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ABSTRACT 

Methods of monitoring transporter activity, gradient induced 
activity, and binding activity in rnicroscale systems, as Well 
as corresponding rnicroscale devices, systems and kits are 
provided. 

102 
106 



Patent Application Publication Mar. 11, 2004 Sheet 1 0f 10 US 2004/0048299 A1 

5 @ g 
\ $ 

%% 
N g N 
F % F 

@ go 5? 69 H9 1 

104 o o 

10£)\ 102 



Patent Application Publication Mar. 11, 2004 Sheet 2 0f 10 US 2004/0048299 A1 

mm .5 

wow 

mm .5 

oww 

com 

\EN 
EN! Iwom NR] Imam 

vow iml / 

Now 

<N .mm 



Patent Application Publication Mar. 11, 2004 Sheet 3 0f 10 US 2004/0048299 A1 

304 

302 

308 

Fig. 3 

306 

220 O 

300 
200 



Patent Application Publication Mar. 11, 2004 Sheet 4 0f 10 US 2004/0048299 A1 



Patent Application Publication Mar. 11, 2004 Sheet 5 0f 10 US 2004/0048299 A1 

508 

504 



Patent Application Publication Mar. 11, 2004 Sheet 6 0f 10 US 2004/0048299 A1 

602 



Patent Application Publication Mar. 11, 2004 Sheet 7 0f 10 US 2004/0048299 Al 

7(12 



Patent Application Publication Mar. 11, 2004 Sheet 8 0f 10 US 2004/0048299 A1 

800 
Y 

/808 k _ 
F lg 8 

‘i 814 

806 
816 

804 / 

812 l 



US 2004/0048299 A1 

@ .5 

m 5 

wow mom 

9 \ / mad 

3 x 

D + D - k + F %////////////////%////%é¢¢¢¢44556§ 

Patent Application Publication Mar. 11, 2004 Sheet 9 0f 10 

05 

womll ‘ oom I||+ ._. 



Patent Application Publication Mar. 11, 2004 Sheet 10 0f 10 US 2004/0048299 A1 

2 .mc 

92 
i / 

82 32'' 

N2: 82 
/ k / 82'5 

‘ 

3 + x\\ 

/////////////////////// 4125:... 

o2: 

moor I woo? |l+._. 



US 2004/0048299 A1 

MICROSCALE ASSAYS AND MICROFLUIDIC 
DEVICES FOR TRANSPORTER, GRADIENT 

INDUCED, AND BINDING ACTIVITIES 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. patent 
application Ser. Nos. 09/579,111, ?led May 25, 2000, Which 
is related to 09/323,747, ?led on Jun. 1, 1999 (converted to 
Provisional US. Patent Application No. 60/155,259, to J. 
Wallace Parce, et al., and entitled “Microscale Assay and 
Micro?uidic Device for Transporter Activity”) and to Pro 
visional US. Patent Application Nos. 60/176,001, ?led Jan. 
12, 2000; 60/176,093, ?led Jan. 14, 2000; and 60/191,784, 
?led Mar. 24, 2000, each to J. Wallace Parce, et al. and each 
entitled “Microscale Assays and Micro?uidic Devices for 
Transporter, Gradient Induced, and Binding Activities.” The 
present application claims priority to and the bene?t of each 
of these earlier applications, pursuant to 35 U.S.C. § 19(e), 
as Well as any other applicable statute or rule. These prior 
applications are incorporated herein in their entirety for all 
purposes. 

COPYRIGHT NOTIFICATION 

[0002] Pursuant to 37 C.F.R. 1.71(e), Applicants note that 
a portion of this disclosure contains material Which is 
subject to copyright protection. The copyright oWner has no 
objection to the facsimile reproduction by anyone of the 
patent document or patent disclosure, as it appears in the 
Patent and Trademark Of?ce patent ?le or records, but 
otherWise reserves all copyright rights Whatsoever. 

BACKGROUND OF THE INVENTION 

[0003] Model systems Which mimic receptor binding and 
other cell-based assays are of increasing importance in 
molecular biology. Phenomena such as transporter activity, 
pre- and post-synaptic cell interactions, chemotactic 
response, enZyme-ligand binding and the like are of rel 
evance to pharmacology, clinical chemistry and basic 
research. 

[0004] For example, one clinically relevant system 
involves the interaction of cells at synapses. At least tWo 
general types of synapses exist in nature. In electrical 
synapses, gap junctions connect cells Which are in commu 
nication. Gap junctions permit direct transmission of elec 
trical impulses from a presynaptic cell to a postsynaptic cell. 

[0005] In the more common chemical synapse, an axon 
terminal of a presynaptic cell contains vesicles ?lled With a 
neurotransmitter, such as epinephrine or acetylcholine, 
Which is released by exocytosis When a nerve impulse 
reaches the axon terminal. The vesicles release their contents 
into the synaptic cleft and the transmitter diffuses across the 
synaptic cleft. After a brief lag time (e.g., about 0.5 ms) the 
transmitter binds to receptors on postsynaptic cells. This 
typically causes a change in ion permeability and electrical 
potential in the postsynaptic cell. Excitatory signals induce 
an action potential in the postsynaptic neuron. Inhibitory 
signals prevent production of an action potential in the 
postsynaptic neuron. Both inhibitory and excitatory signals 
can exist simultaneously in the same synaptic cleft, depend 
ing on the cell types, neurotransmitters, etc. Similarly, a 
postsynaptic cell can be in simultaneous contact With mul 
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tiple presynaptic cells, each of Which can transmit both 
excitatory and inhibitory signals to the postsynaptic cell. 

[0006] The presence of transmitter in the synapse is regu 
lated in a variety of Ways, thereby controlling the signal 
received by the postsynaptic cell. For example, some cells 
and vesicles actively transport transmitter out of the syn 
apse, thereby reducing the presence of the transmitter in the 
junction. Similarly, oxidases and other enZymes degrade 
some neurotransmitters in the synapse. Neurotransmitters 
can also diffuse aWay from the synapse. For a revieW of 
neurotransmitter and transporter systems, see, Neurotrans 
mitter Transporters: Structure, Function and Regulation 
(1997) M. E. A. Reith, ed. Human Press, ToWata N.J., and 
the references cited therein. 

[0007] Transporters have a variety of important biological 
roles. For example, the Na+/Cl_ dependent transporters (e. g., 
the monoamine transporters, as Well as betaine, creatine, 
GABA, glycine, proline and taurine carriers) are the primary 
sites of action for a variety of drugs of both therapeutic and 
abuse potential. For example, among the monoamine trans 
porters, inhibition of the dopamine transporter (DAT) is 
linked to euphoric and reinforcing properties of psychomo 
tor stimulants such as cocaine and amphetamines. The major 
classes of therapeutic antidepressants act by inhibiting the 
norepinephrine and serotonin transporters (NET and SERT) 
and many of these compounds have proved clinically useful 
in the treatment of panic, stress, obsessive compulsive 
disorders, and other conditions. 

