. DEVICES FOR EXTRACTING AT LEAST ONE ANALYTE

" Technical Field

[0001] - Various aspects relate to devices for extracting at least one analyte.

Background |

[0002] | A pure analyte (DNA, RNA or protein) fragment is important for bioanalysis.
Preparation of a pure analyte fragment from a.complicated sample may include séparation of the
target analyte fragment from interfering mateﬁals by gel electrophbresis and extraction of it from
the gel matrix. To get pure target analyte‘fragrheht, ‘the gel with all separated fragments is placed
on an ultraviolet (UV) light box to visualize the location of the interested analyte fragments. A
scalpel is used to cut around the interested fragment band and carefplly slice tﬁe small piece of
éel coﬁtaining the interested band from the whole gel. ‘After -that, thé sliced gel is put in a .
centrifuge tube with other chemicals to obtain the pure analyte fragment. '

[0003] Since UV light is dangerous to the eyes and skin, protection (e.g. a protective shield
and/or protective clothing) may be needed for an operator pérfofming the separation and
extraction of the target‘ analyte fragment. Furthermore, the above-described approach to
pfepariﬁg and extracting the target analyte fragmént'(e.g; to obtain a pure analyte f;agment) may
be time consuming and laborious. Evef} ﬁlﬂhér, the abovg-désc_ribed épproach cannotA be done
automatically énd the results are operator depen'dent. New ways of extracting a target analyte

fragment may be needed. -



Summary

[0004) In‘an embodimeﬂt, a dgvjce for extracting at‘least one analyte may include: a safnp‘le
reservoir conﬁgured to contain a sample comprising at least one target-analyte and interfering
materials; at least one extraction chamber connected fo the samr;le reservoir; at least one porous
‘ structure lining one or more sides of the at least one extraction chamber; and 5 voltage source
configured to provide a first voltage and a second voltage, wherein, when the first voltage is
provided, the at least one target analyte and the interfering materials move towards the at least
one extraction chamber or to a predetermined area from the at least one extractibn chamber,
;Nherein, whén the second voltage is prlovided, the interfering materials pass through and exit the
at least one extractior_\ chamber, and the at least one target analyte is stopped from exiting the at

least one extraction chamber by means of the at least one porous structure.

Brief Description of the DraWings

[OOOSi In the drawings, like reference characters generally refer to the same parts throughout
the different views. The drawings are not necessarily to scaie, emphasis instead generally being
placed upon iliustrating the principles of the invention. In the foll.owing description, various
aspects of the invention are described with refe;ence to the following drawings, in which:

[0006]  FIG. 1A to FIG. 1C show plaﬂ»views of a device for extracting at least one analyte.

' [6007] . FIG. 2 shows a result of using the de‘.zice shown in FIG. 1A to FIG. IC for an
e);traction lexp—eﬁment. | |

[0008]  FIG. 3A and FIG. 3B show perspective view of a cartridge including a plurality of

extraction chambers, a membrane frame, a chamber frame, and a sandwiched porous structure.



[0009] FIG. 4 shows a schematic of a detection system that may 'detect the movement of
analyte fragments in electrophoresis and trigger an extraction of a target analyte fragment:
10010] FIG. 5 | shows an electréphoresis and detection systeﬁ which may be used for
. separation and extraction of a target analyte fragment from a sample.

[0011]  FIG. 6 shows a user interface of a software to detect the reference aflalyte fragment
and trigger the switch of electrical field direction.

[0012] - FIG. 7A to FIG. 7C show reference DNA frqgmenfs and target DNA fragments that
.may be separated by means of the cartridge ‘shown in FIG. 3 and the detection system shown in
FIG. 4 and FIG. 5.

[0013] FIG. 8A to FIG. 8C show various views of a mﬁlti—layer microfluidic chip including
at least one porous structure. |

[0014] FIG. 9A and FIG. 9B show various views of a multi-layer microfluidic chip
‘including a first ﬂov? controller and a second flow controller. |

[00151 FIG. 10 shows a plan view of a multi-layer microfluidic chip including a plurality of
flow controllers and a plurality of extraction chambers.

[0016] FIG. 11A shows a photograph of a multi-DNA extractiqn chip used inl an analyte
-extraction experiment and FIG. 11B to FIG. 11D show results of the expérimént.»

 [0017) FIG. 12 shows a plan view of a two-dimensional separation-extraction microfluidic

chip.

Description
[0018]  The folldwing detailed description refers to the accompanying drawings that show, by

way of illustration, specific details and aspects in which the invention may be pracﬁsed. These



aspects are déscribed in sufficient detail to enable tﬁo‘se skilled in the art to practice the
invention. Other aspects may be utilized and structural, logical, and electﬁcal changes may be
made without departing from the scope of thé invention. The various aspects are not neces.sarily_
mutually exclusive, as somé aspecfs cén be combined with one or more other aspects to form
new aspects. Various aspects are describéd for structures or devices, and varibus aspects are
described for methods. It may be understood that one or more (e.g. all) aspects described in
connection with structures or devices may be equaliy applicable to the methods, and vice versa.
[6019] " The word "exemplary" is used herein to mean "serving as an example, instance, or
illustration". Any aspect or design described herein as "exemplary" is not necessarily to be
construed as preférred -or advantageous over other aspects or designs.

[0020] The terms "coupled" and/or “connected” used heréiri to describe a.feature being
connected to at least one other implied feature, are nof meant to mean that the featuré énd the at
least one other implied featﬁre_must be directly coupled or connected together; intervening
featurés may be provided between the feature and at least one other implied feature.

[0021] = Directional terminology, such as e.g. "upper", "l_ower", "top", "bottom", "left-hand",
';right-hand", étc;, may .be used with reference to the orientation of figure(s) being described.
Because components of the figure(s) may be positioned in a pumber of different orientations, the
di;ectional terminology is used for purposes of illustration and is in no way limiting. It is to be
understoo& that structural or logical changes may be .made without depaﬁing from the scope of
the invention../ |

[0022] Bioénalysis may include analysis of an analyte and/or an analyte fraément {e.g. DNA,
RNA and/ér protein). Thé dt;scrip'tion that follows provides examples of pfeparation, separation,

and extraction of an analyte fragment (e.g. pure analyte fragment). However, the examples



-described vmaylbe analogously applied to preparation, separatipn, and éxtraction of an analyte
(e.g. ioure analyte). | |
[0023] Preparation of a pure analyte fragment from a sample (e.g. -a sample inclﬁding, or -
consisting of, the pure analyte fragment as well as other interfering materials) may include
séparating the pure analﬁe fragment from the interfeﬁng materials, e.g. by means of a separation
process. Tﬁe pure analyte fragment may also be referred to as a target analyte fragment.
[0024] The separation process may include, or may be, electrophoresis (e.g. gel
electrophoresis). The separation process (e.g. electrophoresis, e.g: gel electrophoresis) may be
performed in a medium. For example, in gel eIectrophore;sis, the medium :in which the
separation process is performed may include, or may be, a gel matrix. |
[0025] Preparation of the pure analyte fragment from the sample (e.g. a ‘compli'cated sample
including, or consisting of, the pure analyte fragment as well as otﬁcr interfering materials) may
further include extracting the target analyte fragment frorﬂ the medium in which the separation
proceés is performed (e.g. gel matrix). The extraction may be perfonned subsequent to the
separation process (e.g. electrophoresis, €.g. gel electrophoresis).

[0026] In order to obtain a pure target analyte fragment, the medium (e.g. gel matrix)
including the target analyte fragment as well as other separated anélyte fragments may be placed
on a surface that may be illuminated by ﬁItravidlet (UV) light (e.g. a UV l.ight box). This may be
done in order fo Visualize the IQcation of the target analyté fragment in the médium (e.g. gel

_ matrix).
[0027] An implement (e.g. a scalpel) may be used to cut around the location of the target
analyte fragment. i‘he area around the location of the target analyﬁ: fragment may be, or may be

referred to as, a band. The band haviné the target analyte fragmént may be sliced from the



medium (e.g. gel matrix) élnd the target analyte fragment may thereafter be extractg_d from the
sliced band. For example, fhe siiced band having the target analyte fragment may be placed in a
centrifuge (e.g. a centrifuge tube), €.g. with other chemicals, to obtain a pure analyte fragment.
[9028] As described above, UV light may be used to visualize the ldcation of the target
analyte fragment in the medium (e.g. gel matrix). Siﬁcé UV light is dangerous to the eyes and
skin, protection (e.g. a protective shield and/or protective ‘clothing) may be needed for an
operator performing the separation and extraction of the target ahalyte fragment. F_urthermdre,
the above-described approach to preparing and extracting the target analyte fragment (e.g. to
obtain a pure analyte fragment) may be time cpnsuming and laborious. Even further, the above-
described approach.c‘annot be done automatically and the results afe operator dependent.

