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Figure 2 
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Figure 3 

nanostructured 
surface 

Figure 3. (a) The schematic cross-sectional view depicting the principle of detection of 
virus particle using LCs. The liquid crystal molecules supported on a nanostructured 
surface coated with antibody assume a planar orientation. Upon binding the virus particles 
on to the surface the molecules align perpendicular to the surface inducing a change in the 
capacitance between two electrodes. (b) Schematics of interdigitated electrodes. The size of 
the arrows is on the order of 500 pm. 
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Figure 4 
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Figure 5 
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Figure 6 

X (micron) (d) 

Figure 6. (a) Schematic of hyperbolic electrodes (b) the potential 
distn'bution in the plane of electrodes obtained by solving Laplace 
equation in 3D (0) the gradient of E2 in a plane at z = 4 pm above the 
electrode plane and (d) on a y = 0 plane. 
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Figure 7 
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Figure 7. (a) A schematic of dielectrophoretic setup. (b) A 2 mm thick sheet of PDMS 
with a hole at the center con?nes the sample on the active region. 
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Figure 8 
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Figure 9 
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Figure 11 



Patent Application Publication Mar. 24, 2005 Sheet 11 of 13 US 2005/0064395 A1 

Figure 13 
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Figure 14 

Active area 

To PC 

Power supply 

DEP : Di-electrophoresis 
DET : Detector 
SCR : Screen 
PC : Personal computer 



Patent Application Publication Mar. 24, 2005 Sheet 13 0f 13 US 2005/0064395 A1 

Figure 15 
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LIQUID CRYSTAL BASED ANALYTE DETECTION 

[0001] This application claims the bene?t of US. Provi 
sional Application ?led 60/490,122, ?led Jul. 25, 2003; US. 
Provisional Application 60/518,706, ?led Nov. 10, 2003; 
and US. Provisional Application 60/541,516, ?led Feb. 3, 
2004. 

[0002] This invention Was made With government support 
under SBIR Grant No. 5R43AI4960602 aWarded by the 
National Institutes of Health/NIAID. The Government has 
certain rights in the invention. 

FIELD OF THE INVENTION 

[0003] The present invention relates to the ?eld of detec 
tion of analytes, and in particular to detection of viruses, 
cells, bacteria, lipid-membrane containing organisms, pro 
teins, nucleic acids, carbohydrates and other biomolecules, 
organic molecules and inorganic molecules using a liquid 
crystal assay format. 

BACKGROUND OF THE INVENTION 

[0004] The detection of pathogen, protein, and nucleic 
acid targets in biological samples forms the basis of the 
multi-billion dollar in vitro diagnostic industry. Detection of 
protein and nucleic acid targets can be divided into diag 
nostic and research based markets. The diagnostic market 
includes the detection and identi?cation of pathogens such 
as viruses and bacteria, the identi?cation of various genetic 
markers, and the identi?cation of markers associated With 
the presence of tumors. The research market includes the 
genomics and proteomics industries, Which require analyti 
cal, drug discovery, and high-throughput screening tech 
nologies. 
[0005] Initial viral diagnostics consisted of the crude, 
albeit sensitive and non-speci?c techniques of direct inocu 
lation of sample material into suckling mice, embryonated 
eggs, or living cells. Diagnostic methods have since evolved 
to the sensitive, speci?c, but time consuming serological 
techniques of neutraliZation, ELISA and ?uorescent anti 
body assays and subsequently to the current highly sensitive, 
instrumentation-dependent techniques of nucleic acid ampli 
?cation and luminescent bead-based assays. This evolution 
in approach to virus detection and identi?cation has been 
driven by advances in biology (cell culture, immunology), 
folloWed by advances in biochemistry (immunochemistry, 
molecular biology, dye chemistry). More recent progress 
comes from advances in instrumentation sciences (optics, 
electronics, robotics, miniaturiZation, micro?uidics, etc.) 
and by the subsequent interfacing of microelectronics With 
biology to develop the ?rst generation of biosensors. 

[0006] There are many Ways to detect the presence of a 
virus in a sample. Methods With the highest sensitivity 
(real-time PCR, tissue culture, electron microcopy) also 
involve the highest complexity and/or cost, require sophis 
ticated equipment and facilities and require highly trained 
personnel. Methods With less sensitivity (IFA, ELISA, dip 
stick methods), in practice, suffer from cross-reactivity 
problems, involve more hands-on time and/or are less adapt 
able to rapidly screening large numbers of samples. There is 
a great need for multiplexing in situations such as arbovirus 
surveillance, bio-threat monitoring, and for rapid agent 
identi?cation during a disease outbreak of unknoWn origin. 
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In practice, nucleic acid techniques and bead-based tech 
niques currently can multiplex approximately 6-20 different 
targets. 

[0007] Though there are many techniques available to 
detect and identify viruses, there is need for improvement. 
Among the desired attributes are: loWer cost, less reliance on 
biological systems, less reliance on use of labile, expensive 
reagents, less complexity in execution, decreased hands-on 
time required for processing the sample and execution of the 
assay, minimal technical pro?ciency for running assays and 
interpreting results, miniaturiZation and portability of equip 
ment, automation, and an increase in multiplexing capabil 
ity. 