[0008] Chemotactic responses have also long been knoWn 
to play signi?cant roles in various biological systems. 
Chemotaxis is the capacity of a motile cell to respond to 
chemical changes in its environment by directed movement. 
The migration of a motile cell exhibiting a chemotactic 
response can be either up or doWn a concentration gradient 
of a chemotactic factor. For example, phagocytic cells like 
macrophages are attracted by and move toWard various 
substances generated in an immune response, Whereas other 
motile cells including certain bacteria can move either 
toWard an attractant (e.g., assorted sugars) or aWay from 
various repellents (e.g., phenol). For further discussion of 
chemotaxis and related components, including adhesion and 
chemotactic factors, see, Kuby, Immunology, 3rd Ed. W. H. 
Freeman and Company, NeW York (1997) and Stryer, Bio 
chemistry, 4th Ed., W. H. Freeman and Company, NeW York 
(1995). 
[0009] Aside from methods and devices for modeling 
transporter activity and chemotactic responses, general bind 
ing assays for studying, e.g., enZyme-ligand binding inter 
actions, receptor-ligand binding interactions, and the like are 
also useful, e.g., in modeling biological systems. 

[0010] In general, existing in vitro systems for studying 
transmitters, transporters, presynaptic and postsynaptic 
cells, and other aspects of cell signaling do not provide ideal 
high-throughput methods and devices for modeling and 
mimicking transmitter diffusion, transporter activity, trans 
mitter activity, and the like. More generally, cell-cell sig 
naling, Which is central to biological activity, is not ideally 
modeled using existing technologies and additional high 
throughput methods of screening for modulators of signaling 
activities are desirable. Furthermore, progress in the study of 
chemotaxis and various binding activities has also been 
impeded by in vitro assays that are tedious to perform and 
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Whose results have been dif?cult to quantify. As such, 
automated and quantitative assays for all of these important 
biological processes are desirable. 

[0011] The present invention provides these and other 
features by providing high-throughput microscale systems 
for modeling transporter activity, transmitter degradation 
activity, transmitter activity, cell signaling, and detection of 
modulators (inhibitors and enhancers) of transporter or 
transmitter degradation activity. The present invention also 
relates to high-throughput systems for modeling gradient 
induced activities, e.g., chemotactic responses, and for 
assessing general binding activities. These and many other 
features Which Will be apparent upon complete revieW of the 
folloWing disclosure. 

SUMMARY OF THE INVENTION 

[0012] The invention provides methods, devices, kits, 
reagents and related materials for modeling various impor 
tant biological processes. For eXample, the present invention 
is optionally used to determine the activity of transporter 
components such as neurotransmitter transporters (for 
eXample, the neurotransmitter acetylcholine is speci?cally 
internaliZed by cells via endocytosis of acetylcholine from 
the synaptic cleft during the recovery period folloWing 
signal transmission). The invention is also optionally used to 
assess gradient induced activities (e.g., study chemotactic 
responses) and to evaluate the binding activity of, e.g., 
various biological components. The methods are typically 
conducted in a microscale format using a micro?uidic 
system Which includes or is coupled to sources of the 
relevant assay components. 

[0013] In the transporter-related methods and assays of the 
invention, a ?rst component Which includes transporter 
activity is ?oWed through a ?rst channel. A second compo 
nent Which produces a detectable signal upon eXposure to a 
transportable molecule or set of transportable molecules is 
?oWed into the ?rst channel. The transportable molecule is 
?oWed into the ?rst channel and a signal produced by 
contacting the second component With the transportable 
molecule is then detected. Typically, the level of signal 
product is inversely related to transporter activity. 

[0014] Avariety of formats for the methods are appropri 
ate. The ?rst and second components are typically ?oWed 
sequentially (a typical con?guration) or simultaneously in 
the ?rst channel. The second component optionally is ?oWed 
into contact With the transportable molecule in the presence 
or absence of the ?rst component (for eXample, if ?oWed in 
the absence of the ?rst component, the resulting signal 
serves as a positive control for the signal produced by 
contacting the second component With the transportable 
molecule). 
[0015] KnoWn activity modulators are optionally incorpo 
rated into assay schemes as controls for modulation of a 
particular transporter. For eXample, paraXetine, citalopram, 
?uXetine, imipramine, amitriptyline, maZindol, cocaine, 
desipramine, nomifensine, GBR12909, D-amphetamine, 
L-amphetamine, nortriptyline, DA, MPP", NE, and 5-HT are 
knoWn inhibitors of the transport of human monoamine 
clones. See, Neurotransmitter Transporters: Structure F unc 
tion and Regulation, e.g., at chapter 1 (1997) M. E. A. Reith, 
ed. Human Press, ToWata N.J., and the references cited 
therein. 
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[0016] The ?rst component is typically a cell or compo 
nent With similarity to a cell such as a cell membrane (or 
other lipid membrane preparation) having transporter activ 
ity. Similarly, the second component is typically, e.g., a cell, 
cell membrane (or other lipid membrane preparation), or 
other biological or synthetic moiety comprising a receptor 
for the transportable molecule Which is capable of producing 
a detectable signal upon exposure to a transportable mol 
ecule (e.g., a transmitter). The ?rst or second components 
typically include a transporter or transmitter receptor carrier 
moiety or set of carrier moieties Which includes a receptor 
or transporter. A “carrier” is a component comprising the 
speci?ed activity (e.g., transporter, transmitter, transmitter 
receptor, etc.). EXamples of carriers or carrier sets include 
cells, liposomes, organelles, proteins, and protein-lipid com 
pleXes. EXamples of transportable molecules or set of trans 
portable molecules include proteins, sets of proteins, pep 
tides, sets of peptides, lipids, sets of lipids, carbohydrates, 
sets of carbohydrates, organic molecules, sets of organic 
molecules, drugs, sets of drugs, receptor ligands, sets of 
receptor ligands, antibodies, sets of antibodies, neurotrans 
mitters, sets of neurotransmitters, cytokines, sets of cytok 
ines, chemokines, sets of chemokines, hormones, sets of 
hormones and a variety of other biologically active and 
inactive molecules. In preferred aspects, the ?rst component 
is a carrier moiety or set of carrier moieties comprising a 
transporter activity having neurotransporter activity. 
[0017] Preferred transporter components include cells 
Which speci?cally or non-speci?cally internaliZe transmitter 
molecules, e.g., by speci?c or non-speci?c endocytosis, or 
pinocytosis. These transporter molecules, such as the Na+/ 
Cl“ dependent transporters (e.g., the monoamine transport 
ers, as Well as betaine, creatine, GABA, glycine, proline and 
taurine carriers), transport corresponding transportable mol 
ecules such as acetylcholine, catecholamines (e.g., epineph 
rine, norepinephrine, dopamine, serotonin, and other adren 
ergic neurotransmitters), endorphins (e.g., a and 
[3-endorphin), enkephalins (e.g., Met-enkephalin or Leu 
enkephalin), somatostatin, leutiniZing hormone-releasing 
hormone, thyrotropin-releasing hormone, substance P, 
angiotensin I, angiotensin II, vasoactive intestinal peptide, 
serotonin, and gamma-aminobutyric acid (GABA). 
[0018] In one aspect of the invention, the transportable 
molecule is ?oWed from a second channel into the ?rst 
channel and the second component is ?oWed from a third 
channel into the ?rst channel, Where the ?rst component, the 
second component and the transportable molecule miX. For 
eXample, the second and third channels optionally intersect 
the ?rst channel in a miXing region, Where the ?rst, second 
and third components diffuse into contact in the miXing 
region. An advantage to this arrangement is that the diffusion 
mimics diffusion of components in synapses in vivo, pro 
viding a convenient Way of modeling transport of biologi 
cally active transportable molecules such as neurotransmit 
ters. The ?rst and second components are optionally ?oWed 
sequentially, serially or concomitantly. Potential transport 
modulatory compounds (e.g., inhibitors) are optionally 
?oWed into contact With the ?rst component to test for an 
effect on transport of the transportable molecule. For 
eXample, the modulatory compound is optionally ?oWed 
into the ?rst channel prior to introduction of the second 
component and the transportable molecule, or concomitant 
with How of the transportable molecule, depending on the 
format of the particular assay. 



