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DIRECT MIXING AND INJECTION FOR 
HIGH THROUGHPUT FLUIDIC SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 10/841,810, filed on May 7, 2004 and entitled 
“Direct Mixing and Injection for High Throughput Fluidic 
Systems,” the contents of which are hereby incorporated by 
reference in their entirety. 

FIELD OF THE INVENTION 

0002 Aspects of the present invention relate generally to 
the fields of flow cytometry and fluorescence activated cell 
sorting (FACS), and more particularly to a system and method 
of mixing and injecting discrete sample mixtures into a flow 
cytometer or other sample analysis apparatus. 

BACKGROUND 

0003. One frequently used technique in modem drug dis 
covery involves exposing cells bearing a specific drug discov 
ery target to collections of test compounds so that the effect of 
the various compounds on the cells, through interaction with 
the expressed specific target, may be evaluated. In typical 
techniques, the cells are labeled with an indicator material, 
such as a fluorescent substrate that signals a signal transduc 
tion event, allowing the qualitative and/or quantitative nature 
of the compound and target interaction to be assessed by an 
instrument which indicates that the target has been contacted 
by the compound and, more particularly, measures specific 
properties of the substrate. Information derived from such 
assays may generally be used to assign relative activity levels 
to the various compounds being tested. To expand the breadth 
of information regarding the most active chemical structures, 
such assays are often performed with large chemical libraries, 
or with focused but diverse libraries, and employing medium 
to high throughput methodologies using automated or robotic 
systems such as liquid handlers and multi-well plate readers. 
0004 Flow cytometers, often referred to as fluorescence 
activated cell sorting (FACS) apparatus, are unique instru 
ments that utilize fluidic systems to align cells in single file; in 
accordance with conventional flow cytometry technology, the 
cells are passed at relatively high speeds across intersecting 
beams of light having specific spectral properties. For 
example, flow cytometers commonly use coherent laser 
beams from one or more sources (each having distinct spec 
tral laser lines) to excite specific fluorochromes, such as a 
signal transduction indicator material, with unique spectral 
properties on or in the cells. In some circumstances, flow 
cytometers may offer significant advantages over other ana 
lytical instruments such as may be implemented in single cell 
analyses and spectrally multiplexed measurement applica 
tions. On the other hand, flow cytometers have not typically 
been successfully combined with automated sample mixing 
and injection mechanisms, particularly systems that allow 
target-bearing cells to be mixed with test compounds and 
subsequently injected into the fluidic system of the flow 
cytometer. In that regard, conventional flow cytometer and 
other sample analysis techniques are deficient at least to the 
extent that they are inherently associated with substantial 
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carryover of compound or sample material from one sample 
to the next, they are generally characterized by relatively low 
throughput rates, or both. 

SUMMARY 

0005 Embodiments of the present invention overcome the 
foregoing and various other shortcomings of conventional 
fluidic sample analysis technologies, providing a system and 
method of mixing and injecting discrete sample mixtures into 
a flow cytometer or other sample analysis apparatus. In accor 
dance with some exemplary embodiments, for example, a 
sample injection guide may couple a liquid handling appara 
tus with a sample analysis apparatus, facilitating injection of 
discrete sample mixtures into a fluidic system of the appara 
tuS. 

0006. As set forth in more detail below, a sample analysis 
system may generally comprise: a liquid handling apparatus 
operative to prepare a discrete sample mixture; a sample 
analysis apparatus; and an injection guide coupled to the 
analysis apparatus; the injection guide operative to receive the 
discrete sample mixture from the liquid handling apparatus 
and to provide the discrete sample mixture to a fluidic system 
of the analysis apparatus. In accordance with some embodi 
ments, the injection guide may comprise: a guide well opera 
tive to engage a pipette tip manipulated by the liquid handling 
apparatus; and a port in fluid communication with the guide 
well and operative to receive the discrete sample mixture 
from the pipette tip and to communicate the discrete sample 
mixture to the fluidic system. The guide well and the port may 
be in continuous fluid communication with the fluidic system. 
0007 Embodiments are disclosed wherein the liquid han 
dling apparatus comprises a single arm liquid handler; addi 
tional embodiments are disclosed wherein the liquid handling 
apparatus comprises a multiple arm liquid handler, such as an 
apparatus that employs two pipetting arms. 
0008. A sample analysis system may further comprise a 
cell suspension system operative to maintain sample cell 
material at a substantially constant density throughout a Vol 
ume of suspension medium. In accordance with one exem 
plary embodiment, the cell suspension system comprises: a 
suspension vessel containing the sample cell material and the 
suspension medium; and a rocking apparatus operative to 
agitate the sample cell material and the suspension Volume in 
the suspension vessel. The suspension vessel may be embod 
ied in or comprise a sealed tube having an aperture; the 
aperture allowing a component of the liquid handling appa 
ratus, such as a pipette tip, for example, to withdraw a Volume 
of the sample cell material and the suspension Volume from 
the tube. 
0009 Systems are disclosed wherein the sample analysis 
apparatus comprises a flow cytometer, though other analysis 
apparatus are contemplated and readily substituted in place of 
the flow cytometer. 
0010. In accordance with another aspect of the present 
disclosure, embodiments of a sample injection guide may 
generally comprise: a guide well operative to engage a pipette 
tip; and a port operative to receive contents of the pipette tip 
engaged with the guide well and to communicate the contents 
to an independent fluidic system. 
0011. As set forth in detail below, the guide well and the 
port may be in continuous fluid communication with the 
independent fluidic system. In one exemplary embodiment 
having utility in this implementation, the sample injection 
guide further comprises: an overflow well in fluid communi 



US 2011/0065172 A1 

cation with the guide well and operative to receive excess 
liquid back flushed into the guide well through the port from 
the independent fluidic system when the pipette tip is disen 
gaged from the guide well. Additionally, the sample injection 
guide may further comprise a siphon port in fluid communi 
cation with the overflow well and operative to communicate 
the excess liquid to a waste container, moreover, the sample 
injection guide may further comprise a pump coupled to the 
siphon port and facilitating communication of the excess 
liquid to the waste container. 
0012. In accordance with one exemplary embodiment, a 
method of providing discrete sample mixtures to a sample 
analysis apparatus may generally comprise: coupling an 
injection guide to the sample analysis apparatus; the injection 
guide in fluid communication with a fluidic system of the 
sample analysis apparatus; preparing a discrete sample mix 
ture; and utilizing the injection guide to provide the discrete 
sample mixture to the fluidic system. As set forth in detail 
below, the preparing may comprise employing an automated 
liquid handling apparatus; the employing, in turn, may com 
prise utilizing a single arm or a multiple arm pipetting appa 
ratuS. 

0013 The coupling in some embodiments comprises 
allowing a guide well and a port associated with the injection 
guide to be in continuous fluid communication with the flu 
idic system; in that regard, the method may further comprise 
allowing excess liquid to back flush into the guide well 
through the port from the fluidic system. Some methods of 
providing discrete sample mixtures to a sample analysis 
apparatus may further comprise communicating the excess 
liquid to a waste container; in the illustrated embodiments, 
the communicating comprises utilizing a siphon port inte 
grated into the injection guide, though other communicating 
methodologies may be readily implemented. The communi 
cating may additionally comprise utilizing a pump coupled to 
the siphon port. 
0014. In accordance with some embodiments, a computer 
readable medium may be encoded with data and instructions 
for providing a discrete sample mixture to a sample analysis 
apparatus; the data and the instructions causing an apparatus 
executing the instructions to: prepare a discrete sample mix 
ture; and provide the discrete sample mixture to a fluidic 
system of the sample analysis apparatus through an injection 
guide coupled to the sample analysis apparatus. The prepa 
ration of the sample mixture and general constitution of the 
injection guide may be implemented as in the foregoing 
embodiments. 

0015 The computer readable medium may further cause 
an apparatus to employ an automated liquid handling appa 
ratus in preparing the discrete sample mixture; as in the fore 
going embodiments, the computer readable medium may 
cause an apparatus to utilize a single arm pipetting apparatus 
or a multiple arm pipetting apparatus in this context. Addi 
tionally, the computer readable medium may further cause an 
apparatus executing the instructions to record data associated 
with the discrete sample mixture. 
0016. In accordance with other embodiments, a computer 
readable medium may be encoded with data and instructions 
for performing an analysis of a discrete sample mixture; the 
data and the instructions causing an apparatus executing the 
instructions to: acquire a first data set associated with a dis 
crete sample mixture from an injection system; acquire a 
second data set from an analysis apparatus; compare the first 
data set with the second data set to correlate data records with 
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the discrete sample mixture; perform an analysis on the data 
records associated with the discrete sample mixture; and 
record results of the analysis. The computer readable medium 
may further cause an apparatus executing the instructions to 
transmit the results. Additionally or alternatively, the com 
puter readable medium may further cause an apparatus 
executing the instructions to perform the analysis using a 
statistical analytical method. 
0017. The foregoing and other aspects of the disclosed 
embodiments will be more fully understood through exami 
nation of the following detailed description thereof in con 
junction with the drawing figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 is a simplified block diagram illustrating 
functional components of one embodiment of a sample analy 
sis system incorporating elements of a direct sample injection 
system. 
0019 FIG. 2 is a simplified block diagram illustrating 
functional components of another embodiment of a sample 
analysis system incorporating elements of a direct sample 
injection system. 
0020 FIG. 3 is a simplified flow diagram illustrating the 
general operation of one embodiment of a method of per 
forming an analysis using a direct sample injection system. 
0021 FIG. 4 is a simplified flow diagram illustrating the 
general operation of another embodiment of a method of 
performing an analysis using a direct sample injection sys 
tem. 

