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example, a plurality of potential drug compounds is tested by using an agent to
test a plurality of materials that differ perhaps only by a single amino acid or
nucleotide base, or have a different sequence of amino acids or nuclectides.

15 Recently the process has been improved somewhat by combining the
synthesis of various compounds having potential biological activity, for
example, and traditional semiconductor techniques. A semiconductor or
dielectric substrate for example is coated with a biologic precursor having such
amino groups with a light-sensitive protective chemical thereover, and a series

20 of masks are placed over the substrate, each mask having an opening. A
coupling agent, such as a photosensitive amino acid, is illuminated through the
opening, forming a particular compound by reaction with the amino compound.
Additional masks are used with different coupling agents to form an array of
different peptides on the substrate which array can then be tested for biologic

25 activity. Suitably this is done by exposure of the array to a target molecule,
such as an antibody or a virus. The array is exposed to a biologic receptor -
having a fluorescent tag, and the whole array is incubated with the receptor.
If the receptor binds to any compound in the array, the site of the fluorescent
tag can be detected optically. This fluorescence data can be transmitted to a

30 computer which can compute which compounds reacted and the degree of
reaction. This technique permits the synthesis and testing of thousands of
compounds in days rather than in weeks or even months.

However, the synthesis of each coupling reaction is not always
_ complete, and the yield decreases as the length of the biopolymer increases.

35 The process of aligning a plurality of masks and forming openings in the
masks in sequence requires careful alignment and takes time.

The above synthesis is made possible by two other recent technical
developments that allow various manipulations and reactions on a planar
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produces an electro-kinetic current that results in fluid flow. along the charnel.
Such electro-kinetic processes are the basis. for a device is described by Pace
15 in US Patent 4,908,112 for.example. SR
' . Thus real progress has been made using electrophoresm and/or electro-
osmosis to move very small amounts of materials along microchannels. Such
movement can be used for synthesiting'-very..smau samples of potential drug
compounds in'an array and testing very small amounts of materials for
20 bioactivity. Further progress in fully -automa‘ti-ng* the fluidic processes will
result in the synthesis and testing of vast numbers of compounds for
bioacfivity of all types, which information can be made available for future
drug selection and will greatly reduce the time and expense of such testing.
The system of the invention- comprises a device array.of micron sized
25 - wells and connecting channels in a substrate that interfaces with a station for
dlspe_nsmg fluids to and collecting fluids from, the array, and for performing
electro-optic measurements of material in the wells. The station is also
- connected to control apparatus means to éon.tro_l the fluid flow to the channels
and wells and to collect measurement data from the substrate. The above
30 . elements are interdependent and together can perform a vanety of tasks in
parallel. B o o | _
The individual wells of the array and their sequence can be varied
depending on the synthesis or analysis to be performed. - Thus the function of
- the arrays can be readily changed, with only the additional need-to choose
35 suitable interface means for monitoring-and controlling the flow of fluids to the
particular array being used and the test or:synthesis to be performed.
In one embodlment the above system: can be used to perform various
clinical d1agnostlcs, such as assays for DNA in parallel, using the known
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will parallelism, permits a reduction in costs and an improvement in the speed of
testing, and permits improved patient treatments for rapidly advancing

15 disease. '

The array is formed in a suitable dielectric substrate and the channels
and wells are formed therein using maskless semiconductor patterning
techniques. The station and control means, such as a computer, use existing
technology that includes commercially available apparatus.

20 The present device array uses active processing to move fluids across
the array, reducing the time required for synthesis and screening. Further,
large biopolymers of all types can be synthesized and processed while
maintaining high purity of the synthesized compounds. The present
microlaboratory arrays may be fully automated, enabling the rapid transfer of

25 samples, precursors and other movement of fluids into the array, from one
well to another well, and to enable the measurement of assays and the
complete control of processing parameters such as temperature control.

T he teachings of the present invention can be readily
understood by considering the following detailed description in

30 conjunction with -the accompanying drawing, in which: '

Fig. 1A is an exploded schematic diagram of the parts of the system of
the invention adapted for performing clinical assays.

Fig. 1Bis a top view of a substrate of the invention illustrating a single
module formed therein.

35 Fig. 2 is an exploded top view of an illustrative module of the invention.

Fig. 3 is an exploded cross sectional view of the optical transmission

and detection system of the invention.
Fig. 4A is a cross sectional view of a well embodiment of a
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Fig. 7Ais an exploded schematic view of -another embodiment of the

present invention’ adapted to perform immunological assays.

(

F1g 7Bisa top view 111ustrat1ng a module on the mcrolaboratory disc

' Flg -7Cis a cross sectional view of a control means for movmg ﬂmds in

- the channels and from-one well to another.”

20

Fig. 8 is a schematic view of another embodiment of a microlaboratory

array suitable for carrying out the parallel synthesis of protems and

“-oligonucleotides.

" of Fig. 8. . _
Fig. 10 is a schematic view of a further embodiment of a
. microlaboratory array suitable for carrying out the synthes1s of a large

25

Fig. 9isa schematlc view ﬂlustratmg a modlﬁed station for the system

number of small molecules in parallel.
Figs. 11A, 11B and 11C are cross sectlonal views ﬂlustratmg the steps

'needed to form cross over charnnels in the substrate.

30

- Fig. 11D is a top view of a cross-over channel in the substrate.

Fig. 12 is a top view of a channel gaté". éléctrbde to control flow in a o

- channel by electro-osmosis.

The invention w111 be first deseribed by reference to Fig. 1A, which

illustrates the parts of an illustrative system of the invention conﬁgured to

35

perform DNA screening diagnostics.

The system of Fig. 1A includes a computer 10, electncally connected via -

line 11 to penpheral apparatus, such as a modem or printer 12, which
computer 10 is programmed to give instructions to a microlaboratory disc 14
and to record test results obtained therefrom The computer 10 is electrically
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moved into the capillary loading channel 34 and the fluid sample is then moved

15 to a first well 36 on the disc 14. Alternately, a loading channel 50 for vertical

insertion into the loading channel 34 can also be used to load the sample. Fig.

1B and Fig. 2 illustrate a particular module comprising a plurality of wells 36,

40, 42 and 44 connected by a channel 38, shown by a dashed line, on a

microlaboratory disc 14 of the invention. Each module is connected to a well

20 46 that collects excess or waste fluids from the respective module. These

waste fluids are collected and moved to the waste containers 28 in the station

16.

The sample is treated sequentially in a series of wells including first well

36. For example, in the first well 36 the whole blood sample is transferred

25 from the capillary loading channel 34, filtered and lysed to separate the white
and red corpuscles, and the DNA is isolated from the white blood cells. The
DNA sample is then moved out of the first well 36 through a connecting
channel 38 that connects all of the wells of a single module, and into a second
well 40. In the second well 40 the DNA is separated into single strains and
amplified using the well known PCR method. The treated sample is then
moved out of the second well 40 via the connecting channel 38 and into a third
well 42. In the third well 42 the DNA is assayed by known probe hybridization
techniques. The DNA assay is detected and evaluated in the fourth well 44.
Thus the determination of DNA in a particular blood sample is performed in a
35 series of four wells connected by a channel. Lastly excess reagents and the
like are collected in the fifth weil 46 that is common to all of the modules in the
microlaboratory array 14, and is transferred into the waste collection system

28 of the station 16.

30
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PATOUSY5/ 1é68H) see "PCR Primers and Probes for the 16S rRNA Gene of Most Spécies of

Pathogenic Bacteria, Including Bacteria Found in Ceérebrospinal Fluid®, J _
Clinical Microbiology 32 (2), pp335-351 (1994). Since the disc 14 can be ‘
arranged to form a plurality of up to 1500 parallel modules, broad DNA
screemng can be conducted in parallel that xmght not be possible using a

15 system of sequential assays Since a large array of parallel tests can be done
at the same time, the time reqmred to obtain meaningful results is also |
reduced, and consequently costs are reduced. Further, the statistics of broad
based screening can be improved. In addition the system of the invention

_ - provides the ability to detect mutant DNA such as is found in oncologxcal

20 diseases. s

- The station 16 includes a. ﬁber optlc assembly 25 and one or more hght
sources 24 and one or more detectors 26 (not shown) that address the system
loading channel 384 or 50 and measures the transmittance or absorbance of
material in the channel 34 or 50 and the first well 36, such as a blood or other -

25 fluid sample. The fiber optic assembly 25.can verify the presence or absence
of materials in the channel 34 or 50 or the well 36, and quantify their amounts
by transmitting the measurement data to. the computer 10. Suitable lasers
and photodetectors are available c_ommerclally. Fiber optic- adaptors to
support the optical fiber are commercially available. These adaptors may

30 also include a lens for efficient transfer of light from the light source into the

' fiber. a '

Preselected substrates, designed either for modular parallel or array
processing, can be placed on the substrate holder 18 in the station 16. After
suitable modification of the software in the computer 10 or choice of other

35 driving means able to monitor a particular sequence of steps for control of
reagents to carry out the processes in each module of the microlaboratory 14,

- entirely different tests and processes can be carried out in the system of the
invention. Thus the microlaboratory array 14 is individually designed for a
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microlaboratory disc 14 and the computer 10.
The system loader 30 is situated outside of the station 16 and may be
‘connected to a loading capillary tube 32, as shown in Fig. 8, suitably having
15 an inner diameter of about 200 microns and an outer diameter of about 600-
700 microns. The capillary tube 32 can be pretreated to eliminate surface
adsorption of proteins and related bio materials in known manner, for example
similar to the methods disclosed by Cobb, "Electrophoretic Separations of
Proteins in Capillaries with Hydrolytically Stable Surface Structures”, Anal.
20 Chem. 62, (1990) pp 2478-2483. All of the sample material is loaded into the
system via the system loader 30. The system capillary tube 32 can be loaded
horizontally directly into the microlaboratory disk 14 via the loading channel
34. The sample is identified, as with a bar code or other high density code
affixed to the loading capillary tube 32 as by its position on the disc array. As
25 the sample loading tube 32 is inserted into the loading channel 34, a sealant,
which can be adhered to the edge of the capillary sample tube 32 or to the
loading channel 34, seals the capillary tube 32 to the channel 34. Alternately,
the sample capillary tube 32 can be inserted into a separate loading channel
50 vertically, which permits a smaller loading channel to be used, but the
30 sample may enter into the connecting channel 38 through force of gravity
rather than via a controlled pump feed from the pumps 22 in the station 16.
This alternate configuration 50 is also shown in Figs. 1-3.
The heart of the present system is the parallel modular microlaboratory
disc 14, shown in a side view in Fig. 1A and in a fop view in Fig. 1B. Figs. 1B
35 and 2 illustrate a single module on a microlaboratory disc 14, which is suitably
about 8.5 cm in diameter.
Each module of the microlaboratory array is made up of one or more
wells connected by a channel, in turn connected to the loading capillary tube.

-
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\IQQT? ?J/S é?ﬁ%;‘é“ rises four connecting wells, but this is by way of example only, and more
or fewer wells can be present depending on the tests or syntheses to be
10 performed in each module, and the number of steps required to perform them,
as will be further described hereinbelow. L > '

The desired number of wells are etched into the mlcrolaboratory d1sk ‘
sufficient to perform the sequence of steps to.be used for testing or synthesis
for that particular microlaboratory disc. All of the wells in each module are

15 connected. together via one or more channels:: The modular design permits
efficient placement of each module on the disc substrate. When only a few
wells are required for each module, two modules can be formed in each radial
slice of the disc (not shown), thereby doubling the number of modules that can

- be etched into a single microlaboratory disk 14 ‘Thus for an 8.5 cm diameter
20 disk, an array of 267 single modules or 534 double modules can be readily
made. When the sample is inserted vertically into the loading channel 50,
which takes up less-area of the substrate, additional modules can be
accommodated on a smgle microlaboratory disc, and up to 1500 modules can
: be formed on a single microlaboratory disk 14. Each of the modules is

25 connected to the system loading system 30, thus permlttmg parallel
procesging in all of the modules. '

Excess fluids and waste materials for all of the modules are passed into
a center well 46. A plurality of wells 46 may be connected.to each other by
means of a common channel 47 (Fig. 1B). A sealed tubmg on the back of the

30 substrate 14 provides an exit channel for these excess fluids that can be
passed into the waste container 28 i in the station 16. Thus only one exit
channel 47 needs to be provided for each microlaboratory array.

