on a substantially parabolic
flow profile as it moves through the first tube 116, with the fluid adjacent the tube
walls moving at a slower rate (due to friction with the walls) than the fluid in the
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concentration to an area of |ower concentration by the process of

di ffusion. Thus, as the sanple takes on the parabolic flow profile

nol ecul eswofoddma24sanpl e can di ffuse between the differerCThEay@s®23905t he
flow profile, increasing the dispersion effect. The diffusion plays a

relati vel YoRflof ik e dud gﬁr@.aﬁaéﬁdeo& 8ni f‘?&%?ﬁéﬁ%ﬁﬁ"&g?é@%e to the

convection rrven ressuril ze am nar
f ol di ng, elmbiwbetandabeaomeslea@ngatédidee|toutem¢ab@1msflmm¢rmfd@dh'etor@ﬁwet ry nmay

be other factors affe e armunt d sp n seen by the system
[049] The CQBRRIN Eatma‘?fth§§%ﬁé(gﬂ b&QBmeét ?‘Ff‘ ¥8™Mst tubes 116 is

diluted in the[éﬁ(}}’ﬁ?ﬁuél%@o [;Nagg'a Told @ thé%ﬁ%*oh dfsthé“sﬁﬁﬁﬂéﬁﬂo g 0 a

parabolic flow profile. The the I nvention’'I's based upon
vol ume fr solvenhwitbin theduldé s pMalstdas eilt xmgnate frbm aampdéxothighed by the two

fl fil ut of t ub 6B d Thi d I t ed
sanp! & cafoBReniTRIfE N a3k GidukE SonsEiTatp b Ee Prapase pEFbmR: pyus, " ©
cal i brati g8.th@safipRMhKed dmme%maon@m\wroﬁ|atrﬁo|bEﬁ|e%%T%§5991 s or

rows of vessels to create the dilution series. Thus, unli dilution
and di recdlfﬁuspdmtween lilee diffesenilayeisnef the fionaprofite, mmfpaislogltbwdtspleysmnat

| east one dis ste ner etween 1 .and 40 dj spens st eps.
For_exanpPHoCt i JSigiadl B BRBfeGatalion fEhe o @Pgmion e B IRGS: p
fol I owed b«menldwn@b@aqa&h@@oﬁvwmn thaeisedrivensy es8usRRNPuplRy. M Xi ng
the wel |l s because subsequent deposits are independent of reV|ous ‘wells.

[050] Al t bremgrsiblg kaminar folding.sedgivewients, wem@cg lﬂtarmnqm aut eenduihat

i ncl udes [ reis
one. aspi r P3P BB B Poford g W iyt bl uSBE G SR Y B8R e
desired dsystehon, it may be necessary to dlspense a portion of the

aspirated sanp I.nto waste before di spensjng portion of the aspirated

sanple into t htodtﬁlsfr hﬁﬁﬁmedhﬁm@%ﬁ%‘e%ﬁﬁp'r?tgg1']'t°AHeébE%Irfﬁp@S dfl6ds dildtrdd of
produci ”glﬁtq%%IMthMét?PMhm tfHe'\‘?BS‘é‘%l i3, s@erg lihtdtd ?Qra%%[lé figw' N a

mcrotiter ate using the system accor |ng ot he present I nvention
will now pmfd@s&'hebmeihom@ftbb@pmsemt gtvendibh ipbased prh vbﬂﬁnertraoforsswbﬂhe in
each well ,of a.first co

T4 of -t helepeRaph Ginver b Bantyys caussd Bifthéiw Robustofles ittt e 200 nt
final tube (see Figures 6B and 6C). This diluted sample can be dispensed (in volumes

that have been predetermined by calibration, as shown in the above tables) into

the remaining columns or rows of vessels to create the dilution series. Thus,

unlike serial dilution and direct deposit, there is only one aspiration step followed

by a at least one dispensing step, and generally between 1 and 40 dispensing

steps. For example, in a 10 point dilution series, there is one aspiration step

followed by nine dispensing steps. There is no need to spend time mixing the

wells because subsequent deposits are independent of previous wells.

[050] Alternatively, it is also possible to make a dilution series that
includes only the sample and a single dilution. In such a case, there is one
aspiration step and at least one dispensing step. Depending upon the desired
dilution, it may be necessary to dispense a portion of the aspirated sample into
waste before dispensing a portion of the aspirated sample into the destination
dilution well.

[051] An example of a method of producing a ten point, 100 pL final
volume, 2:1 dilution series in a microtiter plate using the system 100 according to

-15-



volune is selected froma protocol |list on a conmputer connected to the
system The conputer provides the proper paraneters to the notors that
drive t hewbantsiefs4syri nge punps. [052] The wash st ati orCiraisecosenidesi under
the first tube tips 116a. The first tube tips 116a are |lowered into the

wash st at iga ré@%tﬁmfe?ﬁ.oﬁfv/ﬂu $BRove! deaesed 290 b%%% %f9€§%"?%e|% 50GgR! rate

500 nL of solvent (DVBO fromthe solvent feed he 2-way valves 'switch
and the syfisagude émpagh WIeH@mngerCQIHmrf,iESwOMnéeamaceduhemeﬂmﬁut ark®, t hus

t d _and.th t 126
o' et P act 08 o varicel staghSr 1085 o oy e BrigtideR ounter ARl on 108 to
the fluidveamée seléét%d fioHR o ;brfoffécémgkoﬂ%(bd?ﬁplﬁlﬁ EOICASTRS RS digies 400
mL of solvent (DVMSO) fromthe solvent feed 124. The second bank 122 of

syringe puhgscBpuics peayvidenthe propes priameteroidste motars tihat drivevibatbanksd 124.
The first tf%gﬁﬁ ?123@ & | owered into the first colum of the plate 106. The
first ban® ) 9’% hge punps aspirates 100 nL of the sanple from each of

the wel I's in cgpsein Theokasthetatontie ekhdeat ynddrehd Firsttubaies 1188 The firse

sanple is aspirated into the tubes 116, it is diluted as 1t is dispersed in

the sol veb®yPFdyPagre iveigH iplectheneesh statine. flinedirst amdseaarsl banes] 2Ghe

first tub t t (0

st acker 2rr(gv gﬁégguﬂf;gstéesap&%gg 580 ol's{)]c %@ﬁeiﬁﬂ“@%m"@ﬁ WS&Y%C*GEQOI um
I2 bel gw t1lzier thGBMMSesli\ﬁltchaduhaﬁyﬁﬂ@ﬁ empithr{)ugmozthmf ’ltéﬁ@ %g H
owered to an roprjate height .in the wells in colum 0 at e e
first banRegond GiRssoithd 15, Hulk PURING ihesn.s bR st tule fiee1 16A arhsaispd s ed