[0029] Accordingly, it méy be desirable to provide a method.and/or'devicc that may be
simpler and safer than the current §tate—of-thé anA technology for analyte fragment extraction
from a medium (e.g. gel matrix).

[0030]‘ It may be desiraﬁle to provide a method and/or device that may select and/or extract a
target anaiyte fragment autométiéally outofa medium (e.g. gel matrix) without use of UV light.

| [0031]- It may be desirable to provide a method and/or device that may enable an operator to
only load a sample (e.g. complicated sample having the target analyte fragment and interfering
materials) into a medium (e.g. gel matrix) and automatiqally collect the target analyte fragment
(e.g. desiréd-analyt:e fragmént); In other words, it may be desirablé to provide a method and/or
deviée that may not be operator. dependent.

[0032] FIG. 1A to FIG. 1C show plan-views of a device 100 for extractiﬁg at l§ast one

analyte.



[0033] The' device 100 may be simpler and safer than the current étate-of-the art technology
for Ianalyte fragment extraction from a medium (e.g. gel matrix).

[0034] The>device 100 may be used to select and/or exfract a target analyte fragméﬁt (e.g. a
desired analyte frégment) automatically out of a mediﬁm (e.g. gel matrix) without use (;f uv
light.

[0035] The ;levice 100 may enable an operator to only load a Sazhple (e.g.. complicated
sample having the target analyte fragment and interfering materials) into a medium (e.g. gel
matrix) and automatically collect the target analyte. fragment (e.g. desired analyte fragment).
[0036] | The device 100 may be included in a detection system fhat may detect the movement
of analyte fragments in eléctrophoresis (e-g- gel electrophoresis) and trigger an extraction of a
target analyte fragment Qﬁen the target analyte fragment is detected (¢.g. movement of the target
analyte.fragment is detected). B

[0037] The device 100 may include a sample reservoir 102a,. at least one extraction chamber
104, aﬁd at least one pof_ous structure 106 lining one or more sides of the at least. one extraction
chamber 104. The device 100 may further include a reference reservoir 102b.

[0038] | In the embodiment shown in FIG. 1A, only three extraction chambers 104 are shown
as an example. However, in anéther embédiment, the number of extraction chambers may be less
thaﬁ 'th‘ree (e.g. one, two) or more than three (e.g. four, five, six, etc.). - |

[0039] In'the embo&iment shown in FIG. lA, one porous structure 106 is shown to line one
sid¢ of the at least one extraction chambe_r 104. However, in another embodiment, the at least
one porous structure 106 may line more than one side of the at least one extraction chamber 104.

~ [0040] A sample (e.g. having a target analyte' fragment and int;arfering_ >materials) and a

reference (e.g. hdving a reference analyte fragment, e.g. having molecules of the same size as the



target analyte ffagmént of the sample) may be loaded into respective reservoirs. For example, a
referencecontgining a reference analyte fragment (e.g: having molecules of the same sizé as the
target analyte fragment of the sampie) may be loaded in the reference reservoir 102b,'and a
sample (e.g. having a target analyte fragment and interfering,mlaterial's) may be loaded in the
sample reservoir 102a.

[0041] Accordingly, the sampleAreser‘Voir 102a may ,be configured to contain a sample
including at least one target analyte or target analyte fragment and interfering materials, and the
referénce reservoir. 102b may be configured to contain a reference analyte or reference analyte
fragment, which may have particles of the same size as the térget analyte fragment of t'he sample.
[0042] Electrodes (not shown in FIG. 1A) may be placed in a buffer solution fo form an
electrical field that may dn'vé the target aﬁalyte fragmentland thé reference analyte fragment to
move in a medium 108 (e.g. a gel or gel matrix) Based on thé eiectréphoresis principle. For
example, the target analyte fragment and the reference analyte fragment may move under the
_ inﬂueﬁce of the electrical field from the sample and reference reservoirs towards a
: predeteﬁnined area near the at least one extraction chamber 104. The at least one extraction
chamber 104 may be conﬁected to the sample réservoif 102a and the ;‘eference reservoir 102b by
means of the medium_ 108 (e.g. gel matrix). Accbrdingly, the target analyté fragmént and the
reference analyte fragment may move through the mediurﬂ 108 te.g. gel matrix) towards a
" predetermined area near the 'ét least one extraé;tion chamber 104,

[0043] For example, as shown in FIG. 1 A,. an electrical -ﬁ_eld méy be formed in the direction
indicated by "arrow 1 10a (e.g. by means of placing electrodes at s»idesA 100a, 100b of the device
-100). After- running electrophoresis (e.g. gel electrophoresis) for a period of time, énalyfe ‘

fragments with different size may be separated as shown in FIG. 1A. The reference analyte



fragments sepérated by means of electrophoresis (e.g; gel électrophoresis) are indicated in FIG.
IA and FIG.1B as referencé signs 112a, 112b, 112¢; and the separated target analyte fragmerits
of the sample are indicated in FIG.1A ahci FIG. 1B as reference signs 114a, 114b, 114c.

[0044] Accordingly, the target aﬁalyte fragment and the interfering materials of thg: sample
may move under the inﬂueﬁce of the voltage applied to the device 100 to a pyedétermined area
: from or near the at least one extraction chamber 104.

[0045] A detector may detect the separation of the reference analyte ffagments 112a, 112b,
112c. For example, a detector may detect the reference analyte fragments 112a, 112b, 112¢
when the reference analyte fragments 11‘2a, lléb, 112¢ are at least substantially aligned to the at
l,eést one extraction chamber 104. Sﬁbstantial alighment of the reference analyte fragments
1125, 112b, 112¢ to the at least oﬁe extraction chamber 104 may imply that the separated target
anélyte fragments (indicated by reféfence signs 114a, 114b, 114c) of the salﬁple are also at least
substantially aligned to thé at least one ¢xtraction chamber 104? as shown in FIG. 1B.

[0046]‘. Upon detection of the; separated reference analyte fragments 112a, 112b, 112c, a
trigger may switch the direction of the electrical field. For example, as shown in FIG. lB,. the
electrical field may be switched to the direction indicated by arrow 110b (e.g. by means of
placing electrodes at sides 100c, 100d of the device 100) from the direction indicated by arrow
110# shqwn in FIG. 1A. At this time, the target analyte ﬁagments and thc interfering materials
r(ind'icated by reference signs‘.l l;la, 114b, 114c) may move towardé the at lgasi one extraction
| chamber 104l under the influence of the electrical field 110b. Since the direction of the electrical
field may be switghed when the separa{ted farget analyte fragments (indicated by reference signs
" 114a, 114b, 114c) of the sample are also at least substantially' -aligned to the at least one

. extraction chamber 104, the at least one extraction chamber 104 may be located along the flow



path of the target analyte fragments and the interfering materials (indicated by reference signs
114a, 114b, 114c) Wheﬁ the electrical field is oriented in the direction indicated by arrow 110b.
[0047] _ The at least one porous structure 106 lining one or more sides of the at least one
extraction chamber 1.04 may have a suitable pore size which can permit smali molecules like
dyes and jons to pass through under electrical field, while big énalyte fragﬁents -will be stopped
from passing through it. Accordingly, thé at least oﬁe porous structure 106 lining one or more
sides of the at least one extraction chamb_erA 104 may stop the target analyte fragment from
pas‘sing' through it and thus may act as a means to contain the target analyte fragment in thev at
least one extraction chamber 104. The at least one porous structure 106 lining one or more sides
of the at least one extraction chamber 104 may include, or may be, an extraction membrane (e.g.
a porous extraction membrane). |

[0048] Accordingly, the interfering materials may pass through the at least one porous
structure 106 lining one-or more sides of the at least one extraction chamber 104, and may exit
the at .1east one extraction chamber 104 under the influence of the voltage applied to the device
100 in the direction indicated by arrow 110b. As shown in FIG. 1C, the target analyte fragment

may be stopped or prevented from exiting the at least one extraction chamber 104 by means of |

the at least one porous structure 106 lining one or more sides of the at least one extraction
chamber 104. Once all the target analyte fragments are extracted from the medium 108 (e.g. gel
or gel matrix), a pipette can be used to collect the desired analyte fragments from the at least one

“extraction chamber 104.