The wells of the microlaboratory disc 14 can be made by the following

. procedure. A glass substrate disc 14 is coated Sequentially on both sides with

35 _  athin chromium layer and a gold film about. 1000 angstroms thick in known
manner, as by evaporation or chemical vapor deposition (CVD), to protect the
disc from subsequent etchants. A two micron layer of a photoresist, such as
Dynakem EPA of Hoechst-Celanese Corp. is spun on and the _photoresist is



connected to a station 16 via line 15. The station 16 includes a
m crol abor afygy 96 diseC support 18, support tubing 20 for | oadi pETiesssi4ssy

material s and reagents onto the 9 crol aboratory disc 14, punps
22 for noving fluids to partlcular destinations on the disk 14,
one or nore |ight sources 24, an opti cal flber 25 and one or nore
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noved 1 5 to a first well 36 on the disc 11 a | oadi

ter
channel 50 foA4:80:66caThe use of this g¢tghant inan pltrasppiq % Pé"éﬂ%‘?ﬁ'n@?
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e 2 e et L Sy TR o s s DOt g deer,
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Fluid material may be transmitted to the various wells from the first
well 36 or from the loading channel 34 by various methods. An external
mechanical pumping system 22 that can deliver fluid in reproducible and
accurately controlled amounts and that can maintain the purity and sterility

20 of test liquids can be employed. The 205U multichannel cassette pump
available from Watson-Marlow, Inc is a suitable pump. Alternatively,
miniaturized mechanical pumps, based on microelectromechanical systems
(MEMS) can be used. These miniature pumps may be internal or external to
each well 36, 40, 42 and 44. Such pumps have been reported by Shoji et al,

25 "Fabrication of a Micropump for Integrated Chemical Analyzing Systems",
Electronics and Communications in Japan, Part 2, 70, pp52-59 (1989). Other
suitable pumping means to move fluids through microchannels include
electrokinetic pumps as reported by Dasgupta et al, see "Electroosmosis: A
Reliable Fluid Propulsion System for Flow Injection Analysis”, Anal. Chem.

30 66, pp1792-1798 (1994), or electrophoresis methods, which require inert metal
electrodes, can also be used. In the latter case, a gold electrode can be
deposited in the various wells of a module, as shown for example as metal
layer 54 in the bottom of the first well 36, as shown in Fig. 4A. The electrode
54 is connected via leads 55 to a circuit or other electrical connection 56.

35 When large amounts of fluid need to be passed through the connecting
channel 38, such as diluents, buffer solutions, rinse solutions and the like, an
external mechanical pump 22 in the station 16 will be used to pass these
solutions through the channel 38 into the desired well. When smaller amounts



36. For exanple, in the first well 36 the whole bl ood sanple is transferred

25 fromthe capillary | oading channel 34, filtered and | ysed to :
separ at eV e and red cogguscles, and the Wug%"’ﬁ"ﬁ?l ated
fromthe white blood cells. The DNA sampl e is then nmeved out of
the first well 36 through a connecting channel 38 that connects
all of the wells of a single nodule, and into a second wel | 40.

In the secof alnahlrialzm'etrlaquﬁhd, an oaexhakanaermahmmpm@ systemcanrhe vsed foro

anplified lﬁf‘% ggge aiggpé
ITDVEd__OUt ? E%e second& Spﬁ E Odl’lgiggltnlaéélgtsgglnne ﬁsgl%d'rel nto a
third containges | cap| e|d\enq$ttedhm a feYarigys t‘ﬁ&? fsﬁlﬁve $8, RSown

probe- hybri on - . ‘techni ques. The DNA assay is detected and
Thus,t he dete on of .DNA in

evalcuated in th rth wel mnat
a particul ar bl gﬁd?@%rﬁﬂsg beﬁ%rtpgr F&;Bppﬁat&trg gf'a’p g’ #dﬁrt‘\NQPl s
connect ed momtuﬂ'udmed:hanm; amemeﬁhemgg rm'scoahngtthe well is built irltokthear e

col l ected i f T t nodul es in the
m crol aborato r’y ar rlal;errf%m& rans err 3@{&90%#? \tﬁa e col |l ectlon

- system Thesﬁxart welk:36 mthlsrexmple is the sample prepayetiopswell. A thin
PCT/ US95/ 143800f a suitable metal oxide 57, such as tin oxide or indium tin ofide, is
10 dep081ted onto the well matenal and is connected by means of an electncally

conductive metal connectmn 58 to the end or outer edge of the well 36. The tin
oxide coating 57 serves as a heater element for" the well 36.  The well 36 also ‘
has a surface bimetal ﬁlm 59 and leads 60 smtably made of chromel-alumel

~ alloys, forming a thermocouple to measure the temperature in the well when a

15 source of current is apphed to the tin oxide coatmg 57 and to the leads 58. A
voltage apphed to the well 36 via electrodes 56 deposited on the backside as
shown, or preferably on the frontside of the m.lcrolaboratory disc 14, regulates
the temperature in the well. The amount of current applied can be regulated
by the computer 10 in response to the temperature measured through the

20 - leads 60. :

The first well 36 of the present module 48 also contains a blood affinity
binding material, (not shown) such as LeukosorbTM available from Pall Co.
and commercially available solutions to lyse the red and white blood cells of
the sample and to carry the DNA from the first well 36.

25 ' Thus the devices and certain reagents needed for each well will be
preformed and loaded into the well or directly pumped into the well from a
common source. Fliiids can be preloaded into the well either from a reservoir
in the station 16 leading to the loadmg capillary tube 32 connected to the
microlaboratory dlsc 14, or a reservoir and channel mto the well may be

30 formed adjacent to the well in which the fluids will be used. |

o Additional devices can be built into the wells. For example, a means of
stirring reactants can also be built into a well usmg altematmg fields. For
example, two or more electrodes can be evaporated into each side of a well and
connected to external leads, in turn connected to a source of alternating

35 current. The alternating fields will prov1de revermble magnetic fields to move
paramagnetic partlcles in the wells and to cause, as well ﬂmd movement in

the well.
As shown in F1g 5A, paramagnetlc beads 61 are depos:ted in the



The conbi nation of a | oading channel 34 or 50, the wells 36, 40, 42, 44
and 46 andwies/tsas;ecti ng channel 38 nake up one nodul e 48 oPCT/AS9S/KASEY
mscrol aboratory disc 14. A single nodul e ohla microlaboratory disc 14 is
shown in top viewin Fig. 1B within the dashed lines. As will be explai ned
5 her ei nbel ow, a plurality of nodules are fornmed in the
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entjial assa Since a | arr el tests
can be done the wells 4o B9t $YRPOTaL %qurr@la??%g ? gt gia% &Ame or
negnilr@af u:: r ?ﬁﬁeta:ﬁhﬁaa&bﬁﬁl ats the microldbogatens, dxae,cbwbﬁwm&nidmo@ﬁsménﬁ bﬁb
reduce ur es istics o e ening c e
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ability to denmola:bnrmurymm: Biniustde sinfitam dThe sealing Uignpenatﬁm)reqmred to

Lo e e 8 00 g e el o
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nmeasl@ries t he useastSeliebtrdd fiRlds t8Rsal BRE cBveF r1])Iav.t;e to the dﬂﬂi & bﬂitab!b b@@ause

channel 34 or asﬂnan ttafte Iiacset at & Ilow::agr ten%%grature %han gﬁe f1ow t%gxg]pegrature, e.g.,
about 7000C or less, which is well below the flow temperature of silicon, about
14000C, or of Corning 7059 glass (about 844°C), available from Corning Glass
Co., for example.

20 The invention will be further explained in terms of examples that
describe different modules for performing different processes, such as assays
and syntheses, simultaneously and in parallel. However, the invention is not
meant to be limited to the details described therein and additional processes
and syntheses can be readily performed by appropriate changes to the

25 number of wells in a module, the devices formed in or adjacent to the wells, the
number and type of devices needed to pass fluids into and out of the wells, the
number and type of processing-type devices built onto the disc other than the
modules, and the like.

Example 1 DNA Analvsis :

30 The sample fluid is passed into the loading channel 34 or the loading
channel 50 as‘explained above. The sample then moves by application of an
electric field or is moved by a pump 22 into the first well 36 through the
channel 38, where the separation of the sample, e.g., filtration, lysation and
DNA separation, takes place. The first well 36 is fitted with a means of

35 heating and temperature control, as shown in more detail in Fig. 5. Alayer of
tin oxide 57 is first deposited in the well 36 by CVD. A bilayer film 59 is
deposited over the tin oxide film 57 in the well 36, and a metal connection 60 is
deposited along a sidewall of the well. Electrodes 56 and 60 are formed on the



25 fluid sanple.- The fiber optic assenmbly 25 can verify the presence’
of materials in the channel 34 or 50 or the well 36,

or absen

and quanﬁ??"l"ﬁé‘h ‘anmount s by jtgf ansmitting the USR8 data
to the conputer 10. Suitable |asers and phot odetectors are
avai l abl e commercially. Fiber optic adaptors to support t he
optical fiber are connerC|aII avai |l abl e. These adaptaors na al so
i ncl ude a |kaeksidg of the anioselabozataryy dise 14,;and deagds HBcand csrem@ethmt 0
the therfroe6tple 59 to the extemal contastR! 56: 1 THe subsdntdhahe ldads g8athd

el O SR 8o et B oytone ad RS5ESIRE s%mBu?CEd on
nodi ficati d0.of the softmare in the conmputer 10 or choice of other 3 5
G118 19, Teans Soig LB S FolGAAEH e RN SIS bRLOTELEY AP ©
14, matemal surl af Liewkeserh W EM ¢ media fypne PodkBioBuppertcBiv. cQthen '
the syst emcabﬁafclany ava1lablé B SRri18 cahhdBo B ulkd o8| dh3Fed P/ tHE bahel4 | S
::?;?—} \(Jlsggflll %Sé %e amount of Leukosorb B emp?oye]dlsdepends on the area in the
variety of fastayell 88asThe Me&tkosmﬁb Byfilters the bicdas celds fromn |thetlﬂeodﬂsdﬂhﬁ
10 sample. A known buffer solutxon is then passed into the first well 36 by means
of the channel 38 in an amount sufficient to assrst in lysmg and washing the
red corpuscles in the sample A white corpuscle lysis buﬁ'er solution, for ‘
example a solution of 50 millimoles of KC}, 10 millimoles of Tris HC1 having a
-pH of 8.3, 2.5 millimoles of MgClg, 0.45% Nonidet P40 and 60 mi of Protemase
15 . K, is then passed into the first well 36 via'the charinel 88 in an amount |
‘sufficient to lyse the wh1te corpuscles. The first'well 36 is- then heated to 55°C
for fifteen minutes to’ cause the desired reaction. ‘The cell was then heated to
100°C for about 10 minutes to inactivate the protemase K following known
procedures. . '

20 Because of the h1gh temperatures required in ‘the last two steps,
significant vapor pressure may develop in the first well 86, causing a back
pressure in both directions - back toward: ‘the sarmiple loading ehannel 34 and
forward to the succeeding seo'ond well 40. Thus preform'ed' valves 62 and 63 as
shown in Fig. 6A, formed of bimetallic materials as described by Jerman et al,

25 "Understanding Microvalve Technology”, Sensors, September 1994 pp 26-36
~ are preloaded into the channel 38. These materials have a thermal expanslon .
msmatch When the temperature in the well 36 is low, the ball valve 62 is in

its normal position permitting free flow of fluids into the well 36, see the arrow

shown in Fig. 6B. As the temperature in the well 36 increases, the ball valve

62 moves to a cooler posmon, as shown in Fig. 6C, blocking the channel 38

and 1solat1ng the well 36 from the channel 38; thereby preventing fluids from

passing into and out of the first well 36. By proper placement. of the well
heater 57, the temperature gradient from the heated well 36 will be sufficient

to open and close the valves 62, 63, thus eliminating the need for separate

35 electrical, thermal or mechanical control of the valves 62, 63.
o However, other means may be employed as desired for closer control of
the temperature and pressure in the well 36. A simple design comprises a
~ small micron size sphere 64, such as one ‘made of quartz or

30



configuration and the driving nmeans needs to be changed in the system when

a wodi/idegs ent task is to be perforned. rus9sh4s89
cikrcuit of thin filmtransistors (not shown)l3can be forned onPcfle front

or back of the glass or other substrate 14 to provide power to the wells
Vi a . Ieads and electrodes explalned further hereinafter, and to

connect t hem t
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rel ated bio WPWEFF@E eonémelef Hawnids bothoformardand backwatrd in therghannel 38.
the met 0ods di Satleacdbsiyn Gmabbe sﬁm@a&%ﬂ;ﬁ%seaswe:pﬂ%gﬁihems procedure
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of the sanple materlal
is | oaded into the Stlll refemngi&yEigerﬁAutaetmpmmltraﬂal bhidd shineple\is them

e S R S 0 o P Gt g e
is identified, sample ft‘rnnathmﬁrstowellﬁﬁ o 140 dentsiing adaper of paramagnetic
s, St B i vt sinisum,
channel 34, a nanograms o A are requxred or this assay. e amount
actually m the well 40 can be determined by the electrooptic light source 24
and detector 26 located in the station 16. An optical fiber 25 of the light
source 24 is connected to the well 40, and can be an optical fiber 25 of 200,
20 400 or 600 micron diameter to provide 260 nm radiation for the detection of
DNA in this example. Optical fibers transmitting at 250-260 nm are
commercially available. The optical fiber 25 of Fig. 6A which is connected to
the detector 26 collects and transmits the light measured in the well 40 to an
ultraviolet sensitive silicon photodetector 26 having good stability. Suitable
25 detectors include thermoelectrically cooled UV enhanced silicon
photodetectors, or miniaturized UV sensitive photomultipliers which are also
commercially available. The photomultiplier-type detector has greater
sensitivity, The absorbance of DNA is known and is set forth in the Table

below.
30 . TABLE
Double stranded DNA 1 50
Single stranded DNA 1 33
Single stranded RNA 1 40
35 A well known means of assaying DNA is the hybridization technique.

