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DEVICE FOR AND METHOD OF ISOLATING 
A FRACTION IN A BIOLOGICAL SAMPLE 

REFERENCE TO GOVERNMENT GRANT 

This invention was made with government support under 
W81XWH-09-1-0192 awarded by the ARMY/MRMC. The 
government has certain rights in the invention. 

FIELD OF THE INVENTION 

The present invention relates generally to the isolation of a 
fraction from a biological sample, and in particular, to a 
device and a method for more effectively isolating cells from 
complex biological backgrounds so as to reduce sample loss 
associated therewith. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

The isolation of a speci?c subset of cells from a heteroge 
neous population of cells is necessary for a range of research 
and diagnostic tools. For example, isolation of circulating 
tumor cells (CTCs) from a buffy coat formed from a patient 
blood draw has shown clinical relevance. As is known, how 
ever, CTCs within the circulation of patients with metastatic 
cancer are very rare. More speci?cally, there is approximately 
one CTC per billion background cells. Further, the prognos 
tically relevant bar for determining overall survival and dis 
ease-free progression of a patient is 5 CTCs per 7.5 milliliters 
(mLs) of whole blood. As such, CTC capture is an isolation 
method requiring both high sensitivity (5 cells) and high 
speci?city (7.5 billion background cells). In addition, once 
captured, clinically relevant cellular analyses must be per 
formed on the CTCs downstream of isolation. 

While offering the ?exibility to perform a wide range of 
downstream assays, macroscale methods to perform CTC 
isolation have been found to be unsatisfactory. More speci? 
cally, macroscale methods to isolate these types of cells often 
require long, expensive and laborious procedures that may 
result in signi?cant sample loss due to wasteful transfer steps 
or centrifugation and resuspension steps. Capturing rare cells 
such as CTCs, which occur at frequencies on the order of 5-50 
cells per 7.5 mL blood sample, is not feasible using traditional 
macroscale methods, as the loss of a single cell can represent 
up to a 20% loss of sample. 

In order to overcome cell loss associated with the macros 
cale methods, heretofore described, micro?uidic methods 
have arisen. Micro?uidics offers novel solutions to the chal 
lenges of macroscale methods by providing a highly con 
trolled, low-volume platform that can quickly and ef?ciently 
isolate cells. Further, micro?uidic platforms offer sensitivity 
and speci?city that is unattainable using current macroscale 
systems. Established micro?uidic methods include function 
alized micropost arrays, patterned surfaces and micro?uidic 
systems that leverage density or other physical characteristics 
to isolate cells of interest from non-target cells. By way of 
example, Beebe et al., United States Patent Application No. 
20110213133 discloses a device and a method for facilitating 
extraction of a fraction from a biological sample. The bio 
logical sample includes non-desired material and a fraction 
bound solid phase substrate. The device includes an input 
zone for receiving the biological sample therein and a second 
zone for receiving an isolation buffer therein. An output zone 
receives a reagent therein. A force is movable between a ?rst 
position adjacent the input zone and a second position adja 
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2 
cent the output zone. The force urges the fraction-bound solid 
phase substrate from the input zone, through the second zone 
and into the output zone. 

While functional for its intended purpose, the device and 
method disclosed in the Beebe et al., ’133 publication has 
certain limitations. For example, when the biological sample 
contains large particulates, debris, precipitates, or other cells 
that settle out of solution, the ef?ciency of the recovery and 
the overall purity of the fraction-bound solid phase substrate 
decreases as a result of non-desired material impeding the 
operational path of the fraction-bound solid phase substrate. 

Therefore, it is a primary object and feature of the present 
invention to provide a device and a method isolating a fraction 
from a biological sample. 

It is a further object and feature of the present invention to 
provide a device and a method for isolating a fraction from a 
biological sample that is simpler and more e?icient than prior 
devices and methods. 

It is a still further object and feature of the present invention 
to provide a device and a method for isolating a fraction from 
a biological sample without the signi?cant sample loss asso 
ciated with prior methods. 

