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HIGH SPEED SAMPLE SUPPLY DEVICE CROSS-REFERENCE TO
RELATED APLICATIONS [00011 This application claims priority to U.S.
wBrowiglosticApplication 60/781,103, entitled "High Speed SBGTNESBeisr92
Device" and filed on March 10, 2006, the contents of which are hereby
incorporated by reference in their entirety. BACKGROUND OF THE
INVENTION Field of the Invention [00021 This invention relates to a
sample supply device for supplying an inspection instrument, such as a

eflow:eyomater, with a plurality of samples at high speed. Description of pPATENT

the Related Art 100031 Traditionall m inspection

cuvette of a flow E%\ ﬁé@ﬁ#ﬁ%‘%ﬁ?g&gﬁﬁy&%?gﬁggsunmng a

tube containing a sample to be analyzed, causing the sample to flow into

the sample sﬁ’ﬁ@sfﬁrégﬁf&:tmﬁ@ﬁr fHrL4cHER %5 Method is
difficglfoghup to rMeEhapAdasHesiwith aplomaticposifonngvasishsealipglication

0 le contajngrs.,Such a su ethod.s alsg pr tQ creatin
SRINE R e R S A U
thewpplymwhithlisbomdtmbs insptentetstbblirefitsrnceyo theleestifstaspiration

of sample into the flow cytometer syringe pump and then expulsion of the

sample into flow cytometer cuvette. One drawback of this method is that

pulsations created irﬁﬁ@%w&%ﬁ%ﬁmﬂynoise on the
Figleasuredisigaln Additionally, the amount of time required for washing

betw mples.is great.and slows .the process for apalyzing s X

The \Esa@??jig pr%%lgsgl Egrr‘:tﬁ% tgglgltﬁsuhotilasg?nmp%ehsausm%}éen ¥fﬁ€/ %?gnp}gl§§ie3’én & an
insriecthoe fleareyesin sveh es vl rysommieterivittiapbealnn o Rpuelse ablsigh speed.

DA TaetRea ah.aamale supply is described in U.S. Patent No.
5,182 617§ which is_herein incorpqrated hy reference in its entire%z Th

1617 B30kt didersiuermie niamEl snigBRNp (R ity BEREhiRledEY O = fow

careniiag hao ldentisaldmptiches tyabresmuperiprm simuttamedisgsanipleple 1o be
ar'énlg%géﬂcagna%g%x%% WhenHsed analvzel saspRIessticl iRiigion of this

annéls of the system, including the interface channels, causing major =
weditpsobsusleasihed s diffisntt im ansranpsel FReep NG IBsitfarRbomne
aREQUIZIAR JfoftRgroughaashirgneh anupieyfaeehoddnasohsimieen dRating aerosols

TR, YRRl devigg and the

[0004] Another method of sample supply, which is sometimes implemented in

flow cytometers, is aspiration of sample into the flow cytometer syringe pump and then
expulsion of the sample into flow cytometer cuvette. One drawback of this method is that
pulsations created in the sample flow caﬁ greatly amplify noise on the measured 'signai.
Additionally, the amount of time required for washing between samples is great and siows
the process for analyzing samples. The washing process cannot begin until sample has
been fully dispensed into the fiow cytometer cuvette, resulting in reduced throughput.
[0005] Another method of sample supply is described in U.S. Patent No.
5,182,617, which is herein incorporated by reference in its entirety. The ‘617 Patent
discloses that higher throughput may be achieved by creating two identical branches that
can perform simultaneous sample introduction and washing. When used, analyzed
samples stick to the channels of the system, including the interface channels, causing
major carryover issues in subsequent sample analysis. The prior art provides no provision

for thorough washing of an interface channel between the sample supply device and the



flow cytometer. Furthermore, the prior art fails to teach any provision for
rapidly washing the system with a cleaning liquid. SUMMARY OF THE
INVENTION [00061 Disclosed herein is a method for multiplexed sample
analysis comprising the steps of (a) robotically obtaining a first liquid
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[0008] In another embodiment, the method further comprises the steps of
delivering a first reagent to the first liquid sample before the sample is delivered to the
instrument and delivering a second reagent to the second liquid sample before the sampie
is delivered to the mmstrument. The first and second reagents may be independently
selected from the group consisting of chemical compounds, antibodies, beads, live cells,
or fixed cells. In still another embodiment, multiple reagents may be added to the sample
before the sample is injected into the instrument.

[0009] In another embodiment, a control valve alternates delivery of cleaning
fluid with the delivery of hiquid sample in each of the first and second lines. The control

valve may be connected to additional lines. Such lines may further provide the delivery



waste channel. 1001.01 In accordance with one aspect of the present
invention, there is provided an apparatus for delivering samples to an
instrument for analysis, comprising: a first delivery line, wherein the first
sample delivery line comprises a first sample loading and injection
of ARk Adirstsamplehaldingdaee, anglilishenptrelovalve dagaietitiprovide a
the first sample delivery line; a second sample delivery line, wherein the
waggchaanshmple delivery line comprises a second sample loading and
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valve located within the second delivery line; a fluid flow management
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. cleaning fluid alternately flow through the first and second sample

hn?felivery lines. In one embodiment, the at least one cleaning fluid delivery

line gyuRRigs cleaning dixis dadbe: entire sysiems NQuding theHRSREFHNS 1o an
_instrument. [00111 In another embodiment, the fluid flow management _
insHERARNE AN b ip SR dE P COMBH SR chilgl v & FRendositigte detivery line,

whEVEC NG NRNVEMBY CONPESL h{OUEmprises a first sample loading and injection

branch and the second sample delivery line comprises a second sample loading and
injection branch; a fluid flow management mechanism for alternately connecting the first
and second sample delivery lines to the instrument; at least one cleaning fluid delivery
line to supply cleaning fluid to the flow management mechanism, the first sample delivery
line, and the second sample delivery line; at least one sample input channel; at least one
control valve for alternately delivering cleaning fluid to the first and second sample
delivery lines, so that sample and cleaning fluid alternately flow through the first and
second sample delivery lines. In one embodiment, the at least one cleaning fluid delivery
line supplies cleaning fiuid to the entire system, including the inspection instrument.

{6011} In another embodiment, the fluid flow management mechanism



way two-position switching valve. The two-position switching valve may

comprise two modes. In one embodiment, the first mode of the position

switching valve fluidicly couples the first sample delivery line to the
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FIGS. 6A and 6B show a diagram showing an embodiment of one

sequence of control unit commands for injecting sample and washing
interface line on
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both branches of the system. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT [00191 The term "pressurizing means" as
used herein refers to a variety of methods for providing pressure into the
wannelsafthe device. Non-limiting examples of pressurizinganeans7/005992
include regulated compressed air from a tank, a regulated air

~ compressor, and a syringe pump. [0020] The term "storage means" as

used herein refers to a variety of sample containers from which sample is
aspirated into the sample supply channel. Non-limiting examples of

SlRRa08 NN NICAR R AOledd o ASAENYSHNALRIN 2y BEK, CORIRY @if}tbsal, or a

any number of test tubes. [00211 The term "channel switching means" as
GRTONERAH RERSFUT S KRitching valve that directs fluid in the channels to
desired locations in the device of any embodiment disclosed herein.

(00221 FIG. | shows,apereRiadienint B piesaskipvaRiigs and is

intended to be non-limiting In its scope. In FIG. 1, an inspection ]
instruniBft 3 thi§Kask ia A6ipeEotherEpe RSN eonh aRfcembAdiRent of the
ariQuRWRERNeDOsItion switching valve 3 -4 WO 2007/106376
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sudapledoonstthatboatrehspitction instrument. Non-limiting examples of
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involved in the present invention include tubing made from flexible silicon,
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channel ("input channel”) 4 and interface channel 2 between two

symmeftEiilsampl&toalih§2h b 3 BHASERSHOFTNS A empsadimgnt of one
bedueadér sifpasittoh wiitheswiteldnpyahjecBppranchlS iadlwditiinecoupliade line on
g)om%%n%q%ng?kél ang interface channel 2 (and thus, the inspection

Instrument 15) ﬁjlglcfy coupled to branch 6. When the valve 3 is

switched into a second position (not shown), branch 5 would be fluidicly

coupled tpintariees ehasoriP{and druspiberpsPeOteD iRRIBOISMENand

input channel 4 would be fluidicl upled to hranch 6.
P [0019] e term “pressz.r?gn means as used herein refers to a variety of

methods for providing pressure into the channels of the device. Non-limiting cxamples of
pressurizing means include rcguléted compressed air ﬁém a tank, a regulated air
compressor, and a syringe pump.

[0020] The term “storage means™ as used herein refers to a variety of sample
containers from which sample is aspirated into thc‘ sample supply channel. Non-limiting
examples of storage means include a 96, 384, or 1536 well plate or a rack comprising any
number of test tubes. |

{0021} The term “channel switching means” as used herein refers to a
switching valve that directs fluid in the channels to desired locations in the device of any
embodiment disclosed herein.

[0022]) FIG. | shows one embodiment of the present invention and is intended
to be non-limiting in its scope. In FIG. 1, an inspection instrument (in this case a flow

cytometer) % is in fluid communication with a four-way two position switching valve 3

.