0022 FIG. 5 is a simplified diagram illustrating a perspec 
tive view of one embodiment of a sample injection guide 
engaged with a pipette tip during use. 
0023 FIG. 6 is a simplified diagram illustrating a perspec 
tive view of one embodiment of a coupling componentallow 
ing a pipette probe to engage a pipette tip. 
0024 FIG. 7 is a simplified diagram illustrating a side 
elevation view of the coupling component embodiment of 
FIG. 6. 

0025 FIG. 8 is a simplified diagram illustrating an axial 
view of the coupling component embodiment of FIG. 6. 
0026 FIG.9 is a simplified diagram illustrating a perspec 
tive view of one embodiment of a sample injection guide. 
0027 FIG. 10 is a simplified diagram illustrating a plan 
view of the sample injection guide embodiment of FIG. 9. 
0028 FIG. 11 is a simplified diagram illustrating a side 
elevation view of the sample injection guide embodiment of 
FIG. 9. 

0029 FIG. 12 is a simplified diagram illustrating an axial 
cross-section view of the sample injection guide embodiment 
of FIG.9 taken on the line 12-12 in FIG. 10. 

0030 FIG. 13 is a simplified perspective diagram illustrat 
ing components of one embodiment of a sample analysis 
system incorporating a direct sample injection system. 
0031 FIG. 14 is a simplified perspective diagram illustrat 
ing components of one embodiment of a direct sample injec 
tion system. 
0032 FIG. 15 is a simplified perspective diagram illustrat 
ing additional components of the direct sample injection sys 
tem of FIG. 14. 
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0033 FIG. 16 is a simplified flow diagram illustrating the 
general operation of one embodiment of a method of per 
forming an analysis. 

DETAILED DESCRIPTION 

0034 Turning now to the drawing figures, FIG. 1 is a 
simplified block diagram illustrating functional components 
of one embodiment of a sample analysis system incorporating 
elements of a direct sample injection system, and FIG. 2 is a 
simplified block diagram illustrating functional components 
of another embodiment of a sample analysis system incorpo 
rating elements of a direct sample injection system. 
0035. The functional description set forth below is prima 

rily directed to operational characteristics of the FIG. 2 
embodiment which may employ a dual pipetting arm liquid 
handler arrangement, though a single pipetting arm arrange 
ment, such as illustrated in FIG. 1, may also have utility in 
various applications. Those of skill in the art will appreciate 
that a sample analysis system as contemplated herein may be 
Susceptible of numerous alterations and modifications, and 
that the particular configuration of structural components 
may be selectively adjusted in accordance with myriad con 
siderations including, but not limited to: overall system 
requirements; size or scale limitations of one or more struc 
tural elements; implementation, programming instructions, 
and computational bandwidth of various processing compo 
nents; desired sample throughput rates; and other factors. In 
particular, the present disclosure is not intended to be limited 
by the number of articulated arms employed by any particular 
liquid handler apparatus. 
0036. As illustrated in FIGS. 1 and 2, an exemplary sample 
analysis system 100 generally comprises an analysis appara 
tus such as a flow cytometer 190, for example, and a liquid or 
sample handling and injection system, such as liquid handler 
180. As contemplated herein, references to “direct sample 
injection' and similar terms are generally related to a process 
of delivering discrete sample mixtures from liquid handler 
180 to an independent fluidic system such as may be incor 
porated or integrated in a sample analysis apparatus (e.g., 
flow cytometer 190); it will be appreciated that, in this con 
text, the term “independent generally refers to a fluidic sys 
tem of a sample analysis apparatus that is distinct from, or not 
necessarily integrated with, the structure (in general) and the 
fluidic system (in particular) associated with liquid handler 
180, though used in conjunction therewith in system 100. 
0037. In some embodiments, flow cytometer 190 may be 
implemented in fluorescence activated cell sorting (FACS) 
applications; additionally or alternatively, flow cytometer 190 
may be employed in any of various sample analysis applica 
tions generally known in the art or developed and operative in 
accordance with known principles. In alternative implemen 
tations of system 100, flow cytometer 190 may be supple 
mented or replaced by any of various different types of 
sample analysis apparatus benefiting from direct sample 
injection functionality as set forth in more detail below. For 
example, one Such alternative apparatus may include Suitable 
structural elements allowing or enabling various microfluidic 
applications; those of skill in the art will appreciate that a 
direct sample injection system may have utility in numerous 
environments with minimal or no modification. 
0038. During use, liquid handler 180 may be operative 
(under microprocessor or computer control, for example) to 
prepare samples to be analyzed and to deliversample material 
or other liquid mixtures to a flow cytometer 190 or another 
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sample analysis apparatus through a sample injection guide 
component 139. In that regard, liquid handler 180 in the FIG. 
2 arrangement may be embodied in or incorporate any of 
various commercially available, computer or microprocessor 
controlled, dual arm liquid handling stations such as, for 
example, a Cavro RSP 9000 unit; similarly, the FIG. 1 liquid 
handler 180 may be embodied in or comprise any single arm 
liquid handling station Such as may be generally available or 
as may be developed and operative in accordance with the 
functional characteristics set forth herein. 

0039. With reference now to FIGS. 13-15 in addition to 
FIGS. 1 and 2, it is noted that FIG. 13 is a simplified perspec 
tive diagram illustrating components of one embodiment of a 
sample analysis system incorporating a direct sample injec 
tion system, FIG. 14 is a simplified perspective diagram illus 
trating components of one embodiment of a direct sample 
injection system, and FIG. 15 is a simplified perspective 
diagram illustrating additional components of the direct 
sample injection system of FIG. 14. 
0040 Liquid handler 180 may generally be configured and 
operative to implement disposable pipette tips on any number 
of pipetting arms; as set forth above, while the exemplary 
embodiment of FIGS. 2, 13, and 14 employs two pipetting 
arms (reference numerals 181 and 182), systems incorporat 
ing one arm (FIG. 1), as well as Systems incorporating more 
than two arms, are also contemplated. Such systems employ 
ing an arbitrary number of pipetting arms may be imple 
mented in accordance with the principles and functional 
attributes described herein. In the exemplary system 100, a 
respective pipetting probe 183,184 may be suspended from a 
respective translational support structure 185,186 associated 
with each respective arm 181,182. Such pipetting arm assem 
blies accommodate rapid, precise movement of probes 183, 
184 in X, y, and Z (ice. Cartesian) coordinate directions. For 
many applications, translation in approximately 0.003 inch 
(0.076 mm) increments in a particular coordinate direction 
may readily be achieved using conventional automated or 
microprocessor controlled liquid handlers; such precision 
may be sufficient, but may not be necessary, for typical uses. 
It will be appreciated that the degree of precision with which 
a pipetting arm (181,182) and its associated Support structure 
(185.186) and probe (183,184) are moved may be a function 
of various factors; the present disclosure is not intended to be 
limited by parameters affecting accurate and precise place 
ment of structural elements in traditional liquid handling 
systems. 
0041) Pipetting arm 181,182, structure 185,186, and probe 
183,184 combinations are generally operative to manipulate 
probes 183,184 in three-dimensional space, enabling probes 
183,184 selectively to engage a pipette tip (reference numeral 
188 in FIG. 14) which may be fabricated of plastic, acrylic, 
latex, or other Suitable materials as generally known in the art. 
In that regard, probe 183,184 may be lowered into a rack of 
pipette tips (reference numeral 121) for coupling of probe 
183,184 with a cooperating pipette tip 188. Some such pipette 
tips 188 currently available may have, for example, a fluid 
volume capacity of about 20-1000 ul (e.g., Tecan Genesis 
tips, from VWR/Quality Scientific Products, are available in 
the foregoing capacity range, and may be Suitable for various 
applications involving automated or semi-automated pipet 
ting procedures). 
0042. In some embodiments, a coupling structure or com 
ponent may facilitate coupling of probe 183,184 with a par 
ticular type of pipette tip 188 having known structural dimen 
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sions. Specifically, FIGS. 6, 7, and 8 are simplified diagrams 
illustrating perspective, side elevation, and axial views, 
respectively, of one embodiment of a coupling component 
allowing a pipette probe to engage a pipette tip. As illustrated 
in FIGS. 6-8, a coupling component 110 may generally com 
prise a conduit 112 through which fluid may be communi 
cated. Coupling component 110 may be fabricated of plastic 
(such as DELRINTM, for example), acrylic, metal, or other 
material having Suitable strength, rigidity, and corrosion 
resistance characteristics, for example, which may be appli 
cation-specific. 
0043 Coupling component 110 may comprise an appro 
priate structural element configured and operative to secure 
coupling component 110 to probe 183,184; specifically, 
probe 183,184 and coupling component 110 may be sealingly 
engaged, preventing leakage or other liquid loss at the junc 
ture therebetween. In the exemplary embodiment, structural 
coupling or interconnection between probe 183,184 and cou 
pling component 110 is represented as effectuated at a 
threaded portion 111. It will be appreciated, however, that 
coupling of probe 183,184 and coupling component 110 may 
be achieved using other structural elements such as, for 
example, a quick-disconnect mechanism, a hose barb, or 
other coupling device having utility in fluidic systems. 
0044 Similarly, coupling component 110 may addition 
ally comprise an appropriate structural element configured 
and operative to secure pipette tip 188 to coupling component 
110; as with the connection set forth above, coupling compo 
nent 110 and pipette tip 188 may be sealingly engaged, pre 
venting leakage or other liquid loss at the juncture therebe 
tween. In the exemplary embodiment, structural coupling or 
interconnection between coupling component 110 and 
pipette tip 188 is represented as effectuated at an angled 
portion 114 operative (e.g., like a hose barb) to engage, under 
pressure, a cooperating open end of pipette tip 188 having a 
correspondingly angled inside diameter dimension as gener 
ally known in the art. It will be appreciated that coupling of 
pipette tip 188 and coupling component 110 may beachieved 
using other structural elements having utility in fluidic sys 
tems. In some embodiments implementing automated liquid 
handling apparatus and techniques, coupling component 110 
may additionally allow or enable automated ejection (i.e., 
disengagement or decoupling) of pipette tip 188 from angled 
portion 114. 
0.045. During pipetting operations when coupling compo 
nent 110 is interposed between probe 183,184 and pipette tip 
188, liquid may be communicated from probe 183,184 into 
conduit 112, and vice-versa, at end 115; similarly, liquid may 
be communicated from conduit 112 to pipette tip 188, and 
vice-versa, at end 113. It will be appreciated that the various 
elements, in general, and the specific structural arrangement, 
in particular, of coupling component 110 may be susceptible 
of various modifications, and that aspects of the exemplary 
structure depicted in FIGS. 6-8 may be selectively dimen 
Sioned, altered, omitted, or rearranged in accordance with 
numerous considerations including, but not limited to, the 
dimensions and other structural characteristics of probes 183, 
184, pipette tip 188, or both. For example, where probes 
183,184 and pipette tip 188 are suitably constructed for direct 
coupling or other unassisted engagement, it may be possible 
to omit coupling component 110 from the fluidic path (i.e., 
coupling component 110 may not be required for proper 
operation of some embodiments of liquid handler 180). 
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0046. As illustrated in FIGS. 1 and 2, a sample analysis 
system 100 may generally comprise a pump system 150 con 
figured and operative to control fluid flow and liquid handling 
procedures. As indicated in FIGS. 2 and 15, the pipetting 
function for each respective pipetting arm 181,182 and probe 
183,184 assembly may be driven or otherwise influenced by 
a respective pump system 151,152. In the exemplary imple 
mentation, pump systems 151,152 may be embodied in or 
comprise computer or microprocessor controlled, servo 
motor driven Syringe and diverter valve systems in fluid com 
munication with the interior of probes 183,184 through flex 
ible tubing, for example, or through some other suitable flu 
idic path or conduit. One exemplary apparatus, the Hamilton 
PSD3 Servo syringe pump, is commercially available and 
may be Suitable for use in accordance with the present dis 
closure. 

