
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
16 October 2008 (16.10.2008) PCT WO 2008/124781 Al

(51) International Patent Classification: Yuseong-gu, Daejeon, 305-762, ROK. YOON, Sung, Ho
BOIL 3/00 (2006.01) F15C 5/00 (2006.01) [KR/KR]; 102-908 Dasol, Apt., Goong-dong, Yuseong-gu,
F16K 99/00 (2006.01) Daejeon, 305-335, ROK.

(21) International Application Number: (74) Agents: SCHERER, Christopher, M. et al; Andrus,

PCT/US2008/059777 Sceales, Starke & Sawall, LLP, 100 East Wisconsin
Avenue, Suite 1100, Milwaukee, WI 53202-4178 (US).

(22) International Filing Date: 9 April 2008 (09.04.2008)
(81) Designated States (unless otherwise indicated, for every

(25) Filing Language: English kind of national protection available): AE, AG, AL, AM,
AO, AT,AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,

(26) Publication Language: English CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,

(30) Priority Data: EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,

60/922,428 9 April 2007 (09.04.2007) US IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,

(71) Applicants (for all designated States except US): MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
AUBURN UNIVERSITY [US/US]; 215 East Thach PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
Avenue, Auburn, AL 36830 (US). KOREA RESEARCH SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
INSTITUTE OF BIOSCIENCE AND BIOTECH¬ ZA, ZM, ZW
NOLOGY [KR/KR]; 52 Gun-dong, Yusong-gu, Daejeon

(84) Designated States (unless otherwise indicated, for every
305-333 (KR).

kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(75) Inventors/Applicants (for US only): HONG, Jong, Wook ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[KR/US] ; 340 North Cedarbrook Drive, Auburn, AL 36830 European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
(US). KIM, Jihyun, F. [KR/KR]; 101-302 Hyundai Apt., FR, GB, GR, HR, HU, IE, IS, IT, LT,LU, LV,MC, MT, NL,
Doryong-dong, Yuseong-gu, Daejeon, 305-340 ROK. OH, NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
Tae, Kwang [KR/KR]; 4 11-602 Expo Apt., Jeonmin-dong, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: A MICROFLUIDIC ARRAY SYSTEM FOR BIOLOGICAL, CHEMICAL, AND BIOCHEMICAL ASSESSMENTS

A vanne ouverte

B vanne fermee

(57) Abstract: The system and method of the present application is a microfluidic array-system for biological, chemical and bio-
chemical assessments including a microfluidic chip (10) for reaction assays, wherein the microfluidic chip (10) includes a control
layer (12) and a fluidic layer (14), wherein the control layer (12) is pressurized through pneumatic or hydraulic means in order to
control the flow of the reagents in the fluidic layer. The system and method of the present application further includes a method
of fabricating such a microfluidic chip, and further a method for operating the same. Lastly, the system and method of the present
application further includes a system for operating and analyzing the microfluidic array including a pressure source, a fluidic source,
a biochip reader, and a processor configured to control the same.



Published:



A MICROFLUIDIC ARRAY SYSTEM FOR BIOLOGICAL, CHEMICAL, AND
BIOCHEMICAL ASSESSMENTS

FIELD OF THE DISCLOSURE

[0001] The disclosure relates to the field of biological, chemical and/or

biochemical assessments including systems for and methods of performing such

assessments. More particularly, the disclosure relates to the field of microfluidic

systems and their utility in biological, chemical, and biochemical assessments.

BACKGROUND OF THE DISCLOSURE

[0002] Biological chemical and/or biochemical assessments are carried

out daily in diverse arenas such as universities and industry. For example, phenotype

assessment is critical to trace the metabolic abilities of certain bacteria and fungi as

well as mammalian cells. However, current technologies for such assessments are

generally restricted to using gene chips or micro titer plates. These current methods

have critical limitation of requiring huge sample volumes of several tens or hundreds

milliliters for the assessments. Moreover, expensive robotic systems are often

required to handle samples.

[0003] In the last two decades, thousands of microfluidic components

have been developed to explore the potential benefits of microfluidic systems over

conventional systems, including reduction of reagent volumes, fast response times,

well-controlled reaction condition, parallel processing, etc. However, there are

limited numbers of reports on microfluidic platforms conducting a service of

biological processes on a single microfluidic device.

SUMMARY OF THE DISCLOSURE

[0004] The system and method of the present application is a fluidic

array system for performing biological, chemical and/or biochemical assessments,

including a microfluidic chip for reaction assays, wherein the microfluidic chip

includes a control layer and a fluidic layer, and wherein the control layer is



pressurized through pneumatic or hydraulic means in order to control the flow of the

reagents in the fluidic layer. The system and method of the present application further

includes a method of fabricating such a microfluidic chip, and further a method for

operating the same. Lastly, the system and method of the present application further

includes a system for operating and analyzing the microfluidic array including a

pressure source, a fluidic source, a biochip reader, and a processor configured to

control the same.