I 5 ol
Sabot ant | S0 washBRid 20 tetraklodk SN HETDiche B8 SbYad BY s Aatkerdh fiagk
into the \mrﬂicm 108 tothenfiuid n’uamfmltghmed'drmdﬁrsubmsk 1280;‘]Ayrmg'eapelmlnlt;3)\sent }s :
di d th h t.ub h the tips a irs
uboe 376 2sRat UEERCEr soRR TS Dy stom B8 SRl isetmad The Fenend henk
hangi ng droplg synhg@buﬁwasdwa&@s 500 iﬂ;rdeéb‘f\%nt‘%DMSO) {rﬁM}meE&‘F\/Jdt rfgézd tubes

116 then are rai sed out of s in colum e stacker noves
t he pl at e 1286 Tthe fiystiubiesr 18 anei lowered inio the fikst cobmwnhtrre platel 6.t Mbef i r st

Lubes sl B el o bbbt R 5 e BB IE BRenr 1ae
120 wells in column 1 of the plate 106 into the first tubes 116. As the sample is
aspirated into the tubes 116, it is diluted as it is dispersed in the solvent by moving
through the DMSO in the first tubes 116.
[053] The first tubes tips 116a are raised out of the wells in column 1 and
the stacker 102 moves the plate 106 to position a second column, i.e., column 2,
below the first tubes 116. The tips 116a of the first tubes 116 are lowered to an
appropriate height in the wells in column 2 of plate 106. The first bank 120
dispenses a portion, fraction, or “slice” of the dispersed sample (56 pL) into the
wells in column 2 through first tubes 116 as substantially simultaneously the
secbnd bank 122 dispenses solvent (44 uL) into the wells in column 2 through
second tubes 118. As the solvent is dispensed through second tubes 118, it
washes over the tips 116a of first tubes 116. As it washes over tips 116a, the
solvent aids in removing hanging droplets that contribute to carryover error.
[054] The first tubes 116 then are raised out of the wells in column 2 and
the stacker 102 moves the plate 106 to position a third column, i.e., column 3,
below the first tubes 116. The tips 116a of the first tubes 116 are lowered to an
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di spenses sone of the dispersed sanple (40 mM _) into the wells in colum 3
through first tubes 116 as substantially simnmultaneously the second bank 122
di spensesweaba@ne4s¢60 nL) into the wells in colum 3 througis2@scesvds t ubes
118 and over the tips 116a of first tubes 116. [055] Next, the first tubes

116 are 1 gigpRehRutt r@.gﬁthﬁtw@%ﬂs iMcSRIMH of phild 1oke ﬁ{@ﬁ&%a&ﬁzavves the

plate 106 or track tion 108 to p05|t|onafourth col u e., colum 4,
bel ow t he wspas*tsesm@se mflthe dinpensegsammwe (40 utl.l)umtbltlnswdlshmsomhm 8re | owered

fjl()sggr 228 H:gﬁgﬁf{;t}”lb )1 15623%‘? 'léiaa'yu%@“b'ﬂ?ﬂ%%évl ﬁ%e g s %@fﬁ‘ 1155 hr ough
first t ub@ﬁspﬂek@e@%owé?ﬁt(@@pwldw 5 wené anesluiry 3 %b\apﬁtseeéﬁd g&ae[éoi%? The

di spensed into the wel in colum 4 through second Tubes 11
first tub@@dlwrtﬂh@ffipaﬁéﬁﬂalféléﬁiTb}b@Séﬂﬁt he wells in colum 4 and the

t ifth
ol um, 1. darehm et B RRES 1 1e3e ARl Rt HauBiBaBth Jenehe
first tubdse sfeker ¢0Ronevettheplate FOEPOOPACIRpEItdR T8 to fb §|t'“tﬁ1 a\%u%' n colum
5 of plate 106. The first bank 120 di spenses the disp ersed sa (33 nb)

into the Welunniie.ceplumn 4 halowiae flfStr’@lPef’e ihes Thegipsst m&m{? raf tupes

'l
"' col urm o e IBRREERCH BRioebits GRRRFRTRR Aele Fayind L el Spe el Seu”
out of thelispersed sanmml (B7huE) lamﬁb;fdmesgamlgthle W@I{eﬁm ddnf ﬁmtfi|4aﬂheot R dg}?fi%@ The
i rst tubes
Second baRbeb 16 RS risguafi gt iagonabessTer (52 1) KoNBEeTGHIdIS ol vent
feed. TheyidBIn %éﬁﬁm‘?fﬁl ﬂ;]gfa |gegbgpqgﬁés ;H?_Oare | onered to an appropriate

height in the wells in c plate 6 and the next "slice" of the
di spensed sarrpl[%Q]ZZrheLﬁrsi wibesslgéribed aratraised@utvef the wellsivl cotums 4 Bhadugh

i Spens oo TieFbekerto2 hiidsthe bita el o B8HR phbiamTog a Rpslion Adttend tubes
118. [058130Nﬁ%ﬁ i.d. heolfinhsg, aewémhelme‘smm ME frﬁbftrgg Oda &fthétrﬁst%'bé

colum 6 and the stacker 102 noves the plate position a seven
col umm, i 186 aredpwekedso amaa@mwﬁ@terhwght indbesvelltsan cohemn iSpaf paieal F. the

First tubqpe ki Bk 120 dispenses the dispersed sample (33 uL) into the wells in
column 5 through first tubes 116 as substantially simultaneously the second bank
122 dispenses solvent (67 L) into the wells in column 5 through second tubes
118.

[057] The first tubes 116 are raised out of the wells in column 5 and the
stacker moves the plate 106 to position a sixth column, i.e., column 6, below the
first tubes 116. The second bank 122 of syringe pumps aspirates 500 uL of
DMSO from the solvent feed. The tips 116a of the first tubes 116 are lowered to
an appropriate height in the wells in column 6 of plate 106 and the next “slice” of
the dispensed sample (24 uL) is dispensed into the wells in column 6 through first
tubes 116. Substantially simultaneously, the second bank 122 dispenses solvent
(76 pL) into the wells in column 6 through second tubes 118.

