HIGH SPEED SAMPLE SUPPLY DEVICE CROSS-REFERENCE TO RELATED APLICATIONS
100011This application claims priority to U.S. Provisional Application 60/781,103, entitled "High Speed
Sample Supply 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 100021This
invention relates to a sample supply device for sppplying an inspection instrument, such as a flow
cytometer, with a plurality of samples at high speed. Description of the Related Art

[00031Traditionally, sample supply to the inspection cuvette of a flow cytometer has been

accomplished by pressurizing b e HNARNPRISIVPIE 1Y bEsmalgzed, causing the sample to flow
into the sample supply line. Automation of this traditional supply method is difficult due to mechanical

issues with automatic positionj @ﬁl% tainer ﬁﬁg@ a supply method is also
prone to creating aerosoé&%%%gé%’gggr ous ma eﬁgﬁfggmqgg method of sample supply, which
is sometimes implempntedis§lapptiyatioeteksmis @siprigtiole ol s&mprevisionte Applieiommeter syringe
pump and thepn expulsian of t le into f MARIRLSUYEHRI NG drambagkpbilis method is
that pulsaﬁé}ﬁg E@t@&%ﬁ%e%@f&%@%@ﬁmﬁﬁgﬁﬁﬁ ampfi?f/l_Jnois_ez gn_the measured signal.
Additionallie doatamonfiwiittinme hetpbiydekfoparaiehmgtecvee indhphptatmdgreat and slows the process
for analyzing samples. The washing process cannot begin until sample has been fully dispensed into

the flow cytometer cuvette, resulting in reduced throughput. EJOOS] Another method of sample

supply is described in U.S. PatdhNeCE BB Wﬂgﬁﬁé\’ﬁm "hcorporated by reference in its

entirety. T %i{?%?tﬁ: L disgloses that higher throughput may be achieved by creating two identical

branches Eﬁﬂté‘ﬁ‘p@r oér'm' Ssimultaneous sample introduction and washing. When used, analyzed

samples stick to SEhannBhsoforREER e R EIrgTImee I EMPLE S EHEh IS BRIy Major carryover

issues in SUBSEAYERIAARBIR, anaiials bke:prgiaR pray eaaprondsiandor tigiasgaashing of an
a y

interface c’h nel between the sample supply device and the
Description of the Related Art

[0003] Traditionally, sample supply to the inspection cuvette of a flow
cytometer has been accomplished by pressurizing a tube containing a sample to be
analyzed, causing the sample to flow into the sample supply line. Automation of this
traditional supply method is difficult due to mechanical issues with automatic positioning
and sealing of sample containers. Such a supply method is also prone to creating aerosols
of biochazardous materials.

[0604] 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 can greatly amplify noise on the measured signal.
Additionally, the amount of time required for washing between samples is great and slows
the process for analyzing samples. The washing process cannot begin until sample has
been fully dispensed into the flow cytometer cuvette, resulting in reduced throughput.

[6065] 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



2 flow cytometer. Furthermore, the prior art fails to teach any provision for rapidly washing the system
with a cleaning liquid. SUMMARY OF THE INVENTION [00061A method for multiplexed sample
analysis is provided comprising the steps of (a) robotically obtaining a first liquid sample from the first
of a plurality of sample sources; (b) delivering the first liquid sample through a first line to an
instrument for analysis of the sample (c) robotically obtaining a second liquid sample from the second
of a plurality of sample sources; (d) delivering the second liquid sample thrOL{l;%? a sgﬁlond line to an

[ a

instrumerfidorcatmiytis; Feytbtenamgieedecahiln o imne tHE FRRPARE EdEREYRG S ple to the

instrumeny; ﬁsgglﬁga goaning.hgfirgkiine while the second line is delivering sample to the instrument. In
one embodiment, the method further comprises step (g) repeating steps (a)-(f) to obtain and deliver

multiple samples to the instrument from all of the plurality of sample sources. Preferably, the
instrument is a flow cytometer. IngagthareUFOdHEEMYVENTISNUMent is selected from the group

consisting of a spectrofluorometer, a fluorometer, an albsor ance mete&egnd a %g{gﬁggpe. 100071In
pe '

an embodiment,[9886first haEeReIHaNBHERSHADIERE RS ERaR Ped by the mspection instrument
may be inggpepelentiasiented-bamithe obuplepisisinplofcheticaicompa wigslitntbodies, beads,

live cells, or fixed cells. Any,sample typically.analyzed by.a floy c ter, PG nshagtrofluorometer,
fIuorometé%&ﬁ@ﬁ%é%@?@ﬁeﬁﬁgrg‘fc%% anuﬁo%ﬁlélﬁ) l%é‘?{%gouag %ﬁ%r%?ument that receives liquid
samples mayAgiyseds 100&hkeanythaseinbydivientnthe mvetndd!favidaaswapficastife steps of
delivering a first reagent to tggsﬂrst Ilqswd sag@%g%}‘g

A H H . d
delivering second 4t 4 R ‘éfélé‘ﬁ’t le Source Alﬁgtﬁ??%@mﬂlﬁi&ﬂmﬁﬁ&@tfgm pstrument an

se_con(ci fiqurd sample before the sample is delivered to the
instrumenteddad firsttand ﬁeﬁmﬁnﬂbgmﬂ@ﬁmﬁebé@u@géﬁm@@ﬂy%@@d&qﬁ@ﬁlﬁﬂﬁ@@%‘ﬁp consisting of

chemical compaunds, antibodies, beads, | [ Jxed gellsidp wiilianethepembediment, multiple
reagents r‘?ﬁ‘;{n %%nﬁaﬁgap(}%hees%srﬁrﬁfgggg’fé}ég hé%ﬁp%eﬁis injeclted into the_ instrument. [00091In
another erihibeiingngnapomtitbiviaiemiain dteand embegisrsle dinipethad HRBHECTRRGEyY of liquid
sample in Setgcla

b f?fréh%ﬂ?t ol seeRd gt biscaniiel Val¥gpB kA GoBnestattanaeigiional ines.
uch lines may-furtner provide the delivery _ ]

from all of the plurality of sample sources. Preferably, the instrument is a flow cytometer.

In another embodiment, the instrument is selected from the group consisting of a
spectrofluorometer, a fluorometer, an absorbance meter, and a microscope.

[0007]  Inan embodiment, the first and second liquid samples that are analyzed
by the inspection instrument may be independently selected from the group consisting of
chemical compounds, antibodies, beads, live cells, or fixed cells. Any sample typically
analyzed by a flow cytometer, HPLC, spectrofluorometer, fluorometer, absorbance meter,
microscope., or other high-throughput-instrument that receives liquid samples may be
used.

[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 sample
is delivered to the instrument. 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.

{0609] In another embodiment, a control valve alternates delivery of cleaning

fluid with the delivery of liquid 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



3 of air pressure or system liquid pressure. Additionally, such lines may further provide a waste
channel. [0010]An apparatus for delivering samples to an instrument for analysis is provided
comprising a first and a second sample delivery line, wherein the first sample delivery line comprises a
first sample loading and injection branch and the second sample delivery line comprises a second
sample loading and injection branch; a fluid flowsmanagement mechanism for alternately connecting
the first and second sample delivery lines to the instrument; at least one %lea%nin flugi delivery line to
supply cleafhiingpfhsicito theyHewm Himhgesmrt nfedHEpmay; PRe RSP ﬁf/gf?/vllin‘ﬂ"e,ai and the
second sampje "EEHXSW line; at least one sample input channel; at least one control valve for

alternatelf etﬁvcerlng cleaning fluid to the first and second sam Ie.deliverxtliggs SR that sample and

cleaning fluid altéHHEbly flow MFSTRGES RS M e SEBRE S An Bl HEIRT 15 SR Bie embodiment,

the at leasf ona eaningsilid dekvent ing cHaplisspiedting fllictiovitecentire Systeamplacluding the
inspection’ instrument.”[0011]In another embodiment, the fluid flow managemen gﬁngﬂpism
comprisesialiyesitEe SOmBrRRY A Hves R 8§%{‘i’2ﬁ1%i’l‘@ﬁ?ﬁlgo I\l/é \?gan: g?/f:%%sgﬁ%}é&g four-way
two-positiQRsWitching yatuRisthe tyeeopasiiarpieviidaling wab énjnatjonobrpribe avidutdodes. In one
embodiment, the first mode of the position switching valye fluidicly.c uplas frst.gappple delivery
line to the WAEPEFHERT ﬁ?‘f‘ﬁ‘lﬁﬁ?ﬁ’i’&@{&g‘ﬁfgﬁ ecsotlanéeégr?lud1 %f\;l{hrﬁpfg%gﬁ{\ée%/ ﬁirlle ot e samallg input
channel. in;another-embogicrent, 1tas seeataningdbiof dabveosiiiontewiningeaaivs Awdi@ly couples the

first sample delivery line to the sample input ¢han nd Juidichy couples the spigodhprmple delivery
line to the ThgHIN ARSI er?lie{]a%lr%%b |Fn§%1% ?%%pgam%le%adinb and injection branches of the first

and secongefiasrpitnselveastinesseompiprispus pimmsli chiesssie toREM AR feltsBiateanches. In
another enbpdiment e st PTG NG 46 SOAURRSA LS T ingloaiand e

second sa ‘ée’alé%\ﬁ:tl-:-er%/nﬁl > 'comprises a second sample holding loop. In another embodiment, a first

control valviasitgclted altithiatehelfirattrmghetselivé qpfrecand ool At et BiSatfe%iocated within
the second sample delivery ljge. I oG ERIDAGINENSe- 8 i ShppeksesaRthganidkvaties each

comprise S ftidic channels capable of coupling the first and second sample holding loops to one of
the four fluishicre kgateral snchidise HddsperiiMUIBEEREMNels may be connected to output ports of 4

pump flow controlyalyes, ajleasiane glosningefvicdelivary lmsy wasiegdisposateataaisantrolled air
PrESSHIE Sgg;fpeﬁses a position switching valve. The position switching valve may comprise a four-

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 instrument and fluidicly couples the second

sample delivery line to the sample input channel. In another embodiment, the second

mode of the position switching valve fluidicly couples the first sample delivery line to the

sample input channel and fluidicly couples the second sample delivery line to the

instrument.