US 2004/0048299 A1 

[0019] In one embodiment, concentration of the transport 
able molecule is decreased in solution in the ?rst channel as 
the ?rst component internaliZes the transportable molecule. 
In other aspects, the ?rst component sequesters or otherWise 
inactivates the transportable molecule. 

[0020] A detectable signal produced by transport of the 
transportable molecule, or inhibition of transport of the 
transportable molecule provides an indication of, e.g., the 
transporter activity present in the ?rst component, or an 
ability of the inhibitor to inhibit the transporter activity 
present in the ?rst component, or an ability of the second 
component to sequester the transportable molecule. For 
eXample, the detectable signal is optionally a cellular activ 
ity, a light emission, a radioactive emission, a change in pH, 
a change in temperature, or the like. The concentration of the 
?rst component, the transportable molecule, or the second 
component (or any combination of these components), as 
Well as potential modulators is optionally varied in the ?rst 
channel and the resulting increase or decrease in signal 
strength is typically measured. 

[0021] The present invention also relates to methods of 
detecting a gradient induced activity. The methods include 
providing a ?rst channel, e.g., a microchannel, With an 
internal surface including a ?rst and a second longitudinal 
segment. A?rst component (e.g., an adhesion factor) or a set 
of ?rst components is typically attached to a region of the 
?rst longitudinal segment and a second component, such as 
a motile cell (e.g., a phagocytic, a protoZoic, a moneran cell, 
etc.) is generally attached to the ?rst component or to one or 
more members of the set of ?rst components. The second 
component is, e.g., optionally ?uorescently labeled. A gra 
dient is typically formed from an edge of the second 
longitudinal segment of the ?rst channel, Which induces the 
second component to detach from the ?rst component or 
from the one or more members of the set of ?rst components. 
Thereafter, a detectable signal produced by the detached 
second component is generally detected. The type of gradi 
ent utiliZed With these methods optionally include a chemi 
cal composition gradient, a light energy gradient, a magnetic 
gradient, a pH gradient, a dissolved oXygen gradient, a 
temperature gradient, or the like. 

[0022] The ?rst component or set of ?rst components are 
optionally attached to the ?rst channel by ?oWing the ?rst 
component or the set of ?rst components over the ?rst 
longitudinal segment of the ?rst channel concomitantly With 
?oWing a third component (e.g., a buffer) over the length of 
the second longitudinal segment of the ?rst channel. During 
this step, at least some of the ?rst component or set of ?rst 
components attaches to the ?rst longitudinal segment. 
Thereafter, the third component is ?oWed through the ?rst 
channel to remove any unattached ?rst component. The 
second component is typically then ?oWed through the ?rst 
channel and in so doing, some of the second component 
attaches to the attached ?rst component. This step is gener 
ally folloWed by ?oWing the third component through the 
?rst channel to remove any unattached second component. 

[0023] In one preferred embodiment, the chemical com 
position gradient is established by concomitantly ?oWing a 
third component (e.g., a buffer) and a fourth component 
(e.g., a chemotactic factor) or a set of fourth components 
into the ?rst channel in Which the fourth component or the 
set of fourth components forms the gradient from an edge of 
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the second longitudinal segment of the ?rst channel. For 
eXample, a buffer is typically ?oWed from a second channel 
into the ?rst channel and a chemotactic factor is typically 
?oWed from a third channel into the ?rst channel in Which 
the buffer and the chemotactic factor miX in the ?rst channel 
to form the gradient of the chemotactic factor. In one 
embodiment, the concentration of the fourth component or 
the set of fourths components is highest along a length of the 
second longitudinal segment that is farthest from the ?rst 
longitudinal segment and loWest along the length of the 
second longitudinal segment that is nearest to the ?rst 
longitudinal segment. In another embodiment, the concen 
tration of the fourth component or the set of fourths com 
ponents is loWest along a length of the second longitudinal 
segment that is farthest from the ?rst longitudinal segment 
and highest along the length of the second longitudinal 
segment that is nearest to the ?rst longitudinal segment. 

[0024] As a negative control, e.g., a buffer is optionally 
?oWed into contact With the attached motile cell in the ?rst 
channel to assess the signal produced in the absence of the 
chemotactic factor. Additionally, a positive control option 
ally includes ?oWing, e.g., a chemotactic factor into contact 
With the attached motile cell in the ?rst channel to determine 
the signal produced in the absence of a buffer. 

[0025] The various components of these methods (e.g., the 
?rst, second, third and the fourth or more components) are 
optionally ?oWed, e.g., using a ?uid direction component 
including, e.g., a ?uid pressure force modulator, an electro 
kinetic force modulator, a capillary force modulator, a ?uid 
Wicking element, and/or the like. The methods optionally 
further include ?oWing a modulator into contact With the 
second component in the ?rst channel prior to introduction 
of the fourth component in Which the modulator modulates 
(e.g., activates or inhibits) detachment of the second com 
ponent from the ?rst component or the set of ?rst compo 
nents. 

[0026] The detectable signal provides an indication of the 
gradient induced activity present in the second component 
and/or an ability of the modulator to modulate the gradient 
induced activity of the second component. The detectable 
signal optionally includes a refractive indeX, a cellular 
activity, a light emission, an absorbance, a change in absor 
bance, a ?uorescence, a change in ?uorescence, a color shift, 
a ?uorescence resonance energy transfer, a radioactive emis 
sion, a change in pH, a change in temperature, a change in 
mass (e.g., by mass spectroscopy), or the like. Additionally, 
the chemical composition gradient formed by the fourth 
component or the set of fourth components in the ?rst 
channel is optionally varied and a resulting increase or 
decrease in the detectable signal is optionally measured. 
Furthermore, the concentration of the second component is 
optionally increased in solution in the ?rst channel as the 
gradient induces the second component to detach from the 
?rst component or the set of ?rst components. 

[0027] The present invention also relates to methods of 
detecting a binding activity. For eXample, a ?rst component 
is typically ?oWed (e.g., in a ?rst ?oW stream) through a ?rst 
channel (e.g., a microchannel) concomitantly With at least 
one second component (e.g., in a second ?oW stream) or a 
set of second components in Which the second component 
(e.g., an enZyme or a receptor) or the set thereof binds to the 
?rst component. Thereafter, the methods include, e.g., 
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detecting a detectable signal that indicates a ?nal concen 
tration of the at least one ?rst component or the set of ?rst 
components that remains unbound after exiting from the ?rst 
channel. Optionally, the methods include detecting a detect 
able signal that indicates an initial concentration of the at 
least one ?rst component or the set of ?rst components prior 
to entry of the component or set thereof into a ?rst channel. 

[0028] The ?rst component or set of ?rst components can 
diffuse more rapidly in solution than the second component 
or set of second components. Furthermore, the ?rst channel 
generally includes a mixing longitudinal segment in Which, 
during the ?oWing step, the ?rst component or the set of ?rst 
components diffuse substantially across the ?rst channel in 
the mixing longitudinal segment, While the second compo 
nent or the set of second components typically diffuse less 
than substantially across the ?rst channel in the mixing 
longitudinal segment. The ?rst and second components are 
typically ?oWed through the ?rst channel using ?uid direc 
tion components that optionally include, e.g., a ?uid pres 
sure force modulator, an electrokinetic force modulator, a 
capillary force modulator, a ?uid Wicking element, or the 
like. 

