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SINGLE CELL CAPTURE WITH CAPTURE 
CHIPS 

[ 0001 ] The present application is a Continuation - in - part of 
U . S . application Ser . No . 14 / 735 , 514 filed Jun . 10 , 2015 , 
now allowed , which claims priority to U . S . Provisional 
application 62 / 011 , 267 , filed Jun . 12 , 2014 and U . S . Provi 
sional application 62 / 086 , 044 , filed Dec . 1 , 2014 , all of 
which are herein incorporated by reference in their entire 
ties . 

FIELD OF THE INVENTION 
[ 0002 ] The present invention provides methods , systems , 
assemblies , and articles for capturing single cells with a 
capture chip . In certain embodiments , the capture chip 
comprises a substrate comprising a plurality of cell - sized 
dimples or wells that each allow a single cell to be captured 
from a cell suspension . In some embodiments , the dimples 
or wells of the capture chip align with the holes or wells of 
a multi - well through - hole chip , and / or a multi - well chip , 
such that the cell , or the contents of the single cell , may be 
transferred to a corresponding well of the multi - well chip . In 
particular embodiments , the bottom of each dimple or well 
of the capture chip has a positive electrical charge sufficient 
to attract cells from a cell suspension flowing over the 
dimples or wells . 

BACKGROUND 

[ 0003 ] Geneticists are striving to characterize complex 
diseases like cancer , autoimmune and neurological disor 
ders , but finding the underlying mechanisms driving these 
diseases has been elusive . Somatic mutations , spontaneous 
variants that accumulate in cells over a lifetime , are a major 
factor that drives disease onset and reoccurrence . As cells 
accumulate new mutations , they form polyclonal cell popu 
lations that co - exist with normal cells . Sequencing bulk cell 
populations can mask the underlying heterogeneity of these 
unique rare cell types , making it difficult to distinguish them 
from normal germline mutations . The best way to reveal 
these differences and visualize the clonal architecture is to 
sequence individual cells in the population . While single 
cell sequencing can help uncover mechanisms of complex 
disease , traditional approaches are expensive , labor inten 
sive , and require large sample input . What is needed are 
methods to isolate single cells that , for example , are ame 
nable for use with multi - well devices . 

[ 0005 ] In particular embodiments , provided herein are 
systems and kits comprising : a ) a capture chip comprising a 
substrate comprising a plurality of cell - sized dimples or 
wells that each allow a single cell to be captured from a cell 
mixture ; and b ) a multi - well through - hole chip , wherein said 
multi - well through - hole chip comprises a plurality of holes , 
and , when combined with a backing ( e . g . , polymer film , 
PCR tape , fitting solid piece , etc . ) or the capture chip , forms 
a multi - well chip which comprises a plurality of wells ; and 
wherein the plurality of cell - sized dimples or wells matches 
one - for - one , and aligns with , said plurality of holes in the 
multi - well through - hole chip . In certain embodiments , the 
backing comprises a polymer film as described herein . 
[ 0006 ] In some embodiments , provided herein are systems 
and kits comprising : a ) a capture chip comprising a substrate 
comprising a plurality of cell - sized dimples or wells that 
each allow a single cell to be captured from a cell mixture ; 
and b ) a multi - well chip device comprising a plurality of 
wells ( e . g . , 50 . . . 300 . . . 3000 . . . or 30 , 000 wells ) , wherein 
the plurality of cell - sized dimples or wells matches one - for 
one , and aligns with , the plurality of wells in the multi - well 
chip . In particular embodiments , the multi - well chip com 
prises aluminum . In other embodiments , the wells of the 
multi - well chip are coated with a hydrophobic coating ( e . g . , 
polymer ) . In some embodiments , the capture chip is gener 
ally rigid . In other embodiments , the capture chip is in the 
shape of a square , rectangle , or other geometric shape . 
[ 0007 ] In certain embodiments , some ( e . g . , 50 % . . . 75 % 

. . 95 % ) or all of the cell - sized dimples or wells each 
contain a single cell , and / or wherein the plurality of wells in 
the multi - well chip : i ) have a volume of 50 and 5000 nl , 
and / or ii ) comprise at least 300 wells . In further embodi 
ments , some ( e . g . , 50 % . . . 75 % . . . 95 % ) or all of the 
plurality of wells in the multi - well chip contain reagents that 
detach and / or lyse cells . In other embodiments , some or all 
of the cell - sized dimples or wells each contain a single cell . 
In further embodiments , the cell - sized dimples or wells are 
etched via photolithography . In additional embodiments , the 
substrate comprises photoresist . In some embodiments , the 
substrate comprises an electrically conductive material . In 
other embodiments , the electrically conductive material is 
optically transparent . In further embodiments , the electri 
cally conductive material comprises indium titanium oxide . 
[ 0008 ] In particular embodiments , the substrate comprises 
a non - conductive material and an electrically conductive 
material ( e . g . , as layers and / or zones ) . In other embodi 
ments , each of the dimples or wells has a bottom and at least 
one side wall . In some embodiments , the bottom is com 
posed of a material comprising an electrically conductive 
material , and the at least one side wall is composed of a 
non - conductive material . In further embodiments , the elec 
trically conductive material is optically transparent . In fur 
ther embodiments , the electrically conductive material com 
prises indium titanium oxide . In additional embodiments , 
the at least one side wall is composed of a material com 
prising photoresist . 
[ 0009 ] In some embodiments , the capture chip and the 
multi - well through - hole chip are attached to each other 
thereby forming said multi - well chip , and wherein some or 
all of said plurality of wells in the multi - well chip contain 
reagents that detach and / or lyse cells . In some embodiments , 
the systems further comprise : c ) an electrical field generator 
configured to be electrically linked to the electrically con 
ductive material . In other embodiments , the electrical field 

SUMMARY OF THE INVENTION 
10004 ) The present invention provides methods , systems , 
assemblies , and articles for capturing single cells with a 
capture chip . In certain embodiments , the capture chip 
comprises a substrate comprising a plurality of cell - sized 
dimples or wells that each allow a single cell to be captured 
from a cell suspension . In some embodiments , the dimples 
or wells of the capture chip align with the holes or wells of 
a multi - well through - hole chip , and / or a multi - well chip , 
such that the cell , or the contents of the single cell , may be 
transferred to a corresponding well of the multi - well chip . In 
particular embodiments , the bottom of each dimple or well 
of the capture chip has a positive electrical charge sufficient 
to attract cells from a cell suspension flowing over the 
dimples or wells . 
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generator generates a direct current ( DC ) or low frequency 
alternating current ( AC ) . In certain embodiments , the single 
cell to be captured is selected from the group consisting of : 
a platelet , a red blood cell , a neutrophil , a lymphocyte , an 
exocrine cell , a fibroblast , an osteocyte , a chondrocyte or a 
liver cell , a goblet or ciliated cell , a macrophage , a 
hematopoietic stem cell , an adipocyte filled with stored 
lipid , and a neuron . In certain embodiments , the single cell 
to be captured is from 5 - 100 um in diameter ( e . g . , 5 . . . 25 
. . . 45 . . . 65 . . . 89 . . . or 100 um ) . 
[ 0010 ] In other embodiments , the systems further com 
prise an adhesive , and wherein the capture chip is attached 
to the multi - well chip via the adhesive . In certain embodi 
ments , the systems further comprises an adhesive , and 
wherein the capture chip is attached to the multi - well 
through - hole chip via said adhesive to form said multi - well 
chip . In other embodiments , the wells of the multi - well 
device are pre - filled with lysis and / or amplification reagents . 
In further embodiments , the systems further comprise : c ) a 
flow cell comprising at least one ( or a plurality of ) flow 
channels , wherein the flow cell is structured so as to be 
mated with the capture chip to form a water - tight assembly , 
wherein the water - tight assembly allows cell - containing 
liquid to move over the capture chip in the at least one flow 
channel ( or in the plurality of flow channels ) . 
[ 0011 ] In certain embodiments , the substrate comprises : i ) 
a base support layer , ii ) a first electrically conductive layer 
on top of the base support layer , and iii ) a non - conductive 
layer substantially covering the first electrically conductive 
layer . In other embodiments , the non - conductive layer com 
prises photoresist . In additional embodiments , each of the 
dimples or wells has a bottom and at least one side wall , and 
wherein the at least one side wall of each of the wells or 
dimples is formed from the non - conductive layer , and 
wherein the bottom of each of the wells or dimples is formed 
from the first electrically conductive layer . 
[ 0012 ] In some embodiments , the substrate further com 
prises a second electrically conductive layer ( or spots ) that 
covers at least a portion of the non - conductive layer . In 
additional embodiments , the systems further comprise : c ) a 
flow cell comprising at least one ( or a plurality of ) flow 
channel ( s ) , wherein the flow cell is structured so as to be 
mated with the capture chip to form a water - tight assembly , 
and wherein the at least one flow channel comprises a closed 
top portion and an open bottom portion . In other embodi 
ments , the flow cell further comprises a third electrically 
conductive layer , wherein the third electrically conductive 
layer forms at least part of the closed top portion of the at 
least one flow channel ( or of each of the flow channels if 
multiple flow channels are present ) . 
[ 0013 ] In certain embodiments , the present disclosure 
provides methods comprising : a ) providing : i ) a capture chip 
comprising a substrate comprising a plurality of cell - sized 
dimples or wells that each allow a single cell to be captured 
from a cell mixture , wherein each of said cell - sized dimples 
or wells contains a single cell ; and ii ) a through - hole 
multi - well chip device comprising a plurality of holes , 
wherein said plurality of cell - sized dimples or wells matches 
one - for - one , and aligns with , said plurality of holes in said 
through - hole multi - well chip ; and b ) bringing together said 
capture chip and said through - hole multi - well chip to form 
a multi - well device that comprises a plurality of wells such 
that said cell - sized dimples or wells of said capture chip are 
aligned with said wells of said multi - well device . 

[ 0014 ] In certain embodiments , the methods further com 
prise : c ) adding to each of said plurality of wells in said 
multi - well chip reagents that detach and / or lyse cells , and d ) 
agitating said mated device such that said reagents in said 
wells of said multi - well device travel into said cell - sized 
dimples or wells , contacting said single cell to create a 
treated cell . In further embodiments , the methods further 
comprise d ) centrifuging said mated device such that said 
treated cell , or contents of said treated cell , in each of said 
cell - sized dimples or wells travels into the corresponding 
well of said multi - well device . 

[ 0015 ] In certain embodiments , provided herein are meth 
ods comprising : a ) providing : i ) a capture chip comprising a 
substrate comprising a plurality of cell - sized dimples or 
wells that each allow a single cell to be captured from a cell 
mixture , wherein each of the cell - sized dimples or wells 
contains a single cell ; and ii ) a multi - well chip device 
comprising a plurality of wells ( e . g . , 50 . . . 300 . . . 3000 . 
. . 30 , 000 wells ) , wherein the plurality of cell - sized dimples 
or wells matches one - for - one , and aligns with , the plurality 
of wells in the multi - well chip ; and b ) bringing together the 
capture chip and the multi - well chip to form a mated - device 
such that the cell - sized dimples or wells of the capture chip 
are aligned with the wells of the multi - well device . 
[ 0016 ] In particular embodiments , each of the plurality of 
wells in the multi - well chip contains reagents that detach 
and / or lyse cells , and wherein the method further comprises : 
c ) agitating the mated device such that the reagents in the 
wells of the multi - well device travel into the cell - sized 
dimples or wells , contacting the single cell to create a treated 
cell . In further embodiments , the methods further comprise : 
d ) agitating the mated device such that the treated cell , or 
contents of the treated cell , in each of the cell - sized dimples 
or wells travels into the corresponding well of the multi - well 
device . In other embodiments , the substrate comprises an 
electrically conductive material . In further embodiments , the 
electrically conductive material is optically transparent . In 
other embodiments , the substrate comprises indium titanium 
oxide . In other embodiments , the substrate comprises a base 
support layer . In further embodiments , the base support layer 
comprises glass . In particular embodiments , the capture chip 
is attached to the multi - well chip via an adhesive . 
[ 0017 ] In some embodiments , provided herein are meth 
ods of making a capture - chip comprising : a ) placing a 
substrate mask on a substrate which is coated with a pho 
toresist layer , and b ) exposing portions of the photoresist 
layer not covered by the substrate mask to a light source 
such that a plurality of cell - sized dimples are etched in the 
photoresist thereby creating a capture - chip , wherein each of 
the cell - sized dimples has side - walls composed of the pho 
toresist and a well - bottom composed of the substrate . In 
certain embodiments , the methods further comprise : c ) 
bringing together said capture chip and a multi - well 
through - hole chip to form a multi - well device comprising a 
plurality of wells , and wherein said plurality of cell - sized 
dimples or wells matches one - for - one , and aligns with , said 
plurality of wells in said multi - well chip . 
[ 0018 ] In particular embodiments , the plurality of cell 
sized dimples match one - for - one , and align with , a plurality 
of holes in a through - hole multi - well chip . In other embodi 
ments , the methods further comprise : bringing together said 
capture chip and said multi - well through - hole chip to form 
a multi - well device comprising a plurality of wells , and such 
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that said cell - sized dimples or wells of said capture chip are 
aligned with said wells of said multi - well device . 
[ 0019 ] In some embodiments , provided herein are meth 
ods of loading a capture - chip with cells comprising : a ) 
flowing a cell suspension over a capture - chip , wherein the 
capture - chip comprises a substrate with a plurality of cell 
sized dimples or wells formed therein , and wherein the 
flowing causes a single cell to be captured in each of the 
plurality of cell - sized dimples or wells ; and b ) washing the 
capture - chip such that excess cells ( e . g . , 98 - 100 % of excess 
cells ) from the cell suspension not captured in the plurality 
of dimples or wells are removed . 
10020 ] In certain embodiments , the substrate comprises 
non - conductive material and a first electrically conductive 
material . In other embodiments , each of the plurality of 
cell - sized dimples or wells comprises a bottom and at least 
one side . In further embodiments , the bottom comprises the 
first electrically conductive material , and the at least one side 
comprises the non - conductive material . In other embodi 
ments , the first electrically conductive material is electri 
cally linked to an electrical field generator , and wherein the 
electrical field generator imparts a positive charge to each of 
the dimple bottoms sufficient to attract cells from the cell 
suspension . In some embodiments , the substrate further 
comprises a second electrically conductive material , 
wherein the second electrically conductive material has zero 
or negative voltage with respect to the first electrically 
conductive material . In other embodiments , the electrically 
conductive material is optically transparent . In certain 
embodiments , the electrically conductive material com 
prises indium titanium oxide . In other embodiments , the 
non - conductive material comprises photoresist . 
[ 0021 ] In some embodiments , the capture chip is located 
in a flow cell . In other embodiments , the methods further 
comprise : c ) bringing together the capture chip and a multi 
well chip to form a mated - device , wherein the multi - well 
chip comprises a plurality of wells , wherein the plurality of 
cell - sized dimples or wells matches one - for - one , and aligns 
with , the plurality of wells in the multi - well chip , and 
wherein the mated device , the cell - sized dimples or wells of 
the capture chip are aligned with the wells of the multi - well 
device . In certain embodiments , each of the plurality of well 
of the multi - well device contains reagents that detach and / or 
lyse cells . 
[ 0022 ] In certain embodiments , provided herein are cap 
ture - chips comprising : a substrate comprising a plurality of 
cell - sized dimples or wells that each allow a single cell to be 
captured from a cell mixture . In further embodiments , the 
substrate comprises a non - conductive material and a first 
electrically conductive material . In further embodiments , 
each of the dimples or wells has a bottom and at least one 
side wall . 
[ 0023 ] The present invention also provides methods , sys 
tems , assemblies , and articles for capturing single cells with 
a polymer capture film . In certain embodiments , the polymer 
capture films comprise a plurality of individual channels 
with top and bottom openings , where the channels are 
dimensioned such that a single cell is : i ) is captured inside 
the channel , partially or substantially occluding the channel , 
when negative pressure is provided to the bottom opening ; 
or ii ) is captured by the top opening , but does not enter the 
channel , when negative pressure is provided to the bottom 
opening . In some embodiments , the channels of the polymer 
capture film align with the wells of a multi - well chip such 