SUMMARY OF THE INVENTION 

[0008] The present invention relates to the ?eld of detec 
tion of analytes, and in particular to detection of viruses, 
cells, bacteria, lipid-membrane containing organisms, pro 
teins, nucleic acids, carbohydrates and other biomolecules, 
organic molecules and inorganic molecules using a liquid 
crystal assay format. Accordingly, the present invention 
provides methods for detecting viruses comprising: a) pro 
viding: i) a sample suspected of containing of a virus; ii) a 
detection device comprising a substrate comprising at least 
one detection region having a ?rst virus recognition moiety 
immobiliZed thereon; and iii) mesogens; b) contacting said 
detection region With said sample; and c) contacting said 
substrate With said mesogens, Wherein the presence of said 
virus is indicated by a change in said mesogens over said 
detection regions and Wherein said change is independent of 
the presence of an additional homeotropic director on said 
detection region. The present invention is not limited to the 
detection of any particular change in the mesogens forming 
the liquid crystal. Indeed, a variety of changes may be 
detected, including, but not limited to a change in color, a 
change in texture, a change in tilt, and homeotropic orien 
tation. 

[0009] The present invention is not limited to the detection 
of any particular type of virus. Indeed, the detection of a 
variety of viruses is contemplated, including, but not limited 
to viruses in the folloWing families: Adenoviridae, 
Arenaviridae, Astroviridae, Bimaviridae, Bunyaviridae, 
Caliciviridae, Circoviridae, Coronaviridae, Filoviridae, Fla 
viviridae, Hepadnaviridae, Herpesviridae, Iridoviridae, 
Filoviridae, Orthomyxoviridae, Papovaviridae, Paramyx 
oviridae, Parvoviridae, Picornaviridae, Poxyiridae, Reoviri 
dae, Retroviridae, Rhabdoviridae, Togaviridae, Badnavirus, 
Bromoviridae, Comoviridae, Geminiviridae, Partitiviridae, 
Potyviridae, Sequiviridae, and Tombusviridae. In some 
embodiments, the virus is a Japanese Encephalitis Virus 
group virus. In other embodiments, the Japanese Encepha 
litis Virus group virus is selected from the group consisting 
of West Nile Virus and St. Louis Encephalitis Virus. In still 
further embodiments, the virus is an enveloped virus. 

[0010] The present invention is not limited to the use of 
any particular substrate. Indeed, the use of a variety of 
substrates is contemplated, including, but not limited to 
metal ?lms, glass, silicon, diamond and polymeric materials. 
The present invention is not limited to the use of any 
particular polymeric materials. Indeed, the use of a variety 
of polymeric materials is contemplated, including, but not 
limited to those selected from the group consisting of 
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polyurethane, PDMS, polyimide, polystyrene, polycarbon 
ate and polyisocyanoacrylate. The present invention is not 
limited to the use of any particular mesogen. Indeed, the use 
of a variety of mesogens is contemplated, including, but not 
limited to those selected from the group consisting of 
4-cyano-4‘-pentylbiphenyl, N-(4-methoXybenZylidene)-4 
butlyaniline and combinations thereof. The present inven 
tion is not limited to the use of any particular virus recog 
nition moiety. Indeed, the use of a variety of virus 
recognition moieties is contemplated, including, but not 
limited to antigen binding proteins and nucleic acids. In 
some embodiments, the antigen binding protein is an immu 
noglobulin. 

[0011] In some embodiments, the substrate comprises a 
plurality of detection regions. In some embodiments, the 
plurality of detection regions have the same virus recogni 
tion moiety bound thereto. In other embodiments, the plu 
rality of detection regions have different virus recognition 
moieties bound thereto. In some embodiments, the detection 
device further comprises a second substrate arranged oppo 
site said ?rst substrate to form a cell. 

[0012] In still further embodiments, the change in the 
mesogens is detected by vieWing said detection device 
betWeen cross polar lenses. In some embodiments, the 
detection region does not homeotropically orient mesogens 
in the absence of virus. In some embodiments, homeotropic 
ordering is observed Within 48 hours of the application of 
said sample to said detection region. 

[0013] The present invention is not limited to the analysis 
of any particular type of sample. Indeed, the analysis of a 
variety of samples is contemplated, including, but not lim 
ited to biological ?uids, tissue homogenates, feces, vesicular 
?uids, sWabs of ori?ces or tissues, and media in Which virus 
has been cultured or prepared. The present invention is not 
limited to the analysis of any particular type of biological 
?uid. Indeed, the present invention contemplates the analy 
sis of a variety of biological ?uids, including, but not limited 
to cerebral-spinal ?uid, urine, serum, plasma, nasal secre 
tions, sputum, semen and saliva. 

[0014] In some embodiments, the present invention pro 
vides devices for the detection of a virus comprising a ?rst 
substrate comprising at least one detection region having a 
?rst virus recognition moiety speci?c for said virus immo 
biliZed thereon, Wherein said detection region does not 
homeotropically orient an added mesogen in the absence of 
said virus. In some embodiments, the ?rst substrate com 
prises a plurality of detection regions. The present invention 
is not limited to the use of any particular substrate. Indeed, 
the use of a variety of substrates is contemplated, including, 
but not limited to metal ?lms, glass, silicon, diamond and 
polymeric materials. The present invention is not limited to 
the use of any particular polymeric materials. Indeed, the use 
of a variety of polymeric materials is contemplated, includ 
ing, but not limited to those selected from the group con 
sisting of polyurethane, PDMS, polyimide, polystyrene, 
polycarbonate and polyisocyanoacrylate. 