In accordance with the present invention, a device is pro 
vided for isolating a fraction in a biological sample. The 
fraction is bound to solid phase substrate to de?ne a fraction 
bound solid phase substrate. The device includes an input 
zone for receiving the biological sample therein and an iso 
lation zone for receiving an isolation ?uid therein. A force, 
generally perpendicular to gravity, is movable between a ?rst 
position adjacent the input zone and a second position adja 
cent the isolation zone. The force captures the fraction-bound 
solid phase substrate such that the fraction-bound solid phase 
substrate moves from the input zone to the isolation zone in 
response to the force moving from the ?rst position to the 
second position. 
The input zone is partially de?ned by a lower surface lying 

in a ?rst plane and wherein the device further comprising a 
passage having a input communicating with the input zone 
and an output communicating with the isolation zone. The 
passage is partially de?ned by ?rst and second walls. The ?rst 
and second side walls of the passage converge from the input 
to the output thereof. The pas sage extends along an axis. The 
axis is vertically spaced from the ?rst plane. The isolation 
zone is partially de?ned by a lower surface lying in a second 
plane, the second plane being between the ?rst plane and the 
axis. It is contemplated for the force to be a magnetic ?eld. 
Further, it is contemplated for the force to move from the ?rst 
position to the second position along a path transverse to 
gravity. 

In accordance with a further aspect of the present inven 
tion, a device is provided for isolating a fraction in a biologi 
cal sample. The fraction is bound to a solid phase substrate to 
de?ne a fraction-bound solid phase substrate. The device 
includes an input zone for receiving the biological sample 
therein. The input zone is partially de?ned by a lower surface 
lying in a ?rst plane. An isolation zone receives an isolation 
?uid therein. The isolation zone is partially de?ned by a lower 
surface lying in a second plane. A passage extends along an 
axis and has an input communicating with the input zone and 
an output communicating with the isolation zone. A force 
captures the fraction-bound solid phase substrate. The force is 
generally normal to gravity and is movable between a ?rst 
position adjacent the input zone and a second position adja 
cent the isolation zone. The captured fraction-bound solid 
phase substrate moves from the input zone to the isolation 
zone in response to the force moving from the ?rst position to 
the second position. 
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The passage is partially de?ned by ?rst and second walls. 
The ?rst and second side walls converge from the input to the 
output thereof. The axis of the passage is vertically spaced 
from the ?rst plane and the second plane is between the ?rst 
plane and the axis. It is contemplated for the force to be a 
magnetic ?eld. Further, it is contemplated for the force to 
move from the ?rst position to the second position along a 
path transverse to gravity and to the force. 

In accordance with a still further aspect of the present 
invention, a method is provided of isolating a fraction in a 
biological sample. The method includes the step of providing 
a biological sample including a fraction-bound solid phase 
substrate and biological material in an input well. The input 
well is partially de?ned by a lower surface lying in a ?rst 
plane. The fraction-bound solid phase substrate is captured 
with a force so as to maintain the fraction-bound solid phase 
substrate at a location above the lower surface of the input 
well. The biological material is allowed to settle towards the 
lower surface of the input well and the fraction-bound solid 
phase substrate is drawn into an isolation well through a 
passage with the force. The passage extends along an axis 
vertically spaced above the ?rst plane. 

It is contemplated for the force to be generally normal to 
gravity and to be a magnetic ?eld. The force travels along a 
path to draw the fraction-bound solid phase substrate from the 
input well into the isolation well. The path is transverse to 
gravity. The passage has an input communicating with the 
input zone and an output communicating with the isolation 
zone. The passage is partially de?ned by ?rst and second 
walls. The ?rst and second side walls converge from the input 
to the output thereof. The isolation zone is partially de?ned by 
a lower surface lying in a second plane. The second plane is 
between the ?rst plane and the axis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings furni shed herewith illustrate a preferred con 
struction of the present invention in which the above advan 
tages and features are clearly disclosed as well as others 
which will be readily understood from the following descrip 
tion of the illustrated embodiment. 