that the cell , or the contents of the single cell , may be 
transferred to a corresponding well . 
10024 ] In certain embodiments , the present invention pro 
vides methods , systems , assemblies , and articles for captur 
ing single cells by individual channels or spots on a polymer 
film . In certain embodiments , the polymer films have a 
plurality of individual channels ( e . g . , in a multi - well match 
ing pattern ) that are able to capture single cells using 
particular sizes and negative pressure . In other embodi 
ments , the polymer films have a plurality of individual 
hydrophilic spots ( e . g . , in a multi - well matching pattern ) 
that are able to capture single cells . In certain embodiments , 
such polymer films , with captured single cells in a multi 
well matching pattern , are mated with a multi - well plate or 
multi - well chip with a matching well opening pattern such 
that the captured cells can be dispensed therein , allowing 
each well to receive a single cell ( e . g . , which can then be 
lysed and the nucleic acid sequenced ) . In certain embodi 
ments , a size - exclusion polymer film is employed that is , for 
example , attached to ( e . g . , by double - sided PCR compatible 
adhesive ) , and aligned with , a multi - well device . In some 
embodiments , multi - well through - devices are provided with 
cell - sized top openings and larger bottom openings ( e . g . , 
configured to receive reaction components ) . In other 
embodiments , a multi - well device is created by attaching a 
PCR compatible film to the bottom of a multi - well through 
hole chip . In further embodiments , provided herein are 
capture chips with cell - sized dimples or wells ( e . g . , each 
containing a single cell ) , which can be mated with a multi 
well device with a plurality of wells containing reagents that 
will detach and / or lysis the single cells . The capture chips 
and multi - well devices can be mated such that the dimples 
of the chip and wells of the device are aligned , and then 
treated such that reagents flow from the wells of the multi 
well device to cells in the cell - sized dimples , and then 
treated again such that the treated cells flow into the well of 
the multi - well device . 
[ 0025 ] In some embodiments , provided herein are articles 
of manufacture comprising a polymer film , wherein the 
polymer film comprises a top surface , a bottom surface , and 
a plurality of individual channels extending through the 
polymer film ( e . g . , arranged in a multi - well device pattern ) , 
wherein each of the individual channels : a ) has a top opening 
in the top surface of the polymer film , b ) has a bottom 
opening in the bottom surface of the polymer film , and c ) is 
dimensioned such that one cell , and only the one cell , from 
a cell suspension : i ) is captured inside the individual chan 
nel , partially or substantially occluding the individual chan 
nel , when negative pressure is provided to the bottom 
opening ; or ii ) is captured by the top opening , but does not 
enter the individual channel , when negative pressure is 
provided to the bottom opening . In particular embodiments , 
the top openings of the plurality of individual channels 
matches one - for - one , and aligns with , the well openings in 
a multi - well device ( e . g . , multi - well plate or multi - well 
chip ) . 
[ 0026 ] In particular embodiments , provided herein are 
systems or assemblies comprising : a ) a polymer film com 
prising a top surface , a bottom surface , and a plurality of 
individual channels extending through the polymer film , 
wherein each of the individual channels : i ) has a top opening 
in the top surface of the polymer film , ii ) has a bottom 
opening in the bottom surface of the polymer film , and iii ) 
is dimensioned such that one cell , and only the one cell , from 
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a cell suspension : A ) is captured inside the individual 
channel , partially or substantially occluding the individual 
channel , when negative pressure is provided to the bottom 
opening ; or B ) is captured by the top opening , but does not 
enter the individual channel , when negative pressure is 
provided to the bottom opening ; and b ) a porous layer 
comprising a porous material that allows liquid , but not 
cells , to pass therethrough , wherein the porous layer is 
dimensioned to be contacted with the bottom surface of the 
polymer film such that the bottom opening of each of the 
plurality of individuals channels is covered by the porous 
material . 
[ 0027 ] In further embodiments , provided herein are meth 
ods of isolating single cells comprising : a ) contacting a cell 
suspension with a cell - isolating system , wherein the cell 
isolating system comprises : i ) a polymer film comprising a 
top surface , a bottom surface , and a plurality of individual 
channels extending through the polymer film , wherein each 
of the individual channels : A ) has a top opening in the top 
surface of the polymer film , B ) has a bottom opening in the 
bottom surface of the polymer film , and C ) is dimensioned 
such that one cell , and only the one cell , from the cell 
suspension : 1 ) is captured inside the individual channel , 
partially or substantially occluding the individual channel , 
when negative pressure is provided to the bottom opening ; 
or 2 ) is captured by the top opening , but does not enter the 
individual channel , when negative pressure is provided to 
the bottom opening ; ii ) a pneumatic device that provides the 
negative pressure , wherein the pneumatic device comprises 
an interface surface , and iii ) a porous layer comprising a 
porous material that allows liquid , but not cells , to pass 
therethrough , wherein the porous layer is in contact with : A ) 
the bottom surface of the polymer film such that the bottom 
opening of each of the plurality of individuals channels is 
covered by the porous material ; and B ) the interface surface 
of the pneumatic device ; b ) incubating the cell suspension 
with the cell - isolating system , wherein the pneumatic device 
provides the negative pressure , such that each of the indi 
vidual channels in the polymer film captures one , and only 
one , cell from the cell suspension such that each individual 
channel has one captured cell ; and c ) washing the polymer 
film to remove non - captured cells from the cell suspension 
to generate a captured - cell polymer film . 
[ 0028 ] In some embodiments , the methods further com 
prise bringing together the captured - cell polymer film and a 
multi - well device ( e . g . , multi - well plate or multi - well chip ) 
to generate an assembly , wherein the multi - well device has 
a plurality of well - openings , and wherein the top openings 
of the plurality of individual channels of the captured - cells 
polymer film matches one - for - one , and aligns with , the 
plurality of well openings in the multi - well device . In 
particular embodiments , the methods further comprise the 
step of treating the assembly such that the one captured cell 
for each of the individual channels , or partial contents of the 
one captured cell for each of the individual channels , is 
transferred into the corresponding well openings of the 
multi - well device ( e . g . , multi - well plate or multi - well chip ) . 
In certain embodiments , the assembly is centrifuged to 
release the cells from the polymer to the multi - well device , 
or the negative pressure is stopped , and / or positive pressure 
is employed to release the cells . 
[ 0029 ] In certain embodiments , the captured cells are 
lysed while still on the polymer , prior to being contacted 
with the multi - well device . In other embodiments , the meth 

ods further comprise the step of adding reagents to each of 
the well openings in the multi - well device such that the one 
captured cell , or contents of the one captured cell , are 
modified . In further embodiments , the reagents are selected 
from the group consisting of : a buffer , a lyse buffer , a 
polymerase , sequencing reagents , proteinase , and nucleo 
tides . In particular embodiments , once a single cell is in each 
of the plurality of wells in the multi - well device , a user or 
an automated system ( e . g . , from WAFERGEN ) dispenses a 
cocktail of nickase and a polymerase ( e . g . , Pyrophage 3137 
polymerase ) and a lyse buffer . The wells are then treated at 
about 37 degrees C . , then 95 degrees C . to inactivate 
nickase , and isothermal amplification is performed by using 
the polymerase . In certain embodiments , the cells are alter 
natively thermally lysed . Proteinase ( e . g . , Proteinase K ) is 
then dispensed into the wells , incubated at 55 degrees C . ( to 
digest polymerase , such as pyrophage 3137 ) , and the incu 
bation at 95 degrees C . is conducted to inactivate the 
proteinase . Then , gene specific reactions can be conducted 
in each well . 
10030 ] . In additional embodiments , the top openings of the 
plurality of individual channels matches one - for - one , and 
aligns with , the well openings in a multi - well device . In 
further embodiments , the plurality of individual channels 
comprises at least 50 , at least 500 , at least 5000 , or at least 
50 , 000 individual channels ( e . g . , at least 50 . . . 100 . . . 687 
. . . 1000 . . . 5000 . . . 7500 . . . 13 , 000 . . . 33 , 000 . . . or 
50 , 000 individual channels ) . In certain embodiments , the 
well openings in the multi - well device each have a diameter 
of about 50 um to 900 um ( e . g . , 50 . . . 100 . . . 300 . . . 500 
. . . 700 . . . 900 um ) . In some embodiments , the plurality of 
wells in the multi - well device comprises at least 50 , at least 
500 , at least 5000 , or at least 50 , 000 individual wells ( e . g . , 
at least 50 . . . 100 . . . 687 . . . 1000 . . . 5000 . . . 7500 . 
. . 13 , 000 . . . 33 , 000 . . . or 50 , 000 individual wells ) . 
[ 0031 ] In further embodiments , the polymer film is com 
posed of a hydrophobic polymer . In certain embodiments , 
the hydrophobic polymer comprises polyimide , polyester , 
polyethylene , polyurethane , TEFLON and / or PTFE ( e . g . , 
that are about 20 - 30 um thick , with 3 - 5 um holes ) . In other 
embodiments , the top surface of the polymer films com 
prises a hydrophobic coating . In particular embodiments , the 
hydrophobic coating comprises a material selected from the 
group consisting of : a polyacrylate ( e . g . , Poly ( butyl acry 
late ) , and Poly ( methyl acrylate ) , Acrylonitrile Polymers and 
Copolymers ( e . g . , Polyacrylonitrile ) , Maleic Anhydride 
Copolymers ( e . g . , Poly ( styrene - co - maleic anhydride ) ) , 
Methacrylate Polymers ( e . g . , Poly ( benzyl methacrylate ) and 
Poly ( butyl methacrylate ) ) , Amides and Imides ( e . g . , nylon ) , 
Carbonates ( e . g . , Poly ( Bisphenol A carbonate ) ) , Dienes 
( e . g . , Polybutadiene ) , Esters ( e . g . , Poly ( 1 , 4 - butylene succi 
nate ) ) , Ethers ( e . g . , Poly ( propylene glycol ) ) , Fluorocarbons 
( e . g . , Poly ( tetrafluoroethylene ) ) , fluorosilane , Olefins ( e . g . , 
Polyethylene ) , Styrenes ( e . g . , Polystyrene ) , Vinyl Acetals 
( e . g . , Poly ( vinyl butyral - co - vinyl alcohol - co - vinyl acetate ) ) , 
Vinyl and Vinylidene Chlorides ( e . g . , Poly ( vinyl chloride ) ) , 
Vinyl Esters ( e . g . , Poly ( vinyl acetate ) ) , Vinyl Ethers and 
Ketones ( e . g . , Poly ( ethyl vinyl ether ) ) , Vinylpyridine and 
Vinypyrrolidone Polymers ( e . g . , Poly ( 4 - vinylpyridine ) ) , 
HYDROFOE coating from Lotus Leaf , and ACULON 
hydrophobic coatings . 
[ 0032 ] In certain embodiments , the porous material is 
selected from the group consisting of : a rigid porous foam , 
ultra high molecular weight polyethylene ( UHMWPE ) , high 
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density polyethylene ( HDPE ) , low density polyethylene 
( LDPE ) , very low density polyethylene ( VLDPE ) , polypro 
pylene ( PP ) , ethylene vinyl acetate ( EVA ) , polystyrene ( PS ) , 
epoxy glass , and phenol glass . In other embodiments , the 
porous material is a material from GENPORE ( Morgan 
town , RD ) , POREX ( Fairburn , Ga . ) , or PERMAPLAS Corp . 
( Fayetteville , Ga . ) . 
[ 0033 ] In additional embodiments , the top opening of each 
of the individual channels is about 5 gm to about 80 um in 
diameter ( e . g . , 5 . . . 15 . . . 25 . . . 45 . . . 65 . . . or about 
80 um ) . In certain embodiments , the individual channels are 
laser - formed channels ( e . g . , using UV laser drilled or CO2 
or excimer laser drilled ) . In other embodiments , photoli 
thography or plasma etching is used to generate the channels 
in the polymer film . In certain embodiments , the polymer 
film is about 1 square centimeter to about 16 square centi 
meters ( e . g . , 1 . . . 5 . . . 10 . . . 13 . . . or 16 square 
centimeters ) . 
[ 0034 ] In certain embodiments , the systems further com 
prise a multi - well device ( e . g . , multi - well plate or multi - well 
chip ) , wherein the top openings of the plurality of individual 
channels matches one - for - one , and aligns with , the well 
openings in the multi - well device . In other embodiments , the 
polymer film has a thickness between 25 um and 2 mm ( e . g . , 
25 um . . . 75 um . . . 500 um . . . 1 mm . . . 2 mm ) . In other 
embodiments , each of the plurality of individual channels is 
approximately cylindrical . 
[ 0035 ] In some embodiments , the one cell for each of the 
individual channels is selected from the group consisting of : 
a platelet ( about 2 um diameter ) , a red blood cell ( about 3 to 
8 um diameter ) , a neutrophil ( about 8 - 10 um diameter ) , a 
lymphocyte ( about 6 - 12 um diameter ) , an exocrine cell 
( about 10 um diameter ) , a fibroblast ( about 10 - 15 um 
diameter ) , an osteocyte ( about 10 - 20 um diameter ) , a chon 
drocyte or a liver cell ( about 20 um diameter ) , a goblet or 
ciliated cell ( about 50 um long and 5 - 10 um wide ) , a 
macrophage ( about 20 - 80 um diameter ) , a hematopoietic 
stem cell ( about 30 - 40 um diameter ) , an adipocyte filled 
with stored lipid ( about 70 - 120 um diameter ) , and a neuron 
( about 4 - 120 um diameter ) . In certain embodiments , the 
cells are prokaryotic or eukaryotic . In some embodiments , 
the cells are mammalian cells ( e . g . , human cells ) . 
[ 0036 ] . In some embodiments , the systems further com 
prise c ) a pneumatic device that provides the negative 
pressure , wherein the pneumatic device comprises an inter 
face surface , and wherein the porous layer is dimensioned to 
be contacted with the interface surface of the pneumatic 
device . In other embodiments , the pneumatic device com 
prises a high precision gauge that allows a determination if 
all or substantially all of the individual channels are partially 
or substantially occluded by a cell . In other embodiments , 
the porous layer is contacted with the bottom surface of the 
polymer film and the interface surface of the pneumatic 
device . In particular embodiments , the pneumatic device is 
further configured to provide positive pressure sufficient to 
dislodge the one cell from each of the individual channels . 
In other embodiments , the cell suspension comprises 
between 100 and 1x1013 cells ( e . g . , 100 . . . 1000 . . . 1x106 
. . . 1x109 . . . 1x1012 and 1x1013 ) . 
[ 0037 ] In certain embodiments , provided herein are 
articles of manufacture comprising a polymer film , wherein 
the polymer film comprises a top surface , wherein the top 
surface is mostly or completely hydrophobic except for a 
plurality of individual hydrophilic spots arranged in a multi 