[0049]  FIG. 2 shows a result of using the device 100 shown in FIG. 1A to FIG. 1C for an

extraction experiment.
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[0050] A rﬁolecular—weight size mgrkef including a DNA ladd@; of at least 100bp was used
for ti.le extraction experiment. FIG. 2 shows a first reseerir 200-1 and a second reservoir 200-2.
‘ Thé first reservoir 200-1 is at leést substantially aligned to a first extraction chamber 104-1 and a
porous structure 106-1 lining one side of the first extraction chamber 104-1. A target analyte
fragment contained in the first reservoir 200-1 ﬂc;ws along a first flow path Zdl;l from the ﬁrst
reservoir 200-1 to the first extraction chamber 104-1, e.g. under the influence of an applied
voltage. -

[0051] fIG. 2 aiso shows that the second reservoir 200-2 is at least substantially aligned to a
second extraction chamber 104-2. The second extraction chamber 104-2 is free from a porous
structure. A targét gnalyte. fragment contained in the second reservoir 200-2 ﬂéws along a
second flow path 201-2 .from the second reservoir 200-2 to the second extraction chamber 104-2, .
| e.g. unaer the influence of an applied voltage.

[0052] As showﬂ in FIG. 2, in the first flow path 201-1 having the poréus structure 106-1
(e.g. eﬁtraction men;lbrane), all DNA fragments no smaller than about 100bp were stoppéd in the
extraction chamber 104-1, e.g. by means of the porous structure 106-1. This is indicated by the
containment of the saniple in the extl;action chamber 104-1. However, in the second flow path
2_0172 free from the porous structure, the DNA fragments passed through the extraction chamber
104-2 and moved towards the electrode (e.g. anode) under the electrical field. This is indicated
in FiG. 2 as a bleeding 2_03 from the ex£raction chamber 104-2 away from the second reservoir
200-2. | |

[0053] In an embodiinent, the déyice 100 may include, or may be, a cartridge 300.

11



[0054] FIG.. 3A and FIG. 3B show perspective view of a cartridge 300.including a plurality
" of extraction charrlbers 302-1 tc 302-3, a membrane. frame 304, a ch_amber frame ,306, and a
sandwiched porous structure 308. |
[0055] The cartridge 300 may be included in a detection system that may detect the
movement of analyte fragrrrents in electrophoresis (e.g. gel electrophoresis) arrd trigger arr
extraction of a target analyte fragment when the target analyte fragment is detected (e.g.
movement of lthe target analyte fragment is detected). The sandwiched porous structure 308 may
include or may be a sandwiched membrane.
[0056] The chamber frame 306 nray be designed to assist the integration of the porous
structure 308 (e.g. membrane) into the plurality of extraction chambers 302-1 to 302-3. For
example, the chamber frame 306 r11ay be designed to line at least one side of the plurality .of
extraction chambers 302-1 to 302-3 with the porous structure 308 (e.g. membrane).
[0057] At first, the cartridge 300 may be used for gel casting as a gel container. At first, the |
pbroug strlrcture_308 (e.g. membrane) may be sandwiched between the. membrane frame 304 and
the chamber frame 306, as shown in FIG. 3B. . It may then be dippedkinto casted gel in cartridge
300. After the gel is solidified, the chamber frame 306 may be remoyed, leaving the membrane.
franre 304, the porous structure 308 (e.g. membrane) and the formed plurality of extraction
“chambers 302-1 to 302-3 inside the gel, as shown ir1 FIG. 3A. A plurality of porous structures
308 (e.g. membranes) can be formed, with ’each' extraction chamber of the plurality of extraction
cHambers 302-1 to '302'-3 haxring a respective porous structure 308. A_Itematively, or in addition,
as shown in FIG. 3A and FIG. 3B, a single porous structure. 308 (e.g. membrane) can be used for

all extraction chambers of the plur'ahlity of extraction chambers 302-1 to 302-3.
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[0058] - As described above, the deyfcé 100 (e.g. cartridge 300) may be iﬁ_cludéd in a -
detection system that may (ietect the movement of analyte fragmenfs in electrophoresis (e. g gel
electrophoresis) and tﬁggér an extraction of a target analyte fragment when the target analyte
fragment is detected (e.g. movement of the target-analyte fragment is detected).

[0059]  FIG. 4 shows a schematic of a detection syétem 400 that may detect the movément of
analyte fragments in electrophoresis (e.g. gel electrophoresis) and ﬁigger an extraction of a target
analyte fragment when the tafget analyte fragment is detected (e.g. movement of the target
analyte fragment is detectéd).

[0060] The detection system 400 may include a platfonn 402 where the extr_action is
pérformed’, a detection system 404 to locate the reference analyte fragment to trigger the switch
of electrical ﬁeld'direction,.a power supply 406, a data colléction module 408, and a voltage
switch device (not shown in FIG. 4).

[0061] FIG. 5 shows an electrophoresis and detection system 500 which may be used for
separa'tion and extraction of a térget analyte fragment from a sample. Tile electrophoresis and
detection system 500 may be identiﬁed with the detection system 400 shown in FIG; 4, In other
words, the detection system 400 shown in FIG. 4 may be a schema.t'ic pf the detection system 500
shown in FIG. 5. | |

[0062] FIG. 6 shows a user interface of a softwére to detect the reference analyte fragment
and trigger the switch of electrical field direction. |

[0063] An experiment wés carried out to .demonstrate mqltiple DNA extraction using the
device 100 (e.g. cartridgé 300) and the':detection system 400. The results of the experiment are

shown in FIG. 7A to FIG. 7C.
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[0064] FIG.' 7A to FIG. 7C show reference DNA fragments 701 and target DNA fragments
703 £hat may be separatedlby means of the cartridge 300 shown in FIG. 3 and the defectic’m ‘
system shown in FIG. 4 and FIG. 5.

[0065] As shown in FIG. 7A to FIG. 7C, éﬁtraction of three DNA fragments (200bp, 500bp
and lkb),'was realized with the cartridge 300 shown in FIG. 3. After automaticaﬂy switching the
direction of electrical field with the trigger system, the three target DNA fragments 703 moved 4
towards the 'respective'éxtraction cha‘mbef 302-1, 302-2, 302-3. To visualize and verify the
extraction process; both reference DNA fragments 701 and targef DNA fragments 703 were
mixed with fluorescent dye SYBR green L. -

[b066] DNA quantitatio‘n of extracted DNA fragment was performed using Nanodrop 2000.

| The A260/A280 ratio of three extracted DNA fragment were all ab.out 1.8, which shows that thg |
purity of collected DNA fragment is acceptable aﬁd there. may not be a need for an extra
purification step. Therefore, the device 100 (e.g. cartridge 300) and the detection systen; 400 can

help §perators extract several separated target DNA'fragments from a medium (e.g. gel or gel
matrix) and avoid the use of hazardous UV light.

[0067] In an embodiment,. extraction of one or more target analytes and/or target analyte
fragments may be realized on a device configured as a multi-layer fnicroﬂuidic chip. |
[0068] FIG. 8A shows a plan view of a multi-layer microfluidic chip 8l00 including at lepst
one porous structure 8 12. |
[0069] FIG. 8B shows a croés-sectional view of the multi-layer mic?oﬂuidic chip 800 along

- the line B-B shown in'the exploded view 810 of a part of FIG. 8A

[0070] FIG; 8C shows a cross-sectional view of the multi-léyer microfluidic chip 800 along

the line C-C shown in the exploded view 810 of a part of FIG. 8A"
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[0071] ' The‘multi-layer microfluidic chip 800 may include sep_aration channels 802a disposed
over-supporting channels 862b. In the plan "view of FIG. 8A, the separation channels 802a and
the supporting channels 802b may seem to be on the same level, however, they are disposed on
different levels of the multi-layer microfluidic chip 800. As ﬁmre cléarly shown in the cross-
sectional views of FIG. 8B and FIG. 8C, the'.separation channels 802a may be idisposed on aﬁ
upper layer of the multi-layer mi;:roﬂuidic chip 800 and tilesupporting phannels 802b may be
disposed on a lower layer of the multi-léyer microfluidic chip 800. In other words, the sﬁpp‘orting '
channels 802b may Be underneath the separation channels 802a. The separation channels 802a
may be filled with a medium for eleétrophoresis (e.g. gel) and the supporting channels 802b may
be filled with a running buffe}.