[0005] One aspect of the present invention is a microfluidic array chip

for biological, chemical, or biochemical assessments having a plurality of layers, the

microfluidic array chip comprising a fluidic layer comprising a plurality of fluid flow

channels for delivery of selected reagents or samples, the fluid flow channels coupled

to a chamber array, the chamber array comprising a plurality of reaction chambers; a

control layer comprising a plurality of control channels; wherein the fluidic layer and

the control layer are coupled together such that the plurality of control channels form

a valve system for the plurality of the fluid flow channels.

[0006] Another aspect of the present invention is a method of

fabricating a multi-layer liquid microarray chip, the method comprises masking each

of a plurality of layers of the multi-layer liquid array chip according to a

predetermined design; producing a first layer including a plurality of fluid flow

channels; producing a second layer including a plurality of control channels; curing

separately each of the first and second layers; aligning the first and second layers; and

curing the first and second layers together, wherein the second curing step physically

couples the first and second layers together.

[0007] Yet another aspect of the present invention is a system for

operating and analyzing a microfluidic array, the system comprises a multi-layered

chip, the multi-layered chip including: a first layer having a plurality of fluid flow

channels; and a second layer having a plurality of control channels, wherein the

plurality of control channels are valves with a plurality of fluid flow channels; a

pressure source coupled to the plurality of control channels, wherein when the



pressure source provides pressure to any of the plurality of control channels, the

plurality of control channels under pressure close, thus preventing fluid flow in the

plurality of fluid flow channels controlled by the plurality of control channels under

pressure; at least one fluidic source, the fluidic source including a set of reagents or

samples for mixing in a plurality of reaction chambers; a biochip reader configured to

read the plurality of reaction chambers after the set of reagents are mixed; and a

processor coupled to the pressure source, the at least one fluidic source, and the

biochip reader, such that the processor is configured to control the operation of the

mixing and analyzing of the reagents by controlling the pressure source, the at least

one fluidic source, and the biochip reader.

[0008] Another aspect of the present invention is a microfluidic array

chip for biological, chemical, or biochemical assessments having a plurality of layers,

the microfluidic array chip comprises a fluidic layer comprising a plurality of fluid

flow channels for delivery of selected reagents or samples, the fluid flow channels

coupled to a chamber array, the chamber array comprising a plurality of reaction

chambers; a piezoelectric layer comprising a plurality of micro mechanical valves;

wherein the fluidic layer and the piezoelectric layer are coupled together such that the

plurality of micro mechanical valves form a valve system for the plurality of the fluid

flow channels, and further wherein a piezoelectric controller applies an electric

current to the piezoelectric layer to operate the plurality of micro mechanical valves.

[0009] A final aspect of the present invention is a method of conducting

a biological, chemical, or biochemical assessment with a microfluidic array chip

having a plurality of layers, the method comprising: delivering a set of selected

reagents or samples, with a fluidic layer comprising a plurality of fluid flow channels

the fluid flow channels coupled to a chamber array, the chamber array comprising a

plurality of reaction chambers, wherein the fluidic layer and the control layer are

coupled together such that the plurality of control channels form a valve system for

the plurality of the fluid flow channels; a pair of side valves to allow the set of

reagents or samples into a pair of delivery chambers when the side valves are open,



wherein the side valves are each one of a plurality of control channels in a control

layer comprising a plurality of reaction chambers; configuring a center valve to

separate the pair of delivery chambers when the center valve is closed, wherein the

center valve is one of the plurality of control channels; delivering the set of reagents

or samples to the pair of delivery chambers by a pair of delivery channels, further

wherein the delivery channels are each one of the plurality of fluid flow channels; and

mixing the set of reagents or samples in each pair of delivery chambers when the pair

of side valves are closed and the center valve is opened.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figures Ia-Ie illustrate a graphical representation of fluid and

control channels according to an embodiment of the present application.

[0011] Figure 2 illustrates a schematic view of a microfluidic array chip

according to an embodiment of the present application.

[0012] Figure 3 illustrates a graphical representation of a microfluidic

array chip according to an embodiment of the present application.

[0013] Figures 4a-4f illustrate a reaction chamber array of the

microfluidic array chip for conducting a biological, chemical and biochemical

assessment according to an embodiment of the present application.

[0014] Figure 5 illustrates a flow chart of a fabrication method

according to an embodiment of the present application.

[0015] Figure 6 illustrates a flow chart of an operation method

according to an embodiment of the present application.

[0016] Figure 7 illustrates a schematic diagram of a fluidic array system

according to an embodiment of the present application.

[0017] Figures 8a-8b illustrate exemplary output data of a fluidic array

system according to an embodiment of the present application.



DETAILED DESCRIPTION

[0018] Figures Ia and Ib illustrate a three-dimensional cross section of

a microfluidic array chip 10 of an embodiment of the present application. The

microfluidic array chip 10 includes a control layer 12 including a plurality of control

channels 16, and the fluid layer 14 that includes a plurality of fluid flow channels 18.