well pattern , wherein each of the individual hydrophilic 
spots is sized such that one cell , and only the one cell , from 
a cell suspension is captured by each of the individual 
hydrophilic spots , and wherein the multi - well pattern 
matches one - for - one , and aligns with , the plurality of well 
openings in a multi - well device ( e . g . , multi - well plate or 
multi - well chip ) . In particular embodiments , the hydrophilic 
spots are composed of polydopamine or similar material 
( see , Kang and Choi , Bull . Korean , Soc . , 2013 , 34 ( 8 ) : 2525 
2527 , herein incorporated by reference ) . In other embodi 
ments , the individual hydrophilic spots are 5 - 30 um ( e . g . , 
about 5 . . . 15 . . . 25 . . . or about 30 um ) in diameter . 
[ 0038 ] In certain embodiments , provided herein are sys 
tems comprising : a ) a multi - well device ( e . g . , multi - well 
plate or multi - well chip ) , wherein the multi - well device 
comprises a plurality of well openings , and b ) a polymer film 
comprising a top surface , wherein the top surface is hydro 
phobic except for a plurality of individual hydrophilic spots 
arranged in a multi - well pattern , wherein each of the indi 
vidual hydrophilic spots is sized such that one cell , and only 
the one cell , from a cell suspension is captured by each of 
the individual hydrophilic spots , and wherein the multi - well 
pattern matches one - for - one , and aligns with , the plurality of 
well openings in the multi - well device . 
[ 0039 ] In particular embodiments , provided herein are 
methods comprising : a ) contacting a cell suspension with a 
cell - isolating polymer film , wherein the cell - isolating poly 
mer film comprises a top surface , wherein the top surface is 
hydrophobic except for a plurality of individual hydrophilic 
spots arranged in a multi - well pattern , wherein each of the 
individual hydrophilic spots is sized such that one cell , and 
only the one cell , from a cell suspension is captured by each 
of the individual hydrophilic spots , and wherein the multi 
well pattern matches one - for - one , and aligns with , the plu 
rality of well openings in a multi - well device ( e . g . , multi 
well plate or multi - well chip ) ; b ) incubating the cell 
suspension with the cell - isolating polymer film such that 
each of the individual hydrophilic spots captures one , and 
only one , cell from the cell suspension such that each of the 
individual spots has one captured cell ; and c ) washing the 
cell - isolating polymer film to remove non - captured cells 
from the cell suspension to generate a captured - cell polymer 
film . 
10040 ] . In additional embodiments , the methods further 
comprise bringing together the captured - cell polymer film 
and the multi - well device ( e . g . , multi - well plate or the 
multi - well chip ) to generate an assembly , wherein the multi 
well device has a plurality of well - openings , and wherein the 
individual hydrophilic spots ( each with a captured cell ) of 
the captured - cell polymer film matches one - for - one , and 
aligns with , the plurality of well openings in the multi - well 
device . In other embodiments , the methods further comprise 
the step of treating the assembly such that the one captured 
cell for each of the individual hydrophilic spots , or partial 
contents of the one captured cell for each of the individual 
hydrophilic spots , is transferred into the corresponding well 
openings of the multi - well device ( e . g . , plate or multi - well 
chip ) . For example , in certain embodiments , the assembly is 
centrifuged to transfer the cells , or buffer conditions are 
changed to allow the cells to release from the hydrophilic 
spots . In particular embodiments , the cells are lysed on the 
polymer film prior to being contacted with the multi - well 
device . In some embodiments , the methods further comprise 
the step of adding reagents to each of the well openings in 
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the multi - well device such that the one captured cell , or 
contents of the one captured cell , are modified . In other 
embodiments , the reagents are selected from the group 
consisting of : a buffer , a lyse buffer , a polymerase , sequenc 
ing reagents , proteinase , and nucleotides . 
[ 0041 ] In some embodiments , provided herein are systems 
comprising : a ) a multi - well through - hole chip with a top 
surface and a bottom surface ; and b ) PCR compatible film 
which is attached to , or attachable to , said bottom surface of 
said multi - well through - hole chip to create a multi - well 
device with a plurality of wells , wherein said PCR compat 
ible film forms the bottom of each of said plurality of wells . 
In particular embodiments , the systems further comprise a 
size - exclusion polymer film , wherein said size - exclusion 
polymer film is attached to said top surface of said multi 
well through - hole chip . 
[ 0042 ] In certain embodiments , provided herein are sys 
tems comprising : a ) a multi - well device comprising a plu 
rality of well openings ; b ) a polymer film comprising a top 
surface ; wherein said top surface is hydrophobic except for 
a plurality of individual hydrophilic spots arranged in a 
multi - well pattern , wherein each of said individual hydro 
philic spots is sized such that one cell , and only said one cell , 
from a cell suspension is captured by each of said individual 
hydrophilic spots , and wherein said multi - well pattern 
matches one - for - one , and aligns with , said plurality of well 
openings in said multi - well device ; and c ) double sided PCR 
compatible adhesive , wherein said double - sided PCR com 
patible adhesive bonds said polymer film to said multi - well 
device . 
[ 0043 ] In particular embodiments , the multi - well device is 
formed from a multi - well through - hole chip combined with 
PCR compatible film , wherein said PCR compatible film is 
attached to the bottom of said multi - well through - hole chip 
thereby creating a multi - well device with a plurality of 
wells , wherein said PCR compatible film forms the bottom 
of each of said plurality of wells . 
[ 0044 ] In certain embodiments , provided herein are multi 
well through chips comprising : a substrate with a plurality of 
through - holes therein , wherein each through - hole has a top 
opening and a bottom opening , wherein said top opening has 
a diameter that is sized to receive only a single cell , and 
wherein said bottom opening has a diameter that is larger 
than said top opening . 
[ 0045 ] In some embodiments , the diameter of the bottom 
opening is at least 10 % larger than said top opening ( e . g . , 
10 % . . . 25 % . . . 75 % . . . 100 % . . . 300 % . . . 1000 % or 
more ) . In additional embodiments , the substrate comprises 
silicon , quartz , glass , or any combination thereof . In further 
embodiments , the diameter of the top opening is 2 and 50 um 
( e . g . , 2 . . . 24 . . . 40 um or 2 - 10 um , 2 - 20 um , 4 - 10 ; 10 - 25 ; 
and 25 - 50 um ) . In other embodiments , the diameter of said 
bottom opening is 100 to 800 um ( e . g . , 100 . . . 450 . . . 600 
. . . or 800 um ) . In certain embodiments , the substrate has a 
thickness from 0 . 5 mm to 3 . 0 mm ( e . g . , 0 . 5 . . . 1 . 0 . . . 2 . 0 
. . . 2 . 6 . . . 3 . 0 mm ) . In further embodiments , the substrate 
comprises a silicon wafer bonded to a glass wafer . In some 
embodiments , the top openings are in said silicon wafer and 
said bottom openings are in said glass wafer . In additional 
embodiments , the single cells are selected from the group 
consisting of : osteocyte , chondrocyte , nerve cell , epithelial 
cell , muscle cell , secretory cell , adipose cell , red blood cell , 
white blood cell , platelet , and thrombocyte . 

[ 0046 ] In some embodiments , provided herein are meth 
ods comprising : a ) contacting the multi - well through chip 
described herein with a solution containing cells , such that 
a single cell enters the top opening of at least some of said 
plurality of through - holes ; b ) applying a cover to the top 
openings of said at least some of said plurality of through 
holes to create a multi - well device with a plurality of wells 
each containing a single cell , wherein the cover forms the 
bottom of each of said plurality of wells . In additional 
embodiments , the methods further comprise : adding 
reagents to at least some of the plurality of wells , wherein 
the reagents are useful for conducting a bio - chemical reac 
tion . In other embodiments , the reagents comprise an agent 
selected from : a lysis buffer , PCR primers , polymerase , and 
combinations thereof . In additional embodiments , the cover 
comprises PCR compatible film . 
[ 0047 ] In certain embodiments , provided herein are sys 
tems comprising : a ) a capture chip comprising a substrate 
comprising a plurality of cell - sized dimples or wells that 
each allow a single cell to be captured from a cell mixture ; 
and b ) a multi - well chip device comprising a plurality of 
wells , wherein said plurality of cell - sized dimples or wells 
matches one - for - one , and aligns with , said plurality of wells 
in said multi - well chip . 
[ 0048 ] In particular embodiments , some or all of said 
cell - sized dimples or well each contain a single cell . In some 
embodiments , some or all of said plurality of wells in said 
multi - well chip contain reagents that detach and / or lysis 
cells . In additional embodiments , some or all of said cell 
sized dimples or well each contain a single cell . In further 
embodiments , the cell - sized dimples or wells are etched via 
photolithography . 
( 0049 ] In certain embodiments , provided herein are meth 
ods comprising : a ) providing : i ) a capture chip comprising a 
substrate comprising a plurality of cell - sized dimples or 
wells that each allow a single cell to be captured from a cell 
mixture , wherein each of said cell - sized dimples or wells 
contains a single cell ; and ii ) a multi - well chip device 
comprising a plurality of wells , wherein said plurality of 
cell - sized dimples or wells matches one - for - one , and aligns 
with , said plurality of wells in said multi - well chip , wherein 
each of said plurality of well contains reagents that detach 
and / or lyse cells ; b ) bringing together said capture chip and 
said multi - well chip to form a mated device such that said 
cell - sized dimples or wells of said capture chip are aligned 
with said wells of said multi - well device ; c ) agitating said 
mated device such that said reagents in said wells of said 
multi - well device travel into said cell - sized dimples or 
wells , contacting said single cell to create a treated cell ; and 
d ) agitating said mated device such that treated cell in each 
of said cell - sized dimples or wells travels into the corre 
sponding well of said multi - well device . In some embodi 
ments , the agitating comprises providing a centrifugal force . 
[ 0050 ] In particular embodiments , at least some of the 
plurality of wells in the multi - well devices have a volume 
between 0 . 1 nanoliters and 500 nanoliters ( e . g . , about 0 . 1 nl 
. . . 0 . 9 nl . . . 1 . 5 nl . . . 5 . 0 nl . . . 10 nl . . . 20 nl . . . 35 
nl . . . 50 nl . . . 75 nl . . . 100 nl . . . 150 nl . . . 300 nl . . 
. 450 nl . . . 500 nl ) . In particular embodiments , at least some 
of the plurality of wells has a volume between 1 . 0 nanoliter 
and 250 nanoliters ( e . g . , 1 - 250 nl , 10 - 200 nl , 25 - 150 nl , 
40 - 100 nl , or 50 - 100 nl ) . In some embodiments , the plurality 
of wells comprises at least 3 open wells ( e . g . , 3 . . . 10 . . . 
100 . . . 350 . . . 500 . . . 750 . . . 1000 . . . 1500 . . . 3000 
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. . . 5000 . . . 7500 . . . 10 , 000 . . . 15 , 000 . . . 20 , 000 . . . 
30 , 000 . . . 45 , 000 or more open wells ) . 
[ 0051 ] In additional embodiments , the multi - well device 
( e . g . , chip ) has a length of 10 mm to 200 mm ( e . g . , 10 mm 
. . . 50 mm . . . 100 mm . . . 150 mm . . . or 200 mm ) , a width 
of 10 mm to 200 mm ( e . g . , 10 mm . . . 50 mm . . . 100 mm 
. . . 150 mm . . . or 200 mm ) , and a thickness of 0 . 1 mm to 
10 centimeters ( e . g . , 0 . 1 mm . . . 1 . 0 mm . . . 10 mm . . . 10 
cm ) . In other embodiments , the substrate used for the 
multi - well device comprises a material selected from the 
group consisting of : glass , ceramics , metalloids , silicon , a 
silicate , silicon nitride , silicon dioxide , quartz , gallium 
arsenide , a plastic , and an organic polymeric material . In 
additional embodiments , the multi - well device ( e . g . , chip ) 
further comprises individually - controlled heating elements , 
each of which is operably coupled to a well . 
[ 0052 ] In some embodiments , the present disclosure pro 
vides articles of manufacture comprising : a polymer capture 
film , wherein the polymer capture film comprises a top 
surface , a bottom surface , and a plurality of individual 
channels extending through the polymer capture film , 
wherein each of the individual channels : a ) has a top opening 
in the top surface of the polymer capture film , b ) has a 
bottom opening in the bottom surface of the polymer capture 
film , and c ) is dimensioned such that one cell ( e . g . , and only 
the one cell ) , from a cell suspension : i ) is captured inside the 
individual channel , partially or substantially occluding the 
individual channel , when negative pressure is provided to 
the bottom opening ; or ii ) is captured by the top opening , but 
does not enter the individual channel , when negative pres 
sure is provided to the bottom opening . 
[ 0053 ] In certain embodiments , the polymer capture film 
comprises an inert and / or a hydrophobic polymer ( e . g . , 
polyimide , polyester , polyethylene , polyurethane , TEFLON 
and / or PTFE ) . In further embodiments , the article further 
comprises at least one film guide component attached to , or 
integral with , the polymer capture film ( e . g . , flaps or other 
protrusions with guide holes therein ) wherein the film guide 
component is configured to allow alignment of the plurality 
of individual channels in the polymer capture film one - for 
one with wells in a multi - well device and / or holes in a 
polymer film support plate . In other embodiments , the top 
openings of the plurality of individual channels matches 
one - for - one , and aligns with , the well openings in a multi 
well device ( e . g . , a SMARTCHIP from Wafergen Biosys 
tems ) . In further embodiments , the plurality of individual 
channels comprises at least 10 . . . 250 . . . 500 . . . 1000 . 
. . 5000 . . . or 30 , 000 individual channels . In additional 
embodiments , each of the individual channels is dimen 
sioned such that one cell ( e . g . , and only the one cell ) from 
a cell suspension is captured by the top opening , but does not 
enter the individual channel , when negative pressure is 
provided to the bottom opening . In other embodiments , the 
polymer film has a thickness between 10 um and 50 um ( e . g . , 
10 . . . 20 . . . 40 . . . or 50 um ) , and wherein the top surface 
has an area between 1 cm² and 30 cm² ( e . g . , 1 . . . 20 . . . 25 
. . . or 30 cm ? ) . In additional embodiments , each of the 
individual channels has a diameter of about 2 - 10 um ( e . g . , 
2 . . . 4 . . . 6 . . . 8 . . . 10 um ) . 
[ 0054 ] In certain embodiments , the present disclosure 
provides systems comprising : a ) a polymer capture film 
comprising a top surface , a bottom surface , and a plurality 
of individual channels extending through the polymer cap 
ture film , wherein each of the individual channels : i ) has a 