[0015] The present invention is not limited to the use of 
any particular virus recognition moiety. Indeed, the use of a 
variety of virus recognition moieties is contemplated, 
including, but not limited to antigen binding proteins and 
nucleic acids. In some embodiments, the antigen binding 
protein is an immunoglobulin. In some embodiments, the 
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substrate comprises a plurality of detection regions. In some 
embodiments, the plurality of detection regions have the 
same virus recognition moiety bound thereto. In other 
embodiments, the plurality of detection regions have differ 
ent virus recognition moieties bound thereto. In some 
embodiments, the detection device further comprises a sec 
ond substrate arranged opposite said ?rst substrate to form 
a cell. In still further embodiments, the plurality of detection 
regions are arranged in an array. In some embodiments, the 
substrates further comprise at least one control region com 
prising immobiliZed virus. In other embodiments, the device 
comprises a second substrate oriented opposite said ?rst 
substrate to form a cell for containing mesogens. In still 
other embodiments, the devices comprise cross polar lenses 
oriented on either side of said ?rst substrate and said 
substrate. In some embodiments, the substrate comprises 
microchannels in said ?rst substrate, Wherein said micro 
channels deliver sample to said detection region. 

[0016] In still further embodiments, the present invention 
provides a kit comprising: a) a device for the detection of a 
virus comprising a ?rst substrate comprising at least one 
detection region having a ?rst virus recognition moiety 
speci?c for said virus immobiliZed thereon, Wherein said 
detection region does not homeotropically orient an added 
mesogen in the absence of said virus; and b) instructions for 
detection of said virus. In some embodiments, the kit further 
comprises a vial containing mesogens. In other embodi 
ments, the kit further comprises a vial containing a virus for 
use as a positive control. 

[0017] In still further embodiments, the present invention 
provides methods comprising: a) providing a functionaliZed 
detection substrate treated to align mesogens, a stamp sub 
strate displaying at least one ligand, a biological test sample 
suspected of containing a binding partner for the ligand, and 
mesogens; b) contacting the test sample With the stamp 
substrate under conditions such that the binding partner can 
bind the ligand; c) contacting the detection substrate With the 
stamp substrate under conditions such that the binding 
partner to the ligand is transferred to the detection substrate; 
d) detecting the presence of the binding partner to the ligand 
on the detection substrate by applying the mesogens to the 
substrate. The present invention is not limited to use With 
any particular biological sample. Indeed, the use of a variety 
of biological samples is contemplated, including, but not 
limited to, those selected from the group consisting of Whole 
blood, serum, cerebral spinal ?uid, nasopharyngeal aspirate, 
and nasal secretions. In some embodiments, the alignment of 
the mesogens by the detection substrate is disrupted by the 
presence of the binding partner to the ligand. In some 
preferred embodiments, the alignment is homeotropic. In 
further embodiments, the mesogens are not homeotropically 
aligned over areas of the detection substrate Wherein the 
binding partner of the ligand is present. In still other 
embodiments, the detection substrate is used to form an 
optical cell. In some embodiments, the detecting is per 
formed by analysis of the detection substrate With cross 
polars. In further embodiments, areas of the detection sub 
strate With homeotropically aligned mesogens appear dark. 
In other embodiments, areas of the detection substrate With 
substantially non-homeotropically aligned mesogens appear 
bright. The present invention is not limited to the use of any 
particular type of ligand. Indeed, the use of a variety of 
ligands is contemplated. In some embodiments, the ligand is 
an antigenic substance from a pathogenic organism. In some 
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embodiments, the antigenic substance is a protein. In further 
embodiments, the protein is an envelope protein of a virus. 
In some preferred embodiments, the envelope protein is 
protein E from West Nile Virus. The present invention is not 
limited to the detection of any particular type of binding 
partner. Indeed, the detection of a variety of binding partners 
is contemplated. In some embodiments, the binding partner 
is an antibody. The present invention is not limited to the use 
of any particular number of ligands on a particular substrate. 
In some embodiments, the stamp substrate comprises tWo or 
more ligands in an array. In some preferred embodiments, 
the ligand is bound by binding partners from a plurality of 
species or genera. The present invention is not limited to the 
use of any particular mesogen. Indeed, the use of a variety 
of mesogens is contemplated. In some preferred embodi 
ments, the mesogen is SCB. The present invention is not 
limited to the use of any particular type of material to make 
the stamp substrate. Indeed, the use of a variety of materials 
is contemplated. In some preferred embodiments, the stamp 
substrate comprises PDMS. The present invention is not 
limited to the use of any particular type of detection sub 
strate. Indeed, the use of a variety of test substrates is 
contemplated. In some preferred embodiments, the detection 
substrate comprises obliquely deposited gold. 
[0018] In still further embodiments, the present invention 
provides kits comprising: a) a stamp substrate displaying at 
least one ligand; b) a functionaliZed detection substrate that 
orients mesogens; and c) instructions for using the substrates 
for detecting a binding partner of the ligand. In some 
embodiments, the kits further comprise a container of 
mesogens. The present invention is not limited to the use of 
any particular mesogen. Indeed, the use of a variety of 
mesogens is contemplated. In some preferred embodiments, 
the mesogen is SCB. The present invention is not limited to 
the use of any particular type of material to make the stamp 
substrate. Indeed, the use of a variety of materials is con 
templated. In some preferred embodiments, the stamp sub 
strate comprises PDMS. The present invention is not limited 
to the use of any particular type of detection substrate. 
Indeed, the use of a variety of test substrates is contem 
plated. In some preferred embodiments, the detection sub 
strate comprises obliquely deposited gold. The present 
invention is not limited to the use of any particular type of 
ligand. Indeed, the use of a variety of ligands is contem 
plated. In some embodiments, the ligand is an antigenic 
substance from a pathogenic organism. In some embodi 
ments, the antigenic substance is a protein. In further 
embodiments, the protein is an envelope protein of a virus. 
In some preferred embodiments, the envelope protein is 
protein E from West Nile Virus. In some embodiments, the 
kits further comprise a container containing a control bind 
ing partner. The present invention is not limited to any 
particular binding partner. Indeed, a variety of binding 
partners are contemplated. In some embodiments, the bind 
ing partner is a ligand. In some embodiments, the kits further 
comprise an additional substrate for forming an optical cell. 
In still other embodiments, the kits comprise polariZed 
lenses. 