[0029] As a positive control for detecting a detectable 
signal, the ?rst component or the set of ?rst components is 
optionally ?oWed through the ?rst channel, e.g., in the 
absence of the second component or the set of second 
components. A negative control for detecting a detectable 
signal optionally includes the step of ?oWing the second 
component or the set of second components through the ?rst 
channel, e. g., in the absence of the ?rst component or the set 
of ?rst components. 

[0030] The methods also optionally include concomitantly 
?oWing a modulator into contact With the second component 
in the ?rst channel, in Which the modulator modulates (e.g., 
activates or inhibits) the binding of the second component to 
the ?rst component. The detected binding activity provides 
an indication of the binding activity of the second compo 
nent and/or an ability of the modulator to modulate the 
binding activity of the second component. Additionally, the 
?rst and second detectable signals optionally include, e.g., a 
refractive index, a cellular activity, a light emission, an 
absorbance, a change in absorbance, a ?uorescence, a 
change in ?uorescence, a color shift, a ?uorescence reso 
nance energy transfer, a radioactive emission, a change in 
pH, a change in temperature, a change in mass (e.g., by mass 
spectroscopy), or the like. 

[0031] In one preferred embodiment, the invention pro 
vides methods of detecting neurotransporter activity in a 
cell. In the methods, a ?rst cell or cell set Which includes a 
transporter activity is ?oWed in a ?rst microscale channel. A 
selected neurotransmitter and a second cell or second cell set 
comprising a receptor for the neurotransmitter are ?oWed 
into the ?rst channel. A signal produced by contact of the 
second cell or cells of the second cell set by the neurotrans 
mitter is then detected, thereby determining the rate of 
transport activity of the transporter in the ?rst cell or cells of 
the ?rst cell set. 

[0032] Optionally, the ?rst cell or cell set is ?oWed into 
contact With the neurotransmitter prior to contacting any 
remaining neurotransmitter to the second cell or cell set. A 
transport inhibitor is optionally added to the microchannel 
and the resulting modulation in signal intensity produced by 
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the second cell or cell set is measured, thereby determining 
the activity of the inhibitor on transport activity in the ?rst 
cell set. 

[0033] The invention provides devices and systems for 
practicing the methods noted herein. For example, in one 
aspect, a device Which includes a body structure having at 
least a ?rst, second and third microscale channel fabricated 
therein is provided. The ?rst microscale channel typically 
includes a ?rst component comprising transporter activity 
Which transports at least a ?rst transportable molecule. The 
second microscale channel intersects the ?rst microscale 
channel at a ?rst channel intersection. The second micros 
cale channel typically includes a transportable molecule. 
The third microscale channel intersects the ?rst microscale 
channel in a second channel intersection region. The third 
microscale channel includes a second component Which 
binds to the ?rst transportable molecule, causing emission of 
a detectable signal. 

[0034] The device optionally includes a source of a modu 
latory agent such as an inhibitor Which inhibits transport of 
the ?rst transportable molecule by the ?rst component, or an 
activator Which enhances transport of the ?rst transportable 
molecule. Sources of the other assay components noted 
herein, such as carrier moieties or sets of carrier moieties 
(including cells, liposomes, organelles, proteins, protein 
lipid complexes, etc.), transportable molecules (proteins, 
sets of proteins, peptides, sets of peptides, lipids, sets of 
lipids, carbohydrates, sets of carbohydrates, organic mol 
ecules, sets of organic molecules, drugs, sets of drugs, 
receptor ligands, sets of receptor ligands, antibodies, sets of 
antibodies, neurotransmitters, sets of neurotransmitters, 
cytokines, sets of cytokines, chemokines, sets of chemok 
ines, hormones, sets of hormones, etc.) are also optionally 
incorporated into the devices herein. 

[0035] Devices optionally incorporate additional elements 
such as detectors for detecting signals produced in the ?rst 
channel, e.g., operably connected to a computer for data 
analysis, ?uidic controllers for directing ?uid movement in 
the ?rst channel, one or more transparent detection WindoW 
?uidly connected to the ?rst channel, robotic armatures for 
moving the body structure or sample arrays. Systems and 
devices typically incorporate, or are used in conjunction 
With, a computer having an instruction set for controlling or 
processing a signal from the detector, the ?uidic controller, 
the robotic armature or other device or system elements. 

[0036] The ?rst and second intersections are optionally 
opposed across the ?rst channel, or at least in a close 
proximal relationship. This arrangement is advantageous for 
studying biological diffusion properties of transporters, 
transportable molecules and transport receptors across small 
distances, e.g., to examine diffusion properties at, e.g., 
neural junctions betWeen nerve cells (e.g., axons and den 

drites). 
[0037] In one embodiment, during operation of the device, 
a mixture of the ?rst component, the second component and 
the transportable molecule are ?oWed in the ?rst channel and 
the device has a detector for detecting a signal produced by 
the mixture. The detector is typically positioned to detect a 
signal produced by the mixture at multiple points in the ?rst 
channel. 

[0038] The present invention also includes a device or 
system including a body structure that includes a ?rst 
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microscale channel fabricated therein. The ?rst microscale 
channel includes a ?rst component (e. g., an adhesion factor) 
or a set of ?rst components that includes a ?rst attachment 
activity, in Which the ?rst component or set thereof is 
attached to a region of a ?rst longitudinal segment of the ?rst 
microscale channel. The ?rst microscale channel also 
includes a second component (e.g., a motile cell) that 
includes a second attachment activity in Which the second 
component is attached to the ?rst component or to one or 
more members of the set of ?rst components. The ?rst 
microscale channel also includes a third component (e.g., 
chemotactic factor) or a set of third components that forms 
a gradient from an edge of a second longitudinal segment of 
the channel, in Which the gradient induces the second 
component to detach from the ?rst component or the mem 
bers of the set of ?rst components to produce a detectable 
signal. 

[0039] In one embodiment, the depth of the ?rst longitu 
dinal segment differs from the depth of the second longitu 
dinal segment in the ?rst microscale channel of the device. 
Furthermore, the second component (e.g., a phagocytic cell, 
a protoZoic cell, a moneran cell, etc.) are optionally ?uo 
rescently-labeled. The ?rst microscale channel also option 
ally includes a modulator (e.g., an activator or an inhibitor) 
that modulates detachment of the second component from 
the ?rst component. 

[0040] Additionally, the device or system typically 
includes a detector in or proximal to the ?rst microscale 
channel for detecting a signal produced in the ?rst micros 
cale channel that is operably connected to a computer. The 
device also generally include a ?uidic controller for direct 
ing ?uid movement in the ?rst microscale channel, one or 
more transparent detection WindoWs ?uidly connected to the 
?rst microscale channel, a robotic armature for moving the 
body structure or sample plates relative to the body struc 
ture, and/or a source of components (e.g., microWell plates). 
When the device includes a computer, the computer typi 
cally includes an instruction set for controlling or processing 
a signal from the detector, the ?uidic controller, and/or the 
robotic armature. 

[0041] During operation of the device, a mixture of the 
third component (e.g., a chemotactic factor) or, e.g., the set 
of the third components and a buffer are optionally ?oWed 
in the ?rst microscale channel and the device typically 
further includes a detector for detecting a signal produced by 
detachment of the second component induced by the third 
component in the mixture. Alternatively, the device includes 
a detector for detecting a signal produced by detachment of 
the second component induced by the third component at 
multiple points in the ?rst channel. 