[0012] In one embodiment, the sample loading and injection branches of the
first and second sample delivery lines comprise symmetrical sample loading and injection
branches. In another embodiment, the first sample delivery line comprises a first sample
holding loop and the second sample delivery line comprises a second sample holding
loop. In another embodiment, a first control valve is located within the first sample
delivery line and a second control valve is located within the second sample delivery line.
In some embodiments, the first and second confrol valves each comprise four fluidic
channels capable of coupling the first and second sample holding loops to one of the four

fluidic channels. These additional fluidic channels may be connected to output ports of



BRIEF DESCRIPTION OF THE DRAWINGS [0013]FIG. 1 is a diagram showing a configuration of one
embodiment of the present invention. [0014]FIGS. 2A and 2B show a top level diagram showing an
embodiment of one operation of the control unit. [00151FIG. 3 is a diagram showing an embodiment of
one sequence of control unit commands for washing both branches of the system. [0016]FIG. 4 is a
diagram showing an embodiment of one sequenge of control unit commands for adding a reagent to
sample containers on both branches of the system. [0017]FIG. 5 is a diagram showing an
embodimgatf Bew segqridnatves, coritrst unit dorinafliEddekiismdiah FEEIAEPSAh B on both

branches of th%sxgtl?n}' %nmd SOUIL(%OlSl FIGS. 6A and 6B show a diagram showing an embodiment of
one sequéﬂ'&‘@o lfecontPo? tnit commands for injecting sample and washing interface line on both

branches of the system. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT [0019]

The term "pressurizing means; 2% yedHiessibieisrsigryriamaGmethods for providing pressure

into the channels of the device. Non-limiting examples of pressurizing megns jnclud%{l_(laegulated
compressed air 3h tankCa }é@ @l diegrasy showing a configuration of one embodiment o

present invention.

{0014} FIGS. 2A and 2B show a top level diagram showing an embodiment of
one operation of the control unit.

{0015} FIG. 3 is a diagram showing an embodiment of one sequence of control
unit commands for washing both branches of the system.

[0016]  FIG. 4 is a diagram showing an embodiment of one sequence of control
unit commands for adding a reagent to sample containers on both branches of the system.

0017} FIG. 5 is a diagram showing an embodiment of one sequence of control
unit commands for mixing and loading samples on both branches of the system; and

0018} 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

both branches of the system.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0018]  The term “pressurizing means” as used herein refers to a variety of
methods for providing pressure into the channels of the device. Non-limiting examples of
pressurizing means 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 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.

[0622]  FIG. 1 shows one embodiment of the present invention and is intended
to be non-limiting in its scope. In FIG. 1, an inspection instrament (in this case a flow

cytomneter) 1 is in fluid communication with a four-way two position switching valve 3



compressor, and a syringe pump. [00201The 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 storage means include a 96, 384, or 1536 well plate or a rack comprising any number of
test tubes. [00211The tent "channel switching means" as used herein refers to a switching valve that
directs fluid in the channels to desired locations 4n the device of any embodiment disclosed herein.
[0022]FIG. 1 shows one embodiment of the present invention and is intended to be non-limiting in its

scope. In kG flexibldispaictioerstrmend @n Hhisiatestios AR EReteSCRSEYHHLAE Tmmunication
with a four-way two.position. switehind Yalve:3 witiag figxiieciuidieinientacevehanniehg. The interface
channel n{(ﬂ? conszrlicted of any known tubing material suitable for, uswjth an [Qﬁ? ection

instrumenéxiopleimifinbinampksibifen i Fiateaa PRl Ml PR AR A Bther tubing

materials Invalvegin e presenblayenian RaLIAR DInsnadn i diecsliponirobviny chiorine
(PVC), poﬁ}e‘f ar ether ketone (PEEK), polytetrafluoroethylene (P | F@ﬁ ar{iﬂrgﬁ other. seful polymeric
materials,@ﬂm@aiﬁfﬂ%)eﬁté%%b%é#ﬁ@%ﬂ%@%?nﬁ?@g?ﬁu pSiTAdEE anne%ém may%ave an

internal digmeter. fiam,ERuaHY BhRR05id0 abaulyesRe) peiibiafigh, atheolsmeislet intdmal diameter
may be appropriate depénding on the inspection, jnstrument used Thgb\éa{v%%s\@gt%{;&ﬁ sample input
channel (intstfeehahwale) 2 AW iterraRSURERN S EVESH t{/(\’/%gglfmme'friéa sample loading and

injection bpanghes alAle SystemBsanifethaa dishaesiion b tppowitetidgpratingonibach 5 is fluidicly
coupled to_input’_cha}nnel4and interface chapnel 2 (and thus, th irﬁseg tiap instiumentyl) is fluidicly
coupled td@i&@@ﬁ@”@?ﬂ%ﬁ%@?%l\@%‘fgg REGRISD teécicg1 3%605|t|c?qnt€()r{$g%%shown), t;ranch 5 would

be fluidicly;counlaaininiriaserchanasl AvashihesidthsansrsioidingrstiimentionPameisDut channel 4
would be fL?%glgyg%lﬁgegg ﬁt?ralg%hfgét position of the switching valve 3, branch 5 is fluidicly
coupled to input channel 4 and interface channel 2 (and thus, the inspection instrument 1)
is fluidicly coupled to branch 6. When the valve 3 is switched into a second position (not
shown), branch § would be fluidicly coupled to interface channel 2 (and thus, the
inspection instrument 1) and input channel 4 would be fluidicly coupled to branch 6.
[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 f)rovides the input channel 4
with an appropriate sample. Any type of 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 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.
[0024} * 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 probe 7. Non-
Jimiting 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,



[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 provides the input channel 4 with an appropriate sample. Any type of sample that
is analyzed with by an inspection instrument may be used in the present invention, including liquid,
gaseous, or solid samples. Non-limiting exampIeF of useful samples include chemical compounds-and
biological compounds. Some non-limiting examples of chemical compounds include chemical
reagents, SMERts, TRiGHOSISIPODSS, bbatissans ayesh Reetdrable, ¢fiéchemicarsimgaings comprise
compounds that are zn wn and used in an HPLC or a flo ! i o instryment. Some
non-limiting &XEnfHe é)f Bib%&%%%il OB SUaE Rt e‘rjuf)YI\(l)}%ccﬁLl gﬁr%?gr{%ﬁgi%%es%gg (%%ﬁgs dead cells,
and microangamismis. dhgosielisinayidviér8nisheapebls dnirnaising seckss BAHARERIE AR, ©r viruses.

D LR SioIS8) SO (O HBS FAURHO 1SN AR IIPUABACUSELiNA fow

cytometer ectiérinstriment. he positioning device 8 may be any device known to one of
ordinary skithis foe dufivEie posiitinef desdents indyenumptamaiderptbemBubodiepiboler. Non-
limiting exarpples of positioning devicasdnglide g:Catgsiandabais, sarapler angl ankatawt sampler.
Another efé@r%‘lce %@Saéﬁ%ﬁ%g de@ice 8 includes an >§YZ positioning device, 6 such as a Tecan

MSP9250 rebutiingampiertwithsermplssriaibe Bensiominsranrrit ingangher sgkodimesh%n 7 axis. The
positioning aecuragy of this deyicensAPM: apRl axaslhe: ZaxfrbpasHioning devices is capable

of mounting probes of diameters up to 0.078" via a set screw. In another e bodimeén, the robotic

sampler comphisesmbparaeata s 1BPUSIVARRIEE CRRIBIFST B2y 8RS Bthd SamiRETEE. P nother

embodimenpg, {BgFholis SAMPIIGOMRSen sePaRMBdEpE, fE sxdmplenaltivena, thriee; or four arms,
for deliverin% a variety of samples to the inspection instrument. | anoépedri em?otgiment 'tpe at least
r%b%?ﬁ odrm! rgage

one sampléelnprgeatiaficriamplgnist fRd SeHec e ifer gt ¥

eV|ce.nI|’1 aﬁoﬁ%%rnembodiment,

the rObOtiC%ﬁﬁé@mﬂﬁﬁﬁ&\@sﬁﬁﬂg@ paghphe setandapumpontardieshageapenpiransfer pump In
one embodiment, the second arm delivers a \ﬁ?ﬁ%of rea eqts for ?{R%e first %rl]gt%%cond
nttra

reagents. In anott{@ﬁnéhbo&)lf:ﬂ@?lz Wﬂ?aﬂg %Plblﬁn‘?ﬁ 8’81%‘5??5(35 a s?%aéléppump, a peristaltic

pump, or a iR WRtARLe syst@R25hRiabembodayde, anybkrbompiregasysieless wtseful in the

transportation of samples within,the system. In embodiment be. 7 I inless steel
tubing of atS‘b‘t}Pé.6?2‘%‘1&&&%%&?&%@6&?5£§§3Utaﬁgoé ql}?]r?é[ar iarlﬁlg%gr%%é%?t%%gh other
~ tubing dimexnsiens: angezantenppiatedsibor axaropientie@D BittheepmbetindyDaridieopmebeen about

0.050" and 0.100" and ID of the pro ay r e " . A typical
probe tubinﬁ%r{ﬁﬂgﬁs%g%eﬁfl 43‘85%% 8‘)083%; b%ﬁ%@?o%%ﬁ%&&%ﬁg@%ﬁg ygjegho%%%mpley |

containers QbaﬁdOﬁag’élah&(i.dbsmﬂw&ff’arénmammbmbm@miﬁsqw.6’583@%%@3%@ to reach
e botom LSS SRS EERR b LR Shr apbimas ey ol e
7 in the encuef BakisPoéfoudiiopingaddvicye: foRehriobr 155 thp ke phsanplttangular
opening m%%@li@%deljsp g) and reagent vials 11 without end of Z axis impacting top of the container.