[0023] The other end of input channel 4 and is coupled to a probe 7, which

is mechanically coupled to a positioning device 8. In one embodiment, the
input channel comprises the probe and positioning device. The probe 7
proviges déwdnput channel 4 with an appropriate sample. Anydynsaih7/005992
sample that is analyzed with by an inspection instrument may be used in
the present invention, including liquid, gaseous, or solid samples.
Non-limiting examples of useful samples include chemical compounds

and biological compounds. Some non-limiting examples of chemical
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samples. In another embodiment, the robotic sampler comprises separate
HrPRCtion ekt dp @ndapwh rbanssl fwoathee fpdieinRatRird aaRsiE-
samplggdg3ine insRectin R dh-anefedmibodipledtdacprabdensivhich is
one sample in uic annel is.coupled. to.a rgbatic sam%grgositipq'hneg.
8. t channel

H&\??&Bél.‘?ﬁnﬁﬁé)ﬂ? ?%Fﬂb%a?rﬁlgﬁﬂp 31 Fgﬁa%etlg s%tlrlh%?grecorr?p}fggg WO arms
amelikees abomulchenendoposiisming deaigent Tamsheabpihmpomideadhe input channel 4
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first and Second reagents. In another embodiment, the reagent, transfer lid
R prse % Yathde Hinipesspielivaticpuinguding digpifragaieous. or soli
Batie{O0RGh Riaheng Maynpeany keivn dahirgssiatieds cisefiddh thapounds -and
glac{l]g igzra]iaggrrrlpounds. Some non-limiting examples of chemical compounds include
chemical reagents, solvents, microspheres, beads, and dyes. Preferably, the chemical
compounds comprise compounds that are known and used in an HPLC or a flow
cytometer inspection instrument. Some non-limiting examples of biological compounds
include blood, urine, antibodies, live cells, dead cells, and microorganisms. The cells may
be from humans, animals, insects, bacteria, yeast, or viruses. Preferably, the biological
compounds comprise compounds that are known and used in a flow cytometer inspection
instrument.

[8024] The positioning device 8 may be any device known to one of ordinary
skill in the art. The positioning device 8 may be commanded to move the piobe 7. Non-
limiting examples of positioning devices include a Cartesian robotic sampler and a rotary

sampler. Another example of a positioning device 8 includes an XYZ positioning device,
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of samples within the system. In one embodiment, probe 7 comprises a
stainless steel tubing of about 0.072" outer diameter (OD), and about

0.063" inner diameter (ID), although other tubing dimensions are
contenTaksted. For example, the OD of the probe may range betwaemn 7005992
about 0.050" and 0.100" and ID of the probe may range between about
0.045" and about 0.095". A typical probe tubing length is about 4" but

could be longer or shorter depending on the type of sample containers 9
and reagent vials 11 that are used. Preferably, probe 7 is long enough to

be:Rhled T ecachlEobottasbRicsampler GomMainasbAmBdbradgeniviriskdd 11.8” on
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containers 9 and reagent vials 11 without end of Z axis impacting top of the container.
An additional 17 may be added to this minimum ﬁrobe length fo allow for mounting of
probe 7 in the end of Z axis of positioning device 8. |

{0626} In one embodiment, probe 7 has a rectangular opening machined into
its side, starting about 1" from the end of probe 7 where it is mounted onto the Z axis of
positioning device 8 and extending for about 0.5” from that point. The depth of this
opening may be about one half of the outer diameter of the probe 7. Input channel 4 may
pass through this opening and out of the tip of probe 7. The outer diameter of input
channel 4 may be sized so that it snugly fits within the inner diameter of the probe 7. For
example, the OD of input channel 4 may be about 0.0625” when the 1D of the probe is
0.063” and the input channel 4 may optionally be friction fit into probe 7. Input channel 4

may be extended from the tip of probe 7 by approximately 0.5” to avoid contact between
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station 10 to flow into the waste reservoir 13 under gravity. The waste
station drain channel should have an internal diameter large enough to
prevent airlock in the line upon drainage of any waste material. The
typicadintesnal diameter of a waste station drain channel 14 BomatdeEs/005992
than about 3/8 inches. [0029[ In an embodiment, both sample loading and
injection branches S and 6 of the system are identical in configuration

and are each independently controlled. In an embodiment, each branch 5
and 6 consists of a sample holding loop 15 and 16, respectively, control

yalvagel AandokSpiasnactvelyhelkanrals b9 thraplghcdntasingr2d thkergthe sample

26, respectively, pump flow control valves 27,and 28 pectively, and
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18. In M BbodfrRBACTHRMBGRt G1% AR R e d G i SRuRiatbiqipAraste reservoir
YalvesLomprisirg delin ehamnmna|3 £apabiestfer ¢MbCURNOM, 106 3Vdte reservoir 13 is

PCT/US2007/005992 coupling sampl lding loops 15 and 16 ne o
St e N
statinndl§, thdlswidotivthealvesintaseoanitptkanderf@madtwd eharastdssiption drain

ethes 8 MRAIME NS rSplRcHANYAIMIS WiER-"BRs6 30 fleNanaalS £aR Bfe upon

used in order to provide additional washing capabilities of the system.

foRaage S Rg| VaRRMPREAY 18 aVRIGAIIEERE CHAMSAS Bt fitesinaigfion drain
achraptagas usifeatutes dinesiauactian described herein. In FIG. 1,

control s 17.and 18 selecti onnegt sample holding oo %5 46
16 to o!%‘eei (\)éﬁfourlsoagsﬁbr?e %%glneﬁg’?gt S |ﬁ% %’S@%% iaél%:(x)n gc(:ek(l:(t)edE {omﬁ‘&ds an

chahmuistery app identigplin 2t wekingdore e rh tisleneedsatty ¢tdihiss 1o an

%gbgés&éu,a@%c%b{i@@?%lmp engeﬁsimieb Hw%fﬁﬁgiéow;iu%s bb@NG and 16,
comprise channeis 1or pumps. Eump channelis an are
ESRAERYEH 1S RHBL BN 5f7paﬂap%w%3?ﬁ%ﬁ‘% chasntls 19" through 22 and 23

through 26, respectively, pump flow control valves 27 and 28, respectively, and pumps 29
and 30, respectively. In one embodiment, the sample holding loops 15 and 16 are
fluidicly coupled to the switching valve 3. In an embodiment, the sample holding loops
15 and 16 are constructed of a length of tubing having internal volume greater than the
maximum volume of sample that can be loaded and injected by the system. This ensures
that the sample holding loops 15 and 16 have sufficient volume to contain any sample that
may be injected therein.

[6030] The other end of each holding loop 15 and 16 is fluidicly coupled to
control valves 17 and 18 respectively. Typically, holding loops 15 and 16 would have
internal volume one and one half times greater than the maximum volume of sampie to
prevent sample from being aspirated into control valves 17 and 18. In one embodimenf,

both contro! valves 17 and 18 are selection valves comprising four channels capable of
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valves 27 and 28 respectively. Pump flow control valves 27 and 28 are
normal three way valves with a common port, a normally open port, and a
normally closed port. The common ports of pump flow control valves 27

&0l 2@7angeennected to pumps 29 and 30, which are capabka-@fuszoo7/o0s992
aspirating and dispensing liquids. In an embodiment, pumps 29 and 30

are each independently a syringe pump. However, other types of pumps
may be used. Non-limiting examples include peristaltic pumps and
diaphragm pumps. In an embodiment, the input ports of pump flow

%{ng%g%aﬁﬁgﬁﬁﬁ cpaNeeied oA sy St ML reREMVOE R dnels.  For

Any system liquid useful in"allowing or aiding performance of the )
sRthaRUIRBHIRERS AR ks haers é%ﬁ?b?é‘éﬂﬁéiﬁ'&é%%ér?ompﬂsa
salfe®, & tphoshhaidsbufferehesalinbodamt, |sctuewon badisentithmore than four
ontro] valves 17 and 18 comprise, channels for halding cleaning fluid to
e B e e R R O TR e (st
couple83Hach Guvdrohrdbyssath podnd®haine juwsidn geumpls westide many

RN 3615 BILIRlY £RURISHGAGPRRABROIERE R T $8yYRY WASH AWEs 17 and

selection valve 34 that comprises a common port, a normally open port,
%\%d%ﬁ%‘fﬁ\élﬁ%‘l‘&%’e%@?ﬁ hldingoleray 3paf pbrootRfaRfeia) Rossible channels.
Honasteshio By stepadiqiidd asesuabndlk vis, dRME! 2R andideHotmhgligop 16 is
closed port of valve 34 is.copnecied to cleaning liquid reservoir 37 via

ALt @@.%@ﬁ%gﬁﬁgﬁgghatﬁ?gmbodiment is a diaphragm pump '
capablip83Zhpidlin pumphedivieanithy kgoidy tebential and\idscomarise T8annels for

%ﬁgn%ﬁlﬂy'yﬁg’fﬁgwI%@S%@%U@%&%&&ﬁ%gﬁyﬁ QJBV flow control

pumping liquids through the system include peristaltic, syrlnge, and a

ke T e &R s W & wen At R rivrs 20 PRt 8 g npneeh fhree way
{alessewikiodinmnindhepeontaohwatvasy lopan hdl, compriserahalynelsséar port. The
waste. Waste channels 21 and 25 are flyidicly coupled to .each o