[0042] The present invention also relates to a device or 
system that includes a body structure including at least a 
?rst, second, and third microscale channel fabricated 
therein. The ?rst microscale channel includes a ?rst and 
second component or sets thereof in Which the second 
component (e.g., an enZyme or a receptor) binds to the ?rst 
component. The second microscale channel typically inter 
sects the ?rst microscale channel at a ?rst channel intersec 
tion and optionally the second microscale channel includes 
a second detector in or proximal to the second microscale 
channel for detecting an initial concentration of the ?rst 
component. The third microscale channel optionally inter 
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sects the ?rst microscale channel at a second channel 
intersection in Which the third microscale channel includes 
a ?rst detector in or proximal to the third microscale channel 
for detecting a ?nal concentration of the ?rst component that 
remains unbound. The ?rst microscale channel of the device 
also optionally includes a modulator (e.g., an inhibitor) that 
modulates the second component from binding to the ?rst 
component. 

[0043] The ?rst component or set of ?rst components 
generally diffuses more rapidly in solution than the second 
component or set of second components. Furthermore, the 
?rst channel typically includes a mixing longitudinal seg 
ment in Which, during operation of the device, the ?rst 
component or the set of ?rst components diffuse substan 
tially across the ?rst channel in the mixing longitudinal 
segment, While the second component or the set of second 
components diffuse less than substantially across the ?rst 
channel in the mixing longitudinal segment. 

[0044] The device also optionally includes a ?uidic con 
troller for directing ?uid movement in the ?rst microscale 
channel, a transparent detection WindoW ?uidly connected to 
the ?rst microscale channel, a robotic armature for moving 
the body structure, and/or a source of components. When the 
device includes a computer, the computer typically includes 
an instruction set for controlling or processing a signal from 
the detector, the ?uidic controller, and/or the robotic arma 
ture. 

[0045] The invention also provides kits for practicing the 
methods and utiliZing the devices noted herein. For example, 
the kits of the invention optionally include a ?rst component 
comprising a transporter activity and a second component 
Which is capable of producing a signal upon exposure to a 
transportable molecule Which is transportable by the ?rst 
component. The components generally include a carrier 
moiety or set of carrier moieties, a container for packaging 
the ?rst or second component, instructions for practicing the 
methods herein, e.g., using the devices noted herein, one or 
more reagents for buffering or storing the ?rst or second 
component, one or more transportable molecule, one or 
more test compound, a test compound library or the like. 

[0046] De?nitions 
[0047] Unless otherWise indicated, the folloWing de?ni 
tions supplement those in the art. 

[0048] “Transporter activity” refers to movement of a 
transportable molecule such as a transmitter across a bio 
logical barrier such as a cell membrane. This is typically 
performed by speci?c transporters or non-speci?c endocy 
tosis of the transmitter or other transportable molecule. See, 
e.g., Darnell et al. (1990) Molecular Cell Biology, Second 
Edition Scienti?c American Books NeW York, FIGS. 17-38 
for an introduction to speci?c endocytosis of a neurotrans 
mitter. Additional details regarding neurotransporters are 
found in Neurotransmitter Transporters: Structure, Func 
tion and Regulation (1997) M. E. AReith, ed. Human Press, 
ToWata N.J. An example class of transporters are the bio 
genic amine transporters (e.g., those Which transport nore 
pinephrine (NE), dopamine (DA), or serotonin (5-HT), 
referred to as NET, DAT and SERT), Which utiliZe ionic 
gradients of Na", K+ and Cl- ions to drive transport reac 
tions. 

[0049] In addition to standard neurotransmitter transport 
ers, transporter activity as used herein optionally includes 
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other systems for translocating transmitters across a cell or 
other membrane, such as translocation through ionophores 
or other membrane translocation proteins such as permeases 
Which facilitate transport of materials by mechanisms other 
than endocytosis. See, e.g., Darnell et al. (1990) Molecular 
Cell Biology Second Edition Scienti?c American Books 
NeW York, Chapter 15 for an introduction to permeases and 
other transport facilitating proteins. 

[0050] A “transmitter” is a transportable molecule Which 
can be transported by the transporter, and/or Which can 
trigger a detectable change on a cell comprising a receptor 
for the transmitter. Examples include neurotransmitters 
Which transmit a signal across a synaptic junction by binding 
to a receptor on a post-synaptic cell, Where the neurotrans 
mitters are also transported by neurotransmitter transporters. 

[0051] A “longitudinal segment” includes a segment of a 
channel (e.g., a microchannel) that eXtends over at least a 
substantial portion of the length of the channel. 

[0052] A “double Y” array is a con?guration of channels 
(e.g., microchannels) in Which at least four channels inter 
sect With a ?rst channel, i.e., at least tWo channels intersect 
With one end of the ?rst channel and at least tWo channels 
intersect With the other end of the ?rst channel. 

BRIEF DESCRIPTION OF THE DRAWING 

[0053] FIG. 1 is a schematic of a micro?uidic structure 
comprising a How of materials comprising transporter, trans 
mitter, and transmitter-receptor components. 

[0054] FIG. 2, panels A, B and C are schematic draWings 
of an integrated system of the invention, including a body 
structure, microfabricated elements, and a pipettor channel. 

[0055] FIG. 3 is a schematic draWing of the integrated 
system of FIG. 2, further depicting incorporation of a 
microWell plate, a computer, a detector and a voltage/ 
pressure controller. 

[0056] FIG. 4 depicts one embodiment of the device for 
detecting a gradient induced activity. 

[0057] FIG. 5 shoWs a cross-sectional vieW of a micro 
channel from an additional embodiment of the device for 
detecting a gradient induced activity. 

[0058] FIG. 6 depicts a micro?uidic device for detecting 
binding activity. 
[0059] FIG. 7 is a schematic shoWing an interface 
betWeen a micro?uidic device and electrospray ioniZation 
mass spectrometer. 

[0060] FIG. 8 is a schematic shoWing an interface 
betWeen a micro?uidic device used in binding af?nity assays 
and electrospray ioniZation mass spectrometer. 

[0061] FIG. 9 illustrates a microchannel con?guration for 
detecting binding activity. 
[0062] FIG. 10 illustrates a microchannel con?guration 
for detecting competitive binding activity. 

DETAILED DISCUSSION OF THE INVENTION 

[0063] The present invention provides, inter alia, methods 
and micro?uidic systems for modeling various biological 
processes. For eXample, the invention is optionally used to 
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model nerve impulse transmissions across synaptic clefts to 
assess the activity of assorted transporter components, e.g., 
neurotransmitter transporters. Other processes that are gen 
erally modeled using the present invention, include gradient 
induced activities, e.g., chemotactic responses of motile 
cells. The invention additionally includes methods and 
devices for analyZing the binding activities of many different 
biological constituents, such as enZyme-substrate interac 
tions, receptor-ligand interactions, or other binding interac 
tions. Furthermore, the effect of modulators of these activi 
ties also optionally evaluated. 

[0064] In general, eXisting techniques for studying trans 
mitters, transporters, and other aspects of cell signaling lack 
suf?cient throughput for modeling transmitter diffusion, 
transporter activity, transmitter activity, and the like. Addi 
tionally, progress in the study of gradient induced responses 
and binding activities has also been hindered by in vitro 
systems that also lack high-throughput and Whose results 
have been dif?cult to quantify. As such, the automated and 
quantitative assays of the present invention for modeling all 
of these important biological processes are desirable. 