[058] Next, the first tubes 116 then are raised out of the wells in column 6
and the stacker 102 moves the plate 106 to position a seventh column, i.e.,
column 7, below the first tubes 116. The tips 116a of the first tubes 116 are
lowered to an appropriate height in the wells in column 7 of plate 106. The first
bank 120 dispenses the dispersed sample (16 L) into the wells in column 7
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| owered to an appropriate height in the wells in colum 7 of plate 106. The
first bank 120 di spenses the dispersed sanple (16 nL) into the wells in

col um 7twoaoginit4sast tubes 116 as substantial ly sinult aoeaisséos/oeives second
bank 122 di spenses solvent (84 nL) into the wells in colum 7 throughA

second t Ubﬁr%ulgﬁerlrsi[ %813 ﬁ'@easf éulé‘étaﬁﬁﬂ?@%"q“iﬂﬁahﬁ@“ry?&% é%‘%ﬁd% T one

wells in columm 7 and the stacker 102 npbves t i on an
ei ghth coldﬁﬁenseS@ojvaﬂbl(&ngmtoﬂneoweilam eolustn ‘imlh:@s:ghla@coﬁdjwbesm&wa of

he f b 6 d i t t [
corurm 8 of - ot 40251 g s HeRC BB F8B5ER RS % HEhs ineoiugin Eandof "t ne
di sper sed tis@BRickef 102 5ncb’¢és ihatafehroaMR) pésiiidh ‘éﬁ'étﬁmh%oid?ﬁﬁui@' &diLitn f{l“bes

116 as substantially sinmultaneously the second bank i 'spehses solvent
(89. 5 ml) belavs thentirshéuhes 116.cBheaitinsd 16araiibe fissidubes 1 16 ase M@ere{mﬁ@h The

oves { he Pt el IS HoNelo G b el TP TheliBlai 6 ode ot he
first tub@ispbh@esﬂi@néxno‘%hééﬁ@f thé didperéed §ﬁnfplé)(3ﬁ) éh@iﬁﬁ&h %¥I§‘ﬂwt0 an

appropri at e, hei gé inthe wells in colum 9 o I rst bank

120 di spefobe&nn mlé%lefi@bwb@ﬁﬁﬁlﬁeae(wbﬂynma{b’cﬁlmw&amew@y the sedanthbank

i spenses 2ol AN RE P G S A dhe S XS T e TR S el SRS Ubes
118. [061]i18inally, the first tubes 116 are rai sed out of the wells in

colurm9andt tgcker 1 s the plate 106 to position a tenth
col um, i ﬁ" eftFS“Héﬁé\M tﬁeffﬁis@fi QUi e wells Imeolumpss endaher t he

f tt b : t col um
10 o p?‘a?’éa"’f%?@%?“e‘*@%f.rs? 14, FI5, AR rfnifiecilihn, o L BQul 3 iediBu’S' o)

into the Vg first tubesol ‘lﬁmTtle)tlpaﬂdﬁgmfﬂlne ﬁrstttmibmuaar@mmbdtrtr?ahl ally )
| { d, bank, 122 96. 8 to the

well's 1 eoPtRrelSnSRD T e sy UeESaknide! pb frarbak 136 1 ¢ o1

t ubes 116d@F@né@$ &%dd@pérééﬁ ddifpleqbl i) n'i'tootﬁb l\%’lls]iﬂ c%lallﬁ?(ﬁ @%ﬁ%@%‘?ﬁ%}‘zloz

moves the plate 106 to the output area 110 of the st ] A wash
station 1bess! thas sdkstantially amttbtggeou@ytﬂn@sm@m baok 1298i|sﬁensbe sehasker

tubeo 1160 BLPRFLIBERER b ol L g BBFond bl ' oyr P nges of bot h
t he [061] Finally, the first tubes 116 are raised out of the wells in column 9 and
the stacker 102 moves the plate 106 to position a tenth column, i.e., column 10,
below the first tubes 116. The tips 116a of the first tubes 116 are lowered to an
appropriate height in the wells in column 10 of plate 106. The first bank 120
dispenses the dispersed sample (3.2 pL) into the wells in column 10 through ﬁrét
tubes 116 as substantially simultaneously the second bank 122 dispenses solvent |
(96.8 uL) into the wells in column 10 through second tubes 118. The tips 116a of
the first tubes 116 are raised out of the wells in column 10 and the stacker 102
moves the plate 106 to the output area 110 of the stacker 110.
[062] A wash station 126 is then extended across the track portion 108 of
the stacker 102 and positioned beneath the manifold 112. The tips 116a of the
first tubes 116 are lowered into the wash station 126 and all syringes of both the
first and second banks 120, 122 of syringe pumps are filled with solvent and
flushed four times. Waste in the wash station is removed by vacuum (not shown)
. to a waste collection receptacle (not shown) via a drain line 128.
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first and second banks 120, 122 of syringe punps are filled wth sol vent
and flushed four tines. Waste in the wash station is renoved by vacuum ( not
shown) t owe 2e@atiesseol | ecti on receptacle (not shown) vi araTdarsaéos/obione
128.[063] Al though the exanples provided herein performthe dilution series

across colums % | LE A RR!?O? | | | es may
be perforned aé%3s%§®\%su§gfth%§l§gﬁ;slé§ﬁ)n a g?'b%&?%ﬁ%ﬁﬁ@é}@”@?%%ﬁ%
suggest agpross dolgnosefvekselsf it ihalso possibleofhat tiee diumidreséred maytrssel s, the
invention permts the aspiration of suffjcient sanple to repeat the

egf%)gﬁea

di spensi nd RCrRssIOWsHelvesseRo U Jividlerthe examplas suagestep. i
Pr ef bl T gray! ' ' ) L.on. of the
i Vuti on SSpPAiNg ShEBeIrRe folu i BRicfiolin e Thisd Mbfbvatitch,

i nvent i on peavity denasgieaticroofinaificibet mpleﬂoaepedﬂhéidispércshgsswpse?t Iéiﬁﬁ4] An
exanpl e of a nmethod of producing.a.dilutio eries in a 384 well plate