The control layer 12 and the fluid layer 14 are coupled together such that one

microfluidic array chip 10 is formed, while the plurality of control channels 16 and

the plurality of fluid flow channels 18 are in close proximity to one another such that

the control channel 16 act as a series of valves or a valve system for the plurality of

fluid flow channels 18.

[0019] Referring first to Figure Ia, an example of an open valve state of

a fluid flow channel 18 is depicted. Here, the fluid flow channel 18 in the fluid layer

14 is open and able to transport a reagent or sample to a reaction chamber. The

control channel 16 in the control layer 12 is currently not under pressure, and thus not

applying pressure to the fluid flow channel, resultingly allowing the fluid flow

channel to be opened. It should be noted that the control channel 16 in the control

layer 12 may be configured such that when the control layer 12 and fluid layer 14 are

coupled together, that the control channel may or may not be in contact with the fluid

flow channel 18. What is more important is that when pressure is applied to the

control channel 16, that the fluid flow channel 18 is closed.

[0020] Such an instance is illustrated in Figure Ib. Here, again the

fluidic array chip 10 includes a control layer 12 having a control channel 16, and a

fluid layer 14 having a fluid flow channel 18. In this case, however, a pressure p is

applied to the control channel 16, thus widening the control channel 16 and closing

the fluid flow channel 18. Again, it is not important whether the control channel 16

was in contact with the fluid flow channel 18 prior to the pressure p being placed on

the control channel 16, but that the control channel 16 has sufficient pressure p to

expand and thus close the fluid flow channel 18. The pressure p may be administered



to the control channels 16 through any pressure type system known in the art.

Depending upon the application, a pneumatic or hydraulic system for instance could

be used to apply the pressure p.

[0021] Figures Ic-Ie illustrate a number of combinations of control

channels 16 and fluid flow channels 18 designed for a specific purpose. First

referring to Figure Ic, a valve 20 is depicted as the control channel 16 turns on or off

the fluid channel 18. This example of Figure Ic is basically a simplistic recreation of

the three dimensional valve representation from Figures Ia and Ib.

[0022] Figure Id illustrates a simple pump configuration including a

plurality of control channels 16 and a simple fluid flow channel 18. Here, the control

channel 16 may receive pressure p from either direction in succession in order to

move fluid through the fluid flow channel 18. In other words, in order to move an

amount of fluid in the fluid flow channel 18 from right to left, first all of the control

channels 16 would be switched to a closed position by applying a pressure to all three

control channels 16. Then, the right most control channel would be opened, allowing

fluid to flow to the middle control channel 16. Then, the right most control channel

16 would be closed and the middle control channel 16 would be opened allowing the

fluid trapped between the right most control channel 16 and the middle control

channel 16 to pass to the left most closed control channel 16. Lastly, the middle

control channel 16 would be closed and the left most control channel 16 would be

opened, allow the predetermined amount of liquid to flow from the fluid flow channel

18 before the left most control channel 16 would be closed again. Repeating this

aforementioned process would pump an amount of fluid through the fluid flow

channel at a specified rate.

[0023] Referring now to Figure Ie, and combining the valve 20 from

Figure Ic, and the pump 22 from Figure Id, a mixer 24 is configured by configuring

two valves 20 on either side of a circular fluid flow channel 18 and three control

channels 16 in a pump 22 configuration. Here, an operator of the system may open

each or either of the end control channels 16 in order to allow two different fluids to



flow in the circular fluid flow channel. Then, the three control channels 16 making

up the pump configuration 22 could open and close in succession in order to mix the

two fluids together.

[0024] Referring now to Figure 2, a top view of a fluidic array chip 10

is depicted. Here, a magnified view of the reaction chamber array 26 is further

provided to further illustrate the function of the fluidic array chip 10. Referring to the

reaction chamber array 26, a plurality of fluid flow channels 18, flowing to a plurality

of delivery chambers 28 is depicted, as well as a plurality of control channels 16, also

labeled as side valve 30 and center valves 32 where appropriate. The further

magnifications show with even more detail the fluid flow channels 18 configured to

deliver reagents and/or samples into a delivery chamber 28, while the side valves 30

and center valve 32 control the delivery of the reagents and/or samples to the delivery

chambers 28, and finally control the mixing of pairs of delivery chambers 28 into a

reaction chamber 38 (not shown). The fluidic array chip 10 of the application is

configured to include 10-10,000 reaction chambers 38 per square inch. As can be

seen in the final magnification in Figure 2, a center valve 32, when pressure is

applied, splits a reaction chamber 38 (not shown) into two delivery chambers 28.

When the side valves 30 are opened, reagents and/or samples in the fluid flow

channels 18 flow into the delivery chambers 28, but do not combine as the center

valve 32 is closed. To perform a reaction, the side valves 30 are closed, and the

center valve 32 is opened such that the reagents in the pairs of delivery chambers 28

are mixed. A more detailed description of the reaction process will be shown in the

discussion of Figure 4.