[0065] The folloWing provides details regarding the high 
throughput microscale systems of the present invention for 
use in modeling transporter activity, transmitter degradation 
activity, transmitter activity, cell signaling, and detection of 
modulators (inhibitors and enhancers) of transporter or 
transmitter degradation activity. It also provides details 
relating to high-throughput systems for modeling gradient 
induced activities and general binding activities. These and 
many other features Which Will be apparent upon complete 
revieW of the folloWing disclosure. 

[0066] Transporter Activity 

[0067] Speci?c endocytosis of neurotransmitters permits 
recycling of transmitters released by, e.g., presynaptic cells 
into a synaptic cleft. In addition to conserving transmitter, 
this recycling of transmitters regulates the level of a trans 
mitter in the synapse. Thus, transporter activity is central to 
many cell-signaling biological activities. See, Neurotrans 
mitter Transporters: Structure Function and Regulation 
(1997) M. E. A. Reith, ed. Human Press, ToWata N.J.; and 
Neurotransmitter Methods." Methods in Molecular Biology 
Volume 72 (1997) R. Rayne, ed. Human Press, ToWata, N.J., 
for a revieW of transporter and transmitter biology. 

[0068] The transport of transportable moieties such as 
certain neurotransmitters serves as an activity regulation 
point for a variety of cell-signaling events. For eXample, by 
sequestering transmitters using ion-dependent transporter 
activities to drive transport of transmitters, cells comprising 
transporter activity decrease the concentration of local avail 
able transmitter molecules, thereby reducing the amount of 
transmitter available to bind to cells Which have transmitter 
receptors. Similarly, the local degradation of transmitters, 
e.g., through activity of an enZyme such as an oXydase or 
esterase typically have a related biological effect. 

[0069] In addition to using endocytosis mechanisms such 
as those driven by transporters Which utiliZe ionic gradients 
of Na", K+ and Cl- ions to drive transport reactions, cells can 
transport transmitters through the activity of transport facili 
tating proteins. Transport facilitating proteins can also trans 
port materials into cells. Transport facilitating proteins in 
biological systems facilitate transport of transportable moi 
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eties in at least tWo different Ways. First, many transport 
facilitating proteins facilitate endocytosis of speci?c trans 
portable components. Second, some permeases (optionally 
considered to be transporters herein) assist in passive dif 
fusion of ions or molecules across a membrane by providing 
a path for the ion or molecule in the membrane. In diffusion, 
the rate of transport is directly proportional to the concen 
tration gradient across the membrane. Some transporters 
engage in active transport in Which metabolic energy is used 
to move transportable ions or molecules across a membrane 
or other biological barrier, including against the concentra 
tion gradient of the transportable component. Cellular 
energy sources and/or ion gradients across cell membranes 
are used to drive active transport strategies. 

[0070] The present invention relates to a neW assay system 
for monitoring transporter/ transmitter activities in vitro. In 
one format, cells or other components Which comprise 
transporter activity are ?oWed through a ?rst micro?uidic 
channel as shoWn in FIG. 1. Transmitter 100 is ?oWed (?oW 
direction is indicated by arroWs 102) into the ?rst channel 
from a second channel, While cells or other components 
comprising receptors to the transmitter are ?oWed from a 
third channel into the ?rst channel. If cells/components With 
transporter activity 104 actively take up transmitter 100, the 
concentration of transmitter 100 is decreased in the channel 
as transmitter 100 diffuses across the channel and into 
contact With cells/components With transmitter receptor 106, 
thereby reducing transmitter 100 available to bind cells/ 
components With transmitter receptor 106. Typically, activ 
ity of transmitter 100 on cells/components With transmitter 
receptor 106 is assessed by monitoring a transmitter-depen 
dent activity in cells/components With transmitter receptor 
106. A variety of receptor-transmitter activities are knoWn. 
See, Neurotransmitter Transporters: Structure Function and 
Regulation (1997) M. E. A. Reith, ed. Human Press, ToWata 
N.J., and the references cited therein. 

[0071] If a transporter modulator is added upstream or 
concurrent With the transmitter, the modulator can increase 
(i.e., When the modulator is an activator of transport func 
tion) or decrease (i.e., When the modulator is an inhibitor of 
transport function) the activity of the transporter. Thus, one 
preferred assay monitors the activity of the transporter in the 
presence of the modulator by monitoring a transmitter 
dependent activity in the cells/components comprising the 
transmitter receptor. Because of the high-throughput nature 
of this microscale assay, a large library of compounds can be 
screened for transporter modulatory activity. 

[0072] Speci?c Assay Formats for Transporter Activity 
Assays 
[0073] FIG. 1 shoWs one basic assay format for the 
present invention. As depicted, cells or other components 
comprising transporter activity are ?oWed in a ?rst channel. 
Transmitter is ?oWed into the ?rst channel from a second 
channel, Where it contacts the cells or other components 
comprising transporter activity. The cells comprising trans 
porter activity transport the transmitter, thereby localiZing 
the transmitter Within the cells or other components com 
prising transporter activity. Transmitter Which is not local 
iZed by transport diffuses into contact With cells or other 
components Which include receptors for the transmitter. 
FolloWing binding of the transmitter to the cells or other 
components Which include receptors for the transmitter, a 
detectable signal is produced. 
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[0074] An advantage of this assay format is that it mimics 
the biological activity of the relevant components (e.g., as 
noted above) in the assay. For example, the cells comprising 
transporter activity are analogous to a pre-synaptic cell 
comprising transporter activity, While the cells comprising a 
transmitter receptor are analogous to a post-synaptic cell 
Which is activated by the transmitter. The diffusion of the 
transmitter across the ?rst channel and into contact With the 
cells comprising a transmitter receptor mimics diffusion of 
the transmitter across a synapse. 

[0075] Variations on the above assay are optionally made, 
depending on the components to be assayed, micro?uidic 
system available, preferences of the investigator and the 
like. For eXample, although depicted With cells or compo 
nents comprising transporter activity, other activities Which 
eliminate the ability of the transmitter to bind to the cells 
comprising a transmitter receptor are optionally substituted 
and the effects of modulators can be tested on these activi 
ties. The activity of an enZyme Which inactivates the trans 
mitter is optionally monitored by substitution of the enZyme 
for the cells comprising transporter activity, as noted above. 

[0076] In a con?guration desirable for screening potential 
transport modulator compounds, a modulator is ?oWed into 
contact With the cells comprising transporter activity, before, 
during or after ?oWing the transmitter into proximity With 
the cells in the ?rst channel. The transport inhibitory or 
activating effect of the modulator is typically monitored by 
assaying for any change in the signal produced by the cell, 
as compared to signal produced in the absence of the 
modulator. 

[0077] The modulator is optionally ?oWed With the trans 
mitter, the cells comprising the transporter activity, the cells 
With the transmitter receptor, or from a separate source of 
modulator. Commonly, potential modulators Will be 
arranged in libraries Which are accessed by the micro?uidic 
system, such as in microWell plates or dried on substrates. 
Knapp et al. “Closed Loop Biochemical Analyzers” (WO 
98/45481; PCT/US98/06723) provide a variety of such 
library accessing strategies for micro?uidic systems. 

[0078] When the modulator is ?oWed from a source dis 
tinct from the other assay components, the micro?uidic 
system Will, commonly, include an additional modulator 
?oW channel Which intersects the How path of the cells 
Which comprise transporter activity. The modulator com 
pounds are typically incubated With the cells While under 
How in a channel, or separately in a chamber or Well. The 
modulator compounds are also, commonly, incubated With 
the cells prior to introduction into the ?rst channel, e.g., in 
a microtiter dish, or a Well integrated into the body structure 
comprising the microscale channel. 