A Tne! £ he ogpe MaTOUb s Realinad g ARt Sthn: il STakl st ke Ales he

descri bed. i I I ; sy nuch
a1 et RSBttt Hont qHMpleABAOf tREEINRIN orle ol bbtating aBbfiohal )

ti mes | ar gampleandéhe pregent invantien hasdeas Used Bomake betwvaén drahd38a = 80 ulL

total). I\/gﬂ - di Itution series can be constructed, but two exanples are shown
here: a 1 Ié%?'?‘l? €85 ution series and a 22 point dilution series. [065] To

begin a 10 poi [d64]i |AH éxemBRr dfabmiethdd 8BdrodRting™ all®iorSSsMi<Eini $384 04 to
each well of colum 1, (for a total of 16 sanpl’'es as a 384 well plate is 16
rows by 2dlajelusingsthe ystemil9Oacoasdieg te dhgppeesent kventiadaélinow keach wel | in

runbor s ( CegeriSed] fg 4l vmkreBE heowel of 8 BbuRfol Fmhefiehalfiroe,

and pl acetmwai forfa IO WellPlateohsis theadells dreapproXiffatsignpli®esilargepinime 1 are
then diluted by lowering the tips 116a of first tubes 116 into colum 1 and

aspirati n&GtW@P/fé)éWﬁF 96 wel = 30 El—rt@ia' 806 884180 uktiptad). hM@éll/lﬁéléﬁOlibﬁeﬁ%@ w th
| . ' ' ' . : whi ¢

ol vent.  SAF pElorin Bl 13l fdceaAERMh ;B RPGHRY by Sepal cf

colum 1, aad@ 22 poind diletidrssérids. C 1, E 1, GlL, 11 , K1, M, 0 1. The

For “exanpi o, ¢ T angPOARaA FOBLAPRSESnA SRACIgtensRmpiREs o o
added to each well of column 1, (for a total of 16 samples as a 384 well plate is 16
rows by 24 columns). In this example, sample is also added to each well in
column 13 for plate total of 32 samples. It should be noted that the column
numbers (i.e.,-column 1, column 13) may change dependent upon the number
and placement of control columns‘used, if any. The samples in column 1 are then
diluted by lowering the tips 116a of first tubes 116 into column 1 and aspirating the -
sample into the first tubes 116, which have been primed with solvent. The set of
eight tips 116a is spaced for a 96 well plate, which means that the each of the tips
116a is lowered into every other well in column 1, e.g., into wells A1, C1, E1, G1,

11, K1, M1, O1. The dilution series is then created by diluting each sample across
the plate. For example, the sample found in column 1, row A (well A1) will be
diluted into wells A2, A3, A4, A5, A6, A7, A8, A9, A10. The tips 116a are then
washed and the y-axis of the manifold 112 is offset to lower the tips into the
alternate wells (e.g., wells B1, D1, F1, H1, J1, L1, N1, P1). The dilution is then
carried out across the plate as described above. This process is continued using
column 13 as the sample source column for the second half of the plate. In
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diluted into wells A2, A3, A4, A5, A6, A7, A8, A9, Al10. The tips 1l16a are
then washed and the y-axis of the manifold 112 is offset to |lower the tips
i nto the wbtesamar4s4wel |s (e.g., wells B 1, D1, F 1 , Hptr/us2d05025915 N 1, P
1). The dilution is then carried out across the plate as described above.

Thi's pr ocesgel ?e%Q?c%}rEh‘aﬁ%né&&éWe@;QHé"@‘rréﬁ% et oﬁlﬁfm.:w%eg YEsdeEgbl™ for

t he secon I’at e. I nessence f or mat € sane
ar r angenerformat, bt at 41l§|deﬂe|ty eAsasegionas ab@m RON pzbane mlélxtldﬂmnrtam As

tioned a | at | ef, t | 11, 12, 23
Tha 2a 1 RS (0B 139 20 3B A4 P S o htlel MR blarihion  assay
controls. sUb%ed”@éHﬂ%Hd’ﬂbh & ddRly Soritens.| Yhe %etﬁba mﬁawa.ffé? %h E}Pﬁﬂeacﬂﬁbﬁ’s‘l

wel | plate (fromthat used for "a 96 well plate) ,
di spensi ngesiespisingva 38 peeltiniete (fegmtal ldﬁﬂ@”@d aaﬁﬁawalhptatebmnmat raétewaf:bce of

begi n o 28sridiFen: sk T G e nd Laip Glbolh L Bubliia sifee bhitd) [o

each wel | fRid rrptlherWellb tbfr@moa/etaﬁ)ﬁdjrdpieté@n&ﬁﬁmbgsl)ma'rhe sanpl es in col urm
one are diluted @é/] | owering the tips 116a of tubes 116 into colum 1 to

access every otlfee] W& beglar?d22 ﬁ’@'fg&iﬂ‘etl@é saries ispPB4twell plate samde is 16,

diluted t d n_plate is
t hen crea’?ﬂ ?(9% qug%?B%eéE%fS&qlﬁ@thng?ggﬁ éﬂi)ﬁg gﬁg%sr}bh}ea%%rﬁé@gtﬂe pl at e

i nto col urourdn 2Recre dilatedBdy lumdring thiedipsl 116shoftubebd 18dhrcdltdin 1 e col um
nunbers may change de endent upon the nunber and placenent of control

col utms uSEgess evemyot %W?Pn%n raplesArg Aspiratedinip tubegel 6 iluiedithg| ank
hi
for SUbse%%?r;BIe@F!?'dﬁé RsiBh iR HRM f‘%n\tﬁ?'lﬁl}e -&Fﬁi @%fegﬁ t&)@(ﬁ;dre'é’tgg k&yl washi ng

the tips 116 |ngthe mani uting
t he sanpl ebspmnsiﬂgethee:lld;mrsee/td|thach£ampbea:brosmrfe plate intmreoluhﬂ@? Zhhef thash

tati 1 [ h t k t 108 of th t k
102 and pabriehBEtel BN e R st e sSimelTimbES ek sPanogne i r st
tubes 116 gapanbieMaissh ﬂh@trﬂnﬁbér éﬁﬁégm%ba&ér%f %8ﬁtrélf%lﬁfhhs%é%”9%%%°flﬂb°t h

the first and second banks 12 syringe punps are
sol vent ameSfaxamfé@ qoliross %mda% mnashbe\}eftshla@kéon wbse@ueehadélﬂoby)fvacuum

Lo a vast e ccal LESHAn 1ERT5AEAEL BonhfREl bWABHAG NS ok A4S Liefing the "

series ac
manifold 112 along the y-axis, and diluting the samples in the wells that were

missed the first time.