R SR TINS5 BRI AR POV B OB B ES ana 30,
whidoane sizpahie ofl Bpiring ashdivpsasinaliqaidfoncanerobndinmet pumps 29 and

ﬁﬁ%ﬁ%&ﬂﬁh@p@ﬂ@&ﬁﬁj% WW&@CW&?&%%Q@?MBS may be used.
fluidicly, coupled to each other and a pressurized system liquid reservoir
BontipiEaguRABRIZD. ‘ﬁ“ﬁ‘édﬁréé‘ﬂﬁ’r"z%a SRR | 1 9EeEkEp SBEPs I an

prdrslinzed wa mmarpfakdyofgningldthbaircqnessuntves dit enti 2 antaitedcted to a
gygﬁé?rgi%g RS §f§%3§§%§§§%‘§ RIS Bl mance of
pressor. Alternatively, the
Predatnesisouvedrrsntoiae troviate Napdstihsristimniatincudgapter, saline, or
SRLYERale-BuAARIQaliRVeVer, ‘

[0033) In an embodiment, the control valves 17 and 18 comprise channels for
holding cleaning fluid to wash and clean the system. Wash channels 20 and 24 are both
fluidicly coupled to each other and a wash pump 32 at tee junction 33. The wash pump
32 is fluidicly coupled to a common port of a three way wash liquid selection valve 34
that comprises a common port, a normally open port, and a normally closed port. The
normally open port of valve 34 is connected to system liquid reservoir 31 via channel 35
and the normally closed port of valve 34 is connected to cleaning liquid reservoir 37 via
channel 36. Wash pump 32 in this embodiment is a diaphragm pump capable of rapidly
pumping cleaning liquids to control valves 17 and 18. Other non-limiting examples of

suitable pumps that can be used for pumping liquids through the system include

peristaltic, syringe, and a pressurized reservoir.
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pressurized channels 22 and 26 are preferred when very precise
measurements are to be taken and injecting samples with pumps 29 and
30 would increase the signal to noise ratio. [0036] One improvement

provigled daythe control valves 17 and 18 is the capability to rapighyrpe&iasos:
lines 15 and 16 with a cleaning liquid 37. A sticky compound is any

compound that remains in the lines of the system that has the potential to
contaminate future samples. Often, sticky compounds, for example
compounds such as sphingosine-I-phosphate (SIP), endothelin-1 (ET-1),

and rh Heﬂ@ne, FeInyalNe s WHR N HISINGIBFRERIOT NS PR HER Bnels for

flow cytometers. It is therefore essential to clean system lines between

saFiple ape chonadkithtapeh AR iAt athiSHiHAYdet R editfifasd aihgr and a waste
caYRIRI NAMRY|FELA @M previous samples. Typical system liquids,

such as_saline solution, as compared to cleaning liquids,.are prone to

leave b‘é?ﬂ%d stic aeo%‘h‘gfiﬁcﬁ‘&‘fﬁn ecﬁﬁgg@%%sg/itaenrﬁa‘gh|g%grﬁ§ee§hmels for
comtahhimatianpiosswin ir s cbhsachp | Esethatzdechnahp e tlaftd e both fluidicly
QB RARIRG feRlY %&’faﬂp?em{}%h@éi% Yaad-d8 dsdhaldthey: 3o Ynction 4.

the” inspection instrument [ to back-flush remaining sample in interface

e Psariasb e mthdiappAamaind WisshEe R h Mg fatrrftHyotRytirolled air
ipadacaline 2andiinesibl anthildsicheosraesskiapiT the gaseaisampleininclude
the cenjer of the tube trayels faster t t the surface. This often '

e e
Frspectiony iswte o HoisgicThis mairuecat dodmpiiheenisy ébariilinly However,

lings 2,2 anerahHes e snkor ARk 1R-AlckAINMEOVBRCHRGSE MIAUANRSH re to be
and 18 to waste channels 21 and 25. Where -9 WO 2007/1.06376 PC

Ik B0 /USSR SABNCEy T dRErRs &b 4 WALk PR tAsigaYto noise

gy pressurize the input line 2, making the connection to a waste line

that is 0 atmospheric pressure. This ftenhc% SR 319“1 f@wﬂ% 18 is th
clean Ii%%%kiirom rgr}}%%elc 5%%{3% ent | %dr(c))blfgﬁ Fntgr?ace I};ne 2. This = e

fepahidim ik eapithovsidinschfrgndut Grixpib ot e HPIES 3t hiyptishusgmpound

hecaysedl, usigomas tispoblenmofinaling fae exiassedhpenassf hoential to
for sample to clear the tubing. [00391 Another featuf%% of the control

FARIBEERE U RRiEth el BT Y CAPRSHE o Rl RIPGL SERpRnds such as
wphinpesinidilizistgysyhing €3129, anddBdi:1ibhe (B ))samblbodaiime stmadyvolved when
thenosdpiehisdwih.high Laizion szl RigsRurzed HHGTIgWEhadt o clean
system lines between sample inspections with a cleaning solution in order to eliminate
any carryovér that may exist from previous samples. Typiqal system liquids, such as
saline solution, as compared to cleaning liquids, are prone to leave behind sticky
compounds in the lines of the system. This causes contamination for hundreds of samples
that are analyzed afterward.

{6037} Another feature of the control valves 17 and 18 is that they allow the
inspection instrument 1 to back-flush remaining sample in interface line 2 back through
the apparatus into waste. As sample travels through interface line 2 and lines 15 and 16, it
becomes longer because sample in the center of the tube travels faster than at fhe surface.
This often leads to a situation where the whole sample is never fully injected into the
inspection instrument.

[4038] This may be accomplished by connecting line 2 to one of the lines 15

and 16 and also connecting control valves 17 and 18 to waste channels 21 and 25. Where



This is particularly important as syringe size increases. As syringe size
increases, the minimum flow rate that a syringe pump can sustain without
fluctuations also increases. As the flow rate increases, the inspection
wetpomanssfparticularly a flow cytometer) loses precision in meagiying gz
samples. The present invention described herein allows one of ordinary

skill in the art to load a large sample, such as 1 mL, 2 mL, or even greater,
and then inject it very slowly allowing for the same precision found in
manual tube injection, but with the additional advantage of full

Qtﬁem%éiﬂihé@%%ééﬁ%ﬂﬁﬁﬁ@b@&h%ﬁh&grﬁsﬁwée&siuﬁ@ﬁhéi%ﬁ@t line 2,
vessel 39 may be replaced with a high-resolution syrin ump. < oft

PRI S RS ITRGS SN AfRc B RS o R Mo Soties oy often
bausesat xmpiy Bowflofiv: ke linsdrfogqdrsigirtesolustimmayringequgminierdace line 2.

ggﬁg%%me'@‘ﬁ& by rc%‘;*l@f%e{@%Wfoﬁﬂ%%rfe%%ﬂzéfjs%ﬁg‘a'é(ﬂx'i’%ﬂ ¥eei¥ecause it

11 The invenhtion describeéd herein provides the capability to
qusremasdls nEvblenciyeatdne KarsplendsAtaniiods ftdpatey wraple to clear the
wuaeted into the system by utilizing a separate auto-sampler arm

ing it . ¢ ot ) i1 S afeat :
oulc SYBSEI: coSE0ET TRANFS.ARE EORLEEAER At AT Guifan i tltow the
aapabiwynp_l éa@hh@rsymgla vebgerst dﬁh@ge&ﬁ@s_réagmdt 36to The leedls sample
@Q%e@x%al&gmgn %lérIng%tgé T@ﬁ}?ﬂf@ﬁ I&eﬁ]s%h%ﬁ%%@gswﬁed system liquid 39.

auto-sampler comprises multiple arms, such as an auto-sampler "
W P PREENB! B SRR BtaRS L AS TR e SE IRET@FRBo Y ENTINBR Hefigincreases, the

SABIaMCABW isRSthaOaad s YhaH) caliSsaraldilvad as Abenieagantisodncreases.
sirllgl%same auto-sampler. arm is used. to tak éells tqt es%m‘QIe mix
S . O

Ardihiect ahd fﬂ%’ﬁaﬁ’gsba&l?gp%%f%ﬂ 5 posal e c%#y%ver pptometer) loses

previsiTe th pestswink ths ampiebadinemthesweihy entign deseribShkeesiasjses one of
WGk fiplg tragants ImAY.heraddad IR thecaamplefieferginisctioth Reater, and

the instrument comprises haylng_ agonist compounds on a plate welland . | |
SRy IS Y6 BRI Dt HB08E s eI B sttRA do8ed S matyal| tube injection,
befaralihpy akéitiojedtad, ntaghefindpeciiominairument. Other

combi of reagents and samples, as described herein, may be
e e °, [ adhs RS SRR nE DRSS IR EEet 39 may be
atistedovitodiiEloraobitier smiagonisncohipbursiuticn slateowolmnddirgrapable

%?lﬁmmn% rlﬁ%@?%ﬂ?xle?@@ H&%mfma\ll%@‘i’amﬁo@ﬂ%?rﬁg%ﬁ a high-resolution

compound into the well. The mixture may then be injected into the flow L
EYTbtBRBITPaBIPL A RECATRR AR BifrErBHERRRY S dRaRms titfibasism liquid

rereess. added thereto. In one embodiment, delivery of first and second

reagen{ﬁl]gﬂd opy ga}1|1|¥ention described herein provides the capability to delivef one or
more reagents to sample containers before they are injected into the system by utilizing a
separate auto-sampler arm comprising its own syringe for aspirating or dispensing. Such
a feature would prevent carryover from sample containers back to the reagent if the auto-
sampler arm carrying a reagent dispenses that reagent into the wells above the liquid
surface of the sample. In an embodiment, the auto-sampler comprises multiple arms, such
as an auto-sampler comprising two, three, or four arms. In another embodiment, the auto-
sampler comprises two arms. Where cells are utilized as the reagent and a single same
auto-sampler arm is used to take cells to the sample, mix and inject, and then go back to
cells, it is- possible that carryover of unwashed parts of the sample back to the cells may
occur. One example where multiple reagents may be added to the sample before injection

in the instrument comprises having agonist compounds on a plate well and adding cells to
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additional reagents is performed with a separate auto-sampler arms.