[0079] Commonly, reagents facilitating transport are 
?oWed concomitantly or separately With the components 
comprising transport activity, depending on the intended 
assay. For eXample, buffer comprising ions such as sodium, 
potassium or calcium are ?oWed into contact With compo 
nents comprising transport activities Which depend on the 
presence of these ions for transporter function. For a descrip 
tion of common ion-dependent transporters, and a descrip 
tion of other reagent and buffer conditions for transporter 
activity, see, Neurotransmitter Transporters: Structure, 
Function and Regulation (1997) M. E. A. Reith, ed. Human 
Press, ToWata N.J., and the references cited therein. 
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[0080] Transmitters, Transporters and Transmitter Recep 
tors 

[0081] AWide variety of signal transduction systems have 
been extensively characterized and are optionally applied to 
the assays of the invention. The basic transmitter, transporter 
and transporter receptor elements (or cells or other compo 
nents comprising these activities) are commercially avail 
able or can be obtained using knoWn techniques. For 
example, the 1998 CALBIOCHEM Signal Transduction 
Catalog and Technical resource lists over 2100 commer 
cially available products related to signal transduction, 
including G-protein related products, calcium metabolism 
related products, cytokines, groWth factors and hormones, 
cell adhesion/ extracellular matrix tools, protein kinases, 
protein phosphatases, enZymes, substrates and probes, 
enZyme activators, enZyme inhibitors, reagents for nitric 
oxide research, oxidative stress and free radicals, iono 
phores, neurochemicals, neurotoxins, and neurotrophins, 
immunophillins, bioactive lipids, cell cycle and apopotosis 
components, and the like. Similarly, a number of texts 
describe transmitter and transporter systems, as Well as 
providing information relevant to assays, cell groWth and 
supplies of cells, and other features relevant to the present 
invention, including: Neurotransmitter Transporters: Struc 
ture, Function and Regulation (1997) M. E. A. Reith, ed. 
Human Press, ToWata N.J.; Neurotransmitter Methods: 
Methods in Molecular Biology Volume 72 (1997) R. Rayne, 
ed. Human Press, ToWata, N.J.; Neuropeptide Protocols: 
Methods in Molecular Biology Volume 73: Irvine and Wil 
liams, eds., Human Press, ToWata N.J.; Neurochemistry: A 
Practical Approach, 2nd edition (1997) Turner and Bach 
elard, eds., Oxford Press, Oxford England; and, Neural Cell 
Culture: A Practical Approach (1996) Cohen and Wilkins, 
eds. Oxford Press, Oxford England. 

[0082] One of skill can adapt available cells and reagents 
to the present invention by providing the cells and reagents 
to the micro?uidic systems herein as noted. Assay condi 
tions and buffer and reagent parameters utiliZing transport 
modulators, transmitters, transporters and the like are typi 
cally selected based upon established activity levels, trans 
mitter-transporter pairings, concentrations and kinetic infor 
mation for knoWn transporters and transmitters, modi?ed by 
the addition of a selected modulator to the system. Initial 
screens of a particular putative modulator are optionally 
conducted at a single concentration of modulator in the 
system, or at multiple modulator concentrations. Typically, 
compounds Which have modulatory activity based upon an 
initial screen are titrated into contact With the transporter (or 
other assay component, as appropriate), in increasing or 
decreasing amounts, to establish a dose-response curve for 
the modulator. 

[0083] Rather than simply using cells Which naturally 
comprise transporters and transmitter receptors in the assays 
noted herein, recombinant cells are also optionally con 
structed Which include desired transporters or transmitter 
receptors. This is advantageous because certain cells can be 
easily maintained in culture using established methods. 

[0084] Methods of making recombinant cells and express 
ing cellular proteins such as transport facilitating proteins 
and transmitter receptors are Well knoWn in the art. For an 
introduction to recombinant methods, see, Berger and Kim 
mel, Guide to Molecular Cloning Techniques, Methods in 
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Enzymology volume 152 Academic Press, Inc., San Diego, 
Calif. (Berger); Sambrook et al., Molecular Cloning—A 
Laboratory Manual (2nd ed.), Vol. 1-3, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY, 1989 (“Sambrook”); 
and Current Protocols in Molecular Biology, F. M. Ausubel 
et al., eds., Current Protocols, a joint venture betWeen 
Greene Publishing Associates, Inc. and John Wiley & Sons, 
Inc., (supplemented through 1999) (“Ausubel”). Culture of 
mammalian cell lines and cultured cells from tissue or blood 
samples is Well knoWn in the art. Freshney (Culture of 
Animal Cells, a Manual of Basic Technique, Third Edition, 
Wiley-Liss, NeW York (1994)) and the references cited 
therein provides a general guide to the culture of animal 
cells. Culture of plant cells is described in Payne et al. 
(1992) Plant Cell and Tissue Culture in Liquid Systems, 
John Wiley & Sons, Inc., NeW York, NY. Additional infor 
mation on cell culture, including prokaryotic cell culture, is 
found in Ausubel, Sambrook and Berger, supra. Cell culture 
media are described in Atlas and Parks (eds) The Handbook 
of Microbiological Media (1993) CRC Press, Boca Raton, 
Fla. Additional information is found in commercial literature 
such as the Life Science Research Cell Culture catalogue 
(1998) from Sigma-Aldrich, Inc (St Louis, Mo.) and, e.g., 
the Plant Culture Catalogue and supplement (1997) also 
from Sigma-Aldrich, Inc (St Louis, Mo.). Additional details 
on the cloning and expression of transporters is found in 
Neurotransmitter Transporters: Structure, Function and 
Regulation (1997) M. E. A. Reith, ed. Human Press, ToWata 
N.J.; Neurotransmitter Methods: Methods in Molecular 
Biology Volume 72 (1997) R. Rayne, ed. Human Press, 
ToWata, N.J.; Neuropeptide Protocols: Methods in Molecu 
lar Biology Volume 73: Irvine and Williams, eds., Human 
Press, ToWata N.J.; Neurochemistry: A Practical Approach, 
2nd edition (1997) Turner and Bachelard, eds., Oxford Press, 
Oxford England; and, Neural Cell Culture: A Practical 
Approach (1996) Cohen and Wilkins, eds. Oxford Press, 
Oxford England. 

[0085] Modulators 

[0086] Essentially any molecule can be tested for trans 

porter modulatory activity, I] gradient induced modulatory 
activity, or binding modulatory activity. Further, essentially 
any chemical compound can be used as a potential modu 
lator in the assays of the invention, although most often 
compounds Which can be dissolved in aqueous or organic 
(e.g., DMSO-based) solutions are used to facilitate How in 
microscale systems. The assays herein are designed to 
screen large chemical libraries by automating the assay steps 
and providing compounds from any convenient source to the 
assays. It Will be appreciated that there are many suppliers 
of chemical and biological compounds, including Sigma (St. 
Louis, Mo.), Aldrich (St. Louis, Mo.), Sigma-Aldrich (St. 
Louis, Mo.), Fluka Chemika-Biochemica Analytika (Buchs 
SWitZerland) and the like. 