An additional 1”7 may be added to this minimum probe length to allow for mounting of

probe 7 in the end of Z axis of positioning device 8.

{0026} In one embodiment, probe 7 has a rectangular opening machined into

its side, starting about 17 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 ID of the probe is

0.063” and the input channel 4 may optionally be friction fit into probe 7. Input chanmel 4

may be extended from the tip of probe 7 by approximately 0.5” to avoid contact between



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 oginput channel 4 may be about 0.0625" when the ID of
the probe is 0.063" and the input channel 4 may optionally be friction fit into probe 7. Input channel 4
may be extensige fiam tregipbel pradetit by approximateijc0dhtoavoR] wbmachbetwdln 7 the outer

wall of probe 7 and the contents of sample containers,9where §e tpdggrs.dre relatively flat,
for examp‘f@‘,“ﬁl%ﬁﬁéqlrﬁig?é’% §§t5§\feeli‘%?£%,’ a(‘)r:e é:‘f Siil;g}\év{jge’llgp gl%;{sv'.% ? Zlg’lgl?r?e positioning device 8

can be copurianded to move probe 7 among several devices, including sample containers 9, a wash
e o oo A FRARARS, RGehing (AMRMAAP o oM aRbd et eomple
containers 9 ma mployed in the € odiments described herein. Non-limiting examples of sample
containersénalaidistites, iacksipgrspnisingonteiyiery Ansoras Brdemiferdsey shihaersiates of 96,384,
or 1536 wells. [002811n one embodiment, the Wash StaleRAP istauRistiRa@vpsiayeservoir 13 via a
large borequiﬁir? gégﬁaﬁee{foﬂ.an%a other embodimen , the waste%gl_gervoir 13 is physically located below

the wash stationet0ito titowashordiicuidsdesgsiirsd harsimne NaBHBLREnFEBIHWE TSRS waste
reservoir 13 undet, ?ﬁ%‘,tﬁ@rﬁﬁ?%ﬁﬁi%ﬁ%@%@@%ﬁﬁmdiiueﬁealpahwmeter large

enough to prevent air in the line upon drainage of any waste material. The typical internal diameter
of a wastec$ttiGi$4retid THarieks- 14 is not less than about 3/8 inches. 100291In an embodiment, both

sample loading aggrigjection HADCRESARGHR MaiieshYiRienDaseddsieicakinamnfiguration and are
each independently controlled. In an embodiment, each branch 5 3gd 6 consists af qfample holding

loop 15 antB 162 relsseeboatydrabnetorpal s 17 ahtbes crRReimRL P BARR R T8 roudh 22 and 23

through 26, respectively. PUBIRYIBWY GantehieHVAR 3 R 28 RefBtivelidintbphenpsst9 and 30,
respectively.’In one embodiment, the sample holding logps 15 and 16 are f{“%ﬁ%g%‘{g{?d to the
switching viGens1 nte flaredinhent ek IESFRYRE 1 Id%%ﬁo%’ﬁ?‘fs and 16 are constructed of a length

of tubing hgying.iniernal MekIme EealalRaRinerpasmuty plemetairbain plalthiincandse loaded and

injected by th tem. Thi that th i \ ici
oo by e S T ensures ' SAP 5 ASinA59R% . 20KhA0.0 ahfiiont volume

channel 14 is not less than about 3/8 inches.

[0029] In an embodiment, both sample Joading and injection branches 5 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 valves 17 and 18, respectively, channels 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 interal 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.

[0030] 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 haif times greater than the maximum volume of sample to
prevent saraple from being aspirated into control valves 17 and 18. In one embodiment,

both control valves 17 and 18 are selection valves comprising four channels capable of



may be injected therein. [00301The other end of each holding loop 15 and 16 is fluidicly coupledto

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 sample to prevent sample from being

aspirated into control valves 17 and 18. In one embodiment, both control valves 17 and 18 are

selection valves comprising four channels capagle of S coupling sample holding loops 15 and 16 to

one of the four fluidic channels. For embodiments not requiring as ng{;ln , flujdic cpan%els, the selection
t ’uéé €18 or

valves maguptingpssends heldiag doenshkhiams 1 BrEket ubgirens fectiBHValves with more than
four chanpels gan he wseddnerdeliampvidriadailiona), waskingtapaiiliiesaf dhersystem.  [0031]

Control valves 17 and 18 having multiple chanpels prov de.ma%advan{ﬁgg&gsﬁfea res for the
invention aiefseriBe Ao ABAEISEI AR PHRESE! 51 7 B CEIEEVETy connedt sample holding

loops 15 gig 16:10.088 @bk passible-chanadigiddal dinghingpabatifitennisbterytershannels 19, 20, 21,
and 22 and holding loop 16 is connected to chanpels 23, 24 and 26..[0 bodiment, the
control valves 1# 18 &ﬂ?ﬁ?’sgaéﬁﬁnﬁilg"}%rlé:ﬁrlnaﬁlg} %Dl?lr#gslg}?aﬁgael}gei%%a%ﬂ%;rgéggonnected to
output PoLts, AftRLRAR foweebolhdaivestin dasddospeotiviel FIBupofiowl gelntol Tandes 27 and 28
are normal three way valves with 3 common port,.a normally apen per Aiharmally closed port.
The comm®aeH5HES B‘Eﬂﬂf)cﬂwg%enhpropf@%%@sp i'}garallc]i‘5 ?‘8@ ajarée()ggnc’rﬁ)a%t‘letdBI ?ggbumps 29 and 30, which
are capalipafaspisating anebgirpedsing lisuids. 18, 830 eMboditnghtaplinhdiz leer B0 iSre each

independently a syringe pl%xng l—%())w %ﬁger types of pumps may be used. Non-limiting examples
include pé’ﬁ%ﬁfﬁ%ﬂrﬁ}fg’é s éi’a 11 agm pumps. In an embodiment, the input gorts of pump flow

control valves 270882} 28 dreaaamiiectizokte, theystamllipligsdIemditBommipe I§dofid useful in

allowing or aiding performance qf,the jnspection Instrlyment May,BRISEH.NO AN iR axamples
include waEPPEalirE B %Pélsepﬁw%?e- é?ﬁ?r)e chm%&%OOS?:]Ir}%;% embodifnent, the control valves 17 and

18 comprisgwelaTnels 18 rapiitgebie dhimg floid convakiabied eleard R Bysema\i @ annels 20 and
24 are both fluidic%cap%glg%to ea%h ot g&ﬁjﬂg %&@%RU@B?MWMQ@ %_Th@lyvash pump 32
t

is fluidicly‘%ﬁeﬁlé)‘a 0a comnqgnpgo?t of a three way wash liquid selection valve 34 that comprises a
common poemmonemaky ppep How cantiod vebres AR 2eb 38 asssienreréeA P EmPopEftioft of valve 34 is

connected o system “%‘r'édcﬁ §fr‘é%§§$én¥iﬁi§ﬂl§£kﬂﬁ'z 0d the-ngrmaihnsiessehpombaivalve 34 is

connectedto C eanlnaahqw eservoir 37 via channel 36. Wash pump 32 in this embodiment is a

diaphragnspura pachpadsipcoficapichspurapprale SHNG U BRI A FVEINE 83 BHs. Other
non-limiti egﬁnnﬁglf (g;(g[%g?eglehqagygs ﬁgﬂg&ﬁ{& b&ﬂﬁ%d fer PUmRiRgAd yidsghrough she system

include perlg?at [ nd a pressurized reservoir, 9 [0034‘}In %nzgmbodiment, the control valves
ant

IC, syfinge,
17 and 18 a:xﬂm@imt;ﬁh%mmmfgprts of pump flow control valves 2 are connected to a

system liquid reservoir 31. Any system liquid useful in allowing or aiding performance of
the inspection instrument may be used. Non-limiting examples include water, saline, or
phosphate-buffered saline.