10042] In some embodiments, the channels comprising the system are
made with polymer tubing having internal diameter of about 0.02 inches.
Wanothessesmbodiment, a PFA (PerFluoroAlkoxy) material isragak?007/003992
minimize any issues associated with gas permeability. Channels

connected to the system liquid reservoir 31 are typically made with tubing
having larger internal diameter such as about 1/16 inches or about 0.094
inches. In another embodiment, the holding loops 15 and 16 are made out

melavmwmmaieqdameﬁqé&teainﬂéfwitﬁtﬁe&w\ms&@ﬂeﬁormmleyabfﬁslaisons of

and 18 are.in close ph al |n orde tor ere uired
TR0 37 AT B AR r BB 43 R cells
Amﬂmtedc&m;sW|tchmgrma$VQ3&cm|Mnmlgodmnee Bodidetppurnp@ar  antagonist
olhﬂli&d ﬁejie‘?%ﬂg @Meﬁmﬁocmﬁgl H@'h{eé }%gé}ﬁ %]WH&MH&W finally adding

ntrol valves 27 and 28, ’and ptimps 29 and 30. The control unit 42 is
WF&%&R@&%@&’B@H‘HBG{@ tigowle FhAdRIEHIIRELSfPoPHinifeted into the flow

Jtashed. dpyitesarkine HRhURId diaymigparidbe aiaymuy e ssukagthts added
via an a éustable r gfator T anlr sufgfl%zlgressyre can also be

M5B diTE TOEnL. gelivery fndd seqond. reagens, a and optionally
- sidiplynpresmes st wﬁam@m@msspmwwmm damkpressure

genera{t&gwy inSREeCHO IBSBLMMGEAL, E@rm?c ﬁbﬁr%’mysystem are made

pressure may be set to between about 0.5 and about $5| over the
patKe@ie. (I0RE 10rHED pakmBh SIS TS afotRub YAt iaMsYing theanother

a&warﬂheﬁsrllae@mnt@immmmpyv mtexalanaedsadsqmermmmmtm issues

bodiments. Th trgl.af th fi _
gg&g?al?] e%%cﬁnﬁ%'g‘sr%l? CO% ?oelﬁultozrf}flg r%\iil I:ﬁ%r’em i md [eservoir 31

an operation
N@Wﬂiedﬂeﬂhlmmsmmmmwmmamlwa@m sheinaebout A inches

852&4&9@9 SYSiPRaVid, Fagisap a}gb@amﬁ eﬁecemﬁsgstesww% made out

probe 7 into the wash station 10. The pump flow control valve 27 is

gﬁ/m@dwre@rﬁaﬂmeaf@bgygtgméﬁmgrtsﬁ%\'ﬁeéé\%ﬁogir%‘ﬁ&‘fﬁbligmd 18 are in

ItraeéqmercdwmlaﬁmﬁI&&ﬂ}%@&@@ﬁék@ﬁ&?ﬁda@ﬁw8@@0&1@05992

with sy iquid by command fram control nit 2 he pum

control VI 27 i (s EIRESHEE T BosRHiCHI sy e ygpgnected to
2@itohingnpbirahreisidoriing dalics 8 iwashimhen FRopobitismid selection valve 34,

CORIRALe finyid Retweap RVEGhENNE]FaRY MRIIRTaHAR DS B304R1 30. The

Next, control valve 17 Is switched to communicate liquid between holding
RSP i it CHAFRIETIES, @ SRS S-eaR i ah RiFRSEsMptORy! of 2!

eip&led devices. Control unit 42 may also set the air supply pressure 41 via an adjustable
regulator. The air supply pressure can aiso be controlled via a manual pressure regulator.
In an embodiment, the air supply pressure 41 is set to a value slightly higher than
backpressure generated by inspection instrument I. For example, the air supply pressure
~ may be set to between about 0.5 and about 2.0 psi over the backpressure.

[0G44] The operation of the foregoing apparatus having the above-described
configuration will now be explained in some non-limiting embodiments. The control of
the operation is preferably performed according to commands from control unit 42.

[0045] Initially, an operation is performed to fill all system channels (except
for waste channels 21 and 25) with system liquid. Positioning device 8 is commanded to
move the probe 7 into the wash station 10. The pump flow control valve 27 is switched fo

communicate system liquid from reservoir 31 to pump 29. Thereafter, pump 29 is filled
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system liquid into pump channel 19-and holding loop 15 effectively

purging air and filling both with the system liquid. Valve 17 is then

switched to communicate liquid between holding loop 15 and wash
wannehgg7which connects to the wash pump 32. The wash pliguid2o07/605992
selection valve 34 is switched to fluidicly couple the wash pump 32 and
cleaning liquid reservoir 37 via cleaning liquid channel 36. Wash pump 32

is then turned on to fill cleaning liquid channel 36 with a cleaning liquid.

Any cleaning liquid capable of removing sample residue and previding a

RaR-samigaied seriasalardbe coaRbeln ey, BeSBIeRIEdow U frol valve 27 is

non-limiting examples aof cleaning liquids include solvents such as

DAt s SmBiie BIRSD i dinaenpAt wasmGhrreddeiothe valve
yalvewddtisdthes pusiabaddeduidialicerUideidasivaem ingdt ahdrEiéstenhd holding
ﬂ)%uiqgeservoir 31 via channel 35. The system liquid fills wash pump 32,

Wekh thannel 20, control valve 17, holding loop 15, switching valve 3,

input cH¥MAE| 4 avekprobet?weiveydfers |ryditthed 04 7doMinaunigste Jiquid between
ﬁ’&d&@% UI@%H@HL@&‘ Eﬁaﬂffadxﬁ?'%éy ﬂaﬂﬁt@ JHMEQBQ@F@L%mpIeter expel

mentioned above with the system liquid. If pressurized system liquid ~ i
FEYEm Hiauid e snmLrbar LAt anl Galding Joerd wAlbey vlirsraiemal fgd filling
BOMMIthi galeyiiehPIRESH) 1 764wy ST {iin ddiadRa® 5@ RO ndEhieahOlti AR between
oop. 15 via pressyrized channel .22. After a delay to fill pressurized

ISR IS R S O, 2R R RS 18 R ERE P 32. The vash

tonimelictics iglie AHolsiitshodpal Subslitly waste thamaeh 2Uni0028bdrrleaning
REARI 10,0l daessenandeBranciqk dng SurIesg VARSI BlERD Ehfi%@méfﬂl\éﬁéd B to fill

switched into position to communicate liquid between input channel 4 an

Flsrmng 158pid echrRECs Uit B FeRRiRg dietithe  MobleaBingdifRid capable of
iaoehgtingleyeitine asdgnodpigiachiordbe aqiiyeie siaséstof flechannels may
geec%i}'d Qégngg of the system, he r sult'pglsta,te .the syls'gﬁgaés

ith
probe %tln wash station 10 afid all channels of the: s utigfn excepf\é\iv‘é%%g such as
ehanpie dimethndspHpRifd(S s tent Ifstseantan¥essr ligmd salpstnn wabve 34 is
ol Branenes 1 Wora000 1Ot POT DSt 00saas onds oL v
ition nches. -

?bﬁa@%%ﬁ%ﬁ&ﬁb‘%ﬁ%e‘%%&?&%ﬁ?& tHESBr&SEMS 6%nﬁ8ﬁ*%?r‘.d’ alve 17,
botdingelded Sodvatriagingdimitve d.nngestopecHGE] ghiznt Wihsiysiana liquid.
sequengRsat SteRRdRVRINAE.ORL 0T RR G SRIBES HOM %ﬁ!&?'&eiayhsufﬁciem to

containers 9. In step 43, which'is the starting point of FIG. 2A, a was o
BlcromgMmeRts P eriiRprskabPVE IR the exsletelingif. bl Ragssugad fystem liquid
fikele &8 BnauEeadbat diandadonasivean WasheshangrsSiiea il gyséaimunicate

the pressurized system liquid from reservoir 39 to holding loop 18 via pressurized channe]

22, After a delay to fill pressurized channel 22 with system liquid, control valve 17 is
switched to communicate liquid in holding loop 15 1o the waste channel 21.

[0048] In order to fill the second branch of the system with system liquid,
valve 3 is switched into position 10 communicate liquid between input channel 4 and
holding loop 16, The sequence of events described above for the first branch of the
system is then repeated for the equivalent parts of the second branch of the system. The
resulting state of the system is with probe 7 in wash station 10 and all channels of the
system (except waste channels 21 and 25) filled with system liquid. In another
embodiment, the process of filling lines with system liquids may further be practiced with

additional branches.