[0025] Referring back to Figure 1, it is also contemplated that the

control layer 12, in an additional embodiment, can also be constructed from a

piezeoelectric material and include a set of mechanical microvalves in lieu of the

plurality of control channels 16. In this embodiment, the piezeoelectric material

would be coupled with the PC 310 in Figure 7, wherein a separate control system (not

shown) for piezeoelectric control layer would be implemented, thus allowing the set



of mechanical microvalves to be controlled by providing an electric current to the

piezeoelectric material in specified areas to close or open predetermined mechanical

microvalves.

[0026] Referring now to Figure 3, a further embodiment including a

third layer is depicted. Here, a fixed biological, biochemical or chemical layer 34 is

added as a third layer to the fluidic array chip 10 being coupled to the underside of the

fluid layer 14. The fixed layer 34 includes a number of biological, chemical or

biochemical samples 36 that are bound to fixed layer 34 and that may be aligned with

the delivery chambers 28 according to a particular desired experiment. The samples

36 are introduced into the delivery chambers 28 through pre-made openings in the

delivery chambers 28, preferably on the underside of the delivery chambers 28. The

fixed layer 34 is aligned with the openings in the delivery chambers 28 and is bound,

in one embodiment through covalent bonding, to the underside of the fluid layer 14

such that the pre-made openings in the delivery chambers 28 are sealed with the fixed

samples 36 in the delivery chambers 28. Other methods of affixing biological,

biochemical or chemical molecules to a substitute are well known in the art and are

intended as being within the scope of the present disclosure.

[0027] Still referring to Figure 3, again the reaction chamber array 26

includes a plurality of the delivery chambers 28, fluid flow channels 18, and control

channels 16, more specific labeled here as a center valve 32 and a pair of side valves

30. Thus, when a reagent delivery chamber 28, it is in reactive contact with fixed

layer 34. It should be noted that this magnified portion of the reaction chamber array

26 includes dimensions for the fluid flow channels 18 as well as for the delivery

chambers 28. It should be noted that these values may vary according to the size of

the chip, and the necessity for larger volumes of reagents for certain reactions.

[0028] Referring now to Figures 4a-4f, a progression of filling a

reaction chamber array 26 with reagents or samples and conducting reactions is

illustrated in order from Figure 4a-4f. In Figure 4a, the reaction chamber array 26 is

empty of reagents or samples, and a plurality of delivery chambers 28 are empty and



waiting for the introduction of reagents or samples. The center valve 32 and the two

side valves 30 are under pressure, and are therefore closed. In Figure 4b, a first

reagent or sample 40 is added to the bottom fluid flow channel 18, and the closed

state of the nearest side channel 30 prevents the reagent or sample 40 from entering

the delivery chambers 28. In Figure 4c, pressure is still applied to the side valves 30

and the center valve 32, and a second reagent or sample 40 is added to the top most

fluid flow channels 18. Again, because both side valves 30 are under pressure, the

valves are closed and the reagent or sample 40 cannot enter the delivery chambers 28.

[0029] Referring now to Figure 4d, pressure is taken off of the side

valves 30 and the reagent or sample 40 in each of the fluid flow channels 18 are

allowed to enter the delivery chambers 28. It should be noted that at this stage, the

center valve 32 is still under pressure, and therefore the regents or samples 40 in the

delivery chambers 28 are not mixed. In Figure 4e pressure is reapplied to the side

valves 30 such that the reagents or samples 40 are now enclosed in the delivery

chambers 28. Still, the pressure has never been removed from the center valve 32,

such that the reagents or samples 40 and the delivery chambers 28 has not been

mixed. Finally, in Figure 4f, pressure is removed from the center valve 32, but

remains on the side valves 30, such that the reagents in the delivery chambers 28 mix

in a combined reaction chamber 38. Subsequently, the reaction chamber array 26 can

be examined and interpreted, as will be discussed in the further specification.

[0030] The first and second reagents or samples 40 may include any

substance used to produce a biological, chemical, or biochemical reaction such that a

measurement or detection of an interaction between the first and second reagents or

samples 40 may be made. It is contemplated that the present application will be

applicable to eukaryotic samples such as yeasts and mammalian cells, and particular

application is contemplated for eukaryotic stem cells. However, the application is not

limited by the above and use with prokaryotic applications is also contemplated.

Accordingly, first and second reagents or samples 40 may include, but are not limited

to the following: eukaryotic cells, prokaryotic cells and partially the foregoing cells in



liquid suspension or of use arranged for fluidic delivery; DNA and RNA, including

cDNA, chimeric DNA, recombinant DNA, and other known nucleotides that may be

denatured and suspended or otherwise arranged for fluidic delivery; polymerase or

other selected enzymes; macromolecules such as proteins, carbohydrates or lipids and

constituent molecules thereof; buffers; stimulants; control liquids; and other reagents

or samples that one of skill in the art may desire to include in a biological, chemical

or biochemical reaction or assessment. In one embodiment, the present application

may be used for chemical and biochemical analysis involving drug screening and/or

personalized medicine design.