[0072] - The multi-layer microfluidic chip 800 may include at least one extraction chamber
804. Only one extraction chamber 804 is shown as an example. Howevgr the. number of
extraction chambers may be more than one and may, for example, be twé, three, four, or more
extracfion chambers.

[0073] The multi-layer microfluidic chip 800 may include at least oné porous structure 812
dispo'sed between the separation channels 802a and the supporting channels 802b (e.g. as shown
in FIG. 8B and FIG. 8C).

[0074]  The separation channels 802a may includé a plurality of parallel channels 806a, 806b,
e.g. as shown in FIG. 8A. The plurality of parallel channels 806a, 806b 'Qf the separation
channels 802a may be designed and fabricated on the multi-layer microfluidic chip 800. Only
two parallel channels 806a, 806b are shown as. an example. However the number of parallel

channels may be more than two and may, for example, be three, four, or more paraIlel channels.
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[0075] Each parallel channel of the plurality of parallel channels 806a, 806b m;iy be
connééted to a respective réservoir. For example the parallel channel 806a may bé connected to
a saniple reservoir and the parallel channel 806b may be connected to a reference reservoir. The
pérallel (;hannel 806a connected to the sample reservoir may be additionally connected to the at
least one extraction chamber 804. For example, the parallel channel 806a may be disposed
between the sampie~ reservoir and the at least one extraction chamber 804.' Accordingly, the
parallel channel 806b méy be used as a referénce channel and the parallel channel 806a
connecting to the at least one extraction chamber 804 fnay be used for separation of target
analyte fragments. |
[0076] Electrodes (not shown in FIG. 8A) may be pléced at or on the multi-layer
microfluidic chip 800. For exémple, an -electrode may be placed at each of fes_ervoir BR1 and
first waste reservoir Wl, which rﬁay .ge;nerate‘ an electrical field along the medium (e.g. gel) in
the channel (e.g. microfluidic channel) from reservoir BRI to first waste res;ervoir WI1. The °
reservéir BR1 _and the ﬁrst waste reservoir W1 may be disposed in the separation channels 802a
of the multi-layer microfluidic chip SOO. Accotdingly, the electrical field may be generated in an
upper layer of the 'mu.lti-layer microfluidic chij) 800.
[6077] Multiple analyte fragments’of the s,ér_’nple may thus separate along the parallel channel
806a towards the first waste reservoir Wi , €.g. in the medium (e.g. gel) that may be pre-loaded in
the parallel channel 8063. At the same time; a reference a:naiy_@ fragment may move along the
parallel channel 806b _toWards the first waste réseryoir W1. The flow path of the reference
analyte fragment between th"e reference reservoir and the first waste rééervbir Wi méy intersect
with a detection area 808 that may be disposed aiong th.eb parallel channel 806a. The detectién

area 808 may be disposed in the parallel channel 806b of the multi-layer microfluidic chip 800.
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[0078] Once the reference analyte fragment is détected in the detection area 808, the
direétion of the eiectrical ﬁéld is switched from the first direction BR1-W1 to a second direction
BR1-W2 towards the at least one extraction chamber 804 and the underneath supporting channel
802b in the bottom layer of the multi-layer microfluidic chip 800, as shown in FIG. 8B and FIG.
8C. For example, an electrode may be placed at a second waste reservoir W2; which may be
disposed in the supporting channel 802b of the multi-layer microfluidic chip 800.

[0079] FIG. 8B shows a cross-sectional view of the at least one extraction chamber 804
along the line B-B shown in the exploded view 810 of FIG. 8A. FIG. 8C shows a cross-sectional
view of the at least one extrac'tion. chamber 804 along the line C-C shown in the exploded view
810 of FIG. 8A.

_ {0080} As seen in FIG. 8B and FIG. 8C, at least one porous structure 812 may liﬁe one 6r
more sides of the at least one extraction éhamber 804. As described above, the interfering
materials pa;s through the at least one porous structure 812 and exit the at least one extractiqn
chamBer 804 under the influence of the second voltage applied in the second direction BR1-W2.
The at least one target analyte may be stopped. from exiting the at least one extraction chamBer
804 by means of the at least one porous structure 812. Since the target analyte fragmeﬁt cannot
pass through the at least one porous stfucture 812, the target analyte fragment is confined within
the a; least one extraction chamber 804, which may be filled with the same buffer as the running
buffer of electrophoresis (e.g. gel‘electrophore'lsis). |

[0081] The at least one porous structure (e.g. extraction membrane) may be embedded in the
multi-layer microfluidic chip 800 by means of at least one of hot errqussing, thermal bonding,
laser bonding, ultrasonic bonding, although other techniques may be possible as v‘vell. After

embedding, the at least one porous structure (e.g. extraction membrane) may be tightly fit in the
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multi-layer 'microﬂuidic chip 800 to avoid sample loss or cross contamination during the above-
described extraction procesé.

.[0082] ~ Extraction of multiple analyte ‘f.ragme.nts can be realized sequéntially or
simultaneously. As shown in FIG. 8Av, on;:e the first reference fragmént is detected,. the
e_lectrical ﬁéld may be switched from the direction of BR1-W1 to the direction 0f BR1-W2, and
the first target analyte fragment fnay be collected in the at least one extraction éhamber 804.
[0083] After the first target analﬁe fragment is completely moved from the medium (e.g.
gel) into the at least one extraction chamber 804, the solution in the at least one extraction
chamber 804 containing the first target analyte fragment can be téken out either by a pipette or a
pump. Thereafter, a fresh running buffer can be re-filled for the subsequent extractions either by
a pipette or a pump. To remove possiblé residue of the first target analyte fragment that may be
left in the at least one extraction chamber 804, dnéing of thé’ at least one extraction chamber 804
can be done by repeating the filling-emptying process with a pipette or pump. Alternatively, it
can bé realized by applying the electrical field BR2-W1 for a period of time. The minor quantity
of first target analyte fragment residue can be completely removed from the extraction buffer
toward the first wéstc reservoir W1 with only the running bufff_:r left. By repeating the
separation and extraction steps, multiple target analyte fragments can be collected sequentially. ‘
[0084] In anothér erﬂbodiment, extraction can be realized by ﬁsing flow controllers (e.g.
-valve elements). |

[0085] FIG. 9A apd FIG. 9B sho.w various views Qf a multi-layér micrOﬂuidic chip 900
including a ﬁrst‘ﬂow controller V1 and a sepond flow controller V2

[0086]  Similar to the multi-layer microfluidic éhip'SOO shown in FIG. 8A to FIG. 8C, the

multi-laygf microfluidic chip 900 may include separation channels 902a disposed over
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supporting channels 902b. In the plan view of F,IGi ‘9A, the separation channels 902a and the
guppéﬂing channels 902b ﬁlay seem to be on the sanle level, however, tlley are disposed on
different levels of the n‘lulti-layer‘ microfluidic chip 900. In other words, similar to the
lmicroﬂuidic chip 800, the supporting channels 902b may be undemeath the separation channels
902a. The separation channels 902a may be filled with a medium for electrophoresis (e.g. gel)
- and the supporting channels 902b may be ﬁlled with a running buffer.

[0087] The first flow controller V1 may be dlsposed in the separation channels 902a (i.e. the
upper layer) of the multi-layer microfluidic chip 900. The second flow controller V2 may be
.disposed in the supporting channels 902b (i.e. the lower layer) of the multi-layer mif:roﬂuidic
chip 900. |

{0088} Similar to the multi-layer microfluidic ‘chip 800 .shown in FIG. '8A to FIG. 8C, the
separatlon channels 902a may include a plurality of parallel channels 906a, 906b, e.g. as shown
in FIG. 9A. The plurahty of parallel channels 906a, 906b may be designed and fabricated on the
multl-layer microfluidic chip 900. Only two parallel channels 906a, 906b are shown as an
example. However the number of parallel channels may be more than two and may, for example,
be three, four, or more parallel channels.