0047. In operation, a syringe motor (not shown in FIG. 15) 
may receive commands from control software, firmware, or 
other programming instruction sets; in FIGS. 1, 2, and 13. 
Such control functionality is represented generally by the 
reference numeral 170. Accordingly, the Syringe motor may 
be instructed selectively to withdraw a syringe plunger (e.g., 
to load a syringe 153,154) or to advance the syringe plunger 
(e.g., to expel contents of syringe 153,154). In some systems, 
a diverter valve 159A,159B may also receive commands from 
control Software or some other processing and control com 
ponent 170 (i.e., hardware, firmware, or software). In that 
regard, diverter valve 159A, 159B may be instructed selec 
tively to allow communication of liquids between Syringe 
153,154 and a buffer supply source (reference numeral 125 in 
FIGS. 1 and 2), for example, through a port 155,156, or 
between syringe 153,154 and probes 183,184 through an 
alternative port 157,158. 
0048. The foregoing arrangement allows syringes 153, 
154 to fill with an appropriate buffer material (such as PBS or 
HBSS, for instance) or with other chemical or biological 
reagents, and selectively to drive the fluid contents of syringes 
153,154 through the interior (conduit 112) of coupling com 
ponent 110 and into or through pipette tip 188 as set forth in 
more detail below. In particular, the volume of material drawn 
into or dispensed from pipette tip 188 coupled to a respective 
probe 183,184 may be controlled (e.g., under hydraulic con 
trol) by selective operation of respective pump systems 151, 
152. 

0049. The foregoing operation and various other func 
tional characteristics of system 100 may be controlled by 
processing component 170. In that regard, processing com 
ponent 170 may be embodied in or comprise one or more 
computers, microprocessors or microcomputers, microcon 
trollers, programmable logic controllers, field programmable 
gate arrays, or other Suitably configurable or programmable 
hardware components. In particular, processing component 
170 may comprise hardware, firmware, software, or some 
combination thereof, configured, appropriately programmed, 
and operative selectively to control operational parameters or 
otherwise to influence functionality of components of system 
100. It will be appreciated that processing component gener 
ally comprises a computer readable medium encoded with 
data and instructions, these data and instructions causing an 
apparatus (such as any of the various components of system 
100, in general, and liquid handler 180, in particular) execut 
ing the instructions to perform some or all of the functionality 
set forth herein. 
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0050 Parameters which may be affected or controlled by 
processing component 170 may include, but are not limited 
to, the following: timing of movement and precise three 
dimensional positioning of arms 181,182, Support structures 
185,186, probes 183,184, and more particularly, some com 
bination thereof timing and precise control of pump systems 
151,152 including syringes 153, 154 and valve assemblies 
159A, 159B, influencing the volume of fluid in pipette tips 
188 and the destination thereof; timing and characteristics of 
mixing operations (as set forth below); sample injection rates 
through guide 139 and to an independent fluidic system; and 
other factors. 
0051. Accordingly, processing component 170 may be 
capable of transmitting control signals or other instructions to 
various other electrical or electromechanical system ele 
ments; it will be appreciated that cooperating electrical and 
mechanical elements (such as motors, servos, actuators, racks 
and pinions, gearing mechanisms, and other interconnected 
or engaging dynamic parts, for example) have been generally 
omitted from the drawing figures for clarity, as have the 
various electrical connections and wiring therebetween. In 
that regard, those of skill in the art will appreciate that control 
signals may be transmitted from, and feedback from various 
electromechanical components may be received by, process 
ing component 170 in accordance with any of various com 
munication technologies and protocols having utility in inter 
connecting or otherwise coupling computer peripheral 
devices and other electronic components. Specifically, 
devices implemented in system 100 may be coupled to enable 
uni- or bi-directional data communication using serial or 
Ethernet connections, for example, or other standards such as 
Universal Serial Bus (USB) or Institute of Electrical and 
Electronics Engineers (IEEE) Standard 1394 (i.e., 
“FireWire') connections, and the like. In some embodiments, 
Such coupled components may employ wireless data commu 
nications techniques such as BLUETOOTHTM, for example, 
or otherforms of wireless communication technologies based 
upon infrared (IR) or radio frequency (RF) signals. 
0.052 As indicated in FIGS. 13 and 14, an automated 
pipetting arm assembly 120 including liquid handler 180 may 
be mounted on a frame 128, allowing pipetting arm 181,182 
and probe 183,184 assemblies to address several different 
stations (e.g., pipette tip rack station 121, a microwell plate 
station 122, a tube station 123, and a waste bag station 124) 
selectively positioned or disposed on a deck or platform 129 
generally positioned below arms 181,182. Frame 128 and 
platform 129 may be constructed of metal (such as aluminum 
or steel, for example), plastic, acrylic, fiberglass, or other 
Suitably rigid material capable of bearing weight of arms 
181,182 and other components of liquid handler 180, pump 
systems 151,152, stations 121-124, and attendant hardware 
or consumables disposed thereon. 
0053. In particular, as noted above, platform 129 may 
support several selectable stations 121-124. Examples of the 
stations include, but are not limited to the following: a 
microwell plate station (such as indicated at 122) for test 
compounds; a microwell plate station (such as indicated at 
122) for mixing the cells and compounds where wells may or 
may not contain dilution buffer or test compounds at the 
outset; a rack containing tubes (such as indicated at 123) for 
holding buffers, probes, or compound standards; waste bag 
stations (such as indicated at 124) for discarding tips and for 
expelling priming buffer from probes 183,184; and racks 
(such as indicated at 121) for holding predispensed trays of 
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pipette tips. It will be appreciated that various other types of 
stations accommodating different consumables or other items 
having utility in experimentation may also be included; fur 
ther, the specific number and orientation of the various sta 
tions 121-124 may be altered in accordance with desired 
system capabilities or application requirements. 
0054 As indicated in FIG. 15, platform 129 may addition 
ally support a sample injection guide 139. In that regard, 
FIGS. 9, 10, 11, and 12 are simplified diagrams illustrating 
perspective, plan, side elevation, and axial cross-section 
views, respectively, of one embodiment of a sample injection 
guide. In some embodiments, guide 139 may be rigidly or 
fixedly attached to platform 129 or to some other structural 
element of frame 128. The attachment may be substantially 
permanent, for example, such as may be achieved by welds, 
rivets, pressure or heat sensitive adhesives, or other Substan 
tially permanent attachment mechanism; alternatively, guide 
139 may be removably attached to platform 129 or frame 128 
Such as by Screws, bolts, tabs and slots, or other cooperating 
structural arrangements, for example. It will be appreciated 
that a removable or adjustable attachment mechanism may 
provide flexibility for various applications. In some alterna 
tive embodiments, guide 139 may be attached, coupled, 
incorporated, or otherwise integrated into the structure of 
flow cytometer 190 or other sample analysis apparatus. In 
such embodiments, it may be desirable to modify or other 
wise to adjust the dimensions or relative positioning of plat 
form 129, other components of frame 128, or some combi 
nation thereof, to allow engagement of pipette tip 188 with 
guide 139 as set forth in detail below. 
0055 FIG. 5 is a simplified diagram illustrating a perspec 
tive view of one embodiment of a sample injection guide 
engaged with a pipette tip during use. Specifically, guide 139 
may be constructed and operative to engage an end of pipette 
tip 188 and to communicate fluid from pipette tip 188 to the 
fluidic system offlow cytometer 190 or another sample analy 
sis apparatus. A detailed description of one embodiment of 
guide 139, as well as some functional characteristics thereof, 
is provided below. 