[0031] Referring now to Figure 5, a process of fabricating such a fluidic

array chip 10 is shown. Here, the fabrication method 100 first starts in step 110. The

design step 110 includes utilizing known chip design methods to allow a user to

design the fluid layer and the control layer of the fluidic array chip. Such a design

step may use CAD design software or other chip design software, but is not limited to

the same. The design step 110 will include designing both the fluid layer and the

control layer separately, and also include combining them to work as a system. In

step 120, a mask of the fluidic array chip design, including a mask of both the fluid

layer and the control layer is generated. In step 130 and 140, the fluidic layer and the

control layer are separately molded. This molding of each of the layers may be

achieved through pore molding, injection molding, or a laminating process, or other

methods known in the art. The particular type of molding utilized to form each of the

fluidic control layers may be dependant upon the type of material used to construct

these layers. These layers may be constructed from a silicon polymer, a teflon

polymer, or a perfluoropolyether, or any material that may be molded such that a

control layer under pressure is flexible and able to act as a valve for a similarly

flexible fluid layer. In step 150, each of the molded layers are cured in order to allow

the layers to set after molding. In step 160, the layers are aligned such that the control

layer is properly configured on the fluid layer to control the movement of the reagents

or samples through the fluid flow channels of the fluid layer. Lastly, in step 170, the



two layers are cured together and the fluidic array chip is formed. Another view of

the reaction chamber array 26 indicates that the control channels 16 are properly

configured to act as valve for the fluid flow channels 18.

[0032] As discussed with respect to the additional embodiment of

Figure 1, the system of Figure 5 may include a control layer being constructed from a

piezoelectric material and having mechanical microvalves in lieu of the plurality of

control channels, this layer may be fabricated using the above fabrication method 100,

but without the need to design and mask a plurality of control channels. Instead, the

configuration of the piezoelectric material with respect to the mechanical microvalves

would meet the design and mask before the piezoelectric material would be formed as

described above in the description of Figure 5.

[0033] Referring now to Figure 6, a method 200 of the operation of the

control valve system is depicted. First in step 210, a serial port is configured. In this

step a user is able to configure the serial port by entering the number of valves to be

switched, and any other order or pattern of switching of those valves as well. In step

220, it is determined whether to run the control valve system, and if not then the

method 200 waits in step 230, and when it is appropriate for the system to run, then

the method 200 proceeds to step 240. In the first step of the system run in 240, the

serial port configuration is read. This allows the control valve system to determine

how many and which particular valves to open or close first. After the serial port

configuration is read in 240, a digital signal is output to the controlled for each

channel read in step 250. It should be noted that the serial port can be configured

such that a zero digital signal means open or close, and likewise that a digital signal

of 1 can also open or close. For the remainder of this discussion, it will be assumed

that a digital signal of zero indicates that a valve should be closed, and that a digital

signal of 1 means that a valve should be opened. The digital signal output for each

signal in 250 is sent to a controller 260 wherein a digital to analog converter (DAC)

outputs an analog signal corresponding to the digital signal for each channel read.

Again, carrying on the assumptions made prior with respect to the digital signals, a



zero volt analog signal will mean that a valve should be closed, and a 5 volt (or any

analog voltage that the system will read as not a zero value, will mean that the valve

should be open.) Correspondingly, in step 280, the appropriate valves will be turned

on or off according to the analog signal outputted by the controller in step 260. In

step 270, it is determined whether the control valve system requires a change of

configuration of the serial port. Such a determination will be made based upon the

initial configuration from step 210. If in step 270, it is determined that such a change

configuration in the serial port needs to be made, then the method 200 will return to

step 240. If there are no additional, changes to the configuration of the serial port,

then the method 200 will end.

[0034] Referring now to Figure 7, a fluidic array system 300 of the

present application is depicted. Here, a change coupled device (CCD) 340 is coupled

to a viewing device 345 such as a microscope such that an image of the reaction

chamber array 26 of the fluidic array chip 10 can be read and entered into a PC 310.

The PC 310 includes a biochip reader and appropriate software for image analysis

and image acquisition. Preferably, the Arrayworx® biochip reader from Applied

Precision, LLC is utilized as a biochip reader application, and the preferred software

for image analysis and acquisition is the Softworx Suite Version 2.5, also from

Applied Precision, LLC. Of course, any biochip reader and software package

configured to analyze the reaction chamber array 26 may be implemented and used.

[0035] Still referring to Figure 7, the PC 310 also includes a processor,

and is coupled to the control 320, wherein a user may utilize the method 200 as

described in Figure 6 to control the pressure system (not shown) used to operate the

control layer 12 (not shown) of the fluidic array chip 10, and a system to provide the

reagents or samples to the fluidic array chip 10 through the fluid flow channel 18.

Again, the system of providing the reagents and samples are not pictured in Figure 7.

The PC 310 housing this processor and providing the control 320, is coupled with the

fluidic array chip 10 by a main fluid flow channel 18, or set of main fluid flow

channels 18, and a main control channel 16. Lastly, the PC 310 provides an output



330, which will be discussed in further detail with respect to Figures 8a and 8b.