top opening in the top surface of the polymer capture film , 
ii ) has a bottom opening in the bottom surface of the 
polymer capture film , and iii ) is dimensioned such that one 
cell ( e . g . , and only the one cell ) from a cell suspension : A ) 
is captured inside the individual channel , partially or sub 
stantially occluding the individual channel , when negative 
pressure is provided to the bottom opening ; or B ) is captured 
by the top opening , but does not enter the individual channel , 
when negative pressure is provided to the bottom opening ; 
and b ) a first component selected from the group consisting 
of : i ) a porous layer comprising a porous material that allows 
liquid , but not cells , to pass therethrough , wherein the 
porous layer is dimensioned to be contacted with the bottom 
surface of the polymer capture film such that the bottom 
opening of each of the plurality of individuals channels is 
covered by the porous material ; ii ) a film support component 
comprising a substrate ( e . g . , metal , ceramic , silicon , alumi 
num , etc . ) with a plurality of individual holes therethrough 
( e . g . , which are larger in diameter than the channels in the 
polymer capture film ) which align one - for - one with the 
plurality of individual channels in the polymer capture film , 
wherein the film support component is dimensioned to be 
contacted with , and support , the bottom surface of the 
polymer capture film ; iii ) a multi - well chip comprising a 
plurality of individual wells ( e . g . , microwells or nanowells ) , 
wherein the multi - well chip is dimensioned to be contacted 
with the top surface of the polymer capture film such that the 
plurality of individual wells align one - for - one with the 
plurality of individual channels in the polymer capture film ; 
and iv ) a cell ( e . g . , viable cell ) that : A ) is captured inside one 
of the individual channels , or B ) is captured by the top 
opening of one of the individual channels . 
[ 0055 ] In certain embodiments , the systems further com 
prise a housing base , wherein the housing base is configured 
to contain ( e . g . , provide a bottom support for , and generally 
surround ) the polymer capture film and comprises at least 
one base feature selected from the group consisting of : a 
vacuum connection port ( e . g . , in the bottom of the housing 
base ) , at least two guide pins for aligning the polymer 
capture film and the film support component , a film support 
plate recess , a liquid reservoir , a gasket , and at least one 
connection rod for connection to a housing top . 
[ 0056 ] In particular embodiments , the systems further 
comprise a housing top , wherein the housing top is config 
ured to connect to a housing base to enclose the polymer 
capture film and comprises at least one top feature selected 
from the group consisting of : an inlet port ( to connect to 
sample delivery component to deliver cell suspensions and 
wash solutions ) , an outlet port ( e . g . , to connect to a dia 
phragm pump ) , a slot array ( e . g . , with a plurality of slots to 
guide liquid into the channels of the polymer capture film ) , 
a guide pin receiver , and a connection rod receiver . 
[ 0057 ] In certain embodiments , the polymer capture film 
comprises an inert and / or hydrophobic polymer ( e . g . , poly 
imide , polyester , polyethylene , polyurethane , TEFLON 
PTFE , or combinations of any two , any three , any four , any 
five , or any six of such polymers ) . In particular embodi 
ments , the polymer capture film is about 20 - 30 um thick , 
with 3 - 5 um holes . In further embodiments , the polymer 
capture film further comprises at least one film guide com 
ponent attached to , or integral with , the polymer capture 
film , wherein the film guide component is configured to 
allow alignment of the plurality of individual channels in the 
polymer capture film one - for - one with the wells in the 
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wherein the top openings of the plurality of individual 
channels of the captured - cells polymer film matches one 
for - one , and aligns with , the plurality of well openings in the 
multi - well device . In certain embodiments , the cell isolating 
system further comprises : i ) a porous layer comprising a 
porous material that allows liquid , but not cells , to pass 
therethrough , wherein the porous layer is dimensioned to be 
contacted with the bottom surface of the polymer capture 
film such that the bottom opening of each of the plurality of 
individuals channels is covered by the porous material ; or ii ) 
a film support component comprising a substrate with a 
plurality of individual holes therethrough which align one 
for - one with the plurality of individual channels in the 
polymer capture film , wherein the film support component is 
dimensioned to be contacted with , and support , the bottom 
surface of the polymer capture film . 

DESCRIPTION OF THE FIGURES 

multi - well device and / or the holes in the polymer film 
support plate . In other embodiments , the top openings of the 
plurality of individual channels matches one - for - one , and 
aligns with , the well openings in the multi - well device 
and / or the holes in the polymer film support plate . In 
additional embodiments , the polymer capture film has at 
least one of the properties selected from the group consisting 
of : i ) the plurality of individual channels comprises at least 
5 . . . 100 . . . 500 . . . 30 , 000 individual channels , ii ) each 
of the individual channels is dimensioned such that one cell , 
and only the one cell , from a cell suspension is captured by 
the top opening , but does not enter the individual channel , 
when negative pressure is provided to the bottom opening , 
iii ) has a thickness between 10 um and 50 gm , iv ) the top 
surface has an area between 1 cm ' and 30 cm " ; and iv ) each 
of the individual channels has a diameter of about 2 - 120 um . 
[ 0058 ] In some embodiments , the cell is selected from the 
group consisting of : a platelet ( about 2 gm diameter ) , a red 
blood cell ( about 3 to 8 um diameter ) , a neutrophil ( about 
8 - 10 um diameter ) , a lymphocyte ( about 6 - 12 um diameter ) , 
an exocrine cell ( about 10 um diameter ) , a fibroblast ( about 
10 - 15 um diameter ) , an osteocyte ( about 10 - 20 um diam 
eter ) , a chondrocyte or a liver cell ( about 20 um diameter ) , 
a goblet or ciliated cell ( about 50 um long and 5 - 10 um 
wide ) , a macrophage ( about 20 - 80 um diameter ) , a 
hematopoietic stem cell ( about 30 - 40 um diameter ) , an 
adipocyte filled with stored lipid ( about 70 - 120 um diam 
eter ) , and a neuron ( about 4 - 120 um diameter ) . In other 
embodiments , the systems further comprise a second com 
ponent selected from the group consisting of : a vacuum 
pump that provides the negative pressure , a centrifuge motor 
configured to spin a housing base , a diaphragm pump , a chip 
alignment component , a swing arm attached to a swing arm 
support rod , a sample delivery component , a user interface 
display , and at least one waste container . 
[ 0059 ] In some embodiments , the present disclosure pro 
vides methods of isolating single cells comprising : a ) con 
tacting a cell suspension with a cell - isolating system , 
wherein the cell - isolating system comprises : i ) a polymer 
capture film comprising a top surface , a bottom surface , and 
a plurality of individual channels extending through the 
polymer capture film , wherein each of the individual chan 
nels : A ) has a top opening in the top surface of the polymer 
capture film , B ) has a bottom opening in the bottom surface 
of the polymer capture film , and C ) is dimensioned such that 
one cell , and only the one cell , from the cell suspension : 1 ) 
is captured inside the individual channel , partially or sub 
stantially occluding the individual channel , when negative 
pressure is provided to the bottom opening ; or 2 ) is captured 
by the top opening , but does not enter the individual channel , 
when negative pressure is provided to the bottom opening ; 
and ii ) a pneumatic device that provides the negative pres 
sure , and b ) incubating the cell suspension with the cell 
isolating system , wherein the pneumatic device provides the 
negative pressure , such that at least some of the individual 
channels in the polymer captures film captures one cell from 
the cell suspension such that at least some of the plurality of 
individual channels has one captured cell ; and c ) washing 
the polymer capture film to remove non - captured cells to 
generate a captured - cell polymer film . 
[ 0060 ] In other embodiments , the method further com 
prises bringing together the captured - cell polymer film and 
a multi - well device to generate an assembly , wherein the 
multi - well device has a plurality of well - openings , and 

10061 ] FIG . 1A shows an exemplary system or assembly 
of the present invention , including a polymer film ( 10 ) with 
a top surface ( 12 ) and plurality of channels ( one channel is 
labeled with 14 ) . The polymer film ( 10 ) is sitting on a porous 
layer ( 20 ) , which itself is sitting on a pneumatic device ( 30 ) 
that provides negative pressure ( shown by down arrows ) to 
the bottom of the channels ( 14 ) . A channel ( 14 ) is shown 
with a cell ( 40 ) inside that is substantially occluding the 
channel . 
10062 ] FIG . 1B shows an alternative exemplary embodi 
ment and generally shows the same components as FIG . 1A , 
except that channels ( 14 ) in the polymer film ( 10 ) are 
smaller than the cells ( 40 ) such that the cells are captured on 
the top surface ( 12 ) of the polymer film ( 10 ) . 
[ 0063 ] FIG . 2 shows an exemplary housing assembly ( 45 ) 
with an exemplary attached sample delivery component 
( 190 ) . The housing assembly ( 45 ) has a housing base ( 60 ) 
that has an interior top surface ( 120 ) which has two guide 
pins ( 100 ) therein . The housing base ( 60 ) also has a liquid 
reservoir ( 80 ) , a film support recess ( 70 ) and corresponding 
gasket ( 85 ) , as well as a vacuum connection port ( 90 ) in the 
bottom of the reservoir ( 80 ) . The housing base ( 60 ) also has 
a pair of connection rods ( 110 ) to connect the housing base 
( 60 ) to the housing top ( 140 ) . Housing top ( 140 ) has an inlet 
port ( 150 ) and an outlet port ( 160 ) . The inlet port ( 150 ) 
connects to a sample delivery component ( 190 ) , shown as a 
syringe in this figure . The housing top ( 140 ) has a slot array 
( 180 ) , and a pair of connection rod receivers ( 170 ) , for 
connection to the connection rods ( 110 ) . The housing top 
( 140 ) also has two guide pin receivers ( 105 ) . The exemplary 
housing assembly ( 45 ) also has a polymer capture film ( 10 ) 
that sits on a film support component ( 50 ) . The polymer 
capture film ( 10 ) has a pair of film guide components ( 130 ) , 
that each have a film guide pin receiver ( 135 ) for receiving 
the guide pins ( 100 ) . The film support component ( 50 ) is 
configured to sit in the film support recess ( 70 ) such that the 
guide pins ( 100 ) insert into the film guide pin receivers 
( 135 ) , thereby aligning the plurality of individual cell cap 
turing channels in the polymer film to align with the plurality 
of holes in the film support component ( 50 ) . 
[ 0064 ] FIG . 3A shows an exemplary housing base ( 60 ) 
with two guide pins ( 100 ) , polymer capture film ( 10 ) , and 
film guide components ( 130 ) . FIG . 3B shows an exemplary 
housing assembly ( 45 ) with a housing base ( 60 ) and housing 
top ( 140 ) . The housing top ( 140 ) is shown with an inlet port 
( 150 ) and an outlet port ( 160 ) . 
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c ally conductive layer ( 490 ) on top of the non - conductive 
layer ( 440 ) and a third electrically conductive layer ( 495 ) 
that forms the top wall of flow channel ( 480 ) . 