General Functionality 

0056. As set forth in detail above with specific reference to 
FIGS. 2 and 13-15, functional and mechanical drawings illus 
trate various components of one embodiment of a sample 
analysis system 100 employing a dual arm direct sample 
injection system; the functional attributes of a simpler, single 
arm embodiment (FIG. 1), as well as those of more compli 
cated embodiments employing more than two pipetting arms, 
will be readily inferred from the following detailed descrip 
tion of operational characteristics. 
0057. Each respective arm 181,182, support structure 185, 
186, and probe 183,184 assembly may selectively visit tip 
rack 121 (or a selected, designated, or predetermined one of a 
plurality of tip racks 121, for example), seal a pipette tip 188 
onto the end of each respective probe 183,184, and withdraw 
the sealed pipette tip 188 in preparation for movement to 
another station 122-124 on platform 129. As set forth above, 
probe 183,184 (either in conjunction with coupling compo 
nent 110 or independently, for example) may form a suffi 
ciently complete seal with pipette tip 188 to allow pipette tip 
188 to be withdrawn from tip rack 121 without falling off 
when probe 183,184 is withdrawn. In particular, such a seal 
may also be sufficiently complete to prevent air or fluid leak 
age when fluids are moved into pipette tip 188 from either a 
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reservoir or from a respective pump system 151,152—as 
described above with particular reference to FIG. 15, pump 
systems 151,152 may provide fluid (through probes 183,184) 
and drive Volume aspiration and displacement for pipette tip 
188. 

0058 Coupling component 110 may provide improved 
sealing between pipette tip 188 and probes 183,184. In one 
embodiment, for example, coupling component 110 may be 
fabricated of DELRINTM plastic, though other plastics, acryl 
ics, fiberglass, and other materials may also be suitable. Cou 
pling component 110 may be constructed to precise dimen 
sional specifications, and may generally be designed and 
operative to accommodate disposable pipette tips 188 from 
approximately 20 Jul to approximately 1000 ul Volume capac 
ity. As set forth above with specific reference to FIGS. 6-8, 
different disposable pipette tip 188 products may require or 
substantially benefit from different specifications and struc 
tural composition of coupling component 110. 
0059. In operation, pipetting arm 182 may be used to inject 
successive discrete sample mixtures into flow cytometer 190 
through guide 139. Initially, arm 182 may position probe 184 
at a waste bag station 124, or at Some other designated or 
selected waste vessel location; the attached pipette tip 188 
may then be filled entirely (i.e., until a small excess amount is 
expelled as waste) with working liquid (e.g., buffer). In some 
embodiments, a desired buffer solution may be drawn 
through port 156 from a buffer reservoir (reference numeral 
125 in FIGS. 1 and 2) into syringe 154. As set forth above, the 
selective connectivity of syringe 154 with buffer reservoir 
125 or the pipette fluid path (via ports 156,158, respectively) 
may generally be controlled by valve 159B in line with 
Syringe 154; accordingly, the contents of Syringe 154 may 
then be provided to probe 184 and pipette tip 188through port 
158. Filling pipette tip 188 entirely with buffer may remove 
compressible air bubbles from pipette tip 188 and prevent a 
discrete sample mixture from being displaced back up into 
pipette tip 188 during later operations, for example, upon 
engagement of tip 188 with guide 139 when positive pressure 
from the fluidic system of flow cytometer 190 communicates 
with the contents of pipette tip 188. In some simplified dual 
arm liquid handling embodiments, arm 182 may be used 
strictly for retrieving discrete sample mixtures from selected 
locations on platform 129 and Successively injecting these 
discrete sample mixtures into flow cytometer 190 or another 
analysis apparatus. 
0060. In coordinated or substantially simultaneous opera 

tions, pipetting arm 181 may also have buffer fluid within the 
tubing path (i.e., through probe 183 and to pipette tip 188). As 
described above with specific reference to arm 182, this fluid 
flow may be regulated through selective operation of Syringe 
153 and valve 159A of pump system 151. Such buffer fluid 
may facilitate reduction of compressible air in the tubing path 
ofarm 181. In embodiments where probe 183 of arm 181 does 
not communicate with the high pressure fluidic system of a 
sample analysis apparatus (ie., does not couple or engage 
pipette tip 188 with guide 139), the buffer solution may not be 
required to fill pipette tip 188. In the exemplary dual arm 
liquid handling embodiments, arm 181 may be employed to 
retrieve cell samples from a cell Suspension system (de 
scribed below) and to dispense these samples into an assay or 
microwell plate at a selected station 122 on platform 129, to 
retrieve compounds or buffer solution from one or more addi 
tional stations 122 at predetermined locations on platform 
129 and to dispense same into an assay or microwell plate at 
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a specific station 122 on platform 129, and to perform mixing 
functions (e.g., mixing the cell samples with compounds, 
mixing compounds with diluting reagents, or both). 
0061 Timing of movements for arm 181 may be keyed off 
the priorities and movements of arm 182. Specifically, to 
prevent collisions between arms 181,182, movement con 
flicts may be resolved, for example, by providing priority to 
arm 182; in such an embodiment, arm 181 may be required to 
wait for arm 182 to complete high priority tasks before arm 
181 progresses to its next step or location in space. More 
complicated dynamic prioritization strategies may be 
employed in Sophisticated liquid handling techniques. In the 
exemplary embodiment employing a strategy in which arm 
182 has permanent priority, arms 181,182 may be synchro 
nized to coordinate motions for maximal movement effi 
ciency. It will be appreciated that the particular synchroniza 
tion strategy employed may be application specific, and 
accordingly may be affected by the number of samples, com 
pounds, or other reagents to be drawn and dispensed, the 
number of stations 121-124 in use on platform 129 for a 
particular application, the number and length of mixing 
operations to be conducted, the rapidity with which discrete 
sample mixtures are injected into the analysis apparatus, and 
other factors. 

0062 Arm 181 may address compound plate stations 122 
used foragonist mode, antagonist mode, allosteric modulator 
mode, or various other operational or experimental modali 
ties and protocols. Compounds or reagents may be taken up 
into pipette tip 188 and added to cell samples or buffer (for 
dilution purposes) in a predetermined or selected well of a 
microwell plate at a selected station 122. Mixing of cell 
sample material and compound or compound and buffer may 
be performed by arm 181 and probe 183, for example, 
through selective use of syringe 153 alternatively to draw a 
mixture from a microwell and to expel the mixture. In some 
embodiments, a single Such cycle may be sufficient to provide 
adequate mixing, though a mixing cycle may be omitted in 
Some instances, for example, or repeated for any desired 
number of iterations. 
0063 Specifically, arm 181 and probe 183 may address a 
Suspension of viable cell samples and Subsequently draw a 
selected or predetermined sample Volume of evenly Sus 
pended cells into pipette tip 188 for delivery to a selected well 
of the microwell plate, ie., arm 181 and probe 183 may be 
used to dispense the cell sample Volume into microwell plate. 
Further, arm 181 and probe 183 may be implemented to mix 
the contents of a specific well (for example, by pipetting up 
and down a selected or predetermined number of times) with 
out substantially disturbing the cells in the context of the 
parameters to be measured (e.g., intracellular Ca"). Alterna 
tively, the injection of cell samples into the well may be 
Sufficient for mixing, eliminating the need for additional 
pipetting. The cell Suspension mixture may then be left in the 
mixing well until the contents are withdrawn by arm 182 and 
probe 184 for injection to an analysis apparatus. 
0064. After mixing the cell samples and compound for a 
particular well (i.e., preparing a discrete sample mixture), 
arm 181 may then travel to waste bag station 124 and auto 
matically eject pipette tip 188 from probe 183. In some 
embodiments, tip ejection may be monitored, for example, by 
an IR or other Suitable sensor or camera to ensure proper and 
complete ejection of pipette tip 188. In the case of incomplete 
ejection, buffer may be rapidly flushed through probe 183 and 
pipette tip 188, and ejection procedures may be repeated until 



