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Another implementation of 3D porous biochip

FIG. 19B



Patent Application Publication Oct. 26,2006 Sheet 20 of 41 US 2006/0240453 A1

Probe-polymer plugs for
the holes in an array

Dumb-bell shaped plugs
for the holes in an array

FIG. 19D

Nitrocellulose
plugs, with an
optional membrane
underneath

Two examples of the types of material that can be
used to manufacture the 3D porous array

FIG. 19E



US 2006/0240453 Al

Sheet 21 of 41

Patent Application Publication Oct. 26,2006

o0¢ Old

‘Aedte aqoud V4
|euoIsusWIp-aaly) Nw 0000 Q\

ajA|eue |eaibojoiq
Buipjoy Joj Jaquieyd /] /V \\ /V

e, —
e e

e

e

e




Patent Application Publication Oct. 26,2006 Sheet 22 of 41 US 2006/0240453 A1

The microarray biochip can also be housed in
a sealed hand-held or Point of Care device.

A pipet or other
mechanical mixing device

—

Port for attachment
of mixing device

Chamber for holding
biological analyte

(7 7 7 T T 5/ )/ Athree-dimensional
£ probe array.

FIG. 21B

FIG. 21C

Slits for Another implementation of the chamber

fluid transfer_—’ \/ for holding biological analyte




Patent Application Publication Oct. 26,2006 Sheet 23 of 41 US 2006/0240453 A1

| A pipet or other
mechanical mixing device

Port for attachment
of mixing device

Chamber for holding
biological analyte

FIG. 21D

A three-dimensional probe array.

FIG. 21E



Patent Application Publication Oct. 26,2006 Sheet 24 of 41 US 2006/0240453 A1

00
00

ﬂ
o0
(o Jo)
-
O

O

C

SEOROROES

0
00
00

B

e

00000000
00000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
Q0000000
00000000

(F

FIG. 22A



Patent Application Publication Oct. 26,2006 Sheet 25 of 41 US 2006/0240453 A1

73\

ocaa
a

N
o0
00

>
O g O

S

o
O

00000000
Q0000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
000 0000000

00000

FIG. 22B



Patent Application Publication Oct. 26,2006 Sheet 26 of 41 US 2006/0240453 A1

000000000
000000000
0000000000000
0000000000000
0000000000000
0000000000000
0000000000000
0000000000000

0000000000000
(?) 0000000060000
i . . - 006000000

000000000

)
—
| —
9,
oo
oo
9
oo
oo

FIG. 23B

O
G

00000000
00000000
000000000000
000000000000
000000000000

FIG. 23A




ave Old

9sedlY JO spungns
ay) Jo auo buiyoeye 10} spoddns
pljos se aseq wiope|d je|4

US 2006/0240453 Al

e Ve 'Ol4

plos 8109 JuNngns-¢‘o ouawexay
ay) 0] |Allejal Sajejod yungns
-A pajeoso| A|lesuad ay]
"SISAj0IpAY 0} SiSayjuhs

O.VN mu_n_ m.VN mV_H_ dlV 0} asuodsal ul sajejol

Woddns pijos sy} 0} 9sedlv jo Jey) - ased 1y - dwAzua
asedly JO sjungns Juasayip siiungns juaayip buiyoeye Joj Hungns-ijinw sy} Jo UOOUED
Buiyoene 10} s1oxul suoddns pijog se speaq [eouayds

|| Hoddng H
plos | yoddng
PlOS

SJOXIWOIDIN-PIN|4 pase(-asedly

Patent Application Publication Oct. 26,2006 Sheet 27 of 41



Patent Application Publication Oct. 26,2006 Sheet 28 of 41 US 2006/0240453 A1

ATPase-based Fluid-Micromixers, Model |

Solid
Support I

A cartoon showing ATPase subunits attached to
two beads from another angle.

FIG. 25B

One particular implementation of ATPase-based fluid-

micromixers. The y-subunit and the «,3-subunit core are both
attached to two different spherical beads.

FIG. 25A
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A cartoon showing rotation of the two beads
bound to ATPase (Model | micromixer)
upon addition of ATP

FIG. 26B
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A cartoon showing multiple Model I
Micromixers in action in a solution

All the mixers are moving in a counter-clockwise direction

FIG. 29
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A gasket/separator can be used in the current hybridization chambers
to place two biochips facing each other in a single chamber for
duplicate experiments

FIG 358 / Cover plate /
FIG.35C / siochip

FlG 35D /// /Separator

D YT AT v N
FIG. 35E L &% o7 &z oz / Biochip

/ older
FIG. 35F '/ . %_H ‘

A sketch of one example of a new hybridization chamber
A hybridization chamber can be devised such that it fits
two biochips

Hybridization Chamber
Clamps
FIG. 356G
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I A gasket/separator can be used in the current
hybridization chambers to place two biochips
facing each other in a single chamber for
duplicate experiments
Hybridization Chamber

Clamps
[g[g / Cover plate / FlG 368
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Slot for introducing = FIG. 36C
biological sample — ~ / Separator
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FIG.36D #2222/ FIG.36E

l// /% Holder

FIG. 36F

IT The separator can be built into the chamber

| Hybridization Chamber /

FIG. 36G

Cross-section view
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biological sample 7
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Biochip, placed into one of the
grooves of a hybridization chamber
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CLINICALLY INTELLIGENT DIAGNOSTIC
DEVICES AND METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 11/102,498, filed on Apr. 8, 2005, which
is a continuation of U.S. patent application Ser. No. 09/996,
056, filed on Nov. 27, 2001, now U.S. Pat. No. 6,905,816,
which claims priority to U.S. Provisional Patent Application
Ser. Nos. 60/253,284, filed on Nov. 27, 2000, 60/287,994,
filed on May 1, 2001, and 60/308,870, filed on Jul. 30, 2001,
which are all incorporated by reference herein in their
entirety.

