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MICROCOIL MAGNETIC RESONANCE 
DETECTORS 

CROSS REFERENCE 

[0001] This application claims priority to US. Provisional 
Patent Application Ser. Nos. 60/981,948 ?led Oct. 23, 2007 
and 61/099,975 ?led Sep. 25, 2008, both hereby incorporated 
by reference in their entirety. 

FIELD OF INVENTION 

[0002] The present invention relates to magnetic resonance 
and detection of labeled targets. 

BACKGROUND OF THE INVENTION 

[0003] A variety of experiments in Nuclear Magnetic Reso 
nance (NMR) could bene?t from miniaturization of the detec 
tor coil. When samples are mass-limited, reducing the detec 
tion volume to match the sample siZe offers enhanced Signal 
to-Noise-Ratio (SNR) performance. While some progress has 
been made in developing portable microcoil-based NMR sys 
tems, devices that provide improved SNR, throughput, capa 
bilities, and other bene?ts Would be of great value to the art. 

SUMMARY OF THE INVENTION 

[0004] In a ?rst aspect, the present invention provides mod 
ules, comprising: 
[0005] (a) a microcoil possessing an inner diameter of 
betWeen 25 microns and 550 microns; 
[0006] (b) a conduit disposed proximate to the microcoil, 
Wherein the conduit is in ?uid communication With a sample 
reservoir; 
[0007] (c) an a?inity column in ?uid communication With 
the conduit and the sample reservoir; and; 
[0008] (d) a connector for connecting the module to a mag 
netic resonance detector. 
[0009] In a second aspect, the present invention provides 
modules comprising: 
[0010] (a) a plurality of microcoils eachpossessing an inner 
diameter of betWeen 25 microns and 550 microns; 
[0011] (b) a conduit disposed proximate to each microcoil, 
Wherein the conduit is in ?uid communication With a sample 
reservoir; and 
[0012] (c) a connector for connecting the module to a mag 
netic resonance detector. 
[0013] In a third aspect, the present invention provides 
microcoils comprising an inner diameter of betWeen 25 
microns and 550 microns, Wherein the microcoil is an effec 
tive magnetic resonance transmitter or receiver coil; and 
Wherein the microcoil is Within or surrounds an a?inity col 
umn. 

[0014] In a fourth aspect, the present invention provides 
detection devices comprising 
[0015] (a) a permanent magnet possessing a ?eld strength 
of less than or equal to 4 Tesla; 
[0016] (b) a microcoil disposed proximate to a magnetic 
?eld generated by the permanent magnet, Wherein the micro 
coil possesses an inner diameter of betWeen 25 microns and 
550 microns; 
[0017] (c) a conduit disposed proximate to the microcoil, 
Wherein the conduit is in ?uid communication With a sample 
reservoir; 
[0018] (d) an a?inity column in ?uid communication With 
the conduit and the sample reservoir. 
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[0019] In a ?fth aspect, the present invention provides 
detection devices comprising 
[0020] (a) a permanent magnet possessing a ?eld strength 
of less than or equal to 4 Tesla; 
[0021] (b) a plurality of microcoils each possessing an 
inner diameter of betWeen 25 microns and 550 microns, 
Wherein each microcoils is an effective magnetic resonance 
transmitter or receiver coil; and 
[0022] (c) a conduit disposed proximate to each microcoil, 
Wherein the conduit is in ?uid communication With a sample 
reservoir. 
[0023] In a sixth aspect, the present invention provides 
magnetic resonance detectors, comprising 
[0024] (a) a housing comprising a conduit guide; 
[0025] (b) a permanent magnet possessing a ?eld strength 
of less than or equal to 4 Tesla Within the housing; and 
[0026] (b) the module of any embodiment of any of aspect 
of the invention, Wherein the connector connects the module 
to the housing via the conduit guide. 
[0027] In a seventh aspect, the present invention provides 
methods for detecting a target is a sample ?uid, comprising: 
[0028] (a) ?oWing a ?uid containing one or more magneti 
cally labeled targets through the conduit of the detection 
device of any embodiment of any aspect of the invention; 
[0029] (b) energiZing the microcoil at a frequency that per 
mits detection of a magnetic resonance Within the sample 
?uid; and 
[0030] (c) processing a signal received from the microcoil 
to detect the magnetically labeled targets in the sample ?uid. 
[0031] In an eighth aspect, the present invention provides 
methods for detecting a target in a sample ?uid, comprising: 
[0032] (a) introducing a sample ?uid into a sample reser 
voir, Wherein the sample reservoir is in ?uid communication 
With a conduit; 
[0033] (b) ?oWing the sample ?uid into an a?inity column 
in the conduit, Wherein the af?nity column comprises one or 
more capture agents that bind to one or more targets of inter 