[6033] In an embediment, 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.



waste. Waste channels 21 and 25 are both fluidicly coupled to each other and a waste reservoir 13 at
a tee junction 38. [0035]In an embodiment, the control valves 17 and 18 comprise channels for
controlling the pressure in the channels. Pressurized channels 22 and 26 are both fluidicly coupled to
each other and a pressurized system liquid reservoir 39 at a tee junction 40. The pressurized system
liquid reservoir 39 is pressurized via a carefully gontrolled air pressure source 41. Controlled air
pressure sources useful in the present invention include a regulated compressed air tank or a

regulated air corspagdsor.[Aermabivipetichs casinb wbrckTrag B 5anpEi thaeridtiion instrument

1 if such source g\ ailc%ble. ﬂg'b%‘f'%ﬁﬂfﬁfﬁé%ﬂﬁ%%ﬁwe&hﬂ%a and.2h anepsefiesradsehen very

precise m&Aremants are to be taken and injecting samples with pumps 29 and 30 would increase
the signaltsdraisel RBadie. fod88]Bmanprovement provided by the control valves 17 and 18 is the
capabilty (0 rapiglysash ines ARt @ sleRnineauid:dl fustisisseompsilad;s any
compound that remaihs in the lines of the system that has the potenti Iéo cqf?t% inate future samples.
Often, stio@nﬁoﬂ@@nd&?ﬁﬁﬁ@%@@%ﬂboﬁﬁ%ﬁ%@%ﬂ%ﬁilzré@gi‘fé “HAO I;-)%]uall é%)élP),

endothelin:1 g)@i‘l} @Jgﬂ thedamine Ag.iRyRlvesub an EsiRgdRepestion insisymetits, $tich as flow
cytometers.'ll IS therefore essential to clean system lines between sampl in%o%% j Hsal";"ith a cleaning
solution inTBraleretsusinedrean jafryeRraYthat hiaPEREATh Brév BIE EnBREE Typical system
uids, sugh. a5, s3lige, selutiopAneeuppad.e dleaningdilidshagecearinvaliayadatind sticky
compounds In the lines of the system. This causes contamination for hu drledﬁlgf se%g&p%es that are

analyzed aftsawaiel (0DRTIRAS B iaRkRn A BT L AR FBTVARTRY -1 ARG 18 S5 that they allow the

inspection ipstiment d-o fagskHiushyemainingwampleindctestase linevaildbk tHoughrthe apparatus
into waste. As sample travels through interfage Ii%e and lines 11§ angaQTG &%}ﬁg €S jenger because
sample in messsinel grEeiube WAL IS ThEh R The Surface. “rhis often leads to a situation where
the whole samplg, isipevgrdubniniaciaehi plerfie 79 3@dcib wvindtr inosrate] G83 8alstenegisse
accomplished by connecting line 2 to one of the lines 15 and 16 and also connecting control valves 17
and 18 to i#$te channels 21 and 25. Where

[0636] One improvement provided by the control valves 17 and 18 is the

capability to rapidly wash 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-l—phosphaté (S1P), endothelin-1 (ET-1), and rhodamine, are involved when
.using inspection instruments, such as flow cytometers. It is therefore essential to clean
system lines between sample inspections with a cleaning solution in order to eliminate
any carryover that may exist from previous samples. Typical system liquids, such as
saline solution, as compared to cleaning liquids, are prone t0 leave behind sticky
compounds in the lines of the system. This causes contamination for hundreds of samples
that are analyzed afterward.

[0037]  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 the surface.
This often leads to a situation where the whole sample is never fully injected into the
inspection instrument.

[0038]  This may be accomplished by connecting line 2 to one of the lines 15

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



10 a flow cytometer is used as the inspection instrument, it may pressurize the input line 2, making the
connection to a waste line that is open to atmospheric pressure. This often causes a rapid flow of
clean liquid from inspection instrument 1 through interface line 2. This feature makes it possible to
carry out inspection of samples at high speed because it overcomes the problem of waiting for
extended periods of time for sample to clear thgfubing [00391Another feature of the control valves 17
and 18 is that they allow the capability to load large sample volumes utilizing syringes 29 and 30. The
large sampligwalueiasen ayednbehinjegtediovitnitighavedisiny BRRAHY HIES IR RS Ystem liquid 39.
This is particularly important as syringe size iner: ) ' ized asgss thgeminimum flow
rate that ?%%\Wg%ep %%e%é%ns%séﬁ %\%tﬁoﬁjt Eé%ﬁnézg%ggggﬁg the flow rate increases,
the inspeeiipasastpin 8ot(pariculdiyid flom dyiprades ProauEestdciarensh MBS IR the samples. The

present invention described herein allows one f-pedinanyskilhindha arsiojeasiadaigeisample, such
as 1linL, L, "or even greater, and then inject it very slowly allowing for th san\feﬁ?%ﬁ]cision found in
manual tuberinjeetiohs prabivith of evaidioi Sers Havdst RsEWSGh Hio éﬁﬁ‘ﬁ?’%éﬁﬁ fother

embodiment. tghe pressurized system liquid vessel 39 may be replaced with a high-resolution syringe
pump High-resolution syringe pumps are capable of supplying larger volumes of liquid at very low flow
rate. Inserting a ¥resotishesyferye Shhe ﬁ‘?&?ﬁe"%&ﬁ%ﬂ{gﬁgﬁg&g B%/tkl@t %%%Ileoc}ﬁ of the pressurized

system liquid vessel 39,4904 L1ERe, i veniiaes desrithedihsseimprasddis tTachpebilityrs deliver one or
more reageﬂts to’sample containers before they are injected into the.sg(fterr,geb I}Jtilggi?g a separate
auto-sampléraanrearmpesifiNsGedihihigh ﬂ?ﬁ?ﬁﬁ:ﬂi‘?fé‘f}? S ARERG S eh Alteature would
prevent cqrﬁysoyseﬁg;gmlwgﬁ%&%ﬁaygegﬁhgg&mth@r@agentfxii Hyelmgetcisamplersegnibearrying a
reagent dispenses that reagent into the wells above ttge Il‘gll.{hdPl %ug&gga% ngagg le,dn.an
embodimeninitas fesaR gt CoRrEeEIMaIfRRe RS, SUCH s an auto-sampler comprising two,
three, or faurREMsw R atheseinbedinratichmsrimsartpkicenipa dosviedoarsts) iwisére cells are

utilized as the reagent and a single same ayto-sampler arm is 19 {akscallsto dhesgample, mix
and inject PEGYEF PRI G BHERS eﬁi’@?ﬁ%‘p S gef#afP ‘é%nr{r%gv(}a\%rg ‘gftunwashed parts of the sample back
to the cellg max,PGRUN HOMe xasplel where sanipilslesnelbgehtsrhay wé g EHHEs Sfthle before

injection in the, instrument cemprises havind, aoopis! SRMRAGH S8 A-piale ek ajebaskiing cells to
but with the additional advantage of full automation.

[0040] In another embodiment, the pressurized system liquid vessel 39 may be
replaced with a high-resolution syringe pump. High»résolution syringe pumps are capable
of supplying larger volumes of liquid at very low flow rate. Inserting a high-resolution
syringe pump may be accomplished by replacement of the pressurized system liquid
vessel 39.

[0041} The invention described herein provides the capability to deliver one or
more Teagents 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



the well before they are injected into the inspection instrument. Other combinations of reagents and
samples, as described herein, may be substituted for agonists and cells. Another example comprises
placing an allosteric modulator or other antagonist compounds in a plate well, adding cells from a
reagent vial, and then finally adding another agonist compound into the well. The mixture may then be
injected into the flow cytometer Each sample may have different types and varying numbers of
reagents added thereto. In one embodiment, delivery of first and second reagents, and optionally
additional ggagemtscisatiarme dneitted isepdraiesaettosammptamantns Ojben oymbieatiena bodiments, the
channels comprising.the system are with p%y1 tyhinghaying intemal diametgs, of about 0.02
inches. In %ﬁ%%ﬁtérag%%%f}r%éhﬁsa% E’sﬁﬁ]%%eel%gmg’roA E]o%;(%/)g{r%aterial ig%sgeégft%&r%ﬂnimize, any issues
associatechwithegasxpansive abitityri €hapiretz connatiastns theospdaem I§uRhEsSRBEP B tare typically
made with tubing havin lilroeeru'rgl @fdiﬂfﬁgmﬁ‘&eﬁé}ﬁcg a5 AR WY 16,nehes Mtaahoidathe94 inches. In

another er%%%‘fment,u%he ding loops I5 and 16 are made out of larger internal diameter tubing if

switching wabvise8 agadigontrobvad/asolhewell SThETHHEBRN B D5 mEssHAtR B8P reduce the
required |e{g%}fﬁ%1é}_u king; 1904310 2R SO BedimR pascRANAIHAY dirbpletrisgbitcannacted to
ve 3,

switching v positioning device 8, wash pump 32, wash liquid selection valve,. 34, control valves