The third well 42 is used for this purpose. The well 42 will be fitted by
hybridization probes which are unique to the source of DNA and its diagnostic
scope. The desired probes may be directly synthesized in the well 42 or



whi ch can be adhered to the edge of the capillary sanple tube 32 or to the
| oadi ng channel 34, seals the capillary tube 32 to the channel
Al t er nat B®6/15450 the sanpl e capil i?ry tube 32 can bé’cirﬂ@%'f'l‘éﬂ’ into a .

separ at e | oadi ng channel - 50 vértically, which permts a smaller

| oadi ng channel to be used, but the 3 0 sanple may enter into the
connecting channel 38 through force of gravity . - rat her than via a
controll edCMMCﬁOﬁeram euaed 22 in the station 16. ' Thi s

al ternate confi meaide‘tﬂoéclnb& al&ab@mwnﬁmw&m%ry array disc 14 fof"®

heart of the prese m1s the paral m% % aboratory

di sc 14, sASSHIINE ﬁ d@ & }Se O FP‘gnmiﬂa;r‘RP Give, ?610“’33 &?\/qaﬁ’ F?ﬁta“}Ba

gl gs. 1B 3ﬂﬁmr'1escent ape, %lr Iekhﬂﬁﬂé forcthe Bhy@b@hpmteire oppthemélasobfpeteimr vy
'S LS. Sul t,a .

Boch moaul The wRataIBdkerh Lkt pbevP 3t uftaCihBalt TR Sfate tpger 24

wel |'s connennttmg)ynatmhﬁﬁlmﬁﬁp nam range sxtnate;mcthecstattonl dangecused ttar y

Lg/e Us95/ 1131 p éiguce ﬂuor\é&e%@e inthO: tag. The probe in this example will emit abgve the
The ni crol exditing wavelsagth of $005 n@ay iiees FBGELO 1600 §0Qsam mange. siThea,

quartz.  Phycobiliproteia fubfésentatag’ agents uesdommerdialiy! avaibable, b.g.,
m{ pi et er ol DK, fr%ﬂf‘Jacﬁso?lblxﬁxd&o-Research Labs:Inc of West Grove PA. The
fluorescence will be detected by means of the detector 26 also in the station
16. A filter 68 will also be inserted between the photomultiplier photodetector ‘
26 and the laser 24 as shown i in F1g 6 to block the laser radiation.
: - A suitable detector for the fluorescence emltted by the ﬂuorescent tag
15 is' one having hlgh sens1t1v1ty and’ optimum long terni: stability. Other
o "‘commerclally available means for detectmn ‘of-antibodies other than that
described above can also be employed For example, enzymes that form
hlghly colored products, resultmg in detectlon having excellent sensitivity, or
chemiluminescent compounds can be émployed -and detected optically.
20 - Radioisotopes can also be used, but their use is being’ discouraged to prevent
adverse effects on the operator of the tests, and they present disposal
problems The hght transmxssmn detectlon system ltself is also located in the
' statmn 16 S _ : - : :
E 621 logical 2
25 A second example :illu'strating the design and utility of a microlaboratory
disc 114 is shown in F1gs TA and 7B and is one suitable for carrying out a
plurality of 1mmunolog1cal assays, also in parallel. ‘The station 16, sample
loading channel 134, and’ ‘plurality of wells 136; 140, 142 and 144 connected by
a channel 138 are similar to those of Example 1, but the materials and
30 processes carried out in the wells, and the number of wells reqmred are
To carry out an immunological assay, a blood sample or other fluid
sample of about 100 nanoliters is filtered to obtain a- matenal having sufficient
antlbodles so that an assay can be determined using standard methods for
35 ¢ detectlon of select antibodies. The mcrolaboratory dlsc 114 is able to process
 200-1000 samples in parallel ' e
‘The initial transfer of a sample to the mxcrolaboratory array 114 is the
same as for Example 1. The first well 136 is ‘loaded with preselected bound




be finel y and controll ably etched using sem conductor techniques and a
sui tabl e ekghogisssgich as HF. High quality gl asses such as a PCTrS9sH4589NQ

5 borosilicate glass or a fused sill@a, will be preferred for their
UV transm ssi on properties when any of the processes or
measurenents carried out in the wells or channel s use |ight

based technol gﬁ@gﬁﬁiem% {Hlad&lﬁllfw%ﬁ hbh??ﬁ kRl Sdtet Bf BEpPropriate reagents and fluid
conprises fou ecting wel'ls, bu i.S IS, hy of exanple only, and
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her ei nbel ow, Station %’ and'the optical detection ?XFﬁ‘B&’r b%f B%qﬁééé?@lféﬁ% %é%’j B%ﬁtiog
the migrol gbotx&&tgﬁytfhrmb' (absorption) measfrements. t o perform the sequence of
steps to be used for tes J ?
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connect ed t ogt42,el44 iandobdb for sasuential testing forarinia %hgeéiegﬁnpw%ﬁe%we
efficient plaggpe eTRB niunthdl diwalldsdqunied will be)determined b
wells are requirfe€ %%Oﬁg%gﬁ?’e, t WO r;gﬁg&g ca efo.a‘gii ach dyv
radi al the numbeg ot apprapriale Ieagens %f}“ﬁ?&r 8B9nfige ‘ﬁsﬁa?’F&&“e :
n_urrbqlrogf n}[)dul es Ak‘u’ﬁntﬁﬂrhﬁean? 171 to coheércitthidlividflowsaofieagents and solvents
m cr ol abor at or i s . us for .5 .cm.dia

array of 267 gmgﬂeee‘?ﬁ]ﬁﬁ‘ﬁ ;g %Pmoeﬁﬁa‘@&g Mﬁgcﬁ]olgtﬁ S t?én&bgalyga{:gﬁt% biitrolé the
made. Wen t hlowafiflwidiinto thechannelctd8 antllinte the firatwelalBthgFonsnampleoa
uhi ch takes upgofsic sphER Bhn it S VaRe 165'8Y beAVatioi A ialeeait Reld by

accomobdat ed on®a singl'e mcro ory disc, up to 1500 nodul es can

be forned on meshagf theicempuierot®t ory di sk 14. Each of the nodules is 25

conngcged to the SA? SRBWNOROFTY 7O S4 ballSthive 162 isditted inteotheaciinmil 138 on
t

processing in Al s alhiCeehi 6. A source of current 170 is placed adjacent the
channel 138 to control the flow into or out of the well 136, and the backside of
the microlaboratory disc 114 will have a lead 172 that connects to the driving
method employed, such as the computer 10.
S AINDIC o y 1] !,ff,; 0] ,.,l! ,."J,; ) ,,"L,,,,"ﬂ’,“
This example, shown in Fig. 8, illustrates a microlaboratory disc 214
that has a modular design that permits the synthesis of a large array of
" proteins or oligonucleotides in parallel. Such synthesis is a great time saver
for drug testing for example, when a whole series of related compounds can be
25 synthesized in each well of an array, and then tested for biologic activity.
For example, the synthesis of solid phase oligonucleotides in a well has
been described by Hayakawa et al, "The Allylic Protection Method in Solid-
Phase Oligonucleotide Synthesis. An Efficient Preparation of Solid-Anchored
DNA Oligomers", J. Am. Chem. Soc., Vol 112, No. 5, 1990 pp1691-1696, in

30 ~ a sequence of eight steps:
Step 1: washing the well with acetonitrile (CH3CN)

Step 2: detritylation with 3% ClgCCOOH - CH2Clg

Step 3: washing the well with acetonitrile
Step 4: adding a coupling agent such as 0.1M phosphoramidite-CH3CN

35 and 0.5M (4-nitrophenyl)tetrazole-CHgCN-THF (tetrahydrofuran)

Step 5: washing the well with acetonitrile
Step 6: capping with AcgpO-2,6-lutidine-THF (1:1:8) and 6.5% 4-

(dimethylamino)pyridine (DMAP)-THF

20




Excess fluids and waste materials for all of the nodul es are passed into

a centerw@pgstm% A plurality of wells 46 may be connecte t her by

means of common channel 47 (Fig. 1B). fgseal ed tubing o%cttr e %P of the .
30 substrate 14 provides an exit channel for these excess fluids

that can be passed into the waste container 28 in the station 16.

Thus only one ex 4 rovi ded for each

m crol aboratory %‘feﬁ’azr omd.lzmgmq:%nfm t'%é@# g:}g?emﬁhe m crol aboratory

disc 14 can be reﬂaeb»w Qhe%mﬁlthacetomtnl ecexcésadids substrate

disc 14 is coate ent,i a |des \WMLT t5 - '@ithin cﬂ m um
Fithie e 4 sbepefate o9 i3, g fpaction well 237 1

| ayer and a gol
manner, as \bsang\/dtfﬁemm'.oprotectéda moxaimenmcseqdentmlhyl bm buildup ﬂmgﬂrst ef t

U1 o1 AR b U Gl 4815 N 45D 40,

spun on ancprobectiwegrouns used for synthesis prior o easspama@mg the synthesized
PCT/ US95/ 14518 mers from thexr iort The various ohgomers in each well c&n then be

exposed, ei t Her &gé&%gé}%ﬁaéﬁor L &e%ar I w@&z%‘ nc.