[067] The wash station 126 is then extended across the track portion 108
of the stacker 102 and positioned beneath the manifold 112. The tips 116a of the
first tubes 116 are lowered into the wash station 126 and all syringes of both the
first and second banks 120, 122 of syringe pumps are filled with solvent and
flushed twice. Waste in the wash station is removed by vacuum to a waste
collection receptacle.

[068] A method of producing a dilution series according to the present
invention and using a conventional commercial liquid handler such as the Tecan
Genesis RS 200 will now be described. As previously discussed, conventional
commercial liquid handlers do not include a second conduit. The absence of a
second conduit requires pre-dispensing of the diluent into the microtiter plate prior
to making the dilutions as opposed to simultaneously dispensing the diluent with
the dispersed sample. As used herein, the terms “buffer,” “solvent,” and “diluent”
are intended to be interchangable.
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I nvention and using a conventional comrercial |iquid handler such as the
Tecan CGenesis RS 200 will now be described. As previously discussed,
convent i ovel2omamsaci al |iquid handl ers do not include aCsamsesd/ozoasiuit .
The absence of a second conduit requires pre-di spensing of the diluent into

the nicrotiter [psgy q@bé%h %%lﬁﬁiﬁﬂé}%lh{@is%rbﬁﬂb ré%daéﬁ%g%ﬁﬁt% bf’w&sls

si mul t aneousl y "di spensi n luent with the dispers used
herein, tmmltl@e&mfor‘ exdrmhple, appexnimately 10amnd dcham@Iatm each we1t eftedntounbe

Dt g B iy X800 o LR e i Jo Bt el o

each wel | cofiptetartadtilufidn SaA®S.e TRBWCSREY diBLibRREi8S ahAgindl Vél_ﬁ;ﬁ’rg %r‘ec' ent
sanple to be ass)l rated and to conplete the dilution series e desired

di | uti on selacéed Ham & ipreiocoldist ey aaﬁ@nﬁéteé@pédecmméhglsysml Thest on a

par oot er S0 Do ispdfe BB ha AR e ol el B STt baREE phg 1 e

first tubegridddplags. RUgHyeSTirstgboeald ?séé‘ Ergurés ), 'NErRfuEdr g om a supply
reservoir (not shown) into the columms o ‘the mcrotiter pl ate

that wil | frepgtesrad o fusumlv éﬁswmréaof(wﬂ)natq ﬂm aRump3 of wedlstof de

Qo0 m " et BERM dithain Y diiton el Mecl 8RRt velR) B act® Tt he
desti nat i diluewt IEorve)dalmp{a,refacclewemrhwy beifitked Wit doaalogdill 8 alssutde® neas The
esired, the |larger the anpunt of sol vent/buffer t hat

reater the di|
ghoul d beSQIHSIBHHPﬁeft hﬂ“%@%“#?h%’ﬁ%‘ﬁt %g plyentAyyfiar nwt inthe: destination wellsewill2 16,
| t/b | f
vl | " suchahriependd BB fIhe inaf GIloRHSOR, THaREKE he il fof BSKHTT
sol vent / bitfef largerthbeameent aisolvenitsiFenthalishotild vaadded fo tHeedestirsitida of t he

b 216, I I f d 070] T
bogi n  no Al PuAicain USHE e it g e 18 saepblter Fokangoaes Tan the Supgly
exanpl e, PGl G & doISANBE welfs Utk 1Rht 8564 wbn%niahﬁs tnggﬁ éf% fromthe

supply reservoir. Dependi ng upon the dilution desired nt anounts of
the di | ueRPPIAYMBIENA300 Lhtefsolvantibuffer tmbe used |aSsa nnseb or‘rdlpotb wesh sff tlndae

A R R g e R
wi Il depend upfov0]h&odidgith tmdimmlthéﬂﬂs?ﬁit%é zwaﬁ&ﬁrnméﬂm;ﬁaspﬁra%ﬁ@' fort ed
into the tubes 216, it is diluted

example, approximately 50 pL of the diluent into the tubes 216 from the supply

reservoir. Depending upon the dilution desired, different amounts of the diluent

may be aspirated. Next, from the first column of wells, the sample is aspirated

into the tubes 216, for example, approximately 5 uL to approximately 10 uL of

sample is aspirated. The amount of sample aspirated will depend upon the

dilution factor selected. As the sample is aspirated into the tubes 2186, it is diluted

as itis dispersed in the solvent/buffer by moving through the diluent in the first

tubes 216. Subsequently, a portion of the dispersed sample (i.e., the aspirated

sample and diluent) is dispensed into a waste trough, for example, about 10 pL to

about 15 pL is dispensed into waste. The exact amount dispensed to waste also

will vary depending upon the dilution factor selected. The greater the dilution

desired, the larger the amount of the dispersed sample that will be dispensed to

waste. After dispensing a portion of the dispersed sample to waste, the tips of the

first tubes 216 are dipped into the column of wells designated as a rinse trough
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as it is dispersed in the solvent/buffer by nmoving through the diluent in
the first tubes 216. Subsequently, a portion of the dispersed sanple (i.e

t he aspi rabeadossapgsie and diluent) is dispensed into a wastraskeoswoedvds f or
exanpl e, about 10 nL to about 15 nL is dispensed into waste. The exact
amount di NS Wpat | ' factor
sel ect ed. %%ﬁe ar e'g h%l\gérﬁ}%tu‘lﬁgn odfélg%érfgﬁ‘?ﬁ‘?%ﬁ’t Hﬁ%ﬁ?{gg%?ébﬁd"ggw he

di st)_ersedfex?agpaledrbbiﬁtsmébhnip@/dllwﬂmlsadnagbtbm‘(h tthe @dltlsrde cﬁlt?@anmt s{lg})@. )16
portion o e persed. s e tips i.rs ubes