10065 ] FIG . 4 shows an exemplary cell capture instrument 
( 200 ) with a housing assembly ( 45 ) and a swing arm ( 210 ) 
that has a drain port ( 220 ) designed to engage with the outlet 
port ( 160 ) . The cell capture instrument also has a user 
interface display ( 240 ) . 
[ 0066 ] FIG . 5A shows an exemplary cell capture instru 
ment ( 200 ) with a swing arm ( 210 ) having a swing arm 
sample delivery slot and a drain port ( 220 ) . The exemplary 
cell capture instrument ( 200 ) also has a vacuum pump ( 280 ) , 
first waste collection container ( 270 ) , a diaphragm pump 
( 260 ) , and a second waste collection container ( 290 ) . 
[ 0067 ] FIG . 5B shows a slot array ( 180 ) , with a plurality 
of slots , which terminate in a pair of slot array headers ( 185 ) . 
[ 0068 ] FIG . 5C shows a close up perspective view of a slot 
array ( 180 ) with a plurality of headers ( 72 shown in this 
figure ) that terminate in a slot array header ( 185 ) . 
[ 0069 ] FIG . 6A shows an exemplary call capture instru 
ment ( 200 ) with the housing top ( 140 ) removed , revealing 
the polymer capture film ( 10 ) . 
[ 0070 ] FIG . 6B shows that centrifuge motor ( 250 ) below 
the housing base ( 60 ) containing the polymer capture film 
( 10 ) on the film support component ( 50 ) . 
[ 0071 ] FIG . 7A shows a chip alignment component ( 310 ) 
placed down on the guide pins ( 100 ) . A multi - well chip 
( 320 ) is shown placed inside the chip alignment component 
( 310 ) , on top of the polymer capture film ( 10 ) . 
10072 ] FIG . 7B shows a chip alignment component ( 310 ) 
on top of the housing base ( 60 ) , as well as a multi - well chip 
( 320 ) above the polymer capture film ( 10 ) . 
0073 ] FIG . 8 show a side view of the arrangement in FIG . 
7B . In particular , a multi - well chip is shown being composed 
of a through - hole chip ( 370 ) and a first sealing film ( 340 ) 
that forms a bottom and generates a well ( 360 ) in the 
multi - well chip . The top surface of the multi - well chip is 
shown with double - sided adhesive film ( 350 ) that allows the 
multi - well chip to attach to the polymer capture film ( 10 ) 
such that singe captured cells ( 40 ) align with the wells ( 360 ) 
of the multi - well chip . The polymer capture film ( 10 ) , shown 
with a capture cell ( 40 ) , is seated on a film support compo 
nent ( 50 ) inside a housing base ( 60 ) that has a vacuum 
connection port ( 90 ) . 
[ 0074 ] FIG . 9A shows the cell capture instrument ( 200 ) 
with the swing arm ( 210 ) providing force down on the 
multi - well chip ( 320 ) . 
100751 . FIG . 9B shows a multi - well chip ( 320 ) component 
of a through - hole chip ( 370 ) coated with a first sealing film 
( 340 ) to form the bottom of the chip . Below the multi - well 
chip ( 370 ) is a film support component ( 50 ) with the 
polymer capture film on top ( 10 ) . A second sealing film 
( 380 ) is shown below the film support component ( 50 ) . 
0076 ] FIG . 10 shows an exemplary capture chip ( 410 ) 
composed of a base support layer ( 420 ) , which is below a 
first electrically conductive layer ( 430 ) . A non - conductive 
layer ( 440 ) ( e . g . , composed of photoresist ) is on top of the 
first electrically conductive layer ( 430 ) , except where por 
tions have been removed to create discrete wells or dimples 
( 450 ) sized to capture a certain type of cell . 
[ 0077 ] FIG . 11 shows an exemplary water - tight assembly 
( 460 ) composed of an exemplary capture chip ( 410 ) and 
exemplary flow cell ( 470 ) . The exemplary flow cell ( 470 ) 
includes a flow channel ( 480 ) that allows liquid to flow over 
the well or dimple ( 450 ) in the capture chip ( 410 ) . 
[ 0078 ] FIG . 12 shows the exemplary water - tight assembly 
( 460 ) from FIG . 11 , but further including a second electri 

DETAILED DESCRIPTION 
[ 0079 ] The present invention provides methods , systems , 
assemblies , and articles for capturing single cells with a 
capture chip . In certain embodiments , the capture chip 
comprises a substrate comprising a plurality of cell - sized 
dimples or wells that each allow a single cell to be captured 
from a cell suspension . In some embodiments , the dimples 
or wells of the capture chip align with the holes or wells of 
a multi - well through - hole chip , and / or a multi - well chip , 
such that the cell , or the contents of the single cell , may be 
transferred to a corresponding well of the multi - well chip . In 
particular embodiments , the bottom of each dimple or well 
of the capture chip has a positive electrical charge sufficient 
to attract cells from a cell suspension flowing over the 
dimples or wells . 
[ 0080 ] The present invention also provides methods , sys 
tems , assemblies , and articles for capturing single cells with 
a polymer capture film . In certain embodiments , the polymer 
capture films comprise a plurality of individual channels 
with top and bottom openings , where the channels are 
dimensioned such that a single cell is : i ) is captured inside 
the channel , partially or substantially occluding the channel , 
when negative pressure is provided to the bottom opening ; 
or ii ) is captured by the top opening , but does not enter the 
channel , when negative pressure is provided to the bottom 
opening . In some embodiments , the channels of the polymer 
capture film align with the wells of a multi - well chip such 
that the cell , or the contents of the single cell , may be 
transferred to a corresponding well . 
[ 0081 ] In certain embodiments , present invention provides 
methods , systems , assemblies , and articles for capturing 
single cells by individual channels or spots on a polymer 
film . In certain embodiments , the polymer films have a 
plurality of individual channels ( e . g . , in a multi - well match 
ing pattern ) that are able to capture single cells using 
particular sizes and negative pressure . In other embodi 
ments , the polymer films have a plurality of individual 
hydrophilic spots ( e . g . , in a multi - well matching pattern ) 
that are able to capture single cells . In certain embodiments , 
such polymer films , with captured single cells in a multi 
well matching pattern , are mated with a multi - well device 
with a matching well opening pattern such that the captured 
cells can be dispensed therein , allowing each well to receive 
a single cell ( e . g . , which can then be lysed and the nucleic 
acid sequenced ) . In certain embodiments , a size - exclusion 
polymer film is employed that is , for example , attached to 
( e . g . , by double - sided PCR compatible adhesive ) , and 
aligned with , a multi - well device . In some embodiments , 
multi - well through - devices are provided with cell - sized top 
openings and larger bottom openings ( e . g . , configured to 
receive reaction components ) . In other embodiments , a 
multi - well device is created by attaching a PCR compatible 
film to the bottom of a multi - well through - hole chip . In 
further embodiments , provided herein are capture chips with 
cell - sized dimples or wells ( e . g . , each containing a single 
cell ) , which can be mated with a multi - well device with a 
plurality of wells containing reagents that will detach and / or 
lysis the single cells . The capture chips and multi - well 
devices can be mated such that the dimples of the chip and 
wells of the device are aligned , and then treated such that 
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reagents flow from the wells of the multi - well device to cells 
in the cell - sized dimples , and then treated again such that the 
treated cells flow into the well of the multi - well device . 
[ 0082 ] The multi - well devices employed in the present 
disclosure ( e . g . , described in detail further below ) may , in 
some embodiments , may constructed from a multi - well 
through - hole chip and PCR compatible film . A multi - well 
through - hole chip is , for example , the same as the multi - well 
devices described herein and known in the art ( e . g . , nano or 
micro wells , with hundreds or thousands of wells ) , except 
the openings for the " wells " extend through the substrate , 
forming holes instead of wells . A multi - well device may be 
formed from a multi - well through - hole chip by covering at 
least some , or all , for the holes on one side of the multi - well 
through - hole chip with PCR compatible film ( e . g . , Temp 
Plate® PCR sealing film ; VWR PCR sealing film ; LABNET 
heat sealing film ; BRANDTECH SCIENTIFIC Sealing film ; 
AXYGEN SCIENTIFIC PCR - SP Sealing Films ; etc . ) . 
[ 0083 ] In particular embodiments , the multi - well device 
provided herein ( e . g . , including those made of PCR com 
patible film described above ) are attached to the size exclu 
sion polymer films described herein to form a device with 
size exclusion and multi - well device properties . In certain 
embodiments , the size exclusion polymer film is attached to 
the top of a multi - well device with double sized PCR 
compatible adhesive ( e . g . , 3M 9965 adhesive tape ) . In 
certain embodiments , once single cells are captured by the 
film and transferred to the wells of the multi - well device , 
lysis buffer is added to the wells ( e . g . , to start a whole 
genome amplification or whole transcriptome amplification 
assay protocol ) . 
[ 0084 ] In certain embodiments , a multi - well through - hole 
chip is provided which has a plurality of through - holes , 
where each of the through holes has a cell - sized opening on 
one side of the chip ( e . g . , 2 - 10 um in diameter , or larger , 
depending on the size of the cells to be captured ) and a larger 
reaction sized opening on the other side ( e . g . , 100 - 800 um 
in diameter , or 400 - 500 um in diameter ) . In some embodi 
ments , chip has a thickness of at least 0 . 5 mm ( e . g . , at least 
0 . 5 . . . 1 . 0 . . . 1 . 5 . . . 2 . 0 mm , or more ) . In particular 
embodiments , the chip is composed ( e . g . , mostly or entirely ) 
out of silicon , quartz , glass , or a combination of such 
materials ) . In particular embodiments , two materials are 
bonded together ( e . g . , glass and silicon ) to form the chip 
with the through - holes . In an exemplary embodiments a 
glass wafer ( e . g . , 500 um thick ) ( e . g . , FORTRAN glass 
wafer ) is bonded to a silicon wafer ( e . g . , 25 um thick ) to 
form a bonded chip ( e . g . , that is about 525 um thick ) . Then , 
mask is aligned and patterned on the silicon side , and 
cell - sized holes ( e . g . , 4 um ) are etched into the silicon down 
to the underlying glass layer . Then , a second mask is aligned 
on the glass side and larger reaction sized holes are etched 
in the glass , creating the multi - well through hole chip , where 
the holes are different sizes at each end . 
[ 0085 ] The multi - well through - hole chips described 
herein , with different sized openings on each side , are first 
be used to capture single cells in the cell - sized openings . The 
cell - sized openings are sealed by applying a PCR compat 
ible film to the chip , thus creating a multi - well device , where 
single cells are captured at the bottom of the formed wells . 
The multi - well device is then used as described herein by , 
for example , adding lysis and amplification reagents through 
the reaction sized holes . 

[ 0086 ] In certain embodiments , provided herein are cap 
ture - chips that contain a plurality of cell - sized spots or 
dimples ( e . g . , mini - wells ) that each allow a single cell to be 
captured from a cell mixture . In some embodiments , the 
cell - sized dimples are etched into a substrate ( e . g . , com 
posed of glass , silicon , quartz , or combination thereof ) . In 
particular embodiments , plasma etching is employed . An 
exemplary protocol is as follows . A substrate mask is placed 
on a substrate which has been coated with photoresist ( e . g . , 
Shipley 1818 ) and exposed to create the dimples . The 
photomask is manufactured by a direct laser writer such as 
Heidelberg Instruments . Once the substrate has the etched 
spots / dimples , a cell suspension is flowed over the etched 
chip ( e . g . , in a flow cell ) , and single cells are captured in the 
spots / dimples . The excess cells are then washed off , and the 
capture - chip is aligned with a multi - well device as described 
herein , such that the dimples on the capture chip align with 
the wells of the multi - well device . The wells of the multi 
well device may be pre - filled with reagents , such as lysis 
and / or amplification reagents . The mated devices are then 
centrifuged ( or otherwise agitated ) such that the reagents in 
the multi - well device travel towards and contact the cell in 
the dimple ( e . g . , lysing or otherwise releasing the cell from 
any attachment to the dimple ) . The mated device is then 
centrifuged ( or otherwise agitated in the opposite direction ) 
such that the cell ( or lysed cell contents ) travel the opposite 
way , into the wells of the multi - well device . The capture 
chip is then removed , and the multi - well device , with wells 
each containing a single cell ( or single cell contents ) is 
treated in a biological reaction ( e . g . , in a PCR or similar 
reaction ) . 