sui t abl'y preparefl’oggq:geng
After develayshotvn in Fig. 8 the resi st “to-forn’ openi ngs there| n, -and baki ng

t hq gesist to r% 408, , 88 showanxg 8, aplurahtyofmodules or wells 236 are
" connected by means of various channels, and a complete synthesis of different
compounds will be carried outina smgle well 236 ‘The additional features of ‘
" this microlaboratory 214 desrgn are in the array design which permits
controllable and sequentlal dehvery of various reagents and solvents to each of |
15 ~ the wells in parallel The reagents and ‘solvenits can be stored in reservoirs o
276, 278, 280 and 282 built into the mcrolaboratory array, or they may be
delivered from reservoirs external to- the m1crolaboratory array, for example in
the station 16, as desired. R o o |
_ Figure 8 illustrates a smtable demgn for a microlaboratory array
20 wherein reservoirs 276 278, 280, 282 for reagents and solvents are included in
the substrate; and Fig. 9isa part1al schematrc view of a system for synthesis
wherein reservoirs 276, 279, 280 and 282 are added to the station 16, each
. connected to a fluid pump 22 for delivery to the wells of each module:
: Each well in this array has a plurality of horizontal channels 238, 239,
25 241, 243, 245 entering and ex1t1ng each well 236, and a plurality of vertical :
channels 248, 250, 252 and 254 each of which leads to a different reservoir.
The reagents and solvents move along the channels by means of gating
electrodes, as shown in Fxg 7C, that move the fluid along the channels.
- ~ As shown in F1g 8, reagents are delivered in parallel from the different
30 reservoirs 276, 278, 280 and 282 into channels 238, 239, 241, 243
' respectively. Each of these channels has a bmlt in gating electrode 162 to
monitor the flow of ﬂmds from the dxﬂ'erent reservoirs into the wells 236 as
required. In this embodlment since all of the synthems reactions take place in
- - a single well 236, each well 236 1s placed in’ an an'ay and one or more channels
35 lead into and out of each well 236 for dehvery of reagents in parallel or serially.
Thus mstead of a modular demgn, when sequentlal wells are used for the
various steps of the process bemg camed out, an array of like wells 236 is
used but a different chem:tcal synthesls is carried out in each well. The overall




sol vent, the gold layer in the openings is etched away using a standard
etch of grams of KI and 1 gram of iodine (I [e”])rdl‘rus%ll&‘ss of
The und%’

wat er . chromi.um | aygr is then separa et ched
usi ng an acid chrom um etch, such as KTl Chronme Etch of KTI
Chem cals, Inc. The gl ass substrate I's then etched In an

ripeEE iy iFSndll, eng vmdeeds,

ul trasonic bata of HF-H %1
14: 20: 66. The HEREBAS PR;'Q %‘E" Bm‘%
0 si dewal | of ¢osmnpoumds/can be synthdsizedon Ialsnggbfmmrelabera@rygubstmtmaéd

unti| the ABGR S0P BHUNE WMoBEldre' anBlGEAthe HricHlkls AWAbe
200- 750 m crons dee dep en In p unctions, 't
perforned in tWé’m\fé’F’Fd or screemngcan be com ec@éﬁnéaaﬁggem into aggreening

about 290 mcr@rﬁzwwm&tba@adb%ﬂtmtotheweu2360 m crons deep, is then

et ched between the he remainin hot oresi st an

chroni um gol d | ayerﬁ 'rslgﬂﬁ array &R be' ifed t%tXR‘iiPW gq.r%y.u%ber of
transmitted t ooligmnmaxwpeyndésswiuchfoﬂlbw 4 repatitive sequencewébte;ﬁ&scubdveo m
the loading c ) gt Reds...1AR ext er nal mechani cal

punpi ng syste ; " S M reproduci bl e and
accurately control |mammlgbmom@trrexmfnﬁumwph@b@rls talse d¢signed to

steriligy 2 O produek éx?%hé)t QP'SM%IQ%@%PE%EQS Iflﬂui@l@@ Hpm&&bﬂ%“ﬁkﬂ
cassette punp aé/ from Wat g rlow, ngl E}ﬁg’?
punp. Al t er natGoFapgunds. ince R ARt BFTaYeHeRERAS AT Q‘e 3 figherent
m croel ect ronmthﬁtingahnﬁwﬁﬂrf&‘or each comx{d‘tﬁhﬁ) e meth@leﬂxbs'lﬂilmd eth -
42 and 44, Su gﬁﬁtﬁeﬂh' rprislerfiihad, 5o-viflpyt substitpted Bifhpbiinds S
"Fabri cation nyfrsthtmgrma&mdt veserybirsmg] guppig Spzcenwill be
El ect nani cs a%e@@&%%ﬁ%':ﬁﬁ&dﬁt s%ﬁﬁ‘?ﬁ%nf’&é iaf will be éP%enOf'ﬂré
sui t abl e punpi ng neans to pove roug mcroch nel, s |
reactants and solvents an reactmn conditions, e.g., eatmg, e dehvered
as required, see Examples 1 and 2.
For example, the synthesis of an array of 1,4-benzodiazeprine
compounds can be carried out as follows:

20 Step a): bind the starting material 4-[4-benzoyl-6-chloro-2-
fluorenylmethoxy carbonylaminobenzoyloxy-methyllphenoxyacetic acid onto
aminomethyl resin or its equivalent as a coating material on the channel
surfaces;

Step b): remove the 9-flucrenyl methoxy carbonyl (FMOC) protective

25 group from the bound material using piperidine in DMF, supplied from station
reservoir 376 into the wells 338;

Step ¢): couple an amino acid, alpha-N-FMOC-amino acid (fluoride)
from a second reservoir 378 in the well 338;
Step d): remove the FMOC protective group by moving piperidine in

30 DMF through the wells 338;

Step e): forming a cyclic benzodiazepine derivative with 5% acetic acid
in DMF from a third reservoir 380 in wells 340;

Step f): alkylate with a lithium salt in DMF from a station reservoir 382
in wells 342 that are fitted with a control for pumps and switches, monitored

35 by the computer 10, to deliver different alkylating agents to the
microlaboratory array 314 selectively, as shown in Fig. 10. Thus the
"reservoir” for the alkylating agent is in reality a source of a whole series of
alkylating agents that can be delivered selectively to a particular well in the




el ectrokinetic punps as reported by Dasgupta et al, see "Electroosnosis: A
Rel I abl e ropul sion System for Flow I njection Analy " Chem
8&’3%5'{381592 1798 (1994), or electygphoresis net hod?cim'??@ﬂ equire .
|nert nmet al el ectrodes, can also be used. In the |atter case, a
gold el ectrode can be dep05|ted I n the various mells of a nodul e,

vl 36 hebsimdithe i deiery ta she veslls ube controfied B o Rt meased7di o
{/\ﬁadsl 55 t oaf showelid Fif. PChdn this gianmey, acdifferent oam@ﬁunﬂ i5 made in each

en | arge :
e |20 9e A iyek ool S0 pb e BRI SE Ll oRRNGR A o
li ke, an the vanousmmmandmmbweupmyi@ emplayeddosynshesige wach ofe
usedst o Pasthd fiABound I-md thssﬂkéfbléﬁbiatmg@ 3&2%&% Ga?hs%& bmlallw%f

desired well er anDunts
PCT / US95/ 1%198 as we
of material are Aaethéxeﬁatm ¢fithd Ip&hsextttmﬁreﬁhoauanhe@‘abﬁedm aﬁfrohe-obiéﬁd

O asti o SiAnHigBhat pSbh SR ksl e R SRE R o B S 91
vel |'s for ptlatican be sérvided fram more than one chqnmeleeither to transmit fluids into
10 the well, out of the well, or to transmit.the material being treated to a
succeeding well. Such cross over channels can be formed in the following -
manner. Referring to Fig. 11A,a _subs;tnate 314 is coated on both sides with a ‘
first chromium-gold layer 310A -and 310B and a photoresist layer 312A and -
312B as described above. The photoresist layer.312A is. ekposed._ and
15~ developed to form openings 313 for a first channel and the chromium layer
312A is etched away in the opening 313. The glass substrate 314 is then
etched through to the chrommm-gold layer 3103 forming openings 315. The
photoresist layers 312A and 312B are re-exposed__and developed to form a
second pair of openings 316 and 317 on each side of the glass substrate 314.
20 However, the second opening 316.in the layer 312A is perpendicular to the -
opening 317 in the layer 312B, wh.lch is parallel to the openings 315 made -
originally. The opening 317 is formed adgacent to the openings 315 already
formed in the glass substrate 314, as shown in Fig. 11B. The glass substrate
: is next etched to open a paesage between: the openings 315 and 317, thereby
25 forming a continious channel that extends through the glass substrate 314
and across beneath the second perpendicular channel 316 as shown in Fig.
11C. A cover plate 318 will be bonded to both sides of the substrate 314 to
enclose the cross-over channels 315-317-315 and 316 on both sides of the
substrate 314 and to complete the substrate having crosslng but non-
30 intersecting channels, as shown in F1g 11D. :

In order to move materials from the reservoir‘s into each well of the
array, the material from the reservoir can be-injected into one or more the
channels 316. The material in each channel moves along the channel 316 via
capillary action. However, since one or more of the reactions may require

35 more or less time depending on the amount of material employed, or to
compensate for faster or slower movement of certain materials through the
channels, the material flow in th_e,eha;me_ls pr_eferably can be controlled by
means of a drain electrode deposited in each well, and in each reservoir and in




&

5 In the case where the tenperature of a particular well is to

be wogd?%ﬁéot ored or changed, a neans of heating or caoalsmospstiassonel |

i:s built into the well, as willl®e further explained belowwth
reference to Fig. 4B. The first well 36 in this exanple is
the sanple preparation well. A thin filmof a suitable netal

Che vel | mat abeapanip! e Yokl fhe Rigegofitc the tdspeltive well 'BpArehffgnt! o
conducti ve miegntiversharge shtigswell, thflawalepg @a%@é@fh‘i FtoPRes thegebyi
El'ihn Il 36 plerﬁiii;ﬁﬁg%ﬁ%félg)hf%agéﬁﬂ f ﬁml?: ‘ Iﬂreye: d lﬁﬁ)ﬁF&/ggllzﬁ

e we also, . . S, ur fac i et a an a
sui tabl y mad&ichds g tep vigw, I’&}P‘:ﬁ shows a%rag} e ,04004%95%8?%511’?%@%&%8{%
to megsure t 36 airachanneb488, ddibinthd reseevoin4425 . source of current is
applied to the ti i C | : B
vglot age applied tg*%ég’%%& Iﬁ%ﬁ%@%&@ﬂ#’%&’ggﬁég’%ﬁgﬁ%ﬁ on Phgu%gc%qede-
as valrinty, of destsrastdosynthesemrapidly,mebiablndngxpentively ansl dpparallaly
disc 14, reg!ﬁrgﬁﬂg' reducing cdsts. teF'HPﬂl'@r‘,”Beédhééﬁ)fV\%é-infﬁgré’ﬁﬁﬂnbf ofhe
current applied can be reg%l ated b;éu&he conputer, 1 H& response
to the tenperaicgplaberatoryearnay, and means ofye atlngeggesasg&ng and recording
g_hedfl iy st \tNe |ihfc>|'i§1:%ﬁox§,hféﬁbf&§ GﬂteSEB @ﬂdﬁsé&eﬁhﬁg data tare reliablyt gemermtéd mirdy

i nding materjal, ot sho such.as Leukosor .
and conmer ci gkqggda\%ch@eg\ég% ISGTGESHes M2y g‘g‘é‘nﬁ!‘g}%}é%‘iﬂg&ﬁ P{ é@%@%&% s
of abilitystonpérforan DNA teating rapidpireliakiyarndoat lomscosiiewill be highly
Thus t he devi g]gang%&&rtai n reagents needed for each well wll be

pr ef or med and I'nto the well or directly punped into the well froma
comon source. Fl (Bhus sithopghhe preseatiinventing has Pe%ﬁlﬁﬁﬁné’?‘gr’rpéems o

reseqwoi r  particular dxdmples! $hé $AvdRtibR 3 inE heaht €o bedimitedoniid détailsube
32 connect ed giw?ent ar.]t?ove. One skilled in the art can readily substitute different mechanical
or electrical means of transferring fluids through the channels and wells, of
substituting various bonding agents, starting materials and reagents to
perform different assays and syntheses, and to form the wells, channels and
20 devices in the channels and wells by aiternate methods. For example,
integrated circuits can also be employed to move fluids and monitor and
measure wells of the arrays using conventional semiconductor techniques and
materials. Semiconductor technology can also be used to form leads,
electrodes and the like. Thus the invention is only to be limited by the scope of

25 the following claims.




m cr ol aboratory d| sc 14, or a rese oir and channel into the well my be 3

0 in which the fluids W .
Addi ti onal deV| ces ’gﬁiﬁﬁﬂmﬁ‘m* o theggel I's.. For exanpl%é,mgggﬁégﬁsg of

stirring reactants c into a wel | using alternating fields.
For exarrpl e, two or nore electrodes can:be evaporated into each

side of a rCﬁ connect ed to external leads, in turn connected
to a source 0 g’ﬁ’ernatlng 3 current. The alternatlng fields wll

provi de revéssi bIPQSMQmacompnsmgis to move . oo par,.amagnetic particles
in the wells and gh St 3 |3 | .
As shown in Fig, 2 Oaﬁ‘adpgr anwaé"lﬁseitﬂleé elfegﬂ"léii b eﬂ%n%%dg%tcg d to each ofHls B¥h

VO 96/ 15450 cga.n.nel said channel connected to a fluid sample source;

PCT/ BS95/ 14589  a station housing a supFort for said array electrically coxmecﬁeH to said
second wel | 40 of t.,he present nodule 48, to bind DNA material and to nove

the DNA to éeedl ng wells for anplification, detection and assay.
These : antxmtm'aansa ebeztrieally abhpectedi ﬂoaddxd statioR@or eontrollghs the om