est; 
[0034] (c) ?oWing a ?uid comprising magnetic particles 
into the a?inity column, Wherein the magnetic particles are 
capable of binding selectively to the one or more targets of 
interest bound to the a?inity column via the one or more 
capture agents, and Wherein binding of the magnetic particles 
to the targets produces magnetic particle-target complexes; 
[0035] (d) Washing the af?nity column to reduce the num 
ber unbound magnetic particles; 
[0036] (e) eluting bound magnetic particle-target com 
plexes from the a?inity column; 
[0037] (f) ?oWing the ?uid comprising the magnetic par 
ticle-target complexes through a conduit disposed proximate 
to a microcoil, Wherein the microcoil possesses an inner 
diameter of betWeen 25 microns and 550 microns, Wherein 
the microcoil is an effective magnetic resonance transmitter 
or receiver coil; and 
[0038] (g) energiZing the microcoil at a frequency that per 
mits detection of a magnetic resonance Within the sample 
?uid; and 
[0039] (h) processing a signal received from the microcoil 
to detect magnetic particle-target complexes in the sample 
?uid. 
[0040] In a ninth aspect, the present invention provides 
methods for detecting a target in a sample ?uid, comprising: 
[0041] (a) introducing a sample ?uid into a sample reser 
voir, Wherein the sample reservoir is in ?uid communication 
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With a conduit, wherein the conduit is disposed proximate to 
a microcoil, Wherein the microcoil possesses an inner diam 
eter of betWeen 25 microns and 550 microns, Wherein the 
microcoil is an effective magnetic resonance transmitter or 
receiver coil; 
[0042] (b) ?owing the sample ?uid into an a?inity column 
in the conduit, Wherein the a?inity column comprises tWo or 
more layers, Wherein each layer comprises one or more cap 
ture agents that bind to one or more targets of interest in the 
sample ?uid, Wherein each layer in the a?inity column is 
capable of binding to molecules distinct from other layers; 
and Wherein the a?inity column is located at least partially 
Within the microcoil; 
[0043] (c) ?oWing a ?uid comprising magnetic particles 
into the a?inity column, Wherein the magnetic particles are 
capable of binding selectively to the one or more targets of 
interest, and Wherein binding of the magnetic particles to the 
targets produces magnetic particle-target complexes; 
[0044] (d) energiZing the microcoil at a frequency that per 
mits detection of a magnetic resonance Within the a?inity 
column; and 
[0045] (e) processing a signal received from the microcoil 
to detect magnetic particle-target complexes in one or more 
layers of the a?inity column. 
[0046] In a tenth aspect, the present invention comprises 
methods for detecting a sample in a target ?uid, comprising: 
[0047] (a) mixing a sample ?uid With magnetic particles 
capable of binding to the one or more targets of interest in the 
sample ?uid, Wherein binding of magnetic particles to targets 
produces magnetic particle-target complexes 
[0048] (b) introducing the sample ?uid into a sample res 
ervoir, Wherein the sample reservoir is in ?uid communica 
tion With a conduit, Wherein the conduit is disposed proxi 
mate to a microcoil, Wherein the microcoil possesses an inner 
diameter of betWeen 25 microns and 550 microns; 