[ 0087 ] Another exemplary embodiment of the systems 
and methods of the present invention is as follows . A system 
of the present invention may be composed of a hydrophobic 
or super hydrophobic ( e . g . , Fluorosilane coated ) polymer 
film stretched across an open frame and drilled by a laser or 
similar device . The diameter of the channels created and the 
thickness of the film is selected such that one single cell can 
be contained in each channel . The pitch of the channels or 
pattern will be matched to the pattern of holes on a multi 
well device , such as WAFERGEN ' s 5184 SmartChip , that 
can be used to perform a single cell assay . This polymer film 
is backed by a rigid porous foam that is selected to have 
pores that may be hydrophilic or hydrophobic but will allow 
only the cell suspension buffer to pass through but block the 
cells itself . This sandwich is assembled into an assembly that 
enables the user to introduce a cell suspension while a source 
of negative pressure is applied behind the foam . This entire 
assembly may be positioned on an agitator or gyrator to 
move the cell suspension on top of the polymer film to 
enable single cells to be captured by the negative pressure 
inside each of the channels in the polymer film . The single 
cells cannot pass through the foam only the suspension 
liquid will pass through . The negative pressure may be 
monitored with a high precision gauge to indicate when all 
the channels in the polymer film have been occluded by 
cells . Because the polymer film is hydrophobic or coated 
with a superhydrophobic coating such as Fluorosilane , the 
suspended cells will generally not attach itself singly or in 
clumps to the surface . Once it is deemed that the cells have 
been captured , the excess cell suspension may be flushed out 
with cell free buffer such as PBS to remove the excess cells 
while some level of negative pressure is applied to keep the 
captured cells from flowing away . After the removal of 
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excess cells and cell suspension buffer , there will be single 
cells captured on the film and then a multi - well device ( e . g . , 
SmartChip ) may be placed face down on the film and the 
assembly placed in a centrifuge fixture to transfer the single 
cells individually into the multi - well device wells . The 
multi - device wells may have preloaded cell buffer to keep 
the cells alive or could be preloaded with cell lysis buffer . 
The multi - well device may can now be filled with various 
assay reagents by a multi - sample nano - dispenser for gene 
expression or sequencing . 
[ 0088 ] Another exemplary embodiment of the systems 
and methods of the present invention is as follows . In 
particular , another method of isolation and capture of cells 
may be accomplished on the surface of a polymer that has 
channels drilled on pitch as a multi - well device ( e . g . , Smart 
chip ) but sized such that a single cells can be captured but 
not go through . The capture of the cells may be accom 
plished by negative pressure which is being imparted behind 
the porous foam . This method will not require a polymer 
film of the same thickness ( as above ) as the cells will be 
captured on the surface instead of inside the channels of the 
film . This method of surface capture will also enable effi 
cient washing away of the excess cells while the captured 
cell will be held in place on top of the channel by negative 
pressure . 
[ 0089 ] Another method of the transfer of the captured cells 
may be accomplished by pushing off the captured cell from 
the polymer surface or the channel in the film by reversing 
the negative to positive pressure and using the cell suspen 
sion buffer liquid to wash the cell from the surface or the 
channel into the wells of a multi - well device ( e . g . , Smart 
Chip ) . 
10090 ] Another alternative exemplary embodiment is 
described as follows . An alternate method of isolation may 
be fabricated using a super hydrophobic surface ( e . g . , Fluo 
rosilane ) that will prevent cells from sticking . The surface of 
this super hydrophobic may have small islands of polydo 
pamine or other hydrophilic material that would allow a cell 
to adhere to it . Thus a super hydrophobic surface with 
islands about the size of the target cells could be part of a 
flow cell where the cells of interest suspended in a suspen 
sion buffer would flow over this surface and single cells 
would be captured on the “ islands ” of polydopamine or 
other hydrophilic material . The pattern and size of islands 
( or “ spots ) could be such that after the excess cells have been 
washed off a multi - well device such as a Smartchip could be 
placed face down using a simple pin alignment scheme such 
that each island of captured single cell will be centered in 
one of the wells of the multi - well device ( e . g . , SMART 
CHIP ) . Then using a centrifuge , each captured single cell 
could be transferred into the wells of the multi - well device 
( e . g . , SMARTCHIP ) . 
[ 0091 ] The size of the single cells one wishes to isolate 
will dictate the size of the channels or hydrophilic spots on 
the polymer that are employed . The channels in the polymer 
need to be at least slightly bigger than the desired cells in 
order to capture the cells in the channel . If one wishes to 
capture the cells on the surface of the polymer with chan 
nels , the diameter of the channels should be at least slightly 
smaller than the target cells . In regard to the hydrophilic 
spots , these spots should be about the size of the target cell . 
The size of most human cells fall within a size range of 
2 - 120 microns . Platelets are ~ 2 microns , red cells ~ 3 
micronsx ~ 8 microns , neutrophils ~ 8 - 10 microns , lympho 

cytes ~ 6 - 12 microns in size , exocrine cells ~ 10 microns , 
fibroblasts 10 - 15 microns , osteocytes ~ 10 - 20 microns 
including processes , chondrocytes and liver cells ~ 20 
microns , goblet and ciliated cells ~ 50 microns long and 5 - 10 
microns wide , macrophages at ~ 20 - 80 microns , hematopoi 
etic stem cells ~ 30 - 40 microns , and adipocytes filled with 
stored lipid are typically 70 - 120 microns in diameter ( but 
may be up to five times larger in very obese people ) . 
Neurons vary enormously in size and shape , their bodies 
ranging from 4 - 120 microns in diameter with axonal pro 
cesses varying between - 0 . 1 - 20 microns in diameter and 
ranging in length from a few microns up to ~ 1 meter ; muscle 
cells ( ~ 30 % of all tissue cells ) also vary from 10 - 100 
microns in diameter and may run up to - 50 cm in length . 
[ 0092 ] The present invention is not limited by the type of 
multi - well devices ( e . g . , plates or chips ) employed or that 
the channels and spots on the polymer are designed to mate 
with . In general , such devices have a plurality of wells that 
contain , or are dimensioned to contain , liquid ( e . g . , liquid 
that is trapped in the wells such that gravity alone cannot 
make the liquid flow out of the wells ) . One exemplary chip 
is WAFERGEN ' s 5184 - well SMARTCHIP . Other exem 
plary chips are provided in U . S . Pat . Nos . 8 , 252 , 581 ; 7 , 833 , 
709 ; and 7 , 547 , 556 , all of which are herein incorporated by 
reference in their entireties including , for example , for the 
teaching of chips , wells , thermocycling conditions , and 
associated reagents used therein ) . Other exemplary chips 
include the OPENARRAY plates used in the QUANTSTU 
DIO real - time PCR system ( Applied Biosystems ) . Another 
exemplary multi - well device is a 96 - well or 384 - well plate . 
[ 0093 ] The overall size of the multi - well devices may vary 
and it can range , for example , from a few microns to a few 
centimeters in thickness , and from a few millimeters to 50 
centimeters in width or length . Typically , the size of the 
entire device ranges from about 10 mm to about 200 mm in 
width and / or length , and about 1 mm to about 10 mm in 
thickness . In some embodiments , the chip is about 40 mm in 
width by 40 mm in length by 3 mm in thickness . 
[ 0094 ] The total number of wells ( e . g . , nanowells ) on the 
multi - well device may vary depending on the particular 
application in which the subject chips are to be employed . 
The density of the wells on the chip surface may vary 
depending on the particular application . The density of 
wells , and the size and volume of wells , may vary depending 
on the desired application and such factors as , for example , 
the species of the organism for which the methods of this 
invention are to be employed . 
[ 0095 ] The present invention is not limited by the number 
of wells in the multi - well device . A large number of wells 
may be incorporated into a device . In various embodiments , 
the total number of wells on the device is from about 100 to 
about 200 , 000 , or from about 5000 to about 10 , 000 . In other 
embodiments the device comprises smaller chips , each of 
which comprises about 5 , 000 to about 20 , 000 wells . For 
example , a square chip may comprise 125 by 125 nanowells , 
with a diameter of 0 . 1 mm . 
0096 ] The wells ( e . g . , nanowells ) in the multi - well 
devices may be fabricated in any convenient size , shape or 
volume . The well may be about 100 um to about 1 mm in 
length , about 100 um to about 1 mm in width , and about 100 
um to about 1 mm in depth . In various embodiments , each 
nanowell has an aspect ratio ( ratio of depth to width ) of from 
about 1 to about 4 . In one embodiment , each nanowell has 
an aspect ratio of about 2 . The transverse sectional area may 
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be circular , elliptical , oval , conical , rectangular , triangular , 
polyhedral , or in any other shape . The transverse area at any 
given depth of the well may also vary in size and shape . 
[ 0097 ] In certain embodiments , the wells have a volume of 
from about 0 . 1 nl to about 1 ul . The nanowell typically has 
a volume of less than 1 ul , preferably less than 500 nl . The 
volume may be less than 200 nl , or less than 100 nl . In an 
embodiment , the volume of the nanowell is about 100 nl . 
Where desired , the nanowell can be fabricated to increase 
the surface area to volume ratio , thereby facilitating heat 
transfer through the unit , which can reduce the ramp time of 
a thermal cycle . The cavity of each well ( e . g . , nanowell ) may 
take a variety of configurations . For instance , the cavity 
within a well may be divided by linear or curved walls to 
form separate but adjacent compartments , or by circular 
walls to form inner and outer annular compartments . 
10098 ] Awell of high inner surface to volume ratio may be 
coated with materials to reduce the possibility that the 
reactants contained therein may interact with the inner 
surfaces of the well if this is desired . Coating is particularly 
useful if the reagents are prone to interact or adhere to the 
inner surfaces undesirably . Depending on the properties of 
the reactants , hydrophobic or hydrophilic coatings may be 
selected . A variety of appropriate coating materials are 
available in the art . Some of the materials may covalently 
adhere to the surface , others may attach to the surface via 
non - covalent interactions . Non - limiting examples of coating 
materials include silanization reagent such as dimethychlo 
rosilane , dimethydichlorosilane , hexamethyldisilazane or 
trimethylchlorosilane , polymaleimide , and siliconizing 
reagents such as silicon oxide , AQUASIL , and SURFASIL . 
Additional suitable coating materials are blocking agents 
such as amino acids , or polymers including but not limited 
to polyvinylpyrrolidone , polyadenylic acid and polymaleim 
ide . Certain coating materials can be cross - linked to the 
surface via heating , radiation , and by chemical reactions . 
Those skilled in the art will know of other suitable means for 
coating a nanowell of a multi - well device , or will be able to 
ascertain such , without undue experimentation . 
[ 0099 ] An exemplary multi - well device ( e . g . , chip ) may 
have a thickness of about 0 . 625 mm , with a well have having 
dimensions of about 0 . 25 mm ( 250 um ) in length and width . 
The nanowell depth can be about 0 . 525 mm ( 525 um ) , 
leaving about 0 . 1 mm of the chip beneath a given well . A 
nanowell opening can include any shape , such as round , 
square , rectangle or any other desired geometric shape . By 
way of example , a nanowell can include a diameter or width 
of between about 100 um and about 1 mm , a pitch or length 
of between about 150 um and about 1 nun and a depth of 
between about 10 um to about 1 mm . The cavity of each well 
make take a variety of configurations . For instance , the 
cavity within a nanowell may be divided by linear or curved 
walls to form separate but adjacent compartments . 
[ 0100 ] The wells ( e . g . , nanowells ) of the multi - well device 
may be formed using , for example , commonly known pho 
tolithography techniques . The nanowells may be formed , for 
example , using a wet KOH etching technique , an anisotropic 
dry etching technique , mechanical drilling , injection mold 
ing and or thermo forming ( e . g . , hot embossing ) . 
[ 0101 ] Reagents contained within the liquid in the multi 
well device depend on the reaction that is to be run with the 
single cell that is deposited into each well . In an embodi 
ment , the wells contain a reagent for conducting the nucleic 
acid amplification reaction . Reagents can be reagents for 