Bang Labor ajg E].}E?pr Carmel , IN for exarrpl e. . The well 40 is also
connected b #e‘g‘ﬁlsmo seaalg to the el ectrodes 56. :

system according to claJm 1 wherein said station contains an optical
10 system comprising one or more light sources. and one or more hght detectors
for monitoring said fluids in said channel.- '
3. A system according to claim 2 wherein sa1d hght source and light - ‘
detector monitor the amount of fluid sample transferred to said array from
said fluid sample source. : RN
15 4. - A system according to claim 1. wherem sa.ld statmn further 1nc1udes a
fluid pump for controllably transmitting fluids to sa:ld array.
5. . A system according to claim 1 wherein sa1d sample is loaded into said
array by means of a system loading channel connected toa loadmg capillary
_ channel in said substrate.’ ' ' ' : . |
20 6. A system according to claim 1 wherein saxd wells and channel are
grouped in a module comprising a plurality of wells connected by a channel,
said modules connected to a loading channel for passing fluids into the wells.
7. A system according to claim 6 wherein a plurality of modules are
~ present in said substrate and said loading channel can pass fluids into 'sa.id
25 modules in parallel. ' :
8. _ A microlaboratory array for parallel processixjg comprising a dielectric
substrate having one or more modules therein, said modules comprising one or
more wells connected by a channel for the passage of fluids into and out of the -
wells.
30 o An array according to claim 8 wherein the substrate isa hxgh melting
temperature glass. S
10. An array according to claim 8 wherein each module channel is
connected to a single loading channel for passing fluids into said modules.
11. An array according to claim 8 wherein said array comprises modules for
35 assaying DNA from a fluid sample.
12.  An array according to claim 11 wherein a weII has a conductive layer of
metal oxide deposited therein and a thin film bilayer thermocouple deposited
thereover and leads in the well connected to electrodes on the substrate for
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conplete a ture for the:connecting channel 38 and
to ensure that fluids | he wel | s do not evaporate. The cover
plate 63 can be nade of the sane or 1 0 different material as the

m cr ol abor at or but coefficient of expansi on
of the cover %ﬁ%&% fn@W§*gﬁ%%aeg used to nmake the

m cr ol abor at orl,B di sAn btrayeccording ta ¢tlaim Ihwherein awelkhaselectrodes deposited

When all of the well stiayg red and | oaded, a glass cover plate
63 is affi xego bg1sr m* m“ isc 14, as shown in Fi OpctrBsosiidsse

to &%?émt&ﬁneeeearto%@%ﬁag% o Gurshl anaéte@tb%ta:@é M@ﬁ@ﬂ% e
fl ow tenperature mag eri, to prevent |stort|on 0
the etched chd@repdues reversible fluidanovement in sgid wall.o| ectric fields to seal
the cover pl atmtOAmemoal@fIaSs@ungmkrAhmm nses sealing will

take place at a lower te

t t
about 700[err]C or ngggxgngﬁﬁtgtﬁ 51 I?aIB‘Ef%\W{) géf@ﬁrﬁgpgf 3? gnprray of
silicon, aboutmodules connectéd @ parailel, each nfodGle havmg?ﬁ)ﬁﬁ wellssand alsonmecting

844[err]C) %@mﬁe from Corni ng d ass Co., for exanple. 2 0
The invention w e further explained in ternms of exampl es that
describe different movingsaid sample intos gstiwelldop filtering dysing and separating
assays 0o DNA,and syntheses, sinultaneously and in parallel. However,

e et o LS o ovinge DA e S oot oSk e AL Sorantese
readi |y perf oamdchrhplifipd usig thiecpolivmegsse ¢imihteaction method,nunber of well's
Doferodue; the 5kb5e LR Mol pAA G el FBRY Bodlosing nene,
t he bridizationctechpiques, andcessi ng- type devices built onto the
di sc psher than thengying the sdRPIeClo £ ¥durbh WellP for optical detééfiBhCahd
DNA Anal ysi s
measurement of DNA in the sample.
15. A method according to claim 14 wherein a red corpuscle buffer solution
and a white corpuscle buffer solution are moved sequentially into the first well.
16. A method according to claim 14 wherein during the lysing reaction the
20 cell is heated to promote the reaction.
17. A method according to claim 16 wherein the cell is heated to inactivate
the lysing material after reaction is complete.
18. A method of making a dielectric substrate array comprising
etching a loading channel in said substrate
25 etching a plurality of modules comprising at least one well and at least
one channel into said well connected to said loading channel,
depositing at least one thin conductive layer in a well,
depositing an electrode on said substrate and connecting a lead between
said conductive layer and said electrode to connect said modules electrically,
30 and
' sealing a cover plate over said substrate to complete formation of the
channels.
19. A method according to claim 18 wherein said channels and wells are
formed by depositing a chromium-gold layer on the surface of the substrate,
35 flowing a photoresist thereover, exposing and developing said resist to form one
or more openings thereon, and etching wells and channels through said
opening. .
20. A method of performing an mmunologxcal assay comprising

URRIN DRI s e s e




30" Th,?h sample fluid is passed into the |oading channel 34 or
t he Ioa s laged expl ai ned above. The 8 5995 %n noves
by appli cat | on of aﬂ"} ﬂ ',ect ricohield or is noved %@ ()‘Iﬂ 22 into,
the first well 36t channel 38, where the separation of
the sanple, e.g., f||trat|on | ysation and DNA separation, takes

pl ace. The first well f|t ed vmthame sof eat i and
tenperature conf}Qfng ‘L‘H A eﬁﬁ?*@lﬂ’é’cga?‘rl‘ ﬁ‘?bf?k’?\dﬁ%ﬁlg’tané‘ler
tin oxi de Bielecric sulistelpdrivig ohm sindfasetherads bn;( afdy comnprikimges 1dading59 i s

60 is - Gifind 1opheRelol ot Binsdhebd i it 6 Gare'C P T Cioc 86 an

60 are fornmed omaving said sample mtwgbﬁ;:sﬂmell contammg preselected bound

PCT4 US95/ 1 12

backsi de oféﬁt@ﬁ%dlrensgrrlcﬁvg%%?vatbry di_s a d Ie ds 58.and 60 cgqnnect the
t her nocoupl e 59P28Sing @ reagent to bing &@tné“ esamuleto the well, | eads 58
and iﬂmﬂgh@mntrtom‘emelesm ﬁagenefmmthe)wen and control | ed

6_i,s .al so.

b h
D e e T menspring iy tAnamiignte of e rosrenig i vell i oRiiing,
such as Leukthedtrahsmittanee pbkhowmadtibodies Support Div. O her

10 21. A method according to claim 20 wherein a plurality of wells is connected
to a single channel to form a module for carry-ing. out sequential steps in
different wells. - S SR : ‘
22.° A method of formmg perpenchcu.lar, separate channels ina d1electnc
substrate comprising : :

15 - depositing a first and second etch resistant metal coatlng to both sides
of said substrate, '

depositing a first photoresist layer over saxd ﬁrst metal coating, and
exposing and developing said photoresist to form one or more first openings in
' said layer, . : : :
20 etching said exposed d1electnc substrate to the second metal coating,
exposing and developing said first photoremst layer so as to form an
opening perpendicular to said first openings, =
etching said substrate through said. perpendlcular opemng to form a
channel in said substrate, L R .
25 - depositing a second photoresist layer over sald seoond metal coating,
exposing and developing said photoremst to form a second channel
- adjacent to said first openings, o
etching said first openings to open a via to smd seoond channel,
sealing a cover plate to both sides of said substrate.
30 23. A system for processing a plurahty of samples in parallel using a
' - microlaboratory array comprising: S
a) a substrate microfabricated to define at least one sample channel for
- moving a sample into the microlaboratory array;
b) a plurality of wells; and .
35 ¢) a plurality of channels for connectmg said plurality of wells
d) a support station for housing the microfabricated substrate, said

support station including
i) an optical system, electrically coupled to said microfabricated
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* [+ L M H] *

REPLACED




commercially available materials can also be used as desired for the sane
pur pose. Thwoosnsgde of Leukosorb B enpl oyed depends on the ®cyausesiisse
first well 36. The Leukosorb B filters the 38 ood cel. s fromthe bl ood serum
10 sanple. A known buffer solution is then passed into the first

wel | 36 by neans of the channel 38 in an anount sufficient to

assi st in |ysidithstfitelRsihgd light source and a liglefdétectdr T6F AfeasiirinpethediRhfle; A
white corpuscle Jysis buffer sol ution, for exanpl e a sol ution of

50 millinoles KA , 10 nmillinoles of Tris HG havi ng a pH of
8.3, 2.5 m!linoles of Mi)XH [painip eledtrcdlijNooupled te4tid nlictGfabiricatedsabsirass e
15 K, 1 he first well 36 via the channel 38 in an
anount ﬁrwoﬂﬁ?gggﬁggpﬁ% Iiise the white corpuscles. The first well
36 i s then heated te wH&fropuier electncally coupled t9 saidemicrofahricated substuate ier

desi red react | anidiaeSald couILAE thd BRUBLILG of said samplea100[ o1 ] C for

about 10 m nutes to, | nactlvate

e| nase nown .
procedures. 2 4% A system a‘B‘é’Eé’&’sﬁe agrSlﬁal mh%%ggat‘g?ﬁ% are AFTadgednin
the last two s;iaeanel modules so that al ;garilitgredﬂsauﬁ;ﬂes can beprocesysy il puealdel. i n

back towar ot - sadbl VLAt T omethasizing 2 Rluralithof Lopfidrdd 55’ paganel
succeéd} ng se@ompmhgamcrﬁlaberatmjamaydmhidmg 62 and 63 as
Srovs 5N P19 D8 g e Gihelatd B g § SRR HahndP FSIGREHS sRhnlE AR U

al, 25 Unde stan rova ogy
1994 pp 26- 36m1crolaboratogygr¥ﬁ:3§| oaded |nto the channel 38. These materials

have a thermal expa)alglirality of wells; M smatch. Wien the tenperature in the
well 36 is |low, the, bal ormal position

permtting free fIG\)/\Pé’fhl"’f’%iﬁy g gméﬁﬁ%fm“%gs wn’arrow

shownldn Fig. 6B. A3 atstatior frchausing thentitmlsledriat@ drray cadé statidreirvhhding
valve 3 0 chacZelPyes) bftidhl SRR toP ABldckiN artnlBHRrg B imgfi
ii) pump means for pumping the sample through the array; and
iii) control means electrically connected to said substrate for
monitoring and controlling synthesis of the plurality of compounds.
20 26. A system according to claim 25 wherein the wells are arranged in
parallel modules so that a plurality of syntheses can be performed in parallel.
27. A system comprising a device array of wells and connecting channels
electrically connected to a station for dispensing fluids to and collecting fluids
from the array, said station including electro-optic means for performing
25 electro-optic measurements, and said station electrically connected to control
means for controlling the amount of fluid dispensed to the array.
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and isolating the well 36 fromthe channel 38, thereby preventing fluids

from . passing into and out of the first well 36. By proper

pl acenent of the well heater 57, the tenperature 64589 OM
the heat ed WO/BB0i | | pe sufficient to open and g| ose%e

val ves 62, 63, thus elimnating the need for separate 3 5 el ectrical,

t hermal or nechani cal control of the valves 62, 63.

However, other neans may be enployed as desired for closer control of

the tenperature and pressure in the well 36. A sinple design conprises a
small mcron size sphere 64, such as one nade of quartz or WO
96/ 15450 PCT/ US95/ 14589

13 pol ytetraf |l uoroet hyl ene pol yner for exanple, which nay be
confined in the channel 38 to act as a conventional check val ve,
i.e., to prevent backward oW into t r,
there is no check on the fl/ow forward ihLo.t he succeedi ng jwel |
42 with this design, whichfmy be disad__ﬁ?ageous for certain 5
applications and conbi nati §ns of sequentd : }
be TTIPLEQeEmted—ay, an_§nsul ating or nmagnetid sphere, and by
appl i catji oph of jzgj externally applied el ectrostjati c or nmagnetic
fields, [capse—ttre—vatve—to oPpeIT I

18 i N 14

24.25.26

4 can

22 50 34 38

2] LU/

14

\ N\ _\
36 40 42 44

Fig. TA
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cl ose. Such a design will permt closure of the ball valve 64 on denmand,
permtting owowvsadssof |iquids both forward and backward in thecr/ogdsnakse3S.