EXPERIMENTAL RESULTS

[0036] To demonstrate the efficacy of the microfluidic array chip and

associated systems and methods of the present application, analysis of a phenotypic

variation based on the metabolic preference of a carbon source was analyzed.

Particularly, the difference in bacterial growth rate between a culture of E.coli

bacteria was analyzed for a difference in growth rate through a comparison of wild

type E.coli bacteria and lac Z knock-out mutant E.coli bacteria using the microfluidic

array of the present application.

[0037] In an experiment, the fluid channels of a microfluidic array chip

according to the present application were introduced with two samples: 1) wild type

E.coli bacteria K-12 W3110; and 2) E.coli bacteria lac Z knock-out mutant (ATCC

252254). The lac Z gene encodes the enzyme B-galactosidase. B-galactosidase

converts lactose to galactose and glucose. It is necessary for bacteria, such as E.coli,

to break complex sugars, such as lactose, into simple sugars, such as galactose and

glucose for an energy source. Since the lac Z knock-out mutant E.coli strain cannot

convert lactose to galactose or glucose, the lac Z knock-out mutant strain cannot use

lactose as a source of energy. Accordingly, a comparison in growth rate of tagged

wild-type and mutant E.coli cultures in selected growth media containing lactose and

absent lactose may use to demonstrate efficacy of the present application.

[0038] The fluid channels of the microfluidic array, in addition to the

samples noted above, also included the introduction of several growth media. The

growth media included: 1) LB broth; 2) M9/0.2% glucose; 3) M9/0.04% glucose +

0.2 % lactose; and 4) M9/0.2% lactose. A comparison of E.coli growth between

wild-type E.coli exposed to the M9/0.4% glucose + 0.2% lactose versus the lac Z

knock-out mutant E.coli in the same growth media may be accomplished using the

technology of the present application.

[0039] Referring now to Figures 8a and 8b, since the E.coli was tagged



with an immunoflourescent tag, as the E.coli density grew, such density was

recognizable through the charge-coupled device present in a conventional system as

shown and previously described with respect to Figure 7. A comparison of the graph

of Figure 8a to Figure 8b demonstrates that after an elapsed time of 420 minutes, the

density o E.coli colonies for the wild-type were substantially greater than the density

of lac Z knock-out mutant when grown on a growth media of M9/0.04% glucose +

0.2% lactose. This is due to the fact that the lac Z knock-out mutant cannot

metabolize lactose as a carbon source and therefore can only use the glucose present

in the growth media to generate colonies. In contrast, the wild-type colonies could

metabolize both glucose and lactose and therefore demonstrated a more dense colony

generation.

[0040] As demonstrated by the results of Figure 8, the system of Figure

7 utilizing the designs of the microfluidic chip as described elsewhere herein has

substantial applications for biological, chemical, and biochemical experiments.

[0041] The present invention has been described in terms of specific

embodiments incorporating details to facilitate the understanding of the principals

of construction and operation of the invention. Such reference herein to specific

embodiments and details thereof is not intended to limit the scope of the claims

appended hereto. It will be apparent to those skilled in the art that modifications

may be made in the embodiment chosen for illustration without departing from the

spirit and scope of the invention.



CLAIMS

What is claimed is:

1. A microfluidic array chip for biological, chemical, or biochemical

assessments having a plurality of layers, the microfluidic array chip comprising:

a fluidic layer comprising a plurality of fluid flow channels for delivery of

selected reagents or samples, the fluid flow channels coupled to a chamber array, the

chamber array comprising a plurality of reaction chambers;

a control layer comprising a plurality of control channels;

wherein the fluidic layer and the control layer are coupled together such that

the plurality of control channels form a valve system for the plurality of the fluid flow

channels.

2. The chip of claim 1, wherein the valve system is pressure controlled

such that when pressure is applied to any of the plurality of control channels, the

control channels interact with the fluid flow channels to close one or more pre

selected fluid flow channels such that the valve system selectively controls the

delivery of the reagents or samples from the plurality flow channels to the reaction

chambers.

3. The chip as claimed in claim 1, wherein the chamber array portion

further includes:

a pair of side valves configured to allow the reagents or samples into a pair of

delivery chambers when the side valves are open, wherein the side valves are each

one of the plurality of control channels;

a center valve configured to separate the pair of delivery chambers when the

center valve is closed, wherein the center valve is one of the plurality of control

channels,

wherein the reagents or samples are delivered to the pair of delivery chambers



by a pair of delivery channels, further wherein the delivery channels are each one of

the plurality of fluid flow channels,

and further wherein the reagents or samples in each of the pair of delivery

chambers are mixed when the pair of side valves are closed and the center valve is

opened.

4. The chip as claimed in claim 1, further comprising a third layer coupled

to the first layer of the fluidic array chip, the third layer including a plurality of fixed

samples, the third layer configured such that the fixed samples may enter the plurality

of reaction chambers through an opening in the plurality of reaction chambers,

wherein the third layer and the first layer are coupled together.