[0087] In one preferred embodiment, high throughput 
screening methods involve providing a combinatorial library 
containing a large number of potential transport activity 
modulator compounds (“potential modulator compounds”). 
Such “combinatorial chemical libraries” are screened in one 
or more assays, as described herein, to identify those library 
members (particular chemical species or subclasses) that 
display a desired characteristic activity. The compounds thus 
identi?ed can serve as conventional “lead compounds” or 
can themselves be used as potential or actual therapeutics for 
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treating conditions amenable to treatment by modulating 
transporter activities. As noted, a variety of diseases are 
treated by administering transport modulators, including: 
panic, stress, obsessive compulsive disorders, depression, 
chronic pain and many other physical and psychological 
conditions. See, Neurotransmitter Transporters: Structure, 
Function and Regulation (1997) M. E. A. Reith, ed. Human 
Press, ToWata N.J., and the references cited therein. 

[0088] A typical combinatorial chemical library is a col 
lection of diverse chemical compounds generated by either 
chemical synthesis or biological synthesis, by combining a 
number of chemical “building blocks” such as reagents. For 
eXample, a linear combinatorial chemical library such as a 
polypeptide library is formed by combining a set of chemi 
cal building blocks (amino acids) in every possible Way, or 
a selected Way for a given compound length (i.e., the number 
of amino acids in a polypeptide compound). Millions of 
chemical compounds can be synthesiZed through such com 
binatorial miXing of chemical building blocks. 

[0089] Preparation and screening of combinatorial chemi 
cal libraries is Well knoWn to those of skill in the art. Such 
combinatorial chemical libraries include, but are not limited 
to, peptide libraries (see, e.g., US. Pat. No. 5,010,175, 
Furka, Int. J. Pept. Prot. Res. 37:487-493 (1991) and Hough 
ton et al., Nature 354:84-88 (1991)). Other chemistries for 
generating chemical diversity libraries are also optionally 
used. Such chemistries include, but are not limited to: 
peptoids (PCT Publication No. WO 91/19735), encoded 
peptides (PCT Publication WO 93/20242), random bio 
oligomers (PCT Publication No. WO 92/00091), benZodi 
aZepines (US. Pat. No. 5,288,514), diversomers such as 
hydantoins, benZodiaZepines and dipeptides (Hobbs et al., 
Proc. Nat. Acad. Sci. USA 90:6909-6913 (1993)), vinylo 
gous polypeptides (Hagihara et al., J. Amer. Chem. Soc. 
114:6568 (1992)), nonpeptidal peptidomimetics With ot-D 
glucose scaffolding (Hirschmann et al., J. Amer. Chem. Soc. 
114:9217-9218 (1992)), analogous organic syntheses of 
small compound libraries (Chen et al., J. Amer. Chem. Soc. 
116:2661 (1994)), oligocarbamates (Cho et al., Science 
261:1303 (1993)), and/or peptidyl phosphonates (Campbell 
et al., J. Org. Chem. 59:658 (1994)), nucleic acid libraries 
(see, Berger and Kimmel, Guide to Molecular Cloning 
Techniques Methods in Enzymology, volume 152, Academic 
Press, Inc., San Diego, Calif. (Berger); Sambrook et al. 
(1989) Molecular Cloning—A Laboratory Manual (2nd ed.) 
Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring 
Harbor Press, N.Y., (Sambrook); and Current Protocols in 
Molecular Biology, F. M. Ausubel et al., eds., Current 
Protocols, a joint venture betWeen Greene Publishing Asso 
ciates, Inc. and John Wiley & Sons, Inc., (e.g., current 
through 1999, e.g., at least through supplement 37) 
(Ausubel)), peptide nucleic acid libraries (see, e. g., US. Pat. 
No. 5,539,083), antibody libraries (see, e.g., Vaughn et al., 
Nature Biotechnology, 14(3):309-314 (1996) and PCT/ 
US96/ 10287), carbohydrate libraries (see, e.g., Liang et al., 
Science, 274:1520-1522 (1996) and US. Pat. No. 5,593, 
853), small organic molecule libraries (see, e.g., benZodiaZ 
epines, Baum C&EN, January 18, page 33 (1993); iso 
prenoids, US. Pat. No. 5,569,588; thiaZolidinones and 
metathiaZanones, US. Pat. No. 5,549,974; pyrrolidines, 
US. Pat. Nos. 5,525,735 and 5,519,134; morpholino com 
pounds, U.S. Pat. Nos. 5,506,337; benZodiaZepines, 5,288, 
514, and the like). 
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[0090] Devices for the preparation of combinatorial librar 
ies are commercially available (see, e.g., 357 MPS, 390 
MPS, Advanced Chem Tech, Louisville Ky., Symphony, 
Rainin, Woburn, Mass., 433A Applied Biosystems, Foster 
City, Calif., 9050 Plus, Millipore, Bedford, Mass.). In addi 
tion, numerous combinatorial libraries are themselves com 

mercially available (see, e.g., ComGeneX, Princeton, N.J., 
AsineX, MoscoW, Ru, Tripos, Inc., St. Louis, Mo., Chem 
Star, Ltd, MoscoW, RU, 3D Pharmaceuticals, EXton, Pass., 
Martek Biosciences, Columbia, Md., etc.). 

[0091] Control reactions Which measure the activity of the 
selected transporter Which does not include a modulator are 
optional, as the assays are highly uniform. Such optional 
control reactions are generally appropriate, hoWever, and 
increase the reliability of the assay(s). Accordingly, in a 
preferred embodiment, the methods of the invention include 
a control reaction (or reactions). For each of the assay 
formats described, “no modulator” control reactions Which 
do not include a modulator provide a background level of 
transporter activity. 

[0092] In some assays, it is desirable to have positive 
controls to ensure that the components of the assays are 
Working properly. At least tWo types of positive controls are 
appropriate. First, a knoWn transport modulator is optionally 
?oWed into contact With components comprising transport 
activities, and the resulting affects on transporter activity 
monitored. Examples of knoWn modulators include paraX 
etine, citalopram, ?uXetine, imipramine, amitriptyline, 
maZindol, cocaine, desipramine, nomifensine, GBR12909, 
D-amphetamine, L-amphetamine, nortriptyline, DA, MPP", 
NE, 5-HT, [3-PMA, TIA, 4[3-PDBu, ConA, MeZerein, His 
tamine, Impromidine, Dimaprit, PEA, SNP, EGTA, Thapsi 
gargin, Genistein, MHC, NECA, N6-CPA, 8-Br-cGMP, 
SNAP, HydroXylamine, CalmidaZolium, LY-83583, Meth 
ylene blue, CGS9343B, DOI, Interferon-alpha, and combi 
nations thereof. See, Reith, supra. 

[0093] Second, a knoWn general inhibitor of cellular activ 
ity is optionally added, and the resulting decrease in trans 
porter activity similarly detected. It Will be appreciated that 
modulators are also optionally combined in assays With 
knoWn transport activators or inhibitors to ?nd modulators 
Which inhibit activation or repression of transporter activity 
by the knoWn activator or inhibitor. 

[0094] Gradient Induced Activity 

[0095] Model systems that mimic biological processes 
such as gradient induced activities are of increasing impor 
tance, e.g., in pharmacology, immunology, and the like. 
HoWever, as mentioned above, progress in the study of 
gradient induced activities (e.g., chemotaXis) has been 
impeded by in vitro assays that are, inter alia, tedious to 
perform. Furthermore, the results produced by these assays 
have been difficult to quantify. The present invention 
addresses these shortcomings in the prior art by providing 
automated and quantitative assays that are optionally used to 
model essentially any gradient induced activity. 

[0096] In particular, embodiments of the present invention 
that are used to assay gradient induced activities (e.g., 
chemotactic responses) generally include simultaneously 
?oWing an adhesion factor and a buffer into a microchannel 
such that the adhesion factor binds to at least a substantial 
portion of a longitudinal segment of the microchannel. 




