1-0 Such a design may be particul arly advant ageous when a synthesis
procedur e is carried out on the mcrol aboratory disc 14.
Still referring to Fig. 6A, the prepared and treated bl ood sanple is then

transferred to the second well 40 for PCR anplification of the obtai ned DNA
sanple fromthe first well 36. This well 40 contains a |layer of
paramagnetic 1 5 beads 61 to bind with the DNA nmaterial noved into the
wel | 40. A m ninmum of about 10 nanograns of DNA are required for
this assay. The anpunt actually in the well 40 can be determ ned
by the electrooptic Iight source 24 and detector 26 located in
the station 16. An optical fiber 25 of the |ight source 24 is
connected to the well 40, and can be an optical fiber 25 of 200, 2 0

400 or 600 mcron dianmeter to provide 260 nmradiation for the detection of
DNA in this exanple. Optical fibers transmtting at 250-260 nm are
comercially available. The optical fiber 25 of Fig. 6A which is connected
to the detector 26 collects and trgnspits Esg)light measured in
the well 40 to an ul travig seaSi tive sIMtOn photodetector 26

havi ng good stability. Suitabl - W= i ude
t hernoel ectrically cool ed )/ enhanced & con
S .

phot odet ectors, or
mniaturized UV sensitive ohot;PykaEI
commerci al ly avail abl e. /The phgfomnul ti {ﬁr’ greater
sensitivity. The absorfance of/DNA i g § in the Table

bel ow. 30 TABLE 8 Speci 4 2rbsyrbance at 260 nm
Concentration ng/m

Fig. 1B
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Doubl e stranded DNA 1 50 Single
st randed DN¥o 96715450 1 33 PCT/USOSI14S89
stranded RNA 1 40 3 5 A
wel I known neans of assaying DNA is the hybridization technique.

The third well 42 is used for this purpose. The well 42 will be fitted by
hybri di zati on probes which are unique to the source of DNA and its

di agnostic scope. The desired probes may be directly synthesized
in the well 42 or WO 96/ 15450
PCT/ US95/ 14589 14

commerci al sources can be used. The net hod nost suitable
for the mcrolaboratory array disc 14 for assayi pg—BMNA~_i

use of a non-radioactive tag, which can contfhi
dye, for exanple for the Phycobiliprotein, or other clgs
These materials absorb |ight above 600 nm A conpact

t he exciting wavel ength of 600 nm
range. The

3/18



Phycoblllproteln fluorescent tag agents are commercially available, e.g., 1

0 Cy[ er o 96115380 Jackson | mmuno- Research Labs. |1 nc of Wespcrarsvsa4ssd.
The fluorescence will be detected by neans of the detector 26
also in the station 16. Afilter 68 will also be inserted

bet ween the photonul tiplier photodetector 26 and the | aser 24 as
shown in Fig. 6 to block the | aser radiation. A suitable
detector for the fluorescence emtted by the fluorescent tag 1 5 is

one having high sensitivity and optinumlong termstability. O her
commercially avail abl e neans for detection of antibodies other than that
descri bed above can al so be enployed. For exanple, enzynes that form

hi ghly col ored products, resulting in detection having excellent

sensitivity, or chem | um nescent conpounds can be enpl oyed and
detected optically. 2 0 Radi oi sot opes can al so be used, but their use
is being discouraged to prevent adverse effects on the operator
of the tests, and they present disposal probl ens. The |i ght
transm ssion detection systemitself i jz&iated in the

station 16. Exampl e 2 | mup®l ogi cal Assay 25 A
second exanpl e |IIustrat|ngg§ e desi‘gn and utility of a mcrol aboratory

disc 114 is shown in Figs. §
plurality of inmunol
| oadi ng channel 134,

fanad /B and is one suitable for carrying out a
¥ gl so in parallel. The station 16, sanple
iid s df wells 136, 140, 142 and 144 connected

by a channel 138 gre simlar to those of Exanple 1, but the
materials and 3 0 prodesses carried out in the wells, and the nunber
of wells (i are different. To carry out an
i mrunol ogi cal assay, bl oo sanple or other fluid

34 = e o
50 - ) )
Ved = = = —

Fig. 3
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sanpl e of about 100 nanoliters is filtered to obtain a material having
sufficient woognsase anti bodies so that an assay can be det erygrneshsisisog
standard net hods for 3 5 - detection of select antibodies. The

m crol aboratory disc 114 is able to process 200- 1000 sanples in
parall el . The initial transfer of a sanple to the

m crol aboratory array 114 is the sane as for Exanple 1. The first
well 136 is | oaded with presel ected bound WO 96/ 15450

PCT/ US95/ 14589 15

anti bodies on the cell wall, and, by transfer of appropriate reagents and
fluid flow control into each well 136 of the nodul e 148, assays
can be perfornmed with that antibody. The flow of reagents and
solvent will be controlled by the station .16, and the optica
detection system 24, 25 and 26 will be set up for 5 transmttance
(absorption) neasurenents. A series of different

anti bodi es can be placed in additional wells 140, 142, 144 and
146 for sequential testing for various antibodies in successive

wells, as shown in Fig. 7B. The nunber of wells required will be determ ned
by the nunber of appropriate reagents and the nunber of

anti bodi es to be tested.

36 54

56

Fig. 4A
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10 A control neans 171 to control the fluid flow of reagents
and sol vent Sy 96/15450 wi || be enabled by el enment 162, whi chpéfugosidkgeCh
o valve that controls the flow of fluid into the channel 138
and into the first well 136. For exanple, a magneti c sphere can
forma ball valve 162 by activation of an electric field by

nmeans of the conputer 10. 1 5 As shown in Fig. 7C, a ball valve
162 is fitted into the channel 138 on both sides of the well
136. A source of current 170 is placed adjacent the channel 138
to control the flowinto or out of the well 136, and the backsi de of

the mcrol aboratory disc 114 will have a |lead 172 that connects to the
driving nmet hod enpl oyed, such as the conputer 10. 2 0

Exanpl e 3 Synthesis of Proteins or Aigonucl eotides Thi s
exanple, shown in Fig. 8, illustrates a mcrol aboratory disc 214

that has a nodul ar design that permts the synthesis of a large array of
proteins or oligonucleotides in parallel. Such synthesis is a great tine

saver for drug testing for exanple, when a whole series of

rel ated conpounds can be 2 5 synt hesi zed in each well of an array, and
then tested for biologic activity. For exanple, the

synt hesi s of solid phase oligonucl eotides ina well has been
descri bed by Hayakawa et al, "The Allylic Protection Method in Solid-

Phase O |gonucleot|de Synthes An Efficie reparation of Solid-Anchored
DNA d i goners", J. 91-1696, in 3 0

a sequence of eight : : l1 washi ng/ the well with
[ detyT tyl gticon with 3%

S5 " %gva

Fig. 4B
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Step 4: adding a coupling agent such as 0. 1M phosphoram dite-CH err]CN 3 5
and 0. 5M (4woidsnisgsoenyl )tetrazol e-CH err] CN-THF (tetrahydr of pegiises/ 14589

Step 5: washing the well with acetonitrile Step 6: capping
with Ac[err] O 2,6-1utidine-THF (1:1:8) and 6.5% 4-

(di met hyl am no) pyri di ne ( DMAP) - THF WO 96/ 15450

PCT/ US95/ 14589 16

Step 7: oxidizing with 1.1Mt-Clerr]H err]OOHCH err]C [err]

Step 8: washing the well with acetonitrile to renove excess acid.

After the above 8 steps have been carried out in a reaction well 237

using different protected nononers sequentially to build up I engths of 5
ol igoners as desired, additional reagents or solvents can be used to renove
protective groups used for synthesis prior to disassociating the

synt hesi zed oligonmers fromtheir support. The various oligoners
in each well can then be prepared for screening. A screening

cell 274 can also be built into the well 236 as shown in Fig. 8.
10 In this design, as showmn in Fig. 8, a plurality of nodul es

or wells 236 are

Fig. 5A
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connected by neans of various channels, and a conpl ete synthesis of

di fferent conpounds will be carried out in a single 236.

| |
The additiong? Y& es of this mcrol aboratory 21% @Fﬁﬁ”ﬁre
in the array design which permts control | abl e and sequenti a
delivery of various reagents and solvents to each of 1 5 the wells in

parallel. The reagents and solvents can be stored in reservoirs

276, 278, 280 and 282 built into the mcrol aboratory array, or they may be
delivered fromreservoirs external to the mcrol aboratory array, for
exanple in the station 16, as desired. Figure 8
illustrates a suitable design for a mcrolaboratory array 2 0 wher ei n
reservoirs 276, 278, 280, 282 for reagents and solvents are included in

the substrate; and Fig. 9 is a partial schematic view of a systemfor

synt hesi s wherein reservoirs 276, 279, 280 and 282 are added to
the station 16, each connected to a fluid punp 22 for delivery
to the wells of each nodul e. Each well in this array has a
plurality of horizontal channels 238, 239, 2 5 241, 243, 245 entering
and exiting each well 236, and a plurality of vertical channel s
248, 250, 252 and 254, each of which leads to a different resérvoir.

The reagents and sol vents nove al ong the channels by nmeans of gating

el ectrodes, as shown in Fig. 7C, that nove the fluid al ong the channels.

As shown in Fig. 8, reagents are delivered in parallel fr, the different

30 reservoirs 276, 278, 280 and 282 int4@hanne| S , 239, 241, 243
respectively. Each Sidthese ch@@els has a buil,t”in gatfng el ectrode 162 to
nonitor the flow of {luids fromt iffq;fnt eservoiffs into the wells 236
as requiready In j ; synt hesi s
reactions taks e | Loy o As | 236 is
pl aced in an [or nD nnel

6 8 0 é;

Fig 5B
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35 | ead into and out of each well 236 for delivery of reagents in
paral l el or o) . Thus instead of a nodul ar desj ﬁ%hen
sequenti al Qzﬁfgi%?% used for the various steps of ?%@U GRS

being carried out, an array of like wells 236 is used but a
different chem cal synthesis is carried out in each well. The overal

WD 96/ 15450 PCT/ US95/ 14589
17 design is no longer a plurality of nodules, but an array
of wells, and hundreds of conpounds can be synthesized on a
single mcrol aboratory substrate 214. After all the
synthetic steps are conpl eted, the syntheses can be noni tored or
screeni ng can be conducted by passing a sanple into a screening 5

cell 274 which can be built into the well 236. This type
of array can be used to synthesize a |large nunbeé?fi ol i goners

and peptides which follow a repetitive sequence of/steps as above.