17 and 18 ot fldw exsnivaibodinesto HeieYSOb Al AR SRS h Jo88a e BRI 2 is
implementgg; as, 5, cRMpL{EL CRABRIR PhiRC BeREapheRNelmtada@ached devices. Control unit 42

may also set the air supply pressure 41 via an adjustable regulator. The air su pzh(epnrl%agure can also

be controlled via B9#&huallprisses ERasimais: il AesERBREhE faﬁF SEBR BreSiife 41is setto a
value slighglyshighgr-thanBaeknrsssermgensrdathbyrinspabion nozuimeres.1. Foraxdmple, the air
supply pressure may be set to between aﬁout .5 and. albout 2.% p% ovenrith%ebaa%kpggs%%%e. [0044]The
operation @f&?@if@%oiﬁgpgﬁpépﬁ&“ﬂ e dB5VeuederBey con’ﬁ]éu%ltlon Will now be explained
in some nopslimiingwmbedipentabilibe conirpkhf thanegedaiiothdsspseferhtpydpestoymedlaccording to
commands from control unit 42. = [0045] Initially, an opetation is perf t {@ ﬁu@éstem channels
/
(except foraFaRRieHE MRdS ‘ﬂﬁa‘mﬂlﬁg?% gy g%lﬁ%arﬂ%. ﬁosﬁ%nslﬁg{d%r\%%qé?s commanded to move
the probe Ziniine washiatian A (fde nbedptaty the hrbliva lee 2715 swiléhaed wedomiinunicate
system liquid from reservojr 31 to pump .29. Thereafter, Qump 29.i f'LUﬁG £With system liquid by
command O ESHIFET Iﬁfi‘.et?ﬁ‘gl%agfp oW coﬁt\r%?fv\?a F VRTINS 'sve\:/%chvé% to communicate
system liquirbds piRigmPRdeimityip oftennetctitcdthe aiviced ieneiadin®io position to communicate
liquid between '”Qh‘éﬂ]a””ﬁ'l 4ar? necringgl isht, a control unit 42 is electrically connected to

switching valve 3, positioning device 8, wash pump 32, wash liquid selection valve 34,

control valves 17 and 18, pump flow control valves 27 and 28, and pumps 29 and 30. The
control unit 42 is implemented as a computer capable of independent control of all
attached devices. Control unit 42 may also set the air supply pressure 41 via an adjustable
regulator. The air supply pressure can also be controiled via a manual pressure regulator.
In an embodiment, the air supply pressure 41 is set to a value slightly higher than
backpressure génerated by inspection instrument 1. For example, the air supply pressure
may be set to between about 0.5 and about 2.0 psi over the backpressure.

{0044] 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 to

communicate system liquid from reservoir 31 to pump 29. Thereafter, pump 29 is filled



loop 15. [0046]Next, control valve 17 is switched to communicate liquid between holding loop 15 and
pump channel 19. The pump 29 is commanded to completely expel 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 channel 20, which connects to the
wash pump 32. The wash liquid selection valve g4 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 ligiidsghtamniei36 byitommched g kpmdolanit deaRhgrigndleaaBiobisimdlilg sample
residue and Rré)v\g]g?e% %\Onon-c%mmng{éigﬁgg,q&{{ﬁ%g}flgﬁﬁ{gﬁzgh@%§ QNMRE 13eldtiedaiSome
S

non-limitin eexamfi €s of %cirengrl]mg Iquids include solvents such as ethanol dimet% ulfoxide (DMSO),
or a detergentswitaishiligticbestisstinopaungisats therdhrtween wprLHRRLtAE gﬁ’%ump 32 and
system qul%i(gi reservoir 31 via channel 35. The system liquid fills wash pump 32, wash channel 20,
control vaiVery , holding loop 15, switching valve 3, input channel 4 and prabe. 7 with sxstem liquid.
[0047] The washi§figfp 32Nethesonteiemb® dfcisasmikhedelay LoMRst %ﬂu& PiEesShts mentioned
above with {16, SYRIEM Qo by eRsiAad Sysiemuiigud resamsaindiisocanngetad torebntrol valve 17

then valve 17 issswitched to communicate the pressurized system liquid from res }ﬁ?lllrusg to holding

loop 15 viaystesdimzéinthpwmerbamakid anddelging foBrbL SRV SHARREESY ith Syefem liquid,

control valyeyl i SHiteechiasgammuicaterliguidins helding doopihiine liguttebctranel 21
[0048] In order to fill the'second branch of the system with 3%15 em Ii(wid, vegﬁ 3[jl§esv\évali§ﬁhed into
position toheddinaleneats meditask harrri Al BHEM RERIFER KhSRIBY ToB B 6. The Sequence of events

described ghoye for. the fisstdsanshwiihedsystritis sheupientatessfopting Sguindidemnpests of the

second branch of the system. The resulting state of the system is wjth probe 7 i ftation 10 and
all channeléBidrrsasysiedT (‘é?(&@@f%&%’l‘éu&ﬁl?ﬁ?@é 5{ aﬁg%éﬁuﬁ?%ggv@?t es%ster%%%ﬁ%%ln another

em bodimeagamiggzg]gﬁgscmgpgdin@wgmmﬁﬁg} lquiils may felethenddigractiepbiwitt additional

branches. 13 [Of S. 2A and 2B show another embodiment of the present invention and are
intended té%@ﬁﬁﬁ-ﬁ?ﬁ?ﬂﬁg“?ﬁ‘%@gﬁ&’ﬁf@g HREAVES cgevg %us%aaz%ﬁ)ce of steps tol%{]/aluate one or

‘more samplgsdiamEanie eRtainRis: e tanspip 48, clenidheidituédstantindeproiveds BIGh 28, a wash

cycle 68 (further described in FIG, 3) i cuted on branch.5, le.R8.ensiirag that branch 5
has been WH¥ReY QﬁﬁefgyﬁlFé’HF%ﬂ?éb&%ﬁiqﬂi& %t%%%% ﬁﬁgﬁ%@ﬁﬁ% itcmay be beneficial to add a
reagent to gaRMRIKikaBEDefs Qibsfetahe washperadblyrédyEsanisies apwoYRiindlingreagents
include agonists, antagonists, modulatars. dyes, stains,c and beads. \Whese aivserselects to add
a reagent o #E<aimp ?nsgféeﬁnﬂc}%%rgg%en Sédgltlo%?%c A executed on branch 5 in step 45. In
step 46, thedimhsamplesisantig ntvhd) dipgtidopd Hyndmebeif gifhevtmbabifext sample cycle
0 (e e T had. HAne o e AT dnc. ale s Pulied @ uidicly

couple holding lod and ihtefface’channel 2. Two concurrent and independent processes are then
executed. HiEdiapprenessaimpisemstepills hadTREBdivHe plo EssEsh S IBEd9 through
53.[0050]In the first process 5 inigRiediniRdheivsneciioninses ReirndRtite interface
channel 2 i’ée&sﬁé%%reé |ﬁss%g%nﬁ(g%st?u%%%iw%{gsémpﬁe and wash interface line cycle 128 (further
described ithE Eestukjzon dystenc lidiid romeacsmniop dBdad9lfipg ePrimbs FeRdIes &Y% hore samples
left to be progessed in st 9 SanRles RRAveiBesRPROERSREd iR ses0ad piocess
terminates 2; gf)ilﬁ%rt% é?gz% %4ﬁ@%1%%v‘%§ebrapch 6is waishe%él% in s?e%l 50 by executing a wash cycle 81
(further dessvilestdridd@uaynitateligeid waetding fecautd b Fentas ple in step 51, a reagent

addition cycle 102 fyfier dgscripdiriGhe Hels rcsiutesl on Beafsh A e aéfiglap 53, the next
sample is loaded ihto Iding loop 16 by executing mix and load next sample §%CI%11}9 (éurther

described ivive 35)sonviirané e WpsH WA pTeRRrBI B gL Sevie T Bpsh che¥kis made in

step 55, shouiy G, 23: (e Suniad ' sarmplessies loermeacassad: mnmofatzamples
remain, then the gxecgtion continues at step 65. [0051] If theﬁrg) are_sti sam I[g% tobe processed,
switching vaheteBiits Soarciepertesaratbe B IHAETH SRR ITED SEERAPTREHL PR ARSI 2 I step 56. Two

concurrent and,iIAdenaRIENtRIOReSISS Vitntpesberettadh haibist prodesls cempiiseS Step 57 and
the second process comprises steps 58 through 62, )[OP?ZJTh%ﬂ‘irst roc%s%i@jecﬁls %na(m%lre into
inspection igstemneREaepindvaste channels 21 and 23) filled with system lLiquid.

embodiment, the process of filling lines with system liquids may further be practiced with

additional branches.



washes interface channel 2 in step 57 by running inject sample and wash interface line 14 cycle 137
(further described in FIG. 6B) on branch 6. The second process first determines if there are any more
samples left to be processed in step 58. If all samples have been processed, then the second process
terminates by going to step 63 Otherwise branch 5 is washed in step 59 by executing a wash cycle 68.
If the user selected to add a reagent to the sampje 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 sampl@eysje 1 10¢RITrerndteaBigeintoBesyy diapehed ReppREBhpBIEHBATf both

processes in step 63 a check is made.in step 6 de ingaif;all samples Havpbrenprocessed. If
énrtgﬂ%%tﬂ]%e IS mage.n Sten. 543386. 1968 NEA T84 9 S

no more s‘%‘ﬁﬂg € execution tontinues at step 65, otherwise execution continues at step 47

describedsaheve «{AMES] knstemEss brapbis Frosnvasideldeytainssl fndrienidy YBIEB SRR, branch 6 is

washed by executing wash-cycle 81 inSlepSGsIRMALE BEQsasing pamplpiestacatep & with the
system inséa’f‘é’é%y te to start processing another set of samples upon re Ii%ceg]ent of sample
' }f\/@r‘:“t

containersQn{AGbAWS. & dhoksnawmsthibaidirmshifas semusshedand AR fTRtended to be

non-limiting in Jts scope. FIG. eQURNEE Qi Istenkt Wheiein: kotarsanaliesdmeidfe system
describedq%’é’}gir?%?gl%a%lﬁlg%ﬁ%ﬁ%{%yn\%ﬁa\?vash cycle 68 begins b);ﬁ moving, gr ge 710 w%sh station 10 in
step 69. Inbsiop 7i; sontisl FieliZd shnenelrtoodoretiRN g CAEHIR! fﬁ{oeh%ﬁgl?ﬁsg foop 15. In