[0089] Each parallél channel of the plurality of parallel channels 906a, 906b may be
connected to a respective reservo1r For example the parallel channel 906a may be connected to a
sample reservoir and the parallel channel 906b may be connected to a reference reservoir. The
parallel channel 906a connected to the sample reservoir may be additionally connected to the at
least one extraction chamber 904. For example, the parallel channel 906a may be disposed
between the sample revs.ervoir lm'd the at least one extraction chamber 904l.~ Accordingly, the

parallel channel 906b may be used as a reference channel and the parallel channel 906a )
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connecting to the‘at ieast one extraction chamber 904 may be used for separatién of target'
malﬁe fragments. - |
[0090]  Electrodes (not shown in FIG. 9A) may be placed at or on the multi-layer
‘microfluidic chip 900. For example, an electrode may be i)laged at each of rese&oir BRI and
the waste reservoir WR, 'which.may generate an electrical field alon'g‘ the mediumv (e.g. gel) in the
channel (e.g. microfluidic channel) from reservoir BR1 to the waste reservoir WR. The reservoir
BRI may be disposed in the separation channels 902a of the multi-layer microﬂuidic chip 900,
' whilé the waste reservoir WR may be disposeﬂ in the supporting channels 902b of the multi-
layer microfluidic chip 900. Accordingly, the electrical field may be generated from an uppef
layer of the mﬁlti-layef microfluidic chip 900 to a lower layer éf the multi-layer microfluidic
ch.ip 900. For exar;lple, the plurality of parallel channels 906a, 906b and the underneath
‘supponing. channels 902b may be connected to the same waste reservoir WR |
[0091] When the first flow controller V1 disposed in the separation channels 902a is opened,
while éecond flow controller V2 in the éupponing channels 902b is closed, and when voltage is
applied, an electrical field is created along the. nﬁcroﬂuidic channel from resewéir BR1 to waste
reservoir WR. At least one target analyte fragment and at least one reference analyte fragment
are thus separated in the medium (e.g. gel matrix) pre-loaded in the parallel channels 906a aﬁd’
’ 906b respectively of the top layer of the multi-layer microfluidic chip 900 towards the waste
réservéir WR | |
[0092] Once the ﬁfét reference analyte fragment is detected in the dete_ction area 908, the
first flow controller V1 (e.g. valve element) may subsequently be closed and second flow
controller V2 (e.g. valve element) may subsequently be opened. The electrical field is still

created along the microfluidic channel from reservoir BR1 to waste reservoir WR. However, in
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this case, the éIectn’cal field ig created along the underneath supporting channels 902b from
reservoir BRi toward waste; reservoir WR: The targeténalyte fragment may then be extfacted in
the extraction chamber 904. After the extraction is cozﬁpleted, a pipette or a pump is used for the
first target analyte fragment collection and fresh buffer re-filling.
‘[0093] After .this the second flow controllér’ A% 2-(é.g. valve element) may be closed aﬁd the
first flow controller VI (e.g. valve e!ement) may be opened and the electrical ﬁeld direction will
‘be swifched back along the upper sepération channels 902a. When the second refefence analyte
fragment is detected in the detection area 908, the first flow controller V1 (e.g. valve element)
may be closed agéiﬁ and the second flow controller V2 (e.g. Qaive 'elemént) may be opened for
_ the extraction of | the second target analyte fragment. This process may be repeated for a third
reference anaiyte fragment aﬁd a third target analyte fragment, and so forth.
[0094]) To remove possible- analyte reéidue left iﬁ the extractidn chamber 904, rinsing of ‘the
extraction chamber 904 can be dc'm;: by ;epeating the filling-emptying process with a pipette or
pumpé. Alternatively, it can also be realized by applying the electrical field from a buffer
. reservéir BR2 towards the waste feservoir WR for a period of time.
[0095] In another embodiment, multiple target analyte fragments may be extracted
simultaneously by~ using a plurality of flow cjonirollers (e.g. valve elements) VO to V4, as shown
in FIG. 10. |
[0096] | FIG._ 10 shows a plan view of a multi-layer microﬂuidi(;, chip 1000 including a
plurality of flow controllers VO'to V4 and a plurality of extracﬁon chambers C1 to C4.

[0097)  -Similar to the multi-iayer microﬂuidic chip 800 shown in FIG. 8A to FIG. 8C, the
| multi-layer microfluidic chip 1000 may .include separation' channe,l.s 1002a dispose_d over

supporting channels 1002b. In the plan view of FIG. 10, the separation channels 1002a and the
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supporting éhaﬁnels 1002b may seem to be on fhé sainé level, however, they are disposed on
diffe;ent levels of the xﬂulti-layer microfluidic chip 1000. For exafﬂple, in an analogous manner
to that shown in the cro_ss'-sectioﬁal view of FIG. 8B and FIG. 8C,'t'he separation channels 1002a
may be disposed-on an upper layer of the multi-layer microfluidic chip 1000 and the supporting
‘channels 1002b may be disposed on a lower lgyer of the multi-layer microﬂuidic chip 1000. In
other words, the supporting channels 1002b may be undemeath the separatioh channels 1002a.
The separation channels 1002a may be filled with a medium for electrophoresis (é.g. gel) and the
supporting channels 1002b may bé filled with a runningl buffer.

[0098} Similar to the multi-layer microfluidic chip 800 shown in FIG. 8A to FIG. 8C, the
separation channels 1002a may include a plurality of parallel channels 1‘006a, 1006b, e.g. as
shown in FIG. 10. The plurality of parallel channels 1006a, 1006b may be designed and
fabricated on the multi-layer microﬂuidic chip 1000. Only two parallel channels 1006a, 1006b |
;I'C shown as an example. However the number of parallel channels may be more than two and
may, fbr example, be three, four, or more parallel cHannels. ,

[0099]  Bach parallel channel of the plurality of parallel channe‘lis 1006a, 1006b may be
connected to a respective reservoir. For example the parallel channel 1006a.may be connected to
a sample reservoir and the parallel channel 1006b may be connécfced to a reference reservoir. The
parallel channe! 1006a connected to the sa@plé reéervpir may be additiqnaH‘y connected to the
' plurality of extraction chémbers Cl1 to C4. f‘op example, the parallel channel 1006a‘may be
disposed 'between the sample reservoir and the plurality of extraction chambers C1 to C4.
“Accordingly, the p'arailel chgpnel 1006b may be used as a reference channél and the parallel
channel 1006a.connecting~‘t§ t.he‘plurality of extraction chambers C1 to C4 may be used for

separation of target analyte fragments.
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[00100] The flow controller VO may be dispOsed m the separation channels 1002a of the multi
layer. microftuidic chip 1000. The plurélity of flow controllers V1 to V4 may be disposed in the
supporting channels 1002b of the multi-layer microfluidic chip 1000. The plurality of extraction
: chambers C1 to C4 may be dispdsed in the supporting channels 1002b .of the'm-ulti-l.ayer
microfluidic chip 1000. = | |
[00101] A respective porous structure 1004-1 to 1004-4 may line at'least one side of a
- respective extraction chamber of the plurality of extréction chambers C1 to C4. The respective
porous étrucl‘ureé 1004-1 to 1004-4 may, for example, be disposed between the separation
channels 1002a gnd the supporting channels 1002b of the multi-layer miproﬂ_uidic chip 1000.
The respective porous structures 1004-1 to 1004-4 may, for example, be additionally disposed in
the separation channels 1002a of the multi-layer microfluidic chip 1000 over an area spanning
the underlying extraction chambers C1 to C4. |
[00102] An electrode may be placgd in the buffer at each of reservoir BR1 and waste reservoir
W to érpvidc aﬁ electrical field in the difection of BRI.-W through the buffer in the gel aioﬁg the
microfluidics channel.
[00103] At first, all flow controllers (¢.g. valve elements) VO fo Y4 may be closed except thé
flow controller VO which may be connected with the channel branch without an extraction
chamber, as shown in FIG. 10. |

[00104] When the first reference analyte fragment is detected in tﬁe detection area 1008, tﬁe
flow controllér_Vl (e.gi valve element) on the su'ppdrting chaﬁnel branch connecting to the
extraction éhafnber C1 may be opened while all the other flow 'cont.rollers (e.g. valves)vmay be

closed. The first target ana]yte fragment may then be transferred into the separation channel

23



branéh ’lea}ding.to the extraction chamber Cl, e.g. disposed in '&}C supporting channe_lé 1002b of
the iﬁulti-layer micro‘ﬂuidicl chip 1000.