[0049] (c) ?oWing the sample ?uid into an a?inity column 
in the conduit, Wherein the a?inity column comprises tWo or 
more layers, Wherein each layer comprises one or more cap 
ture agents that bind to one or more targets of interest, 
Wherein each layer in the a?inity column is capable of bind 
ing to molecules distinct from other layers; and Wherein the 
a?inity column is located at least partially Within the micro 
coil; 
[0050] (d) energiZing the microcoil at a frequency that per 
mits detection of a magnetic resonance Within the a?inity 
column; and 
[0051] (e) processing a signal received from the microcoil 
to detect magnetic particle-target complexes in one or more 
layers of the a?inity column. 
[0052] In an eleventh aspect, the present invention provides 
methods for detecting a target in a sample ?uid, comprising: 
[0053] (a) introducing a sample ?uid into a sample reser 
voir, Wherein the sample reservoir is in ?uid communication 
With a conduit, Wherein the sample ?uid comprises magnetic 
particles capable of binding selectively to one or more targets 
of interest in the sample ?uid, and Wherein binding of mag 
netic particles to targets produces magnetic particle-target 
complexes; 
[0054] (b) ?oWing the sample ?uid through the conduit 
disposed proximate to a microcoil, Wherein the microcoil 
possesses an inner diameter of betWeen 25 microns and 550 

microns; 
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[0055] (c) energiZing the microcoil at a frequency that per 
mits detection of a magnetic resonance Within the sample 

?uid; 
[0056] (d) processing a signal received from the microcoil 
to detect magnetic particle-target complexes in the sample 
?uid; 
[0057] (e) ?oWing a portion of the ?oWing ?uid in Which the 
labeled entity Was detected through a conduit disposed proxi 
mate to a secondary microcoil; 

[0058] (f) energiZing the secondary microcoil at a fre 
quency that permits detection of a magnetic resonance Within 
the sample ?uid; and 
[0059] (g) processing a signal received from the secondary 
microcoil to determine a further property of the magnetic 
particle-target complexes. 
[0060] In a tWelfth aspect, the present invention provides 
methods for detecting a target in a sample ?uid, comprising: 
[0061] (a) introducing a sample ?uid into a sample reser 
voir, Wherein the sample reservoir is in ?uid communication 
With a conduit, Wherein the sample ?uid comprises magnetic 
particles capable of binding selectively to one or more targets 
of interest in the sample ?uid, and Wherein binding of mag 
netic particles to targets produces magnetic particle-target 
complexes; 
[0062] (b) ?oWing the sample ?uid through the conduit 
disposed proximate to a microcoil, Wherein the microcoil 
possesses an inner diameter of betWeen 25 microns and 550 

microns; 
[0063] (c) energiZing the microcoil at a frequency that per 
mits detection of a magnetic resonance Within the sample 
?uid; 
[0064] (d) processing a signal received from the microcoil 
to detect magnetic particle-target complexes in the sample 
?uid; 
[0065] (e) diverting a portion of the ?oWing ?uid in Which 
the magnetic particle-target complexes Were detected into a 
sequestration chamber to produce a concentrated target solu 
tion. 

[0066] In a thirteenth aspect, the present invention provides 
methods for detecting a target in a sample ?uid, comprising: 
[0067] (a) introducing a sample ?uid into a sample reser 
voir, Wherein the sample reservoir is in ?uid communication 
With a conduit, Wherein the sample ?uid comprises tWo or 
more targets of interest, and Wherein the sample ?uid com 
prises magnetic particles differentially bound to the tWo or 
more targets of interest to create at least a ?rst magnetic 
particle-target complex and a second magnetic particle-target 
complex; 
[0068] (b) ?oWing the sample ?uid through the conduit 
disposed proximate to a microcoil, Wherein the microcoil 
possesses an inner diameter of betWeen 25 microns and 550 

microns; 
[0069] (c) energiZing the microcoil at a frequency that per 
mits detection of a magnetic resonance Within the sample 
?uid; and 
[0070] (d) processing a signal received from the microcoil 
to differentially detect the at least ?rst magnetic particle 
target complex and the second magnetic particle-target com 
plex in the ?oWing ?uid. 
[0071] All aspects and embodiments of the methods of the 
present invention can be carried out using the modules, 
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microcoils, and detection devices of any embodiment of any 
aspect of the invention, of the invention. 