US 2011/0065172 A1 

pipette tip 188 is removed from probe 183. Following confir 
mation of propertip ejection, arm 181 may be manipulated to 
return probe 183 to tip rack 121 (or to a different tip rack) to 
retrieve a new pipette tip 188 in preparation for the next task. 
0065. As noted above, arm 182 and probe 184 may with 
draw the cell material and compound (a discrete sample mix 
ture) into a pipette tip 188 after an appropriate, predeter 
mined, or otherwise selected duration following mixing; arm 
182 and probe 184 may then engage pipette tip 188 with 
sample injection guide 139 (as illustrated in FIG. 5) and 
transfer the discrete sample mixture to flow cytometer 190 (or 
to another sample analysis apparatus). 
0066 Regarding injection of discrete sample mixtures 
into an independent fluidic system, it is noted that FIGS. 9, 10. 
11, and 12 are simplified diagrams illustrating perspective, 
plan, side elevation, and axial cross-section views, respec 
tively, of one embodiment of a sample injection guide. Addi 
tionally, as noted above, FIG. 5 is a simplified diagram illus 
trating a perspective view of one embodiment of a sample 
injection guide engaged with a pipette tip during use. 
0067 Guide 139 and its various components may be fab 
ricated of virtually any suitably non-reactive material. In this 
context, “non-reactive' generally refers to materials which 
will not adversely affect the experimentation occurring in the 
analysis apparatus. In one embodiment, for example, guide 
139 may be fabricated of DELRINTM plastic, though other 
plastics, acrylics, fiberglass, metals, and other materials may 
also be suitable. 
0068. As indicated in the drawing figures, one embodi 
ment of guide 139 may generally comprise a guide well 135 
dimensioned and operative to receive or otherwise sealingly 
to engage pipette tip 188, and a port 136 in fluid communi 
cation with both guide well 135 and the fluidic system of the 
analysis apparatus. During injection operations, pipette tip 
188 may be engaged or seated in guide well 135 such that 
liquid or air cannot leak through the area of contact between 
guide well 135 and pipette tip 188. In that regard, it will be 
appreciated that the general constitution and specific dimen 
sions of guide well 135 (e.g., depth, internal diameter, and 
taper) may be selected in accordance with the type of pipette 
tip 188 with which it is intended to be used. For example, 
guide well 135 is illustrated as tapered in FIGS. 11 and 12; in 
Some embodiments, taper orangular dimensions provided for 
guide well 135 may be specifically designed to cooperate 
with a corresponding and complementary tapered portion of 
pipette tip 188. 
0069. When pipette tip 188is engaged with guide well 135 
as set forth above, a discrete sample mixture, or other contents 
of pipette tip 188, may be injected through port 136 into the 
fluidic system of the analysis apparatus. Port 136 may be 
coupled to an independent fluidic system, for example, using 
flexible tubing, hose barbs, quick-disconnect assemblies, and 
other types of fluid coupling hardware and mechanisms gen 
erally known in the art. This “connection” between port 136 
and the independent fluidic system has been omitted from the 
drawing figures for clarity. 
0070. When pipette tip 188 is withdrawn from guide well 
135, the free stream dynamic pressure of the independent 
fluidic system may force liquid back through port 136 and 
into guide well 135, flushing the connection, port 136, and 
guide well 135. This flushing may prevent residual material 
from one discrete sample mixture from contaminating a Sub 
sequent discrete sample mixture and altering or otherwise 
affecting the analysis thereof. It will be appreciated that the 

Mar. 17, 2011 

dynamic pressure associated with the fluidic system may 
cause flooding and overflow of guide well 135; additionally, 
removing liquidback flushed through port 136 into guide well 
135 may facilitate minimization of deleterious contamination 
between Successive sample mixtures. Accordingly, some 
embodiments of guide 139 may additionally comprise an 
overflow well 134 and siphon ports 137,138. 
0071. During operation, back pressure from the indepen 
dent fluidic system generally causes fluid to flush through 
port 136 and into guide well 135 and overflow well 134. The 
depth of fluid in guide well 135 and overflow well 134, on the 
other hand, may exert sufficient hydrostatic pressure to bal 
ance the pressure of the fluid entering wells 135,134 through 
port 136, preventing a spray or “geyser' effect and minimiz 
ing liquid waste. Back flushed liquids (and any sample cells, 
reagents, or other contamination carried therein) may be 
siphoned, either by gravity alone, for example, or by pumping 
mechanisms, through siphon ports 137,138. 
0072. It will be appreciated that the structural characteris 

tics, relative dimensions, locations, and orientations of the 
various elements (i.e., wells 134,135, ports 136-138, and 
siphon pumps, if implemented) may be selected in accor 
dance with the type of independent fluidic system employed 
and the operational dynamic pressures expected. For 
example, an additional siphon port may be required in some 
instances; alternatively, one or both of siphon ports 137,138 
may be omitted. Where no siphon ports are provided, guide 
well 135 or overflow well 134 may simply be allowed to 
overflow into a waste drain or bag, for example, or a siphon 
tube which is not integrated into the structure of guide 139 
may be employed. 
0073. In the exemplary embodiment, for instance, excess 
liquid not siphoned from overflow well 134 by siphon ports 
137,138 may be directed to a channel 131, where it may then 
be drained to an appropriate waste container or drain through 
ports 132,133. Additionally or alternatively, one or both of 
ports 132,133 may be employed, for example, as guide holes 
for screws, bolts, or other fastening members, to facilitate 
attachment of guide 139 to platform 129 or to the analysis 
apparatus. The present disclosure is not intended to be limited 
by the structural configuration and design characteristics of 
guide 139 illustrated in FIGS. 5 and 9-12. It will be appreci 
ated that numerous alterations may be made to guide 139, and 
that the functionality described herein not limited to the 
design depicted in the drawing figures. 
0074. In accordance with the exemplary embodiment, 
guide 139 may satisfy the functional requirements set forth 
below. As best illustrated in FIG. 5, guide 139 may serve as a 
docking port between a pipette tip 188 containing a discrete 
sample mixture and an input port (not shown) of flow cytom 
eter 190 or any other sample analysis apparatus employed in 
conjunction with system 100. In the case of flow cytometer 
190, for instance, such an input port may be embodied in or 
comprise a tube in fluid communication with a flow nozzle or 
cuvette. Guide 139 may have particular utility in cases where 
hydrodynamic focusing between the discrete sample mixture 
(injected by pipette tip 188 through guide 139) and sheath 
fluid in the fluidic system of the analysis apparatus occurs at 
the input port of the analysis apparatus or just downstream 
thereof. 

0075. In particular, guide 139 may allow the contents of 
pipette tip 188 to be directly injected through port 136 into 
flow cytometer 190 (or to any independent fluidic system) on 
a discrete sample-by-sample basis. Operation of guide 139 
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enables contents of pipette tip 188 (i.e., a discrete sample 
mixture) to be treated as, and to behave as, the ideal sample 
stream described in conventional flow cytometry applica 
tions, i.e., where individual sample tubes are manually placed 
at the sample input station. 
0076. Additionally, guide 139 may permit rapid flushing 
of the sample input tubing (e.g., the input port of the analysis 
apparatus) to remove adherent compounds and residual 
sample material from the previous sample mixture. It will be 
appreciated that the tubing connecting guide 139 (at port 136) 
to the flow nozzle (i.e., associated with the fluidic system of 
the analysis apparatus) ideally needs to be washed free of 
contamination between Successive discrete samples; Such 
flushing may prevent sample carryover artifacts in the data 
stream. To achieve this flushing between successive discrete 
sample input operations, as set forth in detail above, port 136 
and guide well 135 may be in continuous fluid communica 
tion with the normal sheath fluid used in the fluidic systems of 
standard flow cytometers. When pipette tip 188 is disengaged 
from guide well 135, the sheath fluid of the independent 
fluidic system (that is normally under positive pressure) 
washes backwards through port 136. This reverse flow serves 
to wash the connector tube and the port 136. As set forth 
above, excess fluid may be removed by gravity, for example, 
or by continuous aspiration (such as by a vacuum pump) 
through siphon ports 137,138 and channel 131. 
0077. As set forth in detail above, guide 139 may facilitate 
docking or engagement of pipette tip 188 and guide well 135, 
allowing pipette tip 188 to be firmly and tightly sealed with 
the walls of guide well 135; additionally, guide 139 may be 
operative to prevent the force of docking (i.e., the engagement 
of pipette tip 188 with guide well 135) from disturbing the 
alignment between the cells in the sample mixture stream and 
the lasers of flow cytometer 190 or other equipment in the 
analysis apparatus. In some embodiments, the foregoing 
alignment may be achieved by utilizing a length of flexible 
tubing that communicates sample mixtures from port 136 to 
the independent fluidic system. Such flexible tubing may 
absorb stresses associated with repeated engagement of 
pipette tip 188 with guide well 135, and may prevent trans 
mission of those stresses to components of the analysis appa 
ratus. Maintaining alignment in the foregoing manner may 
ensure continuous data consistency and quality throughout 
repeated runs of successive experiments. 
0078 Delivery of a discrete sample mixture to the analysis 
apparatus may be controlled by the pipetting Syringe 154 
operatively coupled to probe 184 on arm 182 and, in turn, by 
a motor (such as a servo motor or equivalent device) driving 
Syringe 154. Injection of a discrete sample mixture through 
port 136 may selectively be rapid and of brief duration, for 
example, or alternatively, slow and prolonged. In the exem 
plary embodiment, sample mixture injection rates may be 
selectively controlled, for example, through control of the 
servo motor, and thereby the dispense rate of syringe 154. 
Similarly, pipetting functionality for arm 181 and probe 183, 
including Volumes and rates, may be controlled by a servo 
motor driving syringe 153. As set forth above, such control 
may be effectuated through appropriate programming 
instructions for processing component 170. 
0079. When an injection cycle is completed (i.e., a discrete 
sample mixture has been injected through guide 139 to an 
independent fluidic system) arm 182 and probe 184 may 
move to a waste bag station 124 and eject pipette tip 188 to a 
waste container substantially as described above with refer 
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ence to arm 181 and probe 183. As with the foregoing ejection 
procedure, ejection of pipette tip 188 from probe 184 may be 
monitored (e.g., by a sensor or camera) to ensure Successful 
ejection of pipette tip 188. Respective arms 181,182 and 
probes 183,184 may be prepared for the next cycle by retriev 
ing new pipette tips 188 from designated or selected tip racks 
121. 