[00105]) - Thereafter, the flow controller VO (é.g. valve element) may be opened aﬁd all other
flow controllers (e.g. valve elemer.lts')> may be closed. When the secénd reference analyte
fragmént is detected in the detection area 1008, the flow controller V2 (e.g. valve element) on
the supporting channel Branch connecting to the extraction chamber C2 is opened, while all the
other ﬂbw controllers (e.g. valves) may be closed. The second térget analyte fragment may then
be transferred into the separati(;n channel branch leading to the extrac;ion chamber C2, e.g.
disposed in the suﬁporting channels 1002b of the multi-layer microfluidic éhip 1000. This
process may be repeated for the third reference analyte fragment, the third target analyte
fragment, an(i all subsequent reference and/or target analyte fragr'nents.' |
| [00106]  After all target analyte fragments_are transferred into respective separation channels,
all flow controllers VO to V;l may be opened to extract all target analyte fragments into the
respec;tive extraction chambers C1 o C4, e.g. disposed in the supporting channels 1002b of the
multi-layer microfluidic chip 1000.

[00107] Altemativély, a selective microvalve can be implemented at ppint C shown in FIG.
10. In such an exafnple, the selective microvalve may open a path without an _extraction chamber
for the separation of target analyte fragments. When the first reference analyte fragmént is
detected in the detection area 1008, the selecﬁve microvalve at point .C may épeﬁ a path from '
extraction chamber C1 to the waste reservoir W to transfer the .ﬁrst target. analyte fragment into
. the separation channel branch leading fo the extraction chamber Cl1. When the second reference
analyte fragment is detected, the selective microvalve at point C may open a path frmﬁ extraction

chamber C2 to waste reservoir W to transfer the second target analyte fragment into the
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* separation channel branch leading to the e;xtraction chamber C2. This proceSs may be repeated A
for subsequent reference an_élyte fragments and subsequent target analyte fragments. |
[00108)  An experiment was performed <;n the above-descﬁbed multi-layer microfluidic chips
| 800, 960, 1000 to sequ;antially extract three DNA fragments of molecular-weights 200bp, 500bp
and‘ 1kb. |
[00109] FIG. 11A shows a pﬁoto_graph of a multi-DNA -extraction chip 1100 used in the
experiment and FIG. 11B to FIG. 11D show results of the expériment. |
[00110] As shown in FIG. 11B to FIG. llD, the three DNA fragments of 200bp, 500bp and
1kb were completely extracted from the mediulﬁ-(e.g. gel matrix) in the separation channel at
1omiﬁ, 14min and 19min, re;spectively. This is much faster corﬁpared to the conventional DNA
extraction from a medium (e.g. gel matrix), whicﬁ usually takes mére ’t'han. 3 hours from medium
casting (e.g.v gel casting) to DNA purification ‘and extraction from the medium (é.g. gel).
Moreover, the operation can i)e significantly simplified without using extra reagents or dev.icesA
for DNA extraction from the medium (e.g. gel matrix). For example, an operator only needs to
load the sample and reference, run the systexﬁ and collect fhe extracted target analyte fragment
(e.z. DNA fragment), e.g. with a pipette, sequentially when each individual extraction is
finished.
[00111] FIG. 12 shows a plan view of a two-dimensional separation-‘extraction microfluidic
chip 1200. 4
[00112] 'Similaf to the multi-layer microfluidic éhip 8007 shown in FIG. 8A to FIG. 8C, the
‘ multi’-‘layer microfluidic chip 1200 may include separation channels 1202a disposed over
supportiﬁg channels 1202b. In the plan view of FIG. 12, the separation channels 1202a and the

supporting channels 1202b may seem to be on the same level, however, they are disposed on
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different levels of the rﬁulti-layer microfluidic chip 1200. For example, in an analogous manner
to tﬁat shown in th¢ cross-éectional views of FIG. .8B., and FIG. SC, the séparatiori channels
1202a méy'be disposed on an upﬁer layer of the multi-layer microfluidic chip 1200 and the
subponing channels 1202b may be disposed on a lower layer of thé multi-layer microfluidic chip
1200. In other words, the supporting channels 1202b may be underneath the separétion channels
1202a. The separation channels 1202a may Be filled with a medium for electrophoresis (e.g. gel)
and the supporting channels 1202b may be ﬁlleci with a running buffer.

{00113] In the gmbodiment shown in FIG. 12, extraction of target analyte fragments like
protein biomarkers from complicated samples may be done in two dimensions. The first
dimension may be in the diréétion between an anodic reservoir AR and a cathodic reservoir CR.
For example, a sample protein mixture may be focused at their respective isoelectric point in the
first dimension between the anodic reservoir AR and cathodic reservoir CR by means of
isoelectric focusing (IEF). The second dimension may be the above-described electrophoresis
(e.g. gél electrophoresis) toward the first waste reservoir W1 to further separate the proteins of
the sample éccording to their 'sizes,,
- [00114) ' The anodic reservoir AR and the cathodic reservoir CR may be connected by means
of an IEF channel. The IEF channel may bendivided into a plurality of segments S1, S2, ..., Sn.
In the example shown} in FIG. 12, the IEF channél may be divided into féur segments S1, S2, S3,
S4. Proteins with at least substantially similar isoelectric points may be focused at the same
segments along the IEF channel between the anodic reservoir AR and the cathodic reservoir CR.
[00115] . A target protein fragment ﬁmay be extracted from proteins having at least substantially
similar isoelectric points by means of its molecular weight (e.g. size), and this may be performed-

in the second dimension by means of electrophoresis (e.g. gel eIectrophoresis).
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[00116] Contents of the segment S1, S2, S3, S4 of -the IEF channel betweén the anodic
reservoir AR and thé catﬁodic reservqir CR containing the target analyte fragment may be
transferred into the second dimension by 6pening, the 'respe(;tive individual flow controller (e.g.
control valve). For example, the contents of segment S1 may be ;ransferred into the second
dimension by means of flow controller V1; the contents of segment S2 may be .transferred iﬁto
the second dimension by means of flow contfoller V2; the contents 'of segment S3 may be
transferred into the seéond dimeﬁsion by means of flow qontrollef V3; the contents of segment
S4 may be transferred into the second dimension b.y means of ﬂbw controller V4.

{00117}  Similar to the multi-layer micfoﬂuid;’c chips 800, 900, 1000 descﬁbed above, the
separation channels 1202a may include a plurality of parallel channels 1206a, 1206b, e.g. as
shown in FIG. 12.. The plurality of parallel channels 1206a, 1206b. may be designed and
fabricated on the chip 1200. Only two parallel channels 1206a, 1206b afe shown as an example.
However the number of paraliel channels may be more than two and may, for example, be three,
four, ér more parallel channels. |

[0OIISi Each parallel channel of the plurality of parallel éhannels 1206a, 1206b may be
connected to a respective feservoir. For example the parallel channel 1206a may be connected to
" a gample reservoir that may include the IEF channel, the anQdic reservoir AR, and the cathodic
reservoir CR. The parallel channel 1206b may be connected to a refefenc;: rcsefvoir.

[00119) - As shown in FIG. 12, the paréliel channel 1206a'connected to fhe sample reservoir
~ may be additionally connected to the at least one extraction chamber 1264. For example, the
parallel channel 1206a may be disposed between the sample reservoir (that may include the IEF
channel, the anodic reservoir AR, and the cathodic reservoir CR) and the at least one extraction

-cham‘ber 1204. Accordingly, the parallel channel 1206b may be used as a reference channel and
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the parallel channel 1266a connecting vto the at least one extractjon chamber 1204 ihay be used
for separation of target aﬁalﬁe fragments.

- [00120] In the 'second dime;lsipn, the separation of the contents of the transferred éegment
may be done simultaneously with the reference jn the parallel channel 1206b. When a reference
anaiyte fragment is detected in the detection area 1208, extraction of the target ahalyte fragment
may be triggered to obtain pure protein fragment in the extraction chamber 1204.

[00121]  If there ére more than one target'prﬁtein fragment in the sample, multiple extraction '
can also be realized subsequently or simultaneously by repeating the aboye described extraction
procedures in a single extra‘cﬁon chaﬁBer 1204 (e.g. in respect of FIG. 8 and FIG. 9) or multiple

extraction chambers (e.g. in respect of FIG. 10).