BRIEF DESCRIPTION OF THE FIGURES 

[0072] FIG. 1 depicts a portion of a detector in accordance 
With an embodiment of the present invention. 
[0073] FIG. 2 depicts a cross-sectional vieW of a detector in 
accordance With an embodiment of the present invention. 
[0074] FIG. 3 depicts three example microcoil construc 
tions. 
[0075] FIG. 4 depicts a portion of a detector comprising a 
conduit that contains multiple conduit branches. 
[0076] FIG. 5 depicts a portion of a detector comprising 
additional ?uidic components coupled to a conduit. 
[0077] FIG. 6 depicts a portion of a detector comprising 
three af?nity columns arranged to permit multiplexing of a 
?uid sample. 
[0078] FIGS. 7a-7c depict schematic diagrams of electrical 
connections betWeen a tuning circuit and a microcoil. 
[0079] FIG. 8 depicts an example module. 
[0080] FIG. 9 is a time series of images generated in accor 
dance With a method of the present invention. 
[0081] FIG. 10 is a contour plot depicting the full time 
course of a detection experiment conducted in accordance 
With a method of the present invention. 
[0082] FIG. 11 is a graphical representation of the move 
ment of an entity through a conduit developed in accordance 
With a method of the present invention. 
[0083] FIG. 12 is a graphical representation of a layered 
a?inity column for use With the invention. 
[0084] FIG. 13 is a graphical representation of a layered 
a?inity column integrated With a microcoil for use With the 
invention. 
[0085] FIG. 14 is a schematic depicting a basic embodi 
ment of an electrical LC resonating circuit according to the 
present disclosure, in Which a tuning inductor is connected in 
series With a miniaturized or “micro” sample coil. 
[0086] FIG. 14A is a schematic depicting the circuit shoWn 
in FIG. 14, except With the single sample coil replaced by a 
plurality of coils connected in series. 
[0087] FIG. 14B is a schematic depicting the circuit shoWn 
in FIG. 14, except With the single sample coil replaced by a 
plurality of coils connected in parallel. 
[0088] FIG. 15 is a schematic diagram indicating hoW an 
electrical circuit according to the present disclosure can be 
implemented in a magnetic resonance experiment. 
[0089] FIG. 16 is a schematic diagram depicting another 
embodiment of an electrical circuit according to the present 
disclosure, in Which the miniaturized sample coil is con 
nected in parallel With the tuning inductor via Wires or cables 
of a length corresponding substantially to a quarter Wave 
length of the resonant frequency. 
[0090] FIG. 17 is a schematic diagram, similar to FIG. 16, 
of yet another alternative embodiment of a circuit according 
to the present disclosure, shoWing the transmission line con 
nected to and across a partial segment of the tuning inductor. 
[0091] FIG. 18 is a schematic diagram, similar to FIG. 16, 
of yet another alternative embodiment of a circuit according 
to the present disclosure, shoWing the connection of an 
impedance transformer to the transmission line, betWeen the 
sample coil and the tuning inductor. 
[0092] FIG. 19 is a schematic depicting a basic embodi 
ment of an electrical LC series resonating circuit according to 
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the present disclosure, in Which a tuning inductor is con 
nected in series With a miniaturiZed or “micro” sample coil. 
[0093] FIG. 20 is a schematic diagram elaborating some 
What on FIG. 14. 
[0094] FIG. 21 is a schematic diagram elaborating some 
What on FIG. 16. 

DETAILED DESCRIPTION OF THE INVENTION 

[0095] In a ?rst aspect, the present invention provides mod 
ules, comprising: 
[0096] (a) a microcoil possessing an inner diameter of 
betWeen 25 microns and 550 microns; 
[0097] (b) a conduit disposed proximate to the microcoil, 
Wherein the conduit is in ?uid communication With a sample 
reservoir; 
[0098] (c) an a?inity column in ?uid communication With 
the conduit and the sample reservoir; and; 
[0099] (d) a connector for connecting the module to a mag 
netic resonance detector. 

[0100] In a second aspect, the present invention provides 
modules comprising: 
[0101] (a) a plurality of microcoils eachpossessing an inner 
diameter of betWeen 25 microns and 550 microns; 
[0102] (b) a conduit disposed proximate to each microcoil, 
Wherein the conduit is in ?uid communication With a sample 
reservoir; and 
[0103] (c) a connector for connecting the module to a mag 
netic resonance detector. 