[0019] In still further embodiments, the present invention 
provides systems for detecting an analyte comprising: a) a 
?rst substrate displaying a recognition moiety, Wherein the 
recognition moiety interacts With the analyte; b) a second 
substrate comprising a surface con?gured to receive the 
analyte interacting With the recognition moiety; and c) a 
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liquid crystal overlaying the second substrate. In some 
embodiments, the ?rst substrate is selected from the group 
consisting of a stamp, a bead, and column media. In some 
embodiments, the stamp comprises PDMS. In some embodi 
ments, the bead is a magnetic bead. In some embodiments, 
the column is immunoaf?nity column media. In some 
embodiments, the recognition moiety is selected from the 
group consisting of a protein, polypeptide, peptide, nucleic 
acid, carbohydrate, lipid, organic molecule and inorganic 
molecule. In some embodiments, the liquid crystal com 
prises mesogens selected from the group consisting of E7, 
MLC, SCB (4-n-pentyl-4‘-cyanobiphenyl), 8CB (4-cyano 
4‘octylbiphenyl), BL093, TL 216, ZLI 5800, MLC 6613, and 
MBBA ((p-methoXybenZylidene)-p-butylaniline). In some 
embodiments, the second substrate comprises a functional 
iZed surface. In some embodiments, the functionaliZed sur 
face comprises a polyimide. In some embodiments, the 
polyimide is rubbed. In some embodiments, the polyimide is 
selected from the group consisting of Nissan 7210, Nissan 
3510, Nissan 410, Nissan 3140, Nissan 5291, and Japan 
Synthetic Rubber JALS 146-R19. In some embodiments, the 
polyimide homeotropically orients the liquid crystal. In 
some embodiments, the polyimide is selected from the 
group consisting of Nissan 7511L and SE 1211. 

[0020] In further embodiments, the present invention pro 
vides methods of detecting an analyte comprising: a) pro 
viding a ?rst substrate displaying a recognition moiety, a 
second substrate, mesogens, and a sample suspected of 
containing an analyte; b) contacting the ?rst substrate dis 
playing a recognition moiety With the sample suspected of 
containing an analyte so that the analyte interacts With the 
recognition moiety; c) transferring the analyte interacting 
With the recognition moiety to the second substrate; and d) 
contacting the second substrate With the mesogens to detect 
the presence of the analyte on the second substrate. In some 
embodiments, the recognition moiety is selected from the 
group consisting of a protein, polypeptide, peptide, nucleic 
acid, carbohydrate, lipid, organic molecule and inorganic 
molecule. In some embodiments, the analyte is selected 
from the group consisting of a protein, polypeptide, peptide, 
nucleic acid, organic molecule, inorganic molecule, virus, 
liposome, bacteria, fungus, and cell. In some embodiments, 
the ?rst substrate is selected from the group consisting of a 
stamp, a bead, and column media. In some embodiments, the 
second substrate is selected from the group consisting of 
silicon, glass, polymer, diamond, and metal. In some 
embodiments, the second substrate comprises a surface 
functionaliZed With a polyimide. In some embodiments, the 
polyimide is rubbed. In some embodiments, the polyimide is 
selected from the group consisting of Nissan 7210, Nissan 
3510, Nissan 410, Nissan 3140, Nissan 5291, and Japan 
Synthetic Rubber JALS 146-R19. In some embodiments, the 
polyimide homeotropically orients the liquid crystal. In 
some embodiments, the polyimide is selected from the 
group consisting of Nissan 7511L and SE 1211. In some 
embodiments, the presence of analyte is indicated by a 
non-ordered liquid crystal that appears White or bright When 
vieWed through cross polar lenses and areas Where analyte 
is not bound remain ordered and appear dark When vieWed 
through cross polar lenses. In some embodiments, the pres 
ence of an analyte is indicated by a disordered liquid crystal 
that appears White or bright When vieWed through cross 
polar lenses and areas Where no analyte is bound maintain 
homeotropic orientation and appear dark. In some embodi 
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ments, the mesogens are selected from the group consisting 
of E7, MLC, SCB (4-n-pentyl-4‘-cyanobiphenyl), 8CB 
(4-cyano-4‘octylbiphenyl), BL093, TL 216, ZLI 5800, MLC 
6613, and MBBA ((p-methoXybenZylidene)-p-butylaniline). 
In some embodiments, the presence of an analyte on the 
second substrate is indicated by a difference in the orienta 
tion of the mesogens. In some embodiments, the difference 
in the orientation of the mesogens is detected by a method 
selected from the group consisting of visual detection, 
optical detection, spectroscopy, light transmission, and elec 
trical detection. In some embodiments, the transferring step 
further comprises the step of eluting the analyte from the 
?rst substrate. In some embodiments, the methods further 
comprise the step of contacting the analyte-recognition 
moiety compleX With a secondary binding agent. In some 
embodiments, the secondary binding agent is selected from 
the group consisting of an antigen binding protein, and 
enZyme, avidin, and biotin. In some embodiments, the 
presence of the secondary binding agent enhances the detec 
tion of the analyte after transfer to the second substrate. In 
some embodiments, the secondary binding agent is com 
pleXed With a lipid. In some embodiments, the secondary 
binding agent is displayed on a liposome. 