-12-



liquid. In some embodiments, it may be beneficial to add a reagent to
sample containers 9 before the sample is analyzed. Examples of
non-limiting reagents include agonists, antagonists, modulators, dyes,

stainsyerlsiand beads. Where a user selects to add a reagegtriodhig/005992
sample in step 44, a reagent addition cycle 94 is executed on branch 5 in
step 45. In step 46, the first sample is loaded into holding loop 15 by
executing mix and load next sample cycle 110 (further described in FIG.

5) on branch 5. In step 47, switching valve 3 is switched to fluidicly couple

holdingdogs) 15 anétorasChBRRBH2andia: CORGITERNADE IJBRRBGERL ention

processes are then executed. The first process comjorises step 48 and
#9¢ B HHENEr oS ReC B REng dh &9 S RSB b 388 121 thevtiAssequence of
plgrassalaam ple isrinjeetadikininsprgiiordnaiisnent Ih svgd d3ewhich is the

interface chan is yashed,in st running injegt.s le,and
e BnPBEEIG S o0 B L SATE o Bl MO ET SIS K erccuted on
FraodkeBodaphoteis 6Rrensiats thih brikcth 8 des ke amyasiord swhipidictbrith system

hgREOGRSSEL MhERiARNE all QEING Samples lbaa'@dla%gg@m@§§ﬁgéétxsmainm 9

second process terminates by gé)&i(ng to step 54. Otherwise branch 6 is )
Rederfedih @mpIs ot PRaLERE g X ARG o EI@ T i iR, TageRetpcifde agonists,
hiGpd)istbiheadetnsaledied, tadidd adibggedt bedte savhpte i sapsbleca to add a
reage ition. Gycl rther descri in FlG. 41 .
D A R ) R R o besact 5 i
Rip4fe By e ditp firktampiaddesdeshinipdeljing loep IfAnsxecuting mix and
dpacrbeddnipe f ko@bﬁnﬁ@r(ﬁh}&eya@&hmmﬁtmoijo& émgeﬁss.s ]EIh step 47,
step .54, a check is made jn siep 55, shown in FIG. 2B, to_determineg if a
S D Ree Ao RS AP, P S R Shannel 2.
dxeruimewonmtineed andtepndsntl PBeckisHsthare thenstkeaneples Tadbdirst process

pagERIS dipMECRGRANERdDRMEGHGHN R JWidichk §9uRiGBRIgH loop

16 and mte??z\;l\yci:e channel 2 in step 56. Two concurrent and independent

procestifS8e thBhtBgdistauonse ArstPrESHSHRE iRl Recinepratiog {Rgrument
seganehpReasEeURRe R SePadRdEough 68. $0ARRAIdNefest M@pRsand wash

injects s le intq inspection nstryment d_washes interface channe

A s e S T
ﬂ@ﬂﬁég@ﬁ&?&ﬁﬁﬁﬂ;@@ﬁ@%@@%@amytﬁeliﬂiqfuﬂm@lcc@sdribettn’rﬂBle all of the
@&ﬁ}@@ RERRCHE, THR ARCONTREOCEI A S QI NG {0 &P N step 54.

more samples left t0 be grocessed in step 58. It all samples have been

Pidesyissdranch this 3eebPdl iriice s BrAnTaE D} Yty d) Garther described
Qthanwise BREGRE islsvrRaNeAdd aiRRRAt Y Bxasuiig A WasBLYCIea88at hddition

tcf}%lg % :rzs(%llgt%te%ddztegcn gcﬁ nl:xe}z?lg?%tl% executed on branch 6 in step 52. In step 53, the
next sample is loaded into holding loop 16 by executing mix and load next sampie cycle
119 (further described in FIG. 5) on branch 6. Upon completion of both processes in step
54, a check is made in step 85, shown in FIG. 2B, to determine if all samples have been
proceséed. If no more samples remain, then the execution continues at step 65.

{0051] If there are still samples to be processed, switching valve 3 is switched
to fluidicly couple holding loop 16 and interface channel 2 in step 56. Two concurrent
and independent processes are then executed. The first process comprises step 57 and the
second process comprises steps S8 through 62.

[0052} The first process injects ‘sample into inspection instrument 1 and

washes interface channel 2 in step 57 by running inject sample and wash interface line

-13-



the sample in step 60, a reagent addition cycle 94 is executed on branch 5

in step 61. In step 62, the next sample is loaded into holding loop 15 by
executing mix and load next sample cycle 110 (further described in FIG.
WombranchsS. Upon completion of both processes in step 68caelkeak: ims992
made in step 64 to determine if all samples have been processed. If no
more samples remain the execution continues at step 65, otherwise
execution continues at step 47 described above. [0053] In step 65, branch

5 is washed by executing wash cycle 68. Then, branch 6 is washed by

E4HIY YRR Queleifilin SIRP. 68) SAMRIR PR CeESINL SAMPIRIES ARSIRmines

67 with the system in a ready state to start processing another set of

LRt 6 PO tmRT BfShhs @ wshtssaes 8eRotha i plsaelfs have been
preiesd msadin eaicalitherpresenhinventiongaiidg i ineddedtéevise branch 5 is
non:limiting in its,scope. EIG. 3 shQws a segu e of ste herein,hoth

Rl e o O ARGt RS AR T 28 FRUAFIE Rid W heagent 1o
B hare 8l b dyitientR0. M avaegns sksbtipro-yre R Siataacitethosidpegoh B isstsp 61. In
MRp@Ntd velMesdh i Switched e anngst R 18BN eRbARiHg ROlID Toad next

loop 15. In some embodiments, samples tq be introduced jnto the .
REHUE S AR AUARET RSP BReR B S Do BICCENBF B & to SR RRiRg IR of both
phaesasviallset &3 aftcredetessady (o weasedhm cluemdls vifthlh elaahindave been
"%Jé‘é‘st%d.“%f“n%e_ r%%?‘é‘%%%Ofe%roéf%a%onéﬁé“éﬁ‘,%&"%‘o‘i{o n?ﬂl%_ejsa@i! pé%éoé&eotherwise
Rext. ny cleaning flqw Eapa e of removing sample residue an

previding wridnroritaem i dasstibrdabitethe channels may be selected.

Some T@fsﬂl“itinﬁnes’f@ﬁn@b?%%ﬁl@@'EQQJJ&@HQSBQQHQ@J&%V&BEE QY6 &Y. Then,
ethanol, dimethyl sulfoxide (DMSO), or a detergent. [00551 |In step 71, the

BB PGSR B RS AE YOS ARFHE T SRES: QBBRIRTRfGRS B completes
bharpaBeidncthyvasiepuinp 32dJBawas Ry mpd2sisghendamsd ofisamples upon

2[%:9] age%? %o?l p&ggﬂ%jﬁagggg‘méi §jnto the control valves. A user specified

ayo seconds Is introduced at step 73 to allow cleaning liquid to be _
pumpelf@fidhe WekSthPoshprveaivether pwlbiiment o ey varestpn and is
inRaehannR! dbandRrRRe it ¥RshrRtatiahd0s 1hepeiurl snurpataiercin both

time needed may vary depending on the system being used and the X
RIABEAGITh R REHREIS RO BrERaRPRAFRdn e ft Y HRI U Tree 4% begins by
WEYidQ hebbe BBIHOWREN $t4620 @F/R0GOP BY dihelasp rEdprouided/ hisrei, samvitched to

deroanine.novuieh S5l R iegulied<or IR HRAIIGR OhBptes to be
pumped throughout the system. [8’0 6‘:] ith the wash pump 32 stﬁ1
fofinilvgethiatey dht ihgpeédtspidosignmentd may be hydrophobic and prone to sticking to
the channel walls. It is often necessary to wash the channels with a cleaning liquid 10
reduce chances of cross contamination from one sample to the next. Any cleaning liquid
capable of removing sample residue and providing a non-contaminated surface for the
channels may be selected. Some non-limiting examples of cleaning liquids include
solvents such as ethanol, dimethyl sulfoxide (DMSQ), or a detergent.

[0055] In step 71, the wash liquid selection valve 34 is switched to connect
cleaning liquid channel 36 and wash pump 32, " The wash pump 32 is then turned on in
step 72 to pump cleaning fluids into the control valves. A user specified delay of X1
seconds is introduced at step 73 to allow cleaning liquid to be pumped all the way through
valve 17, holding loop 15, switching valve 3, input channel 4 and probe 7 into wash
station 10. The actual amount of time needed may vary depending on the system being

used and the length of the channels. One of ordinary skill in the art, guided by the
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34 is switched to connect channel 35 to the wash pump 32, as shown in

step 74. This action establishes a flow of system liquid from system liquid
reservoir 31 through the wash pump 32. A user specified delay of Yl
sazomnda ésartroduced at step 75 to allow system liquid to be grampeahativsosz
the way through valve 17, holding loop 15, switching valve 3, input

channel 4 and probe 7 into wash station 10, thus washing out all

remaining cleaning liquid. The actual amount of time needed may vary
depending on the system being used and the length of the channels. One

alorshinanpakideutnarh, aiglesbRyihe: HSFIOsIg PRREORE BECIRGARd for the

determine how much time wijll be reﬁuired to wash out the cleaning

fianies BRsY; AR PIRTS S288BHER S i ep 76 and control valve 17

is switghesbjto contbctheumasihchampet2 Stdhelhoidingho o dblimqgtegelértion valve
step 78, pump flow caontro is switche on .