ar etdi pped int &&ﬁe Aéﬁirdgi'rg)m\%iﬁ%e%@ ?\'S"B?ﬁg ﬁé)orf“qén ﬁzfﬁ"etj;gwg d 16 and
containin es an
any exter%g rgg gﬁéslhﬁ &ﬁnbf)gé%mlt&t h%lz naﬁﬁbzthoﬁlr%{ﬁeoqou?yde of the

t ubes 216d|lpﬁm18]F@tremmplenbetvmertabothJésJLZamGanqu‘eﬁs,ﬂ_aftperdlspn‘rseﬂ t he
di spersed sanple in othe jrst co atlo formthe
(1ot col SAMFR M WSpemsed 1 safingin Tae A el B s desiinafandvealisout 1.0
m _ of th%ﬁbégﬁéﬁlﬂﬂ tRE IR NERY é%%ﬁﬁ)éffb?%étéd‘tfér sﬁérhp}@eﬂh'reé ﬂmfeeetcibrfeéie
columm of the destination wells. Subsequent]l di spensing step Is

r epeat ed, epoh a@kdetmaédtlmimwnttha@lﬂutmrmsene&(lee efaiom hthdilotiens mithet i on in

it he abSieSyuRd) S Eruraraa ardefklc teRl aiieond dRboR e, "

series. | dilghsniberids n@h@dld tb@hot@crmm h P4V FItb sént\“LarySSRall niBRe bf of
dilutions or a very Iarl%&nunber of dilutions. After creating the dilution

seri es, tﬁléumnfe@r 2 yenaleegg nustben ohdiutians: rAftenereatirg ihestibdion]sETiEs, thener
nbodi h killed i h
enbo |mani ‘Fé]ﬁré ﬁ]gdgﬁ'dmé tﬁl ik %éﬁéﬁp to those skilled in the art

fromconS| eralon o) € Speci ractice of the invention
di scl osed her efov2]! Dther embeddﬁdwtshﬂﬁhé irvepipion iviill batdpparétdo ereseskilede

consi dered as ex | a onl wth a true scope and spirit of the invention
being i ndirb&lee"t‘ﬂ fefnp'i $'6?W%’@Pr§§“&¢ gpaeifligeiion arg praqticenf the invenionet hod of

creating e Rer l's,
wher ei n atals{éyasgp ?lresl;t%\s/'ggse| [ ncfﬁ%es é’%s'daaﬁ% r%a%ﬁ@h ng ‘%{ eas?
portion oﬁsteb(errmamylmﬂy rwith attrueescxipet dred Epiris of thesiseéntiont beiag indieateddne

first con UItt BLA with solvent such that the sanple disperses in the
sol vent; ollbwing clalms.
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di spensing at |east a portion of the dispersed sanple fromthe at |east one
first conduit into at | east a second vessel; and substantially

si mul t anewobys/de4spensi ng a solvent into at | east the secon$208m3®U4sfrom at
| east one second conduit. 2. The nethod of claim1l1l, wherein the at |east
one second conduit is positioned relative to the at |east one first conduit

such that WIJ-IRTqS 'Al'l\)i'@Dslgld at | east one second conduit is directed around
at | east a—l—r—p—pgh-o-n—vf—the at | east one first conduit, and wherein
substantially sinultaneously di spensing a solvent incl udes permtting the
solvent to flod oveA methcehsﬂcreaﬁng 'amlilptiom iseries,fcamprisngi east one first

conduit. 3. The net hod rein the at | east first conduit
passes through the QfOW"g'Qgta @Héa@éegh seshatigrenaiiearts gfﬁ% %é't antially
si mul t anepiéfldest 8RAMPRI;NG a sol vent includes permtting the soI vent to flow

over atip of the at | éast one first conduit. 4. The. method of claimi1,
further conprising repicalingat lehst apepionoof theme rﬁ@naatileasbﬁfteaﬁnst ally

et hodof verel e o ikt are et i AR PR AgheEine el o

I ncl udes a@pbfsgsnngh@@ompnt of sanple sufficient to perform an entire
dilution series. 6. The method of claim1, wherein aspirating at |east a
portion of the sanpd@pensmgaat leasts perieniaf e dispessad samplesfromdhe@tone

first con u npl e di sperses in the

sol vent E?téﬁ&aﬁél“@d“f@% @8 Ef?%gsao%&é%slaq{)ssttsg ?@I | y parabolic flow
profile as it novesstibsiantally simultankeasly disperisinga soheairito at leHetet hod of
claim1, wherein aspirating at |east a portion of the sanple fromat |east

the firstSeeu¥kbyessel Hory al |€§§¥°%ée$¢ﬁ%@°%ﬂﬁw t prinmed with solvent such
that the sanplg di S?ﬁé%ﬁé hoBl di ﬁPi ‘Witl‘éreiﬁ1 e“%éaéﬁoﬂ@?é%onrﬂgt?@oyn# %usi on

di spersing the sanple’in he sol ven east convec

8. The nepabsitiondd ctlative o thehatrleast ctrmehrst ecpndljlt slicipihas floigl exifirg saidratof t he

glofrgrelr zleggas%}lee slecs:o 5 E:for%lr}l? &trec%ed a%st}ndd étl I(uagétoan tlfp%%trt%n o] trf]'l% e];ttfééshter
one first conduit, and wherein substantially simultaneously dispensing a solvent
includes permitting the solvent to flow over at least the tip portion of the at least
one first conduit.

3. The method of claim 1, wherein the at least one first conduit passes -
through the at least one second conduit, and wherein substantially simultaneously
dispensing a solvent includes permitting the solvent to flow over a tip of the at
least one first conduit.

4. The method of claim 1, further comprising repeating the steps of
dispensing and substantially simultaneously dispensing without repeating the
aspirating step.

5. The method of claim 1, wherein aspirating at least a portion of the
sample includes aspirating an amouht of sample sufficient to perform an entire
dilution series.