[0021] In still further embodiments, the present invention 
provides kits comprising a) a ?rst substrate displaying a 
recognition moiety, Wherein the recognition moiety interacts 
With an analyte; b) a second substrate comprising a surface 
con?gured to receive the analyte interacting With the rec 
ognition moiety; c) a vial containing mesogens; and d) 
instructions for detecting the analyte. In some embodiments, 
the ?rst substrate is selected from the group consisting of a 
stamp, a bead, and column media. In some embodiments, the 
stamp comprises PDMS. In some embodiments, the bead is 
a magnetic bead. In some embodiments, the column is an 
immunoaffinity column. In some embodiments, the recog 
nition moiety is selected from the group consisting of a 
protein, polypeptide, peptide, nucleic acid, carbohydrate, 
lipid, organic molecule and inorganic molecule. In some 
embodiments, the mesogens are selected from the group 
consisting of E7, MLC, SCB (4-n-pentyl-4‘-cyanobiphenyl), 
8CB (4-cyano-4‘octylbiphenyl), BL093, TL 216, ZLI 5800, 
MLC 6613, and MBBA ((p-methoXybenZylidene)-p-butyla 
niline). In some embodiments, the second substrate com 
prises a functionaliZed surface. In some embodiments, the 
functionaliZed surface comprises a polyimide. In some 
embodiments, the polyimide is rubbed. In some embodi 
ments, the polyimide is selected from the group consisting 
of Nissan 7210, Nissan 3510, Nissan 410, Nissan 3140, 
Nissan 5291, and Japan Synthetic Rubber JALS 146-R19. In 
some embodiments, the polyimide homeotropically orients 
the liquid crystal. In some embodiments, the polyimide is 
selected from the group consisting of Nissan 7511L and SE 
1211. In some embodiments, the kits further comprise a 
second vial comprising a secondary binding agent. In some 
embodiments, the secondary binding agent is selected from 
the group consisting of an antigen binding protein, an 
enZyme, avidin and biotin. 