In the drawings: 
FIG. 1 is an isometric view of a device in accordance with 

the present invention in an initial con?guration; 
FIG. 2 is a schematic, cross-sectional view of the device of 

the present invention taken along line 2-2 of FIG. 1; 
FIG. 3 is a schematic, cross-sectional view of the device of 

the present invention taken along line 3-3 of FIG. 2; 
FIG. 4 is a schematic, cross-sectional view of the device, 

similar to FIG. 3, showing an initial step of the methodology 
of the present invention; 

FIG. 5 is a schematic, cross-sectional view of the device, 
similar to FIG. 3, showing a second step of the methodology 
of the present invention; 

FIG. 6 is a schematic, cross-sectional view of the device, 
similar to FIG. 3, showing a third step of the methodology of 
the present invention; 

FIG. 7 is an isometric view of an alternate embodiment of 
the device of the present invention; 

FIG. 8 is a schematic, cross-sectional view of the device of 
the present invention taken along line 8-8 of FIG. 7; 

FIG. 9 is a schematic, cross-sectional view of the device 
taken along line 9-9 of FIG. 8 showing an additional step the 
methodology of the present invention; and 
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4 
FIG. 10 is a schematic, cross-sectional view of the device, 

similar to FIG. 9, showing a still further step of the method 
ology of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring to FIGS. 1-6, a device for extracting and purify 
ing a fraction, such as cells, from a complex background 
including non-desired cells, tissue samples and other biologi 
cal materials, in accordance with the present invention, is 
generally designated by the reference numeral 10. Device 10 
includes ?rst and second ends 13 and 15, respectively; ?rst 
and second sides 17 and 19, respectively; and upper and lower 
surfaces 21 and 23, respectively. Other con?gurations are 
possible without deviating from the scope of the present 
invention. 

Device 10 further includes input zone or well 12 de?ned by 
?rst and second sidewalls 14 and 16, respectively, ?rst and 
second end walls 18 and 20, respectively, and bottom wall 22. 
Input well 12 includes input 25 communicating with upper 
surface 21 of device 10 and being partially de?ned by the 
upper edges of sidewalls 14 and 16. Input 25 to input well 12 
is further de?ned upper edges 27a and 29a of diverging upper 
walls 27 and 29. Upper edges 27a and 29a of diverging upper 
walls 27 and 29 are generally parallel to each other and 
generally perpendicular to the upper edges of ?rst and second 
sidewalls 14 and 16, respectively. Lower edges 27b and 29b of 
upper walls 27 and 29 intersect corresponding upper edges of 
?rst and second end walls 18 and 20, respectively. In the 
depicted embodiment, input 25 has a generally rectangular 
con?guration, but it can be appreciated that other con?gura 
tions are possible without deviating from the scope of the 
present invention. 

Bottom wall 22 of input well 12 lies in a ?rst plane, for 
reasons hereinafter described. Inner surfaces 14a and 16a of 
sidewalls 14 and 16, respectively, inner surfaces 18a and 20a 
of ?rst and second end walls 18 and 20, respectively, and 
upper surface 22a of bottom wall 22 de?ne input cavity 24 for 
receiving a biological sample therein. While input well 12 has 
a generally rectangular con?guration in the depicted embodi 
ment, other con?gurations are contemplated without deviat 
ing from the scope of the present invention. It can be appre 
ciated that a user can ?ll input cavity 24 with the biological 
sample through input 25 of input well 12. 