[0104] In a third aspect, the present invention provides 
microcoils comprising an inner diameter of betWeen 25 
microns and 550 microns, Wherein the microcoil is an effec 
tive magnetic resonance transmitter or receiver coil; and 
Wherein the microcoil is Within or surrounds an a?inity col 
umn. 

[0105] In a fourth aspect, the present invention provides 
detection devices comprising 
[0106] (a) a permanent magnet possessing a ?eld strength 
of less than or equal to 4 Tesla; 
[0107] (b) a microcoil disposed proximate to a magnetic 
?eld generated by the permanent magnet, Wherein the micro 
coil possesses an inner diameter of betWeen 25 microns and 
550 microns; 
[0108] (c) a conduit disposed proximate to the microcoil, 
Wherein the conduit is in ?uid communication With a sample 
reservoir; 
[0109] (d) an af?nity column in ?uid communication With 
the conduit and the sample reservoir. 
[0110] In a ?fth aspect, the present invention provides 
detection devices comprising 
[0111] (a) a permanent magnet possessing a ?eld strength 
of less than or equal to 4 Tesla; 
[0112] (b) a plurality of microcoils each possessing an 
inner diameter of betWeen 25 microns and 550 microns, 
Wherein each microcoils is an effective magnetic resonance 
transmitter or receiver coil; and 
[0113] (c) a conduit disposed proximate to each microcoil, 
Wherein the conduit is in ?uid communication With a sample 
reservoir. 
[0114] In a sixth aspect, the present invention provides 
magnetic resonance detectors, comprising 
[0115] (a) a housing comprising a conduit guide; 
[0116] (b) a permanent magnet possessing a ?eld strength 
of less than or equal to 4 Tesla Within the housing; and 
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[0117] (b) the module of any embodiment of any of aspect 
of the invention, Wherein the connector connects the module 
to the housing via the conduit guide. 
[0118] The modules, microcoils, detection devices and 
magnetic resonance detectors of the various aspects and 
embodiments of the present invention provide, for example, 
increased functionality and detection modes, improved sen 
sitivity and speci?city, time and cost savings, and a variety of 
other bene?ts including those described beloW. 
[0119] All of the various embodiments for different com 
ponents of the modules, microcoils, and detection devices of 
the ?rst through sixth aspects of the invention are capable of 
use together; thus, any embodiment disclosed for one aspect 
can be combined With any embodiment for another aspect, as 
Will be understood by those of skill in the art. 
[0120] The modules of the invention can be used, for 
example, to couple disposable components of any embodi 
ment detectors of the invention to permanent detector com 
ponents by connecting the module to the detector via, for 
example, the conduit guide as discussed herein. In one 
example, all ?uidic components of the detector are located on 
the module, thus reducing the probability that portions of a 
?uid sample Will leak into the permanent detector compo 
nents. Multiple modules may be used With a single detector, 
for example, to reduce the probability of contamination 
betWeen detection experiments. In one embodiment, different 
sample ?uids can be assigned their oWn modules Which thus 
do not come in contact With other test samples. Removable 
modules also permit the conduit and microcoil characteristics 
to be adjusted based on the sample ?uid used, or other aspects 
of a detection experiment. For example, a longer microcoil 
may be used in one experiment. In another example, a larger 
diameter conduit may be used. 
[0121] To provide structural support or make the module 
easier to handle, the module may be disposed on a surface, 
such as a card or board for example, or the removable module 
may be disposed in a housing. HoWever, no support or hous 
ing means are necessary. For example, the module may com 
prise a section of a conduit With a solenoidal microcoil 
Wrapped around a portion of the conduit. An exemplary mod 
ule is provided in FIG. 8. 
[0122] In an example detector, the module can slide into the 
detector on conduit guides that place the conduit and the 
microcoil in a uniform region the ?eld generated by the per 
manent magnet. The microcoil can be mounted directly on the 
conduit, and electrical leads extending from the microcoil can 
extend to electrical contact pads or connector on an edge of 
the module. Any other ?uidic channels that are used in the 
course of the detection experiment can also be contained on 
the module. The conduit guides also place the module in a 
selected alignment With the magnetic gradient coil and a 
vacuum ?uidic drive. 