[0022] In still further embodiments, the present invention 
provides methods for detecting analytes comprising: a) 
providing: i) a sample suspected of containing of an analyte; 
ii) a detection device comprising a substrate comprising at 
least one electrode and at least one detection region; iii) 
mesogens; b) applying an electrical potential to the at least 
one electrode to transport the analyte to the substrate; and, 
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c) contacting the substrate With the mesogens, Wherein the 
presence of the analyte is indicated by a difference in 
alignment of the mesogens over the at least one detection 
region. In some embodiments, the electrical potential is an 
alternating current. In some embodiments, the transport 
occurs via dielectrophoresis. In some embodiments, the 
difference in the alignment of the mesogens is selected from 
the group consisting of a change in color, a change in 
teXture, a change in tilt, and homeotropic orientation. In 
some embodiments, the difference in alignment of the 
mesogens is detected by a method selected from the group 
consisting of visual detection, optical detection, spectros 
copy, light transmission, and electrical detection. In some 
embodiments, the analyte is selected from the group con 
sisting of a protein, peptide, polypeptide, nucleic acid, 
organic molecule, inorganic molecule, virus, bacteria, lipo 
some, cell, and fungus. In some embodiments, the substrate 
is selected from the group consisting of metal ?lms, glass, 
silicon, diamond and polymeric materials. In some embodi 
ments, the polymeric materials are selected from the group 
consisting of polyurethane, PDMS, polyimide, polystyrene, 
polycarbonate and polyisocyanoacrylate. In some embodi 
ments, the mesogen is selected from the group consisting of 
E7, MLC, SCB (4-n-pentyl-4‘-cyanobiphenyl), 8CB (4-cy 
ano-4‘octylbiphenyl), BL093, TL 216, ZLI 5800, MLC 
6613, and MBBA ((p-methoXybenZylidene)-p-butylaniline) 
and combinations thereof. In some embodiments, the detec 
tion region comprises a recognition moiety. In some embodi 
ments, the recognition moiety is selected from the group 
consisting of an peptide, polypeptide, protein, nucleic acid, 
carbohydrate, organic molecule, and inorganic molecule. In 
some embodiments, the protein is an antigen binding pro 
tein. In some embodiments, the substrate comprises a plu 
rality of detection regions. In some embodiments, the plu 
rality of detection regions display the same recognition 
moiety. In some embodiments, the plurality of detection 
regions display different recognition moieties. In some 
embodiments, the detection device further comprises a sec 
ond substrate arranged opposite the ?rst substrate to form a 
cell. In some embodiments, the change in the mesogens is 
detected by vieWing the detection device betWeen cross 
polar lenses. In some embodiments, the sample is selected 
from the group consisting of biological ?uids, tissue homo 
genates, feces, vesicular ?uids, sWabs of ori?ces or tissues, 
and media in Which virus has been cultured or prepared. In 
some embodiments, the biological ?uid is selected from the 
group consisting of cerebral-spinal ?uid, urine, serum, 
plasma, nasal secretions, sputum, semen and saliva. In some 
embodiments, the methods further comprise the step of 
detecting analyte binding by measuring the impedance of the 
detection device, Wherein a change in capacitance is indica 
tive of analyte binding. In some embodiments, the imped 
ance is capacitance or resistance. In some embodiments, the 
measuring is in real-time. 

[0023] In still further embodiments, the present invention 
provides devices for detecting an analyte comprising a ?rst 
substrate comprising at least one electrode and at least one 
detection region, Wherein the at least one electrode is 
con?gured to provide an electrical potential to attract an 
analyte to the substrate and to determine the presence of the 
analyte by measuring electrical properties of the device, and 
a second substrate oriented opposite of the ?rst substrate, 
Wherein the ?rst substrate and the second substrate form a 
chamber for containing a liquid crystal. In some embodi 
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ments, the electrical property is impedance. In some 
embodiments, the impedance is capacitance or resistance. In 
some embodiments, the impedance is capacitance. In some 
embodiments, the substrate is selected from the group con 
sisting of metal ?lms, glass, silicon, diamond and polymeric 
materials. In some embodiments, the polymeric materials 
are selected from the group consisting of polyurethane, 
PDMS, polyimide, polystyrene, polycarbonate and polyiso 
cyanoacrylate. In some embodiments, the devices further 
comprise mesogens, Wherein the mesogens are selected 
from the group consisting of E7, MLC, SCB (4-n-pentyl 
4‘-cyanobiphenyl), 8CB (4-cyano-4‘octylbiphenyl), BL093, 
TL 216, ZLI 5800, MLC 6613, and MBBA ((p-methoxy 
benZylidene)-p-butylaniline) and combinations thereof. In 
some embodiments, the detection region comprises a rec 
ognition moiety. In some embodiments, the recognition 
moiety is selected from the group consisting of a peptide, 
polypeptide, protein, nucleic acid, carbohydrate, organic 
molecule, and inorganic molecule. In some embodiments, 
the protein is an antigen binding protein. In some embodi 
ments, the ?rst substrate comprises a plurality of detection 
regions. In some embodiments, the plurality of detection 
regions display the same recognition moiety. In some 
embodiments, the plurality of detection regions display 
different recognition moieties. In some embodiments, the at 
least one electrode is selected from the group consisting of 
interdigitated, hyperbolic, triangular and rectangular elec 
trodes. In some embodiments, the ?rst substrate comprises at 
least tWo electrodes. 

[0024] In still further embodiments, the present invention 
provides systems for detection of an analyte comprising the 
detection device described above and a readout device, the 
readout device comprising an opening con?gured to receive 
the detection device and an electrical circuit that contacts the 
at least one electrode When the detection device is in contact 
With the readout device. In some embodiments, the readout 
device interfaces With a computer processor. In some 
embodiments, the readout device comprises an electronic 
display. In some embodiments, the readout device comprises 
an LCD display. In some embodiments, the electric circuit is 
an oscillator circuit. In some embodiments, the oscillator 
circuit comprises a microprocessor. In some embodiments, 
the readout device comprises a microprocessor con?gured to 
measure electrical capacitance. In some embodiments, the 
readout device comprises a poWer source. 