some embodiments, SARRIES 0 Ardntigdycedintenhedaspectiaerinstusenartcttsnayadd hydrophobic
and proneaﬁl) gtlgl(mg to the channel walls. It is often,r]ecesi%ry 10) Wasglu Qg&nhgparﬁglrsg/\{gh a cleaning
liquid to redegmthaheswplerissteditanicagert AHHHORS S T 4% SR Rext: Any cleaning liquid

capable ofs ee%rr)g\_/i@‘g &W%@ﬁ%%g&g@é&iﬁtﬂ@ﬂidﬁ@tmw sxefacadonithendhannels may
be selected."Some non-limiting examples of cleaninahquttigtgi Iudeb§ol\é[.etn§s SH}C@%? gihanol, dimethyl
sulfoxide (DaMS@Y¥t cemrleteygient HodBefir a7t hrﬁ%% defection valve 34 s switched to
connect clggﬁgggl%q%ﬁq&@%‘%&@&{mmspwﬁpwﬁomh% \teaph HandoiBerfacthelmnoehéd on in step 72
to pump cleaning fluids into the contro| valves. A user sp cgiegxdcq;%}i of ieﬁ%@dﬁr&%gggroduced at
step 73 to Eiowcersaer |ifd B BETISH pBE GittRe Fay throsgh vaive 17, holding loop 15, switching
valve 3, inBH&%ﬁ%%éﬁ«@%@fﬁ@&%ﬂﬁtprmh @iabeinei Gephddabraagaffount of time needed may vary

depending on the system being used and the length of the channels..Qne ofordinannsigll in the art,
guided by the 150f88losur® (o HR EREFEN? égﬁ%gtgrml%ceef%l\}vgmu%h t?ﬁe will be required for the

cleaning liquigs te beRumReshibreLghoutditedystetep KBS TuitingHiaioss SBpRimprd 2768 running, the

wash qumdi:?ci?a%ﬂ%inng %l%?e 128 (further described in FIG. 6A) on branch 5. The second process
first determines if there are any more samples left to be processed in step 49. If all of the
samples have been processed, the second process terminates by going to step 34.
Otherwise branch 6 is washed in step 50 by executing a wash cycle 81 (further described
in FIG. 3). If the user selected to add a reagent 10 the sample in step 51, a reagent addition
cycle 102 (further described in FIG. 4) is 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 sample cycle
119 (further described in FIG. 5) on branch 6. Upon completion of both processes in step
54, a check is made in step 55, shown in FIG. 2B, to determine if all samples have been
processed. 1f no more samples remain, then the execution continues at step 635.

[06051] If there are still samples to be processed, switching valve 3 is switched
to fluidicly couple holding Joop 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 58 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



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 Y1 seconds is introduced at step 75 to allow system 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,
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 thannels. One of ordinary skill in the art, guided by the
disclosure pligvige dreriticsaibsleie PTG oM brugthtimaheibebentepuiras fostvizstnoirtethe cleaning
liquids. 100571Wash pump 32 is turnef(ijIl off in ste(g) 76fiand congréal Y Mas%tzliﬁsswzilt‘g:ehggeﬁo connect
pump chakriere Sendh ARG IIEIC 8ot kS PP 78 DHTimp Hiow control valve 27 is switched to
connect PR Ghanmeh 12 asehitppc2S. tbitniluittibihsuirexpettep €ut Ofponrs Peuinbsfels 79. Step 80
shows the completion of wash cycle 68. [0058] fhewash cycle 81 for branch 6 of the system is the
same as Wﬁéﬁ‘?éﬁ&lé@%%rﬁ%ﬁ@%ﬁvﬁ?%?ﬁ&%s %ff\%?alﬁsgﬁlqg Fé%%g%g&\?vith cagreresponding
elements af:hgangl & Fhe svasheayele Aitiiisotlustiated inedept8 2tHroagh DB Strebhititt wash cycle 81
begins by moving probe 7 to wash.station 10,in, step 82. | en.83.60 tral valy§.38 is.switched to
connect wiigh $hdhharFsys V!ﬁdfnlﬁq%%pl }8.*}3“?6%%)\}?’6’33 yzéat%g in re%ards to wash cycle 68, some
embodimegispievelvie damnplestistrzduded imd e HgpebtionifstrlipemeanpigtiereohPatbphobic and
prone to sticking to.the chapnel walls. Simila C%? hpJosids mayipesad iR agardsdq wash cycle
81 that ar@GSERASIAT &Y rgg taoCvtxllf"'igsihEéfxc1 6 68, [0059]In step 84, the wash |I%%id selection valve 34 is
switched tpre@RRert ileaningstiqaidpbma rmediB 6tz dxeeiop appIBEesTHe SRS pAME 854S then turned
on in step 85 to.pump cleaning fluigds jnto.the gontrol valves. A user specified delay of X2 seconds is
introduceoieﬁ‘?%"fie%ﬁ?L gpmm ¢ ‘rﬂ%ﬁe aﬁ\dfﬁ%ui(?to be pumped all the way throu?h valve 18, holding loop

o aflow ¢
16, switching valje8s3linputickapnet, Dumdipfoisewrihes Wi stretaiies YeshThgla funt X2 seconds

used in step 86,2y bene seme L AGIANL IR ING QRPHG! Skie peecinglanBRior wash oycle

68 on branch’ ne of ordinary s In thé art, guided by the disclosure provided herein, can
determine inareméichithmievwilbom iequirady fErthEe é@érﬂWQEEiﬁé%ﬂ{fé BHATTEBRIFOMRM the system.
100601With the wash pump 32 still.rupngng, the wash liquid selection valve 34 is switched to connect
channel 3§eﬁt)lat eén\jgv%% p%%#)p 32, as shown in step 87. This action establishes a flow of, system liquid

from system liquitP9&4brvoiFiS thrdugrs trofersepepApnent AfLGEr RSSRutR ERILY APY Fseconds is
introduced.at sten 8840, Allowsystem Havigdo hadumped il taguary traughaiaken iddolding loop

16, switching valve 3, input channel 4 and probe 7 into wash statjon 10, remoﬁig all of the remaining
cleaning lidwidchese fitte Ay sierbaprcabefieREE IS Y a U PR RRP SR e )%%ﬂ? 2ing used and

the length gf the.chiappeis, Thenamaunt ofiy dgeepnds sisedorcsteniBimayTte shirathe or different

from the amount of time used in step 75 for wash cycle 68 on branch.5. One of O{dir{%r skill in the art,
din & BERSS

guided by teensrichsatrehranibal (R raaiiRg 198tdinin® HOMeSTIRP S

equired to wash out

the cleaningligielsy into [RQEALWRSDBHAINGR iSrarnbeltispBtel: Adandizontstkialyedol 8 is switched
to connect pump channel 23 and holding loop 16 in she 90, In step 9tlﬁ,£>ulm .HOVﬁC{%Qt{Q valve 28 is
switched tdheoriarebiills-cHb i eftos MRS IF<Al Fu%lzllg%(sar%xpe &3°0ut ofpump 30 in step

92. Step 93.ahews he-comnalelicahwastiytieBine sanflflo6a hEGxW smywisenugarédnbodiment of
the present invention and is intended to .be non-limiting in its scope, In. sequenge of steps to
add reagerfeBPlofh BFEREHSS BFHE 5%?%%8%%% rggrﬁﬁgﬁ.%%ogg%rﬁma{gl(%%% %’i%e 94 starts by
switching cgpiratMaiMeylFtadenatct Saldingtobmitmgrdapupie ofiaersing liqdtspisgudhen in step

96, pump flow cantrol val\%ég }s Wiéﬁjkﬁ%ﬁf ggy‘@‘at/lgwgrq@&&%&g and pump 29. The probe 7 is

' then moved SR SUFL BT HRY  3585 in's /A 'volumeof reagent is aspirated into probe 7
and input channelgobgjissulngep AtpitatesdnigeddsetegiomyaoeidsisF9uciFrddy srmisiof reagent

aspirated inc'iga%qggp ﬁ%%%acﬂgngg?gg zng'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