Second well 26 is provided in device 10 downstream of 
input well 12. Second well 26 is de?ned by ?rst and second 
sidewalls 28 and 30, respectively, upstream wall 32, down 
stream wall 34 and bottom wall 36. Bottom wall 36 of second 
well 26 lies in a second plane vertically spaced above the ?rst 
plane. Inner surfaces 28a and 30a of sidewalls 28 and 30, 
respectively, inner surface 32a of upstream wall 32, inner 
surface 34a of downstream wall 34, and upper surface 36a of 
bottom wall 36 de?ne second cavity 37 for receiving a pre 
determined ?uid therein, e.g. isolation buffer as hereinafter 
described. Again, although second well 26 has a generally 
rectangular con?guration in the depicted embodiment, other 
con?gurations are contemplated without deviating from the 
scope of the present invention. 

Input well 12 and second well 26 are interconnected by ?rst 
passage 38. First channel 38 extends along an axis 39 which 
is vertically spaced from and above the ?rst and second 
planes. First channel 38 is de?ned by ?rst and second side 
walls 40 and 42, respectively, upper wall 44 and bottom wall 
45. Input ends 46 and 48 of ?rst and second sidewalls 40 and 
42, respectively, of ?rst channel 38 and input ends 50 and 51 
of upper and bottom walls 44 and 45, respectively, of input 
channel 38 intersect end wall 20 of input well 12 so as to 
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de?ne input 52 to ?rst channel 38. Output ends 56 and 58 of 
?rst and second sidewalls 40 and 42, respectively, of ?rst 
channel 38 and output ends 60 and 61 of upper and bottom 
walls 44 and 45, respectively, of ?rst channel 38 intersect 
upstream wall 32 of second well 26 so as to de?ne output 62 
of ?rst channel 38. First and second sidewalls 40 and 42, 
respectively, of ?rst channel 38 are generally parallel to each 
other, FIG. 2. As best seen in FIGS. 1 and 3-6, upper and 
bottom walls 44 and 45, respectively, respectively, of ?rst 
channel 38 converge towards each other from input 52 to 
output 62, for reasons hereinafter described. 

Device 10 further includes third zone or well 66 down 
stream of second well 26 and being de?ned by ?rst and 
second sidewalls 68 and 70, respectively, upstream wall 72, 
downstream wall 74 and bottom wall 76. Bottom wall 76 of 
third well 66 lies in the second plane vertically spaced above 
the ?rst plane. Inner surfaces 68a and 70a of sidewalls 68 and 
70, respectively, inner surface 72a of upstream wall 72, inner 
surface 74a of downstream wall 74, and upper surface 76a of 
bottom wall 76 de?ne output cavity 78 for receiving a prede 
termined ?uid, e.g. a reagent, therein for reasons hereinafter 
described. Again, third well 66 has a generally rectangular 
con?guration in the depicted embodiment. However, other 
con?gurations are contemplated without deviating from the 
scope of the present invention. 

Third well 66 and second well 26 are interconnected by 
second channel 79. Second channel 79 extends along axis 39 
and is de?ned by ?rst and second sidewalls 80 and 82, respec 
tively, upper wall 84 and bottom wall 85. Input ends 86 and 88 
of ?rst and second sidewalls 80 and 82, respectively, of sec 
ond channel 79 and input ends 90 and 91 of upper and bottom 
walls 84 and 85, respectively, of second channel 79 intersect 
downstream wall 34 of second well 26 so as to de?ne input 92 
to second channel 79. Output ends 96 and 98 of ?rst and 
second sidewalls 80 and 82, respectively, of second channel 
79 and output ends 100 and 101 of upper and bottom walls 84 
and 85, respectively, of second channel 79 intersect upstream 
wall 72 of third well 66 so as to de?ne output 102 of second 
channel 79. First and second sidewalls 80 and 82, respec 
tively, of second channel 79 are generally parallel to each 
other, FIG. 2. As best seen in FIGS. 1 and 3-6, upper and 
bottom walls 84 and 85, respectively, of second channel 79 
converge towards each other from input 92 to output 102, for 
reasons hereinafter described. 