6. The method of claim 1, wherein aspirating at least a portion of the
sample from at least the first vessel into at least one first conduit primed with
solvent such that the sample disperses in the solvent includes the sample taking
on a substantially parabolic flow profile as it moves through the at least one first

conduit.
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the steps of: changing the dilution factor; and subsequent to changing the
dilution factor, dispensing another portion of the dispersed sanple from
the at | esetzo@ma24senduit into at least a third vessel. ®CTASYSH2IMS Or
creating a dilution series, conprising: at |east one first conduit

configured to aspi T #hg niifidliciRRARC AyRAER] Sshifa® Al lboflioh! dithe
pressure source, confrgured to pring the at l'east one first conduit with a
sol vent asamplfromuatdsadtdhadipsinassckintaalpleasi onefitsheopduitpdnied with condui t ,

wherein the first pre re source provid lam nar flo ndi tions that
ForpbaRT MAKETRETE S TR TN AR NI S R R
condui t; &gggmﬁre t%rﬁﬁ%ﬁﬂﬁhé%@%n&bQ%@fé#%SHW%&idﬂaﬁﬂfaﬁﬁls nsol vent; a

second pre ource I Sspensing a SO vent romthe at east one
second condui t 8. andThe costhodldf efaimohfwhrreadihecstep ©f dispensiigda portion aind

second pressure soyrces .t o di spens ai.d aspi.rated sa nd sai d sol vent
ot subst afte ppor3eHseGinte s PrABMIST atAdreyTRLARGFST 2Rl ErighePBiHs e o
| east oneyzeqgpslogonduit is positioned relative to the at |east one conduit

such that fluid exiting said at |east one second conduit is directed around
at least a tip of télkanrging & dildgion factait apdnduit. 11. The system of claim

9, wherein the at least one.first conduit.passes, through the at, | east one
second conduit. 12. S"%‘?&ec’é&%’{ L%@?n%'[‘%i%# ﬂ&'%fe Eqrndlgpgpﬁlngfa elat | east
one firstpg@iBAWf the YispeesedPshmplcairbmithefat 1dist dhel @MBLItGMID He6Q5t Haadui t,
such that fluid exiting saidat |east one second conduit noves-over at |east

the tip oveased at | east one first conduit. 13. The systemof claim9,

Con v e Ru” R S5EbreBRRY B sLABR ABRUEAbLI Y o S <econa

condui ts, and wher eatleastconé firsticondoi sohfigwedas taegiraie md dizspeaspact i ve
sample to be diluted;

a first pressure source, configured to prime the at least one first |
conduit with a solvent and configUred to aspirate a sample into the primed first
conduit, wherein the first pressure source provides laminar flow conditions that
cause the sample to disperse in the solvent in the at least one first conduit;

at least one second conduit configured to dispense a solvent;

a second pressure source for dispensing a solvent from the at least
one second conduit; and

a controller configured to instruct said first and second pressure
sources to dispense said aspirated sample and said solvent at substantially the
same time.

10. The system of claim 9, wherein the at least one second conduit is
positioned relative to the at least one conduit such that fluid exiting said at least
one second conduit is directed around at least a tip of the at least one first
conduit. ‘

11.  The system of claim 9, wherein the at least one first conduit passes
through the at least one éecond conduit.

12.  The system of claim 11, wherein a tip of the at least one first conduit
extends below a tip of the at least one second conduit, such that fluid exiting said
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second conduit. 14. A nethod of creating a dilution series, conprising:
providing a plurality of vessels; providing a sanple in at least a first
vessel ; awpizna@tiiedp4at | east a portion of the sanpl e int@catusb@asessomne first
conduit; permtting the aspirated sanple to disperse into solvent contained

occurs at o Bast S SelLtotdl FEPEReher ARRSLMeMTRAR e dbHSle <o o

fromthe endwiast one first conduit into at | east a second vessel; and
di spensing a solvent into at |east the second vessel fromat |east one

second condui t 1315, Thasysenetciagimd yyharein the atieast opget eondyitinpldes ng
the steps I | bl ' amml i I ng a
sol vent v ESEREIEET e R Endor oald oo oRf o I RRES RIS, 0,
wher ei n r ejpssdandocdrivkiiis | @ns whiereinsgaehdirsipcenduit is inestedf withie alregpectesl sanpl e
and di spensi ng, a solvent without repeating the aspirating step includes

r epeat i ngSRERIGEM Ity plurality of times. 17. The nethod of claim 14,
wherein permtting the aspirated sanple to disperse into solvent contained
within the at |east one conduit by at |east convection further includes at
| east partial | y4di spansihog dffozestimgpa dilution Beries)| coempridigg:di f f usi on. 18. The
met hod of claim 14, wherein permttjng the aspirated sanple to disperse
into sol vent cont ai REY! gﬁiFﬂu'E Qﬁqu‘?g » one conduit by at |east
convection i ncl udespidifjing admpidkin 24 IcHst A fePgdsyal;i al |y parabolic flow
profile as it noves through the at |east one first conduit.19. A nethod of
creating a dil uti onaspiratig aideast apprionsefithe sampde ijompigast opeifitgie based

| i quid handl er.. conprising: providing a plurality of vessels, wherein at

| east a f??%cfu'tressel i ncludes a sanple and at | east a second vessel

includes a dil uent; permitting the aspirated sample to disperse into solvent contained

within the at least one first conduit, wherein dispersion of the sample occurs at
least by convection;

dispensing a portion of the dispersed sample from the at least one
first conduit into at least a second vessel; and

dispensing a solvent into at least the second vessel from at least
one second conduit.

15.  The method of claim 14, further comprising repeating the steps of
dispensing a portion of the dispersed sample and dispensing a solvent without
repeating the aspirating step.

16. The method of claim 15, wherein repeating the steps of dispensing a
portion of the dispersed sample and dispensing a solvent without repeating the
aspirating step includes repeating the steps a plurality of times.

17.  The method of claim 14; wherein permitting the aspirated sample to
disperse into solvent contained within the at least one conduit by at least
convection further includes at least partially dispersing the sample in the solvent
by diffusion.