0080. In accordance with FIG. 15 embodiment, cell 
sample material to be analyzed may be maintained in Suspen 
sion by an active cell suspension system (CSS) 140. During 
operation, CSS 140 may prevent the cells from settling and, 
accordingly, may keep cell material at a constant density 
throughout the entire Suspension Volume. In that regard, CSS 
140 may generally comprise a tube 141 mounted to a rocking 
apparatus 145. Tube 141 may be loaded with cells and a liquid 
Suspension medium, and generally comprises an aperture 142 
allowing access to the contents thereof by pipette tip 188. 
Tube 141 and its contents may be rocked by rocking apparatus 
145 from an horizontal position alternately to positions 
approximately +/-45 degrees off the horizontal axis. In some 
instances, rocking may be controlled such that CSS 140 does 
not agitate the Suspension in Such a manner as to perturb 
resting cell physiology as measured by fluorescent probes 
that indicate, for example, Ca" membrane potential or 
plasma membrane integrity. 
I0081. By way of example, a suspension vessel, such as 
tube 141, may be a 50 ml sealable plastic tube (e.g., as may be 
available from Falcon Labware or various other manufactur 
ers), though specific dimensions, Volume, and material may 
be varied as desired. As noted above, tube 141 generally 
comprises an access port or aperture 142 allowing pipette tip 
188 coupled to probe 183 to access the cell suspension in tube 
141. In some embodiments, CSS 140 in general, and rocking 
apparatus 145 in particular, may be under control of process 
ing component 170; responsive to an appropriate control sig 
nal from processing component 170, for example, operation 
of rocking apparatus 145 may be interrupted, and tube 141 
may be maintained in a desired orientation, while pipette tip 
188 coupled to probe 183 approaches tube 141, enters aper 
ture 142, and withdraws a selected volume of cell sample 
material. Responsive to an additional signal from processing 
component 170, or following a predetermined or selected 
duration, rocking action may be resumed following with 
drawal of pipette tip 188 from aperture 142. 
I0082 FIG. 3 is a simplified flow diagram illustrating the 
general operation of one embodiment of a method of per 
forming an analysis using a direct sample injection system. At 
the initiation of any particular analysis method, as indicated at 
block 311, a plate of test compounds (at any desired or 
selected Volume and molarity) may be placed at a selected or 
predetermined station 122 on platform 129; additionally or 
alternatively, a rack of test tubes, each of which may contain 
one or more compounds of a selected Volume and molarity, 
may be placed at a selected or predetermined station 123 on 
platform 129. As set forth above, any number of microwell 
plates or test tube racks containing various compounds or 
reagents, or desired combinations thereof, may be placed at 
one or more such stations 122,123 on platform; specifically, 
the operation depicted at block 311 may be repeated as 
desired any number of times and in accordance with a par 
ticular analysis protocol. Locations (i.e., at Stations 122 or 
123 on platform 129) of specific microwell plates or test 
tubes, as well as the specific contents of each well or test tube 
and associated data and parameters, may be input or other 
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wise recorded, for example, using software or other instruc 
tion sets, in processing component 170 for further reference, 
to program sequences of operations executed by arms 181, 
182 and probes 183,184, and the like. 
0083. As indicated at block 312, an automated pipetting 
apparatus (such as liquid handler 180, for example) may 
obtain a predetermined or preselected volume of cell material 
and Suspension medium (e.g., from CSS 140). In some 
embodiments, instructions governing or otherwise influenc 
ing the operation depicted at block 312 may be provided by 
processing component 170 or an equivalent controlling 
mechanism adapted to provide commands to automated or 
semi-automated electromechanical systems; additionally or 
alternatively, such instructions may be provided, in whole or 
in part, inaccordance with user intervention. In the exemplary 
FIG. 14 implementation, such retrieval of sample cell mate 
rial may be effectuated by a dedicated pipetting arm 181 and 
associated hardware, though various other pipetting arm 
implementations are also contemplated. 
0084. Notwithstanding which of a plurality of pipetting 
arms (such as arms 181,182, for instance) performs the opera 
tion at block 312 (or whether a single arm liquid handler 180 
is employed), sample material may be added or provided to a 
specified or predetermined compound well (at station 122) or 
test tube (at station 123) as indicated at block 313. Specifi 
cally, the operation at block 313 represents preparation of a 
discrete sample mixture (i.e., a mixture comprising a desired 
Volume of sample material obtained from a common sample 
Source (Such as from Suspension vessel or tube 141, for 
example) and a specified or preselected compound, reagent, 
buffer solution, or some desired combination thereof) at a 
specified location (e.g., at station 122 or station 123) on 
platform 129. As further indicated at block 313, one or more 
mixing operations may be conducted. In some instances (de 
pending, for example, upon analysis protocols, the specific 
chemistry of discrete sample mixtures, and other factors), the 
foregoing providing sample material to a well or test tube may 
also effectuate necessary or desired mixing. Alternatively, 
mixing may be performed through one or more pipetting 
cycles wherein the discrete sample mixture (of sample mate 
rial and compound or other chemical components in selected 
well or test tube) is alternately withdrawn and subsequently 
returned to the appropriate well or test tube. Again, the opera 
tion depicted at block 313 may be influenced or controlled by 
processing component 170, either automatically or in accor 
dance with user intervention, and driven by a pump system 
(such as represented by reference numeral 151 in FIG. 15). 
0085. As indicated at block 314, a time delay may be 
provided to allow sufficient time for desired reactions to take 
place for a particular discrete sample mixture. In some 
embodiments. Such a delay time may be identical, or Substan 
tially So, for each discrete sample mixture prepared as set 
forth above. Alternatively, reaction time durations for one or 
more discrete sample mixtures may vary from other discrete 
sample mixtures prepared on platform 129 and awaiting 
injection into the analysis apparatus. It will be appreciated 
that synchronization considerations, prioritization strategies, 
or both, for pipetting arm motions may be influenced or 
otherwise affected in accordance with the various reaction 
times required by, or desired for, each discrete sample mix 
ture to be prepared and provided to the analysis apparatus. 
Accordingly, delay times may be recorded and monitored by 
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processing component 170, for example, and liquid handler 
180 may be controlled appropriately to accommodate various 
reactions and delay durations. 
I0086 Following a desired or predetermined delay period 
(block 313) a discrete sample mixture may be withdrawn 
from its well or test tube station (122 or 123) for delivery or 
approach to sample injection guide 139 as indicated at block 
315. Specifically, each discrete sample mixture prepared in a 
particular location on platform 129 may be individually 
addressed and withdrawn successively by liquid handler 180 
in accordance with instructions provided, for example, by 
processing component 170. As illustrated in the drawing fig 
ures and described in detail above, an exemplary direct injec 
tion system may employ a clean pipette tip 188 for the opera 
tion depicted at block 315, eliminating or minimizing 
contamination between Successive injection operations 
(blocks 316 and 317). 
0087. As indicated at blocks 316 and 317, a discrete 
sample mixture may be injected into the fluidic system of an 
analysis apparatus Substantially as set forth above with spe 
cific reference to FIGS. 5 and 9-12. In particular, a pipette tip 
188 containing a discrete sample mixture may be docked or 
sealingly engaged with a sample injection guide 139 (block 
316); the discrete sample mixture may then be provided 
through guide 139 to an independent fluidic system (block 
317) associated with a sample analysis apparatus (such as 
flow cytometer 190). As noted above, an injection rate for a 
particular discrete sample mixture may be selectively con 
trolled, for example, through operation of a pump system 
(such as indicated at reference numeral 152) under control of 
processing component 170. 
I0088 Data regarding a discrete sample mixture may be 
recorded, for example, on computer readable media at pro 
cessing component 170, at another electronic device, or both, 
for storage or analysis; additionally, such data may be trans 
mitted, via recording media or network data transmissions, 
for instance, to any desired computerized device or data pro 
cessing apparatus for recordation or for further analysis. 
Appropriate, desired, or relevant data relating to the forego 
ing operations described with reference to blocks 311-315 
and 317 may include, but not be limited to, some or all of the 
following information associated with a particular discrete 
sample mixture: specific chemistries, Volumes, percentages, 
concentrations, compositions, or other factors related to the 
discrete mixture of cell samples, compounds, reagents, and 
buffer Solutions; mixing parameters such as the number of 
pipetting cycles performed, for example, and the forcefulness 
or rapidity (in terms of fluid flow rates, for example) with 
which those cycles were executed; the time delay allowed 
between preparation of the discrete sample mixture and injec 
tion of same to the analysis apparatus; the time at which the 
particular discrete sample mixture is injected into the analysis 
apparatus, as well as the rate (or duration) of the injection 
process; and any other parameter monitored or controlled by 
processing component 170. It will be appreciated that the 
nature and relevance of data recorded in conjunction with the 
foregoing processes may be a function of the particular 
experiment or assay occurring in the analysis apparatus. 
I0089. Further data may be obtained in accordance with 
standard or modified operation of the analysis apparatus as 
indicated at block 318. Though the present disclosure is not 
intended to be limited to any particular analysis apparatus, or 
to the operational characteristics or limitations thereof, it is 
noted that the operation depicted at block 318 may be 
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executed by a flow cytometer 190, for example, or by any 
other sample analysis equipment known in the art or devel 
oped and operative in accordance with known principles of 
fluidic systems. Data acquired by the analysis apparatus 
(block 318) may be combined or otherwise associated with 
the data recorded as set forth above (in conjunction with 
blocks 311-315 and 317) at processing component 170 or 
elsewhere; alternatively, separate data files may be main 
tained for storage or processing as desired. 
0090. As indicated at block319 and the dashed line return 
ing to block 312, the foregoing operations may be executed 
any number of times, and for any number of discrete sample 
mixtures sought to be analyzed. As set forth above, process 
ing component 170, or equivalent mechanisms, may be used 
to record the locations of discrete sample mixtures prepared, 
and those which have been analyzed versus those that have 
not. 