[00122] . According to various embodiments presented herein, a detec;cion system may be used
to actively locate a desired analyte fragment aqd switch the direction of an applied voltage to
drive the desired analyte fragménts to at least one extraction chamber.

[00123]  According to various embodiments presented hérein, a detection system may be used
to actively locate a desired analyte fragment and a ﬂow controller (e.g. valve element) may be
ﬁsed to control the flow and tﬁé direction of an electrical field to drive the desired analslte
fragments to at leést onel extraction chamber. |

[00124]  According to various embodiments presented herein, an active extraction mechanism
can be used to extract multiple 4analyté fragments. |
[00125]  According to various embodiments px;esented herein, a desired analyte fragment rhéy '
be collected in an extraction chamber lined with a porous structure (e.g. extraction membrane) .

with acceptable purity.



[00126] According to various embodiments presented herein, multiple analyté extraction can
be qﬁickly realized on a miéroﬂuidic chip §vith parallel sepa;ation channels, at least one
extraction chamber disposed above an embedded porous structure (e.g. err;bedded extraction
membrane). |

[60127] According to ‘various embodiments presented herein, a system éxtracting one or more
analyte fragments from a gel matrix may be provided. The system may include a power supply
t"or running electrophoresis; an active detection system for collecting a reference signal (e.g.
generatéd in response to detection of a refereﬁce analyte fragment); a software to trigger the start -
of extraction by switching the direction of an electrical field and a cartridge which includes an
extraction chamber and an extraction membrane lining at [east one side §f the extraction>
~ chamber. The reference signal may trigger the extraction after the target analyte fragment is
s:eparated from interfering materials during electrophoresis. The analyte fragment may be driven
towards the extraction chamber, being stopped by the extraction membrane, and extracted from |
the gei. The cartridge may include a chamber frame to produce chambers in gel, a membrane
frame and an extraction membrane sandwiched between the two frames.

[00128] According to various embodiments presented Herein, a system for extracting one or
more analyte fragments from a gel matrix may be provided. The system may include a power. .
supply for running electrophoresis; a detection system for detecting é reference signal (e.g.
generated in response to detection of a reference analyte fragment); and' a microfluidic device
including an extraction chaﬁber and an extraction membrane. The reference signal may trigger
the extraction after the targef a'nalyte fragment is separated from ir;terfering‘materials during

electrophoresis. The extraction membrane in the microfluidic device can be embedded by



thermal bondiﬁg, hot embossing, laser bonding, ultrasonic bonding or other methods to tightly
attacﬁ the membrane}to the ﬁicroﬂuidic device. |

[00129) Accorciing to various embodimeﬁts presented herein, a microfluidic device may be
provided. The microfluidic device may include a referencé channe] with gel for reference; a
seﬁération channel with gel for separation of analyte sample; an 'extractilc;ﬁ éhamber with
extraction membrane connected to supporting channel; and a ﬁrst waste reseﬁoir connecting to
the separation channel and a waste reservoir connecting to the sﬁpporting channel. The.target
analyte fragment may move to the extraction chamber, being stopped by the extraction
membrane, and extracted from tﬁc gel after the electrical' field is applied from the séparation
channel to the extraction chaﬁlber. The electrical field may be applied by switching the positive
electrode from the first waste reservoir to the second waste reservoir. )

[00130]  According to various embodiments presented herein, a microfluidic device 'may be
pfovided. The microfluidic device may include a reference channel Wi?h gel for reference; a
separafion channel with gel for separation_of analyte sample; an extractiqn chamber with
extraction membrane connected to Sﬁppqrting channel; a first valve on the separation channel
and a second valve on the supporting channel; and a waste reservoir conhectiﬁg to'the' separation
channel when the first valve opens and the second valve clo‘ses;‘ the waste reservoir conne;:ting to
the supporting channel when the first valve closes and the second valve‘opens. The target analyte
fragment moves to the extraction chamber, being stqi)ped by the extraction membrane, and
extracted from the gel after the electrical field is ‘applied from the separation channél to the
extraction cﬁamber. The electrical field is applied by ciosing the first valve and opening the
second valve. The extractibn chamber' can be re-used}.for multiple 'analyte fragments extraction,

with the rinsing procédure to remove the ‘minor quantity of analyte residue. The rinsing
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- procedure can Vbe realized by repeating filling apd emptying running buffer in the extraction
chaﬁber for ;:.everal times \;vith pipetté or pumps. The. n'ﬁsingA procedure can also be realized by
switching the eleciﬁcal field to rinse the extracti6n_ chamber with clean running buffer for some
{ime.

[00131] According to various embodiments presented herein, a sysfem for extfacting multiple
analyte fragments from a gel matrix may be provided. The system may include a power supply
for running elect;ophoresis; a detection system for detecting reference signal; and a microfluidic
device including multiple extraction chambers énd extraction membranes. The reference signal
triggers the extraction afte'r‘the target analyte fragment is separated from int¢rfering materials
during electrophoresis. The extraction membrane in the microfluidic' device can be embedded by

.thermal bonding, hot embossing, laser bonding, ultrasonic bonding or other methods to tightly

attach the membrane. to the microfluidic device.
[00132] According to various embodiménts presented herein, a micréﬂui;lic device may be
provided. The microfluidic device may include a reference channel with gel for loading reference
fragments; a separation channel with gel for loading analyte sample; multiple separation channel
branches at the end of the separation channel; each the separation channel branch leading to an
extraction chamber and one the branch leading to a waste reservoir with a valve to control the
fluid flow in the branéh; each of the extraction .chambers with extraction membrane connecting
to a supporting channel brarich; the sﬁpporting cﬁannel br:;nches connecting to the waste
reservbir. One valve on each the supporting channel branch to open or close tﬁe fluid flow in the

| channel branch. The waste reservoir connecting to the separation channel brénch when the valve
opens and the rest of ;he \;'alves ‘clése. The target analyte fragment moves to a the extraction

chamber, being stopped by the extraction membrane, and extracted from the gel after the
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electrical field is applied from the separation channel to the extraction chamber. The electrical
field is applied by cldsiné all the valves cxce'p-t the one on the supporting channel branch
connecting to the extraction chamber. The multiple analyte fragments extraction can be realized
by replacing the multiple valves with a selective valve before the waste reservoir. The analyte
fragment separation can be accomplished in one dimension or in multi—dimensidns a'cc;ordin'g' to
different separation _mechanism. The detection system may bé a optical system. Th'e.gel can be
agrose, polyacrylémiile or any solidified gel matrix. The aﬁalyte fragments can be DNAS, RNAs,
proteiné or any large molecules which can be separated by gel electrophoresis and extracted by
the appropriate the extraction membrane from the gel. |

[00133] According to various exambles presented herein, a device for extracting at least one
analyte is provided. The device'inciudes a sample reservoir configured to confain a sample
comprising at least one target analyte and intérfering materials; at least one extraction chamber
E connected to the sample reservoir; at least one porous structure lining one or more sides of the at
‘least c;n_e extraction chamber; and a voltage source configured to-pfovide a first voltage and a
second voltage, wherein, when the first voltage is provided, the at least one target analyte and the
interfering materials move into the at least one extraction chamber or to é predetermined area
from the at least one extraction chamber, wherem, when the second voltage is prov1ded the
interfering materials pass through and exit the at least one extraction chamber, and the at least
‘one target analyte is stopped from exiting the at least oné extraction chamber by ﬁieans of the at
least one porous structure.

t00134] * The first voltage is provided in a first direction and the second voltagé is provided in

a second direction different from the first direction.
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[00 135] The‘voltage source is configured to switch from the first voltage to the second Voltége _
upon detection of a reference analyte by a detector. |

[00136] The device further comprises'the{detecto’r.

[00137] The detector is configured to provide a trigger for‘ switching frofn the first voltage to
the second voltage to thé voltage source upon detection of the reference analyte. .

[00138] The de;rice may be conﬁgﬁred as a microfluidic chip.