R GBS af A6 LG 30 AU SRR 0 cep 74. i

Foiostepdiishows e conspreiBriapidaBnresiaas. ioorBrerpieindh through the

G¥sle RiionBranciserafpibemusie My e 1ISapenas Washdaiedsl 68sdep 75 1o allow

branch 5 with all elements of branch 5 replaced with corresponding

IO el BT AR S g el e 5 giiching
9dvd Beitptiatvasle] gy etel Jbiecyinscbyasiostnipprithehidovasshgstation dinaining

instep 82. Instep 83 contral valve 18 | i
h
HeE Tl S AT RO R B 8 BT PRI o, e e

bytie 68 dau dheingtiraé s Wwéssa%ﬁ% aidsancediing hseart, guided by the
mshsstienpringtieumnpntiid, hal arelvdeonhebicandmyong 1R sdigkieg 6 Wigh out the

chan_nell\,/val,ls. Similar cleaning liquids may be used in regards to wash

Elraming %P8 re useful in regards to wash cycle 68. 10059] In step 84,

the wagdnBgpid sdlastigmuualdd BAusnsdishimcstepcinamsttookealnimlydiddics switched
hannel 36 and wash 32. . P324ds,then tned o fl
g?e%oggef% UMD %ﬁeéramn?r#gq%louaigé %ét‘lc? ltﬁgi:%gtl:ﬁ \;alve%. A user sp‘%cifiéglJ ump How

cettplofalee 32dpsudiebeatioganeerbpatep GBrachld rederrnAtutitdlye is then
PRPBRES R 819 WaY 10rRUek) Yalveid B oibing 1R0RokEh1sMGIChiRc YRR 1B.68.

input channel 4 and protp}eﬁ? intg was stagl n il,% The ampunt of X2 b evel
secondSURTg in TS PRSAS B Er SXFRE BlrHFHE RN THe BRG aRYGFh ovele
B8 6oudeshith Sepiftddrelvashhsyefe68idn Draplehd. Gitle afrmrgiondingldlements of
-]fgn}%%.zqulaag chﬁ%T/ H ﬁg%QrZi{QQ %?g%ﬂg &q@gugywdﬁ)é %iai wash cycle

Isclosure provided herein, can determine how much time will be required

for braiesdurmeyiegivishe boprarpeatinrdiyin gieprRiidmstep 83, control valve 18 is

switched to connect wash channel 24 to holding loop 16. As previously stated in regards
to wash cycle 68, some embodiments involve samples introduced into the inspection
instrument 1 that are hydrophobic and prone to sticking to the channel walls. Similar
cleaning liquids may be used in regards to wash cycle 81 that are useful in regards to wash
cycle 68.

[0059] In step 84, the wash liquid selection valve 34 is switched to connect
cleaning liquid channel 36 and wash pump 32. The wash pump 32 is then turned on in
step 85 to pump cleaning fluids into the control valves. A user specified delay of X2
seconds is introduced at step 86 to allow cleaning liquid to be pumped all the way through
valve 18, holding loop 16, switching valve 3, input channel 4 and probe 7 intc wash
station 10. The amount of X2 seconds used in step 86 may be the same or different from

the amount of time used in step 73 for wash cycle 68 on branch 5. One of ordinary skill
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'[0060] With the wash pump 32 still running, the wash liquid selection valve
34 is switched to connect channel 35 to the wash pump 32, as shown in

step 87. This action establishes a flow of system liquid from system liquid
veeenpoiridizthrough the wash pump 32. A user specified deleyofi207/005992
seconds is introduced at step 88 to allow system liquid to be pumped all

the way through valve 18, holding loop 16, switching valve 3, input

channel 4 and probe 7 into wash station 10, removing all of the remaining
cleaning liquid. The actual amount of time needed may vary depending on

thenvaleBLibaing sedianssine perdth @hthe channRie:hmhe ABeuicftite will be
secqnds usrglg in step %8 may be the same or different from the amount of

AR e ls P ol UALHR e R BPShHREth B® BSEBf ordinary skill

in the gaoeMlided Wythiulisatbspueprayisiéd hending, tenvasteliginé swewtion valve
ch ti will. be required to ut,the cleaning lignids. .

T EATE LIRSS St eIy e diaaale. s

setipiecsisbtsbesharileey 24 ayifervldindd dopm 6Yiriese fwd essiaieig B1 through the

RERIPHRNS §ENtEOhaIVGZBrsssudighed 1PcaRrbRel RUMRJRRBAG 228788 to allow
pump 30. All fluid is then e(ﬁ)elled out of pump 30 in steﬁ 92. Step 93

SKAGR firichRaphsByrured adh B cres thioneh velvs. A8 iniing, (ipR 16, switching
eanod|meni ohinadp e and iprvertionendss siatndpe rerhevignalinofitg ikmaining
its scope.. In.El a sequence of steps to add,re .bra

A G AL S

beingopseslvand They lenetheet hslghrgnstp [Ehamenpum pENZnsrorndsinsgépn step 88

Ay TREMNS S0 OB FRYEAP HONY ARNLALUAING d/iS BUHGHREEH0T80RReGsh cycle 68
pump channel 19 and pump 29. The probe 7 s ved to a user

J g then mo X .
0p1G B SageER 2 EHPSKE Y7l e e SIS B s herein
paahitératideihput mbeinrieleWil) issuingimd aspissbecorixndnckio: pgags 29

in step &?fﬂe vasgé{fgggg}ﬁ%@é{%t&% 110086 BIGREAY PIRRY is switched

and in anne e user of the system and may be any
seneuneAbsamashtoneb ik hrddiaklerr ket OBSPTHE epdY. igump flow
DRRAYRL HIM G KSRAH LU ERG MRS £ORRINARY 306 ReXtluid is then

sample to be loaded in step 99. The reagent is then dispensed intg
-§5ﬁ%§@ﬁ>mﬁﬁsmﬁaméﬁe& BY- iSEmG = AP SUBRIFHAR P o ARy 31
in step P0@2]ReaBrRt additon eycith&4ddmbbdimemsofoupletedtin diepntion and is

9L %gg]%?%%% @nﬁt(; Ié%}ﬁ?z%) Hgﬁ?gﬁe&%@%@ E"fesfi‘&;?s% add reagent on

hiald 0.2
acfgltlon cycC eri nch 6 of the system IS the Same as reagent

datheranshere SAle spvsHE IS SIGHF Rl e Berases atditiatcrys!petadens fitswvitching

control valve 17 to connect holding loop 15 and pump channel 19 in step 95. Then in step

96, pump flow control valve 27 is switched to connect pump channel 19 and pump 29.
The probe 7 is then moved to a user selected reagent vial 11 in step 97. A volume of
reagent is aspirated into probe 7 and input channel 4 by issuing an aspirate command to
pump 29 in step 98. The volume of reagent aspirated into the probe and probe 7 and
input channel 4 is selected by the user of the system and may be any amount necessary to
complete the relevant tests.

[0063) The probe 7 is then moved from the reagent vial into the sample
container of the next sample to be loaded in step 99. The reagent is then dispensed into
sample from input channel 4 by issuing a dispense command to pump 29 in step 100.

Reagent addition cycle 94 is shown as completed in step 101.
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corresponding elements of branch 6. The reagent addition cycle 102 is
illustrated in steps 103 through 109. Reagent addition cycle 102 starts by
switching control valve 18 to connect holding loop 16 and pump channel
2dimstapsiB3. Then in step 104, pump flow control valve 28pisTsusitoteahs992
to connect pump channel 23 and pump 30. The probe 7 is then moved to

a user selected reagent vial 11 in step 105. A volume of reagent is

aspirated into probe 7 and input channel 4 by issuing an aspirate

command to pump 30 in step 106. The volume of reagent aspirated into

thetprq@@egpd pf%b@ge?n@@ddméﬂt@W@@h‘l’oisbﬁﬁﬂﬁﬁtlﬁdobmwf&% of the same as
system and may maunt necess mplete re nt tests.
24565 FHTTD LR P Th R o ERBDTA, I GETs anfgfaaced with

@fﬂ@ﬂﬁdmgtﬂem Sﬁ'rh;ah&lxﬁbér leactegemt atbbtibﬁlkyﬂwelmagehﬁsmmdrin steps
ﬂﬁp oG Iri% Sé}g’] ed Oargldl c%fl"f’emiﬁk“ g%\dl‘,l %%“Qgr@cﬂ e&)%?roi valve 18 to

comman to pump |n step 1 8 Reagent tion cycle 1 2 Is shown

eneeshbiddingilrere o109 Joupelrioel2dswend8thed brrbBdisrcbwap flow
QRO ARNE R QD AlRci dIELESIRR JOimPUIAMEINEB i BriS ReRP 80!N THEprabe 7 is

a sequence of steps to mix and load the next sam Ie an both ranch s of

42 ENI 19 olERBSPET SEHAET KL M ol Bl GhicH ad G GBIE2Eent i
mb%dﬁﬂhﬁpmnsmﬁimwwm@ S&ﬂmezﬁmstarmrso&mmw pemp 30 in

'f@gt e'%@e SETRLS %e\’%ga'r%'{“c?s {%r b ﬁ) é‘oé“ranQ'ﬂ | channel 4

iX and foad ne sam le cyc e 1 y 'switching co
maavlgc_tﬁﬂt@wmmrmﬁdmgsm@p 25 BN HERAEN TS RS SSAEY tplqowlete the
sliepahltspump flow control valve 27 is switched to connect pump
channel 19 and pump 29. The probe 7 is then moved into a samp.