immunoassays , nucleic acid detection assays including but 
not limited to nucleic acid amplification . Reagents can be in 
a dry state or a liquid state in a unit of the chip . In an 
embodiment , the wells contain at least one of the following 
reagents : a probe , a polymerase , and dNTPs . In another 
embodiment , the wells contain a solution comprising a 
probe , a primer and a polymerase . In various embodiments , 
each well comprises ( 1 ) a primer for a polynucleotide target 
within said standard genome , and ( 2 ) a probe associated with 
said primer which emits a concentration dependent signal if 
the primer binds with said target . In various embodiments , 
each well comprises a primer for a polynucleotide target 
within a genome , and a probe associated with the primer 
which emits a concentration dependent signal if the primer 
binds with the target . In another embodiment , at least one 
well of the chip contains a solution that comprises a forward 
PCR primer , a reverse PCR primer , and at least one FAM 
labeled MGB quenched PCR probe . In an embodiment , 
primer pairs are dispensed into a well and then dried , such 
as by freezing . The user can then selectively dispense , such 
as nano - dispense , the sample , probe and / or polymerase . 
[ 0102 ] In other embodiments of the invention , the wells 
may contain any of the above solutions in a dried form . In 
this embodiment , this dried form may be coated to the wells 
or be directed to the bottom of the well . The user can add a 
mixture of water and the captured cells to each of the wells 
before analysis . In this embodiment , the chip comprising the 
dried down reaction mixture may be sealed with a liner , 
stored or shipped to another location . 
[ 0103 ] The multi - well devices , with a single cell in each 
well , may be used for genotyping , gene expression , or other 
DNA assays performed by PCR . Assays performed in the 
plate are not limited to DNA assays such as TAQMAN , 
TAQMAN Gold , SYBR gold , and SYBR green but also 
include other assays such as receptor binding , enzyme , and 
other high throughput screening assays . In some embodi 
ments , a ROX labeled probe is used as an internal standard . 
[ 0104 ] Another exemplary embodiment of the present 
disclosure is presented in the paragraphs below , describing 
the initial construction and use of a housing assembly to 
capture single cells using a polymer capture film , as well as 
assembly of a multi - well chip for processing each captured 
single cell ( e . g . , for sequencing the mRNA of each captured 
single cell ) . This discussion is generally with reference to 
FIG . 2 - 9 , which are provided as exemplary embodiments 
only . 
[ 0105 ] A multi - well chip can be generated by combining 
a through - hole chip and an adhesive sealing film to form the 
bottom of the wells in the multi - well chip . A through - hole 
chip may be generated by drilling a plurality of holes in a 
planar , relatively hard and relatively thin material such as 
metal ( e . g . , aluminum ) , silicon , ceramic , and related mate 
rials . The thickness of the material depends on the desired 
depth of each well , and may be , in some embodiments , 
between 1 . 0 and 9 . 0 mm ( e . g . , 1 . 0 . . . 2 . 7 . . . 3 . 4 . . . 5 . 0 
. . . 7 mm ) . Holes may be drilled through this material using 
any number of suitable techniques , including mechanical 
drilling on a programmable high speed precision drilling 
machine ( e . g . , the Kern HSPC 25 drilling machine made by 
Kern Precision , Inc . ) . For example , a metal substrate ( e . g . , 
aluminum ) may be mechanically drilled on a programmable 
high speed precision drilling machine . Typically a 3D CAD 
design file such as STEP AP214 is converted to the appro 
priate machine commands which then executes the drill 
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pattern and depth using the correct diameter drill . The 
diameter of the holes drilled may vary depending the desired 
diameter of the final wells . In some embodiments , the 
diameter of each hole drilled in the material is between 0 . 20 
and 2 . 5 mm ( e . g . , 0 . 2 . . . 0 . 45 . . . 1 . 5 . . . 2 . 5 mm ) . The 
number of holes depends on the number of desired wells . In 
certain embodiments , the number of holes drilled is between 
2 and 30 , 000 ( e . g . , 2 . . . 15 . . . 50 . . . 96 . . . 386 . . . 1000 
. . . 3000 . . . 5184 . . . 15 , 000 . . . 30 , 000 holes ) . In particular 
embodiments , a grid of 72x72 is programmed into the 
drilling machine to generate a through - hole chip with 5184 
holes . In certain embodiments , the through - hole is then 
treated such that each channel ( that will become a well ) is 
coated with a hydrophobic coating ( e . g . , an example of such 
a coating is a parylene conformal coating ) , to make the final 
wells bio - compatible . Finally , a sealing film is added to one 
side of the through - hole chip to form the bottom of each well 
( e . g . , using a low tack sealing film ) . 
[ 0106 ] A housing assembly containing the polymer cap 
ture film and related components for isolating single cells 
( for use with a multi - well chip ) can be created by the 
exemplary embodiments described below . 
[ 0107 ] Three of the components inside the housing assem 
bly ( e . g . , housing assembly shown in FIG . 2 ) are generated 
with holes that align with the wells of the multi - well chip . 
These three components include the double sided adhesive , 
polymer capture film , and the film support plate ( if a film 
support plate is used instead of a porous layer as shown in 
FIG . 1 ) . The double sided adhesive ( e . g . , 3M 9965 pressure 
sensitive adhesive ) , which may have two release layers and 
carrier in the middle ( e . g . , all made of polyester ) , is drilled 
( e . g . , laser drilled ) on the same pitch as the through - hole 
chip . The holes that are drilled are generally smaller ( e . g . , 
5 - 50 % smaller ) than the holes drilled in the corresponding 
through - hole chip . In certain embodiments , the holes drilled 
are between 0 . 10 mm and 4 . 0 mm ( e . g . , 0 . 1 . . . 0 . 350 . . . 
2 . 0 . . . and 4 . 0 mm ) . The drilling of the double sided 
adhesive may be accomplished by using an Excimer laser 
( e . g . , manufactured by Potomac Photonics ) that has a pro 
grammable X - Y table . Similar to the precision drill dis 
cussed above , a 3D CAD file is loaded to drill the holes on 
the same pitch as the through hole chip . 
[ 0108 ] The holes in the polymer capture film may be made 
in the same type of manner as for the double sided adhesive 
using a laser drill for example , using the same pitch as for 
the through hole pitch . The diameter of the holes created as 
such that single cells will be captured near the top , or inside , 
the holes ( channels ) . Such holes depend on the type of cell 
that is being isolated ( e . g . , single cell per channel ) . An 
exemplary size range is from 2 to 35 microns ( e . g . , 2 . . . 4 
. . . 25 . . . or 35 microns ) . The film may be any type of 
suitable material , including a polymer that is inert and 
hydrophobic ( e . g . , polyimide film , such as KAPTON film 
from DuPont , polyester , polyethylene , polyurethane , TEF 
LON and / or PTFE ; see also Vladkova , T . G . ( 2010 ) “ Surface 
engineered polymeric biomaterials with improved biocon 
tact properties . ” Int . J . Polym . Sci . , 2010 , 1 - 22 , herein 
incorporated by reference in its entirety , particularly for the 
polymers discussed therein ) . The thickness of the film , in 
certain embodiments , is between 10 um and 50 um ( e . g . , 10 
. . . 25 . . . 35 . . . and 50 um ) . In particular embodiments , 
the aspect ratio ( diameter of hole vs . thickness of polymer ) 
is about 5 : 1 , 6 : 1 , or 7 : 1 . 

( 0109 ] The holes in the film support component , in certain 
embodiments , using the same type of methods , materials , 
and devices as the through - hole chip ( see above ) , using the 
same pitch as for the through - hole chip . In certain embodi 
ments , the diameter of the holes in the film support com 
ponent is the same or similar to that of the through - hole chip 
( see above ) . For example , the film support component may 
have holes with diameters of between 0 . 20 and 2 . 5 mm ( e . g . , 
0 . 2 . . . 0 . 45 . . . 1 . 5 . . . 2 . 5 mm ) . The film support component 
may have a thickness similar to the that of the though - hole 
chip , or may be thinner ( e . g . , about 0 . 9 - 1 . 1 mm thick 
aluminum or other metal or material ) . 
[ 0110 ] A slot array component ( e . g . , part 180 in FIGS . 2 , 
5A , and 5B ) may be fabricated with a plurality of slots ( e . g . , 
equal to the number of rows of channels / holes in the 
polymer capture film ) , using the same pitch as the holes in 
the polymer capture film . The slot array component is , in 
certain embodiments , sized based on the size of the polymer 
capture film , such that the slots can deliver cell - containing 
liquid to the top of the holes / channels in the polymer film . 
An exemplary size is 400 um widex200 um deep . The slot 
array component can be manufactured by injection mold 
fabrication and vapor polished . In certain embodiments , the 
slot array is made of a thermoplastic polymer ( e . g . , poly 
carbonate ) or other type of plastic . 
[ 0111 ] An exemplary housing assembly may be assembled 
with some or all of the components shown in FIG . 2 , and 
used to capture single cells on the polymer capture film . FIG . 
2 shows an exemplary housing assembly ( 45 ) with an 
exemplary attached sample delivery component ( 190 ) . Other 
shapes for the housing assembly may be employed besides 
the circular shape shown in FIG . 2 , and the square shape 
shown in FIG . 3 . The housing assembly may be composed 
of any suitable material , including plastic . The sample 
delivery component ( 190 ) is shown as a syringe in FIG . 2 , 
but may be other devices that can mate with the inlet port 
( 150 ) , such as a pipette or similar devices . The housing 
assembly ( 45 ) has a housing base ( 60 ) that has an interior top 
surface ( 120 ) which has two guide pins ( 100 ) thereon . The 
housing base ( 60 ) also has a liquid reservoir ( 80 ) , a film 
support recess ( 70 ) and corresponding gasket ( 85 ) , as well as 
a vacuum connection port ( 90 ) in the bottom of the reservoir 
( 80 ) . The housing base ( 60 ) also has a pair of connection 
rods ( 110 ) to connect the housing base ( 60 ) to the housing 
top ( 140 ) . Housing top ( 140 ) has an inlet port ( 150 ) and an 
outlet port ( 160 ) . The inlet port ( 150 ) connects to a sample 
delivery component ( 190 ) , shown as a syringe in this figure . 
The housing top ( 140 ) has a slot array ( 180 ) , and a pair of 
connection rod receivers ( 170 ) , for connection to the con 
nection rods ( 110 ) . The housing top ( 140 ) also has two guide 
pin receivers ( 105 ) . The exemplary housing assembly ( 45 ) 
also has a polymer capture film ( 10 ) that sits on a film 
support component ( 50 ) . The polymer capture film ( 10 ) has 
a pair of film guide components ( 130 ) , that each have a film 
guide pin receiver ( 135 ) for receiving the guide pins ( 100 ) . 
Such film guide components may be flaps or other protru 
sions from the polymer capture film that have a hole or other 
attachment component . The film support component ( 50 ) is 
configured to sit in the film support recess ( 70 ) such that the 
guide pins ( 100 ) insert into the film guide pin receivers 
( 135 ) , thereby aligning the plurality of individual cell cap 
turing channels in the polymer film to align with the plurality 
of holes in the film support component ( 50 ) . The polymer 
capture film is placed on top of the film support component 
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such that the holes in the polymer capture film ( e . g . , 4 um ) 
line up on center with the 400 um holes of the film support 
component . In other embodiments , a porous layer ( part 20 in 
FIG . 1 ) is used instead of the filmy support component . 
[ 0112 ] FIG . 3A shows an exemplary housing base ( 60 ) 
with two guide pins ( 100 ) , polymer capture film ( 10 ) , and 
film guide components ( 130 ) . In certain embodiments , the 
guide pins ( 100 ) are rods , or cones , or other useful shape . 
FIG . 3B shows an exemplary housing assembly ( 45 ) with a 
housing base ( 60 ) and housing top ( 140 ) . The housing top 
( 140 ) is shown with an inlet port ( 150 ) and an outlet port 
( 160 ) . The inlet port ( 150 ) is shaped and sized to accom 
modate the chosen sample delivery component ( 190 ) . 
[ 0113 ] FIG . 4 shows an exemplary cell capture instrument 
( 200 ) with a housing assembly ( 45 ) and a swing arm ( 210 ) 
that has a drain port ( 220 ) designed to engage with the outlet 
port ( 160 ) . The cell capture instrument also has a user 
interface display ( 240 ) . In general , a user places the housing 
assembly into the cell capture instrument and starts a soft 
ware program in the instrument ( e . g . , a software program 
operably linked to a processor and the various components 
of the cell capture instrument which controls the timing and 
functions of the various components ) . 
[ 0114 ] FIG . 5A shows an exemplary cell capture instru 
ment ( 200 ) with a swing arm ( 210 ) having a swing arm 
sample delivery slot and a drain port ( 220 ) . The exemplary 
cell capture instrument ( 200 ) also has a vacuum pump ( 280 ) 
( operably linked to vacuum connection port 90 ) , first waste 
collection container ( 270 ) ( e . g . , for receiving liquid from 
connection port 90 ) , a diaphragm pump ( 260 ) ( e . g . , for 
moving liquid containing cells around in the housing assem 
bly ) , and a second waste collection container ( 290 ) ( e . g . , 
serving as a vacuum trap for liquid ) . FIG . 5B shows a slot 
array ( 180 ) , with a plurality of slots , which terminate in a 
pair of slot array headers ( 185 ) . FIG . 5C shows a close up 
perspective view of a slot array ( 180 ) with a plurality of 
headers ( 72 slots shown in this figure ) that terminate in a slot 
array header ( 185 ) . The slot array header is operably con 
nected to an inlet port ( 150 ) ( e . g . , a luer connection ) . In 
certain embodiments , each slot in the slot array is designed 
to be directly over the array of holes in the polymer capture 
film . In certain embodiments , each slot terminates at both 
ends into header that is used to feed the slots or drain them . 
In general , the purpose of the slots are to flow the cell 
suspension liquid directly over each row of holes that are in 
the polymer capture film , which helps ensure that the cells 
are not generally flowing around in a random manner . 
Therefore , in certain embodiments , due to this type of flow 
control , the cell suspension can be moved back and forth by 
alternating the pressure between the inlet and the outlet ports 
( e . g . , to increase the capture efficiency ) . 
[ 0115 ] Returning to FIG . 5A , a diaphragm vacuum pump 
( 260 ) with a regulator is connected via liquid trap to the 
outlet port ( 160 ) . When the program is started , the swing 
arm moves over the housing assembly and clamps it down . 
A 10 ml plastic syringe with a buffer ( e . g . , 3 ml of 1xPBS ) 
is connected to the inlet port . Vacuum pump ( 280 ) is 
activated to provide negative pressure ( e . g . , 12 " Hg negative 
pressure ) to the bottom of housing assembly to move the 
liquid down from the syringe and pre - wet the capture holes 
in the polymer capture film . The vacuum then stops , and 
another 10 ml syringe filled with a cell suspension ( e . g . , 
2x10 cells ) is connected to the inlet port . The diaphragm 
pump ( 260 ) , connected to the outlet port ( 160 ) , is activated 