[0123] One embodiment of the detector includes a test box 
and a disposable module. The box may comprise the magnet, 
detection circuitry and interface, ?uidic driver and controls, 
user interface, result printer, interface to the clinical data base, 
module ID reader, conduit guide, master processor system 
and softWare, and other associated poWer supplies and sup 
porting electronics. 
[0124] As used herein, an “af?nity column” comprises any 
means to trap a target entity capable of separating biochemi 
cal mixtures based on speci?c interactions With a target, 
including but not limited to antigen-antibody interactions; 
enZyme-substrate interactions; and receptor-ligands interac 
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tions. The a?inity column for use in the devices and methods 
of the invention may comprise the “stationary phase” (the 
speci?c substance, or resin, used to separate analytes) Within 
the conduit, may comprise a separate a?inity column placed 
in the conduit (the stationary phase and column hardWare), or 
any other suitable variations thereof. 

[0125] An a?inity column may be used With the modules of 
the invention to trap a target entity and permit the target entity 
to be labeled With a labeling bead, such as a magnetic label. 
Any af?nity column capable of separating biochemical mix 
tures based on speci?c interactions With a target can be used. 
For example, one or more a?inity columns may comprise a 
capture agent to immobiliZe a target entity in a sample ?uid as 
a Way to concentrate the ?uid prior to ?oWing the ?uid 
through a detection Zone of the conduit. A “capture agent” is 
any molecule capable of selectively binding, or being deriva 
tiZed to selectively bind, a target of interest in the sample 
?uid. Suitable capture agents include, but are not limited to, 
proteins, nucleic acids, antibodies, lectins, enZymes, mono-, 
or poly-saccharides. The capture agent can be attached to the 
column packing material using a linker Which binds to the 
column through a reversible binding reaction. For example, a 
hexa-histidine linker Will bind to Ni or Co ions attached to a 
Ni-, or Co -nitriloacetate-agarose column matrix. The binding 
of the linker to the column can be reversed through competi 
tion With a release agent, such as histidine or imidaZole, in the 
case of a hexa-his linker. This linker is covalently attached to 
the recognition molecule via standard chemical methods. 

[0126] This use of a?inity columns provides a “pre-?lter” 
for the detection device, and can be used to both concentrate 
the targets and remove excess unbound labeling beads. For 
larger samples, or samples suspected of having loW concen 
trations of targeted entities, the use of a concentrating mecha 
nism such as an a?inity column may facilitate a reduction in 
the sample volume. For example, an environmental sample of 
50 milliliters may be suspected of containing loW concentra 
tions of a target entity. To speed up the detection process, an 
a?inity column With a labeled capture agent capable of selec 
tively binding to the target entity may be used to isolate and 
hold the target entity While the remainder of the sample is 
Washed aWay. After the extraneous portion of the sample is 
removed, and carrier ?uid can be passed through the a?inity 
column to carry the previously trapped target entities into the 
sensitive volume of the detector. 

[0127] Alternatively, unlabeled target entities may be 
trapped by a capture agent on a solid phase, such as in an 
a?inity column or other column knoWn from chromatogra 
phy. Once attached to the a?inity column and immobiliZed, a 
solution of labeled beads With attached antibodies selective 
for the target entities may be introduced so that all of the 
attached targets are labeled With beads. The excess beads that 
do not label any target may then be Washed out of the column. 
The targets, With their labels attached, may then be eluted 
from the column and this eluant can then be processed by the 
NMR detector. 

[0128] In another embodiment, the a?inity column com 
prises tWo or more layers (2, 3, 4, 5, 6, 7, 8, 9, 10, or more 
layers), and Wherein each layer comprises a different capture 
agent, Which can be used to trap different targets in different 
regions of space in the column, Which can be detected differ 
entially using multiple NMR detectors or MRI techniques, as 
described in more detail beloW. In one embodiment, overall 
magnetic resonance signal changes are ?rst detected, and then 
























