Exanpl e 4 Synt hesi 53(6 Smal | Mol 64 Thi s

m crol aboratory array of this exanple 314 is al sofdesigned to 1 O

produce an array of s pempir al ity of different al kyl
conpounds. Since such ery of a different

s 42
\===== __l

56

24
FIG. 6A




starting material for each conmpound, e.g., nethyl-substituted, ethyl-
substitut ed, wopsosgd - substituted, iso-propyl substituted corrppeﬂ% g”t he
|ike, a large array of starting material reservoirs or supply sources Wl

be 15 needed so that a different starting material will be delivered
to each well. The reactants and sol vents and reaction
conditions, e.g., heating, will be delivered as required, see
Exanples 1 and 2. For exanple, the synthesis of an array
of 1, 4-benzodi azeprine conpounds can be carried out as follows: 2
0 Step a): bind the starting material 4-[4-benzoyl -6-chl oro-2-

fl uorenyl met hoxy car bonyl am nobenzoyl oxy- net hyl ] phenoxyacetic acid onto

am nonethyl resin or its equivalent as a coating naterial on the channel
surf aces; Step b): renove the 9-fluorenyl nethoxy carbonyl
(FMOC) protective 2 5 76group from the bound material using piperijdine in

DVF, supplied fromstatipn ?h%;éoir 376 into the wells 338;
Step c): couple an am noyacid, alpha- -amno_acid (fluyoride)

froma second reservoir 8 in the well 338; Step d):

r enov 1 Ip by novi ng piperidi#inSO DIVF

t hrough the_wel| s &3 Step e): fornf¥ng a cyclic

benzodi agepi ne deri rivative vvlth 5% acetic agid o DVE froma third
reseryoi 380 in \1&5 340; = Stepf) alkylae ?g

lithigm padtin-DNE from-a—statli On reservoir 382 I 342
that are fitm control {for punps and sw tcheg, m)nltored 35

by the¢ cpnpu J deliver {different aI§\§ ating %ents to the

144
134 \ 138 [ 142 (746

2] o el

)
S Ry
14

N/-"—\

62

iz

Fig. 7A
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nicrolaboratory array 314 selectively, as shown in Fig. 10. Thus the

"reservoir" v@é@s&&@o al kylating agent is in reality a source Oéﬁ?@&’%lg?%?
to

series of al kyl ati ng agents that can be delivered s

a particular well in the WO 96/ 15450

PCT/ US95/ 14589 18

array. The fluid delivery to the wells can be controlled by a control neans
171 as shown in Fig. 7C. In this manner, a different compound is
made in each wel | . However, since each conpound requires several
steps for synthesis of t he various conmpounds, several wells may
be enployed to synthesize each of 5 t he conpounds and this

m crol aboratory disc 314 may conprise a plurality of nodul es as
wel | . Anot her feature of the present invention is the
fabrication of cross-over channel s that permt high density
arrangenents of wells/nodules in an array that can be serviced
fromnmore than one channel either to transmt fluids into 10 t he
wel |, out of the well, to transoit the material being treated to a

fo in the follow ng

on both sides with

succeedi ng wel | . Such
manner. Referring to Fig. 11
a

FIG. 7B
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first chromumgold | ayer 310A and 310B and a photoresist |ayer 312A and
312B as desogplgss@apove. The photoresist |ayer 312A is expose N o
devel oped to form openings 313 for a first channel and the chrom umlayer
312A is etched away in the opening 313. . The gl ass substrate 314 is then
etched through to the chromumagold | ayer 310B form ng openi ngs 315. The
phot oresi st | ayers 312A and 312B are re-exposed and developed to forma
second pair of openings 316 and 317 on each side of the glass substrate
314. 2 0 However, the second opening 316 in the |ayer 312A is

per pendi cul ar to the opening 317 in the layer 312B, which is
parallel to the openings 315 made originally. The opening 317 is
formed adjacent to the openings 315 al ready formed in the gl ass
substrate 314, as shown in Fig. 11B. The gl ass substrate i S next
etched to open a passage between the openings 315 and 317, thereby 2 5
formng a continuous channel that extends through the glass substrate 314
and across beneath the second perpendi cul ar channel 316 as shown in Fig.
11C. A cover plate 318 will be bonded to both sides of the substrate 314 to
encl ose the croszfgﬁgr channel s 315-317-315 and 316 on both sides of the
substrate 314 an osgconpl et &\t he substrate having crossing but non- 3 0

i ntersecting channel s,\as sho in Fig 11D In order to
nove materials fromthe geser i7i;£%to g Il of the array,
the material fromthe reservoi 2 e inyected into one or nore the

channel s 316. The material injfe
capillary action. However, si

noves al ong the channel 316 via

of the reactions may require
nount of material enployed, or
r venment of certain materials

35 nore or less tinme depghp
to conpensate for\{
t hrough the ::H//

172

Fig. 7C
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channel's, the material flowin the channels preferably can be controlled

by . nmeans of a drain el ectrode deposited in each well, and in each
reservoir and wo 96/15450 WO 96/ 15450

PCT/ US95/ 14589 19pcTUS95/14589

t he channel |eading fromthe reservoir to the respective well. By
creating a negative charge at the well, the flow al ong the

channel will be stopped, thereby permtting control of reagent
feed into each well. This is shown in Fig. 12 which is a top view
whi ch shows a drain el ectrode 440 deposited in the well 5 436, in,pa
channel 438, and in the reservoir 442, A desired ™
m crol aboratory array can be designed to carry out a w de vari ety

of tests d syntheses rapidly, reliably inexpensively and in parallel,
greatly r cing costs. Further, because of the integration of the

m crol aborgf ory arrayrgEsh neans of regul ating, neasuring and recording 1 0
fass ests apg-sef geni ng data are reli adl y generated and

i nformationy records

stored. Singe geneti cj./§e the future,
t he abi | it y}; g and at | ow
cost, will be& highly !

N
v.
M N
@)
N 3 N N
AR L
N |
m s .
N
o
D
N
0
N
N
O
N
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advant ageous. Thus al t hough the present invention has been

described in terns of 15 particul ar exanples, the invention is not
nmeant to be ﬁg to the details gi ven above. One skilled in
the art can read substitute different mechani cal PCHUSHSEAI cal

means of transferring fluids through the channels and wells, of
substituting various bonding agents, starting naterials and reagents to

performdifferent assays and synt heseg—and—t-o—orm-the—welds—ehannel s and
20 devices in the channels and wells by alternate net . For

exanpl e, integrated cifcuith can al so be enpl oye noveg fl uids
and noniftor and neasurje wel -s—e-f-—t-he—a-r-ray-rusr-ﬁg—eeﬁ-v‘eﬁﬁl onal
sem condquct or tecﬂrﬁques and ?39 i al s. Sgm conductor technol ogy

can al s@ be used To form ]l eads, ectrodeq and t he I|$34Thus t he
inventign is only to be limted by the SCope of 2 5 he T ol wi‘ng
cl ai ns. -

Y
236 236 236
234 )zae) 236)
SN W R —

o} s s

\ 214
I B S
238 239 241243 245

FIG. 9

14/18



1. A nmet hod of assaying nucleic acid which conprises: pl aci ng a
first nucleic acid -containing sanple and a second nucl eic acid- containing
sanple into an array conprising a solid substrate. a plurality of wells
and channel WO3%A&#8i n at | east one channel is formed in the FSFAISIHUASEHCe
of the substrate and is situated above another channel formed in the | ower
surface of the substrate, so as to formcrossovers conprising crossing but

non-intersecting channel s, separately and in parallel isaolating
nucleic acid fromthe first and secorid sanpl e; separately and in
parall el anplifying the nucleic acid f3<ﬁ1the first and second sanpl e; and.
assaying the anplified nucleic acid. {——— 2 I sayi ng
nucleic acid of claimi, which conprises noviing said first sanple
into g first well for isolating nucleic acid; .novi ng saisglesgcond
sanple into a second well for jsolating nucleic acid; /’ ]ré t he

| sol atjed nucleic acid fromthel fdgst- sa - novi ng
the iqolated nucleic acid fromthe second sanple tog a fourth well;
anpl i flyi ng 3Ag- nucl gigg acid in the third and fourthh wells by cycling the
t enperjat ur g%t third and flourth wells, movi ng the anplified
nucl eijc aci "Ht 38Rird well] to a fifth well for yssay; and

novi ng them,npgjf',dﬁ;g_qleic idin the fourth well to a sixth well for

assay. . 334 336
2 S

[ 15

11
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3. The met hod of either one of claims 1 and 2, wherein the isolation of
nucl ei c aCi%wB&y eved by treating the sanple mnth a lysis solution and a
prot ei nase; and/or . . wherein the substrate has at | cH<HU$SE45 |
for each sanple for isolating nucleic acid, another well for anplifying
nucleic acid, and a further well for assaying the anplified nucleic acid,

and/ or 21
wherein the array conprises DNA-binding paramagnetic beads that fit into
one or nore wells of the substraﬁ§7 / or wherein the anmplifying
conprises using the polynerase c [

action; and/or
assaying is by optical detection; and/o wherei n assaygggggs pr obe

hybri di zati on
I L4 2 A A A LA LD LA 2L P 7l A A A LA L LA LA T AL A TS AL A AR AR T A A
SUOUSANNAN N NN SN AONS S ANASSN S SN NN NN S SN NS NAN NN

314

et S S NS NN NN S NN S Y SN SN NSNS NN NS AN NN S NSNS
L L e O L L L Al L e L Pl L LT L bl

312B
3108

FIG. 11A

312A
313 316 313 310A

LIS LLLLIL, ALY V7 ) |
SO NN — S LN SONNNDN

I
I |
I~ - — o 314

) N [ B
315 315

— —

312B
310B

FIG. 11B
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®

4. The nethod of either one of clains 1 and 2, wherein the substrate has
a first covegobkpdsss S sealed onto the top of the substrate to §ﬁ%%ﬁze sai d
channel in the upper surface of the substrate and a second cob

sealed to the bottomof the substrate to enclose said channel in the Iomer
surface of the substrate. 5. The nethod of either one of clains
1 and 2, wherein the substrate further conprises reservoirs conprising

pl astic rel ease containers, which for exanple can contain priners.

6. A et hod of naklng a substrate array conprising formng a
first hol e openi d a second hole Ope”'”QQFt?S ext endi ng through t he

substrate, the s at®\having a first surf«c nd an opposi ng second
surface, fornl a pIurallty of rench openings on said first or
second surface, In JoI. g, ond (rench

opening, a third t ench Qpe_n-lﬁg, @d a [Lealrth {_t ranch opem ng,
penln\¥

wherein the first french o i|s on the finsty qurface and
intersects with the first hol g opening, wherein the
second trench opening is on the écond.suniasé d
intersects with b
wherein the third tancm/Up g TS omtfie frrst surfra amd

318

hol e openi ng,

315 317 315

FIG. 11C

-l

h5\\\ ‘

D

317 316

FIG. 11D
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intersects with the second hol e openi ng, wherein
the fourth trench opening is on the first surface and is
l,ocat ed beRMIMM first and second hol e openings at the fiRHORE#2e

22 and wherein (a) the connected first trench opening,
first hole openi ng, second trench opening, second hol e opening
and third trench openi ng define a cross-over channel having

di mensions suitable for pronoting capillary action and (b) the
fourth trench openi ng defines anot her channel having

di nrensions suitable for pronoting capillary action, formng a

plurality of |oading channels or reservoirs in a surface of the substrate,
each connected to a trench opening with one of the | oading channels or
reservoirs connected to the first trench ope@k#?ﬂ and bondi ng a
first plate to the first surface and a second plate to the second surface

440

440 l 438

436 440

FIG. 12
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of the substrate, thereby enclosing the trench openings, ,
cross-over ch crosses over fromthe first surface to t hel

surface via t flrst hole 8%%&%8 PNEATM st surfa
3;20['2 gﬁlgggﬁ;{w@ﬁﬂqﬁ?@?iﬂIrﬁ:&ﬁtﬂ%ﬁﬂﬁz@%ﬁﬁ%&ﬂﬁr\ﬁg&aﬁﬂﬁﬁﬁ?ﬁﬁmup“ h

SUb (ieeruationsl Patisy Chaesibeations’ 'a net vof ka1t ypriakiom)Publickian Neshtwe:i n t hdVO 96/15450

subgt r aGeIN 93/56, 33483, 35/00, 27/26)1eM | Ad Ja pl ur al i of different liqui
wherei niszttannel s for a particul ar lig iﬁa? “Gé’é' % RHE| S fo’P”gh??%%?-“’%)

liqurd wthout the channels Intersecti r t he channel s bei ng_mad

up.,
hol ¢ (dpletematipal ApplicationolEmber: o e nPHYESIY P a8 X, CA o, €z,
subg oPnfmbo B%Fﬁﬁé:g&d SubkakGePlood B (j% %m ?%% ﬁ;ﬁ 1) RS, Lkﬁ

ls g4 top or ttom surface of the su s ate KT, I, mﬁ&dlzdvsmufomepam

) IT, PT,
t op %é) bptt%r’p surface of the substrate gnd |5Cfb Mpawnt(ggrgaﬁégt ﬁéﬁ%ﬁehﬂ.

of %’L‘@g | il t Hpris

. NE, SN, TD, TG), ARIPO p LS, MW, SD,
depgsi ti ng%l3 r st eFJ TR stgg,eﬁbgcoa iing a congnetéh rém stance
coatling, on the first and second surfacdés, respectlvely, of the substrate;

DAY . .
(b) | Aphtp sfg %l%mm?iﬁsﬁ&g'% Pmmﬁ% QsLihe first etch resistance

coati ng; 08543 5300 (Us). With international search report.
Before the expiration of the time limit for amending the
(72) Inventors: ZANZUCCHI, Peter, J.; 13 Jill Drive, claims and to be republished in the event of the receipt of
Lawrenceville, NJ 08648 (US). CHERUKURI, Satyam, amendments.
C.; 90 Cranbury Neck Road, Cranbury, NJ 08512
(US). MCBRIDE, Sterling, E.; 4214 Fieldcrest Court,
Lawrenceville, NJ 08638 (US). S C’( q‘! (4 \%5 "'5 .