while the cells suspension is slowly injected into the inlet 
port ( 150 ) . Cells are pulled through the housing assembly 
( guided by the slow array ( 180 ) ) , using the diaphragm pump 
at the outlet port side ( e . g . , using a vacuum set to 4 " Hg ) . The 
diaphragm pump stops , while the vacuum pump ( 280 ) 
maintains a vacuum ( e . g . , at 4 " hg ) for capture of the cells 
by the polymer capture film . At this point , at least some of 
the individual channels / holes in the polymer capture film 
have a single cell in or captured atop the channel / hole ( e . g . , 
see FIG . 1 ) . After about 3 - 10 minutes ( e . g . , about 5 minutes ) , 
the syringe is removed , and then a syringe with buffer ( e . g . , 
10 ml of lx PBS ) is introduced into the inlet port and pulled 
through the assembly for an initial rinse . 
[ 0116 ] FIG . 6A shows an exemplary call capture instru 
ment ( 200 ) with the housing top ( 140 ) removed , revealing 
the polymer capture film ( 10 ) . FIG . 6B shows that centrifuge 
motor ( 250 ) below the housing base ( 60 ) containing the 
polymer capture film ( 10 ) on the film support component 
( 50 ) . Next , with the capture cycle complete , with the 
vacuum for the polymer capture film still on ( e . g . , at 4 " hg ) , 
the swing arm moves up and over to permit access to the 
housing assembly . The housing top ( 140 ) is then removed . 
At this point , the housing base ( with polymer capture film ) 
is centrifuged using the centrifuge motor ( 250 ) shown in 
FIG . 6 to remove any excess wash buffer . Buffer may be 
sprayed on the film to complete rinse of excess cells . 
Centrifuging also allows the creation of a dry surface on the 
polymer capture film to have a dry surface for bonding the 
multi - well chip to the polymer capture film . 
[ 0117 ] Next , a chip alignment component ( 310 ) is placed 
on top of the polymer capture film using the chip alignment 
guide pin receivers ( 330 ) on the chip alignment component 
as shown in FIGS . 7A and 7B . A multi - well chip ( 320 ) , with 
attach double - side adhesive film ( 350 ) ( with holes formed 
therein ) , is placed inside the chip alignment component 
( 310 ) , on top of the polymer capture film ( 10 ) . The double 
sided adhesive bonds the multi - well chip to the polymer 
capture film , and seals each well from its neighbor . FIG . 8 
show a side view of the arrangement in FIG . 7 . In particular , 
a multi - well chip is shown being composed of a through 
hole chip ( 370 ) and a first sealing film ( 340 ) that forms a 
bottom and generates a well ( 360 ) in the multi - well chip . 
The top surface of the multi - well chip is shown with 
double - sided adhesive film ( 350 ) that allows the multi - well 
chip to attach to the polymer capture film ( 10 ) such that 
single captured cells ( 40 ) align with the wells ( 360 ) of the 
multi - well chip . The polymer capture film ( 10 ) , shown with 
a capture cell ( 40 ) , is seated on a film support component 
( 50 ) inside a housing base ( 60 ) that has a vacuum connection 
port ( 90 ) . 
[ 0118 ] . Next , as shown in FIG . 9A , the swing arm ( 210 ) 
comes over and down to apply pressure to the multi - well 
chip to seal it with the polymer capture film . The swing arm 
then moves up and over to allow removal of the multi - well 
chip / polymer capture film assembly . This assembly is then 
placed upside down and the bottom of the polymer capture 
film is blotted dry and sealed with a second sealing film 
( 380 ) ( e . g . , PCR sealing film ) . In certain embodiments , to 
this sealed assembly , hypotonic buffer is added and the 
assembly is frozen at - 80C for 30 min or overnight . This 
assembly may be thawed at room temperature and used for 
any type of single cell analysis . The freeze and thaw 
procedure ( e . g . , in hypotonic solution ) breaks open the cells 
and allows the cell lysate to be in solution in the wells of the 
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multi - well chip . The polymer film on the top surface ( e . g . , 
a temporary sealing film ) is then peeled off and the chip may 
be employed for any type of biological analysis . In other 
embodiments , the captured single cells are released from the 
polymer film and / or lysed with denaturants such as guani 
dine and urea , or with an enzyme composition . 
[ 0119 ] In certain embodiments , provided herein are cap 
ture chips that employ electrophoresis or dielectrophoresis 
to attract negatively charged cells to the cell - sized capture 
wells or dimples , where the wells or dimples have a positive 
charge ( e . g . , the bottom of the dimples or wells have a 
positively charged material to help attract and / or retain a 
single cell in each of the wells or dimples ) . In certain 
embodiments , the capture chips have a charged surface ( e . g . , 
the surface between wells or dimples ) that helps direct the 
cells toward the wells or dimples . FIGS . 10 - 12 show exem 
plary embodiments where electrical charges are used to help 
direct single cells into the wells or dimples of capture chips . 
[ 0120 ] FIG . 10 shows an exemplary capture chip ( 410 ) 
composed of a base support layer ( 420 ) , which is below a 
first electrically conductive layer ( 430 ) . The base support 
layer may comprise a material such as glass , quartz , silicon , 
or an inert substrate . In certain embodiments , the base 
support layer is optically transparent ( e . g . , such that cells 
and chemical reactions can be monitored through the base 
support layer ) . In particular embodiments , the shape of the 
base support layer may be a square , rectangle , or other 
shape , and may be of a thickness that allows it to be easily 
handled . In some embodiments , the first electrically con 
ductive layer covers all or most of the base support layer . In 
other embodiments , the first electrically conductive layer 
forms connected or non - connected spots , that in turn , will 
form the bottom of the wells in the capture chip . In particular 
embodiments , the first electrically conductive layer is com 
posed of indium oxide , gallium oxide , tin oxide , and / or 
thallium oxide , or similar material . A non - conductive layer 
( 440 ) ( e . g . , composed of photoresist ) is on top of the first 
electrically conductive layer ( 430 ) , except where portions 
have been removed ( or not deposited ) to create discrete 
wells or dimples ( 450 ) sized to capture a certain type of cell . 
In certain embodiments , when the non - conductive layer is 
composed of photoresist , the photoresist is InterVia Photo 
resist 3D - N or similar material . 
[ 0121 ] FIG . 11 shows an exemplary water - tight assembly 
( 460 ) composed of an exemplary capture chip ( 410 ) and 
exemplary flow cell ( 470 ) . The exemplary flow cell ( 470 ) 
includes a flow channel ( 480 ) that allows liquid to flow over 
the well or dimple ( 450 ) in the capture chip ( 410 ) . The 
water - tight assembly allows , for example , a cell suspension 
to be injected or otherwise introduced into the assembly , 
such that cells in the suspension flow over , and into , the 
wells or dimples of the capture chip . The ability of single 
cells in the cell suspension to enter the wells or dimples of 
the capture chip is aided by a positive charge being intro 
duced into the first electrically conductive layer ( e . g . , such 
that the bottom of the wells have a positive charge which 
attracts negatively charged cells ) . 
[ 0122 ] FIG . 12 shows the exemplary water - tight assembly 
( 460 ) from FIG . 11 , but further including a second electri 
cally conductive layer ( 490 ) on top of the non - conductive 
layer ( 440 ) and a third electrically conductive layer ( 495 ) 
that forms the top wall of flow channel ( 480 ) . In certain 
embodiments , the second and third electrically conductive 
layers are set at zero voltage , or negative voltage with 

respect to the first electrically conductive layer . In some 
embodiments , the second and third electrically conductive 
layers comprise indium oxide , gallium oxide , tin oxide , 
thallium oxide , or a similar material . 
[ 0123 ] As a result of the processing , some , most , or all of 
the wells of the multi - well chip now have a cell lysate from 
a single cell in solution . Reagents for any suitable type of 
assay may be added to the wells of the multi - well chip ( e . g . , 
using a multi - well dispenser , such as the one from WAFER 
GEN BIOSYSTEMS ) . In certain embodiments , protein 
detection assay components ( e . g . , anti - body based assays ) 
are added to the wells . In other embodiments , SNP detection 
assay components are added to the wells . In other embodi 
ments , nucleic acid sequencing assay components are added 
to the wells . In certain embodiments , nucleic acid sequence 
assay components that employ barcoding for labelling indi 
vidual mRNA molecules , and / or for labeling for cell / well 
source ( e . g . , if wells pooled before sequencing analysis ) , 
and / or for labeling particular multi - well chips ( e . g . , if wells 
from two or more multi - well chips are pooled prior to 
sequencing ) are employed . Examples of such barcoding 
methodologies and reagents are found in Pat . Pub . US2007 / 
0020640 , Pat . Pub . 2012 / 0010091 , U . S . Pat . No . 8 , 835 , 358 , 
U . S . Pat . No . 8 , 481 , 292 , Qiu et al . ( Plant . Physiol . , 133 , 
475 - 481 , 2003 ) , Parameswaran et al . ( Nucleic Acids Res . 
2007 October ; 35 ( 19 ) : e130 ) , Craig et al . reference ( Nat . 
Methods , 2008 , October , 5 ( 10 ) : 887 - 893 ) , Bontoux et al . 
( Lab Chip , 2008 , 8 : 443 - 450 ) , Esumi et al . ( Neuro . Res . , 
2008 , 60 : 439 - 451 ) , Hug et al . , J . Theor . , Biol . , 2003 , 221 : 
615 - 624 ) , Sutcliffe et al . ( PNAS , 97 ( 5 ) : 1976 - 1981 ; 2000 ) , 
Hollas and Schuler ( Lecture Notes in Computer Science 
Volume 2812 , 2003 , pp 55 - 62 ) , and WO201420127 ; all of 
which are herein incorporated by reference in their entire 
ties , including for reaction conditions and reagents related to 
barcoding and sequencing of nucleic acids . 
[ 0124 ] In certain embodiments , the barcode tagging and 
sequencing methods of WO2014201272 ( “ SCRB - seq ” . 
method ) are employed . The necessary reagents for the 
SCRB - seq method ( e . g . , modified as necessary for small 
volumes ) are added to the multi - chip wells , each containing 
a lysed single cells . Briefly , the SCRB - seq method amplifies 
an initial mRNA sample from a single cell in multi - well 
plates ( as described above ) , where each well has a single 
cell . Initial cDNA synthesis uses a first primer with : i ) N6 for 
cell / well identification , ii ) N10 for particular molecule iden 
tification , iii ) a poly T stretch to bind mRNA , and iv ) a 
region that creates a region where a second template 
switching primer will hybridize . The second primer is a 
template switching primer with a poly G 3 ' end , and 5 ' end 
that has iso - bases . After cDNA amplification , the tagged 
cDNA single cell / well samples are pooled . Then full - length 
cDNA synthesis occurs with two different primers , and 
full - length cDNA is purified . Next , a NEXTERA sequencing 
library is prepared using an i7 primer ( adds one of 12 i7 tags 
to identify particular multi - well plates ) and PSNEXTPTS to 
add P5 tag for NEXTERA sequencing ( P7 tag added to other 
end for NEXTERA ) . The library is purified on a gel , and 
then NEXTERA sequencing occurs . As a non - liming 
example , with twelve i7 plate tags , and 384 cell / well 
specific barcodes , this allows total of 4 , 608 single cell 
transciptomes to be done at once . This method allows for 
quantification of mRNA transcripts in single cells and allows 
users to count the absolute number of transcript molecules / 
cell to remove any variables from normalization . 
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[ 0125 ] All publications and patents mentioned in the pres 
ent application are herein incorporated by reference . Various 
modification and variation of the described methods and 
compositions of the invention will be apparent to those 
skilled in the art without departing from the scope and spirit 
of the invention . Although the invention has been described 
in connection with specific preferred embodiments , it should 
be understood that the invention as claimed should not be 
unduly limited to such specific embodiments . Indeed , vari 
ous modifications of the described modes for carrying out 
the invention that are obvious to those skilled in the relevant 
fields are intended to be within the scope of the following 
claims . 
We claim : 
1 . A system comprising : 
a ) a capture chip comprising a substrate comprising a 

plurality of cell - sized dimples or wells that each allow 
a single cell to be captured from a cell mixture ; and 

b ) a multi - well through - hole chip , wherein said multi - well 
through - hole chip comprises a plurality of holes , and 
when combined with a backing or said capture chip , 
forms a multi - well chip which comprises a plurality of 
wells ; and 

wherein said plurality of cell - sized dimples or wells 
matches one - for - one , and aligns with , said plurality of 
holes in said multi - well through - hole chip . 

2 . The system of claim 1 , wherein some or all of said 
cell - sized dimples or wells each contain a single cell , and / or 
wherein said plurality of wells in said multi - well chip : i ) 
have a volume of 50 and 5000 nl , and / or ii ) comprise at least 
300 wells . 

3 . The system of claim 1 , wherein said capture chip and 
said multi - well through - hole chip are attached to each other 
thereby forming said multi - well chip , and wherein some or 
all of said plurality of wells in said multi - well chip contain 
reagents that detach and / or lyse cells . 

4 . The system of claim 3 , wherein some or all of said 
cell - sized dimples or wells each contain a single cell . 

5 . The system of claim 1 , wherein said substrate com 
prises photoresist . 

6 . The system of claim 1 , wherein said substrate com 
prises an electrically conductive material . 

7 . The system of claim 6 , wherein said electrically con 
ductive material is optically transparent . 

8 . The system of claim 6 , wherein said electrically con 
ductive material comprises indium titanium oxide . 

9 . The system of claim 1 , wherein said substrate com 
prises a non - conductive material and an electrically conduc 
tive material . 

10 . The system of claim 1 , wherein each of said dimples 
or wells of said capture chip has a bottom and at least one 
side wall . 

11 . The system of claim 10 , wherein said bottom is 
composed of a material comprising an electrically conduc 
tive material , and said at least one side wall is composed of 
a non - conductive material . 

12 . The system of claim 11 , wherein said electrically 
conductive material is optically transparent , and wherein 
said capture chip comprises at least 50 dimples or wells . 

13 . The system of claim 11 , wherein said electrically 
conductive material comprises indium titanium oxide . 

14 . The system of claim 11 , wherein said at least one side 
wall is composed of a material comprising photoresist . 

15 . The system of claim 6 , further comprising : c ) an 
electrical field generator configured to be electrically linked 
to said electrically conductive material . 

16 . A method of loading a capture - chip with cells com 
prising : 

a ) flowing a cell suspension over a capture - chip , wherein 
said capture - chip comprises a substrate with a plurality 
of cell - sized dimples or wells formed therein , and 
wherein said flowing causes a single cell to be captured 
in each of said plurality of cell - sized dimples or wells ; 
and 

b ) washing said capture - chip such that excess cells from 
said cell suspension not captured in said plurality of 
dimples or wells are removed . 

17 . The method of claim 16 , wherein said substrate 
comprises non - conductive material and a first electrically 
conductive material . 

18 . The method of claim 17 , wherein each of said plurality 
of cell - sized dimples or wells comprises a bottom and at 
least one side . 

19 . The method of claim 18 , wherein said bottom com 
prises said first electrically conductive material , and said at 
least one side comprises said non - conductive material . 

20 . The method of claim 19 , wherein said first electrically 
conductive material is electrically linked to an electrical 
field generator , and wherein said electrical field generator 
imparts a positive charge to each of said dimple bottoms 
sufficient to attract cells from said cell suspension . 
21 . The method of claim 20 , wherein said substrate further 

comprises a second electrically conductive material , 
wherein said second electrically conductive material has 
zero or negative voltage with respect to said first electrically 
conductive material . 

22 . The method of claim 17 , wherein said electrically 
conductive material is optically transparent . 

23 . The method of claim 17 , wherein said electrically 
conductive material comprises indium titanium oxide . 

24 . The method of claim 19 , wherein said non - conductive 
material comprises photoresist , and wherein said capture 
chip comprises at least 50 of said dimples . 

* * * * * 