[00139] The device may further include a first waste reservoir; a second waste reservoir;
wherein the first voltége is applied between the sample reservoir and the first waste feservoir,
and wherein is applied between fhe sample reservoir and the second waste reservoir. )

[00140] The device fnay further include a separation channel disposed at a ﬁrst 1evel; and a
supporting chaﬁnel disposed at a second level disposed below the first level, wherein the first
waste reservoir is disposed at the first level and the second waste reservoir is disposed at the
second level. |

| [0014i] The at least one extraction chamber is disposed at the first level, and wherein the at
least one porous structure is disposed between the first level and the second level and lines at
least one side of the at least one extraction chamber.

[00142] According to various examples presented herein, a device for extracting at least one
analyte is provided. The device may incluc_lé a sample reservoir configured to contain a sample
comp.rising. at least one target analytevan_d interfering materiéls; at least one exfraction chamber
connected to the sample reservoir; at least one porous structure lining one or more sides of the at
least one cxtractioﬁ chamber; a ﬁ;ét flow controller disposed along a first channel extending
.from the at least one extfécﬁion_ chamber; and a second flow -co-ntroller disposed along a second -

channel extending from the at least one extraction chamber, wherein, when the first flow
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controller is opén and the second flow controller is closed; the at least one target analyte and the
interferiné materials move.into the at least one extra,ctiop chamber‘ under the influence of a
voltage, and wherein, when the first flow controller is c;,losed and the seéond flow co;ltroller is
o;;en, the interfering materials pass through t'he. at least one porous structure and exit the at léast
on-e extraction chamber under the influence of the voltage, the at least one targé{ anafyte being
stopped from exiting the at least one extraction chamber by means of the at least one poréus
structure. | |
[00143]  The first channel is di.sposed‘at a ﬁmt level and. the second channel is disposed- ata
second level below the first level. |
[00144»] The device may further include a voltage source configured to provide ;he Voltage.
[00145] The device may further include a waste reservoir connected to each of the first
channel and the second channel, wherein the voltage is applied from fhe sample reservoir to the
waste reservoir.
[00146] The device is furthef coﬁﬁgured to cloée the first flow coﬁtroller and open the second
flow controller upon detection of a reference analyte by a detector.
[00147) The device may further include the detector.
[00148] The detector is configured to close the first ﬂqw controller and open the second flow
controllér upon detection of the refere_nce analyte.
[00149] The device may be configured as a microfluidic chip. |
[00150] Each of the first flow controlle;~ aﬁd the second flow controller comprises a valve.

| (00151] Accox:ding to various examples presented herein, a devicé fof extracting a plurality of
analytes is provided. The device may- includé: a sample reservoir configured to contain a sample

comprising at least one target analyte and interfering materials; a plurality of extraction
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chambérs conﬁécted to the sample reservoir, wherein each extraction chamber is connected to the
sample reservoir by meané of a respective seﬁaration channel branch; a respective pérous
strﬁcture lining one or more sides ofa respective extraction chamber; a respective flow Vcorylirollér
disposed along a respective separation channel branch and cOnﬁgufed to céntrol flow aiong the
respective separation channel branch; and a voltage source conﬁg’ured to provide é voltage.
[00152] The -device may ﬁxrpher include a waste reservoir connected to each extraction
chamber of the plurality of extraction.chambers, wherein thé voltage is applied from the sample
reée-x'voir to the waste ;esefvoir.

[00153]) While various aspects ha'v¢ been bérticularly sho‘Wn and described with reference to
these asioects of this disclosure, it should be understood by those §ki11ed in the art that various
changes in form and detail may be made therein without departing fro?n the spirit and scope of
the disciosure as defined by the appended claims. The séope of the disclosuré is thus indicated
by the appended claims and all. changés which come within the meaning and range of

equivalency of the claims are therefore intended to be embraced.
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Claims

What is claimed is:

1. A device for extracting at least one analyte, the device comprising:
a sample reservoir configured to contain a sample comprising at least one target analyte
and interfering materials;
a reference reservoir configured to contain a reference comprising at least one reference
analyte, wherein the at least one reference analyte is sized substantially similar to the at
least one target analyte;
at least one extraction chamber connected to the sample reservoir;
at least one porous structure lining one or more sides of the at least one extraction
chamber; and
a voltage source configured to provide a first voltage and a second voltage,
wherein, when the first voltage is provided, the at least one target analyte, the interfering
materials and the at least one reference analyte move towards the at least one extraction
chamber or to a predetermined area near the at least one extraction chamber,
wherein, when the second voltage is provided, the interfering materials pass through and
exit the at least one extraction chamber, and the at least one target analyte is stopped from
exiting the at least one extraction chamber by means of the at least one porous structure;
and wherein the voltage source is configured to switch from the first voltage to the

second voltage upon detection of the at least one reference analyte by a detector.
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The device of claim 1, wherein the first voltage is provided in a first direction and the

second voltage is provided in a second direction different from the first direction.

The device of claim 1, further comprising the detector.

The device of claim 3, wherein the detector is configured to provide a trigger for
switching from the first voltage to the second voltage to the voltage source upon

detection of the reference analyte.

The device of claim 1, configured as a microfluidic chip.

The device of claim 1, further comprising:

a first waste reservoir;

a second waste reservoir;

wherein the first voltage is applied between the sample reservoir and the first waste
reservoir, and wherein the second voltage is applied between the sample reservoir and the

second waste reservoir.

The device of claim 6, further comprising:

a separation channel disposed at a first level; and

a supporting channel disposed at a second level disposed below the first level,
wherein the first waste reservoir is disposed at the first level and the second waste

reservoir is disposed at the second level.
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The device of claim 7, wherein the at least one extraction chamber is disposed at the first
level, and wherein the at least one porous structure is disposed between the first level and
the second level and lines at least one side of the at least one extraction chamber.

A device for extracting at least one analyte, the device comprising:

a sample reservoir configured to contain a sample comprising at least one target analyte
and interfering materials;

a reference reservoir configured to contain a reference comprising at least one reference
analyte, wherein the at least one reference analyte is sized substantially similar to the at
least one target analyte; at least one extraction chamber connected to the sample
reservoir;

at least one porous structure lining one or more sides of the at least one extraction
chamber;

a first flow controller disposed along a first channel extending from the at least one
extraction chamber; and

a second flow controller disposed along a second channel extending from the at least one
extraction chamber,

wherein, when the first flow controller is open and the second flow controller is closed,
the at least one target analyte, the interfering materials and the at least one reference
analyte move towards the at least one extraction chamber under the influence of a

voltage, and
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10.

11.

12.

13.

14.

wherein, when the first flow controller is closed and the second flow controller is open,
the interfering materials pass through the at least one porous structure and exit the at least
one extraction chamber under the influence of the voltage, the at least one target analyte
being stopped from exiting the at least one extraction chamber by means of the at least
one porous structure,

wherein, the first flow controller is configured to close and the second flow controller is |

configured to open when at least one reference analyte is detected by a detector.

The device of claim 9, wherein the first channel is disposed at a first level and the second

channel is disposed at a second level below the first level.

The device of claim 9, further comprising:

a voltage source configured to provide the voltage.

The device of claim 11, further comprising:

a waste reservoir connected to each of the first channel and the second channel,
wherein the voltage is applied from the sample reservoir to the waste reservoir.

The device of claim 9, further comprising the detector.

The device of claim 13, wherein the detector is configured to close the first flow

controller and open the second flow controller upon detection of the reference analyte.
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15.

l6.

17.

The device of claim 9, configured as a microfluidic chip.

The device of claim 9, wherein each of the first flow controller and the second flow

controller comprises a valve.

A device for extracting a plurality of analytes, the device comprising:

a sample reservoir configured to contain a sample comprising a plurality of target
analytes and interfering materials;

a reference reservoir configured to contain a reference comprising a plurality of reference
analytes, wherein each reference analyte of the plurality of reference analytes is sized
substantially similar to a respective target analyte of the plurality of target analytes;

a plurality of extraction chambers connected to the sample reservoir, wherein each
extraction chamber is connected to the sample reservoir by means of a respective
separation channel branch;

a respective porous structure lining one or more sides of a respective extraction chamber;
a respective flow controller disposed along a respective separation channel branch and
configured to control flow along the respective separation channel branch; and

a voltage source configured to provide a voltage.

wherein, the respective flow controller is configured to open when a respective reference

analyte of the plurality of reference analytes is detected by a detector.
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18.  The device of claim 17, further comprising a waste reservoir connected to each extraction
chamber of the plurality of extraction chambers, wherein the voltage is applied from the

sample reservoir to the waste reservoir.
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