0091. As set forth above, guide 139 and any attendant 
coupling tubing or other fluid conduit connecting same to the 
independent fluidic system may be washed, for example, 
through a back flush of sheath fluid through operative por 
tions of guide 139. This wash operation, set forth above with 
specific reference to FIGS. 5 and 9-12, is also depicted at 
block 319. 

0092 FIG. 4 is a simplified flow diagram illustrating the 
general operation of another embodiment of a method of 
performing an analysis using a direct sample injection sys 
tem. At the initiation of any particular analysis method, as 
indicated at blocks 411 and 421, various plates or racks of test 
tubes containing compounds and buffer Solutions (at any 
desired or selected Volume and molarity) may be placed at 
selected or predetermined stations 122,123 on platform 129. 
As with the method described above, any number of microw 
ell plates or test tubes containing various compounds, 
reagents, buffers, or desired combinations thereof, may be 
placed at one or more such stations 122,123 on platform. 
Appropriate data representative of locations of specific 
microwell plates or test tubes, as well as the specific contents 
thereof, may be input or otherwise recorded at processing 
component 170 or elsewhere. These data may be employed 
for further reference, to program sequences of operations 
executed by arms 181,182 and probes 183,184, and the like. 
0093. As indicated at blocks 412 and 422, an automated 
pipetting apparatus (such as liquid handler 180, for example) 
may transfer one or more compounds to selected other wells 
or test tubes at specified locations on platform; the resulting 
combination of liquids may be mixed as indication at block 
412. In some embodiments, instructions governing or other 
wise influencing the operations depicted at blocks 412 and 
422 may be provided by processing component 170 or an 
equivalent controlling mechanism; additionally or alterna 
tively, such instructions may be provided, in whole or in part, 
in accordance with user intervention. Mixing at block 412 
may proceed substantially as set forth above with specific 
reference to block 313 in FIG. 3. 

0094. Following mixing of desired components, excess 
liquid may be removed from a specific well or test tube (block 
413) to ensure that the particular well contains an appropriate 
amount of compound, reagent, buffer, and the like, for creat 
ing the desired discrete sample mixture for that particular 
well or test tube. Excess liquid withdrawn as contemplated at 
block 413 may be discarded as waste. The operation depicted 
at block 413 may be selectively controlled in accordance with 
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desired sample analysis protocols for aparticular experiment, 
in whole or in part, by processing component 170. 
0.095 The operations depicted at blocks 414-416 (i.e., 
removing or obtaining a desired Volume of cell sample mate 
rial from a source such as CSS 140, for example, adding same 
to a desired well or test tube, mixing, and allocating a desired 
delay time), may proceed substantially as set forth above with 
specific reference to blocks 312-314 in FIG. 3. Specifically, 
the operations at blocks 414-416 represent preparation of a 
discrete sample mixture comprising a desired Volume of 
sample material obtained from a common sample source 
(such as from Suspension vessel or tube 141, for example)and 
a specified or preselected compound, reagent, buffer solution, 
or some desired combination thereof. This discrete sample 
mixture may be prepared and maintained at a specified loca 
tion (e.g., at station 122 or station 123) on platform 129. 
0096. As further indicated at block 416, one or more mix 
ing operations may be conducted. Such operations may 
depend, for example, upon analysis protocols, the specific 
chemistry of discrete sample mixtures, and other factors Sub 
stantially as described above. Mixing may not be required in 
Some applications. Further, a time delay may be provided to 
allow sufficient time for desired reactions to take place for a 
particular discrete sample mixture. While such a delay time 
may be identical, or Substantially so, for each discrete sample 
mixture, reaction time delays for one or more discrete sample 
mixtures may vary from other discrete sample mixtures. 
Accordingly, synchronization considerations, prioritization 
strategies, or both, for pipetting arm motions may be influ 
enced or otherwise affected. Where required, one or both of 
the operations depicted at block 416 may be influenced or 
controlled by processing component 170, either automati 
cally or in accordance with user intervention. 
(0097. The operations depicted at blocks 417-419 (i.e., 
withdrawing and injecting a discrete sample mixture, acquir 
ing data from an analysis apparatus, and reiterating the pro 
cedure), may proceed substantially as set forth above with 
specific reference to blocks 315-319 in FIG. 3. In particular, 
a discrete sample mixture may be retrieved by liquid handler 
180 and injected (block 417) into the fluidic system of an 
analysis apparatus as described above with specific reference 
to FIGS. 5 and 9-12. In that regard, a pipette tip 188 contain 
ing a discrete sample mixture may be docked or sealingly 
engaged with a sample injection guide 139; the discrete 
sample mixture may then be provided through guide 139 to an 
independent fluidic system associated with a sample analysis 
apparatus (such as flow cytometer 190). An injection rate or 
duration for a particular discrete sample mixture may be 
selectively controlled, for example, through operation of a 
pump system (such as indicated at reference numeral 152) 
under control of processing component 170. 
0098. Relevant or desired data associated with a discrete 
sample mixture may be recorded, transmitted, or both, for 
example, under control of processing component 170 Sub 
stantially as set forth above. As in the FIG. 3 embodiment, 
these data may include: specific chemistries, Volumes, per 
centages, concentrations, compositions, or other factors 
related to the discrete mixture of cell samples, compounds, 
reagents, and buffer solutions; mixing parameters; the time 
delay; the time (and rate) at which the particular discrete 
sample mixture is injected into the analysis apparatus; and 
any other parameter monitored or controlled by processing 
component 170. The nature and relevance of data acquired, 
recorded, or otherwise manipulated in conjunction with the 
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foregoing processes may be a function of the particular 
experiment or assay occurring in the analysis apparatus. 
0099. Additional data may be acquired in accordance with 
standard or modified operation of the analysis apparatus as 
indicated at block 418. Finally, as indicated at block 419 and 
the dashed line returning to block 422, the foregoing opera 
tions may be iterated any number of times, and for any num 
ber of discrete sample mixtures sought to be analyzed. Pro 
cessing component 170, or equivalent mechanisms, may be 
used to record the locations of discrete sample mixtures pre 
pared, and those which have been analyzed versus those that 
have not. Guide 139 and any attendant coupling or fluid 
conduit connecting same to the independent fluidic system 
may be washed, for example, through a back flush of sheath 
fluid through operative portions of guide 139. This wash 
operation, set forth above with specific reference to FIGS. 5 
and 9-12, is also depicted at block 419. 
0100. The specific arrangement and organization of func 
tional blocks depicted in FIGS. 3 and 4 are not intended to be 
construed as implying any particular order or sequence of 
operations to the exclusion of other possibilities. Alternative 
sequences, combinations and simultaneous execution of vari 
ous operations are also contemplated, and may be enabled or 
facilitated, for example, in multiple arm liquid handler 
embodiments and during Successive iterations of sample 
injection cycles. For example, the operations depicted at 
blocks 315-319 with respect to one sample mixture may 
occur in parallel, or Substantially simultaneously, with opera 
tions 312-314 conducted with respect to a different or subse 
quent iteration for a next Successive or different discrete 
sample mixture. Similarly, the operations depicted at blocks 
422 and 412-416 (with respect to one sample mixture) may be 
executed in parallel, or Substantially simultaneously, with the 
operations depicted at blocks 417-419 (with respect to a 
sample mixture previously prepared). Those of skill in the art 
will appreciate that the operations depicted at blocks 317 and 
318 may occur substantially simultaneously; similarly, the 
injection operation (block 417) and the acquisition operation 
(block 418) depicted in FIG.4 may also be executed substan 
tially simultaneously. 
0101 FIG. 16 is a simplified flow diagram illustrating the 
general operation of one embodiment of a method of per 
forming an analysis. As indicated at blocks 1601 and 1602, 
data may be acquired from a sample injection system (such as 
by processing component 170, for example) and from an 
analysis apparatus Substantially as set forth above with spe 
cific reference to FIGS. 3 and 4. Acquired data may then be 
compared (block 1603) to identify which data records 
obtained by the sample analysis apparatus correspond with 
data records obtained and recorded by the injection system 
associated with a particular discrete sample mixture. Where 
an injection time and rate for a particular sample mixture are 
recorded by processing component 170, for example, data 
acquired by the analysis apparatus at that time and for a 
specific duration thereafter may be flagged as associated with 
that particular discrete sample mixture. In the foregoing man 
ner, data from the analysis apparatus may be correlated with 
data from the injection system Such that data records may be 
matched and associated with a specific discrete sample mix 
ture. This correlation may be have particular utility in ascer 
taining which analysis results are obtained from the sample 
mixture in a particular well or test tube; in some applications, 
correlating analysis results with the composition of a sample 
mixture may facilitate interpretation of the results. 
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0102. As indicated at block 1604, cell sample material 
belonging to a particular population may be identified and 
associated with a specific well or test tube from which the 
sample mixture was prepared and drawn. In accordance with 
one embodiment, for example, the identification of cells 
within a population may comprise determining if a cell falls 
into all gates specifying the population sought to be identi 
fied. It will be appreciated that these gates, and other sorting 
criteria or parameters, may be user-specified and application 
specific. In the foregoing manner, cells within a particular 
well or test tube may be associated with the population crite 
ria appropriate or desired for a particular experiment. 
0103) A selected or desired analysis may then be per 
formed on selected cells from a particular well or test tube 
(i.e., discrete sample mixture) that are identified as belonging 
to or associated with a particular population as indicated at 
block 1605. Various analyses including statistical analytical 
techniques are contemplated at block 1605. For example, 
mean intensity, median intensity, percentage of cells exceed 
ing a predetermined threshold intensity value, and the like, 
may be appropriate or desired. It will be appreciated that the 
nature of the analysis performed at block 1605, as well as the 
nature of the data records acquired in conjunction with its 
execution, may vary in accordance with some or all of the 
following, without limitation: the type of analysis apparatus 
employed; the functional characteristics and limitations 
thereof; the operational modality or parameters set to control 
the analysis apparatus; the type of experiment conducted; and 
other factors. 
0104 Data acquired during the analysis at block 1605 may 
be recorded, transmitted, processed, or otherwise manipu 
lated as generally indicated at block 1606. Recorded data 
records may be saved or stored, for example, on computer 
readable media for processing at a later time; additionally or 
alternatively, data processing may occur simultaneously or in 
conjunction with the recordation depicted at block 1606. As 
set forth above with reference to FIGS. 3 and 4, data may be 
transmitted via recording media, for instances, or via network 
data communications to any desired computerized device or 
processing apparatus. 
0105. As indicated by the decision blocks 1611 and 1621, 
the foregoing process may be selectively iterated, for 
example, until all populations and all discrete sample mix 
tures have been analyzed. The iterative nature of the FIG. 16 
embodiment may be selectively interrupted in accordance 
with user intervention if desired. 
0106 Aspects of the present invention have been illus 
trated and described in detail with reference to particular 
embodiments by way of example only, and not by way of 
limitation. It will be appreciated that various modifications 
and alterations may be made to the exemplary embodiments 
without departing from the scope and contemplation of the 
present disclosure. It is intended, therefore, that the invention 
be considered as limited only by the scope of the appended 
claims. 