contait®PeFbr thd ResRreBinbIds S8 Beyed fﬁoé?ephflffaﬂeﬂ%gﬂaée‘ﬁﬁo ghe sample
sampter ofixhealaxe aamplepisdie thirbalthespoB&7/ dite: irpgtrchiatimel digpgnsed into

%ﬁ%ﬁense %.%L(ﬂtsh B¢l Q. RHDR agg@n%e&%a;ﬁ%smes@ m%&p 108.

info sample “contairier 9 by issuing a dispense command
Fsqaemipddtinrstyple 182 [’GGBVT”FH@ cqraplpieddesiebi@ o define any

numbqh@wjlIXIngmyclgssm@es&ameto&ﬂmmaterﬁhefdaﬁargehieﬁunguamba and is
user defined num er.qf mixin cles oL been com in step.116
o 3 bes hepat Sladin 8

frieRdsRdeuts ef)ﬁorep’éna‘ttén OISR T4 O HSwisd, STUSEF dpefln 25 gfend load

telmaxe sunaplaput bmmmm@mg mstignaiplestatbadio M@m@elmq‘g samples,
s&Zh\é/qxg %@éﬁ?%?@? &T&%Q%@Qé%%evﬂms%%@ %?lé&%ﬂt&%@rs 9, it may

he mix and load next sample cycle 110 is shown as completed in ste
!_:Lg_geslred to mix the sample several times before aspirating it m o holding loop 70. Mix

and load next sample cycle 110 begins by swn_chmg control valve 17 to connect holding
loop 15 and pump channel 19 in step 111. In step 112, pump flow control valve 27 is
switched to connect pump channel 19 and pump 29. The probe 7 is then moved into a
sample container 9 of the next sample to be loaded in step 113. A user defined sample
mix volume is aspirated into the probe 7 and input channel 4 by issuing an aspirafe
command to pump 29 in step 114. The sample is then dispensed back into sample
container ¢ by issuing a dispense command to pump 29 in step 115.

{0067] The system user is able to define any number of mixing cycles
necessary to complete the desired testing. If the user defined number of mixing cycles has
not been completed in step 116 then execution repeats from step 114. Otherwise, a user

defined sample volume and input channel dead volume is aspirated into holding loop 15
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100681 Mix and load next sample cycle 119 for branch 6 of the system is
the same as mix and load next sample cycle 110 for branch 5 with all
elements of branch 5 replaced with corresponding elements of branch 6.
Waeoobxiacsload next sample cycle 119 is illustrated in stepsch20s2007/003992
through 127. Mix and load next sample cycle 119 begins by switching
.control valve 18 to connect holding loop 16 and pump channel 23 in step
120. In step 121, pump flow control valve 28 is switched to connect pump
channel 23 and pump 30. The probe 7 is then moved into a sample

GRM3INR 9 themgxu3ampigdoRs IRRORMAMN SIRP shad1é HR8E d8W8dshown as

sample mix volume Is aspirated into the probe 7 and input channel 4 by

&R dtBcommand to pump 30 in step 123. The sample is then
dispenpréjack mii: sathpisccaatinnaiflchy sy dispreise oomesyittm is the
gg éj ggpn;‘)' Q altrllds }ggdlzeg'd 9191’26%% ;I' rc]: esyl%%r; Sa(lanr%lhs & %?tﬁo%ﬁegfgzge%?%/ ?ﬁ branch S
humber of mixing cycles necessary to comple{e the desired testing. If the

tepdacddfivigal surriremdingisienyayelet trancnbt HBeneompibicadmettpaande cycle
fHoNSXReHERA ERESIZ TS 433, RIBEMISR A M58 A5 RY3aMRIBegins by

volume and input channel dead volume is aspirated into holding |00f 16

WtiFPBiLﬁ‘ﬁ] ﬁ°§§‘?ﬁ ‘é"’dé"ﬁ 1860ERBRRK %@%&8%%@%5%&?@% d in step 120.
Ehewsipn 851, cpmplefledviratap! 12:Iv4 R @ salitehe § Aoarch s tshampactaifies 23 and
embod) t of the presgnt invention, and are,intended -limiti

o PR L e AR TSR0 T bt o b
vadedimeatrictZine? weminfinsdhsamels stithsodymens pseicdedpelg, thpgrobe 7 and

inisktraRMRIesandivwany Ieiipraing Yt PRI SeR 18- AlerBhe sample is
sample is injected into the inspection instrument 1, the time in which jt

tarr Simersahptetdrihoamade BET 2RISR G SRR T pume 30

ia spacially true if the inspection instrument 1 is a flow cytometer, where

ates eSS IR SR ABRIElL LsoS. TR SRR NG 'O SRR cyctes

injectio ser ost volume correspondi internal volume o

Neesdeaet CrrmmrieE e desined ndingh E Hsigveg fs8pcttdensdatindre cycles has
Rstoémesinlpiiad MoAPERshin stoR ddBnFRpexampie sibp 12t abiwdieike, a user

the sample is injected into, the inspection instrument may be as high
T TR DTS AT A SHACE] SEAMLERHATES i TR A P RH BT loop 16
sath penpirfécedticgolZ®e infheotion ansltriomd mertasarbplasynlph HY alsositown as
?‘9&%&4%%019& ealer. In still another embodiment, the rate at which -18
WO2007/106376 PCTIUS2007/005992 the sample is injected into the .
inspect®YMstruféit-idyand £8 Hbpraanstsitereedigiat of the present invention

and are intended to be non-limiting in its scope. In FIG. 6A, a sequence of steps to inject
the sample and wash interface line 2 on both branches of the system is described. The
inject sample and wash interface line cycle begins at step 128. After a sample is injected
into the inspection instrument 1, the time in which it takes the sample to traverse interface
channel 2 may be significant. This is especially true if the inspection instrument 1 is a
flow cytometer, where rates can be as slow as approximately 1 pL/sec. To reduce time
for sample injection, a user defined boost volume corresponding to intermal volume of
interface channel 2 is expelled from the holding loop 15 into inspection instrument I at a
high speed in step 129. For example, the rate at which the sample is injected into the
inspection instrument may be as high as about 10 ul./sec or greater. In another
embodiment, the rate at which the sample is injected into the inspection instrument may

be as high as about 50 uL/sec or greater. In still another embodiment, the rate at which
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or greater. This effectively brings the front of the sample plug into the
inspection instrument 1 in a short amount of time. [00711 -The injection

may be made either with pressure or without pressure. In step 130, if a
wazr@igingtselect to use a pressurized sample delivery, thensthersamptesesz
is injected into inspection instrument 1 by dispensing a user defined

sample volume with pump 29 at normal speed in step 131. Otherwise
steps 132 and 133 are executed. In step 132, control valve 17 is switched
to connect holding loop 15 and pressurized channel 22. The user may

SReCHY R deiRyesHiiiGIantiR RIGRLING SARRISIMEHO SPRCLIORs about 100 pl/sec

instrument in step 133. In step 134, cantrol valye 17 is switched to . i
Sh AR hold g IE 1o bh P RES IR HERHePD 114118 0RE, RIRg BN IRy dnspection
hleaningodkelay shstepridmteffiow. back pressure from inspection

INStrUTERY 10 DIMARIINICHAr S NARDEI D IO BrORRle JERRRIAN ddssure. In
Inject sample and wash inter acg Ine cycle _38 Is completed as showh in '
step1896i£1:00%2 1Rl Bo6RIshowgieja arassiiiehrrnplesheiiterfasetinbe sample is

mjg@c&?ﬁt&o&%@aﬂa%mﬁéww aRgeissihe saI0g asARIRrtSaPIPIcolume with

and wash interface line cycle 128 for branch 5 with_all elements of branch
pepiatetemmaloneshaheiy SlnfUErLTiaReH & i ifdieaarigd: In step

azr washinigiaay linewircled @/cimilitsthatathinistepEs1ag prrougheti4hannel 22.
user defined boost volume corresponding,{o internal volume of inter.

SRR S e S RSB MR B R R frumen

&t steighd3spdedtip A3p, restrrbraxarhplis, hdtehed &0 wonslsahboldingjeqp 15 and

NigIediRRINA . INSREGIRR IR Ypeely fﬂ%ié&%iﬁ%mg maliepitia8 K/sesw back
or greater. In another embodiment, the rate at which the s mplei IS ,

GBS FRB HREPRCBHE T oAD RS A HRGHSE SIBBF 58 (ige e veste
essgrastersinisjibasathge ambadinentriie ibe ayoihitl8 hesapiplalias shown in
[Srtl'éecfgg into the inspection instrument may be as high as about 100 L/sec

or ﬁreat'er. This effectively brings the front of the sample plug into the

inspeci®#2hstruiientBirskevoieshsempls ante wesb7AsjeThedijeetiisle 137 for
RNaYR% VRHE SHELWIR R BRSUS LI IHROULAASRSHHR. RSB IRARS IR cycle 128

user did not select to use a pressurized sample delivery, then the sample

: : P
Brikfaesdd ints thspbdieRaRsueh ety dresriny husersenndie clements of
SednEiesVaiheawgthapipRPag0 ahaoimalfspentdraiRpi340s Qtaeriiskin steps 138

R
2B9%dI0B 37 6 REvY $200 7He0590ixg loop 16 into inspection instrument 1 at a high
speed in step 138. For example, the rate at which the sample is injected into the
inspection instrument may be as high as about 10 pL/sec or greater. In another
embodiment, the rate at wﬁich the sample is injected into the inspection instrument may
be as high as about 50 pL/sec or greater. In still another embodiment, the rate at which
the sample is injected into the inspection instrument may be as high as about 100 pL/sec
or greater. This effectively brings the front of the sample plug into the inspection
instrument 1 in a short amount of time.