In operation, it is intended to utilize device 10 to extract a 
fraction, such as a desired cell, nucleic acids, and/or proteins, 
from biological sample 106. As is known, biological sample 
106 may include non-desired material 108 such as lysate, 
bodily ?uids, forensic samples, and/ or biological contamina 
tions. In order to prepare biological sample 106 for extraction 
of the fraction, an appropriate reagent is added to biological 
sample 106 and mixed such that fraction binds to a solidphase 
substrate in the reagent to form fraction-bound solid phase 
substrate 110. It is contemplated for the solid phase substrate 
to be attracted to a corresponding force. For example, the 
solid phase substrate may be a paramagnetic material 
attracted to a corresponding magnetic ?eld. Other non-mag 
netic mechanisms such as ultrasonic actuation or the like are 
contemplated as being within the scope of the present inven 
tion. Once mixed with the reagent, biological sample 106 
including fraction-bound solid phase substrate 110 is depos 
ited into input cavity 24 through input 25 of input well 12. It 
is noted that the reduced cross-sectional area of input 25 to 
input well 12 pins biological sample 106 within input cavity 
24 such that inversion of device 10 will not result in biological 
sample 106 spilling out of input well 12 through input 25 
thereof. Hence, it can be appreciated that device 10 may be 
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6 
rotated and/or inverted to facilitate the mixing of biological 
sample 106 and the reagent in input cavity 24 of input well 12 
or maintain fraction-bound solid phase substrate 110 in sus 
pension. 

In addition to depositing biological sample 106 in input 
cavity 24 of input well 12, isolation buffer 109, such as oil or 
wax, is deposited in second cavity 37 of second well 26; and 
a desired reagent 113 is deposited in third cavity 78 of third 
well 66. Device 10 of the present invention relies upon the 
dominance of surface tension over gravity at the microscale to 
establish “virtual walls” between each ?uid interface. This 
dominance of surface tension enables the side-by-side load 
ing of ?uids in the devices that is not possible on the macros 
cale. This phenomenon is quanti?ed by the dimensionless 
Bond number: 

Bo :ngZ/y Equation (1) 

wherein: Bo is the Bond number; p is the density of a ?uid; g 
is the acceleration of gravity; L is a characteristic length scale 
of the device; and y is the surface energy of the ?uid. 
A Bond number (Bo) less than 1 indicates a system in 

which surface tension forces are su?iciently large to margin 
alize the effects of gravity. For larger Bond number (Bo) 
devices, gravity dominance mandates positioning of the 
denser biological sample in input well 12 and reagent in third 
well 66 below the isolation buffer in second well 26, con 
straining device geometry into a three-dimensional architec 
ture. Because Bond number (Bo) scales with the square of the 
characteristic length scale of the device (L2), a reduction in 
device dimensions rapidly reduces the Bond number (Bo) 
into the surface tension-dominant regime. Micro?uidic con 
strictions with very small characteristic length scales selec 
tively impede liquid motion, enabling serial loading of all 
three device ?uids (the biological sample, the isolation buffer 
and the reagent) into their respective wells (input well 12, 
second well 26 and third well 66, respectively) without inter 
mixing or density-driven strati?cation. Hence, the reliance 
upon the dominance of surface tension, allow for the pla 
narization of the layout of the devices of the present invention 
which, in turn, simpli?es both device fabrication and opera 
tion while also enabling high-throughput arrays in well plate 
like con?gurations. 

In view of the foregoing, it is noted that the cross-sectional 
area of input 52 to ?rst channel 38 is greater than the cross 
sectional area of output 62 of ?rst channel 38. As a result, 
biological sample 106 ?ows into ?rst channel 38 through 
input 52 thereof. However, the surface tension of isolation 
buffer 109 in second cavity 37 of second well 26 at output 62 
of ?rst channel 38 prevents biological sample 106 from ?ow 
ing into second cavity 37 of second well 26 through output 62 
of ?rst channel 38. Likewise, the surface tension of reagent 
113 in third cavity 78 of third well 66 at output 102 of second 
channel 79 prevents isolation buffer 109 from ?owing into 
third cavity 78 of third well 66 at output 102 of second 
channel 79. 