FIELD OF THE INVENTION

[0002] This invention relates to medical diagnosis.

BACKGROUND OF THE INVENTION

[0003] Tt is common for patients to seek the advice of a
physician when experiencing discomfort. However, patients
seldom present physicians with a diagnosis already made;
instead, they present one or more symptoms. Selecting the
most probable diagnosis from a list of alternatives (hypoth-
eses) is a process called differential diagnosis. Certain signs
or symptoms can suggest a specific disease etiology. How-
ever, patients typically present physicians with clinical
symptoms that are confounding, which make diagnosis
based on only the symptoms very difficult. The physician
has the daunting task of determining which of a number of
principal etiologies is responsible for the discomfort the
patient is experiencing. This is also important because
selecting a specific diagnosis has implications for the treat-
ment plan and therapy. The symptoms prompt the physician
to gather information through history, physical examination
and, most importantly, diagnostic tests identifying clinical
findings that suggest explanations for the symptom(s).

[0004] Thus, diagnostic tests, both performed at a labora-
tory and at the point-of-care (POC), are an integral part of
the health care system. Such tests play a central role in all
aspects of patient care, including disease-diagnosis, moni-
toring progression of therapy, as well as screening for health
and infection. Molecular diagnostics tests (such as in vitro
diagnostic (IVD) tests) are especially useful, as they pin-
point the exact cause of a particular clinical manifestation
and thus help the physician to make a diagnosis and then
prescribe the right treatment and therapy.

[0005] Currently, the diagnostic testing process is very
tedious, time-consuming, cumbersome, and slow. This is
because a number of different tests often have to be per-
formed for a given symptom and each of these tests is
performed individually. Moreover, because laboratories are
constantly updating and adding new tests that facilitate
medical diagnosis, physicians regularly confront dilemmas
when ordering and interpreting these tests. Over the last two
decades, the total number of clinical tests and the types of
different tests available to physicians has grown exponen-
tially. These advances in modern clinical laboratory medi-
cine, though enormously helpful, also create new problems.
These tests are often not user friendly, and increase costs in
an already heavily burdened health care system. In common
practice, physicians also complain about the delay in the
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processing of tests at the laboratories thus delaying accurate
patient diagnosis. Additionally, many tests are not available
at all, are available at only one or two testing sites/labora-
tories, or are known only to specialists.

[0006] Effective management of diseases requires an
awareness of the full spectrum of etiologies and their
possible complications. Sometimes the initially chosen set
of tests present results that are not clear, which precludes an
accurate diagnosis. The nature and relatively non-specific
symptoms of the disease can make a proper diagnosis
challenging. In such cases more tests are performed, which
are run in an iterative and sequential fashion. Thus, testing
slows down the entire process of patient care and treatment,
which is costly, and is detrimental to the patient’s health and
treatment plans.

SUMMARY OF THE INVENTION

[0007] The present invention relates to the clinically intel-
ligent design of diagnostic devices (such as microarrays) and
the methods of making and using such devices in differential
analyses/diagnoses of specific clinical symptoms or sets of
symptoms. In one aspect, the devices include various probes
used to perform parallel screening of a number of analytes.
The probes are clustered on the devices based on known
clinical presentations of symptoms associated with specific
diseases and disorders. In another aspect, the devices are
used to perform parallel screening of a number of clinically
associated analytes, such as known blood-borne pathogens
and antibodies. In yet another aspect, these devices are used
to perform parallel screening of analytes found in agricul-
tural, forensic, veterinary, and other samples.

[0008] In general, the invention relates to a method of
determining a cause of one or more medical symptoms
exhibited by a subject by (a) obtaining a biological sample
from the subject; (b) obtaining an array of different probes
or different sets of probes, wherein each probe or set of
probes selectively interacts with a target associated with a
different known cause of the one or more medical symp-
toms; (c) applying the biological sample to the probes in the
array under conditions that enable all of the probes to
selectively interact with any targets in the biological sample;
(d) detecting interactions; and (e) analyzing interactions to
determine a cause of the one or more medical symptoms. In
this method, the array of probes or sets of probes can be
arranged on a planar substrate. The target can be a nucleic
acid, peptide, polypeptide, protein, antibody, antigen, small
organic molecule, inorganic molecule, enzyme, or polysac-
charide. All of the probes in the array can be polypeptides,
e.g., antibodies, antigens, enzymes, zinc-finger binding pro-
teins, minor-groove binders, transcriptional factors, combi-
nations thereof, or chimeras thereof.

[0009] In these methods, the subject can be a plant or
animal, or a human patient or a deceased human. In certain
embodiments, the probes can be expressed on the surface of
genetically modified cells, and the probes can selectively
interact with a target by specifically binding to the target to
form a complex. In certain embodiments, the array of probes
can include a first probe that selectively interacts with a
target associated with an infectious disease caused by a
bacteria, virus, or fungus, and a second, different probe
selectively interacts with a target associated with a genetic
cause. The array of probes can also include probes that assay
for the absence of a causative agent of one or more medical
symptoms.























































