[0025] In still other embodiments, the present invention 
provides methods of detecting an analyte comprising: a) 
providing a sample suspected of containing an analyte, a 
substrate having a surface comprising polyimide, and 
mesogens; b) contacting the surface comprising polyimide 
With the sample suspected of containing an analyte; c) 
contacting the surface comprising polyimide With the 
mesogens, Wherein the presence of the analyte is indicated 
by difference in the orientation of the mesogens. In some 
embodiments, the analyte non-speci?cally interacts With the 
surface comprising polyimide. In some embodiments, the 
surface comprising polyimide displays a recognition moiety. 
In some embodiments, the recognition moiety is selected 
from the group consisting of a protein, polypeptide, peptide, 
nucleic acid, carbohydrate, lipid, organic molecule and 
inorganic molecule. In some embodiments, the mesogens 
are selected from the group consisting of E7, MLC, SCB 
(4-n-pentyl-4‘-cyanobiphenyl), 8CB (4-cyano-4‘octylbiphe 
nyl), BL093, TL 216, ZLI 5800, MLC 6613, and MBBA 

Mar. 24, 2005 

((p-methoxybenZylidene)-p-butylaniline). In some embodi 
ments, the polyimide is rubbed. In some embodiments, the 
polyimide is selected from the group consisting of Nissan 
7210, Nissan 3510, Nissan 410, Nissan 3140, Nissan 5291, 
and Japan Synthetic Rubber JALS 146-R19. In some 
embodiments, the polyimide homeotropically orients the 
mesogens. In some embodiments, the polyimide is selected 
from the group consisting of Nissan 7511L and SE 1211. In 
some embodiments, the presence of analyte is indicated by 
a disordered liquid crystal that appears White or bright When 
vieWed through cross polar lenses and areas Where analyte 
is not bound remain ordered and appear dark When vieWed 
through cross polar lenses. In some embodiments, the pres 
ence of an analyte is indicated by a disordered liquid crystal 
that appears White or bright When vieWed through cross 
polar lenses and areas Where no analyte is bound maintain 
homeotropic orientation and appear dark. In some embodi 
ments, the homeotropic orientation of the liquid crystal is 
detected by a method selected from the group consisting of 
visual detection, optical detection, spectroscopy, light trans 
mission, and electrical detection. 

[0026] In some embodiments, the present invention pro 
vides methods of detecting binding interaction betWeen a 
ligand and its binding partner comprising: a) providing a 
ligand and a binding partner, Wherein at least one of the 
ligand molecule and the binding partner molecule are com 
plexed With a lipid, and mesogens; b) contacting the ligand 
molecule and the binding partner molecule under conditions 
such that the ligand molecule and the binding partner 
molecule interact to form a ligand-binding partner complex; 
and c) detecting the ligand-binding partner complex by 
contacting the complex With mesogens. In some embodi 
ments, the mesogens are homeotropically oriented by the 
complex. In some embodiments, the binding partner is 
recognition moiety. In some embodiments, the ligand is an 
analyte a sample. In some embodiments, the detecting step 
further comprises contacting the complex to a substrate prior 
to contacting With the mesogens. In some embodiments, the 
homeotropic alignment of the mesogens is detected by a 
method selected from the group consisting of visual detec 
tion, optical detection, spectroscopy, light transmission, and 
electrical detection. In some embodiments, the analyte is 
selected from the group consisting of a protein, peptide, 
polypeptide, nucleic acid, organic molecule, inorganic mol 
ecule, virus, bacteria, liposome, cell, and fungus. In some 
embodiments, the substrate is selected from the group con 
sisting of metal ?lms, glass, silicon, diamond and polymeric 
materials. In some embodiments, the polymeric materials 
are selected from the group consisting of polyurethane, 
PDMS, polyimide, polystyrene, polycarbonate and polyiso 
cyanoacrylate. In some embodiments, the mesogen is 
selected from the group consisting of E7, MLC, SCB 
(4-n-pentyl-4‘-cyanobiphenyl), 8CB (4-cyano-4‘octylbiphe 
nyl), BL093, TL 216, ZLI 5800, MLC 6613, and MBBA 
((p-methoxybenZylidene)-p-butylaniline) and combinations 
thereof. In some embodiments, the substrate comprises a 
detection region comprising a recognition moiety. In some 
embodiments, the recognition moiety is selected from the 
group consisting of a peptide, polypeptide, protein, nucleic 
acid, carbohydrate, organic molecule, and inorganic mol 
ecule. In some embodiments, the protein is an antigen 
binding protein. In some embodiments, the substrate com 
prises a plurality of detection regions. In some embodi 
ments, the plurality of detection regions display the same 
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recognition moiety. In some embodiments, the plurality of 
detection regions display different recognition moieties. In 
some embodiments, the ligand id biotin and the recognition 
moiety is avidin. In some embodiments, the at least one of 
the ligand molecule and the binding partner molecule com 
plexed With a lipid is a secondary binding agent. 

[0027] In some embodiments, the present invention pro 
vides kits for detecting an analyte comprising: a) a recog 
nition moiety complexed With a lipid; b) a vial containing 
mesogens; and c) instructions for detecting the analyte. In 
some embodiments, the kits further comprise a substrate. In 
some embodiments, the recognition moiety is selected from 
the group consisting of a protein, polypeptide, peptide, 
nucleic acid, carbohydrate, organic molecule and inorganic 
molecule. In some embodiments, the substrate is selected 
from the group consisting of silicon, glass, polymer, dia 
mond, and metal. In some embodiments, the substrate does 
not orient the liquid crystal. In some embodiments, the 
mesogens are selected from the group consisting of E7, 
MLC, SCB (4-n-pentyl-4‘-cyanobiphenyl), 8CB (4-cyano 
4‘octylbiphenyl), BL093, TL 216, ZLI 5800, MLC 6613, and 
MBBA ((p-methoxybenZylidene)-p-butylaniline). 