(74) Agent: BURKE, William, J.; David Samoff Research Center,
Inc., 201 Washington Road CN5300, Princeton, NJ 08543~
5300 (US).

{54) Title: A PARTITIONED MICROELECTRONIC DEVICE ARRAY
(57) Abstract

A system for processing a plurality
of tests or syntheses in parallel compris-
ing a sample channel for moving samples
into a microlaboratory array of a plurality
of wells connected by one or more chan-
nels for the testing or synthesis of samples,
a station for housing the array and an optical
system comprising at least one light source
and at least one light detector for measur-
ing the samples in the array, and a means of
electrically connecting said array to an appa-
ratus capable of monitoring and controlling
the flow of fluids into the array, Samples are
loaded from a common loading channel into
the array, processed in the wells and mea-
surements taken by the optical system. The
array can process many samples, or synthe-
. size many compounds in parallel, reducing
> | the time required for such processes.




23 . (c) exposing and devel opin th@EPLAGEW& 5?‘55‘?%% SF-
and etching the first etch resistance coating jt @ Desemipgopl: prgad ég $5 """
opéni ngs at the position of the hole opening; @%«m\,) : pagap)-- & (Phif/‘ﬁi__,._.
the substrate under the first openings throug ‘jq)rg\bﬁ,a@cqmge t-efo paged..--
resistance coating to formfirst surface hol e ppgmygact :paged .1 Pag‘(‘%
exposi ng and devel oping the first photoreS|st ayer and etchlng i

etch resistance coating to forma pluraljy eﬁ(}ﬂ% %eﬁg@@ﬁp? @Mh{?ég’

positions of the first surface trench openlngs )
etching the substrate at the second openings to formfirst surface trench
openi ngs; (g) applying a second photoresist |ayer over the
‘'second etch resistance coating; (h) exp05|ng and

es stance codt | ng A eS8 of B6Syiia hauEh sl Boiseet JECOTC DS ons
of second sur fplaving a&irst hnuo!plnmkygontalmng sampleand a SQQO)“’ nugleihagid- t he
substrat &, 28.hihg saftgié! ik® &R 'ala§ comphishg e SdidEtibsitat28 Biurality of wells and
channels, wherein at least one channel Is formed in the upper surface of the substrate
and is situated above another channel fprmed in the lower suiface of the substrate, so
as to form crossovers corhpris!ng crossing but non-ntersecting channels,
separately and {n-paralle! isofating nucleic acid trom the first and second sample;
separately and in paraliel amplifying the nucletc acid from the first and second
< sample, and
assaﬁng the ampl!ﬂed nus:leie acld

2. The method of assaying nuclelo acid of clalm 1, which comprises

moving said first sample fato a first well for isolating nuclele acid;

moving said aéc.ond sample into a second well for isolating nucleic acid;

moving the Isolated nucleic acid from the first sample to a third well;

moving the isolated nudelc acid from the second sample to a fourth well;

amplifying the nucleic acid in the third and fourth wells by cycling the
temperature of the third and fourth wells;

moving the amplified nucleic acid in the third well to a fifth well for assay; and

moving the gg}p,liﬁéd nucleic acld in the fourth well to a sixth well for assay.

Tl*ge mettiod of either one of dlanms 1 and 2, wherein the Isolation of
nuclele acid Is achieved by treatmg the sample with a lys:s solution and a proteinase,
and/or. : - e .
' whigréin the substrats has af 1éast one well for each sample for isolating nucleic

acid, another well for amplifying riucleic acid, and a further well for assaying the
amplified nuclelc acid; and/or '

\\Illll\ \|\|\l |||ll lll\l \I |I|\




trench dpenings; and (1) seal ing cover plates to both
sides of the substrate to enclose the openi ngs. 8. The

met hod of -making a substrate array of either or of clains 6 and 7,
wherein the substrate conprises glass, fused silica, quartz or a silicon

waf er. and/ or wherein the first and second plates are the sane
material as the substrate; and/ or 21 wherein the substrate array
made by the nethod is adapted for conducting a pl urality of reaction in

g 3lraglt :r glt eI gr@%}g@ﬁéaﬁ%@'ﬁ «,9 hI;]A-bwdmg pan%%ag{\&i?e conpris es%@gr E)?e
fused smbrewells of the substrate; andlor
whereln the amplifying comgrises using the polymerase chain reaction; and/or
wherein assaying is by optical detection; and/or '
wherein assaying uses probe hybridization.

4. The method of either one of claims 1 and 2, wherein the substrate has a
first cover that is sealed onto the top of the substrate to enclose said channe! in the
upper surface of the substrate and a second cover that is sealed to the bottom of the
substrate to enclose said channel i_n the lower surface of the substrate.

S. The method of either one of claims 1 and 2, whérein the s'dbstrate further

comprises reservoirs comprising plastic re!ease containers, which for example can
contain primers.

6. A method of making a substrate array comprising

foim‘mg a first hole opening and a second hole opening each extending through
the substrate, the substrate having a first surface and an opposing second surface,

forming a plurality of trench openings on said first or second surface, including a
first trench opening, a second trench opening, a third trench opening and a fourth : '
trench opening,

whereln the first trench opening Is on the first surface and
v intersects with the first hole opening,
wherein the second trench opening is on the second surface and
intersects with both of the first hole opening and the second hole opening,
wherein the third trench opening is on the first surface and
intersects with the second hole opening,
wherein the fourth trench opening is on the first surface and Is
located between thé first and second hole openings at the first surfape.

-
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24 : 10. A nethod of synthesizing a plurality of proteins or

ol i gonuclreotides in parallel which conprises provi ding a substrate
having a plurality of wells, each connected to a plurality of reservoirs

for reagents or solvents, which reservoirs are forned in the substrate, the,
reservoirs connected to said wells via one or nore channels so that
reagents and solvents are controllably mxed in the wells; novi ng

reagents or solvents in sequence from sa'gg reservoirs along said channels
and into and out of said wells by neans et ectrokinetic punps each
connected to a driver neans; and reacting said reagents to forma

plurality of proteins mme@mwumm\estedﬂrsttrench opehing, lﬂ'stehobt hod
according to clai

coupl i ng agent 8% #%{"ﬁ 'E&?ggégé%g'%ﬂ%gééﬁéteo%ﬁ %He t G %‘

wherein t he coupbpergnggeimeanrass-dmshamméhmihgsﬁmemﬁms éuitabledtach ot her .
12 A net hod of

whi ch conpri ses m&g‘g%&?‘h%%ﬁ@" é}&@m"e@@ﬂﬁé@?‘g@%@ﬁf‘&r@ﬁﬁ {/al):‘ e1/\/el | s,

each connect ed t oanothbnchaririey hahing dimensions suitable for promoting capiliary action,
forming a plurality of loading channels or reservolrs In a surface of the' substrate,
each connected to a trench openirig with one of the loading channels or reservoirs
connected to the first trench opening, and

bonding a first plate to the first surface and a second plate to the second surface
of the substrate, thereby enclosing the trench openings,

wherein the cross-over channel crosses over from the first surface to the second
surface via the first hole opening and back to the first surface via the second hole

opening and thereby avoids intersecting with the fourth trench opening located on the
first surface.

7. A method of forming a substrate array by forming a network of caplitary
channels I the substrate for sepatately transporting a plurality of different liquids,
wherein channels for a particular liquid cross over channels for another liquid without
the channaels intersecting, the channels being made up of hole openings and trench
openings formed on a first surface of the substrate or a second surface of the
substrate, wherein the first surface is a top or bottom surface of the substrate and the
“ second surface Is & top or bottom surface of the substrate and is opposite the first
' surface of the substrate, whergin the method comprises: ™
. (a) depositing a first etch resistance coating and second etch
resistance coating, on the first and second surfaces, respectively, of the substrate;

(b) applying a first photoresist layer over the first etch resistance
coating; '

[ l\ll\l 1 l\lll ll \IIl



resevoirs for reagents or solvents,
substrate, the

channel s, so that reagents and
wel |'s;

plurality of the wells;
starting material; and

reservoirs connected to said wells via one or nore

adding a starting material

addi ng a coupling agent to each well
reservoir by neans of a channel

wel | ;
25

t hereby producing a plurality of different

connectxed to said reservoir and to
conpounds.

(¢} exposing and déveloping the first photoresist layer and etching the
first etch resistance coating to form a plurality of first openings at the position of the
hole opening; '

| (d) etching the substrate under the first openings through to the
second etch resistance coating to férm first surface hole openings;

: (e}  exposing and developing the first photoresist layer and etching the
first etch resistance coating to form a plurality of second openings at the positions of the
first surface trench openings;

) ® etching the substrate at the second openings to form first surlace
trench openings; '

(o) applying a secbnd photoresist layer over the second etch
resistance coating; '

- (b}  exposing and developing the second photorasist layer and etching

the second etch resistance coating to form a plurality of third openings at the positions
of second surface trench openings;

()  etching the substrate at the third openings to form second surtace
trench openings; and

* @)  sealing cover plates to both sides of the substrate to enclose the
openings. '

8.  The method of makliig a substrate array of either or of claims 6 and 7,

wherein the substrate comprises glass, fused silica, quartz or a silicon wafer; and/or
wherein the first and second plates are the same material as the substrate;
and/or .

whéreln the substrate array made by the method is adapted for conducting a -
plurality of reaction in parallel in anumber of wells.

_ 9, The method of making the substrate array of claim 8, wherein the
substrate comprises glass or fused silica.

which reservoirs are forned in the

solvents are controllably mxed in the

having a protecting group to a
renoving the protecting group fromthe

froma
sai d



13. The nethod according to claim 12, wherein the reagents or solvents are
noved tp the wells by neans of el ectrokinetic punps. 14. The
method according to one of clains 10 and 12, wherein, for a plurality of
sai d channels, a first portion of the channel Is situated horizontally at a
first vertical level with the substrate, at an endpoint of the first
portion a second portion of the channel extends vertically to a second
vertical level within the substrate and ggnnects to a third portion of the
channel that extends the channel in a horizontal dinension, and whereby the
change in the vertical |evel of:the channel allows the channel to avoid

I ntersecting one or nore other channels within.the substrate; and/or

wherei n the stlist r Atsethed gf syghédizing axplunplity of pratginsorioligonudientides &t ur e

oL | BAHIR whih oy, 1o Substate proyt ded has an afray of
whi ch reser vopreviding afsubstrateihavirigee plurality of wells, each connected to a plurality of
reservolrs for reagents or solvents, which reservoirs are formed in the substrate, the
reservoirs connected to said wells via one or more channels, so that reagents and
solvents are controllably mixed in the wells; '
moving reagents or solverits in sequance from said reservoirs along sald
channals and into and out of sald wells by means of electrokmeﬁc pumps each
_ connected to a driver means; and
" reacting said reagents to form a plurality of proteins or ofigonucleotides.

11. The method aocord'fmg to claim 10, comprising reacting a starting material
and a coupling agent In each well, thereby forming a product In each well, whereln the
coupling agent in at least two wells differ from each other.

12. A method of making a plurality of different compounds in paralief which
compnses |
providlng a substrate having a plurality of wells, each connected to a plurality of
reservolrs for reagents or solvents, which reservoirs are formed in the substrate, the
reservoirs connected to said wells via one or more channels, so that reagents and
solvents are controllably.mixed in the wells; '
v adding a starting material havlng a protecting group Yo a pluramy of the wells;
removing the protecting gréup from the starting material; and
adding a coupling agent to each well from a reservoir by means of a channel
connected to said resemvoir and td sald well; thereby producing a plurality of different
compounds.

ey
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13. The method according to claim 12, wherein the reagents or solvents are

maved to the wells by means of electrokinetic pumps.

14. The mathod according to one of claims 10 and 12, wherein, for a plurality

of sald channels, a first portion of the channel is situated hotizontally at a first vertical
level with the substrate, at an eridpoint of the first portion a second portion of the
channel extends vertically to a second vertical level within the substrate and connects
to a third portion of the channel that extends the channel In a horizontal dimension, and
whereby the change in the vertical level of the channel allows the channel to avoid
intersecting one or mors other channels within the substrate; and/or

wherein the substrate is glass, for example a high melting temperature glass;
and/or

wherein the substrate provided has an array of at least 100 wells that each have -
a connection to two or more resérvoirs, which reservoirs are formed in the substrate.

ML