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. 17 [0064]Reagent additl'lgn cycle 102 for branch 6 of the system is the same as
reagent addition cycle 94 for branch 5 with all elements of branch 5 replaced with corresponding
elements gBirRaeh fovidedergent asditierrnicte k82 mulibistrate il shepreadddhfeudie 109. Reagent
addition cycle 102 starts by switching control valy o connect holding loop 16 and pump channel
23 in stepci"@g‘.nﬁﬁjé’l’fl g?egﬁ RBE?%%?%%’ If%lvc\’/uct;(t)%etr%l%% ve 28 is switched to connect pump channel 23

and pump 30. Theepspbe Mishhae wsheauitp SUstH setodead trayesh lignid sakvaien % A volume of
reagent is gspirated into probe 7 and in PSRV Anaskitale egmimango pump 30 in
step 106. %§ \?&ggnl%r&(?f) rg%lbnéeﬁ‘{ g%aﬁ?gggé i%r?tgﬂt%g%%roge a?nq 6r_ob(se 7 and input channel 4 is selected
by the userobihesmbtishe arftbmay besany awdufiomessiuariqsidossensed b teREintests. [0065]The

probe 7 is {hn moved from, e feanent gk nip e sampls.camiiNeskibe nextsample (o be loaded
reagentis

in step 107" en dispensed into sample from input channel 4 by issuing a dispense

command gepumind0 i Sepurasdrebienvan duerebytalya 07 elien s bmpratehitg step 109.
[0066]F'G}:Qf{éﬁvj‘gpﬁ‘{‘a{ﬁﬁ{e?ﬁ‘ﬁﬁdﬁ%%%ﬁ{@%vw}?%@aﬂbim@,nﬁ&% Anshisdatendeskiaimagon-limiting in
nFIG b,

its scope. a sequence of steps to mix and load the next sample on both branches of the

system is diesuwidiiukbr Sbmectypleanssiush piptias 86efrd MMINGTAErsRHRa S RS settle at the

bottom of %@Tﬁ%!ﬁé&%@@@ﬁ%%tﬂ Spay:he Aasitedie Winiie seraale severat imdsdisfare aspirating it
into holding loop 70. Mix and [oad next sample cycle 110 begins by switching control valve 17 to
connect heldpes IR T deA ey h dFREnLS ﬁ?‘gt@b‘@ﬁmﬁ@égeﬁi‘flﬁwﬁrﬁ%’fﬁ%0&‘5n fol valve 27 is
switched 10 CORREELALMP channel 19 and pump 29. The probe 7 is then moved into a sample

container 9 of the next sample to be lgaded in step 113. A user,defined sample mix. volume is
cepirated into thd B 7 S BERRALAY EIF L5 LAY 2 BEbTE SO R o By 2

ommandto pump 29 in step
114. The sgaplgds:thenglisnenseddask iniaingmple eontaines by lasuipg7a, dispenfeveommand to

pump 29 in step 115. [0067]The system user is able to define any number X cles necessary
to completeoiE bR e AGCREthie GeRrgLRREY ﬁlﬁﬁ%%r%farrﬁ?lxﬁ%n Bycﬁésgégémg%%erk

expelled out of pump 29 in step 79. Step 80 shows the completion of wash cycle 68.

[6058] The wash cycle 81 for branch 6 of the system is the same as wash cycle
68 for branch 5 with all elements of branch Sl replaced with corresponding elements of
branch 6. The wash cycle 81 is illustrated in steps 82 through 93. The initial wash cycle
81 begins by moving probe 7 to wash station 10 in step.82. In step 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 furned 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 into 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



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 18 with pump 29 in
step 117. The mix and load next sample cycle 110 is shown as completed in step 118. [0068]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 regplaced with corresponding elements of branch 6. The
mix and load next sample cycle 119 is illustrated in steps 120 through 127. Mix and load next sample
cycle 119 heginstbyusaeiiching contrshuapreviddheoiment HoteimiprobpviBushdipaiifidtannel 23 in
step 120. In step, 121, pump.flow control,valve 28, i ' nnect pump channel 23 and pump
30 The préB¥EFfs ﬂ’]é}hgr%ﬁgégglﬁ{ uﬁ%@rﬁﬁ%@é%%a%\rg (E‘%?\Sggrt]%?d sample to be loaded in step 122. A
user defined samgieonix veliiniésvaspimted Actilapsne et edaeioPoi¥uing an

aspirate (Fr%m'r?andt Egeﬁl%mgo%?eé’i‘ ﬁ%ael%ézé% The.sampleis.ihas, diseswadibask ito sample container

9 by issui éé dispehise command to pump 30 in step 124.
action establishes a flow of system liquid from system liquid reservoir 31 through the
wash pump 32. A user specified delay of Y2 seconds is introduced at step 88 to allow
system liquid to be pumped all the way through vaive 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 the system
being used and the length of the chanmels. The amount of Y2 seconds used in step 88
may be the same or different from the amount of time used in step 75 for wash cycle 68
on branch 5. One of ordinary skill in the art, guided by the disclosure provided herein,
can determine how much time will be required to wash out the cleaning liquids.

(0061}  Wash pump 32 is turned off in step 89 and control valve 18 is switched
to connect pump channel 23 and holding loop 16 in step 90. In step 91, pump flow
control valve 28 is switched to connect pump channel 23 and pump 30. All fluid is then
expelled out of pump 30 in step 92. Step 93 shows the completion of wash cycle 81.

[0062] FIG. 4 shows another embodiment of the present invention and is
intended to be non-limiting in its scope. In FIG. 4, a sequence of steps to add reagent on
both branches of the system is described. Reagent addition cycle 94 starts by switching
control valve 17 to connect holding loop 15 and pump channel 19 in step 95. Then in step
96, pump flow conirol valve 27 1s 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 issaing 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 o
complete the relevant t_ests;

{6063} 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.



[OO§9]The system user is able to define any number of mixing cycles necessary to complete the
deS|req testing. If the user defined number of mixing cycles has not been completed in step 125 then
executhn repgats from step 123. Otherwise, a user defined sample volume and input channel dead
volume is aspirated into holding loop 16 with pump 30 in step 126. The mix and load next sample cycle
119is shown as completed in step 127. 100701EJGS. 6A and 6B show another embodiment of the
present invention and are intended to be non-limiting in its scope. In FIG. 6A, a sequence of steps to
inject the sampleg@djwasRénsertaasiing 2yote Hoth foramaies b fHbesyistern is Gesentsed. The inject

;ample and wash interface line cycle begins at st flera 5opnRlenissing [ he inspecti

. ms_trgmenf%gﬁ% fi g‘ﬂ’i’ v%‘fg ?t%)t/a? re;g {#éa%agnmggél ﬁg{feﬁ}ég[?n?erfacea&?ar?r%%g%ngi/gge signiﬁ‘)icarI]?.n
This is _esaa?ladbbﬁa/i@glﬁmﬂeinspébmmuﬂhwmgms adiancyembldiswhisrateddsstens be as slow as
approximat uL/seg, To teduce time.for iniection, alsafgefl \V e
porresponaﬁ% ¥ %rg%'voéﬁa gngf&]%?gcéﬁgﬁfﬂlﬁr?eé%%%o&pelIed f?(%ergqiﬁgoﬁg%ﬁiﬁg%uﬁ 15into
!nsp?cg on ?m&rt]wmtﬁiﬂgdbqahig rshpedrinistensl 29 irger k@ pldemia pige HAnpeptHesample is
injected into the inspecfion instriment e ighas W : nother
embodimeFEToe ‘F%?gg%ov@shfc %ﬁg sg)még%{?s i jecPed into ?%%%%ctiﬁ%%ﬁ?ﬁ%@sie as high as
about 50 ahisemovagreateruder stlleaiedthescentbdeirhbrin HrprabS-at v hielyro th&eagiRbis is injected

e front o L e T ot ot of e/ PAnos
step 106. The volume of reagent aspirated into the probe and probe 7 and mput channel 4
is selected by the user of the system and may be any amount necessary 10 complete the
relevant tests.

[0665] The probe 7 is then moved from the reagent vial into the sample
container of the next sample to be loaded in step 187. The reagent is then dispensed into
sample from input channel 4 by issuing a dispense command to pump 30 in step 108.
Reagent addition cycle 102 is shown as completed in step 109. A

[0066] FIG. 5 shows another embodiment of the present invention and is
intended to be non-limiting in its scope. In FIG. 3, a sequence of steps to mix and load
the next sample on both branches of the system is described. For some types of samples,
such as living cells or beads that may settle at the bottom of sample containers 9, it may
be desired to mix the sample several times before aspirating it into holding loop 70. Mix
and load next sample cycle 110 begins by switching control valve 17 to connect hoiding
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 aspirate
command to pump 29 in step 114. The sample is then dispensed back into sample
container 9 by issuing a dispense command to pump 29 in step 115.

16067} The system user is able to define any number of mixing cycles
necessary to complete the desired testing. 1f 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



[0071]The injection may be made either with pressure or without pressure. In step 130, 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 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 specjfy a delay sufficient to inject the sample into the
inspection instrument in step 133. In step 134, control valve 17 is switched to connect holding loop 15

and wasteshanngi2 29 Thesksermay Hpeeaify ausde fnihqrale | agiptepcd8d 18 alohobackspressure from
inspection instrument 1 to backwash interface channel 2 into the waste reservoir 13. Inject sample and
wash interf8B@IFHE B&P 138 is completed as shown in step 136. [00721FIG. 6B shows inject sample

and wash interfagsméigie cyslgxlaia floadranckafplethecky $18nicarhdisihe catresaganidetisample and

wash interface line ¢ycle 128 for branch 5 with ement g ithic@rresponding
elements 6FBfafichs. aﬁﬁi{%ﬁleﬁxgg?nm ?aeé: af%vg{si%%ﬁnglf acc%oén%ﬁ%{;/c e%%%gggﬁllgfs%é}%g in steps 138

through 145piAcuseritefinagondsizvetmeetcofibspehdindle intermal folipretornpleiardechannel 2 is
expelled from the holding.logp 16 iato inspecion,inst 000 SpeethigRs138. For
example, the Pﬁfiiﬁ%ﬁfgﬁlt%gpgggn%% ?g#l?g:lt% mtc#‘fﬁlggﬁlés%eggﬂon instrument r?w%g/ B?fs high as
about 10 uviseking greaténaivalfbtherembcdidiagtlehe Hrndwmizishnadadd prestend#ted into the

D

rate at whi sam injected Into the inspection instrument may be as high as about 100 ulL/sec

or greater.pthip affedihestyobriTgs then frariedfitiie saampils prikines I thepestistASBR®nt 1 in a short
amount of e, 10073 1iHhe WRCIORAIRY RERRdE L HREINE RigssUIeRs wiliauspressire. In step

139, if a user did not select to use a pressurized sample deliv\%a/,‘ then the sample is injected into
inspection insituivenet 4y dispagsing e casanet sa P A iRl huils SRS Brmal speed in
step 140. %@ﬁﬁ%?@n?é@%%c%%@@%‘i@ HREXEN IR IisteR diddensoRtiahyAY e kuspsyeitched to

connect holding loop 16 and pressurized channel 26. 20 The user may specify a delay sufficient to
inject the smmsteteliddo the inspection instrument in step 142. In step 143, control valve 18 is switched to

connect holding Iggpgie aneryasiqeapei2oueRbay e speabarcianingelayvin step 144 10
allow back pressure from inspection instrument 1 to backwash interface channel 2 i t%the waste
reservoir 18edefeny sanopelaitdhpAssimdrsting. iHdhe ey ﬂ%ﬁ‘%@déﬂﬁgﬁi %%“3?5%8@\? ¥ e

not been completed in step 125 then execution repeats from step 123. Otherwise, a user
defined sample volume and input channel dead volume is aspirated into holding loop 16
with pump 30 in step 126. The mix and load next sample cycle 119 is shown as
completed in step 127.