18.  The method of claim 14, wherein permitting the aspirated sample to
disperse into solvent contained within the at least one conduit by at least
convection includes the sample taking on a substantially parabolic flow profile as it
moves through the at least one first conduit.
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aspirating a diluent into at | east one conduit; aspirating at |east a
portion of the sanple fromat least the first vessel into the at |east one
conduit cwotadaniieg4t he aspirated diluent such that the sampiseodioses ses in
the diluent; and dispensing at |east a portion of the dispersed sanple from

the at least o co I O ; i ; L4 ng the

diluent to forﬂ?‘a d%&ﬁﬁﬁh&g@}f&rﬁtyig%yg&?§§ﬁéé;ggm§§§§5sg@‘§ﬁ\é§l+m 19,

further cpumpping s\ingenesdadiguidbandlep, admplisipgnsi ng wi t hout repeating the

aspirating steps. 2 1. The th?i&q&f cl aisranwo, e_vvher ein rﬁ
t

T eating the step
of di spensing wit hoRFOWR8 & RIHE WS5e oy @ deast '%EIM%SSF peating the

di spensi ngcfidRRe aas&hgfeséﬁ& At %fasiégﬁéonazefgélﬁn(gp%@g dilieft;2i m 19, wherein

aspirating at |east ortron o e sanp ncl udes aspirating an anmount
of sanpl e suffici enaspicatpey d diverdrintonatileasidneuconduieri es. 23. The net hod

f clai 19, wh i i ti t | t ti f-t | f t
Ceast the 1ot vesaspaieatiedsd pofBRiortng Samo sRm e Bas iR st oy as e
di | uent syedyet fib thdat ﬁ’é@?bﬁe @gﬁi&ﬁii %f@llﬁtaiirﬂné ‘ﬂ]?e la'sbi%ﬁea dilehtsifsh el e

taking on a substantially parabolic ow profile as it noves through the at

| east onesaroplgudisperses imike didudrdgand cl ai m 19, wherein aspirating at |east
a portion of the sapple from,at | east.th | rst _vessel intq at .l east one
Gondul t “cont ai ni ng- PREORSBA AR & Rarthe ot i Blsni et dh dh€BE: ces i n
the di | uejahst 66é BEAGUIRINt R fdasPiid $addnd visseetohiathihd thealtdrg td Forbha

di luent by at |east convection and diffusion. 25. A nethod of creating a

di | ution @iricasofifbe®gmpler essure driven punping syringe based Iiquid
hand ercombr ygi nGyy gy Cuhdlng Rl Aihe SimBSRE Spedlly Fkigh gt oSt 2

first vessel includes’a Sa east €co €ss S a

di l uent; @ispensgihyvgiriut reesiting therdspirating stdps. sanpl e into at | east one
conduit;permtting the aspirated sanple to, disperse into dilyent contained
within the at gé.astTBﬂén%’tgﬁglgfp!alm 20, wherein repeating the step of dispensing

without repeating the aspirating steps includes repeating the dispensing step a
plurality of times.

22. The method of claim 19, wherein aspirating at least a portion of the
sample includes aspirating an amount of sample sufficient to perform an entire
dilution series. '

23. The method of claim 19, wherein aspirating at least a portion of the
sample from at least the first vessel into at least one conduit containing the
aspirated diluent such that the sample disperses in the diluent inéludes the
sample taking on a substantially parabolic flow profile as it moves through the at
least one conduit.

24. The method of claim 19, wherein aspirating at least a portion of the
sample from at least the first vessel into at least one conduit containing the
aspirated diluent such that the sample disperses in the diluent includes at least
partially dispersing the sample in the diluent by at least convection and diffusion.

25. A method of creating a dilution series using a pressure driven
pumping syringe based liquid handler, comprising:

providing a plurality of vessels, wherein at least a first vessel
includes a sample and at least a second vessel includes a diluent;
aspirating at least a portion of the sample into at least one conduit;
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di spensing a first portion of the dispersed sanple fromthe at |east one
conduit into a waste receptacle; and di spensing a second portion of the
di sper sedweanmla24saom t he at | east one conduit into at IPeadts2e0dm2®eEond
vessel. 26. The method of claim25, further conprising repeating the step

of dispensing a sec ' ; | | ting
the aspirating step%%&ﬁ%gwn%t l(r)egegfs gm]g?g%p% \?ﬁﬂajrng? ﬁql‘%é;gilgrc)ggﬁﬁg&at
| east a pwiithirothecdt lebst epdrduiticl udes aspirating an anount of sanple

sufficient to repeat,.the step.of dispensjng.at |egst a, ,secon ortion of
the di spersed sanpl &iSRENSE: f'ﬁ@@"%ﬁiﬂ%b@%’%%%rﬁﬁgﬁﬁn?m%?@gb % 18gskt ep.
28. The nphBR@ndlit¢hididWaste MMRBpRIcE;RfIdM tting the aspirated sanple to

di sperse into diluent contained wthin the at | east one conduit includes at

| east partially di spéspeinsing aeeseamppertion aflibe dispessrd bampid frami the.at29. The

met hod of | ¢l ai er.ei ermttin he aspirated sanple to disperse
into dil u@ﬁs’?e@ﬁt%gpﬁ\gﬁ i< i'%%tﬁée ﬁ?c‘?rééaggsﬁﬁie conduit includes at |east
partially di spessi nThehfefRiIBITIAiM 25 FuthbHedhphkingABpesting@the $Bp ofhe

met hod of claim25, wherein the step of dispensing a second portion of the
di sper seddispeppiag &seeondpemionf tae fisperse samplenwithewtoepeating the t her

conpri si ng.t.he. of : changing the dilution factor; and subsequent to
changi ng ?ﬁé‘@fﬁjﬁaén factor, dispensing a third portion of the dispersed

sanpl e from thg7at Meashetiod sfond 25, wihered absiftingPattlbasith pegdalof thel. The
met hod of claim 25, further conprising aspirat iugfg the diluent into the at
| east oneSaBRILINCIYsiesAshigling ginramprgt efiiamplggudiicient to repeat the step of

dispensing at least a second portion of the dispersed sample at least once without
repeating the aspirating step.

28. The methbd of claim 25, wherein permitting the aspirated sample to
disperse into diluent contained within the at least one conduit includes at least |
partially dispersing the sample in the diluent by diffusion.

29. The method of claim 25, wherein permitting the aspirated sample to
disperse into diluent contained within the at least one conduit includes at least
partially dispersing the sample in the diluent by convection.

- 80.  The method of claim 25, wherein the step of dispensing a second
portion of the dispersed sample is performed at a first dilution factor, and further
comprising the steps of:

changing the dilution factor; and
subsequent to changing the dilution factor, dispensing a third portion
of the dispersed sample from the at least one conduit into at least a third vessel.

31.  The method of claim 25, further comprising aspirating the diluent into
the at least one conduit prior to aspirating the sample.
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