What is claimed is: 
1. A sample analysis system comprising: 
a liquid handling apparatus operative to prepare a discrete 

sample mixture, wherein the liquid handling apparatus 
comprises a coupling component that is operative to 
accommodate disposable pipette tips, and wherein the 
coupling component enables automatic ejection of the 
disposable pipette tips; 
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wherein the coupling component comprises an exterior 
portion operative to engage, under pressure, a cooperat 
ing open end of a disposable pipette tip, and an interior 
portion that includes a recess at a distal end of the cou 
pling component; 

a sample analysis apparatus; and 
an injection guide coupled to said analysis apparatus; said 

injection guide operative to receive said discrete sample 
mixture from said liquid handling apparatus and to pro 
vide said discrete sample mixture to a fluidic system of 
said analysis apparatus. 

2. The system of claim 1 wherein said injection guide 
comprises: 

a guide well operative to engage a pipette tip manipulated 
by said liquid handling apparatus; and 

a port in fluid communication with said guide well and 
operative to receive said discrete sample mixture from 
said pipette tip and to communicate said discrete sample 
mixture to said fluidic system. 

3. The system of claim 2 wherein said guide well and said 
port are in continuous fluid communication with said fluidic 
system. 

4. The system of claim 1 wherein said liquid handling 
apparatus comprises a single arm liquid handler. 

5. The system of claim 1 wherein said liquid handling 
apparatus comprises a multiple arm liquid handler. 

6. The system of claim 1 wherein said multiple arm liquid 
handler employs two pipetting arms. 

7. The system of claim 1 further comprising a cell suspen 
sion system operative to maintain sample cell material at a 
Substantially constant density throughout a Volume of Sus 
pension medium. 

8. The system of claim 7 wherein said cell suspension 
system comprises: 

a Suspension vessel containing said sample cell material 
and said Suspension medium; and 

a rocking apparatus operative to agitate said sample cell 
material and said Suspension volume in said Suspension 
vessel. 

9. The system of claim 8 wherein said suspension vessel 
comprises a sealed tube having an aperture, said aperture 
allowing a component of said liquid handling apparatus to 
withdraw a Volume of said sample cell material and said 
Suspension Volume from said tube. 

10. A sample analysis system comprising: 
a liquid handling apparatus operative to prepare a discrete 

sample mixture, wherein the liquid handling apparatus 
comprises a coupling component that is operative to 
accommodate disposable pipette tips, and wherein the 
coupling component enables automatic ejection of one 
or more disposable pipette tips; 

wherein the coupling component comprises an exterior 
portion operative to engage, under pressure, a cooperat 
ing open end of a disposable pipette tip, and an interior 
portion that includes a recess at a distal end of the cou 
pling component; 

a sample analysis apparatus, wherein said sample analysis 
apparatus comprises a flow cytometer; and 

an injection guide coupled to said analysis apparatus; said 
injection guide operative to receive said discrete sample 
mixture from said liquid handling apparatus and to pro 
vide said discrete sample mixture to a fluidic system of 
said analysis apparatus. 

Mar. 17, 2011 

11. A sample analysis system comprising: 
a liquid handling apparatus operative to prepare a discrete 

sample mixture, wherein the liquid handling apparatus 
comprises a coupling component, said coupling compo 
nent being operative to accommodate disposable pipette 
tips; 

wherein the coupling component comprises an exterior 
portion operative to engage, under pressure, a cooperat 
ing open end of a disposable pipette tip, and an interior 
portion that includes a recess at a distal end of the cou 
pling component; 

a mechanical ejector within the coupling component for 
automatically ejecting the disposable pipette tips; 

a sample analysis apparatus; 
an injection guide coupled to said analysis apparatus; said 

injection guide operative to receive said discrete sample 
mixture from said liquid handling apparatus and to pro 
vide said discrete sample mixture to a fluidic system of 
said analysis apparatus; and 

a processing component operative to acquire a first data set 
associated with said discrete sample mixture from said 
liquid handling apparatus, to acquire a second data set 
associated with said discrete sample mixture from said 
sample analysis apparatus, to compare said first data set 
with said second data set to correlate data records with 
said discrete sample mixture, and to performan analysis 
on said data records associated with said discrete sample 
mixture. 

12. The system of claim 11 wherein said injection guide 
comprises: 

a guide well operative to engage a pipette tip manipulated 
by said liquid handling apparatus; and 

a port in fluid communication with said guide well and 
operative to receive said discrete sample mixture from 
said pipette tip and to communicate said discrete sample 
mixture to said fluidic system. 

13. The system of claim 12 wherein said guide well and 
said port are in continuous fluid communication with said 
fluidic system. 

14. The system of claim 11 wherein said processing com 
ponent is further operative to control said liquid handling 
apparatus. 

15. The system of claim 14 wherein said liquid handling 
apparatus comprises a single arm liquid handler. 

16. The system of claim 14 wherein said liquid handling 
apparatus comprises a multiple arm liquid handler. 

17. The system of claim 16 wherein said multiple arm 
liquid handler employs two pipetting arms cooperating under 
control of said processing component to prepare said discrete 
sample mixture. 

18. The system of claim 11 further comprising a cell sus 
pension system operative to maintain sample cell material at 
a Substantially constant density throughout a Volume of Sus 
pension medium. 

19. The system of claim 18 wherein said processing com 
ponent is further operative to control operation of said cell 
Suspension system. 

20. The system of claim 1, further comprising one or more 
disposable pipette tips. 

21. The system of claim 20, wherein the coupling compo 
nent and the disposable pipette tip, when sealingly engaged to 
form a juncture, prevent leakage at the juncture. 
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22. The system of claim 11, further comprising one or more 24. The system of claim 1, further comprising a mechanical 
disposable pipette tips. ejector within the coupling component for automatically 

23. The system of claim 22, wherein the coupling compo- ejecting the disposable pipette tips. 
nent and the disposable pipette tip, when sealingly engaged to 
form a juncture, prevent leakage at the juncture. ck 