[0670] FIGS. 6A and 6B show another embodiment of the present 'mvex}tion
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 internal volume of
interface channel 2 is expelled from the holding loop 15 into inspection instrument 1 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



step 145. [00741The high-speed sample supply device disclosed herein is useful to deliver samples to
any type of inspection instrument. Preferably, the device disclosed herein is used to delivery samples
to a flow cytometer. Flow cytometers are well-known analytical tools that are able to analyze several
thousand particles every second and can actively separate and isolate particles having specified
properties. For example, the highspeed sample sypply device may be used in flow cytometers
described in U.S. Patent Nos. 6,713,019; 5,824,269; 5,367,474, 5,135,502; and 4,702,598; all of which

are herebyhinggnpy adesidoyetcistrethedrisptiotimentitaipefO0RS] Al pahighesrboridfted-bicreference
herein are incorporated by reference, herein, only with respect {Blghl? rieylaf.embediments, materials,
processeé”bf@i‘?gﬁﬂfac tre %ne(%nrﬁﬁg eggg%f%hs?e%oescﬁgedp therein. ﬁ%ie patent are not to be
considerethintarparhied byreferentefitniee extent any of these patents expresses an opinion or

presents any refygaghtation, haragierzatian, ex Aslinliany SHher.e sl ok Rpliation) that i
e |

inconsistent with pinions, representations, characterizations or definitions expressly made herein.
[00761Whitepthiate ifaveshabia deseliseth sechpuorariaed topalespbissrelaxiihiEmialid preferred

embodimentsc%f tri1net @Eﬁ%‘%@%}gﬁvﬁl@ﬂﬁ&eﬁm%ﬂﬂ Bgﬁil%rhslgfe}h&ﬁ\é% i Wil fiesRmemmpparent to
rom

those skill & the art e teachings herein. 1t is therefore desired to be secured in the appended
claims all guntp Afodifivatiehspeed falsiett bl the treravissifeRh 2Bt 3 (e FFTEHEN D& rdingly, what

s desired {g.pe searedavibelers aieal isdhe.imsraiionoas dsfinedrapdilaraatiaiedan the following
claims. 2 RIS CLAIMED IS 1.A method for multiplexed sample analysis, comprising: (@)
robotically Bistasehmgay ﬁpg@iﬁrj@iée&ezrﬁpﬁé%ﬁmﬁéﬁ%%fs&fwﬁéﬁw@Fé&?ﬁ?ﬁé"?&ﬂ? ent

delivering hefirsi guig samppis£hromal adivst inestevaniestiraapiclmanalysiaay 1sesample;
waste channel 21. The user may specify a cleaning delay in step 135 to allow back
pressure from inspection instrument i to backwash interface channel 2 into the waste
reservoir 13. Inject sample and wash interface line cycle 128 is completed as shown in
step 136.

[00721  FIG. 6B shows inject sample and wash interface line cycle 137 for
branch 6 of the system and is the same as inject sample and wash interface line cycle 128
for branch § with all elements of branch 5 replaced with corresponding elements of
branch 6. "fhe inject sample and wash interface line cycle 137 is illustrated in steps 138
through 145. A user defined boost volume corresponding to internal volume of interface
channel 2 is expelled from the holding 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 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 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
instrament 1 in a short amount of time.

{6073} The injection may be made either with pressure or without pressure. In
ste;ﬁ 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 sample volume with
pump 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.



(c) rob_otically obtaining a second liquid sample from the second of a plurality of sample sources;

(d) dgllvering the second liquid sample through a second line to an instrument for analysis; (2—:-)
cleanlng the second line while the first line is delivering sample to the instrument; and if) cleaning
the first line vv_h?le the second line is delivering sample to the instrument. 2.The method of Claim 1
further comprising: (g) repeating steps (a)-(’f%éo obtain and deliver multiple samples to the ’
instrument from all of the plurality of sample sources. 3.The method of Claim 1, wherein the instrument
is O? flowdcygtélrnggflaﬁa@Iﬁ&i@elh@ldy(ﬁuﬁlaimﬂtmhjem'nhd'hmfpkt iatdtbe sonecliquitSamsils are
independently se ected from roupconsistigg of ¢ ' : {aTale'l eads, li

cells, or fl%éd){ﬁEI@%. étﬁﬁ’eia%’d oF 1zauvrg Yefﬁg%se?‘ggﬁﬁ[g%sdnggt%%%ﬂgg ’cr)l? %Qggéﬁ\?gﬁngd; filrlgte
reagent tohgcfisphlinelid Saripe seforsthpsiinplolcmtisivdeiat t thennktiureedReck  delivering a

second reagent (o {he second dauidsamn's hefpiedapamalids delieied adhadisieent, 6.1he
auto-sampleeaoit. ’13. Inject samlglirﬁn?i \Evaih I{;L?fgces}fn?gy%lrée??g’? ?stsccl)ingﬁ:g%rges%gvv:rg] ig separate
step 145.

[0074] The high-speed sample supply device disclosed herein is useful to
deliver samples to any type of inspection instrument. Preferably, the device disclosed
herein is used to delivery samples to a flow cytometer. Flow cytometers are well-known
analytical tools that are able to analyze several thousand particles every second and can
actively separate and isolate particles having specified properties. For example, the high-
speed sample supply device may be used in flow cytometers described in U.S. Patent Nos.
6,713,019; 5,824,269; 5,367,474; 5,135,502; and 4,702,598; all of which are hereby
incorporated by reference in their entirety.

{0675} All patents incorporated by reference herein are incorporated by
reference herein only with respect to the particular embodiments, materials, processes of
manufacture and methods of use described therein. These patent are not to be considered
incorporated by reference to the exten{ any of these patents expresses an opinion or
presents any representation, characterization, or definition (either expressly or by
implication) that is inconsistent with the opinions, representations, characterizations or
definitions expressly made herein.

[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. Itis
therefore desired to be secured in the appended claims all such modifications as fail
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.



7.The method of Claim 5, wherein the first and second reagents are independently selected from the
group consisting of chemical compounds, antibodies, beads, live cells, or fixed cells. 22 8. The
method of Claim 5, wherein multiple reagents are added to the sample before the sample is injected
into the instrument. 9. The method of Claim 1, wherein a control valve alternates delivery of
cleaning fluid with the delivery of liquid sample in gach of the first and second lines. 10. The
method of Claim 9, wherein the control valve further provides the delivery of air pressure or system
liquid pressure. 11. The method of Claim 9, wherein the control valve further provides a waste

channel. i 1s CLAIMED IS:

1. - A method for muitiplexed sample analysis, comprising:

(a) robotically obtaining a first liquid sample from the first of a plurality of
sample sources;

(b) delivering the first liquid sample through a first line to an instrument for
analysis of the sample;

(c) robotically obtaining a second liquid sample from the second of a plurality of
sample sources;

(d) delivering the second liquid sample through a second line to an instrument for
analysis;

(e) cleaning the second line while the first line is delivering sample to the
instrument; and

(f) cleaning the first line while the second line is delivering sample to the
instrument.

2. The method of Claim 1, further comprising:

(g) repeating steps (a)-(f) to obtain and deliver multiple samples to the instrument

from all of the plurality of sample sources. .

3. The method of Claim |, wherein the instrument is a flow cytometer.

4, The method of Claim I, wherein the first and second liquid samples are
independently selected from the group consisting of chemical compounds, antibodies, beads, live
cells, or fixed cells.

5. The method of Claim 1, further comprising the steps of:

delivering a first reagent to the first liquid sample before the sarnple is delivered
to the instrument; and

delivering a second reagent to the second liquid sample before the sample is
delivered to the instrument.

6. The method of Claim 5, wherein delivery of the first and second reagents is
performed with a separate auto-sampler arm. |

7. The method of Claim 5, wherein the first and second reagents are independently
selected from the group consisting of chemical compounds, antibodies, beads, live cells, or fixed

cells.
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8. The method of Claim 5, wherein multiple reagents are added to the sample before
the sample is injected into the instrument.

9. The method of Claim 1, wherein a control valve alternates delivery of cleaning
fluid with the delivery of liquid sample in each of the first and second lines.

10.  The method of Claim 9, wherein the control valve further provides the delivery of

air pressure or system liquid pressure.

11. The method of Claim 9, wherein the control valve further provides a waste
channel.