5. The chip as claimed in claim 1, wherein the plurality of layers are

fabricated utilizing any of the following methodologies:

injection molding;

pour molding; and

laminating processes.

6. The chip as claimed in claim 4, wherein the plurality of layers are

coupled together by a curing process.

7. The chip as claimed in claim 4, wherein the plurality of layers are

fabricated from a silicon polymer.

8. The chip as claimed in claim 4, wherein the plurality of layers are

fabricated from a teflon polymer.

9. The chip as claimed in claim 4, wherein the plurality of layers are

fabricated from a perfluoropolyether.



10. The chip as claimed in claim 1, wherein the fluidic layer are fabricated

from a combination of glass and polymer materials.

11. The chip as claimed in claim 1, wherein the plurality of control

channels are operated with a pneumatic or hydraulic pressure system.

12. The chip as claimed in claim 2, wherein reactions produced in the

plurality of reaction chambers are read by a micro-array scan.

13. The chip of claim 1, wherein the reagents or samples may include the

following: eukaryotic cells, prokaryotic cells, yeasts, mamillian cells, stem cells,

nucleotides, enzymes, proteins, carbohydrates, lipids, or constituent molecules thereof

arranged for fluidic delivery; buffers; stimulants; and control liquids.

14. The chip as claimed in claim 1, wherein the plurality of reaction

chambers in the chamber array are in a range of 10-10,0000 reaction chambers per

square inch.

15. A method of fabricating a multi-layer liquid microarray chip, the

method comprising:

masking each of a plurality of layers of the multi-layer liquid array chip

according to a predetermined design;

producing a first layer including a plurality of fluid flow channels;

producing a second layer including a plurality of control channels;

curing separately each of the first and second layers;

aligning the first and second layers; and

curing the first and second layers together, wherein the second curing step

physically couples the first and second layers together.



16. The method as claimed in claim 15, wherein the method further

comprises:

producing a third layer;

populating the third layer with a plurality of fixed samples according to the

predetermined design;

curing the third layer;

opening portions of the first layer corresponding to and aligned with the

chemical samples;

aligning the third layer with the first and second layers; and

curing the third layer with the first and second layer such that the third layer is

physically coupled to the first layer.

17. The method as claimed in claim 16, wherein the plurality of layers are

produced by injection molding.

18. The method as claimed in claim 16, wherein the plurality of layers are

produced by pour molding.

19. The method as claimed in claim 16, wherein the plurality of layers of

are produced by lamination.

20. The method as claimed claim 16, wherein the plurality of layers are

fabricated from a silicon polymer.

21. The method as claimed in claim 16, wherein the plurality of layers are

fabricated from a teflon polymer.

22. The method as claimed in claim 16, wherein the plurality of layers are



fabricated form a perfluoropolyether.

23. A system for operating and analyzing a microfluidic array, the system

comprising:

a multi-layered chip, the multi-layered chip including:

a first layer having a plurality of fluid flow channels; and

a second layer having a plurality of control channels, wherein the

plurality of control channels are valves with a plurality of fluid flow channels;

a pressure source coupled to the plurality of control channels, wherein when

the pressure source provides pressure to any of the plurality of control channels, the

plurality of control channels under pressure close, thus preventing fluid flow in the

plurality of fluid flow channels controlled by the plurality of control channels under

pressure;

at least one fluidic source, the fluidic source including a set of reagents or

samples for mixing in a plurality of reaction chambers;

a biochip reader configured to read the plurality of reaction chambers after the

set of reagents are mixed; and

a processor coupled to the pressure source, the at least one fluidic source, and

the biochip reader, such that the processor is configured to control the operation of the

mixing and analyzing of the reagents by controlling the pressure source, the at least

one fluidic source, and the biochip reader.

24. The system as claimed in claim 23, wherein the multilayered chip

further includes a third layer coupled to the first lay of the multilayered chip, the third

layer including a plurality of fixed samples, the third layer configured such that

chemical samples may enter the plurality of reaction chambers through an opening in

the plurality of reaction chambers, wherein the third layer and the first layer are

coupled together.



25. The system as claimed in claim 24, wherein the plurality of layers are

fabricated from a silicon polymer.

26. The system as claimed in claim 24, wherein the plurality of layers are

fabricated from a teflon polymer.

27. The system as claimed in claim 24, wherein the plurality of layers are

fabricated from a perfluoropolyether.

28. The system as claimed in claim 23, wherein the pressure source is a

pneumatic pressure system.

29. The system as claimed in claim 23, wherein the pressure source is a

hydraulic pressure system.

30. The system as claimed in claim 23, the reagents or samples may include

any of the following: eukaryotic cells, prokaryotic cells, yeasts, mammalian cells,

stem cells, nucleotides, enzymes, proteins, carbohydrates, lipids, or constituent

molecules thereof arranged for fluidic delivery; buffers; stimulants; and control

liquids.