In order to extract fraction-bound solid phase substrate 110 
from biological sample 106, a force to which the solid phase 
substrate is attracted, such as magnet 111, is positioned adja 
cent second sidewall 19 of device 10 at a location aligned with 
second sidewall 16 of input well 12 in a plane containing axis 
39 of ?rst and second channels 38 and 79, respectively, FIG. 
4. As heretofore described, it is contemplated for the solid 
phase substrate to be a paramagnetic material attracted to a 
corresponding magnetic ?eld generated by magnet 111. As 
such, fraction-bound solid phase substrate 110 are drawn 
towards axis 39 through ?rst and second channels 38 and 79, 
respectively, thereby suspending fraction-bound solid phase 
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substrate 110 above bottom wall 22 of input well 12. With 
fraction-bound solid phase substrate 110 suspended above 
bottom wall 22 of input well 12, non-desired material 108 in 
biological sample 106 settles passively to bottom wall 22 of 
input well 12 of device 10. Thereafter, magnet 111 is moved 
adjacent second sidewall 19 of device 10 along an axis gen 
erally parallel to axis 39. More speci?cally, magnet 111 
moves from the location aligned with second sidewall 16 of 
input well 12 to a location aligned with second sidewall 42 of 
?rst channel 38 such that fraction-bound solid phase substrate 
110 are drawn into ?rst channel 38 through input 52 thereof. 
It can be appreciate that with fraction-bound solid phase 
substrate 110 suspended above bottom wall 22 of input well 
12, fraction-bound solid phase substrate 110 is free to travel 
from input well 12 to ?rst channel 38 without interference 
from non-desired material 108 in biological sample 106 that 
previously settled to bottom wall 22 of input well 12 of device 
10, thereby allowing for a higher percentage of the fraction 
bound solid phase substrate 110 to be drawn through device 
10 than prior methods. 
Magnet 111 is then moved axially along second sidewall 19 

of device 10 from the location aligned with second sidewall 
42 of ?rst channel 38 to a location aligned with second side 
wall 30 of second well 26 such that fraction-bound solid 
phase substrate 110 is drawn along axis 39 into second well 
26 through output 62 of ?rst channel 38, FIG. 5. As fraction 
bound solid phase substrate 110 is drawn into second well 26, 
fraction-bound solid phase substrate 110 is suspended above 
bottom wall 36. With fraction-bound solid phase substrate 
110 suspended above bottom wall 36 of second well 26, any 
non-desired material 108 in biological sample 106 inadvert 
ently drawn into second well 26 with fraction-bound solid 
phase substrate 110 is then allowed to settle passively to 
bottom wall 36 of second well 26 of device 10. 

Once any non-desired material 108 in biological sample 
106 inadvertently drawn into second well 26 with fraction 
bound solid phase substrate 110 is allowed to settle passively 
to bottom wall 36 of second well 26 ofdevice 10, magnet 111 
is moved axially along second sidewall 19 of device 10 from 
the location aligned with second sidewall 30 of second well 
26 to a location aligned with second sidewall 82 of second 
channel 79 such that fraction-bound solid phase substrate 110 
is drawn into second channel 79 through input 92 thereof. It 
can be appreciate that with fraction-bound solid phase sub 
strate 110 suspended above bottom wall 36 of second well 12, 
fraction-bound solid phase substrate 110 are free to travel 
from second well 26 to second channel 79 without interfer 
ence from non-desired material 108 in biological sample 106 
that previously settled to bottom wall 36 of second well 26 of 
device 10. 