[0028] In some embodiments, the present invention pro 
vides systems for detecting an analyte comprising: a) a 
recognition moiety complexed With a lipid; and b) a liquid 
crystal. In some embodiments, the systems further comprise 
a substrate. In some embodiments, the recognition moiety is 
selected from the group consisting of a protein, polypeptide, 
peptide, nucleic acid, carbohydrate, organic molecule and 
inorganic molecule. In some embodiments, the substrate is 
selected from the group consisting of silicon, glass, polymer, 
diamond, and metal. In some embodiments, the substrate 
does not orient the liquid crystal. In some embodiments, the 
mesogens are selected from the group consisting of E7, 
MLC, SCB (4-n-pentyl-4‘-cyanobiphenyl), 8CB (4-cyano 
4‘octylbiphenyl), BL093, TL 216, ZLI 5800, MLC 6613, and 
MBBA ((p-methoxybenZylidene)-p-butylaniline). 

DESCRIPTION OF THE FIGURES 

[0029] FIG. 1 provides a schematic vieW of an assay 
device of the present invention demonstrating homeotropic 
orientation of a liquid crystal directed by bound virus. 

[0030] FIG. 2 provides photographs of transfers assays for 
the presence of West Nile Virus antibodies in positive horse 
and rabbit serum along With negative controls. 

[0031] FIGS. 3a and 3b provide a schematic depiction of 
a device and preferred electrodes of the present invention. 

[0032] FIG. 4 is an image of a PDMS stamp of the present 
invention. 

[0033] FIG. 5 is an image of an assay conducted With an 
assay device of the present invention. 

[0034] FIG. 6 shoWs the results from a simulation of 
hyperbolic electrodes. 

[0035] FIG. 7 shoWs a schematic of an device con?gured 
for dielectrophoresis. 

[0036] FIG. 8 is an image of an assay using a polyimide 
coated substrate to non-speci?cally detect an analyte. 

[0037] FIG. 9 is an image of an assay using a polyimide 
coated substrate to non-speci?cally detect an analyte. 
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[0038] FIG. 10 is a graphic representation of luminosity 
index for the experiment depicted in FIG. 9. 

[0039] FIG. 11 is an image of an assay using a polyimide 
coated substrate to non-speci?cally detect an analyte. 

[0040] FIG. 12 is an image of the results of the detection 
of F1 in chicken serum. 

[0041] FIG. 13 is an image of the results of the same 
experiment as FIG. 12 taken With a polariZed microscope. 

[0042] FIG. 14 is a schematic depiction of a readout 
device of the present invention. 

[0043] FIG. 15 presents images of experiments in Which 
labeled liposomes are used to report ligand binding. 

DEFINITIONS 

[0044] As used herein, the term “recognition moiety” 
refers to a composition of matter that interacts With an 
analyte of interest in either a covalent or noncovalent 
manner. 

[0045] As used herein, the term “virus recognition moi 
ety” refers to any composition of matter that binds speci? 
cally to a virus. Examples of “virus recognition moieties” 
include, but are not limited to antigen binding proteins and 
nucleic acid aptamers. 

[0046] The term “substrate” refers to a composition that 
serves as a base for another composition such as recognition 
moiety. Examples of substrates include, but are not limited 
to, silicon surfaces, glass surfaces, glass beads, magnetic 
beads, agarose beads, etc. 

[0047] As used herein, the term “ligand” refers to any 
molecule that binds to or can be bound by another molecule. 
A ligand is any ion, molecule, molecular group, or other 
substance that binds to another entity to form a larger 
complex. Examples of ligands include, but are not limited to, 
peptides, carbohydrates, nucleic acids, antibodies, or any 
molecules that bind to receptors. 

[0048] As used herein, the term “homeotropic director” 
refers to a topographical feature (e.g., a nanostructure or 
homeotropic orienting polyimide) of a substrate that homeo 
tropically orients a liquid crystal. 

[0049] As used herein, the term “pathogen” refers to 
disease causing organisms, microorganisms, or agents 
including, but not limited to, viruses, bacteria, parasites 
(including, but not limited to, organisms Within the phyla 
ProtoZoa, Platyhelminthes, Aschelminithes, Acantho 
cephala, and Arthropoda), fungi, and prions. 

[0050] As used herein, the term “bacteria” and “bacte 
rium” refer to all prokaryotic organisms, including those 
Within all of the phyla in the Kingdom Procaryotae. It is 
intended that the term encompass all microorganisms con 
sidered to be bacteria including Mycoplasma, Chlamydia, 
Actinomyces, Streptomyces, and Rickettsia. All forms of 
bacteria are included Within this de?nition including cocci, 
bacilli, spirochetes, spheroplasts, protoplasts, etc. “Gram 
negative” and “gram positive” refer to staining patterns 
obtained With the Gram-staining process Which is Well 
knoWn in the art (See e.g., Finegold and Martin, Diagnostic 
Microbiology, 6th Ed. (1982), CV Mosby St. Louis, pp 
13-15). 




















































