31. A microfiuidic array chip for biological, chemical, or biochemical

assessments having a plurality of layers, the microfiuidic array chip comprising:

a fluidic layer comprising a plurality of fluid flow channels for delivery of

selected reagents or samples, the fluid flow channels coupled to a chamber array, the

chamber array comprising a plurality of reaction chambers;

a piezoelectric layer comprising a plurality of micro mechanical valves;

wherein the fluidic layer and the piezoelectric layer are coupled together such

that the plurality of micro mechanical valves form a valve system for the plurality of



electric current to the piezoelectric layer to operate the plurality of micro mechanical

valves.

32 A method of conducting a biological, chemical, or biochemical

assessment with a microfluidic array chip having a plurality of layers, the method

comprising:

delivering a set of selected reagents or samples with a fluidic layer comprising

a plurality of fluid flow channels, the fluid flow channels coupled to a chamber array,

the chamber array comprising a plurality of reaction chambers, wherein the fluidic

layer and the control layer are coupled together such that the plurality of control

channels form a valve system for the plurality of the fluid flow channels;

configuring a pair of side valves to allow the set of reagents or samples into a

pair of delivery chambers when the side valves are open, wherein the side valves are

each one of a plurality of control channels in a control layer comprising a plurality of

reaction chambers;

configuring a center valve to separate the pair of delivery chambers when the

center valve is closed, wherein the center valve is one of the plurality of control

channels;

delivering the set of reagents or samples to the pair of delivery chambers by a

pair of delivery channels, further wherein the delivery channels are each one of the

plurality of fluid flow channels; and

mixing the set of reagents or samples in each pair of delivery chambers when

the pair of side valves are closed and the center valve is opened.

33. The method as claimed in claim 32, wherein the set of reagents or

samples may include any of the following: eukaryotic cells, prokaryotic cells, yeasts,

mamillian cells, stem cells, nucleotides, enzymes, proteins, carbohydrates, lipids, or

constituent molecules thereof arranged for fluidic delivery; buffers; stimulants; and

control liquids.
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1 . claims: 1-14,23-30,32-33

Claims 1-14: Microfluidic array chip for biological,
chemical, or biochemical assessments having a plurality of
layers, the microfluidic array chip comprising:
a fluidic layer comprising a plurality of fluid flow
channels for delivery of selected reagents or samples which
are coupled to a chamber array; a control layer comprising a
plurality of control channels; wherein the fluidic layer and
the control layer are coupled together such that the
plurality of control channels form a valve system for the
plurality of the fluid flow channels.
Claims 23-30: System for operating and analyzing a
microfluidic array, the system comprising: a multi-layered
chip, the multi -layered chip Including: a first layer having
a plurality of fluid flow channels; and a second layer
having a plurality of control channels, wherein the
plurality of control channels are valves with a plurality of
fluid flow channels;
a pressure source coupled to the plurality of control
channels; at least one fluidic source; a biochip reader; and
a processor coupled to the pressure source, the at least one
fluidic source, and the biochip reader, such that the
processor is configured to control the operation of the
mixing and analyzing of the reagents by controlling the
pressure source, the at least one fluidic source, and the
biochip reader.
Claims 32-33: Method of conducting a biological, chemical,
or biochemical assessment with a microfluidic array chip
having a plurality of layers, the method comprising:
delivering a set of selected reagents or samples with a
fluidic layer comprising a plurality of fluid flow channels
which are coupled to a chamber array, wherein the fluidic
layer and the control layer are coupled together such that
the plurality of control channels form a valve system for
the plurality of the fluid flow channels; configuring a pair
of side valves to allow the set of reagents or samples into
a pair of delivery chambers when the side valves are open;
configuring a center valve to separate the pair of delivery
chambers when the center valve is closed; delivering the set

of reagents or samples to the pair of delivery chambers by a
pair of delivery channels; and mixing the set of reagents or

samples in each pair of delivery chambers when the pair of

side valves are closed and the center valve is opened.

2 . claims: 15-22
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FURTHER INFORMATION CONTINUED FROM PCT SA/ 210

Method of fabricating a multi-layer liquid microarray chip,
the method comprising: masking each of a plurality of layers
of the multi-layer liquid array chip according to a
predetermined design; producing a first layer including a
plurality of fluid flow channels; producing a second layer
including a plurality of control channels; curing separately
each of the first and second layers; aligning the first and
second layers; and curing the first and second layers
together, wherein the second curing step physically couples
the first and second layers together.

3 . claim: 31

Microfluidic array chip for biological, chemical, or
biochemical assessments having a plurality of layers, the
microfluidic array chip comprising: a fluidic layer
comprising a plurality of fluid flow channels for delivery
of selected reagents or samples and coupled to a chamber
array; a piezoelectric layer comprising a plurality of micro
mechanical valves; wherein the fluidic layer and the
piezoelectric layer are coupled together such that the
plurality of micro mechanical valves form a valve system for
the plurality of electric current to the piezoelectric layer
to operate the plurality of micro mechanical valves.
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