Magnet 111 is then moved axially along second sidewall 19 
of device 10 from the location aligned with second sidewall 
82 of second channel 79 to a location aligned with second 
sidewall 70 of third well 66 such that fraction-bound solid 
phase substrate 110 are drawn along axis 39 into third well 66 
through output 102 of second channel 79, FIG. 6. As fraction 
bound solid phase substrate 110 are drawn into third well 66, 
fraction-bound solid phase substrate 110 are suspended 
above bottom wall 76. With fraction-bound solid phase sub 
strate 110 suspended above bottom wall 76 of third well 66, 
any non-desired material 108 in biological sample 106 inad 
vertently drawn into third well 66 with fraction-bound solid 
phase substrate 110, if any, are then allowed to settle passively 
to bottom wall 76 of third well 66 of device 10. 
As previously noted, the surface tension of isolation buffer 

109 in second cavity 37 of second well 26 at output 62 of ?rst 
channel 38 prevents biological sample 106 from ?owing into 
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8 
second cavity 37 of second well 26 through output 62 of ?rst 
channel 38 and the surface tension of reagent 113 in third 
cavity 78 of third well 66 at output 102 of second channel 79 
prevents isolation buffer 109 from ?owing into third cavity 78 
of third well 66 at output 102 of second channel 79. It can be 
appreciated that as fraction-bound solid phase substrate 110 
passes through second well 26 and second channel 79, frac 
tion-bound solid phase substrate 110 are washed by isolation 
buffer 109 therein, thereby effectively isolating fraction 
bound solid phase substrate 110 from the remainder of bio 
logical sample 106. With fraction-bound solid phase substrate 
110 isolated from the remainder of biological sample 106 in 
third well 66, fraction-bound solid phase substrate 110 may 
be treated in third well 66 by reagent 1 13 contained therein, as 
desired by a user. Alternatively, it is contemplated for reagent 
113 in third well 66 to be an elution buffer such that the 
fraction bound to the solid phase substrate may be extracted 
therefrom. In addition, it can be appreciated that third well 66 
may be operatively connected to additional downstream com 
ponents for further processing of fraction-bound solid phase 
substrate 110. 
As described, the methodology of the present invention 

does not require any electronic equipment such as centri 
fuges, rockers/ shakers, or incubators, while consuming only 
minimal volumes of reagents in the three wells. It can also be 
appreciated that the simplicity of device 10 allows for it to be 
easily recon?gured to form a mating relationship with the 
input/ output requirements of up stream and downstream com 
ponents. 

It is also noted that it contemplated as being within the 
scope of the present invention to provide an array of the 
devices as heretofore described in combination with an array 
of permanent magnets in a 1 : 1 ratio. Alternatively, an array of 
electromagnets may be utilized to provide adaptable and pro 
grammable movement of the magnetic ?eld with no moving 
parts. Also, bar magnets that simultaneously move the solid 
phases through multiple independent wells may be used. It 
can be further appreciated that either the magnet 111 or the 
device 10 of the present invention can be the movable part to 
effectuate the methodology of the present invention. Addi 
tionally, it can be appreciated that physical alignment con 
structs ensure precise alignment between the device of the 
present invention and the magnetic apparatus. 

Referring to FIGS. 7-10, in order to provide for the simple 
media replacement of reagent 113 in third cavity 78 of third 
well 66, it is contemplated to position replacement well 120 
adjacent third well 66. More speci?cally, replacement well 
120 is de?ned by ?rst sidewall 122, ?rst and second end walls 
124 and 126, respectively, and bottom wall 128. Inner surface 
12211 of ?rst sidewall 122, inner surfaces 124a and 12611 of 
?rst and second end walls 124 and 126, respectively, and the 
upper surface of bottom wall 128 de?ne replacement cavity 
130 for receiving a replacement media therein. While replace 
ment well 120 has a generally rectangular con?guration in the 
depicted embodiment, other con?gurations are contemplated 
without deviating from the scope of the present invention. As 
described, it is intended for ?rst and second end walls 124 and 
126, respectively, and bottom wall 128 of replacement well 
120 to be generally co-planar with corresponding upstream 
wall 72, downstream wall 74 and bottom wall 76 of third well 
66, FIG. 8. Micropourous membrane 132 is positioned 
between replacement cavity 130 and third cavity 78 to sepa 
rate the cavities. 