[0073] The injection may be made either with pressure or without pressure. In
step 139, if a user did not select to use a pressurized sample delivery, then the sample is
injected into inspection instrument 1 by dispensing a user defined sampie volume with
bump 30 at normal speed in step 140. Otherwise steps 141 and 142 are executed. In step

141, control valve 18 is switched to connect holding loop 16 and pressurized channel 26.
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The user may specify a delay sufficient to inject the sample into the

inspection instrument in step 142. In step 143, control valve 18 is

switched to connect holding loop 16 and waste channel 25. The user may

Speeifyraishsaning delay in step 144 to allow back pressure fREN/US2007/005992

.inspection instrument 1 to backwash interface channel 2 into the waste

reservoir 13. Inject sample and wash interface line cycle 137 is completed

as shown in step 145. [0074] The high-speed sample supply device

disclosed herein is useful to deliver samples to any type of inspection

NairnenkyRiarRbivethe sericendiscigeetiHRaraipIS W thto SIaBh instrument

samples to a flow cytometer. Flow cytometers are well-known  analytical

B AR B BN TSt PO SRR, LR agRy 16 and

sabteaclivelyl SEparate anerisoigteppaificiesleaning dplegifindepopddios.allow back
For example, the high- speed I ly devi in. flow,
e DS LRty TR SATE RN TR SOEF 4"l ne wase

88670713 .5 s bommpladad7ozsdatesirest iy drelRdrengompleted as shown in

igpyagrated by reference in their entirety. [0075] All patents incorporated

by reference herein are incorporated by reference herein only with |

respectd®He patticuRiBRHESAISAIRE FHRRH S B6 Hsglosedk herein is useful to

Htinefagivrteand misthoss of lispcddsaripechiinersin Piéfesdiyattiat deedeotisclosed

B%r%?ncig%’le tréagellﬂf%%;%%t eq:; t{’é{ ;{‘?{Sr Qg‘t%rkoe Qr(? %’f&%‘%?t%%e@%?@ weli-known

patents expresses an oplnlgn or presents any representdtion,

ahaipaicedriealiorhabrrgediiriom esliiee exyabdhpurapg mrprisstiorrhywend and can

ReceRsigntnithineonieipasidiepIRseatiensical Rtz AR Rlmple, the high-
definitions expressly made herein. [0Q76] While there

have been
SRR T5ERP AR, S 7D S BT CORTER AT o Ha- Patent Nos.
eMmdirpe 51823 260; pFet TAy entitd) 502 emch cgTiSaiiRt s thfe which are hereby
i ] i se skilled in the art from the
%g%&%%%&é%?@ﬁl@% e?ér?qq{}eﬁgﬂﬁéd to be secured in the appended
claims HP8kch mdHifiegiaeis BsTaPwrAirPhasirenssirhapi stpdnepiprrated by

layeBHONhACGPHAINON VR8bis deSike piaiBalasReeai By disiakteRalg Prigesses of
the il%ention s de ingd dedi ereg'éi&\t&g in theiﬁolslgwé?eq‘ %Iraeirrrllos. -2 . considered
BPRHREg 2], BERRs A5 Y5t SR BT SER bl e s i SRR e U maRt Tor ‘
analysistedohyprisirgnee fisttbie maeplinny wiicheise thatdintt sapagiecsl@livopymion or
Bpeesents any representation, characterization, or definition (either expressly or by
implication) that is inconsistent with the opinions, representations, characterizations or
definitions expressly made herein. 7

[0076] While there have been described herein what are to be considered
exemplary and preferred embodiments of the present invention, other modifications of the
invention will become apparent to those skilled in the art from the teachings herein. It is
therefore desired to be secured in the appended claims all such modifications as fall
" within the true spirit and scope of the invention. Accordingly, what is desired to be

secured by Letters Patent is the invention as defined and differentiated in the following

claims.
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comprises a first sample loading and injection branch, a first sample
holding loop, and first control valve located within the first sample delivery
line; a second sample delivery line, wherein the second sample delivery
line comprises a second sample loading and injection branch, a second

- sample holding loop, and a second control valve located within the second
delivery line; a fluid flow management mechanism comprising a position
switching valve for alternately connecting the first and second sample
delivery lines to the instrument; at least one cleaning fluid delivery line to

supply mmid to the first sample delivery line and the second
sample 1ine; at least one sample input channel fluidically coupled
to the first sample delivery line or to the second sample delivery line by

the position switching valve, glgc%relgetl@‘?eat Ieast@ne sample 'Q%Jetnt for

channel comprises a ToBOAE sampier POSHONIAG S%i%)eat%é?sct:%mpnses g{mly‘c’ls’

least ongmpakignd a wash liquid selection valve for delivering cleaning

fluid to the first and Si%&%%i %%ﬁ?%lﬂeg glivery lines, go that asrg%‘fléean&ielivery line

cleaning fluid altern&t Ve Trst 8hd S&cofidr s&M
delivery lines.cdmbhigea ppaiatusaaiidaiordinw ek i e po siiarciswit clitsg sample

valve comprises a four-way twozpasition switching valve. 3..The ‘
apparatus of %fiﬂW%,Tﬁﬁ?er t Sﬁo%?ﬁgﬁig\)@l gﬁinacia/t@aﬁ%ewééfgvll{lck%% _ﬁrSt sample
between a firsgahregde lamg a second mode. -21 4. The apparatus of Claim

3, wherein the first mode of theﬂfﬁ? sirgcin sw'ﬁchin vaI.vethuidicaI!}/ cou Ieg i
the first sample delivargIHig BTRAGSStFRaHEA eﬁﬁllf:’iic}%;fil)sleggll}plse g deHvery
second samplgndefivapyibiaedatbensasaplgidnpatinhandehibetldie branch, a second
apparatus of Clam].B, erein the second rréode of thglé)o ition SW&ChI

valve fuidical PEBUHHELHHE 2P S AEHRH SR RCSARDRIARAE seoond
channel and flgigieallyigeuples the second sample delivery line to the
instrument. 6. The agp%[&%lsfgvgi l?rilra{]ng'g'evr\gé%{eirgéc eariggplceo}gggép agdposition
switching valve for alternately connecting the first and second sample
defivery lines to ﬂlé instrument;
at least one cleaning fluid delivery line to supply cleaning fluid to
the first sample delivery line and the second sample delivery line;
at least one sample input channel fluidically coupled to the first
sample delivery line or to the second sample delivery line by the position
switching valve, wherein the at least one sample input channel comprises a
robotic sampler positioning device that comprises at least one arm; and
a wash liquid seiection valve for delivering cleaning fluid to the
first and second sample delivery lines, so that sample and cleaning fluid
alternately flow through the first and second sample delivery lines.
2. The apparatus of Claim 1, wherein the position switching valve
comprises a four-way two-position switching valve.

3. The apparatus of Claim 1, wherein the position switching valve

switches between a first mode and a second mode.
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injection branches of the first and second sample delivery lines comprise
symmetrical sample loading and injection branches. 7. The apparatus of

Claim 1, wherein said at least one arm comprises a reagent transfer

pump. 8. The apparatus of Claim 7, wherein the reagent transfer pump
comprises a syringe pump, a peristaltic pump, or a diaphragm pump. 9.

The apparatus of Claim 1, wherein the apparatus further comprises an
instrument fluidically coupled to the fluid flow management mechanism by

an interface éhannelhi@pphetappirataisiod Cdiered, tkbdisinrtiode of the position

instrurrg%q%c ?rEQ %Pv%sf%ifé?é’é’n%é’@%se fhe %121'st sample delivery line to the instrument
and fluidically couples the second sample delivery line to the sample input
channel.

5. The apparatus of Claim 3, wherein the second mode of the position
switching valve fluidically couples the first sample delivery line to the sample
input channel and fluidically couples the second sample delivery line to the
instrument. |

6. The apparatus of Claim 1, wherein the sample loading and

injection branches of the first and second sample delivery lines comprise

symmetricai sample loading and injection branches.

7. The apparatus of Claim 1, wherein said at least one arm comprises
a reagent transfer pump.
8. The apparatus of Claim 7, wherein the reagent transfer pump

comprises a syringe pump, a peristaltic pump, or a diaphragm pump.

9. The apparatus of Claim 1, wherein the apparatus further comprises
an Instrument fluidically coupled to the fluid flow managemént mechanism by an
interface channel. |

- 10.  The apparatus of Claim 9, wherein the instrument comprises a flow

cytometer.
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