In operation, biological sample 106 is deposited in input 
cavity 24 of input well 12; isolation buffer 109, such as oil or 
wax, is deposited in second cavity 37 of second well 26; and 
a desired reagent 113 is deposited in third cavity 78 of third 
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well 66, as heretofore described. Reagent 113 is also depos 
ited in replacement cavity 130 of replacement well 120. 
Thereafter, fraction-bound solid phase substrate 110 are 
drawn into third well 66, as heretofore described. In order to 
replace reagent 113 in third cavity 78 of third well 66, reagent 
113 is aspirated from replacement cavity 128, FIG. 9. During 
aspiration, reagent 113 in third cavity 78 ?ows through 
micropourous membrane 130 and into replacement cavity 
128, thereby allowing both replacement cavity 128 and third 
cavity 78 to be emptied. It can be appreciated that micropour 
ous membrane 130 prevents fraction-bound solid phase sub 
strate 110 (as well as any cells, beads, analyte or the like) in 
third cavity 78 from ?owing into replacement cavity 128 and 
being aspirated. This, in turn, allows for the replacement of 
reagent 113 in third cavity 78 without ever have to remove or 
centrifuge fraction-bound solid phase substrate 110 from 
reagent 113 in third cavity 78. Once all of reagent 113 is 
removed from third cavity, new media may be added to 
replacement cavity 128. The new media ?ows through 
micropourous membrane 132 and ?lls third cavity 78. These 
steps can be repeated multiple times, thereby allowing stain 
ing, permeabalization, ?xation, etc. to take place in third 
cavity 78 without ever removing fraction-bound solid phase 
substrate 110 or the like from device 10. As a result, the loss 
of any fraction of interest due to the transfer of such fraction 
from device 10 to alternative device, e.g. a test tube, is elimi 
nated. 

Various modes of carrying out the invention are contem 
plated as being within the scope of the following claims 
particularly pointing out and distinctly claiming the subject 
matter, which is regarded as the invention. 
We claim: 
1. A method of isolating a fraction in a biological sample, 

the method comprising steps of: providing the biological 
sample including a fraction-bound solid phase substrate and 
biological material in an input well, the input well being 
partially de?ned by a lower surface lying in a ?rst plane; 

positioning a force in proximity to the input well such that 
the force extends along a second plane, the second plane 
being generally parallel to the ?rst plane and intersecting 
the input well; 
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10 
capturing the fraction-bound solid phase substrate with the 

force so as to maintain the fraction-bound solid phase 
substrate at a location above the lower surface of the 
input well; 

allowing the biological material to settle towards the lower 
surface of the input well; and 

drawing the fraction-bound solid phase substrate into a 
?uid in a second well through an interface between the 
biological sample and the ?uid with the force travelling 
along an axis vertically spaced above the ?rst plane, the 
interface between the biological sample and the ?uid 
having a surface tension for retaining the biological 
sample in the input well and the ?uid in the second well. 

2. The method of claim 1 wherein the force is at a selected 
angle to gravity. 

3. The method of claim 1 further comprising a passage 
having an input communicating with the input well and an 
output communicating with the second well, the passage 
extending along the axis vertically spaced above the ?rst 
plane. 

4. The method of claim 3, wherein the passage is partially 
de?ned by ?rst and second side walls, the ?rst and second side 
walls converging from the input to the output of the passage. 

5. The method of claim 4 wherein the second well is par 
tially de?ned by a lower surface lying in a second plane, the 
second plane being between the ?rst plane and the axis ver 
tically spaced above the ?rst plane. 

6. The method of claim 1 wherein the force is a magnetic 
?eld. 

7. The method of claim 1 wherein the force travels along a 
path to draw the fraction-bound solid phase substrate from the 
input well into the second well, the path being transverse to 
gravity. 

8. The method of claim 1 comprising an additional step of 
reorientating the input well to mix the biological sample 
therein prior to capturing the fraction-bound solid phase sub 
strate. 


